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Cover - PhD students

Cover page shows PhD students Ece Calikus and Pa-
blo Del Moral that are working in the CAISR research
environment. Pablo is an industrial PhD student enrol-
led in the EISIGS industrial graduate school, and he
is working with the company Getinge on data mining
for predictive maintenance of sterilizers at hospitals. He
has a master degree in data science from University of
Granada. Ece Calikus is a PhD student in the SeMI
Synergy project, working mainly with data mining for
characterization and fault detection in district heating
substations in collaboration with HEM and Oresunds-
kraft. She has a master degree in computer science from
University of Greenwich.
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The Director’s statement

It seems like 2017 was the year when machine learning (ML)
broke a barrier. Several successful industrial applications and
demonstrations of neural networks, especially deep neural
networks, in the last years have meant that the industry is now
convinced that competence in machine learning (and also Al
in general) will be crucial. Large companies are now investing
and building up their strengths (staff competence and com-
puting power) in this area. It is today almost impossible to go
to an event dealing with the future of industry, health care or
public society without hearing the terms “Al” and “ML”. This
is good news for CAISR; some of our core researchers have
worked with Al and ML for more than 20 years and we have
a good scientific track record in the field over this time (de-
scribed later in this report). The breakthrough of Al and ML
also means that many Swedish research funding organizations
are now directing more funds towards the ML field.

CAISR is a major research activity at Halmstad University,
with a research turnover of 20-25 million, which corresponds
to almost 15% of Halmstad University’s total research turn-
over. CAISR now includes more than 40 people, involved
in research, industrial and public collaborations, education,
and management. CAISR has around a dozen PhD students.
CAISR staff members have key roles in Halmstad University’s
collaboration arenas, and are very active with academy-indus-
try mobility. The industrial matching and involvement, most-
ly in the form of in-kind efforts, are substantial.

Our decision in 2011 to focus CAISR on the two application
areas intelligent vehicles and healthcare technology was a very
good choice. It is in vehicles and healthcare that we see a lot
of growing interest in ML and Al today. Companies in the
vehicle industry are experiencing a monumental shift, going
from defining their vehicles through mechanical engineering
to defining them through software. The car experience of to-
morrow will be defined a lot by software, and Al will be a cor-
nerstone technology. Similarly, the healthcare sector faces a
big change where fewer people will be hospitalized and much

more of the care will take place in our private homes. Al and
big data analytics are cornerstone technologies here to build
decision support systems for this.

We had two particular highlights on the education side during
2017. One was the Bachelor thesis “Indirect Tire Monitoring
System — Machine Learning Approach”, which resulted in a
scientific publication at the 11th International Congress of Au-
tomotive and Transport Engineering: Mobility Engineering and
Environment (CAR 2017). The work was awarded the prize
for best thesis 2017 among the Bachelor theses in engineering
at the School of ITE. The students also received top awards
for this from the local IT-industry HMS Industrial Networks,
and by Sparbanksstiftelsen Kronan. Another was the Master’s
thesis “Modelling the Level of Trust in a Cooperative Auto-
mated Vehicle Control System”, which resulted in a scientific
publication in IEEE Transactions on Intelligent Transportation
Systems. This Master’s thesis also received the 2017 Best Al
Master’s Thesis Award from the Swedish AI Society.

During 2018 we intend to carry our successes in education
further and offer continued education in Al and ML for peo-
ple employed in the industry.

Thorsteinn Rognvaldsson
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CAISR'’s scientific agenda is aware systems research, defined as:

Research on the design of systems that, as autonomously as possible, can construct knowledge
from real life data created through the interaction between a system and its environment. This
data necessarily includes streaming data. Such systems should be able to handle events that
are unknown at the time of design.

" he construction of knowledge can be illustrated with

A the knowledge pyramid (see figure); the higher a system
reaches on the pyramid, the more aware it can be. A fully
aware system will have interaction both upwards and down-
wards in the pyramid.
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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 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? A related ques-
tion is how to construct (learn) general features that apply to
many problems. 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 rep-
resentations of the data. These representations should apply
to many different tasks (this is related to transfer learning).
Also, the conditions can change; features that look unimport-
ant 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. Examples of operations that are
required for this are classification, rearranging/sorting, ag-
gregating, performing calculations, and selection. Much ML
research (including that on deep learning models) has been
devoted to this stage. Important open research questions here
regard autonomous clustering and categorization of events.
How can events be autonomously grouped into categories for
later use?

The knowledge level is about creating “rules” from the in-
formation. This requires combining information from dif-
ferent sources. Is an observed “event” from one data source
associated with another “event” in another data source? Can
such associations be formulated into rules? An obvious exam-
ple is the supervised learning setting, where “events” (input)
are matched to correct responses (target) provided by a hu-
man expert and encoded into a rule (model). An interesting
question deals with knowledge representations (knowledge
structures); how can knowledge be represented so that it
can be used for reasoning and prediction? A set of well-de-
fined, highly-organized yet dynamic knowledge structures is
a prerequisite for achieving awareness. A knowledge structure
should evolve over time from experience, thus allowing for
learning from data and human experts and be capable of tak-
ing into account different kinds of 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, and be able to estimate and evaluate the con-

sequences of actions based on previous observations.

CAISR
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The methods we develop in CAISR come predominantly
from the ML domain, e.g. neural networks, random forests,

and support vector machines. We also have a large body of
work on biologically inspired visual features for image anal-
ysis.

Aware systems are important enablers to meet the challenge
of health, demographic change, and well-being. One import-
ant application is ambient assisted living (AAL), which prom-
ises a decreased cost for elderly living services while maintain-
ing a high quality of service. Aware systems research is about
developing methods for autonomously analyzing streams of
data and construct knowledge about individuals’ living pat-
terns. Another important application is to construct decision
support systems for healthcare, to enable quicker and better
decisions also in clinical healthcare.

Aware systems are also important enablers to meet the chal-
lenges of urbanization. More and more people live in urban
areas. Worldwide, today more than half the population lives
in urban areas. In Sweden it is more than 86% of the pop-
ulation, with similar numbers for the other Nordic coun-
tries. Urbanization is closely connected to development and
economic growth. More urbanized regions tend to be more
prosperous than less urbanized regions. Unfortunately, other
things come with increased urbanization. When you increase
the size of a city, you increase both the good and the bad so-
cioeconomic quantities (diseases, wages, crime, litter, traffic,
and so on).

Smart Cities and Communities is a concept that brings a
hope for breaking up this connection between good and bad,
i.e. a promise to get the good with urbanization without hav-
ing to accept the bad. This is enabled by, e.g., development
in wireless communications, sensor networks, and data ana-
lytics. With an “internet of things” approach, where the city
provides streaming data of all its different operations, it is
possible to mine this data to better optimize the operation, to
detect problems, to better plan equipment maintenance, to
make sure that transport, energy and water supplies operate
satisfactorily. Doing this requires automated knowledge cre-
ation and aware systems.

CAISR

Example paper 2017

Régnvaldsson, Nowaczyk, Byttner, Prytz & Svensson,
“Self-monitoring for maintenance of vehicle fleets”, Data
Mining and Knowledge Discovery (2018), vol. 32 (March
2018), pp.344—384 (published online 2017).

The paper describes an approach for building self-moni-
toring cyber-physical systems based on the concept of ex-
pected consensus among distributed self-organized agents
on board the systems. The approach is demonstrated on a
four year long field study with 19 city buses. The approach
is intended for life-long learning for fleets of cyber-phys-
ical systems under computational and communication
constraints.

The data level of the approach involves embedded software
agents that use self-organization to explore the data streams
onboard a vehicle, looking for less noisy and possibly in-
teresting relationships among the streaming signals. The
interesting (groups of) signals are repeatedly captured in
snapshots and shared to a cloud service. The information
level is the next step, where the snapshots are compared
between the vehicles in the fleet, again using self-organiza-
tion, and consistent outliers are detected. The knowledge
level corresponds to matching detected outlier events to
operations in the service records and from that infer what
possible service needs and faults that correspond to consis-

tent deviations from expected behavior.

Tiwo of the 19 city buses in the field study.
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Scientific impact

Our scientific position in artificial intelligence

PT he year 2017 marked a significant increase in both in-

A dustrial and political interest in artificial intelligence
(AI), and specifically machine learning (ML). These are core
areas for CAISR and Halmstad University and a bibliometric

study was therefore performed to estimate our national posi-
tion in AL

The study was based on Elsevier’s Scopus data base. Scopus
data were extracted for all Swedish universities 1998-2017 in
the field of Al, which has subject code 1702 in Scopus. This
could, however, not be done by just using the subject code,
due to poor connection between the subject code and indi-
vidual publication channels when searching in Scopus. There-
fore the papers and citations statistics had to be extracted by
searching for each individual publication channel listed under
the subject code 1702. The publication types included were
journal papers, reviews, and conference papers. This was done
for all Swedish universities, except the artistic ones or highly

specialized ones (like the Swedish Defence University).

