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Cover: On March 16, 2020, the vice chancellor decided on Halmstad University’s strat-
egy for digitalization with goals to achieve for 2020-2025. A few months later, we had 
by necessity implemented most of it since the teaching and research went online due to 
covid-19. 2020 became the year of zoom meetings (or Microsoft Teams, or Skype), and 
our cover illustrates this.
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“2020, a year so bad they named it twice” was a joke on the 
internet last year. And, certainly, 2020 was terrible in many 
aspects. The covid-19 pandemic struck the world hard in 
March, with many markets coming to a stand-still (tourism 
and travel being the hardest hit). The education moved al-
most completely online, with a few exceptions where labora-
tory exercises were allowed. The manufacturing industry, es-
pecially vehicles, stopped and staff were placed on temporary 
(government supported) lay-offs. The situation for some of 
our projects with industrial partners was suddenly uncertain, 
would there be room for innovation and development at the 
companies after the pandemic? Our staff, many of whom had 
commuted weekly to our industrial partners for cooperation, 
suddenly were not traveling, neither to our industrial partners 
nor to international conferences. Education visits to foreign 
countries were cancelled. Meetings moved online (see cover) 
and our usually busy research center was suddenly almost 
empty. 

Our students moved online and this probably felt ok initially. 
However, after a full nine months of online teaching and not 
so much social interaction we can tell that this has not been 
good. This is not unique for our students, the situation is the 
same and perhaps even worse at other universities worldwide.

However, all was not bad. We digitalized our educations and 
offered them “online”. Our staff thought of how to offer rel-
evant continued education courses online for our industry 
partners. Several new course offerings were developed, tested 
against industrial partners and alumni, and the best selected 
for a new “covid-19” program offer. Our engagement and vol-
ume in online education for professionals grew substantially. 
This was very good.

Another positive and surprising effect was that we published 
more papers than ever before, and in more high ranking jour-
nals. It seems the decrease in travel time freed up time to fi-
nally get those results summarized into papers. 

We were also granted several new projects in 2020. One par-
ticularly important is the new profile funding CAISR Health, 
stretching eight years forward, directed at information driven 
healthcare. This profile is a collaboration between our AI re-
searchers, healthcare researchers at Halmstad University, Re-
gion Halland and several healthcare industry partners. Being 
awarded this grant is a huge success for us, with the potential 
to position Halmstad University nationally.

In 2020 Halmstad University conducted a university-wide 
strategy process, with external panels reviewing strategic 
plans. The outcome being that the organization that the 
CAISR center is part of was considered to have well devel-
oped strategies, a good connection between research and ed-
ucation, and to be a strong research environment in general 
with excellent industrial relationships. A very concrete advice 
from the external panels to us was to develop a broader “AI 
for social good” education program, and spread the good AI 
research and education both wider within the university and 
to other subjects. We took this advice to our hearts and have 
the ambition to offer such a program from 2022.

Thorsteinn Rögnvaldsson

Director’s statement
CAISR 
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The ability to create and transfer knowledge efficiently is a 
key competitive advantage for a company or an organization. 
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. Autono-
mous knowledge creation is the common research vision for 
CAISR, and we refer to a system that can autonomously cre-
ate knowledge as an aware system.

A good formalism for discussing how to create knowledge is 
the Data, Information, Knowledge, and Wisdom (DIKW) hi-
erarchy1 , often illustrated with a pyramid (see figure below); 
the higher a system reaches on the pyramid, the more aware 
it can be.

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 can features/
representations be learned? With endless streams of data, it 
is impossible to save all raw data; it is necessary to work with 
representations of the data. 

1 Rowley, J. (2007), “The wisdom hierarchy: representations of the 
DIKW hierarchy”, Journal of Information Science, 33, pp. 163-180.

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, re-
arranging/sorting, aggregating, performing calculations, and 
selection. Much machine learning research is devoted to this 
stage. Important open research questions here regard autono-
mous clustering and categorization of events. 

The knowledge level is about creating “rules” from the infor-
mation, which requires combining information from dif-
ferent sources. An obvious example is supervised learning, 
which matches “events” (input) with correct responses (tar-
get) provided by an expert. A 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 ques-
tion “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. 

It is obvious that to do tasks on each of these levels autono-
mously would be a sought after ability, and even more attrac-
tive to merge them into an autonomous knowledge-creating, 
or even wisdom-creating, system. Hence, the CAISR scien-
tific 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 AI systems uncover (surprising) knowledge for 
human experts and to illustrate relations that are not appar-
ent 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 “informa-
tion-driven” to match with the DIKW hierarchy).

Figure 1. The knowledge pyramid, adapted from Ackoff (1989). 
”From Data to Wisdom”. Journal of Applied Systems Analysis 16: 
3–9.
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Where is CAISR heading from 2020? 
Over the last decade, CAISR was very 
successful in managing the different as-
pects of a cooperating strong research 
and education environment. CAISR 
developed a productive, high quality 
research and education environment 
and also met the expectations of being 
a closely cooperating and value creating 
environment; no research profile evalu-
ated over the years 2016-2020 received 
a higher overall score than CAISR 
in their final evaluation (a total of 12 
evaluated profile projects). CAISR was 
also awarded a continuation funding, 
CAISR+, by the Knowledge Founda-
tion from 2020.

Ten years ago, we identified two core 
application areas for CAISR: intelli-
gent vehicles (or intelligent machines) 
and health technology. These are the 
areas where we have focused our exter-
nal cooperation relations and research. 
They have develop very well, CAISR 
has expanded a lot, and we now have 

two main research directions with in-
dustrial cooperation in CAISR, one on 
predictive maintenance on machines 
with machine learning, and one on in-
formation driven healthcare, which can 
be labelled predictive maintenance for 
humans. Both directions are described 
later in this report and there is substan-
tial staff overlap between these two di-

rections since many of the algorithmic 
questions are very similar. We view that 
as a strength.

The first direction, intelligent machines 
and predictive maintenance form the 
core of the CAISR+ project. The latter 
direction, information driven health-
care, was granted a large long-term pro-
file funding by the Knowledge Founda-
tion in 2020. They are now “budding 
off” and forming a large research and 
education center together with re-
searchers in health sciences. 

During 2020, and into 2021, Halmstad 
University conducted a university-wide 
research strategy process with external 
evaluations of the strategic plans. A pos-
sible outcome of this may be a reorgan-
ization of CAISR, combining it with 
other parts of Halmstad University, so 
that AI can come into more education 
and research programs at the university.

CAISR future 
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In December 2020, the Knowledge 
Foundation granted Halmstad Univer-
sity a new 8 year research profile grant: 
CAISR Health. It builds on some of the 
successful research developed in CAISR, 
and will focus on information-driv-
en care, understanding the chain from 
formulating and prioritizing questions, 
to algorithms, to data collection, to 
engagement, to explainability, and to 
implementation. Halmstad University’s 
long-term investments in Health Inno-
vation and our close collaboration with 
Region Halland, ranging from data ac-
cess to medical expertise, are vital for 
this venture. CAISR Health will be run 
in cooperation with Region Halland, 
Brigham and Women’s Hospital (Bos-
ton) and the industrial partners Cam-
bio, Capio, Hallandia V, Intersystems, 
Mölnlycke, Novartis and Visiba Care.

The availability of data is increasing 
rapidly in healthcare. The informa-
tion-driven care vision is to make use of 
all this data, together with data analytics 
and machine learning, to improve the 
healthcare system. Region Halland has 
established a unique infrastructure for 
synchronizing and making healthcare 
data available, and is at the forefront of 
adopting information-driven care. This 
has already contributed to concrete im-
provements for their healthcare system. 

CAISR Health’s scientific focus is on 
three related and interacting research ar-
eas: Precision Healthcare and Manage-
ment, Connected Health, and Health-
care Implementation. They are essential 
components for the development of the 
information-driven care concept and 
for the needs of our industrial partners. 
Precision Healthcare aims to deliver the 
right treatment to the patient at the 
right time with data driving the deci-
sions. Machine learning plays an impor-

tant role in this development. Informa-
tion-driven care will not be confined to 
traditional appointments with health-
care professionals but will encompass 
terms such as mobile and smart home 
environments. Connected Health is the 
research on such a decentralized, con-
nected, healthcare system. And, final-
ly, one of the biggest challenges of the 
information-driven care concept is to 
have the AI-based tools and services im-
plemented in daily routines. Successful 
implementation often requires an active 
change process on the organizational 
level as well as use on the individual 
level. Healthcare implementation is the 
research area that addresses this last and 
very important issue.

CAISR Health is placed at both the 
School of Information Technology and 
the School of Health and Welfare.

Information Driven 
Care - IDC

CAISR Health

Precision Healthcare 
and Management 

Connected Health

Healthcare 
Implementation

Mattias Ohlsson, director CAISR Health, and Farzaneh Etminani

Petra Svedberg, deputy director CAISR Health

Lena-Karin Erlandsson, Dean for the School 
of Health and Welfare

Magnus Clarin,  Dean for the School of Infor-
mation Technology
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Leap for Life is Halland's new col-
laborative effort with information 
driven care. It is a innovation cen-
tre for Region Halland, Halmstad 
University, all municipalities in 
Halland and the business sector in 
their joint quest to change and de-
velop future healthcare. Leap for 
Life is a development and renewal 
of the Centre for Health Technol-
ogy Halland (HCH) which started 
in 2009. Halmstad University is 
the host organisation for Leap for 
Life.

Our society and our healthcare system 
are facing a number of great challeng-
es. Pandemics, an aging population 
and fewer caring hands require new 
solutions in order to maintain good 
healthcare. By using artificial intelli-
gence (AI) to draw conclusions about 
collected health data, care givers and 
hospital managements can make bet-
ter informed decisions and care can be 
even more individualised. The concept 
is called information driven care and is 
the focus of the innovation centre Leap 
for Life. 

“We need to work together in order to 
solve the healthcare challenges. With 
Leap for Life, we gather partners to 
collaborate, enable innovation and act 
as the driving force for change within 
healthcare – regionally, nationally and 
internationally”, says Anne-Christine 
Hertz, Manager for Leap for Life.

The broad and long-term purpose of 
Leap for Life is to give people – regard-
less of their gender, age, ethnicity, reli-
gion or other belief, sexual orientation, 
financial conditions or other social or 
personal characteristics – the best pos-
sible care. That means care in the right 
place, as soon as possible and in a way 
that makes every individual feel safe in 
the situation that they are in.

It happens in Halland
Leap for Life started in September 2020 
and is a development and renewal of the 
Centre for Health Technology Halland 
(HCH) which started in 2009. Just like 
HCH, Leap for Life is co-owned by 
Halmstad University, Region Halland 
and the municipalities in Halland – 
Halmstad, Laholm, Hylte, Falkenberg, 
Varberg and Kungsbacka. Leap for Life 
has its facilities at Halmstad University, 
which is the host organisation for the 
innovation centre. The collaboration 
between academia and the business and 
public sectors is central to Leap for Life, 
just as it has been for HCH.

“Leap for Life gathers the necessary 
ecosystem of competences – care de-
velopment, business development and 
research – that are needed for Halland’s 
unique venture in information driven 
care. There are many actors who, in dif-
ferent ways, can and want to contribute 
to developing and innovating health-
care. What makes Leap for Life unique 

is that the centre – with a relatively 
small and quick moving organisation 
– gathers the world’s leading healthcare 
actors”, says Magnus Clarin, Dean of 
the School of Information Technology 
at Halmstad University.

Health data factory
Through a new developed health data 
factory, the partners of Leap for Life 
create new knowledge and solutions 
which can be used by both companies 
and healthcare actors. Leap for Life 
builds a data infrastructure that has 
been missing and connects healthcare 
and self-care with the region and mu-
nicipalities as active collaboration part-
ners. This attracts the world’s leading 
businesses and researchers within AI to 
develop new solutions for more digital-
ised healthcare.

