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Cover: The Swedish painter and sculptor Olle Baertling (1911-1981) 
was born in Halmstad and active in Paris. The area around the Halms-
tad University campus is called “The Baertling District” and has several 
of Baertling’s sculptures and paintings on display. The forms, shapes, and 
colors in Baertling’s paintings inspired us to do the cover photo (see exam-
ple to the right: detail from “Medam”).
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CAISR 
Annual report 2019
Director’s statement
Indeed, 2019 was a great year! It marked the eighth year since we established 
CAISR, and we were reviewed by our main sponsor, the Knowledge Founda-
tion� The outcome showed that we are a top-performing research, education 
and cooperation center� We received continued center funding to move to-
wards excellence in applied intelligent systems for predictive maintenance for 
machines, together with core Swedish export industry partners� We were also 
granted projects in cooperation with Region Halland and other partners, with 
a focus on what we call predictive maintenance for humans� Our plan to direct 
CAISR towards autonomous knowledge creation in predictive maintenance 
applications (for both machines and humans) got a kick start�

The Swedish government is investing more into AI and machine learning� As 
an example, Sweden’s innovation agency (Vinnova) expects to fund AI-projects 
with 200 million Swedish kronor for the years 2020 and onwards1, which 
would correspond to a 33% increase from before� This is, however, still only 
1/20 of Vinnova’s annual project budget, and AI and machine learning were 
not hot topics in Sweden ten years ago when CAISR was planned� An illustra-
tion is the government’s investment in twenty strategic research areas in 2009, 
none of which were directed at or emphasized AI� Less than ten years later, the 
government needs to stress the importance of investing into AI research for 
Swedish competitiveness2�

The scientific publication output of Swedish universities show that some of 
the young universities have (and have had) a much stronger profile and higher 
fraction of their output in AI than the other universities� These are Halmstad 
University, Mälardalen University, University of Skövde, and Blekinge Insti-
tute of Technology� These are also universities where a vast majority of the 
research is done in close cooperation with Swedish industry and the public 
sector�

From this, my point should be obvious� When the government wants to invest 
in research that is important and relevant for Swedish industry, they should 
look closer at environments where there is a commitment to cooperating with 
industry in both education and research� CAISR is such a place�
___________________________

1 https://digital�di�se/artikel/ai-pengaregn-over-foretagen-ministern-vi-maste-     
vara-pa-tarna
2 ”Nationell inriktning för artificiell intelligens” https://www�regeringen�se/49a828/
contentassets/844d30fb0d594d1b9d96e2f5d57ed14b/2018ai_webb�pdf Thorsteinn Rögnvaldsson
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Figure 1. The knowledge pyramid, adapted from Ackoff (1989). ”From 
Data to Wisdom”. Journal of Applied Systems Analysis 16: 3–9.

The ability to create and transfer knowledge efficiently is a 
key competitive advantage for a company or an organization1� 
It follows that being able to use computers to automatically, 
or autonomously, create transferable knowledge from product 
and customer data is a key competitive advantage� 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) hier-
archy2, often illustrated with a pyramid (see figure below); the 
higher a system reaches on the pyramid, the more aware it can 
be� There can be interactions both upwards and downwards 
in the pyramid�

The bottom level in the pyramid, data, deals with collecting 
and representing data� A key research question here is how 
to autonomously select what data to collect� How can a sys-
tem decide what data are (or will be) relevant, and what rep-
resentations to use? Can general features be learned that apply 
to many problems or transferred from one setting to another? 
With endless streams of data (the “internet of things”), it is 
impossible and uninteresting to save all data; it is necessary 
to save snapshots, compressed, or aggregated representations 
of the data� These representations should apply to many dif-
ferent tasks� Also, features that look unimportant today may 
end up being important tomorrow� An aware system needs to 
be curious, able to explore, and learn�

The information level relates to questions that begin with 
“who, what, when, and how many”, creating “events” from 
the data in the layer below� This deals with classification, re-
arranging/sorting, aggregating, performing calculations, and 
selection� Much machine learning research (including that 
on deep learning models) is devoted to this stage� Important 
open research questions here regard autonomous clustering 
and categorization of events� Can events be autonomously 
grouped for later use?
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1  Nonaka & Takeuchi� The Knowledge-Creating Company : How Japane-

se Companies Create the Dynamics of Innovation� Oxford University Press 

(1995)

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

hierarchy”, Journal of Information Science, 33, pp� 163-180�

CAISR scientific agenda 
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The knowledge level is about creating “rules” from the infor-
mation, which requires combining information from differ-
ent sources� Is an “event” from one data source associated 
with another “event” from another data source? Can such 
associations be formulated into rules? An obvious example is 
the supervised learning setting, which matches “events” (in-
put) with correct responses (target) provided by an expert� A 
very relevant question deals with knowledge representations; 
can knowledge be represented so that it can be used better 
for reasoning and prediction, or easier to transfer from one 
scenario to another? A knowledge structure should evolve 
from experience, allowing for learning from data and human 
experts, and be capable of taking into account initial domain 
knowledge� 

The top level, denoted the wisdom level, relates to the 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 scientif-
ic vision of aware systems� 

Two clear examples where these abilities can be demonstrat-
ed 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 ex-
perts and to illustrate relations that are not apparent to the 
experts� Information-driven healthcare represents a step up 
in awareness from data-driven healthcare (although we would 
call it “knowledge-driven” rather than “information-driven” 
to match with the DIKW hierarchy)�

The majority of CAISR publications focus on aware systems 
research, and three particularly interesting publications from 
2019 are:

•  Aein, Aksoy & Wörgötter, ”Library of actions: Imple-
menting a generic robot execution framework by using 
manipulation action semantics”� The International Jour-
nal of Robotics Research, 38(8), pp� 910-934� The work 
presents a knowledge representation framework for robot 
object manipulation� The framework is learned by ob-
serving how human operators manipulate objects�

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

•  Muhammad & Åstrand� “Predicting agent behaviour 
and state for applications in a roundabout-scenario au-
tonomous driving”� Sensors, 19(19), 4279� The paper 
presents methods for modeling and predicting agent be-
havior and state in a traffic roundabout�
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Volvo Flexi-Gold Contract truck
Photo: Volvo Trucks

HEALTH (Hazard Estimation and Analysis of Lifelong Truck 
Histories) is a predictive maintenance project together with 
Volvo that ended during 2019� The project results produced 
in HEALTH were deployed in the Volvo Trucks production 
environment VOSP (Volvo Service Planning tool), for predic-
tion of vehicle component status and breakdown prognosis of 
trucks� VOSP is a software developed by Volvo to optimize 
the service planning of the trucks, and is used by Volvo au-
thorized workshops�

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

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

The predictive maintenance system produces warning mes-
sages that inform the dealer of an increased risk of failure for 
a specific component on a specific truck� The system also rec-
ommends actions to the dealer; like planning an earlier visit 
for the customer to check the component or to consider re-
pairing or replacing the component during the next work-
shop visit�

The alerts support the service planning 
process of the truck� Predicting possi-
ble future failures avoids extra visits to 
the workshop and potential extra costs 
related to unexpected breakdowns like 
towing costs or uptime promises� Based 
on the prognosis, the workshop staff 
can plan the repair process and order 
the required spare parts well in advance 
and make sure that they have the right 
technician available for delivering the 
service�

Together with Volvo

CAISR impact 
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Siddhartha (Sid) Khandelwal

CAISR alumnus receives multiple innovation awards
Not only is Siddhartha (Sid) Khandelwal a smart and charm-
ing man – he is also a driven entrepreneur who embodies the 
innovation driving spirit of CAISR and Halmstad Universi-
ty� He defended his Ph�D� thesis and founded the company 
VectorizeMove (https://www�vectorizemove�com/) in 2018 
to commercialize his research results� Already by the end of 
2018, VectorizeMove was ranked among the twenty best 
startup business ideas in the country in competition with 300 
contributions in Venture Cup 2018� At the time, we were 
very proud that he did so well, but little did we know that 
this was just the beginning of a chain of innovation awards 
that followed�

In early March 2019, VectorizeMove received a competitive 
Innovative Startups grant from Vinnova (the government in-
novation agency)�

Later in March 2019, Sid 
and VectorizeMove were 
placed on the prestigious 
Royal Swedish Academy of 
Engineering Science’s top 
100 list of the most innova-
tive researchers in Sweden�

In May 2019, Vector-
izeMove won the best trac-
tion award in the Venture 
Cup West Sweden for start-
ups� They also received the 
JCE accelerator award and 
the audience’s special prize, 
which meant that Vector-
izeMove came home with 
three out of six awards�

In September 2019, VectorizeMove went on to win the best 
traction award in the national finals in Venture Cup West� 
The jury commented that “The jury sees a given place in the 
market for the company thanks to an exciting mix of access 
to the buyer-oriented target group and the unique technical 
solution�”

In October 2019, Sid and VectorizeMove were awarded 
2019’s Innovation prize at Halmstad business gala� On the 
same occasion, VectorizeMove was awarded the prize for the 
year’s new digital company in Halmstad, by HMS Industrial 
Networks – a company also started and built up by Halmstad 
University students�

In November 2019, VectorizeMove was awarded the national 
Swedish Embedded Award in the Enterprise class� This meant 
that the jury considered them to be the most promising Swed-
ish new company based on products with embedded intelli-
gence�

Also, in November, Sid and VectorizeMove were awarded the 
Halland Skapa prize for being the best innovator in Halland 
2019�

Sweden is considered a very innovative country1 with excel-
lent strength in the IT sector� Receiving all these awards and 
recognition in stiff competition shows the potential of Sid’s 
entrepreneurship� Furthermore, one of his final papers in 
his Ph�D� thesis has attracted several citations, and he looks 
well-positioned to win one of CAISR’s internal awards for 
most cited scientific paper in the future, which shows the ex-
cellence of his research work�

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

What does long term mean in this context? Mark defines it as 
one research life cycle for an academic� In other words the av-
erage length of time it takes a PhD student to reach the grade 
of professor and be responsible for training the next genera-
tion of scientists� This is generally of the order of 15-20 years�

In order to try and achieve a reasonable degree of consen-
sus the process was deliberately run as a bottom up process� 
Everybody was encouraged to put forward ideas�

This yields a multi-stage process with several distinct phases:

• Applied research questions

• Basic research questions

• Establishing a timeline

• Identifying required resources

• Prioritisation

Although it’s low-tech, the most convenient way of represent-
ing all these concepts is by writing them on Post-it notes of 
different colours and sticking them up on the white board� 
They can then be easily rearranged from one stage to the next 
and regrouped in order to form clusters and so on� One dis-
advantage is the need to digitize all of the notes afterwards� 
Visitors to Mark’s office found a rather colourful and slightly 
chaotic scene while this work was underway�

The first two parts involve the use of a modified Johari win-
dow and were done in smaller groups� Research questions 
were classified according to two binary –dimensions, we are 
doing/not doing and activities in the present/future�

Professor Mark Dougherty

Where analogue meets digital

CAISR research futures workshop
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lt seems intuitively obvious why it is useful to discuss what 
we are doing now and might be doing in the future� But it is 
also important to discuss what we are not doing, especially in 
terms of identifying areas that it can be strategic to stay out 
of for various reasons� For example, an area where there are 
already several strong competitors or a lack of suitable indus-
try partners�

After the first two stages were completed, all of the Post-it 
notes (excluding the activities we are not planning to do) 
were repositioned by the entire research team onto a time line 
which represents the development of the research group over 
the next 15+ years� The horizontal axis is time and the vertical 
axis represents growth, both in terms of quantity and quali-
ty of research� Applied problems (yellow notes) were placed 
above the line and basic research questions (pink notes) below 
the line�

Next the team had to identify resources required� These could 
be both internal resources such as staffing or equipment (or-
ange notes) and external resources such as cooperations with 
specific partners (blue notes)�

Having done all of this, the fun could really begin� The team 
was given the task of prioritization and asked to remove as 
many of the notes as possible� In a heated atmosphere simi-
lar to an oriental bazaar, Post-it notes became as valuable as 
banknotes! Some notes were removed and placed on a nearby 
table, only to be placed back up on the white board by some-
one else� Others were seen being pulled in different directions 
by multiple sets of fingertips� Happily, all of this took place 
in a goodhumored spirit and when the dust finally settled the 
final time line contained only about half the original number 
of notes�

Finally the team were given an even tougher prioritization 
task� Four groups were each given four tokens they could 
spend on indicating a particularly higher level of priority to 
individual notes� These were indicated by placing a dot on an 
activity� The teams actually managed to place out a total of 18 
dots, two more than they were allocated, but it was decided 
not to hold an inquiry into this slight numerical discrepancy!