It is important to understand that this
produced a corpus of papers published in
channels labelled with AI, but that there
is no guarantee that an individual paper
in the corpus actually deals with Al The
ten most cited papers from Halmstad
University in this corpus dealt with three
topics: ML in the form of neural net-
works, random forests, feature selection MdH
and combining classifiers; mobile robots
for agriculture; and biometrics in the
form of fingerprint, retinal and face rec- Boras
ognition. Many of the most cited papers
from Halmstad University were published

in the two journals Pattern Recognition

Relative specialization

and Pattern Recognition Letters. Many
of the least cited papers were published
in Springer’s Lecture Notes in Comput-
er Science or Lecture Notes in Artificial
Intelligence.

There are a total of 239 papers from Halmstad University in
this corpus. About 2/3 of these papers were (co-)authored by
current members of CAISR. Roughly 90% of the citations
to the papers in this corpus are to papers (co-)authored by
current members of CAISR.

The number of papers in the subject Al was compared to the
total number of papers in Scopus over the time period; this
was done for each university. This produced a relative size of
Al in the scientific output from the university, which was di-
vided by the relative size of Al over all Swedish universities (in
the corpus) so that a relative specialization could be computed.
A relative specialization above one for a university means that
the subject Al is more common in the scientific output from
the university than what it is on average from Swedish univer-
sities. The relative specialization for Halmstad for Al was just
below six, meaning that Al is almost six times as common in
the scientific output from Halmstad University than in the
scientific output from a randomly chosen Swedish university.

Al position - Swedish universities
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Figure 1: Al position for Swedish universities, based on citation and publication statistics
in Scopus for papers published in channels labelled as “AI” during the years 1998-2017.
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It is satisfying that Halmstad University is in the group with bigh scientific impact in Al

The total number of citations per paper was also computed,
which gave an impact value. This was also divided by the same
average value in Sweden, which produced a relative impact
value. Figure 1 shows how the Swedish universities are placed
in a two dimensional scientific position positioning graph,
with relative impact on one axis and relative specialization on
the other axis. Figure 1 shows that Halmstad University is
among the most profiled universities towards Al and also with
a quite high scientific impact (measured per paper) over the
time period 1998-2017. However, the total number of papers

is not large compared to the large universities.

The number of papers and the number of citations to papers
are statistical quantities. It is necessary to get estimates of the
variances of these numbers in order to gauge whether the per-
formance of an individual university is well above or below
average, or significantly better or worse than another universi-
ty. The number of citations to a paper was here divided by the

Artificial Intelligence papers 1998-2017

average number of citations to a paper in the corpus from the
same year. This was done in an attempt to normalize away the
effect of time, since old papers necessarily tend to have more
citations to them than young papers (it is, however, notable
that the result of the analysis was not affected much by this
normalization).

Figure 2 shows the number of citations per paper versus the
total number of papers. It also shows the expected average
number of citations per paper, plus/minus one or two sigma
(standard deviations) for the actual number of papers. The
expected variation in the number of citations per paper de-
creases with the amount of papers. Figure 2 shows that even
though Linné University has a much higher number of cita-
tions per paper than KTH (the Royal Institute of Technolo-
gy), the latter is a much better result, more than two sigma
above the expected average for that volume of papers.

Opver the time period 1998-2017
has KTH has the highest number

Citations nomalized per year

Linkoping

Citations per papear

of citations per paper to its papers
in AIl. KTH is followed (in terms
of scientific impact per paper) by
Linné University, Orebro Univer-
sity, Uppsala University, the Karo-
linska Institute, Halmstad Univer-
sity, and the Swedish University of
Agricultural Sciences (SLU). These
KTH are the universities whose impact
per paper in Al has been above
the national average over this time
period. It is satisfying that Halms-
tad University is in the group with

; Chalmers

high scientific impact in Al

0 500 100 1500

MNumbear of papers

2000 2500

Figure 2: The number of citations per paper shown versus the number of papers for Swedish universi-
ties. Citations are normalized per year. The solid, dotted and dashed lines show the estimated average
and plus/minus one and two standard deviations. Based on citation and publication statistics in Scopus

Jfor papers published in channels labelled as “Al” during the years 1998-2017.
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CAISR

Industrial collaboration

Azubstantial part of CAISR research is done in cooper-
tion with industrial partners; it characterizes what we
do (this also includes collaboration with the public sector).
This is reflected in that a major part of our funding comes
from organizations like the Knowledge Foundation, Vinnova
(Sweden’s Innovation Agency), and the European Union (re-
gional funds as well as framework program funds). These are
organizations that emphasize cooperation between industry,
public sector and academic researchers. They also emphasize

creating measurable impact from the research.

We do not subscribe to the idea that good research always
finds its application. We believe that the probability for hav-
ing research results that lead to impact outside of academia is
higher if you start from problems that industries are experi-
encing, and try to deal with their real issues already from the
start.

There are several studies on how to reach successful univer-
sity-industry collaboration. They align well with our own
experiences. Pertuzé at al. (2010)" state that “Managers see
working with academia as beneficial only to the extent that it
advances the company towards its goals”, and comment that
only 20% of university-industry collaboration projects lead to
major impacts for the companies involved. Based on a study
of more than 100 university-industry collaboration projects
they formulate seven best practices for achieving successful

collaboration (from the industry’s perspective):

¢ There must be a vision within the company about what
the university project will provide to the company.

* Appoint project managers who are networkers (“boundary
spanners”). They should facilitate knowledge exchange with
both the university researchers and the company.

*  Share the company vision, the high level goals, of the proj-
ect with the researchers.

* Invest in long-term relationships. Long-term relationships
lead to better results over time.

1 J.A. Pertuzé, E.S. Calder, E.M. Greitzer & W.A. Lucas, “Best
Practices for Industry-University Collaboration”, MIT Sloan Mana-
gement Review, vol. 51, no. 4 (2010).

* Establish strong communication linkage between compa-
ny and university. It is beneficial to have the university re-
searchers visit the company, the more often the better, and
interact with the company people. Have regular and frequent
project meetings (over video or telephone). Consider having

company personnel spend time in the academic environment.

¢ Build broad awareness of the collaboration within the
company. The more company people who know about the
collaboration, the higher the chances of a successful outcome.

* Support the collaboration also after the project time, until
the research can be exploited. Try to establish a sense of part-
nership between researchers and company staff.

Similar to Pertuzé at al. (2010), Edmonson et al. (2012)?
note that productive industry-academy collaborations are
long-term and build on close relationships. It is important
to share the vision, have “cross-boundary” people in charge,
and universities should be “strongly oriented towards helping
solve the scientific and technological challenges that compa-
nies care about”. Furthermore, they say that “it is individuals
who understand both worlds — academia and business — that
are the driving force behind successful partnerships”. Their
study is based on case studies of collaboration between re-
search intensive multinational companies and high profile
universities dominated by research.

These conclusions describe well what we strive for in CAISR.
We work with “boundary spanners”, i.e. people who spend
time both in the academic setting and in the industrial set-
ting. We aim to establish long-term relationships with trust.
We emphasize frequent project meetings. We invite industri-
al partners to discussions and workshops on strategy, discuss
best practices and how our partnership can evolve. Further-
more, we understand the value and role of our alumni stu-
dents in establishing and maintaining these relations.

2 G. Edmondson, L. Valigra, M. Kenward, R.L. Hudson & H.
Belfield, "Making industry-university partnership work — Lessons
from successful collaborations”, Report from the Science|Business
Innovation Board AISBL (2012)

10 CAISR
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Partners

There are eight industrial partners in CAISR: Fotonic, Koll-
morgen Automation, NEAT Electronics, Swedish Adrena-
line, Tappa Service, Toyota Material Handling Europe, Volvo
Technology and Volvo Bus Corporation.

Each partner has a seat in CAISR’s industrial advisory board,
which meets 1-2 times per year.

In addition to these partners are there a number of industri-
al and public partners to CAISR in other projects, projects
funded through other sources than the Knowledge Founda-
tion CAISR funds. These are: Affecto, Alfa Laval, EasyServ,
Fysiotest, Getinge AB, Halmstad municipality, HEM - Halm-
stad Energi och Miljs, HMS Industrial Networks, HotSwap,
Region Halland, Swatab, Sydpumpen and Oresundskraft.

The CAISR center researchers thus collaborate closely with
more than twenty external partners.

However, CAISR is not just research in cooperation with in-
dustry and public sector partners. CAISR emphasizes educa-
tion very much; the courses and the thesis projects are mon-
itored closely. Our goal is to provide high quality education,
manifested through excellent course evaluations and by a high
ratio of thesis works that get published in scientific channels.
In 2017 were 93% of the courses given by CAISR staff rated
“good” or “very good” by the students. In the coming years
we intend to increase our education offering to also include

a substantial number of courses for continued education in
Al and ML.