Currently, Leap for life focuses on four 
areas: innovation support, professional 
development, research and health data 
factory. In these areas, the innovation 
centre’s primary role is to initiate and 
coordinate actions with partners from 
the academic, healthcare, and business 
sectors.

Leap for Life
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In this project, researchers from Lund Universi-
ty, Halmstad University and Region Halland will 
determine how AI, when applied on the Swed-
ish register infrastructure, can contribute to in-
creased quality and efficiency of healthcare.

The overall aim of the Artificially Intelligent use of Reg-
isters (AIR Lund)  is to assess critically how machine 
learning methods applied on the Swedish register infra-
structure can contribute to increased quality and efficien-
cy of healthcare, while addressing well-founded ethical 
and legal concerns related to the use of complex data-de-
manding algorithms in clinical practice. Specific projects 
will focus on cardiometabolic diseases, including early 
identification and prevention, improved diagnosis at the 
emergency department and improved long-term forecast-
ing of patient outcomes and healthcare needs.

This project is part of a national innovation envi-
ronment with the aim to develop Swedish health-
care to be more information-driven, personalised 
and scalable by using artificial intelligence (AI).

Halmstad University, Region Halland, the Swedish As-
sociation of Local Authorities and Regions (SKR) and 
AI Innovation of Sweden will together establish an in-
novation environment to improve Swedish healthcare. 
The initiative is financed by Vinnova and aims to develop 
healthcare by applying AI methods. This is done in close 
cooperation with public, private and academic parties.

VINNOVA

Information driven 
healthcare

Research projects - IDC
Swedish Research Council

AIR

HIPATCH – Halland Intelligent Patient-Centered Healthcare
Managed by Affecto and owned by Region Halland, 
we use the Strategic Healthcare Analysis and Re-
search Platform (SHARP) which is a unique integra-
tion of data sources from all levels of the care chain 
including measurements from primary care, ambu-
lance, emergency care, inpatient care as well as the 
traditional EHR’s. This enables us to have a system’s 
approach to healthcare delivery which has shown 
to be an effective methodology to promote better 
health at a lower cost.

Health spending as a share of GDP in Sweden (11.0%) re-
mains well above the OECD average (8.9%). In addition to 
ageing and advanced treatment procedures, a fundamental 
source of escalating costs is the unawareness of how and to 
what extent different sub-groups within healthcare utilize re-

sources and contribute to quality. Hence, it gets challenging 
to unveil critical areas within healthcare that are truly respon-
sible for high costs and low quality.

Advancement in computing technologies and machine learn-
ing algorithms has enabled us to analyze big amounts of data 
to enhance the efficiency and productivity of businesses in 
every industry. Healthcare is no different. The recent decade 
has witnessed huge advances in the amount of medical data 
generated and stored in almost every domain in the health-
care sector. The primary purpose of Electronic Health Re-
cords (EHR) is to facilitate and improve individual patient 
care. In addition to it, EHRs today, also serve as a data center 
for clinical research to improve healthcare management, pa-
tient safety and clinical decision support.
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Medtech4Health

Evaluation of deep learning to predict the    
diagnosis of LBD using 18F-FDG PET

VINNOVA 

iMedA
The iMedA project will improve medication adher-
ence for hypertensive patients through an AI agent 
that supports doctor and patient in collaborative-
ly understanding key individual adherence risk fac-
tors and designing an appropriate intervention plan.      
iMedA will deliver the selected intervention through 
a mobile app and follow-up on its effectiveness im-
proving the system over time. 

The combination of person-centered care and self-manage-
ment interventions will lead to significantly improved health 
outcomes and reduced healthcare costs. iMedA empowers 
hypertensive patients to take responsibility for their health 
through self-management, and provides doctors with infor-
mation they need for person-centered care.

To identify risks and intervention strategies, iMedA uses 
health records as well as self-reported input. The AI agent 
understands how both medical and personal factors interact 
with respect to medication adherence, and display this infor-
mation on a ’dashboard’ that guides patient-doctor conver-
sation. The AI monitors the effectiveness of interventions in 
order to improve over time.

The iMedA agent will be built by combining three important 
AI techniques. First is to create a meaningful and compre-
hensive representation of each patient based on information 
fusion and representation learning. Second is to use peer 
group analysis and interpretable supervised machine learning 
methods to predict non-adherence for concrete patients. Fi-
nally, intervention strategies that are the most appropriate for 
a particular patient we will selected by combining data-driven 
and knowledge-driven approaches.

The main purpose of this project is to compare deep 
machine learning methods to human visual inter-
pretation in clinical applications, specifically when 
it comes to PET brain scans of patients with Lewy 
body dementia, LBD.

The main purpose of this project is to compare deep machine 
learning methods to human visual interpretation in clinical 
applications. We want to evaluate whether Artificial Intel-
ligence (AI) models – including shallow and deep learning 
algorithms – could be trained to predict the final clinical di-
agnoses in patients who underwent 18F-fluorodeoxyglucose 
Positron Emission Tomography scans (18F-FDG PET scans) 
of the brain and, once trained, how these algorithms com-
pare with the current standard clinical reading methods in 
differentiation of patients with final diagnosis of Lewy body 
dementia (LBD) or no evidence of dementia.

We hypothesized that the AI model could detect features or 
patterns that are not evident on standard clinical review of 
images (both visual and quantitatively with the available com-
mercial programs for brain quantification) and thereby an 
earlier detection of pathology, improving the final diagnostic 
classification of individuals.

There are various problems within this domain including in-
tra-observer differences and limited number of nuclear medi-
cine specialists with experience in 18F-FDG PET brain scans. 
We believe that we can contribute to develop an AI algorithm 
that is more invariant to different nuclear medicine specialist 
and help in coming faster to a diagnosis from the images thus 
improving healthcare for these patients.
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From Health Technology Alliance to CAISR 
Health and Leap for Life
The Health Technology Alliance was formally established as 
an organization in 2005, with Johan Hörberg as its first chair-
man, and Bertil Allard as chairman after the second year (see 
separate article). The Health Technology Alliance was very 
successful in branding HU and Halland in the health tech-
nology area. This was achieved through awards, networking 
meetings, conferences, seminars, and by pilot projects. One 
project from this early period developed into the company 
Phoniro Systems AB. In 2008 the Health Technology Alli-
ance arranged a well noticed conference in Stockholm where 
the main speaker was Bengt Westerberg, former Swedish 
Minister of Social Affairs.

The Health Technology Alliance work resulted in a concrete 
opportunity for HU when we together with Region Halland 
were awarded EU-support for the Health Technology Center 
Halland. The center was inaugurated in March 2010 and di-
rected by Dr. Magnus Clarin, member of CAISR and today 
Dean for the School of Information Technology. The center 
was very successful, resulting in several new products, patents, 
and visits by parliament members as well as the King and 
Queen of Sweden. The most noticed project from the center 
was the BikeAround, which in 2013 was mentioned by Goog-
le CEO Eric Schmidt as an excellent example of using Google 
services to help elderly.

In 2010 the work started with establishing CAISR as an in-
ternational level center for research and education in applied 
intelligent systems. Many of the researchers who formed the 
base for CAISR were also active in the Health Technology 
Center, and health technology was one of two key application 

areas chosen for CAISR in 2012. CAISR and Health Tech-
nology Center Halland have since then developed together, 
e.g., by jointly building up the intelligent home laboratory for 
both research and demonstrations.

HU became part of the Knowledge Foundation’s Knowledge 
and Competence Center program in 2012. This meant that 
the university started a ten-year development journey with 
the ambition to establish a stronger position and profile in a 
national context. Health technology was mentioned specifi-
cally in the plan for this development, and a very early deci-
sion in this program was to initiate a university-wide profile 
area: Health Innovation, to serve as a platform for joint re-
search and education between schools at the university. Thor-
steinn Rögnvaldsson, then pro vice chancellor but also direc-
tor of CAISR, was given the task to get the Health Innovation 
profile area going, with a profile area manager, management 
structure, and an external advisory board.

In 2015, Region Halland started a collaboration with Brigham 
and Women’s hospital in Boston on information driven care. 
CAISR researchers and Health Technology Center Halland 
were part of these discussions and in 2016 a decision was tak-
en in CAISR to invest more into research in information driv-
en care, with new PhD students, assistant professors, and a 
full professor. Current CAISR staff also directed more time to 
information driven care, and several successful research pro-
posals were made. The dialogue between CAISR and Region 
Halland increased, especially with Markus Lingman (MD 
and chief strategist at Region Halland – see separate article). 
The strategic recruitments were done over the period 2017-
2018, resulting in, e.g., the recruiting of Professor Mattias 
Ohlsson, Assistant Professor Farzaneh Etminani, and PhD 
student Awais Ashfaq.

HU decided in 2019 to get a large profile project funded 
through the Knowledge Foundation, building on information 
driven care and implementation science. Mattias Ohlsson and 
Farzaneh Etminani took the main responsibilities for writing 
the CAISR Health proposal, which was approved in 2020 (see 
separate article on this). At about the same time, the Health 
Technology Center Halland transformed into Leap-for-life, 
focusing completely on information driven care.

It all started in 2001 with the “innovation city”, a project funded by Vinnova (Sweden’s innovation agency) to 
support HU, the municipalities, Region Halland, and industry partners in identifying a regional specialization 
for Halland. The project identified the intersection of technology and healthcare. To support this specializa-
tion, an informal partnership called the Health Technology Alliance was established in 2002, with members 
from academia, the public sector, and industry. Driving forces in this were Pär-Urban Fryklind (HU), Max 
Lundberg (HU), Professor Albert-Jan Baerveldt (pro vice chancellor HU), Professor Berndt Hofmaier (HU), 
Johan Hörberg from Innovation Team, and Bertil Allard from CAMP Scandinavia. Baerveldt was professor in 
mechatronics/robotics in the research environment that later became CAISR.

Virtual biking for elderly in Bikearound
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Bertil Allard appointed Honorary Doctor

The AI Swede of the Year prize aims to 
recognize the person who has contrib-
uted most during the year to the devel-
opment and visibility of Swedish AI. 
The prize 2020 was awarded to Markus 
Lingman, MD and chief strategist in 
Region Halland, for his successful work 
with promoting the use of AI technolo-
gy in healthcare.

In their motivation, the jury stated that 
“Markus Lingman’s successful efforts 
has the potential to change how health-
care is practiced and implemented both 
in Sweden and globally”, that “Markus 
Lingman leads the way for increased use 
of AI that creates real value”, and that 
“he possesses a unique ability to make 
the complex understandable and has 
concretely made the technology acces-
sible and useful”

Markus Lingman once studied for a 
Master’s degree in engineering, but de-
cided to switch track and become a car-
diac specialist. He has a research back-
ground from the Sahlgrenska Academy 
in Gothenburg and continued research 
with Harvard affiliates and colleagues at 
UC Berkeley. For the past ten years, he 
has worked more and more in a mana-
gerial position, and today he is in the 
management of Halland’s three hospi-
tals.

The researchers in CAISR are very 
proud to be partners in the cooperation 
with Region Halland and with Markus 
Lingman, on CAISR Health and on the 
Leap-for-life initiative.

Markus Lingman 
AI Swede of the Year

In 2020, Halmstad University appoint-
ed the entrepreneur Bertil Allard as an 
honorary doctor in innovation scienc-
es. This is the Research and Education 
board’s motivation.

With his long experience of entrepre-
neurship and company building in or-
thopedic technology, Bertil Allard has 
been an active and driving partner in 
Halmstad University’s collaboration 
with the surrounding community. He 
has for many years been involved in the 
university’s education and research and 
been both a mentor and inspirer in stu-
dent and doctoral projects. On several 
occasions, he has made significant con-
tributions as a critical friend and busi-
ness representative in the university’s 
investments in knowledge development 

in health technology with people’s im-
proved quality of life in focus.