Four activities each received two priotisation tokens:

• Causality in AI

• Explainable AI

• Federated learning in health

• Interactive anomaly detection

These all land squarely within CAISR and can be seen as log-
ical continuations of both applied and theoretical work cur-
rently underway� It seems natural enough that the main thrust 
of what we are working on today has a clear long-term goal� 
However, one or two of the notes with one prioritization to-
ken indicate some interesting ambitions:

• Security aspects of AI

• AI capable of understanding

The aspect of security in AI has perhaps been slightly lacking 
in earlier work� But as AI moves into practical applications in 
healthcare, transport and so on, security risks are increasing 
and need to be addressed� An obvious strategy is to build clos-
er links to CAISR’s sister department CERES, where there is 
considerable expertise in security coupled to our educational 
activities�

AI capabable of understanding, in other words a self-aware 
system, is one of the ultimate goals of AI research� It is excit-
ing that our young researchers want to pursue such an ambi-
tious agenda�

After some debate, the team decided on an overall goal of ”au-
tonomous knowledge creation”� Future CAISR reports will 
make an interesting read!

CAISR research futures workshop
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An excellent review
CAISR reached eight years in 2019 and the end of the first period 
with profile funding from the Knowledge Foundation.  Therefo-
re, the Knowledge Foundation commissioned an external review 
of our development from 2012 to 2019. The review and analysis 
were conducted by DAMVAD Analytics, who has reviewed se-
veral Knowledge Foundation funded profile centers in Sweden.

The review was based on a site visit with interviews with Halm-
stad University management and CAISR researchers, various 
written documentation like bibliometric data, staff statistics, fi-
nancial reports, our annual reports, quality assurance systems, 
and interviews (using questionnaires) with our industrial part-
ners.

The review looked at three questions� 

1�  Has the research investment contributed to building up a re-
search environment with international impact?

2�  Has the research been important for the industrial partners? 
Has it resulted in economic value for the partners?

3�  How well has the cooperation between partners worked? Are 
there visible synergy effects from the partnership?

The three questions were broken down into three indicators each, 
making a total of nine indicators for the overall outcome (see next 
page)� For each indicator, the result was categorized into three levels: 
clear development (very good), some development (neutral), and lit-
tle or no development (less good)�

In short, the outcome for CAISR was excellent devel-
opment� Out of nine possible indicators, CAISR was 
deemed very good on seven, and neutral on two� No 
profile evaluated by DAMVAD has been rated very 
good on more than seven indicators� Based on previ-
ous evaluations of profiles, CAISR’s performance falls 
in the top 10% for Knowledge Foundation profiles1,2,3

DAMVAD summarized the outcome for CAISR in the 
following way (translated from Swedish)�

Question 1 – building up a research environment 
with international impact: The research activities 
within the profile have a clear link to Halmstad Univer-
sity’s KK Environment Research for Innovation, where 
Health Innovation activities take place as well as Smart 
Cities and Communities� The profile has shown a de-
velopment where the staffing has about doubled 2012-
2019� Publications produced within the environment 
are cited somewhat lower than corresponding research 
in Sweden and the Nordic countries� However, the cita-
tion rate is higher than the average in OECD� Thirteen 
percent of the CAISR publications are among the ten 
percent most cited within each field, and 16 percent of 
the papers are published in the top ten percent ranked 
journals� The bibliometric parameters for CAISR are 
just below the average for Knowledge Foundation pro-
files�

__________________________________________
1 Utvärdering av tre forskningsprofiler - COMPCAST,  
 E2mp-rp och SUMAN”, DAMVAD Analytics, 2017
2 Utvärdering av två forskningsprofiler - ESS-H och  
 MD3S”, DAMVAD Analytics, 2018
3 Utvärdering av fyra forskningsprofiler - CAISR, Future  
 Energy, NGBI och SISB”, DAMVAD Analytics, 2019
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Bibliometric index 0.75-1 in relation to benchmark with 
OECD / Nordic region.

Strong staff growth (25% +) in the environment between 2012-2018.

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

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

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

75% + of the companies replied that they want to continue their   
cooperation  within the profile.

Average response of 5+ to the question about how the collaboration 
generally has worked with the university.

Average response of 5+ to the question about how the collaboration 
generally has worked with other companies.

Percentage of publications published together with authors from
business is 10-33%.

OECD: 1,09 Nordic reg: 0,9

Growth: 89% (2012-2018)

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

All three are fulfilled

Score achieved: 5.9

Share: 86%

Score achieved: 5,4

Score achieved: 5,5

Share: 15%

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

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

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

Question 2 – value for industrial partners: CAISR has 
collaborated with many regional companies of smaller size� 
A large majority of the industrial partners are interested in 
continuing the collaboration with CAISR beyond 2019� They 
have established new or deeper partnerships with academic 
researchers, increased the scientific level within the compa-
ny, and gained increased access to materials and competence� 
Furthermore, the industrial partners think that the added val-
ue from participating in CAISR by far exceeds the costs�

Question 3 – cooperation quality: The collaboration with 
the industrial partners has worked well within the framework 
of the profile, but some individual subprojects have been lim-
ited due to rotation of partners and staffing of the respective 
collaboration partners� The degree of co-publication between 
academics and industry partners is slightly below the average 
for Knowledge Foundation profiles� A partial explanation for 
this is that collaboration takes place with smaller companies 
that do not prioritize the production of scientific articles� The 
industrial partners consider communication with CAISR to 
have worked very well� However, relatively few industrial 
partners have cooperated with other industrial partners�

DAMVAD also commented that CAISR recruits competitive-
ly with other academic institutions and businesses� Artificial 
Intelligence and Machine Learning are booming subjects, and 
there is a high demand for talent� For example, the demand 
for equivalent competence is high among research-intensive 
vehicle manufacturers, who can often offer both a qualified 
environment and competitive salaries�  Other universities in 
Sweden are conducting or building up research in the same 
fields as CAISR� However, CAISR has in this competition 
succeeded in attracting expertise and building up a critical 
mass of researchers in the environment� Still, CAISR needs to 
continue to grow to stay competitive�

We are, of course, delighted with the outcome of the review� 
Seven top grades out of nine possible is a strong feat� Not least 
when we also achieved almost all our own goals with CAISR 
(reviewed in the annual report for 2018)� However, there is 
room for improvement and we are focusing on those aspects 
in the CAISR+ effort that starts 2020�
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The care ecosystem is becoming more complex, and health-
care systems around the globe face new challenges, such as an 
increasing demand and resource utilization due to an aging 
population and higher prevalence of chronic diseases, and in-
creasing demand for precision healthcare with individualized 
diagnosis and treatments� Moving towards information-driv-
en healthcare, utilizing the recent developments in AI and 
machine learning, will be important for meeting these chal-
lenges� 

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

CAISR cooperates with Region Halland to make Halland a 
role model for information-driven continuous care in Swe-
den (and worldwide)� The basis is Region Halland’s strate-
gic healthcare analysis and research platform2, which offers 
a unique integration of data sources for people in Halland, 
from all levels of the care chain including measurements from 
primary care, ambulance, emergency care, inpatient care, and 
electronic health records together with resource data – it will 
soon also include the municipalities’ healthcare data� 

This platform has led to international collaboration with very 
high profile partners from, e�g�, Harvard Medical School and 
Brigham Women’s Hospital�

______________________

1 Anderson & Lingman, “Information driven healthcare”, pre-
sentation at Lindholmen Applied AI, https://www�youtube�com/
watch?v=Xkwp3onCYIc (2019)
2 Ashfaq et al�, ”Data resource profile: Regional healthcare in-
formation platform in Halland, Sweden, a dedicated environment 
for healthcare research”, International Journal of Epidemiology, doi: 
10�1093/ije/dyz262 (2020)

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

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

Vinnova – 
Information-driven healthcare 

AI Innovation of Sweden coordinates a big project in in-
formation-driven healthcare, with the main objective to 
establish an innovation environment so that Sweden can 
offer a more information-driven, personalized and scalable 
healthcare with the use of AI� Halmstad University is re-
sponsible for two work packages, one on implementation 
and evaluation of information-driven care solutions, and 
the other on the implementation of federated machine 
learning methods (CAISR manages the latter)�

The partners in the project are AI Innovation of Sweden, 
SKR (Swedish Association of Local Authorities and Re-
gions), Region Halland, Halmstad University, and Karo-
linska University Hospital�

https://www�ai�se/en/projects-7/information-driven-
healthcare

Predictive maintenance in healthcare
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Vinnova SIP: 
MedTech4Health – AIDA-LBD 

In this project, we study whether AI algorithms (including 
shallow and deep learning algorithms) can be trained to 
predict the final clinical diagnoses in patients who have 
undergone 18F-FDG PET scans of the brain and, once 
trained, how these algorithms compare with the current 
standard clinical reading methods in differentiation of pa-
tients with final diagnosis of Lewy Body Dementia (LBD) 
or no evidence of dementia� The hypothesis is that the AI 
algorithms would detect features or patterns that are not 
evident on standard clinical review of images (both visual 
and quantitatively with the currently available commercial 
programs for brain quantification), and thereby allow ear-
lier detection of pathology�

The work is done in collaboration between CAISR, 
Linköping University Hospital, and the European DLB 
consortium�

https://medtech4health�se/aida/projekt/

Within AI and data science, where CAISR’s role is, we work 
with precision healthcare, user motivation, distributed data 
mining, and explainable AI�  Precision healthcare refers to 
the idea of delivering the right treatment to the right patient 
at the right time� Precision healthcare represents a shift to 
more proactive and personalized care that empowers people 
to lead more independent healthy lives, propelling them 
to use healthcare services everywhere and not restricted to 
healthcare centers� We call this “Healthcare as a Service”� 

User motivation focuses on “nudging” the user to follow 
healthcare advice� In the iMedA project, Halmstad Univer-
sity and Region Halland work together to improve med-
ication adherence directly, and reduced healthcare costs 
indirectly, for hypertensive patients through personalized 
digital interventions delivered via an AI agent implemented 
in a mobile app� 

Distributed and anonymized data mining is crucial� Us-
ing machine learning to develop tools for clinical decision 
support requires plenty of high-quality data� The sensitive 
nature of medical data means that the potential gain of 
combining medical databases from different organizations 
has been difficult to exploit because of privacy restrictions� 
However, recent developments in federated machine learn-
ing allow utilizing several databases while preserving priva-
cy, and such approaches are explored in the Vinnova fund-
ed project for information-driven healthcare (see separate 
box)�

Explainable AI is how to “open the black box�” AI-based 
advice will hardly be accepted unless there is an explanation 
accompanying it� This can be achieved by reverse-engineer-
ing machine learning models and attach the observed rela-
tionships to previous clinical knowledge�  CAISR research-
ers are exploring this in a project together with Linköping 
University Hospital and the European DLB consortium 
(see separate box)�

Swedish Research Council – AIR 

The overall aim of the “Artificially Intelligent use of Regis-
ters” (AIR) project is to establish an environment for crit-
ically assessing how machine learning methods applied on 
the Swedish health register infrastructure can contribute 
to increased quality and efficiency of healthcare while ad-
dressing well-founded ethical and legal concerns related to 
the use of complex data-demanding algorithms in clinical 
practice� Three specific subprojects within AIR focus on 
cardiometabolic diseases, improved diagnosis at the emer-
gency ward, and improved long-term forecasting of patient 
outcomes and healthcare needs�

The AIR environment is a collaboration between Lund 
University, CAISR and Region Halland� 

Mattias Ohlsson and Kobra Etminani work with the  
research projects mentioned in the text.
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Predictive maintenance is about predicting when a system 
needs to be maintained (e�g�, repaired, serviced, parts 
replaced, etc�)� It builds upon the idea that components 
or subsystems can be monitored such that it is possible to 
estimate their health status and predict their remaining useful 
life� This enables optimization of the maintenance operations� 
Predictive maintenance is very different from prescriptive 
or time-based maintenance, which has been the industry 
standard for a long time� 

Predictive maintenance has always been one of the core 
research directions in CAISR� It fits our scientific agenda: 
the operation and service histories of machines is an excellent 
testing ground for knowledge creation algorithms� As more 
operation data become available for machines and better data 
become available for service histories, it is to be expected that 
the combination of predictive maintenance and machine 
learning1 (ML) becomes a hot (even hyped) topic� There 
are today more than 1000 published scientific papers on the 
use of machine learning for diagnostics, condition-based 
maintenance, and predictive maintenance for machines� The 
figure on the right shows the development of the scientific 
publication output in the field, and it is evident that it is 
snowballing since 2016�

Many, if not all, multinational companies are investing in 
predictive maintenance, and the market grows rapidly� Market 
Research Future2 estimates that the predictive maintenance 
market increases at a cumulative annual growth rate that 
_______________

1 In the term “machine learning” we include neural networks (in-
cluding deep learning), decision trees, random forest, support vector 
machines, and Bayesian belief networks�
2 Market Research Future, “Predictive Maintenance Market Rese-
arch Report – Forecast to 2022”, https://www�marketresearchfuture�
com/reports/predictive-maintenance-market-2377

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

Predictive maintenance for machines

exceeds 25%� IBM claim that using predictive maintenance 
could reduce maintenance costs by half3  compared to the 
current practice, which is mostly time-based maintenance� At 
first, this may sound like a good deal for everyone but becomes 
problematic in the perspective that many manufacturing 
companies make a lot of money on the maintenance services 
(aftermarket)� The use of predictive maintenance will affect 
not only the maintenance operations but also the business 
models for equipment manufacturers� It becomes essential for 
equipment manufacturers to be on top of the development in 
predictive maintenance technology�
Predictive maintenance is thus very relevant for Sweden, 
whose export incomes depend heavily on manufactured 
goods� Researchers in CAISR have been active in the field 
for 15 years and have noticed the growing importance of 
the area, and the increased interest from industry� We have 
seen a steadily growing number of projects in this direction, 
which has allowed us to recruit a substantial amount of 
young and international talent in this field� The subject also 
fits the CAISR scientific agenda very well� We, therefore, 
focus CAISR even more on predictive maintenance with the 
continued center funding from the Knowledge Foundation 
(for 2020-2022), with the project CAISR+�

There are four main directions in our continued research 
in predictive maintenance: machine activity recognition, 
survivability analysis, early failure detection, and deployment 
of ML-based algorithms and services on-board machines�

_______________

3 IBM, ”As much as half of every dollar you spend on preventi-
ve maintenance is wasted“, https://www�ibm�com/blogs/inter-
net-of-things/as-much-as-half-of-every-dollar-you-spend-on-pre-
ventive-maintenance-is-wasted/
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Volvo bus B8RLE Euro 6 chassi. 
Photo: Volvo Bus Corporation

Machine activity recognition is about labeling and 
characterizing the use of machines, using streaming (on-
board) data� It is similar to human activity4 recognition , 
which typically uses either external cameras or body-worn 
sensors, where deep neural networks are becoming state-
of-the-art because of their ability to learn good features 
by using unsupervised learning� Comparatively little has 
been published on machine activity recognition, but the 
work there is also based on inertial sensors mounted on the 
equipment or using external cameras� We follow a slightly 
different route that however, builds on representation 
learning with deep neural networks� 

In survival analysis, the objective is to model the expected 
duration of time until the occurrence of an event (the end-
of-life of the equipment)� Censoring is what makes survival 
analysis more complicated than just using a regression 
approach to estimate the event times� Machines in 
operation are generally not allowed to run to their end-of-
life, which means that the final events are seldom observed� 
This is referred to as right censoring, and when censored 
events dominate and real failure events are rare, modeling 
becomes difficult� We explore the use of deep models 
and usage characterization to better model component 
survivability�
_______________

4 Bulling, A�, Blanke, U� and Schiele, B�, “A Tutorial on Hu-
man Activity Recognition Using Body-Worn Inertial Sensors”, 
ACM Computing Surveys, 46, Article 33 (2014)

Early failure detection builds on our several years’ work 
on change detection and predicting time to failure, using 
either onboard data or off-board aggregated data� This 
work has resulted in our COSMO method and led to 
implemented services with our industrial partner (see 
Section on impact)�

Finally, the deployment of ML algorithms encompasses 
the practical aspects of getting a solution to work together 
with our industrial partners� A lot of work on ML assumes 
a somewhat idealized setting when all the relevant data is 
available in the cloud and ready to be processed� In reality, 
though, collecting and storing data is costly, and the 
challenges begin way before that point� Edge computing, 
distributed processing, decentralized computations, and 
more are different approaches towards a more holistic view 
of data collection and processing, with the right balance 
and optimal use of onboard hardware� We do not consider 
these aspects to be the core of our scientific research, but 
we have to understand them well� The practicalities put 
constraints on the algorithms and methods; for the work 
to be useful to our industrial partners, it must fit into their 
frameworks� Many available methods are not, out of the 
box, suitable – which requires significant expertise and 
systems-level research from our side�
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diagnostics and condition monitoring with the use of machine learning.
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Multiple people from CAISR were involved in organizing 
a combined tutorial and workshop on IoT Streams for Da-
ta-Driven Predictive Maintenance� It was co-located with one 
of the premier machine learning conferences, the European 
Conference on Machine Learning and Principles and Practice 
of Knowledge Discovery in Databases, ECML PKDD 2019� 
This was the 20th edition of that conference, this time held in 
Würzburg, Germany�

Sepideh Pashami from CAISR organized the workshop part, 
together with João Gama and Rita Ribeiro from Laborato-
ry of Artificial Intelligence and Decision Support, Universi-
ty of Porto, Portugal; Albert Bifet from Telecom-ParisTech, 
France; and Anders Holst from RISE SICS, Sweden� Sla-
womir Nowaczyk from CAISR organized the tutorial part, 
together with Moamar Sayed-Mouchaweh from Institut 
Mines-Télécom Lille Douai, France and Ricardo Sousa from 
Laboratory of Artificial Intelligence and Decision Support, 
University of Porto, Portugal� The keynote talk was delivered 
by Myra Spiliopoulou from Otto-von-Guericke-Universi-
ty Magdeburg, Germany, who leads the research group on 
Knowledge Management and Discovery�

Maintenance is critically important in the industrial context 
as the means to avoid high costs and prevent injuries� This 
concerns all types of industrial machines, medical equipment, 

energy systems, passengers transport vehicles and home appli-
ances, among others� Cost reduction, machine reliability, op-
eration, safety and downtime reduction have been the main 
concerns of most organizations� The emerging technologies of 
Industry 4�0 have empowered data production and exchange, 
leading to new possibilities and methodologies for predictive 
maintenance� The intensive research efforts have in recent 
years focused on data-driven approaches, producing impres-
sive results�

The main objective of the workshop was to raise awareness 
of research trends and promote interdisciplinary discussion 
in this field� It was centred on questions such as when to per-
form a maintenance action? How to estimate components 
current and future status? How accurate are the existing 
methods? Which data should be used? What decision sup-
port tools should be developed for prognostic? How can Data 
Mining, Machine Learning, and Artificial Intelligence in gen-
eral, contribute to answering these questions? This event was 
an opportunity to bridge researchers and engineers to discuss 
emerging topics and key trends�

Overall, both the tutorial and the workshop were very suc-
cessful� With over 40 participants we ran out of seats in the 
room, but that did not stop people from listening�

Commemorative photo after the workshop.