Boundary spanners

Volvo Group AB and Halmstad University have a long his-
tory of close collaboration, particularly on projects related
to predictive maintenance, but also in other areas such as

autonomous driving. Earlier collaborations between CAISR
researchers and Volvo include e.g. RDM (2006-2010), Stra-

tegic Mobility (2008-2009), Strategic Recruitment (2009-
2012), ReDi2Service (2009-2013), In4UpTime (2014-
2016), ARISE (2016-2018) and HEALTH (2017-2019)
projects, which have resulted in the predictive maintenance
method that is currently being taken into production.

In all our projects with Volvo we empha-
size that staff from CAISR spend time in
the Volvo facilities with the Volvo person-
nel, often as much as two days per week.
This greatly improves the quality in the
collaboration and increases the probabili-
ty for a successful outcome (i.e. with good
results for all partners).

All the persons in the picture are “bound-
ary spanners’, i.e. spend considerable

time both at Volvo and in the CAISR aca-
~ demic environment. They also participate
considerably in the engineering education
at Halmstad University.

Eren Erdal Aksoy, Peter Berck, Sepideh Pashami,
Slawomir Nowaczyk, Parivash Pirasteh and
Yuantao Fan.
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Predictive maintenance

Predictive maintenance aims at identifying imminent fail-
ures and intervening before they happen, early enough
to avoid downtime and reduce the consequential costs of the
breakdown, both in terms of physical damage and lost busi-
ness opportunity. Good understanding of the current health
condition of the assets also leads to shorter and more efficient
repairs, since less time needs to be spent on diagnostics and
fault tracing. At the same time, it is important that predictive
maintenance methods are accurate in suggesting operations to
be performed, since failures that are predicted too early lead
to wasted lifetime of the components and lower confidence
in the method.

There has for many years been continuous successful collabo-
ration regarding uptime, quality and predictive maintenance
between CAISR researchers and different partners within Vol-
vo Group through several research projects, including ReDi-
2Service, In4Uptime, ARISE and HEALTH, most of them
funded through Vinnova (Swedens Innovation Agency).
Product quality and customer satisfaction is top priority for
Volvo, and thus Volvo Trucks has been the first major brand
to launch the “uptime promise” service. Volvo is continuously
investing into further improvements, new technologies and
better services in this area, and CAISR researchers are an im-
portant part of this work.

Every day, thousands of sensor measurements stream on-
board of millions of vehicles, in addition to information cre-
ated off-board, in workshops or factories. This huge amount
of data contains clues as to what is happening to the vehicles,
and how will they operate in the future. Scanning this in-
formation, deciding on what to store and analyze, and how
to represent it, is crucial for successful failure predictions.
However, doing it manually is overly expensive and time con-
suming, in addition to being depending on the knowledge
and availability of individual experts — and since experts come
with their own bias and preconceptions, the solutions based
only on their expectations often do not capture all the differ-
ent aspects of the problem. Predictive analytics has the po-
tential to provide value by combining expert knowledge with
insights obtained from the data, and using real-world results
to validate and corroborate expert’s knowledge.

There are many possible approaches for this. Our approach
is largely based on the *‘wisdom of the crowd”; looking for
consensus among distributed self-organized agents, and high-
lighting the odd-one-out. Our solutions combine several
techniques, allowing for life-long learning under computa-
tional and communication constraints. It is a step towards
autonomous knowledge discovery in domains where data vol-
umes are increasing, the complexity of systems is growing,
and dedicating human experts to build fault detection and
diagnostic models for all relevant faults is not economically
viable.

In our solution, embedded, self-organized agents operate
on-board the vehicles, modelling their states and comparing
across vehicles, to find systems that deviate from the consen-
sus. The group (e.g., a fleet of vehicles) is used to provide a
continuous standard that automatically deals with e.g. vary-
ing ambient conditions. The intention is to detect faults and
learn the characteristics of faults without the need for human
experts to anticipate and define them beforehand. This can be
used to build up a knowledge base that accumulates over the
life-time of the systems. Furthermore, automatically learned
data representations are a valuable tool to monitor the health

status of various components.

The overall scientific goal of the intelligent predictive main-
tenance research effort is to construct algorithms that build
up knowledge about a fleet of vehicles, over time, so that the
fleet becomes “self-monitoring”. Such monitoring goes be-
yond just the predictive maintenance, although it is probably
the most obvious and clear benefit. Self-monitoring systems
can detect malfunctions and estimate the remaining useful
life of different parts, but also identify other issues, such as
inefficient or suboptimal usage patterns. Finally, they should
be able to describe the normal operation based on operations
of fleet of vehicles and learn from other vehicles’ malfunc-
tions. Ideally, they should be able to present surprising find-
ings (novel knowledge) to the human operators. The ability to
construct such self-monitoring systems will be necessary in a
smart society with “internet of things”.

12 CAISR
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monitor their own operation, allow for many new services.
Better service planning can be done not only by identifying
the necessary repair with good lead time, but also by direct-
ly informing the workshops about the upcoming needs, to
schedule the repair. Remote diagnostics, ordering the neces-
sary spare parts, allocation of resources, all while taking into
account customer preferences, location and available resourc-
es — all of this leads to improved customer satisfaction.

Many companies are working on new technologies for predic-
tive maintenance and uptime. This includes the automotive
sector but also most other industries. We have adapted the
methods developed based on the Volvo use case to other do-
mains, for example with Getinge Sterilization we are working
on predictive maintenance of medical equipment, and within
the SeMI project we collaborate with six different companies
on creating methods for self-monitoring for district heating,
heat pumps and industrial communication. Moreover, we are
using many similar ideas and techniques in the healthcare
area, within our growing collaboration with Region Halland
and the Halmstad Hospital.

From the machine learning and data mining perspective,
predictive maintenance is a uniquely interesting application
domain. It showcases a number of issues that still remain a
challenge, especially in combination, for state-of-the-art al-
gorithms. Therefore, it is a good benchmark and validation
domain for new methods and algorithms. Many of the is-
sues here translate to other domains. For example, predictive
maintenance deals with big streaming data that include con-
cept drift due to both changing external conditions, but also
normal wear of the equipment. It requires combining multi-
ple data sources, and the resulting datasets are often highly
imbalanced. The knowledge about the systems is detailed but
in many scenarios there is large diversity in both vehicle mod-
el configurations, as well as their usage, additionally compli-
cated by low data quality and high uncertainty in the labels.

SR

Vehicles that are “self-aware”, i.e., possess the capability to -

T
~ ¥

New
prolect

HEALTH

Hazard Estimation and Analysis of Lifelong Truck His-

tories

Unplanned downtime can be avoided by accurate predic-
tion of the failure through continuously monitoring of
vehicles’ health status. However, to reveal patterns behind
failures in a system as complex as a modern truck, new
methods for analysing the data need to be developed. The
HEALTH project aims to create a sequence model cap-
turing the lifelong history of a truck, and use it to explain
relations between different events such as failures, repairs,
fault codes - leading to better maintenance. HEALTH will
enhance current 100% uptime promise of Volvo Trucks
by expanding the existing range of predictive maintenance
solutions. Novel machine learning methods for represent-
ing lifelong histories of trucks will be used to precisely
identify vehicles that are likely to fail soon, and correc-
tive actions will be suggested based on the probable failure
causes. Overall effects will include prolonging vehicle life,
providing more timely and cheaper maintenance, and in-
creasing traffic safety. The HEALTH project is planned for
two years, starting October 2017. The work will be carried
out in a close collaboration between Volvo Trucks After-
market and Halmstad University. The project is divided
into five work packages focusing on data aggregation, fully
and partially observable sequence modeling, causal analysis
and the demonstrator. Implementation includes research
and development of new machine learning methods, their
deployment, and finally evaluation in real business setting.
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Asso‘e rofessor

lawomir Nowaczyk was already a merited academic when

joining Halmstad University eight years ago. Having
finished his undergraduate and master studies in Poland, he
moved on to earn a PhD in machine learning at Lund Uni-
versity and then returned to Poland to complete a Post doc.

—In Poland, academic collaborations with the industry are
very rare, and that is what attracted me to Halmstad. Here,
I was connected to Volvo immediately and throughout the
years I have had the opportunity to initiate and take part in
several collaboration projects with different companies, says
Slawomir Nowaczyk.

—A major benefit with the strong focus on collaborations
outside the academic world is the access that it gives to “real
problems” that the industry faces every day.

—Being able to talk to people and understand the challeng-
es they encounter when conceptualising, designing, creating
and maintaining different products and services is a great in-
spiration. Helping them to come up with ideas and solutions
is one of my main missions. What the industry faces every
day is always a lot more complicated and intricate than the
ideas I come up with sitting on my own in my office. There
is always an entangled context that the solution needs to fit
into, which poses additional constraints on what is feasible
and what is not.

Slawomir Nowaczyk spends on average two days a week at
Volvo in Gothenburg and is currently involved in a number
of research projects concerning trucks and buses, in partic-
ular building self-monitoring systems for them. The collab-
oration started with Redi2Service project in 2010, in coop-
eration with Volvo Technology, focusing on diagnostics and
prediction of maintenance as well as business models and new
services that can develop from modern technical solutions.
Current projects include ARISE and HEALTH, all funded by

Vinnova FFI programme.