Bertil Allard’s involvement in the early 
non-profit association Health Technol-
ogy Alliance laid the foundation for the 
Health Technology Center Halland at 
Halmstad University, which in turn 
created the basic conditions for the 
University’s profile area Health Innova-
tion. The Health Technology Alliance 

started as a collaborative project with 
the aim of stimulating and building 
knowledge about how new technology 
can constitute solutions to health-relat-
ed challenges. The association’s influ-
ence on the University’s activities and 
long-term development was considera-
ble and can be seen today in the schol-
arships that are awarded annually to 
students at the university, who develop 
ideas in the field of health technology.

Bertil Allard has been an entrepreneur 
all his life but is now retired. Most of-
ten, his interest and business orienta-
tion has revolved around technical aids 
for people with disabilities, and health 
innovation. He has been chairman of 
the board and owner of Camp Scandi-
navia AB and Hörsam.

Bertil Allard           
appointed 
Honorary Doctor

The AI Swede of the Year prize is 
awarded by the Swedish IT and Tel-
ecom Industries, together with the 
Association of Swedish Engineering 
Industries.

Bertil Allard

Markus Lingman AI Swede of the Year
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Predictive Maintenance

Professor Slawomir Nowaczyk
Slawomir Nowaczyk was promoted to professor in 2020. He was 
recruited to CAISR more than ten years ago as a young assistant 
professor in a strategic recruitment in collaboration with Volvo. His 
assignment was to build up the predictive maintenance field using 
machine learning (ML) in collaboration between CAISR and Vol-
vo. Slawomir’s systematic work and excellent strategic abilities have 
established CAISR as a strong hub for the use of AI and ML for pre-
dictive maintenance in Sweden, with both national and international 
partners. The volume of cooperation projects between CAISR and 
Volvo has never been larger than now, and we are now getting large 
EU projects in the field too. This is very much the result of Slawomir’s 
work and thinking, and we are appreciative and proud to have him as 
a leader on the CAISR team. Through his hard work and success, he 
demonstrates the great opportunities that come with working within 
CAISR. Professor Slawomir Nowaczyk

Predictive maintenance is about predicting when a system 
needs to be maintained (e.g., repaired, serviced, parts re-
placed, etc.). It builds upon the idea that components or sub-
systems 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. Predic-
tive maintenance is very different from prescriptive or time-
based maintenance, which has been the industry standard for 
a long time. 

Predictive maintenance is a core research direction in CAISR. 
It fits our scientific agenda perfectly: the operation and service 
histories of machines is an excellent testing ground for knowl-
edge creation algorithms. As more operation data become 
available for machines and better data become available for 
service histories, the combination of predictive maintenance 
and machine learning (ML) emerges as a hot topic, and this 
is evident in the publication statistics on the topic. Predictive 
maintenance is a prioritized research and development field 
for CAISR industrial partners.

There are four main directions in our research in predictive 
maintenance: machine activity recognition, survivability 
analysis, early failure detection, and deployment of ML-based 
algorithms and services on-board machines. Machine activ-
ity recognition is about labeling and characterizing the use 
of machines, using streaming (on-board) data. Survival anal-
ysis is about modeling the expected duration of time until 
the occurrence of an event (the end-of-life of the equipment). 
Censoring is a particular tough issue in survival analysis, since 
machines in operation are generally not allowed to run to 
their end-of-life. Early failure detection builds on our several 
years’ work on change detection and predicting time to fail-
ure, using either onboard data or off-board aggregated data. 
Finally, the deployment of ML algorithms encompasses the 
practical aspects of getting a solution to work together with 
our industrial partners. 
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New CHIST-ERA project

Battery cortex
Battery Cortex is a Eurostars project 
aiming at anomaly and fault detection 
in Electric Vehicle (EV) batteries, in-
cluding early discovery of issues affect-
ing lifetime of battery packs and cells, 
as well as understanding the conditions 
affecting capacity and (dis)charging be-
havior under different usages and envi-
ronments. The project is a collaboration 
between Stratio (Portugal, project main 
responsible), Caetanobus (Portugal), 
and Halmstad University. The project 
manager at Stratio, Rune Prytz, is a 
former industrial PhD student with 
CAISR, whose PhD studies were per-
fectly in line with his current role.

Governments around the world are 
pushing for more electric mobility, 
not least for public transport. The EV 
bus market is young and increasing at 
a very rapid rate, which creates ideal 
conditions for an SME like Stratio to 
successfully enter the market, grow, and 
build barriers to successfully compete 
with larger companies in the long run. 
The battery pack is at the very core of 
EVs and its performance determines 
the lifespan and total cost of owner-
ship. Automated battery condition and 
performance analysis will be critical for 

OEMs to mitigate the risks with this 
still somewhat immature technology 
and control warranty costs; for the op-
erators it will ensure uptime and enable 
fair warranty claims when necessary.

The Battery Cortex project uses Machine 
Learning (ML) to provide insights into 
quality, faults and anomalies, enabling 
faster R&D iterations and a continuous 
enhancement of the customer offers. 
The ML models fed by vehicle signals 
and parameters continuously assess the 
condition and performance of the bat-
teries. The approach builds upon the 
“wisdom of the crowd” approach called 
COSMO we have developed in CAISR 

over the last decade. It is an anomaly 
detection method capable of handling 
non-stationary data while maintaining 
low communication requirements due 
to performing comparative analysis in 
model space. It relies on identifying a 
“reference group” of similar units that 
provide a baseline on expected variabil-
ity in behavior and operation. The core 
idea behind such analysis is that with an 
overwhelming amount of information 
(each vehicle has hundreds of sensors 
that produce millions of data points 
every day) identifying suspicious pat-
terns in the data manually is too time 
consuming and the cost of doing so will 
exceed the benefits by far.

In December 2020, CAISR was granted funding for the pro-
ject eXplainable Predictive Maintenance (XPM) within the 
Horizon 2020 CHIST-ERA/FTE program. The XPM project 
was the only granted project with Swedish participants in that 
call and the Swedish support comes from the Research Coun-
cil. The PI, and coordinator, in CAISR is Professor Slawomir 
Nowaczyk.

The specific subtopic in the call was Explainable Machine 
Learning-based Artificial Intelligence (XAI) and we are very 
proud to be singled out for this since it is spot on with our 
scientific agenda. The XPM project aims to integrate explana-
tions into AI solutions within the area of Predictive Mainte-
nance (PM). The project will develop several different types 
of explanations (anything from visual analytics through pro-
totypical examples to deductive argumentative systems) and 
demonstrate their usefulness in four selected case studies: 
electric vehicles, metro trains, steel plants, and wind farms.

Four selected case studies: electric vehicles, metro trains, steel plants, and wind farms

The battery pack is at the very core of EVs 
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A team from CAISR presented a very successful 
solution in the Aramis challenge arranged by the 
European Safety and Reliability Conference, ESREL. 
Thirteen international teams signed up for the chal-
lenge, seven completed the task, and the CAISR team 
came in second place.

  
”We believe our success originates from a deep understand-
ing of the data, following the principle of simplicity1 and 
taking advantage of the concept wisdom of the crowd2, says 
Peyman Sheikholharam Mashhadi, postdoctoral researcher 
at Center for Applied Intelligent Systems Research (CAISR) 
and one of the team members in the Aramis challenge.

The objective of the Aramis challenge was to build AI mod-
els (specifically machine learning models) to accurately detect 
faults and predict failures in industrial equipment that is oper-
ating under a constantly changing and evolving environment, 
for example heavy-duty vehicles for transportation tasks, like 
electric buses and trucks. The team built these AI models 
based on a large dataset, containing sensor data from indus-
trial equipment, given by the Aramis challenge organisors.

1 The principle of simplicity, or Occam’s razor, states that the 
simplest explanation is usually the right one.
2 Wisdom of the crowd” refers to the collective opinion of a group 
of individuals that, in most cases, is more rational and wise than the 
opinon of an individual member of the group.

Using AI to predict failure and plan maintenance
In reality, for example when applied to a fleet of city busses, 
this sort of AI system can be used to predict machine failure 
and plan the maintenance accordingly.

”The beauty in what we did from my point of view is that 
we applied the concept wisdom of the crowd to the way we 
operated as a team. At first, each team member worked on 
resolving the challenge individually. Only at a later stage, we 
combined our efforts and created an ensemble solution that 
consume our individual solutions predictions as an input. The 
resulting ‘team predictor’ proved to be more capable than any 
individual solution”, says Mohammed Ghaith Altarabichi, 
PhD student at CAISR.

The beauty in what we did from my 
point of view is that we applied the 
concept wisdom of the crowd to the 
way we operated as a team.

Mohammed Ghaith Altarabichi

 International AI competition
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AI fuelling a fourth indu- strial revolution
AI fuelling a fourth
industrial revolution
The interest of Mahmoud Rahat in ar-
tificial intelligence sparked when he 
was only eleven years old. He started 
programming at home in Tehran on his 
IBM 386 computer. In a class at summer 
school he developed a chess program for 
two players and showed it to his father. 
The father tried it, but soon said: “If I 
want to play with another human, I’d 
rather use a real chessboard. But if I 
could play chess against the computer, 
that would be interesting.” 

Mahmoud tried but couldn’t fulfil his 
father’s request. He kept thinking about 
the problem, and many years later at 
university he found that the solution to 
this challenge was called artificial intel-
ligence.

– That’s what triggered my passion for 
AI, and that’s what still drives me in 
what I do. It’s like playing a computer 
game! But my goal is not just to make 
life more fun, but also easier with AI..

Repair and replace at the right time
Mahmoud Rahat did his PhD studies in 
the US and Iran, then moved to Sweden 
and CAISR to work as a post doc.

– I am very happy to be part of CAISR. 
It is a positive and open research envi-
ronment where I can discuss research 
ideas with my colleagues. Here I have 
developed lots of important scientific as 
well as technical skills, since I have the 
opportunity to collaborate with indus-
trial partners such as Volvo, AlfaLaval, 
and WirelessCars.

The work has two main focuses; predic-
tive maintenance and sustainable mobil-
ity. Together with Volvo, Mahmoud Ra-
hat and his colleagues develop methods 
to predict machine failures. The goal is 
to use AI to estimate the remaining time 
a machine part can be used, and then 
replace it before it breaks.

– The traditional approach for expensive 
equipment in non-critical applications 
is often to run until failure. This is not 

very smart but is a consequence of the 
lack of good methods to predict equip-
ment health.. If a component breaks, 
that can lead to damage to other com-
ponents. We analyze logged vehicle data, 
which are like the heartbeat patterns of 
a human, from a fleet of trucks in dif-
ferent countries. Thanks to the huge 
number of trucks, it is possible to find 
outliers compared to the population of 
trucks. With data driven methods we 
can look for early signs of degradation, 
aiming to replace each part at the right 
time and right place. It saves time, ener-
gy, and enables Volvo to give better up-
time promises to their customers. 

A promising recent direction in his re-
search is multitask learning where he 
analyzes collective survivability of mul-
tiple correlated components of a vehicle 
system. 

“This approach could lead to superior 
results because gradients that the model 
receives from related tasks helps to im-
prove its generalization.” He explains.

Unique data analyzed for optimal 
transportation
In his sustainable mobility project, 
Mahmoud Rahat works with Wireless-
Car, a Swedish company specialized in 
digitalizing the automotive industry. 
The company provides CAISR research-
ers with data from a fleet of combustion 
as well as hybrid Volvo cars moving in 
the Gothenburg area. 

– This is a highly interesting and unique 
data set, showing GPS positions in a 
time sequence. We can investigate a 
number of things, such as if the drivers 
use the hybrid cars in an efficient way, 
what the optimal driving speed is under 
different conditions and what solutions 
could be developed to help people to 
convenient and sustainable transporta-
tion.