ECML/PKDD Workshop
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In May 2019 two teachers from CAISR, Sepideh Pashami 
and Slawomir Nowaczyk, went to Northwestern Polytech-
nical University 西北工业大学 in Xi’an, Shaanxi, China 
to deliver a course on “Joint Human-Machine Learning” at 
Chang’an Campus� It was attended by 19 Chinese and 7 in-
ternational students�

ML has proven to be exceptionally successful in extracting 
knowledge from data across many important domains, such 
as economy, industry, health and media� It is often advertised 
as fully automatic, however, in practice, humans almost al-
ways play a central role in developing and tuning ML sys-
tems� Good performance is only achieved by leveraging hu-
man expertise and expectations, and building upon feedback 
and demonstrations during the design and evaluation of the 
solutions� This essential need for interaction between a hu-
man and a learning system goes beyond providing input and 
labels� One of the common critiques of ML techniques is the 
difficulty of interpreting the results, and the ability to com-
municate what has been learned to the user is often critical� 
This course presented, through a combination of lectures and 
lab assignments, different techniques for keeping humans in 
the ML loop�

We have provided an overall introduction to Artificial Intel-
ligence with focus on ML and Data Mining, including moti-
vation for “joint human-machine learning”, i�e�, why do we 
need combined powers of humans and computers to solve 
complex problems� We had two lectures on visualization tech-
niques, followed by examples of supervised and unsupervised 
methods� Then we moved to interpretable and explainable 
ML, presenting approaches like LIME and SHAP�

The course was quite intense, with lectures and labs taking 
place almost every day, usually for 3-4 hours straight� Since 
we know this kind of schedule can be very challenging for stu-
dents, we have tried to make the course activities as varied and 
interactive as possible� Each course session was divided into 
different parts, generally starting with a lecture-like introduc-
tion of the topic, followed by a lab-like programming exercise 
where students had a chance to try things out on their own, 
hands-on� We have also used various multimedia contents a 
lot, including movies and visualizations�

In the end, we believe the students liked the course quite a 
bit, even if they generally considered it pretty difficult� As 
teachers, we also had a great time in China, even though the 
busy schedule left us very tired and allowed almost no time 
for sightseeing� We are looking forward to giving the course 
again in the future�

This course was part of a bigger collaboration between Halm-
stad University and Northwestern Polytechnical University 
that is planned to continue at least in 2020 and 2021� In ad-
dition to our course, Wojciech Mostowski has given “Formal 
Verification of Imperative Programs with Program Logics and 
Interactive Theorem Proving” course, Tony Larsson has given 
“Autonomous Driving” course, and Torben Svane has given 
“Project Methodology and Agile Methods” course� In addi-
tion, both universities are interested in exploring opportuni-
ties for broader collaboration on both research and education�

Machine learning in China
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In 2019, Halmstad University launched a podcast-based 
course about AI (Artificial Intelligence). It is mainly tar-
geted towards professionals within digital service innova-
tion, such as UX designers and developers, who want to 
know more about AI as design material. The course is also 
relevant for individuals who want to understand what AI 
is, how it can be used and its ethical aspects.

“We want to make knowledge about AI accessible in an easy 
way and contribute to lifelong learning� Halmstad Uni-
versity, as an educational institution, should be relevant to 
people throughout their professional lives, not only during 
their studies� In addition, we see a great need to concretise 
the concept of AI and cut through the hype surrounding the 
subject”, says Pontus Wärnestål, Associate Professor in Infor-
matics and project manager for the DAP (Digital design and 
Artificial Intelligence Podcast) project in which the podcast 
has been produced�

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

on videos, but since we want to offer a more easily accessible 
educational material that the recipient can listen to at any 
time, we chose a podcast-based course”, says Jeanette Sjöberg, 
Senior Lecturer in Pedagogy at Halmstad University and part 
of the DAP team�

All episodes of the Human-Centered Machine Learning 
podcast can be listened to both on the project’s DAP web-
site and through various podcasting platforms such as Apple 
Podcasts, Google Play and Spotify� There is no examination 
on the course, and everyone is free to listen to it at any time� 
DAP (Digital design and Artificial Intelligence Podcast) is a 
project financed by Vinnova for a flexible education for pro-
fessionals�

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

Podcast course about AI
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Weather and climate can destroy crops, but Erik 
Karlsson has a solution to the problem. His box, 
where the roots are surrounded by nutritious water 
fog, gives faster results than traditional cultivation.

Erik Karlsson, an electrical engineer from Halmstad Univer-
sity, chose in his thesis to develop a prototype of a culture box 
with automated nutrition, temperature and air control� The 
technique is called aeroponic cultivation and is based on nu-
trient-rich water mist surrounding the roots of the plants in-
stead of soil� Erik Karlsson was 2019’s winner of the Wiman 
Prize for the best degree project at Swedish engineering pro-
grams�

“I developed the prototype for testing the technology; in re-
ality, the boxes would be smaller and piled up in large ware-
houses, he says�

That he chose the degree project in aeroponic cultivation was a 
coincidence� During a visit to the school incubator with a friend, 
they came up with the idea to investigate the technology�

“The technological development in the cultivation industry 
has been relatively slow for a long time, he says�

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

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

The prototype was further developed
The result showed that the crops grow faster with aeropon-
ic than traditional cultivation� After the degree project, Erik 
Karlsson received funding from Sweden’s innovation author-
ity Vinnova to investigate the business potential of the tech-
nology� He further developed the prototype and produced a 
LED lamp to find optimum brightness and heat�

A market survey was also conducted to explore the demand� The 
technology can be used by Swedish growers to grow local pro-
duce even during the winter months, but severe price pressure 
from abroad means that the interest is not sufficiently high�

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

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

“I recently started a new job where I work on 5G develop-
ment”, says Erik Karlsson�

Adapted from a Swedish text by Caroline Le Ridou, Ingen-
jören
The thesis work was supervised by Eren Erdal Aksoy and     
Cristofer Englund, both researchers at CAISR�

The Wiman prize
The Wiman Prize is the Swedish Engineers’ annual prize 
for the best degree project at any Swedish engineering de-
gree program� The prize was first awarded in 2000 and is 
named after Ernst August Wiman, one of the founders of 
the Swedish Inventor Association� 

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

Winner of the Wiman prize 2019



22  |  CAISR ANNUAL REPORT 2019    

Robots that understand,  
learn and imitate humans

Eren Erdal Aksoy

If my research turns out a success, 
my research will definitely affect 
society. I would really like to see my  
different scientific theories applied 
in the real world. That would make 
me quite happy. 

How to make robots more intelligent� 
That is the ultimate question Eren Erdal 
Aksoy wants to find the answer to�
“I am not interested in designing the lat-
est version of a human robot with two 
legs or two arms� Instead I want to make 
them more intelligent� How can they 
observe us, pursue us, learn from our 
behavior and transform that knowledge 
into their own internal system�

Eren Erdal Aksoy, assistant professor at 
Halmstad University, got his bachelor de-
gree in electrical and electronics engineer-
ing in Turkey� Because of one professor 
and his way of approaching problems, he 
got inspired enough to decide to stay in 
the academic world and focus on robots 
and how to build and program them�

I really enjoy when I have programmed 
the robots myself, says Eren Erdal,  and 
then get to see them up and running� 
“I get the feeling that everything in front 
of me is my creation and I have full au-
thority to change whatever needs chang-
ing� I also enjoy teaching the younger 
generation how to build and program a 
small robot from scratch with electronic 
components”� 

Several areas of application
There are several different areas of appli-
cation for this intelligent system� You can 

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

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

variations in objects and actions, ena-
bling robots to understand, learn, and to 
some degree imitate what you are doing� 

Eren Erdal Aksoy is also part of an ar-
tificial intelligence team at Volvo that 
currently works to implement intelligent 
perception modules for autonomous 
trucks� The aim is to make a robot un-
derstand the environment enough to go 
from A to B without colliding with vehi-
cles or pedestrians�
“Autonomous intelligent systems will 
save human lives� Studies show that most 
accidents are due to human error� 

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

Increased  
security with  
facial recognition

This collaboration between 
academia and industry is 
enriching and necessary to 
ensure that my research can 
be applied in the real world

With the many services available on 
smartphones, secure transactions are 
essential� Fernando Alonso-Fernandez 
wants to develop new AI-solutions for 
human identification and the under-
standing of human behaviour, using for 
example, smartphone devices� The goal 
is increased security and enhanced user 
experience�

“If someone steals your phone or your 
computer, private information like bank-
ing details and email account details can 
leak and security be compromised� You 
might even have the credit card number 
stored somewhere accessible for someone 
else, says Fernando Alonso-Fernandez, 
associate professor at Halmstad univer-
sity�

To validate the identity of a person, we 
have traditionally used passports, keys, 
cards, identity cards, birth certificates or 
a piece of knowledge like a password or 
a PIN�
“These things can be lost, copied and for-
gotten – or stolen and used by a third 
party who can potentially get access to 
your bank account or car� Another prob-
lem is that there are so many passwords 
in our lives these days that many end up 
using the same one everywhere� 

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

or iris but they can also be behavioral, 
like a signature, keystroke, voice or the 
characteristics of a person’s walk”�

To choose which biometric to use, accu-
racy is key� Other factors to consider are 
if the person is aware of the monitoring 
and if it is ethical to use it, what the cost 
is, and the willingness to accept the bio-
metric� 
“For example, in the past, fingerprints 
used to be associated with criminals, but 
with the use of fingerprints on the smart-
phones it has become more accepted 
than before”�

Periocular biometrics are superior
Facial cues are the most natural way for 
humans to recognize each other� There 
are three levels of analyzing the face: at 
close level: the iris, at far level: the whole 
face, and at an intermediate level: the re-
gion around the eye�
In his research, Fernando Alonzo-Fer-
nandez, is focusing on periocular bio-
metrics, the region around the eye�

– If you concentrate on just selected 
parts of the face you are less sensitive to 
changes of overall expression, downsam-
pling, obscured or partial faces such as 
are common in surveillance or forensics� 
Periocular biometrics is also superior to 
iris recognition in difficult conditions 
like entrance ways and with images tak-
en at distance or at low resolution by, for 
example, a smartphone�

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

is an ongoing debate in academia how to 
protect people’s privacy whilst simulta-
neously implementing these solutions�

“What the technology allows us to do is 
one thing, but what you should do with 
the technology is another� It could be 
misused if it ends up in the wrong hands� 

Fernando Alonso-Fernandez got his PhD 
in Spain in 2008, after which he decid-
ed to apply for a post doctoral grant at 
Halmstad University, and came here 
in 2010� Since he had some experience 
both from industry and academia, he 
wanted to combine the two and found 
Halmstad University where companies 
are more aware of the importance of re-
search and the connection with academia 
than in Spain�

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

medical records� They also collect data 
from individual patients�  
“Nowadays we use a lot of smart sensors 
in our daily lives and smartphones can 
monitor our sleeping pattern, number 
of steps and heart rate”� 

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

Increase patient motivation
Kobra Etminani is currently working 
on a project to improve the adherence 
of hypertension patients to their med-
ication regimen� Hypertension is a risk 
factor for many other diseases like heart 
failure, stroke and kidney disorder, so 
she is examining how patients are deal-
ing with their diseases in relation to 
that� 

These conditions can often be prevent-
ed by controlling blood pressure� But 
patients with hypertension typically do 
not feel sick and therefore are not al-
ways motivated to listen to the doctor 
and follow adviced treatments� Thus, an 

Kobra Etminani

She wants to see a healthier society by 
using artificial intelligence in the health 
care system� Artificial intelligence, AI, 
can help doctors diagnose patients, rec-
ommending the right treatments and 
prognosis� 
“I want to take it one step further and 
find out how we can predict and pre-
vent different diseases with the help of 
AI, says Kobra Etminani, assistant pro-
fessor at Halmstad University�

Using AI there are a lot of opportunities 
for improvements within the health-
care system, especially nowadays when 
chronic diseases are the one of the big-
gest challenges within medicine�
 “AI could have a great impact, either 
as an assistant or complement, to help 
physicians be faster and more accurate, 
or as a tool to reveal new knowledge”�

Preventive and prescriptive  
healthcare
AI has been successful, using machine 
learning techniques, when it comes to 
diagnosing and prognosis� Now, phy-
sicians want to know more about how 
these AI models work� By opening up 
the models to medical experts, new are-
as of knowledge will be revealed� 
“Therefore, going beyond prognostic 
models to preventive and even prescrip-
tive healthcare is much more likely to 
become a reality”� 

To be able to predict future diseases, 
the researchers in this field need infor-
mation from the healthcare system, like 

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

Precision healthcare
One way to work with motivation is to 
empower patients by raising awareness 
on hypertension and a healthy lifestyle 
and other aspects that are important to 
hypertension patients�

“There are enormous amounts of in-
formation about hypertension on the 
internet, but no one has the time to 
read all of it� Our job is to find the right 
sort of intervention for the right person 
at the right time, so called precision 
healthcare”�
In other words, the information will be 
more individualised, since each of us 
have different needs� One person might 
for example need a reminder to take her 
medication and a little bit of informa-
tion� An older person might have dif-
ferent needs�

Using AI, the healthcare system could 
be managed with greater speed and ease, 
with less expense and stress and without 
the patient even having to visit a doctor� 
“Simply by increasing the level of 
knowledge from the beginning and hav-
ing it individualised through the use of 
AI, we can prevent a lot of diseases and 
societal costs”�
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Algorithms that  
learn how to learn

Mohamed-Rafik Bouguelia 

Mohamed-Rafik Bouguelia is designing 
machine learning algorithms that inter-
act with humans� He dreams of AI that 
can make decisions at the same level as 
the human brain� A machine that can 
consciously analyze its decisions and ex-
plain them� 
“These algorithms are not yet wide-
spread”, says Mohamed-Rafik Bougue-
lia, assistant professor at Halmstad uni-
versity� 
“We have systems that actively support 
you in your decisions, but they are not 
yet capable of explaining why they made 
a specific decision�”

Detect abnormal behaviour
Today, there are innumerous complex 
machines on the market, with a lot of 
sensors that collect data continuously 
over time� When experts want to mon-
itor these machines, they create special 
rules to detect specific faults or failures� 
But one cannot always manually design 
rules to predict all possible faults that 
can occur� 

In order to detect failures in the systems 
before they happen, Mohamed-Rafik 
Bouguelia designs algorithms that are 
able to learn, what constitutes a normal 
behaviour and what constitutes an ab-
normal behaviour, from this data�
“If the data is show symptoms that indi-
cate imminent failures, these algorithms 
can automatically detect this and raise 
an alarm to point out the problem”� 

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

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

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

Human feedback essential
Interactive machine learning algorithms 
could be used in many areas, from vehi-
cles to trains to heat-pumps and district 
heating substations� 
When monitoring district heating 
substations, or when monitoring heat 
pumps to detect failures, the data that 
is collected from those machines some-
times show atypical events that happens, 
but they are not necessarily anomalies� 

“Without feedback from human ex-
perts, the algorithm has no way of 
distinguishing between those atypical 
events and real anomalies� This is why 
it is important to design these interac-
tive machine learning algorithms, that 
are able to interact with a human during 
their learning process and take the ex-
pert feedback into consideration�

Increased trust in predictions
Most companies that apply machine 
learning do this without necessarily un-
derstanding how they work� 

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

Letting machines learn how  
to learn 
Mohamed-Rafik Bouguelia believes 
that these intelligent algorithms will be 
all around in the future, for instance in 
smart homes helping elderly people� 
Instead of having cameras, you can pla-
ce sensors that collect data, wand by 
monitoring this data you can detect if 
there is a dangerous situation� 
The aim is to work more with meta lear-
ning�
“I believe that this is one step towards 
true AI – to design algorithms that al-
low the machine to learn how to learn�
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The goal of the project was to make transportation access in 
the West Midlands region fairer� The partner has indicated 
that there is a problem of areas being isolated from public 
transport lines, with poor access to private vehicles and have 
a congested highway network – this is particularly prevalent 
among areas with high minority and low-income popula-
tions� Although the partner has an idea on which areas are 
experiencing isolation, the volume, scope, and extent of the 
problem has not been analyzed and quantified�

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

Data science for social good

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

The DSSG Fellowship
Data Science For Social Good (DSSG) helps not-for-profit 
organisations and government bodies to achieve more with 
their data by improving their services, interventions and 
outreach so that they can fulfil their mission of bettering 
the world and people’s lives�

The programme brings together top-tier data science talent 
from all over the world to come up with solutions to real 
societal challenges, harnessing the use of machine learning, 
big data and data science� During the 12-week programme, 
they work in small interdisciplinary teams on projects with 
social impact, including areas such as healthcare, educa-
tion, energy, transport and social services, in collaboration 
with government departments and non-profit organisa-
tions� 

The Alan Turing Institute and the University of Warwick 
hosted the 2019 summer program, which ran from early 
June to the end of August� A second initiative was run, in 
parallel, at Imperial College London�

DSSG Summer Fellows in 2019 at the Turing and War-
wick addressed five projects in total�  Our project dealt 
with the problem of quantifying and reducing inequalities 
in transportation in the West Midlands, UK� 

Team WMCA at the Alan Turing Institute

Ece Calikus attended the DSSG 
Summer Fellows in 2019. The Alan 
Turing Institute and the University 
of Warwick hosted the program.
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Organization 
CAISR is managed by the CAISR director, with support from 
the academic advisory group, the Industrial Advisory Board, 
the Reference Group, and a research coordinator overseeing 
details regarding reporting, coproduction, and information 
management� 

The academic advisory group consists of the professors in 
CAISR, the head for the department where CAISR is placed, 
the research manager for the school of information technol-
ogy (ITE), and the dean for the school of information tech-
nology (ITE)�

The Industrial Advisory Board consists of representatives 
from each industrial partner in CAISR� They give advice on 
industrial issues and partnerships in CAISR, and participate 
at the meetings with the Reference Group and provide their 
views on CAISR’s development to the Reference Group�

The industrial partners participated in several workshops in 
the fall of 2018, and the outcome from them was used to 
formulate the CAISR+ project (see the Section on Predictive 
Maintenance for Machines)� David Johansson from Tappa 
Service was the chairman during 2019 for the Industrial Ad-
visory Board�

We have decided to change the CAISR management struc-
ture from 2020, using a broader Industrial Advisory Board 
and replacing the Reference Group with a Scientific Advisory 
Board� 

The final Reference Group Meeting took place in Novem-
ber 2019, and the picture below was taken on that occasion� 
Many previous Reference Group members were invited to the 
final meeting, to collect perspectives over the full eight years� 
Many of the Industrial Advisory Board members were also 
able to participate in the photo�

Participants at CAISR final Reference Group meeting in November 2019. The t-shirt colors are supposed to match Olle Baertling’s paintings (Halm-
stad University is located in the “the Baertling District” in Halmstad, where several sculptures and paintings by him are on display).
Top row from left: Yuantao Fan (CAISR), Fredrik Heintz (Reference Group), Reza Khoshkangini (CAISR), Slawomir Nowaczyk (CAISR and 
research manager for ITE), Stefan Byttner (CAISR and head of department), Cristofer Englund (CAISR), Johannes van Esch (CAISR), Sepideh 
Pashami (CAISR), Kevin Hernandez Diaz (CAISR), Alexander Galozy (CAISR), Kobra Etminani (CAISR), Magnus Clarin (CAISR and dean 
for ITE). 
Middle row from left: Lars Niklasson (Reference Group Emeritus), Ervin Omerspahic (Volvo Bus Corporation), Jonas Rahm (Flexlink), Ulf 
Bering (NEAT Electronics), Mahmoud Rahat (CAISR), Roland Thörner (CAISR and research coordinator ITE), Pablo Del Moral (CAISR), 
Mark Dougherty (CAISR), Catarina Coquand (Reference Group), Peter Berck (CAISR), Awais Ashfaq (CAISR), Alexey Vinel (CAISR), Christer 
Fernström (Reference Group), Boris Ahnberg (Toyota Material Handling), Magnus Bergquist (Reference Group Emeritus), Kunru Chen (CAISR).
Bottom row from left: Henrik Arleving (HMS Industrial Networks), Thorsteinn Rögnvaldsson (CAISR), Peyman Mashhadi (CAISR), Ghaith 
Altarabichi (CAISR), Fernando Alonso Fernandez (CAISR), Taha Khan (CAISR), Charlotta Falvin (Reference Group), Misha Pavel (Reference 
Group), Nicholas Wickström (CAISR), Bob Evans (Reference Group). 
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Regional companies apply AI with 
the help of researchers

Over the course of a couple of months, three selected com-
panies have learned more about how artificial intelligence 
(AI) can be applied to and improve their operations.

“A fantastic opportunity! The project helped us lift our 
eyes and innovate our business based on our data assets, 
which has been a whole new way for us to develop the 
business”, says Victoria Ekman, CEO of CE Produkter.

The aim of the collaboration project AI.m is to increase 
the competitiveness of companies in Halland by dissem-
inating knowledge and competence in AI and service de-
sign from University researchers and students to the re-
gion’s companies.

We want companies to see the benefits and 
opportunities that exist with AI and, above 
all, how they can utilize this technology to 
gain a competitive advantage.

 Stefan Byttner 
 Associate professor at Halmstad University

In the project AI�m, the University’s researchers, together 
with the company incubator HighFive in Halmstad, trained 
company representatives in AI-based service innovation, for 
example, how service design, user experience and interaction 
design are affected by the introduction of AI technology� 
Three companies in Halland were selected – CE Produkter, 
Lagafors and Matpriskollen - to improve their knowledge of 
AI through lectures and workshops, thereby increasing their 
innovation capacity and competitiveness�

“This project is the first step towards our goal that SMEs in 
the region increase their AI competence and become aware 
of how data-driven decisions can improve their operations� 
We want companies to see the benefits and opportunities that 
exist with AI and, above all, how they can utilize this tech-
nology to gain a competitive advantage”, says Stefan Byttner, 
associate professor at the School of Information Technology 
at Halmstad University and researcher in the field of AI�

The project is being explored
Stefan Byttner and his colleague Pontus Wärnestål, asso-
ciate professor at the School of Information Technology at 
Halmstad University and researcher in interaction and ser-
vice design, have for many years researched how different AI 
methods can be used in both the public sector and the pri-
vate business sector� They are investigating the AI�m project 
in themselves, where the results are, among other things, the 
basis for the innovation model presented by Pontus Wärnestål 
at the Interaction19 conference in Seattle earlier this year�

“AI�m has proven to be a useful model for putting the research 
conducted at the University into practice� Researchers in AI 
and service innovation sit down together with companies in 
Halland to jointly explore and design how AI can create ben-
efits and value for both companies and their customers”, says 
Pontus Wärnestål�

At the same time, these experiences are linked back to new 
research projects at the University� One example is the devel-
opment of a design tool that supports the process of working 
with AI-driven service development, where humans are at the 
center�

Voices from the participating companies:
“It has been a useful process to just explain our data assets 
and our business to outsiders� To be able to look up and 
see plenty of opportunities� Now we have a whole list of 
possible development areas within AI” says Magnus Elm-
blad, CEO of Lagafors�
“A fantastic opportunity! The project helped us lift our 
eyes and innovate our business based on our data assets, 
which has been a whole new way for us to develop the 
business” says Victoria Ekman CEO of CE Produkter�
“The service design opportunity and the customer journey 
were really good! It helped us understand how the end 
product and the end experience would be� We’ve got a 
new angle on what we actually have to offer” says Ulf Ma-
zur, CEO of Matpriskollen�
“It is unique and positive to combine UX with AI� It has 
really given the group a common picture of where we 
want to go with the product” says Ulf Mazur, CEO of 
Matpriskollen�
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“Another example is the training program Data Analytics and 
Service Innovation based on Artificial Intelligence (MAIS-
TR), a so-called Expert Competence Program funded by the 
KK Foundation, which we run� The training is aimed at pro-
fessionals who want to receive further education in both AI 
and business and service design based on AI� The program 
also includes us exploring “best practices” in AI-based service 
design� AI�m has given us a concrete platform for this”, says 
Stefan Byttner�

Implement AI methods in business models
The companies’ various data assets were visualized during the 
course of the project to see how AI (especially machine learn-
ing) can be used to analyze and draw conclusions based on 
available data� The next step was to look at how these meth-
ods can be implemented in companies’ business models to 
increase growth or streamline operations�

“The participating companies have been given inspiration, 
skills development, business development, a complete list of 
possible AI applications based on their existing processes and 
data assets as well as a testable prototype of a priority AI ser-
vice� Other effects that we have seen in the project, and which 
have proven to be important parameters for long-term suc-
cess, are the development of a strategy for anchoring processes 
and decisions in daily operations, getting help from students 
to process their data and supporting us to search external 
funds for their continued AI journey� 
“We hope to continue working with this in the future”, says 
Project Manager Anna Petersson, Business Developer High-
Five�

”The goal is to establish a regional AI hub 
that supports companies”

 Pontus Wärnestål
 Associate professor at Halmstad University

The goal is a regional AI hub
The plans for the next project, AI�m 2�0, are already under-
way� It will start in the spring 2020 with a new group of com-
panies and there will be an official website for the hub on the 
site: aimhalland�se

”Our long-term goal is to establish a regional AI hub that sup-
ports companies to work strategically with AI-driven service 
development through the provision of skills from Halmstad 
University, business and strategy development from High-
Five and exchange of experience between each other� This is 
expected to lead to increased competitiveness and growth in 
the region’s business sector, among other things through new 
service innovations”, says Pontus Wärnestål�

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

About AI.m
The project group consisted of Anna Petersson, business 
developer at HighFive and project manager for AI�m, Pon-
tus Wärnestål, associate professor at Halmstad University 
and researcher in service design, Stefan Byttner, associate 
professor at Halmstad University and researcher at AI, and 
Albin Martinsson, digital designer at Digitalseringsbyrån� 
The group has worked with the selected companies and 
developed and tested the various tools and models�
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For a modern and young university that desires to play a more 
prominent role nationally and internationally, it is necessary 
to build a strong reputation and, over time, recruit excellent 
faculty and ambitious students� This can be done by estab-
lishing well-positioned research and education centers that 
attract interest, so that the university can position itself in 
strategic international knowledge networks, and develop co-
operation with the surrounding community, nationally and 
internationally� Halmstad University is such a modern and 
young university, and the intention with CAISR was to build 
such a well-positioned research and education center� 

The plans for CAISR were sketched with the university 
vice-chancellor as early as 2006, building upon a small group 
of researchers and their conviction that AI would have high 
relevance for the Swedish industry and society� Several of the 
researchers were international recruitments (from Kaunas 
University of Technology, Oregon Graduate Institute, and 
the Swiss federal institutes ETH and EPFL)� The opportunity 
to apply for a substantial long-term grant to build the center 
came in 2010-2011, and in 2011 CAISR was awarded the 
profile grant from the Knowledge Foundation�

In 2013 the Halmstad University governing board adopted a 
vision that expressed that Halmstad University should build a 
profile as an Innovation Driving University� This meant that 
Halmstad University’s research and education, in addition to 
having high quality, should be characterized by stimulating 
creativity, innovation, and involvement and responsibility 
within the community and society – locally, regionally, and 
globally� Halmstad University also established two overarch-
ing profile areas to encourage multidisciplinary cooperation 
and further focus the research and education: Health Innova-
tion (established 2014) and Smart Cities and Communities 
(established 2016)�

The development of CAISR has been perfectly in line with the 
Halmstad University strategy and vision� The two focus appli-
cation areas in CAISR where healthcare technology and intel-
ligent vehicles (and machines), and CAISR emphasized both 
excellent applied research and value creation, in cooperation 
with their industrial partners� Not only were many CAISR 
publications published in the top publication channels 2012-
2018, but CAISR researchers were also co-inventors on seven 
granted patents together with the industrial partners 2012-
2018� Furthermore, a recent CAISR alumnus started a prom-
ising spin-off company from his Ph�D� research� 

With these results, CAISR serves as an inspiration and model 
for the University’s future research and education environ-
ments� The continued development looks very promising� 
CAISR is taking off in two directions: predictive maintenance 
for machines, and predictive maintenance for humans� The 
former through the recently granted CAISR+ project together 
with the majority of the Volvo Group companies, and the 
latter through cooperation with Region Halland and their 
center for information-driven care� The collaboration with 
Region Halland also involves other parts of the university; in 
health management, health economy, and healthcare imple-
mentation science� This broadening of CAISR to involve and 
engage more of Halmstad University’s research is a very wel-
come development, and we expect the two CAISR directions 
to be fundaments in our two profile areas�

CAISR and Halmstad University

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

The research turnover 2019 in CAISR was 27�4 
MSEK (million Swedish kronor) on the uni-
versity side (i�e�, excluding industrial in-kind 
efforts)� The industrial matching (in-kind) ef-
fort equaled 2�7 MSEK, and the total industrial 
matching to CAISR during the period 2012-
2019 exceeds 50 MSEK1�

For 2019, about 6�7 MSEK were direct research 
funds from Halmstad University; the remain-
der were external funds (mostly research grants 
but also some cash contributions from com-
panies)� Thus, CAISR had an external fund-
ing ratio of about 75%� The major part of the 
external funding comes from the Knowledge 
Foundation: 3�3 MSEK directly for the CAISR 
profile and about 7�6 MSEK for other projects 
funded by the Knowledge Foundation, giving a 
total of about 11 MSEK from the Knowledge 
Foundation� Another very important funder is 
Vinnova (Sweden’s Innovation Agency) with 
roughly 7 MSEK� The sources of the different 
funds to CAISR (on the Halmstad University 
side) are illustrated in the pie diagram�

The growth of CAISR has been impressive� 
However, on the Halmstad University side, 
the economic development for CAISR has 
very well followed our plan drawn up in 2011, 
which shows how realistic we were� Building 
up CAISR has been an effort of almost 165 
million kronor in research over eight years, 
counting the research funds on the university 
side� This has led to CAISR being quite visible 
in Sweden� Maintaining the relative strength in 
Sweden will, according to the DAMVAD re-
view, require increasing the research volume in 
CAISR even more�
_____________________

1 This only covers in-kind specifically to match the 
Knowledge Foundation CAISR funding� We have 
had other cooperation projects where the total in-
kind has been at least 30 MSEK during 2012-2019, 
so the total in-kind contribution from companies 
during this period exceeds 80 MSEK�

Financer Outcome 2019 Total 2012-2019

The Knowledge Foundation - CAISR 3 341 562 36 000 000

CAISR Industrial partners in-kind contribution1 2 706 058 50 403 570

Other external funding2 17 293 603 84 125 323

Halmstad University 6 724 283 43 588 250

Sum total 30 065 506 214 869 502

1 All in kind contributions have been computed using the standard tariff of 800 SEK per 
hour� 

2 Funding from other sources (VR, EU, Vinnova, the Knowledge Foundation, compa-
nies,���)

The Knowledge Foundation 
- other funding Halmstad University

The Knowledge 
Foundation - CAISR

The Swedish 
Energy Agency

The Swedish Research 
Council

EU

Industry Collaboration 
- Cash

Vinnova

Funding on the University side 2019

CAISR total research turnover
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This research aims to develop data-driven methods that extract 
information from the available data in distribution grids for 
detecting weak spots, including the components with degraded 
reliability and areas with power quality problems� The results 
enable power distribution companies to change from reactive 
maintenance to predictive maintenance by deriving benefits 
from available data� In particular, the data is exploited for three 
purposes: (a) failure pattern discovery, (b) reliability evaluation 
of power cables, and (c) analyzing and modeling propagation 
of power quality disturbances (PQDs) in low-voltage grids�

To analyze failure characteristics it is important to discover 
which failures share common features, e�g�, if there are any 
types of failures that happen mostly in certain parts of the grid 
or at certain times� This analysis provides information about 
correlation between different features and identifying the most 
vulnerable components� In this case, we applied statistical anal-
ysis and association rules to discover failure patterns� Further-
more, we propose a visualization of the correlations between 
different factors representing failures by using an approximated 
Bayesian Network� We show that the Bayesian Network con-
structed based on the interesting rules of two items is a good 
approximation of the real dataset�

The main focus of reliability evaluation is on failure rate es-
timation and reliability ranking� In case of power cables, the 
limited amount of recorded events makes it difficult to per-
form failure rate modeling� Therefore, we propose a method 
for interpreting the results of goodness-of-fit measures with 
confidence intervals, estimated using synthetic data�

To perform reliability ranking of power cables, in addition to 
the age of cables, we consider other factors� Then, we use the 
proportional hazard model (PHM) to assess the impact of the 
factors and calculate the failure rate of each individual cable� In 
reliability evaluation, it is important to consider the fact that 
power cables are repairable components� We discuss that the 
conclusions about different factors in PHM and cables ranking 
will be misleading if one considers the cables as non-repairable 
components�

In low-voltage distribution grids, analyzing PQDs is important 
as we are moving towards smart grids with the next genera-
tion of producers and consumers� Installing Power Quality and 
Monitoring Systems (PQMS) at all the nodes in the network, 
for monitoring the impacts of the new consumer/producer, is 
prohibitively expensive� Instead, we demonstrate that power 
companies can utilize the available smart meters, which are 
widely deployed in the low-voltage grids, for monitoring pow-
er quality events and identifying areas with power quality prob-
lems� In particular, several models for propagation of PQDs, 
within neighbor customers in different levels of the grid topol-
ogy, are investigated� The results show that meter data can be 
used to detect and describe propagation in low-voltage grids�

The developed methods of (a) failure pattern discovery are ap-
plied on data from Halmstad Energi och Miljö (HEM Nät), 
Öresundskraft, Göteborg Energy, and Växjö Energy, four dif-
ferent distribution system operators in Sweden� The developed 
methods of (b) reliability evaluation of power cables and (c) 
analyzing and modeling propagation of PQDs are applied on 
data from HEM Nät�

Data analytics for weak spots 
detection in smart distribution 
grids

PhD Graduation
Hassan  
Mashad  
Nemati

Abstract
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The results of his research enable power distribution com-
panies to change from reactive to predictive maintenance. 
This reduces the risks of long outages annoying the custom-
ers as well as costly and time consuming repair actions for 
the distribution companies. Hassan Nemati has developed 
methods that can extract information from available data in 
smart distribution grids.