~I'm mainly looking at the data and aim to give the vehi-
cles self-monitoring capabilities. Today’s trucks have a lot of
digital sensors that collect data, and computers that process

it. Many different components interact with each other in
complex and often unpredictable ways. One of the main chal-
lenges is how to make these computer systems learn to predict
failures before they happen, and make them figure out for
themselves when parts need to be replaced.

A major benefit with the strong focus on
collaborations outside the academic world
is the access that it gives to “real problems”
that the industry faces every day.

When Slawomir Nowaczyk started to study computer science
at master level he quickly got into machine learning. The idea
of a computer learning new things, not only mindlessly re-
peating actions it was told to perform, appealed to him and
has been the core of his research throughout his academic
career.

—I want to learn about taking advantage of the ubiquitous
data that is being collected nowadays, and what you need in
order to provide computers with structures that allow them
to generalise and build new knowledge. Gaining knowledge
is something we do naturally as human beings but we don’t
know exactly how we do it. Now we are trying to equip our
computer systems with similar competences.

—It’s very exciting not only because of all the new things such
intelligent computers will be able to do, but also due to all the
new things we can learn about the nature of our own thinking

processes.

One of the biggest challenges in machine learning, according
to Slawomir Nowaczyk, is to add some of the core human
characteristics to a computer — for example curiosity.

—In the fifties, artificial Intelligence researchers believed that
playing chess is the ultimate intelligence test; once the com-
puter can beat any human player, we will have achieved truly
intelligent machines. But there is a lot more to real intelli-
gence than just the mathematical or logical reasoning, he says
and continues:
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Stawomir Nowaczyk

Age: 40.

Title: Docent, Doctor, Associate professor in data
mining.

Topics in focus: Data Mining, knowledge represen-
tation, joint human machine learning, self-organis-
ing anomaly detection, big data.

—If you put a person into a new environment, that person will
not stand still, he will move around and interact with that en-
vironment. That is a characteristic that computers lack — but
in order to be useful in the future they definitely need that
kind of a trait. We can never predict everything that comput-
ers will encounter. They have to be able to identify things as
interesting and try to deal with different novel situations on
their own.

Slawomir is currently supervising six PhD students.

—Being an advisor to so many bright young people who are
just now learning what does it mean to be a scientist is very
rewarding, but also very challenging at the same time. Each of
them is engrossed in their own project, with their own goals
and their own dilemmas and frustrations — and it’s up to us,
the senior researchers, to show them how it all fits together.

At CAISR, a lot of effort is made on aligning research and
finding similarities between different approaches leading to
very fruitful interdisciplinary exchange.

~We try to come up with methods and solutions that can
work not only for a single problem, but for a whole bunch
of them. We try to identify the general principles within each
particular project we work on. In that way, the algorithms we
create can hopefully be used in many different ways. This is
something I find very interesting and want to go deeper into.

Collaborating with the industry has provided Slawomir
Nowaczyk with an extended network of academics and pro-
fessionals, and this has given him insights — for example that
many researchers face similar problems.

CAISR

—The problems Volvo has with their trucks bear many sim-
ilarities to the problems facing hospitals with their patients
— once you look at data and large numbers, instead of what
exactly those numbers mean, he says and describes a current
project concerning hypertension patients.

~In this project we are trying to predict which patients will
not fulfill their prescriptions and then we try to support them
in order to improve medication compliance. It’s a very im-
portant thing that will pay off in the future.

—Hypertension, at least in the milder forms, is example of
disease that doesn’t affect your daily life all that much today,
but will do so in 5-10 years. The first phase of the project is
to analyse why different patients don’t take their medicine.

According to Slawomir Nowaczyk, there are a number of
reasons. Some forget it, some mix up which pills to take at
what time, some patients don't like the side effects. There is
plenty of research on different possible reasons, so there is no
need to start from scratch, and the project will build on that
foundation.

In the future Slawomir wants to continue looking into simi-
larities across different domains.

—My drive is to solve problems and come up with new solu-
tions. Every time I solve a particular problem I get to discover
new applications to which this solution can be adapted — or
I get new ideas for improvements to address issues I did not
think about before. Probably the most concrete goal in my
professional life is to actually make a real impact towards
building an artificial truly intelligent system.
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Al for Predictive”
healthcare

Healthcare is facing major challenges; the current organiza-
tion is not adapted to what will be required in the future.
Changes in demographics are expected to create a greater de-
mand for care and the discrepancy between the number of
people in care-needing ages and the number of people in the
labor force increases rapidly. In parallel to this, the disease
panorama is changing, as well as the ability of the medical
care to diagnose and treat diseases. New methods and drugs
that reach the market tend to be advanced and costly. The
healthcare system will simply put not fulfill its mission if it

does not work differently from today.

In that perspective, health technology becomes central. There
is considerable expectation that new technologies will fill the
increasing gap between needs and resources. Large interna-
tional investments are made in this area. Not least aimed at
artificial intelligence (AI) since its methods are well suited for
tasks that constitute the working days of healthcare workers:
prediction and pattern recognition (read risk assessment and
diagnostics). Neural networks/machine learning and other Al
methods are particularly suitable for contributing to increased
understanding of both complex organizational and biological
systems. Healthcare needs to be part of the rest of society,
where intelligent systems are developing and applying rapidly.

As a contribution to this development, Halmstad University,
through CAISR and Region Halland, has established a re-
search collaboration that enables real life studies where the
conditions are optimized by having research staff employed
with both parties. This allows researchers to work in the IT
environment where the solutions will be applied. An import-
ant work during 2017 was to build the structure of coop-
eration by establishing contact routes, collaborative groups
and mutual understanding of each other’s conditions. This
has been done, among other things, through joint initiatives
such as predictive studies of emergency care patients, and a
new project aimed at understanding how we can help patients
achieve prescribed treatment (iMedA — a project funded by
the Swedish Innovation Agency), intelligent home develop-
ment work and collaboration within the Halmstad Health
Technology Center (HCH). We have also begun exploring
the opportunities for dynamic, need-driven duty roster plan-
ning in healthcare units based on predicted needs. Halland

has excellent conditions for developing individualized care

since Region Halland has developed the necessary I'T support
and systems for analysis and research, covering the patient’s

entire journey through the healthcare system.
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Awais Ashfaq is one of the Ph D students working both at Region Hal-
land and the university. Here on a Medical and Biological conference
in Sarajevo.

During 2017 Halmstad University and Region Halland unit-
ed and mobilized around going for a Vinnvixt initiative (a
program funded by the Swedish Innovation Agency). The ini-
tiative as such aims at establishing a strong and sustainable in-
novation environment within Health Innovation in Halland,
and further increasing integration between university, health
and business.

Knowledge transfer between different applications has been
central. Such disparate fields as intelligent vehicles and clini-
cal decision support have much in common in their method-
ology, and CAISR strives to exploit these synergies. However,
external knowledge is very valuable and Region Halland’s col-
laboration with researchers affiliated with Harvard Medical
School has contributed a lot to the knowledge in ongoing
projects.

A development area that needs to be addressed is the integra-
tion of data from different sources. The development on the
sensor side is swift, but it is necessary to integrate the infor-
mation from many sources to get the overall picture of a per-
son’s or organization’s current state. In order to meet the need
for a more comprehensive picture, we will continue the work
on infrastructure initiatives. The continued development of
HCH’s Test Environment Halland and the Halmstad Intelli-
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gent Home (an initiative within CAISR) is central in this re-
gard. Investing in test beds where companies, developers and
public actors can meet is important to support the develop-
ment and introduction of new digital products and services.

i “
o
Wagner Ourique de Morais is demonstrating sensors in Halmstad
Intelligent Home

We address the rapid digitization of society in a recently sub-
mitted application to the European Regional Development
Fund (ERUF). The digitization leads to increased expecta-
tions for personalized solutions (services) with high quality
and good accessibility. The rapid development we see in Al
and the pressed resources means that a paradigm shift will
take place in healthcare. When intelligent systems take over in
areas such as prevention, detection, diagnosis and treatment,
the flow in healthcare will change, as well as the professional
roles. The way we prioritize care will change and home health-
care will develop and work methods will be streamlined. All
signs indicate that more and more people will be cared for
in their homes. Prevention services increase and people will
gain (or will be expected to gain) greater influence over their
health and care. The overall objective of our proposed project
is to enable industry and the public sector to deliver the most
competitive products and services for public and private care
at home, with the individual at the center. A key part is to
create a technical infrastructure that enables interoperability
between different products and services, as well as enabling a
transfer of information in the healthcare system. Among oth-
er things, the technical infrastructure will be evaluated and
implemented in a private residential area — a test bed.

With these efforts we build a unique knowledge that gives
us an opportunity to understand the complexity of health-
care and to prepare ourselves to understand the “new future”.
Connecting real-world needs and new technological advanc-
es, not least with Al, is a prerequisite for meeting the chal-
lenges that face healthcare.