The analysis is done with so called graph 
neural networks, an emerging field 

within machine learning. The graph 
structure helps to model the spatial as-
pect of the data while the temporal as-
pect is captured using recurrent neural 
networks implemented in each node.  In 
spite of the large amount of data, one of 
the biggest challenges is having to work 
blindly in some aspects. Two examples 
are how weather and road conditions af-
fect the cars’ energy consumption. These 
are data that the researchers do not have 
access to, yet.

– My ultimate goal doing research is al-
ways to improve the quality of human 
life. Each time there is an industrial 
revolution, life becomes easier. The first 
revolution was the steam engine, the 
second combustion engines and electric-
ity. After that, many call the internet the 
third industrial revolution – and AI can 
fuel a fourth. That is the ultimate goal, 
from my point of view.

The computer games that first brought 
Mahmoud Rahat to AI are set aside for 
the moment. But he explains with a 
smile that his passion for AI has never 
been diminished.

M
ahm

oud R
ahat
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Enfor- cing diversity 
improves deep ensem-
bles

Enforcing diversity improves            Enforcing diversity improves            
deep ensemblesdeep ensembles

Peym
an M

ashhadi

Deep neural networks are powerful tools 
for making analyses and predictions 
based on large amounts of data – but 
they have their limitations. One is that 
many kinds of deep neural networks are 
very susceptible to adversarial attacks; 
events that contradict the normal, and 
risk steering the system towards making 
erroneous conclusions. For instance, a 
deliberate small perturbation of an image 
of a panda can fool a deep model to con-
fidently recognize it as a gibbon. 

Peyman Mashhadi and his colleagues at 
CAISR have proposed a method prom-
ising for tackling such challenges. It is 
called Parallel Orthogonal Deep Neural 
Network. The idea is to make a number 
of deep neural networks parallel to each 
other in an ensemble setting, with an 
orthogonalization constraint that forc-
es them to be diverse. A real challenge 
when using deep neural networks in en-
sembles is a computational one. To train 
a set of deep networks without specific 
regularities, hoping for a desired level of 
diversity, would require lots of trials and 
be immensely computational-heavy. In 
the proposed method, the orthogonal-
ization constraint forces the outputs of 
different models at different layers to be 
orthogonal to each other, which enforces 
diversity. 

– Similar to the wisdom of the crowd 
concept, every person has their opinion 
and view, and the collective opinion 
works better than a single one. The idea 
is the same with ensemble networks. Dif-

ferent deep networks produce different 
information that can be exploited, says 
Peyman Mashhadi.

Given that these models are enforced to 
be diverse, they will be more robust to 
adversarial attacks. 

– Imagine ten people in a room – you 
can trick one of them, but it is hard to 
trick them all. Especially if you select 
them based on the fact that they should 
have different capabilities.

Disentanglement helps in transfer 
learning
The new method also creates other pos-
sibilities, for example in so called rep-
resentation learning. In an ensemble of 
networks each one can be trained to learn 
different representations of the same 
data. A simple example would be if the 
data is a picture of a face. With orthogo-
nalization, one network would specialize 
on the nose, another on the eyes etc. This 
means that the representations in the 
trained model can be disentangled, mak-
ing it possible to adjust a specific part for 
a desired effect. Disentanglement could 
also make it easier to transfer a model 
from one environment to another.

– I am fascinated with what is called 
transfer learning. That is when you train 
a model on one domain and then transfer 
the knowledge to another domain, where 
you do not have enough labelled infor-
mation to train the model.

Peyman Mashhadi explains that having a 
set of disentangled models, it is possible 

to transfer a subset of them relevant to 
other domains.

– CAISR runs a project where we build 
a model with data from the company 
WirelessCar, predicting energy con-
sumption for vehicles in Gothenburg. If 
we would like to transfer that to Lund, 
for example, some things would be the 
same, some would be different. That is 
one situation where transfer learning 
could be helpful.

Moving towards Artificial General 
Intelligence
Peyman Mashhadi has always been fas-
cinated by the difference between com-
puters and the human mind and the gen-
eralization abilities of the human brain. 
When he was younger, he played chess 
professionally and competed internation-
ally, but when he was at the peak of his 
game he decided to stop playing.

– I started thinking; was chess what I 
wanted to dedicate my life to – some-
thing that computers are superior at? 
Instead, I decided to go into the world 
of computer science and AI to study why 
computers are getting better than hu-
mans on specific tasks. A fundamental 
weakness for computers is generalizing.

– Deep neural networks can be quite 
successful on specific tasks, but they 
cannot easily use their skill to meet a 
novel challenge. Humans are capable of 
understanding different mechanisms in 
how the world works and make almost 
infinite use of their finite learned mech-
anisms. Given the huge success of deep 
neural networks and new developments 
in the field of causality, achieving Arti-
ficial General Intelligence seems more 
feasible.  

Peyman Mashhadi worked as an assis-
tant professor in Iran before moving to 
Halmstad and CAISR for a postdoctoral 
position.  

– It is very good for me to get to apply 
my knowledge and ideas to more prac-
tical problems, and CAISR has many 
collaborations with industry around AI. 
To me, AI still has a long way to go, but 
the pace of development is tremendously 
fast.
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Future AI needs to solve 
problems without labelsFuture AI needs to solve 

problems without labels

Wind turbines is a common sight in 
our landscape. Constructions up to 70 
meters tall, majestically spinning their 
rotor blades. But if the winds get hard 
and the spinning gets out of control, the 
effects can be disastrous.

– If the braking systems fail, a high wind 
situation can lead to the turbine explod-
ing. Preventive maintenance is essential, 
but it is also costly and dangerous, says 
Hadi Fanaee.

Potential problems need to be detected 
at a very early stage, and the same can be 
said about a vast number of industrial 
appliances. That is why anomaly detec-
tion is a field for researchers working on 
data mining and machine learning. It is 
also one of Hadi Fanaee’s main focus-
es in his work as assistant professor of 
data mining at CAISR. In short, anom-

aly detection builds on algorithms that 
combine a large amount of sensor input 
with external parameters – in the case 
of wind turbines, those parameters can 
be wind speed and temperature. From 
a very large data set, the algorithm is 
designed to predict abnormal states as 
early as possible, so that problems can 
be solved before they get serious.

IoT gives mining opportunities

Hadi Fanaee describes his own overar-
ching research goal as trying to find im-
pactful data problems, preferably exam-
ples seen in many different fields, and 
develop efficient AI solutions to them. 
The core challenge is always to find in-
teresting patterns in a large amount of 
data, within a reasonable timeframe. 
Aside from anomaly detection, he 
works with analysis of multi-way data 
and with time series mining. An im-
portant collaboration partner is the 
international industry giant Alfa Laval, 
producers of heat exchangers, separators 
and more.

– Recently they have started connect-
ing their machines to the internet of 
things, so they now have measurements 
from sensors on multiple machines, all 
collected in one portal. We apply time 
series mining to mine frequent patterns 
and detect important changes in them. 

Unsupervised learning is the fu-
ture

Hadi Fanaee was born in Iran and al-
ways loved to travel and experience 
different cultures. This brought him to 
Portugal for his PhD, and then to Nor-
way. 

– Halmstad was only four hours away 
from where I lived in Norway. When 
this position in CAISR was advertised, 
I felt it was just right for me. I didn’t 
want to work only in industry or only 
with theoretical research. I wanted to do 

both. I had other options, but CAISR 
was the best choice for me.

At Halmstad University he has also 
started a course teaching AI to execu-
tives. The aim is to present an overview 
of AI’s current possibilities, technical 
tools and applications. 

– I want to give managers a realistic im-
age of AI, not the exaggerated one that 
comes from AI vendors or the negative 
one that comes from Hollywood. 

When he looks ahead, he is convinced 
that the greatest possibilities for AI 
lie in so called unsupervised learning. 
The standard paradigm today is super-
vised learning, which means training 
machines with carefully labelled data. 
A human expert must label data and 
tells the algorithm whether it’s normal 
or abnormal, before the algorithm can 
learn to find similar abnormalities in a 
new data set. This labelling is very time 
consuming and expensive. Further-
more, the data quality depends heavily 
on the expertise of the person doing the 
labelling. With unsupervised learning, 
the data is instead unlabelled, and the 
algorithm must be designed to look for 
interesting patterns unconditionally. 

– By comparing patterns with older 
data records, the algorithm should fig-
ure it out eventually and be able to pre-
dict abnormalities. I think this is where 
the greatest potential of AI lies. An ex-
pert cannot predict all possible causes 
of anomalies, and you don’t find high 
quality data in most companies. How 
do we make sure that the labelled data 
is accurate at all? This question needs to 
be solved, and I believe that can be done 
through putting more time and energy 
into unsupervised learning. There is 
less research on that than on supervised 
learning, but that’s not a problem for 
me. I like more challenging tasks!

H
adi Fanaee



20          CAISR ANNUAL REPORT 2020 

Our model consists of a Conditional Genera-
tive Model, where the inputs are the LiDAR 
Point Cloud and segmentation maps. We try 
to find a mapping to the RGB space using the 

semantic representation as an intermediate 
step. As we can see, the model learns to find a 
mapping between these two distinct domains 
and preserves, to a great extent, the scene infor-

mation and could help us in the case of a sensor 
failure scenario

Tiago Cortinhal

Semantic perception of the surrounding 
environment plays a vital role in scene 
understanding and control to reach full 
autonomy in self-driving vehicles. For 
instance, estimating the free drivable 
space together with vehicles in the front 
in real-time can lead to safe maneuver 
planning and decision-making. Most 
state-of-the-art methods approach the 
perception problem in an end-to-end 
fashion: receiving the raw sensory data 
and returning the detected objects with-
out any explicit extraction of semantic 
intermediate knowledge. Furthermore, 
these approaches omit sensor failures in 
multi-modal sensor setups where cam-
eras and LiDARs work together.  

Tiago Cortinhal, in his PhD thesis pro-
ject, investigates the problem of han-
dling sensor failures by introducing the 
term sensor-to-sensor mapping, which 
relies on the semantic scene perception. 

Derived semantic information essen-
tially bridges the gap between the raw 
sensor readings and high-level symbolic 
concepts such as detected object labels. 
Therefore, the ultimate aim in his thesis 
is to design AI-based modular percep-
tion units, each of which rely on the se-
mantics of the perceived sensory input. 

Tiago has implemented an advanced 
deep semantic segmentation network 
that takes 3D raw LiDAR data and re-
turns semantic segments together with 
uncertainty scores. He has also cus-
tomized a similar state-of-the-art net-
work for the 2D RGB image streams. 
Finally, he has implemented a new deep 
generative neural network to solve the 
domain transfer problem, i.e. mapping 
between the two different sensor read-
ings. For instance, generating synthetic 
failed camera sensor readings from the 
semantic segments of a functioning Li-

DAR sensor data. Such domain transla-
tions between different modalities are of 
utmost importance to solve the sensor 
fusion tasks in autonomous vehicles. 

Tiago’s research receives funding from 
the Vinnova FFI project SHARPEN, 
which aims at developing real-time se-
mantics-aware deep neural networks 
for 3D object and free-space detection 
working in tough weather conditions. 

Semantic Perception in Traffic

Computer Vision
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IEEE RA-L Outstanding   
Associate Editor Award

Eren Erdal Aksoy

Camera and LiDAR sensors are common-
ly used modalities in autonomous vehicles 
to achieve robust environment perception. 
Adverse weather conditions, however, signif-
icantly diminish the performance of camera- 
and/or LiDAR-based perception systems 
by injecting undesired noisy measurement 
samples. This often leads to missing or false 

positive perception, which introduces high-
risk in safety-critical systems such as auton-
omous vehicles.      