”The purpose of extracting information as early as possible 
from already available data is to detect weak spots in electricity 
distribution grids, e�g� areas with power quality problems� The 
results of my research enable power distribution companies to, 
at a larger scale, apply predictive maintenance of their distribu-
tion grids instead of costly and time consuming repairs”, says 
Hassan Nemati�

A reduced number of long outages is beneficial both to power 
distribution companies and their customers� Less vulnerable 
distribution grids are becoming increasingly important also at 
community level�

Large benefit to power companies
The aim of Hassan Nemati’s research project was to reduce 
the number and duration of electricity outages at the electri-
city grid at Halmstad Energi och Miljö AB (HEM), which is 
the electricity distribution company operating in and around 
Halmstad city�

”The method I proposed for failure pattern discovery got atten-
tion from other electricity distribution companies in Sweden 
such as Öresundskraft, Göteborg Energy, and Växjö Energy� 
These companies asked if I could analyze their data as well and, 
after receiving the outcomes, the companies claim that the re-
sults were very beneficial�”

Alexander Örning, Electrical Engineering alumnus from Halm-
stad University, has been one of Hassan Nemati’s supervisors at 
HEM� He says Hassan Nemati’s research has augmented the 
company’s perspective of the complex nature of its task� The 
research is also useful in developing the skill to sort data, both 
to see what kind of data the company needs more of – and what 
kind of data that are irrelevant�

”This will help us making better demands in the future� We also 
have a better insight as of how to develop our IT environment 
for the years to come� The IT environment is crucial in getting 
access to relevant measurements”, says Alexander Örning�

PhD Defense facts
Title:

Data analytics for weak spots detection in smart 
distribution grids

Author

Hassan Mashad Nemati
Supervisors at Halmstad University

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

Alexander Örning and Peter Addicksson

Opponent:
Math Bollen, Luleå University of Technolgy

Grading committee:

Anna Fensel, University of Innsbruck, Lina Bertling Tjern-
berg, KTH Royal Institute of Technology and Ulf Johansson, 

Jönköping University

Research developed in sharp projects
Hassan Nemati started his postgraduate research studies in 
2014� He has been a doctoral student at the Embedded and 
Intelligent Systems Industrial Graduate School (EISIGS), 
funded by The Knowledge Foundation, at Halmstad Uni-
versity� At EISIGS the postgraduate students work both at 
the University and at an industrial research partner� In Has-
san Nemati’s case the research partner is HEM�

In his licentiate thesis from 2017, Hassan Nemati described 
how to estimate the reliability of underground power cables 
by using historical data and then rank the cables for prioriti-
zed maintenance actions�

Mining historical data in different fields
Hassan Nemati’s doctoral thesis focuses on the development 
of methods in three different areas� Estimating the reliability 
of underground power cables is one of them� Another one is 
fault analysis and failure pattern discovery, and the third is 
smart meter data analysis�

”Finding patterns in the failure records and summarising 
them with quantitative models is a step towards turning data 
into information and then information into knowledge� The 
results of this analysis facilitate reasoning about different 
features associated with faults and can be used by mainte-
nance staff at distribution companies”, says Hassan Nemati�

Research for fewer power outages
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Predicting clinical outcomes via 
machine learning on electronic 
health records

Awais Ashfaq
Licentiate exam

The rising complexity in healthcare, exacerbated by an ageing 
population, results in ineffective decision-making, leading to 
detrimental effects on care quality and escalating care costs� 
Consequently, there is a need for smart decision support sys-
tems that can empower clinicians to make better informed 
care decisions� Decisions, which are not only based on general 
clinical knowledge and personal experience, but also rest on 
personalised and precise insights about future patient out-
comes� A promising approach is to leverage the ongoing dig-
itization of healthcare that generates unprecedented amounts 
of clinical data stored in Electronic Health Records (EHRs) 
and link it with modern Machine Learning (ML) toolsets for 
clinical decision support, and simultaneously expand the evi-
dence base of medicine� As promising as it sounds, assimilat-
ing complete clinical data that provide a rich perspective of 
the patient’s health state comes with a multitude of data-sci-
ence challenges that impede efficient learning of ML models� 
This thesis primarily focuses on learning comprehensive pa-
tient representations from EHRs� The key challenges of het-
erogeneity and temporality in EHR data are addressed using 
human-derived features appended to contextual embeddings 
of clinical concepts and Long-Short-Term-Memory networks, 
respectively� The developed models are empirically evaluated 
in the context of predicting adverse clinical outcomes such as 
mortality or hospital readmissions� We also present evidence 
that, surprisingly, different ML models primarily designed for 
non-EHR analysis (like language processing and time-series 
prediction) can be combined and adapted into a single frame-
work to efficiently represent EHR data and predict patient 
outcomes�

Abstract

Licentiate exam facts
Title

Predicting clinical outcomes via machine learning on 
electronic health records

Author

Awais Ashfaq
Supervisor

Slawomir Nowaczyk, Docent, Halmstad University
Opponent:

Jerker Westin, Docent, Dalarna University
Examiner:
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Markus Lingman, MD, PhD at Region Halland and Awais Ashfaq  are 
working togehter in order to predict outcomes and demands of congestive 
heart failure (CHF) patients in Halland using machine learning.



          CAISR ANNUAL REPORT 2019  |  35

A growing elderly population puts great demands on our 
increasingly complex healthcare system. Ineffective deci-
sion-making can lead to a poorer quality of care for the 
patients, as well as escalating care costs. By using AI mod-
els based on clinical data from patients, doctors can be 
better informed about their patients and make fact-based 
and individual care decisions. Awais Ashfaq at Halmstad 
University is the AI researcher behind these models.

“There is a need for smart decision support systems that can 
empower clinician’s to make better informed care decisions� 
Decisions, which are not only based on general clinical knowl-
edge and personal experience, but also rest on personalised and 
precise insights about future patient outcomes”, says Awais 
Ashfaq, a PhD student in Signals and Systems Engineering 
at Halmstad University who recently published his licentiate 
thesis ”Predicting Clinical Outcomes via Machine Learning on 
Electronic Health Records”�

Awais Ashfaq’s research is part of a joint collaboration between 
Halmstad University and Region Halland with the aim to pre-
dict outcomes and demands of congestive heart failure (CHF) 
patients in Halland using machine learning�

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

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

”Accurate prediction models can support 
clinician’s to make better informed care 
decisions about individual patients.”

Awais Ashfaq

Are there any surprising research findings that you 
can share?
“One of the many qualities of neural networks is their ability 
to generalize across multiple application domains� Different 
networks primarily designed for non-EHR analysis, for ex-
ample language processing and time-series prediction, can be 
combined and adapted into a single framework to efficiently 
represent EHR data and predict patient outcomes� ”

“In the coming years, we would like to answer the research 
question: What decides the outcome for a patient?”� While 
the developed models can influence clinical decisions for 
good, they do not help us solve the root cause of adverse out-
comes� This is because we are often unaware of what variables 
or groups of variables most affect the prediction score and 
how� Put differently, the goal is not limited to accurate predic-
tion of adverse outcomes but also to facilitate restructuring of 
care delivery in a way that reduces the number of cases with 
adverse outcomes in the future�

Using AI to individualize care for 
heart patients in Halland
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Towards large-scale monitoring 
of operationally diverse thermal 
energy systems with data-driven 
techniques

Shiraz Farouq

Licentiate exam

The core of many typical large-scale industrial infrastructures 
consists of hundreds or thousands of systems that are simi-
lar in their basic design and purpose� For instance, District 
Heating (DH) utilities rely on a large network of substations 
to deliver heat to their customers� Similarly, a factory may 
require a large fleet of specialized robots for manufacturing 
a certain product� Monitoring these systems is important for 
maintaining the overall efficiency of industrial operations by 
detecting various problems due to faults and misconfigura-
tion� However, this can be challenging since a well-under-
stood prior model for each system is rarely available� In most 
cases, each system in a fleet or network is fitted with a set of 
sensors to measure its state at different time intervals� Typical-
ly, a data-driven model for each system can be used for their 
monitoring� However, not all factors that can possibly influ-
ence the operations of each system in a fleet or network has 
an associated sensor� Moreover, sufficient instances of normal, 
atypical and faulty behavior are rarely available to train such a 
model� These issues can impede the effectiveness of a system 
level data-driven model� Alternatively, it can be assumed that 
since all the systems in a fleet or network are working on a 
similar task, they should all behave in a homogeneous man-
ner� Any system that behaves differently from the majority is 
then considered as an outlier� This is referred to as the global 
model at the fleet or network level� While the approach is 
simple, it is less effective in the presence of non-stationary 
working conditions� Hence, both system level and global 
modeling approaches have their limitations� 

This thesis investigates system level and fleet or network level 
(global) models for large-scale monitoring, and proposes an 
alternative way which is referred to as a reference-group based 
approach� Herein, the operational monitoring of each sys-
tem, referred to as a target, is delegated to a reference-group, 
which consists of systems experiencing a comparable oper-
ating regime along with the target� Thus, the definition of 
a normal, atypical or faulty operational behavior in a target 
system is described relative to its reference-group� In this 
sense, if the target system is not behaving operationally in 
accordance with the systems in its reference-group, then it 
can be inferred that this is either due to a fault or because of 
some atypical operation arising at the target system due to 
its local peculiarities� The application area for these investi-
gations is the large-scale operational monitoring of thermal 
energy systems: networks of district heating (DH) substations 
and fleets of heat pumps� The current findings indicate three 
advantages of a reference-group based approach� The first is 
that the reference operational behavior of any system in the 
fleet or network does not need to be predefined� The second 
is that it provides a basis for what a system’s operational be-
havior should have been and what it is� In this respect, each 
system in the reference-group provides an evidence about a 
particular behavior during a particular time period� This can 
be very useful when the description of a normal, atypical and 
faulty operational behavior is not available� The third is that it 
can detect potential atypical and faulty operational behavior 
quicker compared to global models of outlier detection at the 
fleet or network level�

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

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

Collected data creates a pattern
Today, ineffective and incorrect behaviour of substations in 
district heating networks leads to substantial energy losses� 
Shiraz Farouq has developed models for detecting such sub-
stations by identifying various patterns using state-of-the-art 
statistical and machine learning algorithms� One of these 
models is based on the idea of collective monitoring, where 
the behaviour of each substation in a network is tracked by a 
group of other similar substations� Any substation that does 
not behave in accordance with its tracking group provides a 
basis to suspect that something is wrong�

Shiraz Farouq’s research will hopefully lead to more efficient 
ways of using district heating by quickly detecting energy 
inefficient substations� This contributes to increased sustain-
ability, cost efficiency and the development of future smart 
cities� In that context, the research has a positive impact on 
the environment, economy and the society�
“My research will enable district heating utilities to use their 
renewable energy sources more efficiently”, says Shiraz Farouq�

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

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

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

In the future, Shiraz Farouq plans to continue his research 
towards a doctoral thesis� He wants to continue to improve 
the current diagnostic capacity in district heating� Right now, 
district heating utilities mostly rely on rule-based thresholds 
to detect energy inefficient substations� However, this prac-
tice usually leads to a large number of false alarms, which 
most district heating utilities find difficult to cope with, both 
administratively and technically�

“Today, the majority of diagnostic functions are created by 
human experts in a time-consuming and expensive manner� 
I will therefore continue my research on improving the effi-
ciency of the district heating networks with the help of intel-
ligent algorithms� In fact, this is also a requirement if we want 
to create future smart cities”, says Shiraz Farouq�

Licentiate exam facts
Title

Towards large-scale monitoring of operationally diverse 
thermal energy systems with data-driven techniques
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Research for more        
efficient sustainable heating
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The CAISR Reference Group serves the very important func-
tion of being our critical friends� The group is designed to 
represent different perspectives: international and nation-
al industry, as well as international and national academic 
research, related to intelligent aware systems� In addition, 
Halmstad University has one member in the group, and the 
group has a Chairman: Christer Fernström� CAISR owes a lot 
to his excellent chairmanship�

Throughout the period 2012-2019, the Reference Group 
members have reviewed the CAISR achievements and activi-
ties 1-2 times per year, a total of 11 meetings over eight years, 
providing advice and feedback on the progress� Each meeting 
is two days long, and the last meeting was in November 2019� 
We thank the Reference Group very much for the service they 
have done to CAISR�

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

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

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

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

Misha Pavel
Professor at Northeastern University, Boston, Massa-
chusetts� Joint faculty appointment at Khoury College 
of Computer Sciences and Bouvé College of Health 
Sciences� 

Robert Evans
Senior software engineer at Google, Mountain View, 
California�

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

Charlotta Falvin
Chairman of the board for the Faculty of Engineering 
at Lund University, and for the Lund research park Ide-
on� Member of the board for several companies�

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

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

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

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

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

I look much forward to continue from a distance follow-
ing the output from the CAISR program, and I take great 
pride in having been a part, albeit very small, in its con-
struction�
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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.

Åstrand, Björn
Docent, Doctor
Associate professor
bjorn�astrand@hh�se  

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

CAISR Staff

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

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.

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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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
Assistant 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

Berck, Peter
Doctor
Postdoc
peter�berck@hh�se

Predictive maintenance, data min-
ing, machine learning, deep learn-
ing.

Bouguelia, Mohamed-
Rafik 
Doctor
Assistant professor
mohamed-rafik�bouguelia@hh�se 
Active learning; classification; data 
stream mining; anomaly and nov-
elty detection; big data; predictive 
maintenance.

Clarin, Magnus
Doctor
Dean, School of Information 
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

Englund, Cristofer
Docent, Doctor
Associate professor
cristofer�englund@hh�se

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

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

Mashhadi, Peyman
Doctor
Postdoc
peyman�mashhadi@hh�se
 
Statistical Machine Learning, Deep 
Learning, Data Mining, Predictive 
Maintenance 
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Pashami, Sepideh
Doctor
Assistant professor
sepideh�pashami@hh�se  

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

Pirasteh, Parivash
Doctor
Postdoc
parivash�pirasteh@hh�se  

Machine learning, data mining,  
recommender systems, personaliza-
tion.

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.

Muhammad, Naveed
Doctor
Postdoc
naveed�muhammad@hh�se

Autonomous robot perception and 
navigation

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

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

Nemati, Hassan 
Doctor

hasmas@hh�se   

Data mining, machine learning,  
reliability analysis, power systems.

Rahat, Mahmoud
Doctor
Post Doc
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

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

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

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

Altarabichi, Mohammed 
Ghaith
M�Sc�
Doctoral student 
mohammed_ghaith�altarabichi@
hh�se
Machine Learning, Transfer Learn-
ing, Representation Learning, Rein-
forcement

Ashfaq, Awais
M�Sc�
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

Fan, Yuantao
Doctor (PhD grad� 2020-01-31)
Postdoc
yuantao�fan@hh�se  

Anomaly detection, unsupervised 
learning, data mining, predictive 
maintenance.

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

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

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

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

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

Chang, Jose Ramon
M�Sc
Guest researcher
  

Artificial intelligence, 
Deep learning
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Carlsson, Roger 
Research Engineer
nils_roger�carlsson@hh�se 
 

Neural networks, Machine Learn-
ing

van Esch, Johannes
B�Sc�
Research Engineer 
johannes�van_esch@hh�se

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

Salomonsson, Tommy
M�Sc�
Lecturer
tommy�salomonsson@hh�se

Mechatronics with focus on embed-
ded systems and actuators. Autono-
mous mechatronic systems.

Thörner, Roland
M�Sc� 
Coordinator
roland�thorner@hh�se

Research support; Internal and ex-
ternal relations, funding, agree-
ments, reports.

Munther, Thomas
M�Sc�
Lecturer 
thomas�munther@hh�se  

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

Lecturers, technical and 
administrative personnel

Engström, Arianna
M�Sc� 
Research Engineer

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

Taghiyarrenani, Zahra
M�Sc�
Doctoral student                                     
zahra�taghiyarrenani@hh�se  
 
Predictive Maintenance, Transfer 
Learning, Neural Networks

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

Hernandez Diaz, Kevin
M�Sc�
Doctoral student 
kevin�hernandez-diaz@hh�se

Computer Vision, biometrics, pat-
tern recognition, machine learning, 
image processing, signal analysis

Farouq, Shiraz
Lic�Tech
Doctoral student 
shiraz�farouq@hh�se  

Machine learning, signal processing, 
artificial intelligence.
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Germany - partly a result of Peter Mühlfellner’s work as in-
dustrial PhD student at VW 2012-2015)

Derendarz, W�W�, Mühlfellner, P�, Grysczyk, S�, Junge, L�, 
Waldmann, R�, Wonneberger, S�, Holleis, T�, Brüning, S�, 
Horstmann, S�, Brummer, C�, Bartholomaeus, M�, Stell-
macher, M�, Nicklas, M�, Pucks, F�, Last, C� (2018) Method 
and Device for Carrying Out an Automatic Drive of a Vehi-
cle� US Patent Application 2018/0265130 A1 (priority date 
2015 in Germany - partly a result of Peter Mühlfellner’s work 
as industrial PhD student at VW 2012-2015)



          CAISR ANNUAL REPORT 2019  |  61

Karlsson, N�, Svensson, M�, Prytz, R�, Nowaczyk, S�, Byttner, 
S�, Rögnvaldsson, T� (2018)� Method for monitoring the op-
eration of a sensor� US Patent 10,109,118 B2

Teferi Lemma, D� & Bigun, J� (2014)� Method and appara-
tus for encoding and reading optical machine-readable data 
codes� US patent 8,757,490 B2�

Verikas, A�, Viberg, P�, Razanskas, P� (2014)� A method for 
detection of muscle fatigue during dynamic work in EMG 
signals and means for obtaining and processing said sig-
nal� Swedish national patent application number 92562 
20141204�

Holmberg, U�, Petersson, D�, Salomonson, T�, Johansson, 
J� (2014)� Power assisting system and method� EP2248501 
(B1)�

Hansson, J�, Svensson, M�, Rögnvaldsson, T� & Byttner, S� 
(2013)� Remote diagnosis modelling� US patent 8,543,282 
B2�

PhD theses
Mashad Nemati, H� (2019)� Data Analytics for Weak Spot 
Detection in Power Distribution Grids� Doctoral thesis� 

Khandelwal, S� (2018)� Gait Event Detection in the Real 
World� Doctoral thesis� 

Gholami Shahbandi, S� (2018)� Interpretation and Align-
ment of 2D Indoor Maps?: Towards a Heterogeneous Map 
Representation� Doctoral thesis� 

Mühlfellner, P� (2015)� Lifelong visual localization for auto-
mated vehicles� Doctoral thesis� 

Mikaelyan, A� (2015)� Compact orientation and frequency 
estimation with applications in biometrics: Biometrics on the 
orientation express�  Doctoral thesis�  

Ourique de Morais, W� (2015)� Architecting Smart Home 
Environments for Healthcare: A Database-Centric Approach�  
Doctoral thesis� 

Lundström, J� (2014)� Situation Awareness in Colour Print-
ing and Beyond�  Doctoral thesis� 

Sant’Anna, A� (2012)� A Symbolic Approach to Human Mo-
tion Analysis Using Inertial Sensors: Framework and Gait 
Analysis Study� Doctoral thesis� 

Licentiate theses
Farouq, S� (2019)� Towards large-scale monitoring of opera-
tionally diverse thermal energy systems with data-driven tech-
niques� Licentiate thesis�

Ashfaq, A� (2019)� Using AI to Individualise Care for Heart 
Patients in Halland� Licentiate thesis�

Mashad Nemati, H� (2017)� Data-Driven Methods for Re-
liability Evaluation of Power Cables in Smart Distribution 
Grids� Licentiate thesis

Carpatorea, I� (2017)� Methods to quantify and qualify truck 
driver performance� Licentiate thesis

Fan, Y� (2016)� A Self-Organized Fault Detection Method for 
Vehicle Fleets�  Licentiate thesis� 

Gholami Shahbandi, S� (2016)� Semantic Mapping in Ware-
houses�  Licentiate thesis�

Hedenberg, K� (2014)� Obstacle Detection for Driverless 
Trucks in Industrial Environments�  Licentiate thesis� 

Prytz, R� (2014)� Machine learning methods for vehicle pre-
dictive maintenance using off-board and on-board data� Li-
centiate thesis� 

Lundström, J� (2012)� Understanding Offset Print Quality: 
A Computational Intelligence-based Approach� Studies from 
the School of Science and Technology 26, Örebro University� 
Licentiate thesis
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Thanks to:

 Our main funder

The Knowledge Foundation

CAISR partners 

Affecto Sweden
AI Innovation of Sweden

Alfa Laval
CGI

EasyServ Sweden
European DLB Consortium

FacePhi Biometria Ltd.
Getinge

Halmstad municipality
HEM - Halmstad Energi och Miljö

High Five
HMS Industrial Networks

HotSwap Norden
Karolinska Institute

Kollmorgen Automation
Linköping University Hospital

Lund University
NEAT Electronics

Novartis
Region Halland
Region Skåne

RISE (Research Institutes of Sweden)
SKR (Swedish Association of Local Authorities and Regions)

Stena Recycling
Swedish Adrenaline

Sydpumpen
Tappa Service

Toyota Material Handling Europe
Videquus
Viscando

Volvo Technology / Volvo Group Trucks Technology
Volvo Bus Corporation

Öresundskraft
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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.