New

IMedA Po)

Improving Medication Adherence through Person
Centered Care and Adaptive Interventions

The iMedA project will improve medication adherence for
hypertensive patients through an Al agent that supports
doctor and patient in collaboratively understanding key
individual adherence risk factors and designing an appro-
priate intervention plan. iMedA will deliver the selected
intervention through a mobile App and follow-up on its
effectiveness improving the system over time. The com-
bination of person-centered care and self-management
interventions will lead to significantly improved health
outcomes and reduced healthcare costs.
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iMedA empowers hypertensive patients to take responsi-
bility for their health through self-management, and pro-
vides doctors with information they need for person-cen-
tered care. To identify risks and intervention strategies,
iMedA uses health records as well as self-reported input.
The Al agent understands how both medical and personal
factors interact with respect to medication adherence, and
display this information on a “dashboard” that guides pa-
tient-doctor conversation. The Al monitors the effective-
ness of interventions in order to improve over time. The
iMedA agent will be built by combining three important
Al techniques. First is to create a meaningful and compre-
hensive representation of each patient based on informa-
tion fusion and representation learning. Second is to use
peer group analysis and interpretable supervised machine
learning methods to predict non-adherence for concrete
patients. Finally, intervention strategies that are the most
appropriate for a particular patient we will selected by
combining data-driven and knowledge-driven approaches.
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CAISR

Organization

CAISR Management
CAISR is managed by the CAISR director with support from

the academic management group, the industrial advisory
board (IAB), the reference group (RG), and a project coor-
dinator overseeing details regarding reporting, coproduction
and information management. The academic management
group consists of the three professors in CAISR and the head
for the school of information technology. One of the profes-
sors also heads the department where CAISR is placed. This
provides a very good overview of teaching, research, coopera-
tion and coproduction. The two application areas, healthcare

technology and intelligent vehicles, are discussed in two co-
ordination groups on the School level. These two coordina-

tion groups are led by two professors (who come from outside  7he management group - Antanas Verikas, Thorsteinn Rignvaldsson,
of CAISR) and cover the two university-wide profile areas: Josef Bigun and Magnus Clarin
health innovation and smart cities and communities.

CAISR Reference Group

The CAISR reference group members serve a very important
function in the development of the profile, serving as a soun-
ding board for the CAISR management group. The group
represents different important perspectives: international and
national industry, as well as international and national aca-
demic research, related to intelligent systems. The reference
group members meet and review the CAISR achievements
and activities 1-2 times per year, providing advice and feed-
back on the progress. Each meeting is typically two days long.

Reference Group members (from left on photo above)

Christer Fernstrom Director and consultant at Fernstrom et Associates in Grenoble, France and the CTO of

CommuniTeams in Copenhagen, Denmark. Head of Reference group.

Robert Evans Senior software engineer at Google, Mountainview, California.

Xin Yao Chair Professor at Department of Computer Science and Engineering, Southern University of
Science and Technology, Guangdong, China. Professor of Computer Science in the School of

Computer Science at the University of Birmingham.

Birgitta Bergvall-Kdreborn Professor in Information systems at Luled University of Technology.

Charlotta Falvin Chairman of the board for the Faculty of Engineering at Lund University and for the Lund re-

search park Ideon. Member of the board for several companies.

Magnus Bergquist Professor in Informatics. Leads the Knowledge Foundation-environment “Research for Innova-

tion” at Halmstad University.
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Terence Rogers, Toyota Material Handling, Thorsteinn Rignvaldsson, Halmstad University, Mats Billenius, NEAT Electronics, David Lundquist,
Kollmorgen Automation and Siddhartha Khandelwal, Halmstad University on a visit in Fab Lab at Halmstad University. Fab Lab is part of a

global network connected to MIT (Massachusetts Institute of Technology).

Industrial Advisory Board

The CAISR management is supported by the industrial ad-
visory board (IAB), where each industrial partner in CAISR
is represented, and a reference group. A key contribution of
the industrial partners to CAISR is their involvement in the
strategic planning. During 2017 we organized a workshop
on the scientific agenda, the research questions and how
they relate to industrial goals and strategies. All the partners
were active in this workshop, in formulating relevant ques-
tions and setting these in relation to market development. It
was clear from this workshop that it is not difficult to map
high level research questions to very concrete and even short-
term industrial goals. As such, CAISR is not just an industry
co-funded research center; it is an industry-guided research
center.

The IAB further give advice on the progress and activities
from the industrial partners’ perspective and take decisions
when new industrial partners want to enter or partners need
to leave. David Johansson from Tappa Service was the chair-
man during 2017 for the CAISR IAB. The IAB meet ap-
proximately semiannually in relation to the reference group

meetings.

CAISR

IAB Members

Emil Haillstig Fotonic AB

David Lundqvist Kollmorgen Automation
AB

Mats Billenius NEAT Electronics AB

Per-Arne Viberg Swedish Adrenaline AB

David Johansson Tappa Service AB

Jacob Arvidson Klint  Toyota Material Handling
Europe AB

Petter Wirfilc Volvo Technology AB/

Andreas Jonsson Volvo Group Trucks
Technology

Ervin Omerspahic Volvo Bus Corporation

Below: Industrial Advisory Board and CAISR staff at a coffee break
during a workshop held ar Digital Laboratory Center at Halmstad Uni-
versity on March 31.
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CAISR

Meet Anita Sant’Anna

An Engineer with a Passion for Health

In all honesty, Anita Sant’Anna was considering be-

coming a medical doctor. However, after some time
contemplating, she decided to study electrical engi-
neering. Today she has managed to combine both her
interests. Her research on health technology is about
improving patients’ health, in close collaboration with
companies, hospitals and patients.

Anita says, “I like to help people. When I find out what
the needs and problems are in the health sector, it moti-
vates me to continue researching. This means that I want to
find the solutions to the problems.”

In her research, Anita Sant'Anna makes use of sensors, such
as mobile phones and activity trackers, to collect or record
patient health data. This can help doctors to get a clearer pic-
ture of how a patient feels or what the patient’s everyday life
looks like. This can give forechand knowledge to help avoid
an emergency situation developing. Furthermore, it gives the
patient the opportunity to better healthcare through more
careful monitoring and, therefore, better knowledge of his/
her condition.

"The challenge is how the patient will

get suggestions for better choices in their
everyday life through their activity tracker,
in both a positive and motivating way”

- Anita Sant’Anna

Wants to Improve the Health Care

The basis of Anita Sant'Anna's research is about, togethe
with several collaboration partners, improving the nursin
and health of people. This is what drives her to continue t
research, because it really does make a difference. Howeve
the choice of becoming a researcher was not so clear-cut i
the beginning for Anita Sant'Anna. She comes from a famil
where most work as engineers, and in fact, she chose to be
come an engineer herself, but with a focus on biomedicins
At the same time, she wanted to do something different. Wit
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In her research, Anita SantAnna takes care of sensors, such as mobile
phones and activity trackers

an interest in both study and travel, she combined her studies
with discovering new places. Finally, she ended up at Halm-
stad University, following a tip from a friend concerning a
doctoral position that suited her perfectly: a combination of
technology and health.

During her doctoral studies, Anita Sant'Anna researched on
how to monitor motion patterns by using sensors. She stud-
ied how patients walked with the help of sensors that were
attached to the patients” legs. By comparing how much devi-
ation in the patient's gait (style of walking) had to a healthy
person’s way of walking, people working within the health
care system could get a clearer picture of a patient's illness or
rehabilitation after, for example, an operation. Anita Sant'An-
na has not only researched patients who have had hip replace-
ments but she has also used sensors in research concerning
people who suffer from Parkinson's disease.

An activity tracker used for
collecting patient health data.
Photo: Fitbit, Inc
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“Doctors do examine how well the patient walks, but often by
using a rather “crude” basic scale. By studying how the patient
walks with help of sensors, you get more knowledge that you
may not be able to see by the naked eye alone. This can help
create a clearer picture of the patient's condition,” says Anita.

Health technique in focus

Anita Sant'Anna is still at Halmstad University. Her research
is still about health technology. She is now researching how,
with the help of technology, to help people suffering with os-
teoarthritis make healthier choices in their everyday lives. In
her research, she uses the Fitbit activity tracker.

"The challenge is how the patient will get suggestions for bet-
ter choices in their everyday life through their activity tracker,
in both a positive and motivating way. The goal is that it will
happen at the right time, for example, proposing a ten-min-
ute longer walk when the patient is already out walking,” she
says.

One of the main challenges in health technology research is
the huge amount of data that is collected or which is possible
to collect.

"It offers incredible opportunities. Nevertheless, at the same
time, it is part of the challenge, because we need to find out
what information we need, and then how to sort it out and be
able to use it in the correct way,” say Anita.

According to Anita Sant'Anna, one of the main challenges in
health technology research is the huge amount of data col-
lected.

Collaboration is important

Anita Sant'Anna wants to continue researching, in collabora-
tion with both industry and other institutions. She believes
it is important that research is not only undertaken in the
lab but also with different collaborators; i.e. working togeth-
er with patients in the hospital and also with contacts with
industry, so that they can see the potential of new products.