The collaborative research between Zenseact 
AB and CAISR is addressing the problem of 
sensor de-noising in adverse weather condi-
tions such as rain, fog, snow, and dust. The 

research particularly focuses on the LiDAR 
sensor that provides a 360-degrees scan of 
the environment in 3D point cloud format. 
The main goal is to develop an advanced 
AI-based perception system that can detect, 
identify, and filter out noisy LiDAR read-
ings on the fly. 

New collaboration with Zenseact AB

In June 2020, Eren Aksoy received the 
Distinguished Service Award as an Out-
standing Associate Editor for the IEEE 
Robotics and Automation Letters.

The IEEE Robotics and Automation 
Letters (RA-L) Distinguished Service 
Awards are given annually to Associate 
Editors in recognition of their contribu-
tions to RA-L. Candidates for the “RA-
L Outstanding Associate Editor Award” 
are nominated by the Editor in Chief, 

Deputy Editor-in-Chief and Senior 
Editors. The announcement of the re-
cipients is made at the annual IEEE In-
ternational Conference on Robotics and 
Automation (ICRA) awards ceremony.

The recipients of the “RA-L Outstand-
ing Associate Editor Award” for each 
year can be found at https://www.ieee-
ras.org/publications/ra-l/ra-l-distin-
guished-service-awards
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Kevin Hernandez Diaz PhD thesis pro-
ject focuses on ocular biometric in un-
constrained environments, with special 
attention to the periocular zone for its 
high discrimination ability. The work 
involves ocular recognition under dif-
ferent light spectra, resolution, illumi-
nation, distance and amount of data 
available. To alleviate the lack of large 
periocular databases, Kevin has focused 
on transfer learning based on Deep 
Representation of networks pre-trained 
in the context of the ImageNet Large 
Scale Visual Recognition Challenge. In-
itially trained for generic object recog-
nition, they have also proven to be very 
successful for many other vision tasks. 
In the cross-spectral recognition arena, 
he has applied Conditional Generative 
Adversarial Networks, trained to con-
vert periocular images between visible 
and near-infrared spectra, so that bi-
ometric verification is carried out in the 
same spectrum. This setup has allowed 
the use of existing feature methods, typ-
ically optimized to operate in a single 
spectrum. 

Kevin’s research integrates into a group 
at CAISR that focuses on biometrics rec-
ognition. Connected with his research, 
recent contributions include the use of 
images of the ocular region for various 
purposes, including the recognition of 

facial expressions, or the estimation of 
soft-biometrics indicators such as gen-
der and age. The results obtained are 
competitive compared to using images 
of the entire face, demonstrating the 
power of the ocular region as a stand-
alone region for a variety of purposes. 
There is a research tradition of several 
years at Halmstad University on the use 
of images of the ocular region. The top-
ic has become mainstream during the 
last year due to the mandatory use of 
face masks in many countries because of 
the covid-19 pandemic, leaving the oc-
ular region as the only visible area of the 
face even in cooperative settings. In the 
research that Kevin participates in there 
has also been a focus during the last 
year on the use of solutions tailored to 
mobile devices, not only because such 
devices now incorporate many biomet-

ric sensors, but because of the pandemic 
further accelerating the migration of all 
kind of services to the digital domain. 
This has converted mobiles in data hubs 
that are used for all type of identity-sen-
sitive operations. 

During his PhD studies, Kevin has also 
collaborated with 365id AB within the 
AI.m collaborative project, whose goal is 
to increase the innovation capabilities of 
Halland-based SMEs through AI-based 
service development. In the context of 
identity management, 365id offers an 
ID security solution, 365id Scanner, 
which enables to verify the authentici-
ty and validity of physical IDs. Kevin’s 
research has received support from the 
Swedish Research Council, from Vin-
nova (Sweden’s Innovation Agency), 
and from the AI.m project. 

Identity            
management

Kevin Hernandez Diaz
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Anonymizing data collection for traffic safety 

Artificial Intelligence (AI), and specifi-
cally machine learning (ML), are ena-
blers for many traffic safety enhancing 
functions, e.g., automated vehicles, 
active safety and connected infrastruc-
ture. AI and ML can also be used to un-
derstand how infrastructure is used by 
road users and what behavior patterns 
there are. The advantage of ML is that 
computers can be trained to recognize 
patterns, dangers and obstacles based on 
images of real events in real traffic. 

To train models, images of the environ-
ment are often required and there is a 
real risk that the data collected will con-
tain information covered by the GDPR 
(General Data Protection Regulation). 

For example: A vehicle with a for-
ward-facing camera collects data on a 
street in a residential area to be able to 
practice recognizing objects in traffic. 
There, both adults and children may 
appear, and there are cars parked along 
the road. All this data is necessary for an 
ML network to learn about how people 
move near roads, how we interact with 
vehicles, and how other vehicles look 
and move in relation to each other. But 
in the collected data there will be fac-
es, clothes, and number plates, which 
are personal data. Such data cannot be 
stored without anonymization.

The immediate solution is to an-
onymize images by blurring faces and 
number plates, or placing a box over 
faces and number plates, thus securely 
storing data without being affected by 
GDPR. This solves the GDPR problem. 
Unfortunately, the data becomes useless 
because much of the information that 
ML algorithms can use is lost, e.g. fa-
cial expressions and attention indicators 
- eye contact is important for building 
trust and safe traffic environments. In 
addition, the ML network risks using 
blurred fields or boxes in the image 
to recognize people and cars. Another 
more studied alternative is to replace 
the faces with a standard face and the 
number plates with a standard sign. Un-
fortunately, it doesn't work either: then 
the ML system will learn to recognize 

the exact standard face and standard 
sign. 

The MIDAS project explores the pos-
sibility of creating anonymized but 
unique faces and number plates in video 
data to replace personal data in pictures. 
Thus, as much as possible of the real en-
vironment and interactions are retained 
in data collected in road safety-related 
research projects. 

The project involves two PhD students: 
Felix Rosberg, who is industrial PhD 
student at Berge, and Martin Torstens-
son, who is an industrial research in-
stitute PhD student at RISE (Sweden’s 
research institute).

Cristofer Englund Adjunct Professor

Cristofer Englund 

MIDAS

Cristofer Englund started his academ-
ic career at Halmstad University and 
graduated with a MSc in computer sci-
ence in 2003, and defended his PhD 
thesis in Halmstad 2007, with focus on 
machine learning, supervised by pro-
fessor Antanas Verikas. After his PhD 
he worked a few years in industrial 
R&D, but soon moved on to Sweden’s 
research institute RISE (in 2010) 2010. 
At RISE, Cristofer has worked within 
active safety in close collaboration with 
the Swedish vehicle and transportation 

industry. His research interest is about 
data mining and machine learning to 
model the interaction between humans 
and vehicles to allow for design of social 
acceptance of road vehicle automation. 
Cristofer has been adjunct lecturer with 
CAISR for some years, and in 2020 he 
was appointed Halmstad University’s 
first adjunct Professor of Information 
Technology, with a focus on machine 
learning and computer science. 

Personal data that needs to be anonymized
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PhD Graduation Yuantao Fan

Monitoring and maintaining the equipment to ensure its re-
liability and availability is vital to industrial operations. With 
the rapid development and growth of interconnected devic-
es, the Internet of Things promotes digitization of industrial 
assets, to be sensed and controlled across existing networks, 
enabling access to a vast amount of sensor data that can be 
used for condition monitoring. However, the traditional way 
of gaining knowledge and wisdom, by the expert, for design-
ing condition monitoring methods is unfeasible for fully uti-
lizing and digesting this enormous amount of information. It 
does not scale well to complex systems with a huge amount 
of components and subsystems. Therefore, a more automated 
approach that relies on human experts to a lesser degree, being 
capable of discovering interesting patterns, generating models 
for estimating the health status of the equipment, supporting 
maintenance scheduling, and can scale up to many equipment 
and its subsystems, will provide great benefits for the industry. 

This thesis demonstrates how to utilize the concept of “Wis-
dom of the Crowd”, i.e. a group of similar individuals, for fault 
detection and prognosis. The approach is built based on an 
unsupervised deviation detection method, Consensus Self-Or-
ganizing Models (COSMO). The method assumes that the 
majority of a crowd is healthy; individual deviates from the 
majority are considered as potentially faulty. The COSMO 
method encodes sensor data into models, and the distances 
between individual samples and the crowd are measured in 
the model space. This information, regarding how different an 
individual performs compared to its peers, is utilized as an in-
dicator for estimating the health status of the equipment. The 
generality of the COSMO method is demonstrated with three 

condition monitoring case studies: i) fault detection and failure 
prediction for a commercial fleet of city buses, ii) prognosis for 
a fleet of turbofan engines and iii) finding cracks in metallic 
material. In addition, the flexibility of the COSMO method is 
demonstrated with: i) being capable of incorporating domain 
knowledge on specializing relevant expert features; ii) able to 
detect multiple types of faults with a generic data- representa-
tion, i.e. Echo State Network; iii) incorporating expert feed-
back on adapting reference group candidate under an active 
learning setting. Last but not least, this thesis demonstrated 
that the remaining useful life of the equipment can be estimat-
ed from the distance to a crowd of peers. 

Wisdom of the Crowd for 
Fault Detection and Prognosis

PhD Graduation
Yuantao 
Fan

Abstract

More information about the thesis
The case study on a fleet of commercial heavy-duty vehicles is a 
collaboration with Volvo Group Trucks Technology and Volvo 
Bus Corporation. The case study on non-destructive testing for 
metallic material is a collaboration with researchers from the 
Key Laboratory of Modern Acoustics at Nanjing University and 
Shanghai University of Engineering Science. Yuantao Fan and 
his fellow researchers have also been collaborating with resear-
chers from Federal University of Santa Catarina in Brazil and 
from Luxembourg University on utilizing Echo State Networks 
for fault detection.

Yuantao Fan, former PhD-student at the School of Information 
Technology at Halmstad University defended his doctoral thesis 
on January 31, 2020. He did his doctoral education within the 
Embedded and Intelligent Systems Industrial Graduate School 
(EISIGS). His research has also been part of the Vinnova finan-
ced project ReDi2Service.
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“This thesis demonstrates how to detect faults and monitor 
the condition of industrial equipment, for example a com-
mercial fleet of city buses, by using artificial intelligence (AI) 
through the concept of ”Wisdom of the Crowd”. The pro-
posed method, Consensus Self-Organizing Models (COS-
MO), assumes that the majority of a crowd is ‘healthy’ and 
individuals that deviate from the majority are considered as 
potentially faulty. In my research, I have studied and applied 
the method to several condition monitoring applications, de-
tecting faults and predicting failures for fleets of industrial 
assets”, says Yuantao Fan.

Are any results surprising to you?
“The COSMO method is generic and can work with many 
different types of systems or equipment for predictive ma-
intenance purposes. This is demonstrated in my thesis 
through three case studies: condition monitoring for a 
fleet of city buses, non-destructive testing for metallic 
material and prognosis for a fleet of turbofan engi-
nes. The approach has several benefits, for example 
improving safety and reliability of equipment, that is ma-
king the transportation systems safer by indicating incoming 
faults and failures proactively and thus reducing and elimina-
ting accidents and unplanned stops. It is interesting to see an 
unsupervised system, without learning from failure cases in 
advance, can proactively indicate upcoming faults and pre-
dicting failures. This is demonstrated in a case study on the 
air system of a commercial bus fleet, the proposed approach 
achieved similar performance compared to an expert know-
ledge-based system.”

How did you pick the subject or theme for your the-
sis?
“I am interested in Artificial Intelligence in general and was 
happy to explore any relevant topics. In particular, I like to 
work with real-world problems where the research contribu-
tion could potentially make an impact in reality as part of 
industrial applications and solutions. This research education 
matches my interest well since it is based on collaboration 
with our industrial partner at Volvo, where we develop, test 
and apply machine learning methods for predicting the ma-
intenance need for heavy-duty vehicles. The method is recei-
ving more and more attention from the industry in general 
and the research community. There are still many aspects to 
explore”.