"The more we work together with industry, companies and
institutions, the better we will be to solve healthcare prob-

lems.

Anita Pinheiro Sant’Anna

Born 1983 in Florianépolis, Brazil

Title: PhD in Signals and Systems from Halmstad
University

Topics: Health Technology, machine learning, de-
cision support

"The more we work together with
industry, companies and institutions,
the better we will be able to solve the
problems found in the health service"
- Anita SantAnna

Anita in Halmstad Intelligent Home, a realistic apartment for research and experiments for improved care
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Meet the founder & director of CAISR
Thorsteinn Régnvaldsson

horsteinn Rognvaldsson has worked within the sphere

of computer science at Halmstad University since 1996.
His interest in artificial intelligence and machine learning
was, however, established much earlier in life.

—It started already at upper secondary school. I was intrigued
by the human brain and imagined building an artificial model
on how it works. Later, when I saw the chance to do a PhD
with a focus on neural networks and machine learning, it was
the clear choice for me.

Even if his interest in the function of the brain has lasted
throughout his academic career, Thorsteinn Régnvaldsson’s
predominant research focus has been on applied intelligent
systems, particularly in vehicles and health technology prod-
ucts.

He earned his PhD in theoretical physics at Lund Universi-
ty and switched to computer science during his postdoctoral
studies at the Oregon Graduate Institute in the United States.
Here, he discovered several things that were new to him — less
locked positions between subjects than he had experienced in
Sweden for example.

—People looked more at what you actually did than what topic
background you had. Also, I saw a great interest in the USA
in machine learning, it was something completely different
from Sweden.

While in the United States, he had the opportunity to attend,
present and publish at the NIPS! conference, which is consid-
ered to be the leading conference in machine learning.

—We also worked extensively with external parties there, both
from the financial industry and from the American defence.
In addition, we offered training courses in machine learning
for professionals.

Between 2006 and 2010, Thorsteinn Régnvaldsson was a

called “strategic mobility” project funded by the Swedish
Foundation for Strategic Research.

—I worked mainly with R&D and strategy, which was enrich-
ing in many ways. Being a part of (and understanding) the big
organisation that is Volvo, created a lot of the foundation to
what is today the core of the research carried out at CAISR,
he says and continues:

—I am grateful that Volvo gave us the confidence to apply our
ideas to the maintenance problem, using a machine learning
approach. Our approach was conceptually quite different
from the control theory approach, which was the dominant
paradigm within diagnosis. Volvo invited us to test our ma-
chine learning and “wisdom of the crowd” approach already
in 2005 and we managed to show that there were some gold
nuggets in this. Today, machine learning is the hottest thing,
but at the time it was not as popular. Volvo has really been a
good partner for us here.

"Our grand aim is
to build systems that
can learn inde-
pendently on their

own, from their own
experiences, and cre-
ate knowledge from
this.”

In 2012, Thorsteinn Régnvaldsson established the CAISR re-

search center, where he is also the manager.

~I have always had a drive to contribute with something big-
ger. In 2004-2005, we discussed how to start a larger academ-
ic centre. The process took a few years, with some rejected
proposals on the way, but we persevered and from January 1%,
2012, we were granted financing from the Knowledge Foun-

professor of mechatronics at Orebro University, simultane-  dation.
ously working at Volvo Technology for two years, in a so-

1 NIPS - Annual Conference on Neural Information Processing

Systems.
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The interest in artificial intelligence has exploded since the
start six years ago. According to Thorsteinn Régnvaldsson,
CAISR’s role is to aid Swedish industry as well as the public
sector in becoming more efficient and competitive with the
use of artificial intelligence and machine learning.

—Our grand aim is to build systems that can learn inde-
pendently on their own, from their own experiences, and cre-
ate knowledge from this, he says and continues:

—What we see now is that machine learning is appearing all
over. The demand for more opportunities to use data and im-
ages for making better decisions is steadily increasing in all
parts of society.

One apparent demand, according to Thorsteinn Régnvalds-
son, is within health care, where better decision making can
be facilitated by using data mining and machine learning.

—We have a well-established collaboration with Region Hal-
land. Region Halland have built up an excellent, even unique,
data resource that unifies all their data and we can use this
to extract lots of useful relationships; relationships that were
largely unknown before. We have several interesting projects
going on here.

During the past few years, Thorsteinn Rognvaldsson hasn't
had much time to commit to his own research. As director of
CAISR and pro-vice-chancellor for Halmstad University, he
primarily works with management on different levels, looking

Thorsteinn Rognvaldsson

Age: 54. Bomn in Reykjavik, Iceland, grew up in
Lund.

Title: Doctor, Professor in computer science.
Founder and director of CAISR (Center for Applied
Intelligent Systems Research). Pro-vice-chancellor,
Halmstad University (2013-2018).

Topics: Neural networks, self-organizing models,
predictive maintenance.

at for example the strategic development of the center. How-

ever, there is some time left to tutor doctoral students.

—My assignment as pro-vice-chancellor expires this summer,
hopefully giving me the possibility to return somewhat to my
own research while managing the research center and contin-
uing with the tutoring. I will be taking on the responsibility
as program manager for the university’s KK-environment Re-
search for Innovation. That will also take considerable time so
I may be overly optimistic about time for my own research.

Thorsteinn Rognvaldsson thinks he will stay with Halmstad
University for a long time.

—I really enjoy being a part of the multicultural environment
in CAISR. Here, people with different cultural backgrounds
and experiences meet, with a common interest in intelligent
systems. We also work together, and not just individually, and
in close cooperation with industry in order to make an impor-
tant contribution.

"What we see now is that machine
learning is appearing all over. The demand
for more opportunities to use data and
images for making better decisions is
steadily increasing in all parts of society.”
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Funding

he annual research revenue in CAISR has now reached

the level 20-25 MSEK (million Swedish kronor) on the
university side (i.e. not including industrial in-kind efforts).
The revenue growth has been well in line with our plan des-
cribed in our proposal 2011. The industrial matching effort
during 2017 equaled 3.8 MSEK. The total industrial mat-
ching to CAISR during the period 2012-2017 has exceeded
40 MSEK.

For 2017, about 5.1 MSEK were direct research funds from
Halmstad University; the rest were external funds. Thus,
CAISR had an external funding ratio of about 75%. This is
also in line with the expected development we outlined in our
proposal in 2011 (we predicted 70-80%). In 2016, however,
the CAISR reference group pointed out that “maintaining a
level of about 70-75% is very challenging”. The major part of
the external funding comes from the Knowledge Foundation:
5.3 MSEK directly for the CAISR profile and about equally
much for other projects funded by the Knowledge Founda-
tion.

The Knowledge
Foundation -
other funding

Vinnova

Industry contribution
- Cash

The Swedish Reséarch
Council

Funding for CAISR research on the Halmstad University side 2017

Since the society demands for (and expectations from) Al and
ML competence have skyrocketed, we expect that there will
be more external funds available for the Al and ML fields. For
example the Swedish Innovation Agency is increasing the calls
with Al and ML directions. We also hope that the allocation
of direct university research funds to CAISR will increase in
the near future.

Financer Budget2017 |  Actual 2017
The Knowledge Foundation 6549596 | 5372632
CAISR Industrial partners (in kind)* 6956 000 3 824 482
Other external funding? 11000 000 | 11 062 454
Halmstad University 5319 766 5126513
Sum total 29 825 362 | 25 386 081

1. All in kind contribution have been computed using the stan-
dard tariff of 800 SEK per hour (the actual company costs are

sometimes larger than this and sometimes less).

2. Funding from other sources (VR, EU, Vinnova, companies...)

not matching the Knowledge Foundation CAISR funding

Halmstad University

The Knowledge
Foundation - CAISR

\
Region Halland

2 CAISR
Annual Report 2017



Research for Innovation and
CAISR

Halmstad University has a ten-year contract with The Knowl-
edge Foundation to develop as a Foundation Research Center.
The name for this venture is Research for Innovation, and it
stretches between 2012 and 2021. Research for Innovation
has a major influence on the development and profiling of
the entire university. The goals of Research for Innovation are
expressed in terms of four dimensions: positioning, branding/
profiling, quality and relevance.

Positioning means to position Research for Innovation scien-
tifically with respect to impact and specialization, and with
respect to applied and fundamental research. The aim is to
have both high consideration of use and high contribution
to understanding (the Pasteur position in Pasteur’s quadrant).
Branding/positioning means that the university’s profile as
“The innovation driving University” shall be well known and
recognized regionally, nationally and internationally. Qualizy
means to further enhance the high quality in research and
education, for students, for faculty and staff. Relevance means
that Halmstad University shall be a strategically important
partner for industry and public-sector organizations to main-
tain and develop their quality and regional, national and in-
ternational competitiveness.

CAISR is a substantial part of Research for Innovation; about
25% of the Knowledge Foundation funds to Halmstad Uni-
versity are directed to CAISR. This means that CAISR is
expected to be a major contributor to meeting the goals for
Research for Innovation.

The strong scientific position for CAISR is described earlier in
this report. We work to create innovations from our research,
either through our partner companies or by researchers cre-
ating spin-offs. We monitor carefully our education and re-
search quality. In 2017 was one of our Master theses awarded
the best Swedish Al thesis by the Swedish Al Society. In 2017
were 93% of the courses given by CAISR staff rated “good”
or “very good” by the students. The scientific impact, in
bibliometric terms, of our publications is described eatlier in
this report. We establish and maintain strategic and relevance
driving partnerships with our external partners.

Knowledge Foundation

The Knowledge Foundation is the research financier
for universities with the task of strengthening Sweden's
competitiveness and ability to create value.

The Foundation supports research that is conducted at
Sweden's new universities, provided that industry pro-
vides a matching amount and actively participates in or-
der to achieve development there as well.

The Knowledge Foundation was established in 1994 and
since then it has invested close to 10 billion in more than
2,500 projects.

The Knowledge Foundation strives to help Sweden's new
universities create internationally competitive research
environments, work long-term on strategic profiling and
increase cooperation between academia, industry, insti-
tutes and society. Universities are responsible for a signif-
icant portion of knowledge development and research.
Many are leaders in their own special areas, cooperate
extensively with industry and contribute to strengthen-
ing Sweden's competitiveness and creating growth.
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A eet'Antanas Venkas
Pr@fessor

"j?‘..From punch cards to artificial intellige

2 from east to west

Antanas Verikas has seen the birth of artificial
intelligence. Since his university studies in elec-
tronics in the early 1970’, the technology that
enables artificial intelligence (Al) has evolved
rapidly.The computer that back then occupied an
entire room can now fit in a mobile phone. Meet
the professor who has done research on behalf
of the Soviet military, who climbs mountains in
his spare time, and has developed Halmstad Uni-
versity’s outstanding research within Al.

— When I studied at Kaunas University of Technology in
Lithuania in the 1970s, there was only one computer in the
entire university, and it took up the space of a large room. I
had access to the computer once a week for two hours. That
meant that I had to test the program in my head in advance.
I learned to predict what would happen in each step of the
program, says Antanas Verikas, Professor of Image Processing
with focus on artificial neural network technology at Halm-
stad University.

The idea that a computer can mimic the human nervous sys-
tem, and thus learn to make the right decision, was launched
in the 1950%. In the mid-1980’s, Antanas Verikas, who at
the time was studying character and pattern recognition, was
fascinated by this area called artificial neural network (neuron
= nerve cell). A neural network is a structure that is trained
to solve a particular problem. For example, it can recognise
patterns in a large amount of data or it can create predictions.
This can for instance be used to estimate whether a person is
healthy or ill. Input is a set of health parameters, such as pulse
and blood pressure. Output can in this case be an answer
to if the person is healthy — a yes or a no. However, neural
networks must be trained to provide the correct output, i.e.
make the right decision.

—Today, artificial neural network models can be very complex
and handle thousands of input variables. In my research, I
have developed methods for assessing and selecting these var-
iables, says Antanas Verikas.

A specific example of when these models can be used is in pre-
dicting muscle fatigue during exercise. Antanas Verikas and
his colleagues at the Center for Applied Intelligent Systems
Research (CAISR) measured in a research project cyclists
EMG signals, blood lactate concentration levels and oxygen
uptake. The data was used to create models to evaluate the
cyclists’ physical ability under increased strain.

— This can, for instance, be used by an elite cyclist when set-
ting up his or her training. The models provide important
information about when a potential muscle fatigue occurs,
says Antanas Verikas.

Research on behalf of the Soviet military
Antanas Verikas interest in hiking and climbing was stirred in
young years. Every summer was spent in the Pamir, Tian Shan
or Caucasus mountain ranges.

He grew up in Lithuania when the country was occupied by
the Soviet Union. Soviet controlled large parts of the society
— as well as the university’s research.

— Most research projects at Kaunas Technical University were
at that time commissioned by the Soviet military. During my
time as a PhD student, we developed the navy’s database for
submarines. They wanted to transfer text on paper about the
submarines to their database. Our mission was to create hard-
ware and software for this, equivalent to today’s scanner.

"Today, artificial neural network
models can be very complex and
handle thousands of input variables.
In my research, I have developed
methods for assessing and selecting
these variables’.

CAISR
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Antanas Verikas developed the software algorithms. Unlike
today, all programming was done by hand, on paper. Paper
strips were used to transfer programs to a computer, with holes
representing the program code of ones and zeros. The strips,
that could be over 30 meters long, were replaced by punch
cards with the equivalent hole coding in the late 1970’s.

— We had to write very effective programs because the memo-
ry of the computer was so limited at that time. The programs
could not exceed 25 kb, if I remember correctly.

The application of the research results was classified. Asa PhD
student, Antanas Verikas went to Leningrad twice a year to
report to the military what the research group had achieved.

— I was reviewed by a group of senior military personnel. I
had to keep my head cool to answer, defend and explain our
research, says Antanas Verikas and chuckles at the memory.

As an active researcher, you could not talk to fellow scholars
outside of the Soviet Union. And you were not permitted to

travel westward.

— I tried to go to Italy as a guest researcher in 1985, but the
leaders in Moscow did not allow it. In 1991, the Soviet Union
dissolved and the borders were opened. It felt amazing!

From paper and print quality to health in-
novation

Through one of his doctoral students at Kaunas University
of Technology, Antanas Verikas established a contact with re-
searchers at Halmstad University. And through a scholarship
from the Swedish Institute, Antanas Verikas came to Halm-
stad in October 1992.

— I planned to stay for nine months, but 26 years have passed,
he says with a smile.

Antanas Verikas

Age: 66. Born in Moletai, Lithuania

Title: Professor in pattern recognition

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

“l was reviewed by a group of senior
military personnel. I had to keep my
head cool to answer, defend and
explain our research”.

Antanas Verikas and his research team started a collaboration
with several of Sweden’s paper mills. They were interested in
knowing which variables resulted in the best paper and print

quality.

— As a spin-off, we also worked with banknotes. We develo-
ped hardware and software to assess the quality of the details
on the banknote. The purpose was to determine if the printed
notes were of sufficient quality to prevent copies. We delive-
red ready-made systems for this to, for example, the Bank of
England in the early 2000.

When CAISR was initiated in 2010, two application areas
were defined: health technology and intelligent vehicles.

— A year later, we received funding from the KK Foundation.
Since then our research center has grown every year, says An-
tanas Verikas.

2018 is Antanas Verikas final year as a researcher. When he re-
tires by the end of the year, he wants to focus on his hobbies:
hiking and mountain climbing. A certain longing for home

can also be discerned:

— I want to travel! To visit Burma, Cambodia and Vietnam.
Madeira is also fascinating. And I want to spend more time
in Lithuania.




When will we be able to teach robots to see like
humans do? That means, to really interpret the

surroundings and then make rational decisions.

Today, research has not got that far. But Joseph
Bigun, Professor of Signal Analysis, wants to be
involved in the development of the first visually
intelligent machine.

Perhaps vision is a human’s most important sense. We can
manage without it, but it’s with our eyes most of us see and
interpret the world.

— Our vision uses a great deal of our brain's capacity. We need
to process all the visual data and then put them into context.
It really applies to anything we want to do. Our vision is so es-
sential to our lives that we hardly think about what we would
do without it, says Josef Bigun.

Josef Bigun is a professor of signal analysis and intelligent sys-
tems. His research is about biometrics, i.e. technical means
for computers to identify and collect information about us
and our characteristics. It could be eye scanning, DNA, fin-
gerprints or recognizing a walking style. This involves teach-
ing computers visual intelligence, and eventually teaching a
robot to recognize images or patterns.

— We already have computers with different types of intelli-
gence, but it’s not sophisticated. Currently, there are no ro-
bots with a visual intelligence so well developed that they can
draw conclusions like we humans do.

Human vision is still largely superior to that of robots, but to
succeed in making a robot copy the way we see the world is
what fascinates and motivates Josef Bigun.

— It's a big challenge to teach a robot to do what we've learnt
since we were children, he says.

It was a bit of coincidence that Joseph Bigun ended up at
the University of Halmstad. After graduating with a MSc
in engineering at Linkdping University, he continued with

ch machines to see

a doctorate in computer science at the same university. Af-
ter ten years as a researcher at the Swiss Federal Institute of
Technology, he returned to Sweden and received a position
at Halmstad University, which has become one of the pre-
mier institutions in Sweden for research in visual intelligence
and in particular, biometric identification. The collaboration
within the CAISR research group is important. The research-
ers discuss results and share ideas, and collaborate with many
international colleagues. In 2016, CAISR organized the In-
ternational Conference on Biometrics, with over 200 partici-
pants from around the world. It’s one of the oldest and most
respected conference regarding current research in biometric
identification.

The research field in artificial intelligence is very active. It has
also attracted much attention in media in recent years. While
challenging, it’s primarily a lot of fun, Josef Bigun thinks.

— There’s a constant stream of new results published and
things happening all the time. It has been like that for the
past 40 years.