Wisdom of the Crowd

PhD Defense facts
Title:

Wisdom of the Crowd for Fault Detection and 
Prognosis

Author

Yuantao Fan
Supervisors at Halmstad University

Thorsteinn Rögnvaldsson, Professor, Halmstad University        
Sławomir Nowaczyk, Professor Halmstad University

Supervisor at Volvo

Ervin Omerspahic, Volvo Group Corporation

Opponent:
Olga Fink, Professor, ETH Zürich, Switzerland

Grading committee:
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Patrik Edén Docent, Lund University
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Licentiate exam Ece Calikus

The ability to diagnose deviations and predict faults effec-
tively is an important task in various industrial domains for 
minimizing costs and productivity loss and also conserving 
environmental resources. However, the majority of the ef-
forts for diagnostics are still carried out by human experts in a 
time-consuming and expensive manner. Automated data-driv-
en solutions are needed for continuous monitoring of complex 
systems over time. On the other hand, domain expertise plays 
a significant role in developing, evaluating, and improving di-
agnostics and monitoring functions. Therefore, automatically 
derived solutions must be able to interact with domain experts 
by taking advantage of available a priori knowledge and by in-
corporating their feedback into the learning process.

This thesis and appended papers tackle the problem of gen-
erating a real-world self-monitoring system for continuous 
monitoring of machines and operations by developing algo-
rithms that can learn data streams and their relations over time 
and detect anomalies using joint-human machine learning. 
Throughout this thesis, we have described a number of dif-
ferent approaches, each designed for the needs of a self-mon-
itoring system, and have composed these methods into a co-
herent framework. More specifically, we presented a two-layer 
meta-framework, in which the first layer was concerned with 
learning appropriate data representations and detectinganom-
alies in an unsupervised fashion, and the second layer aimed at 
interactively exploiting available expert knowledge in a joint 
human-machine learning fashion.

Furthermore, district heating has been the focus of this thesis as 
the application domain with the goal of automatically detect-
ing faults and anomalies by comparing heat demands among 
different groups of customers. We applied and enriched differ-
ent methods on this domain, which then contributed to the 
development and improvement of the meta-framework. The 
contributions that result from the studies included in this work 
can be summarized into four categories: (1) exploring different 
data representations that are suitable for the self-monitoring 
task based on data characteristics and domain knowledge, (2) 
discovering patterns and groups in data that describe normal 
behavior of the monitored system/systems, (3) implementing 
methods to successfully discriminate anomalies from the nor-
mal behavior, and (4) incorporating domain knowledge and 
expert feedback into self-monitoring.

Self-Monitoring using Joint 
Human-Machine Learning: 
Algorithms and Applications

Ece   
Calikus

Abstract

Licentiate exam facts
Title:

Self-Monitoring using Joint Human-Machine  
Learning: Algorithms and Applications

Author

Ece Calikus
Supervisor
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Second supervisors
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Opponent:
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Joint human-machine learning can improve district heating
By combining machine learning and human knowl-
edge in self-monitoring and intelligent systems, fail-
ures and deviations can automatically be detected. 
Research at CAISR shows that when these systems 
are applied to district heating, money can be saved, 
and efficiency improved – leading to a more sustain-
able energy supply. 

Many industries today produce and save large amounts of 
data from their operations. By using data driven models, the 
operations can continuously be monitored and adjusted for 
maximum efficiency. Ece Calikus is a PhD student working 
with research and development of so-called self-monitoring 
systems that use machine learning in combination with hu-
man expertise for industrial applications. 

An intelligent and self-monitoring system is when industrial 
equipment monitors its own operation. It can learn over time 
and automatically identify problems or deviations. There is, 
however, always a need for human interpretation and evalua-
tion of these systems. Human experts can add other aspects, 
for example business and societal aspects, to achieve a holistic 
improvement of the operations.

Humans and machines work better together
“The goal with joint human-machine learning is to create a 
collaborative process where machines and humans learn from 
each other. People should be able to observe, interpret and 
learn from the self-monitoring results, as well as provide do-
main knowledge or feedback to the intelligent system”, says 
Ece Calikus who published her licentiate thesis on the subject 
in 2020. 

Ece Calikus is working at CAISR in a research project called 
Self-Monitoring for Innovation (SeMI). Her licentiate the-
sis focuses on generating a real-world self-monitoring system 
that can learn data behaviors and their relations over time 
and detect anomalies and discover faults using joint-human 
machine learning. 

“Throughout the thesis, I have described a number of differ-
ent approaches, each designed for the needs of a self-mon-
itoring system, and I have composed these methods into a 
coherent framework”, says Ece Calikus.

Improving district heating by automatic detection of 
faults
Self-monitoring systems can be applied to a range of differ-
ent industries. Ece Calikus focuses her research on apply-
ing these intelligent systems to district heating in order to 

increase the efficiency in that domain. The research is done 
in collaboration with two district heating companies, HEM 
and Öresundskraft. They have provided both data used in the 
research and expert knowledge about district heating.

“When applied to district heating, the self-monitoring sys-
tem can automatically detect faults and abnormal patterns in 
district heating networks by comparing heat demands among 
different groups of customers”, says Ece Calikus.

When faults and deviations are detected in time, the districts 
heating companies can use this information for further inves-
tigation, to repair faults and optimize their operations. 

“Future energy systems are facing critical challenges such as 
the steady growth of energy demand, energy resource deple-
tion, and increasing emissions of carbon dioxide and other 
greenhouse gases. District heating can play a vital role in the 
implementation of future sustainable energy systems that will 
contribute to a decrease in carbon emissions. However, the 
current generation district heating technologies have prob-
lems that prevent them from operating efficiently. I hope that 
my research can lead to more efficient district heating and 
thus contribute to a more sustainable energy supply system”, 
says Ece Calikus. 

Her method takes minutes – instead of years
One goal with Ece Calikus’ research has been to automate a 
very time-consuming manual method of analyzing heat load 
patterns for identifying unsuitable behaviors of buildings in a 
district heating network. 

“The manual analysis was restricted to 140 buildings and took 
several years for a group of researchers to conclude. My goal 
was to automate their manual effort with a data-driven ap-
proach so that it can be applied to thousands of buildings in 
less than 10 minutes”, says Ece Calikus. 

She expected to discover the same patterns they did, but au-
tomatically and much faster. However, Ece Calikus and her 
colleagues’ method not only successfully captured the same 
heat load patterns, but also discovered novel and abnormal 
patterns that were unknown before. 

“It was surprising and very exciting to see that our results 
provided completely new knowledge to the district heating 
community. Furthermore, my work also revealed the limi-
tations of the previous knowledge within this area and the 
importance of intelligent systems for energy efficiency”, says 
Ece Calikus. 
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Evaluations of two Master programs
The CAISR staff participate in many programs and courses, 
and our ambition is that all courses and programs where our 
staff teach should receive good ratings and be considered of 
high quality.

Two technical master’s programs where CAISR staff teach 
were part of a large-scale quality evaluation in 2020, these are 
the Master of Science in Embedded and Intelligent Systems 
(TAEIS), and the Master of Science in Information Technol-
ogy (TAITE).The evaluation involved preparing various doc-
uments describing the programs in detail, obtaining feedback 
from students, alumni, industry representatives, and teach-
ers, sending random selections of master theses to external 
reviewers, and hearings with other external reviewers (profes-
sors from other universities) to discuss the programs in detail. 

The TAITE program received an evaluation of High quality, 
which was the highest possible outcome. The TAEIS program 
received an evaluation of High quality with reservations, the 
second highest possible outcome.

In general, the reviewers thought that good learning of skills 
was visible, e.g., in good performance of students in com-
petitions. The education is doing good things with diversity 
and equality, and collaboration with companies is working 
well. The courses are relevant and there is no doubt they build 
upon on a scientific basis.

The students indicated that they believed that teachers were 
always trying to improve the contents for the following se-
mesters, that in some courses teachers are really interested to 
hear about the course contents and try to get our suggestions, 
and that students can have a crucial role in contributing to 
the development of the education. The industry had a pos-
itive, long, and strong collaboration with the program and 
CAISR, and that there is a good exchange of experience that 
supports in setting expectations from the program graduates. 
The programs contain the subjects that they see as valuable 
for the continued development of their products and services. 
Their current view, and also their outlook for what skills and 
knowledge that will be needed, is in line with the program 
content. Both TAEIS and TAITE seemed very relevant.

Some lessons learned were that for TAITE, we should con-
sider having more elective courses, and for TAEIS, we should 
ensure that the course material is more current. For both 
programs, we should look into further incorporating sustain-
able development, and our alumni would like to see more 
advanced/specialized courses and prominent guest lecturers 
in the area of AI.

Education

Steering of the second front axle in Volvo trucks
Martin Asplund & Robin Landin   
Mechatronical Engineering     
Supervisor: Pablo del Moral     
SEK 50,000    

Sparbanksstiftelsen Kronan scholarship
In November Sparbanksstiftelsen Kronan awarded scholar-
ships to four students at the School of Information Technol-
ogy. To get awarded the work must show evidence of high 
creativity, new technology, practical relevance, technical ben-
efit, business potential, new entrepreneurship or great societal 
benefit in welfare, health care and the public sector.

Manipulation Action Recognition and Reconstruc-
tion using a Deep Scene Graph Network
Dawid Ejdeholm & Jacob Harsten   
Master of Science in Computer Science    
Supervisor: Eren Erdal Aksoy    
SEK 25,000  

Robin Landin and Martin Asplund awarded 50 000 SEK from Spar-
banksstiftelsen Kronan Photo: From Video Sparbanksstiftelsen Kronan
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Expert competence
In December 2020, the Knowledge Foundation grant-
ed phase 2 of the educational Expert Competence 
Programme MAISTR at Halmstad University. MAIS-
TR (Data analytics and service innovation based on 
artificial intelligence) combines artificial intelligence 
with service and business development and is pri-
marily aimed at professionals. Phase 2, which is a con-
tinuation of MAISTR phase 1, will start in the autumn 
of 2021.

MAISTR is directed at professionals who want continued 
education in Artificial Intelligence (AI) technologies, specif-
ically Machine Learning (ML), and business and service de-
velopment techniques with AI/ML. It is an educational pro-
gramme on advanced level comprising courses corresponding 
to a total of 120 credits (hp). The programme is flexible and 
can be carried out at the same time as an ongoing profession-
al career. MAISTR has unique aspects by combining courses 

on both AI technology and courses on service design with 
AI. It's not enough to understand the technology alone – AI 
needs to be linked to people-centred service design in order to 
create value and benefit. This means that not only technology 
companies, but also design agencies and the public sector are 
affected by this area. 

Project leader for MAISTR is Stefan Byttner, Associate Pro-
fessor in Information Technology at the School of Informa-
tion Technology. All programmes and courses within service 
design and AI for professional are developed in collaboration 
with companies and the public sector. The programmes and 
courses are led by Halmstad University in collaboration with 
University of Skövde and RISE SICS. They are supported by 
Volvo Cars, AB Volvo, Autoliv, ZenseAct, Stena Line, Easys-
erv, Fysiotest, Hotswap, Jayway, Digital Reliance, InUse, 
RISE Viktoria and Nibe.

The AI.m 2.0 project is a continuation of our AI.m pilot pro-
ject from 2019. The sole purpose of the project is to help 
SME-companies in the Halland region with knowledge of 
AI-based service development to increase their innovation 
capabilities and competitiveness. The project is a collabora-
tion between Halmstad University and HighFive (Halmstad 
municipality’s business incubator). Halmstad University and 
CAISR has the overall management responsibility while High-
Five has the operative management responsibility. The project 
is funded through the European Regional funds (ERUF) and 
runs until April 2022 when in total 20 SMEs will have passed 
through the innovation process. The expected long-term ef-
fect is to have established a regional AI-hub that supports 
local companies to work strategically with AI-driven service 
development.

AI.m works in an agile way with participating companies 
to learn, analyze, evaluate and implement AI-driven service 
innovation from the companies’ identified challenges. The 
main activities in the project include recruitment of compa-
nies (inspiration and spreading of knowledge, as well as ana-
lyzing their abilities to implement AI-activities in their or-
ganizations), performing the innovation process itself where 
each company goes through the steps of Strategic business 
design, Human-centered service design, and Rendering of 
prototypes (UX design). Finally, the companies are support-
ed in developing a strategy to implement the results in their 
organizations, and in applying for soft funding for further 
development. The innovation process has been developed by 
Associate professors Pontus Wärnestål and Stefan Byttner at 
Halmstad University, and Anna Petersson at HighFive and 
has, e.g., led to a new set of service design tools for data-driv-
en service development.

AI education for professionals

AI.m
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Courses for professionals in covid-19 times

The covid-19 pandemic hit the industry swiftly and hard. Temporary layoffs with government support kicked in on large scale 
by mid-March 2020, and for many production industries this meant that staff were placed off work from mid-March until 
October (and sometimes even longer). There was also a noticeable change of focus in the industry, with more emphasis on 
sustainable technologies. The Tesla stock price rocketed from roughly US$88 (Jan. 2020) to almost US$706 (Dec. 2020), an 
eightfold growth.

The staff who were on temporary layoffs were encouraged to use the time for competence development, and many engineers 
saw this as a window of opportunity to get training in subjects that they saw would become more and more important in their 
work. The Knowledge Foundation also reacted quickly and launched an emergency program for supporting flexible courses 
on advanced level for professionals who were temporary off work. By doing this it was hoped that Sweden would emerge from 
covid-19 with a better qualified workforce, and that the economic effects for Sweden would be milder.

Halmstad University was successful with two bids within this program: RELIFE and DIGIBUS. Both program offerings were 
designed based on analysis of what sectors were most affected by the pandemic. This analysis was done with help from the Re-
gion Halland analysis office, the Confederation of Swedish Enterprise, and TRR (Trygghetsrådet). Also, polls were done with 
our alumni and industrial partners to see how to design the most relevant efforts, and the most sought-after content. The target 
groups for the program offerings were people with a basic university engineering degree or degree in business/economics, and 
some years of work experience, e.g. working as consultants, entrepreneurs, and with industrial services.

DIGIBUS offers an exciting mixture of AI and business. In-
creasingly businesses are using AI to drive activities such as 
marketing, management, and decision making. Rapid trans-
fer and analysis of data means many opportunities are open-
ing up on a global level. However, this change means that 
managers and decision makers in business need to understand 
what AI is, what it can do and how to apply it successfully. 
That does not mean they necessarily have to be technical ex-
perts, but they have to be able to communicate with, and un-
derstand, people who are. The DIGIBUS course package was 
developed in cooperation between researchers in Information 
Technology (CAISR) and in Innovation Sciences.

The courses were all delivered on-line, with lectures and oth-
er sessions timetabled so that students working would find 
it relatively easy to participate. In addition, lectures were re-
corded to make the courses accessible even for people with 
very busy schedules. Some practical work was facilitated by 
the use of software in the public domain, for business intel-
ligence a bespoke SQL server was set up so that the students 
could try their hand at data warehousing. Assessment was 
largely through work that could be done at home (lab reports, 
multiple choice tests, projects) but all students had to also 
present work in on-line seminars. The projects were particu-

larly appreciated since the students worked in small groups 
and could share experiences across workplaces and different 
backgrounds.

The courses also involved several guest lecturers invited across 
a range of different industries business and the public sector. 
These guest lectures were certainly one of the highlights of 
DIGIBUS.

Course Module Responsible Registered students Passed students

AI for managers Hadi Fanaee 44 16
Global Entrepreneurship Vicky Long 52 18
Digital Marketing Klaus Solberg Søilen 53 16
Business Intelligence Mark Dougherty 42 14

The course modules within the programme are: 

DIGIBUS

Professor Mark Dougherty, responsible for the course in Business Intelligence
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Course Module Teachers Registered students Passed students

Python - a gateway to Machine Learning Verónica Gaspes
Alexander Galozy

52 16

Cybersecurity challenges with distributed 
workplaces

Mohamed Eldefrawy
Yousra Alkabani 

19 7

Supervised Machine Learning Mohamed-Rafik Bouguelia 
Onur Dikmen 

53 36

Applied Data Mining and Data Science Slawomir Nowaczyk 
Mahmoud Rahat 
Abbas Orand
Reza Khoshkangini 

26 14

Applied Deep Learning with TensorFlow Mattias Ohlsson
Eren Erdal Aksoy 
Sepideh Pashami 
Tiago Fernandes Cortinhal 

21 11

RELIFE
RELIFE focuses on competence on machine learning, data 
analytics, and cybersecurity. It has been clear for some years 
now that these are subjects that are asked for more and more 
in industry, and our engineering poll group for the covid-19 
offerings (about 150 respondents from partners companies 
and alumni) highlighted this competence as a top choice.

The RELIFE package consists of five courses, and is intend-
ed to bring an engineer from a basic understanding of data, 
programming, and math (what you get in a basic engineering 

degree) up to being able to do construct advanced machine 
learning models like deep neural networks. The package in-
cludes a special course on cybersecurity issues when working 
from home (or remote).

The RELIFE courses were all delivered online and used lec-
ture recordings and project hand-ins so that they would be 
easy for the participants to follow at their convenience.

Voices from course participant:
"this was the best course 
I have done . . . it was 
so nice! I would love to 
go a second course if you 
organise one :)”

Python - a gateway to 
Machine Learning

Supervised Machine 
Learning Voices from course partici-

pant:

”The lectures were 
fantastic. The lecture is 
able to explain difficult 
concepts in simple 
words and with simple 
examples.”

Verónica Gaspes

Mohamed-Rafik Bouguelia 
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Outreach

AI4Health Lecture Series
Starting in 2019 Christoph Schom-
mer at University of Luxembourg ar-
ranged the AI4Health Lecture Series, 
with invited European presenters on 
how to use AI for improving healthca-
re. Professor Mattias Ohlsson and Dr. 
Markus Lingman presented together 
in November 2020 on the work in 
Region Halland with information dri-
ven care and the cooperation between 
CAISR and Region Halland.

ECML/PKDD workshop
CAISR researchers co-organized a 
special workshop on predictive ma-
intenance and stream data mining 
in connection with the ECML/
PKDD conference in September 2020 
(Ghent). This was the second time this 
workshop was held. In 2019 it was so 
popular that the number of seats in 
the room were insufficient. However, 
in 2020 the whole event was moved 
online and seating no problem anym-
ore. 

The topics were very much centered 
around the CAISR scientific agen-
da and ongoing work in predictive 
maintenance. The workshop cove-
red presentations on how to estimate 
components current and future status, 
how to determine what data to use, 
etc., and in general how new methods 
for stream data mining and machine 
learning can contribute to predictive 
maintenance. 

The workshop was organized by 
Slawomir Nowaczyk and Sepideh Pas-
hami from CAISR, together with Joao 
Gama (U. Porto), Albert Bifet (U. 
Waikato), Moamar Sayed Mouchaweh 
(École des Mines de Douai), Grzegorz 
J. Nalepa (AGH U. Science and Tech-
nology), Olga Fink (ETH Zürich), 
and Jessika Bulthé (Volvo Trucks).

Schlumberger seminar
In October 2020, Professor Slawomir 
Nowaczyk gave an invited talk in the 
Schlumberger internal forum on pre-
dictive maintenance. The topic was 
“Data driven predictive maintenance”. 
The seminar was packed (250+ atten-
dants) and Slawomir gave an overview 
of ongoing predictive maintenance in 
CAISR, with reflections on the issues 
that we face in real data from systems 
like buses and trucks, which operate 
in varying contexts, with weak fault 
indicators.

Restart Sweden
In September, Professor Mattias Ohls-
son gave an invited talk at the national 
web-based seminar “Restart Sweden” 
(after the first pandemic spring/sum-
mer wave). He presented how AI and 
healthcare data can be used to design 
more precise healthcare services, and 
our plans for this in Halmstad and 
Halland. Other presenters at the se-
minar were, e.g., the Swedish Minister 
of Health and Social Affairs, heads of 
government authorities, and represen-
tatives for Swedish Regions and mu-
nicipalities.

AI Sweden
CAISR is a partner in AI Sweden and 
CAISR researchers have presented 
at their morning seminars. In June 
Pontus Wärnestål gave a presentation 
on “Human-Centered Machine Lear-
ning: A podcast-based course for pro-
fessionals” (this was described already 
in the CAISR annual report for 2019). 
In October, Sepideh Pashami gave a 
presentation on “Transfer Learning 
for predictive maintenance in electro-
mobility”.

Smart Energy summer 
school and workshop
August 23rd-29th 2020, Slawomir 
Nowaczyk and Kobra Etminani orga-
nized the 8th DHC+ Summer School 
2020 in district heating and cooling 
with NetPort Science Park in Karls-
hamn and NODA Intelligent Systems 
held by Euroheat & Power in Belgi-
um. The topic of the summer school 
was “Creating a Sustainable Ecosys-
tem in District Heating and Cooling, 
using Artificial Intelligence”. The 
summer school was due to take place 
in Karlshamn. However, due to the 
pandemic, DHC+ experienced its first 
online summer school in 2020! 

Kobra Etminani gave a talk entitled 
“Introduction to digitalization/AI” 
and Slawomir Nowaczyk gave “Ano-
maly Detection for Predictive Mainte-
nance”. They also arranged the “Hands 
on Data Analytics“ workshop, where 
various machine learning techniques 
were presented and applied to district 
heating real-world data. Participants 
had the chance to scrutinize various 
methods and find interesting patterns 
on their own. The event brought to-
gether 25 students and young professi-
onals from the industry and provided 
participants with an in-depth look 
into the current and future state of 
District Energy and digitalization.
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Funding 
The research turnover 2020 in CAISR 
was 26.1 MSEK (million Swedish 
kronor) on the university side (not 
including in-kind efforts by our part-
ners). This is 5% lower than our re-
search turnover for 2019 but less than 
80% of what we had budgeted for. The 
main reason for the drop was the cov-
id-19 situation, which affected many of 
our industrial partners and we had to 
place projects on a lower burn rate than 
planned, awaiting the outcome of the 
pandemic and possible new industrial 
priorities. 

The external funding ratio remains 
very high (72% in 2020). The differ-
ent sources of research funds to CAISR 
(on the Halmstad University side) are 
illustrated in the pie diagram. The 
Knowledge Foundation was the largest 
contributor, with almost 60% of the ex-
ternal funding to CAISR in 2020, and 
more than 40% of the total research 
funding. The second largest external 

funder was Vinnova (Sweden’s Innova-
tion Agency). Together, the Knowledge 
Foundation and Vinnova annually con-
tribute more funding to CAISR than 
Halmstad University. The basis for this 
is of course our close cooperation with 
industry partners and the public sector. 
These partners in turn contribute with 

substantial amounts of in-kind but we 
have not followed this up in detail for 
all projects. In 2020 we aim to summa-
rize all in-kind in CAISR projects over 
the years 2012-2021 to provide a more 
comprehensive picture in our next an-
nual report.

CAISR is managed by the CAISR director, with support 
from the academic advisory group and a research coordina-
tor overseeing details regarding reporting, coproduction, and 
information management. The academic advisory group con-
sists 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 intention was to change the organization of CAISR 
somewhat in 2020 and appoint a broad Industrial Adviso-
ry Board during 2020 as well as a new a Scientific Advisory 
Board. However, the covid-19 pandemic put all those things 
on hold and we will pick this up in 2021. CAISR will also 
recruit a new research coordinator during 2021, since Roland 
Thörner is retiring in early 2021. He has been a truly excel-
lent research coordinator for CAISR ever since 2012.

Thorsteinn Rögnvaldsson,  
Director of CAISR.

Magnus Clarin, Dean Sławomir Nowaczyk, Professor Roland Thörner, Coordinator

Organization 

Funding on the University side 2020

Halmstad University Knowledge Foundation The Swedish Energy Agency

The Swedish Research CouncilEU Industry contribution (cash)

Vinnova Riksbankens Jubileumsfond Other

Halmstad 
University

Knowledge 
Foundation

OtherRiksbankens 
Jubileumsfond

Vinnova

The Swedish    
Research Council

The Swedish      
Energy Agency

EU

Funding on the University side 2020
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Scientific publications and impact
CAISR was evaluated by DAMVAD 
in 2019, and the first eight years of 
Knowledge Foundation funding ended 
in December 2019. The ambition was 
to achieve high impact research dur-
ing this time, but our own analysis and 
DAMVAD’s analysis both indicate that 
the scientific impact of CAISR publi-
cations 2012-2019 has been average, 
compared to Swedish universities, Nor-
dic universities and OECD. This is of 
course not bad but below our ambition.

There are, nevertheless, several very 
positive things that can be said about 
the scientific output and impact from 
CAISR researchers. One is the strong 
CAISR presence in scientific jour-
nals focusing on applied AI. Over the 
years 2012-2017 CAISR researchers 
published more papers than any other 
Swedish university in Expert Systems 
with Applications, Engineering Applica-
tions of Artificial Intelligence, and Neural 
Computing and Applications. This is a 
clear indicator of CAISR's strong focus 
on applied AI.

Another very positive thing is the in-
crease in quality (or prestige) in the 
journals where CAISR researchers 
publish. The figure below shows the 
development of CAISR journal publi-

cations in channels categorized in the 
Norwegian register for scientific jour-
nals, series and publishers . The register 
categorizes publication channels into 
three levels: zero (0 = unscientific), one 
(1 = scientific), and two (2 = highest 
scientific level). Only 20% of the scien-
tific journals are allowed to be level 2. 
Over the last years, the annual output 
of CAISR journal publications has been 
steadily increasing, and the fraction of 
Norwegian level 2 publications is going 
up, reaching almost 25% in 2020. This 
is a clear indicator of CAISR’s work 
with increasing the presence in level 2 
channels.

The three most cited papers (see pub-
lication list at end) from CAISR, nor-
malized by year, in the recent years are: 
“Improving Automated Latent Finger-
print Identification using Extended Fea-
ture Sets” (Krish et al. 2019), “Agreeing 
to disagree?: active learning with noisy 
labels without crowdsourcing” (Bou-
guelia et al. 2018), and “Evaluation of 
the performance of accelerometer-based 
gait event detection algorithms in dif-
ferent real-world scenarios using the 
MAREA gait database” (Khandelwal & 
Wickström 2017). The work presented 
in the latter one also formed the basis 
for a spin-off company started by Sid-
dhartha Khandelwal in 2018.
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The research in CAISR is to a very high degree done in close 
cooperation with partners from industry or the public sector. 
Our external partners contribute with work, infrastructure, 
or cash. Their contribution is substantial and our strong de-
velopment from 2012 would have been impossible without 
this. As an example, CAISR’s total research volume over the 
years 2012-2020 was roughly 190 million SEK (about €18 
million), and the total estimated in-kind, value of research 
infrastructure, or cash contribution from our partners over 
the same period was roughly 110 million SEK (about €10 
million).

Cooperation is very important for us, and it is a modus ope-
randi in CAISR. We do follow-ups with our external part-
ners, to monitor the quality of our cooperation, and the 
conclusions so far have been that we are very appreciated col-
laboration partners. Clearly, we appreciate our collaboration 
partners very much too.

Co-production research projects
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CAISR Staff Researchers

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

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

Dougherty, Mark
Prof., Doctor
Professor Information Technology
mark.dougherty@hh.se

Acoustic   analysis,   smart   sensors,   
medical  informatics,  decision  sup-
port  systems,  forensic  science,  eth-
ics of AI

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

Machine learning, deep learning, 
neural networks, medical informa-
tics, medical decision support

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

Neural networks, self-organizing 
models, predictive maintenance.

Verikas, Antanas 
Honorary Professor, Doctor
Professor pattern recognition
antanas.verikas@hh.se

Classification committees, feature 
selection; semi-supervised learning, 
fuzzy logic, analysis of pathological 
speech.

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

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

Wickström, Nicholas
Docent, Doctor
Associate professor
nicholas.wickstrom@hh.se  
 
Signal analysis of human motion, 
incorporateing expert knowledge in 
the modelling, and making models 
possible to interpret.

CAISR Staff

Alonso-Fernandez, 
Fernando
Docent, Doctor
Associate professor
fernando.alonso-fernandez@hh.se 
Biometrics recognition, image/sig-
nal processing, computer vision, 
machine learning and pattern rec-
ognition.

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

Wireless communications, vehicular 
networking, smart mobility.

Bouguelia, Mohamed-
Rafik 
Docent, Doctor 
Associate Professor
mohamed-rafik.bouguelia@hh.se 

Active learning; classification; data 
stream mining; anomaly and nov-
elty detection; big data; predictive 
maintenance.

Englund, Cristofer
Docent, Doctor
Adjunct professor
cristofer.englund@hh.se

Machine learning for automated 
driving, vehicular behavioral mod-
eling, connected vehicles, situation 
awareness.

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

Data Mining, knowledge represen-
tation, joint human-machine learn-
ing, self-organising anomaly detec-
tion, big data.
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Åstrand, Björn
Docent, Doctor
Associate professor
bjorn.astrand@hh.se  

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

Wärnestål, Pontus
Docent, Doctor
Associate Professor
pontus.warnestal@hh.se  
   
Digital Service Innovation, Servi-
ce Design, UX Design, Informatics, 
Human-Computer Interaction.

Khan, Taha
Doctor
Researcher  
taha.khan@hh.se 
 
Computer Vision, image and signal 
analysis of human motion, speech 
analysis, machine learning, medi-
cal informatics.

Khoshkangini, Reza
Doctor
Postdoc
reza.khoshkangini@hh.se

Artificial intelligence, machine lear-
ning, data mining and decision ma-
king

Etminani, Kobra
Doctor
Associate Professor
kobra.etminani@hh.se  
    
Data Mining, Healthcare informa-
tics, anomaly detection, big data.

Dikmen, Onur
Doctor
Senior Lecturer
onur.dikmen@hh.se         

Statistical machine learning, change-
point and outlier detection, predic-
tive maintenance, causal inference

Clarin, Magnus
Doctor
Dean, School of Infor-
mation Technology
magnus.clarin@hh.se  

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

Cooney, Martin
Doctor
Assistant professor
martin.cooney@hh.se  
 
Social robotics, recognition, hu-
man-robot interaction, well-being

Järpe, Eric
Doctor
Senior lecturer
eric.jarpe@hh.se   

Change-point and outlier detection, 
smart homes monitoring,
communication security, cryptology.

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

Fanaee, Hadi
Doctor
Assistant professor
hadi.fanaee@hh.se   
  
Data Mining, Machine Learning, 
Tensor Analysis, Anomaly Detec-
tion, Time series Analysis, Spa-
tio-temporal Data Mining

Fan, Yuantao
Doctor 
Postdoc
yuantao.fan@hh.se  

Anomaly detection, unsupervised 
learning, data mining, predictive 
maintenance.
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Pashami, Sepideh
Doctor
Senior lecturer
sepideh.pashami@hh.se  

Predictive maintenance, causal in-
ference, representation learning, 
machine learning, data mining.

Sant’Anna, Anita
Doctor
Senior lecturer
anita.santanna@hh.se 

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

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

Smart environments, ambient in-
telligence, Ambient Assisted Living, 
edge computing, mixed reality

PhD Students 

Ali Hamad, Rebeen
M.Sc.
Doctoral student
rebeen.ali_hamad@hh.se  

Transfer Learning, manifold learn-
ing, human behavior patterns, smart 
homes.

Rahat, Mahmoud
Doctor
Assistant Professor
mahmoud.rahat@hh.se

Machine Learning, Predictive 
Maintenance, Natural Language 
Processing

Orand, Abbas
Doctor
Researcher
abbas.orand@hh.se 

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

Alabdallah, Abdallah
M.Sc.
Doctoral student
abdallah.alabdallah@hh.se 

Machine Learning, Data Mining, 
Survival Analysis, Deep Learning, 
Representation Learning, Explain-
able AI

Soliman, Amira
Doctor
Post Doc
amira.soliman@hh.se

Big data, Graph analytics, Federat-
ed and decentralized learning, Deep 
learning, Healthcare informatics

Mashhadi, Peyman
Doctor
Senior Lecturer
peyman.mashhadi@hh.se
 
Statistical Machine Learning, Deep 
Learning, Data Mining, Predictive 
Maintenance 
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Altarabichi, Mohammed 
Ghaith
M.Sc.
Doctoral student 
mohammed_ghaith.altarabichi@
hh.se
Machine Learning, Transfer Learn-
ing, Representation Learning, Evo-
lutionary Computation

Ashfaq, Awais
Lic.Tech
Lic.Tech
awais.ashfaq@hh.se  

Descriptive, predictive and prescrip-
tive analytics on EHRs, medical im-
age processing, neural networks and 
deep learning.

David, Jennifer
M.Sc.
Doctoral student
jennifer.david@hh.se 

Mobile robotics, intelligent vehi-
cles, multi-robots, path planning, 
task scheduling.

del Moral, Pablo
M.Sc.
Doctoral student 
pablo.del_moral@hh.se  

Machine learning, predictive main-
tenance, survival analysis, time se-
ries analysis, data stream mining.

Galozy, Alexander
Dipl.-Ing(FH), M.Sc.
Doctoral Student
alexander.galozy@hh.se
 
Data mining, machine learning, re-
inforcement learning, deep neural 
networks, predictive health

Cortinhal, Tiago
M.Sc.
Doctoral student
tiago.cortinhal@hh.se 

Computer Vision, Sensor Fusion, 
Adversarial Networks, Scene Un-
derstanding

Chen, Kunru
M.Sc.
Doctoral student
kunru.chen@hh.se

Usage Analysis, Activity Recog-
nition, Learning Representation, 
Semi-supervised Learning.

Calikus, Ece
Lic.Tech
Doctoral student                                     
ece.calikus@hh.se   
 
Data Mining, big data, predictive 
maintenance, deviation detection, 
joint human-machine learning.

Chang, Jose Ramon
M.Sc
Guest researcher
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Taghiyarrenani, Zahra
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zahra.taghiyarrenani@hh.se  
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Learning, Neural Networks
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The Knowledge Foundation funds research and com-
petence development at Sweden’s new universities. The 
Foundation was established by the Swedish government in 
1994, and the Foundation’s overall mission is to strength-
en Sweden’s competitiveness.

The Knowledge Foundation has the following objectives:

•  to support the exchange of knowledge and skills be-
tween the business sector on one hand, and univer-
sities, higher education institutions (HEIs), and re-
search institutes on the other.

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

•  to promote information technology.

The Knowledge Foundation achieves these objectives by 
helping young universities build internationally compet-
itive research environments, work long-term on strategic 
profiling and increase the cooperation between academ-
ia, industry and institutes. The Foundation funding pro-
grams 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 develop-
ment 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. 

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.