Josef Bigun’s goal as a researcher is clear. He would like to
leave a better world, he says, and as a researcher he wants to
contribute to continually improving both the environment

and our lives.

"Currently, there are no robots with a
visual intelligence so well developed that
they can draw conclusions like we humans

do »

— I don’t try to solve all the problems myself, but in my niche,
I try to see how we can contribute. For example, by cameras
that help to recycle and make environmental benefits, or to
improve future transport with autonomous vehicles. I believe
in the role of knowledge; new knowledge will help solve sev-
eral problems.

He also hopes that his research will be useful for the robots
of the future.
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— Robots will need to help with different things in the future,
where we won't have enough human resources. Our society is
still becoming more and more automated; what's left to auto-
mate is often linked to visual intelligence, he says.

For example, robots can help in healthcare, but the technolo-
gy can also be used with other types of services.

— As an example, cameras and sensors could become intel-
ligent and beep if you haven't turned off the stove. Or they
could be used to check if a passenger has shown his ticket in
a bus.

Buct it is not always easy to work with issues related to vi-
sual intelligence and intelligent computers. Sometimes the
research is met with criticism and skepticism - or fear. Josef
Bigun, on the other hand, argues that a future with visually
intelligent robots is a bright future.

— Everything can be used for good or bad purposes. But I
think intelligent systems really will be able to help us in the
future. I think it's legitimate to be skeptical, that is why we
should have better technology, make laws about using per-
sonal data and have good education about computers and
artificial intelligence. It's much like cars: Traffic rules, better
vehicles and infrastructure and driving license training make
traffic safer. We don’t ban the cars, the same goes for technol-
ogy - by looking at the benefits and acting on several fronts we
can minimize the risks.

The best thing about working as a researcher is producing
new knowledge, Josef Bigun thinks; and it’s something he can
always do working in the research-group CAISR.

— We are constantly developing new knowledge. It’s difficult
to point to something that was particularly important in
2017. However, 2017 was better than all previous years be-
cause we are constantly building on our knowledge - it's like
an artist who keeps working on a piece of art, he says.

Josef Bigun

Born: 1961

Title: Professor

Topics in focus: Computer and human Vision,

Biometrics, Visual Intelligence
Freetime: Family, Walks, Human Languages &
Weekend Cooking

"Everything can be used for good or
bad purposes. But I think intelligent
systems really will be able to help us
in the future.”
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Abstract

Fuel consumption is a major economical component of vehi-
cles, particularly for heavy-duty vehicles. It is dependent on
many factors, such as driver and environment, and control
over some factors is present, e.g. route, and we can try to op-
timize others, e.g. driver. The driver is responsible for around
30% of the operational cost for the fleet operator and is there-
fore important to have efficient drivers as they also inuence
fuel consumption which is another major cost, amounting
to around 40% of vehicle operation. The difference between
good and bad drivers can be substantial, depending on the

environment, experience and other factors.

In this thesis, two methods are proposed that aim at quanti-
fying and qualifying driver performance of heavy duty vehi-
cles with respect to fuel consumption. The first method, Fuel
under Predefined Conditions (FPC), makes use of domain
knowledge in order to incorporate effect of factors which are
not measured. Due to the complexity of the vehicles, many
factors cannot be quantified precisely or even measured, e.g.
wind speed and direction, tire pressure. For FPC to be feasi-
ble, several assumptions need to be made regarding unmea-
sured variables. The effect of said unmeasured variables has to
be quantified, which is done by defining specific conditions
that enable their estimation. Having calculated the effect of
unmeasured variables, the contribution of measured variables
can be estimated. All the steps are required to be able to cal-
culate the influence of the driver. The second method, Accel-
erator Pedal Position - Engine Speed (APPES) seeks to qualify

The focus of first method is to quantify fuel consumption,
giving us the possibility to estimate driver performance. The
second method is more skewed towards qualitative analysis
allowing a better understanding of driver decisions and how
they affect fuel consumption. Both methods have the ability
to give transferable knowledge that can be used to improve

driver’s performance or automatic driving systems.

Throughout the thesis and attached articles we show that
both methods are able to operate within the specified condi-

tions and achieve the set goal.

Associate Professor
Stawomir Nowaczyk,
Halmstad University

Main supervisor:

Co-supervisor: Prof. Thorsteinn Régnvaldsson,

Halmstad University

Prof. Mattias Wahde
Chalmers University of

Discussion leader:

Technology

driver performance irrespective of the external factors by ana- | Examiner: Prof. Josef Bigun
lyzing driver intention. APPES is a 2D histogram build from Halmstad University
the two mentioned signals. Driver performance is expressed,

in this case, using features calculated from APPES.
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Optimized drivi
for reduced fuel
consumtion

Could less fuel have been used? That is a question asked
in new research from Halmstad University. Since both the
environment and company finances benefit from lower
fuel consumption, it is important to investigate driver re-
sponsibility irrespective of load or weather conditions.

— My research thesis is about estimating how good a truck
driver is in optimising fuel consumption. In other words, I
want to be able to say whether less fuel could have been used
in a specific situation if the driver had driven differently, says
Iulian Carpatorea, PhD student in Signal and Systems Engi-
neering at Halmstad University.

40 percent of costs

In his licentiate thesis “Methods to Quantify and Qualify
Truck Performance”, fuel consumption accounts for about 40
percent of vehicle operation costs. To reduce costs, it is for
that reason important that the drivers are efficient in their
driving. Since most of the goods within Europe are transport-
ed by truck, lower fuel consumption would also have a posi-
tive impact on the environment.

The methods used for calculating truck fuel consumption to-
day are based on statistical averages, like percent of driving
time used for breaking and time spent accelerating, which
in these methods give different ‘scores’ for the driver. Iulian
Carpatorea introduces two new methods to measure how the

driver is acting in real driving situations.

— My methods also give the driver a score, but also aim to
explain the behind the score, to say where, and why, during a
stretch of driving the driver acted in one way or the other, says
Iulian Carpatorea, and adds that one more important factor
is being able to do that assessment even if important data is

missing.
Reduce variations

One example of a driving situation is when the driver enters
an area predisposed to heavy traffic. One type of behaviour
is alternating between accelerating and braking, which is not
very efficient from a fuel consumption point of view. A better
way would be to lower the average speed to reduce variations.

Another example would be going up a hill, when the speed a
vehicle has at the start of the climb affects the fuel use all the
way over the hill.

— However, the most common reason for sub-optimal driving
is the lack of anticipation, i.e. the sudden use of braking.

Tulian Carpatorea’s first method quantifies fuel consumption
and gives the possibility to estimate driver performance. The
second method looks more at quality analysis, allowing a bet-
ter understanding of driver decisions and how they affect fuel

consumption.

— It is desirable to measure the driving without weather or
vehicle load interfering with the result, or a driver in a truck
with a light load, for example, would always have better per-
formance than a driver in a heavily loaded vehicle.

Feedback in real-time

There is much work to be done in this field, concludes Iulian
Carpatorea. The methods he has introduced can be further
expanded.

— At the moment, my colleagues and I do our work offline,
i.e. data is recorded with help of sensors, and is delivered to
us for analysis. But there is also potential for adapting our
work to an online environment and give the driver feedback

in real-time.

Two methods are used

FPC (Fuel and Predefined Conditions) makes use of already
known facts in order to incorporate the effect of factors that
are not being measured. These could include wind speed
and direction or tire pressure. Based on a set of assump-
tions, these unmeasured effects can be calculated, and the
contribution to the influence of these variables can be esti-
mated. This is required to be able to calculate the influence
of the driver.

APPES (Accelerator Pedal Position — Engine Speed) seeks
to qualify driver performance irrespective of the external
factors by analysing driver intention with different decisions

during the drive.
N Y,
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Abstract

This research aims to develop data-driven methods that au-
tomatically exploit historicaldata in smart distribution grids
for reliability evaluation, i.e., analyzing frequency of failures,
and modeling components’ lifetime. The results enable power
distribution companies to change from reactive maintenance
to predictive maintenance by deriving benefits from historical
data. In particular, the data is exploited for two purposes: (a)
failure pattern discovery, and (b) reliability of power cables.

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

The main focus of reliability is on failure rate estimation
and reliability ranking. In case of power cables, the limited
amount of recorded events makes it difficult to perform fail-
ure rate modeling, i.e., estimating the function that describes
changes in the rate of failure depending on age. Therefore, we

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

The developed methods of (a) are applied on data from Halm-
stad Energi och Miljo (HEM Nit), Oresundskraft, Goteborg
Energy, and Vixjo Energy, four different distribution system
operators in Sweden. The developed methods of (b) are ap-
plied on data from HEM Nit.

Associate Professor
Stawomir Nowaczyk,
Halmstad University

Main supervisor:

Dr. Anita Sant’Anna
Professor Antanas Verikas
Halmstad University

Co-supervisor:

Discussion leader: Niklas Lavesson, Professor

Blekinge Institute of Technology

. . Examiner: Tomas Nordstrém, Professor
propose a method for interpreting the results of goodness-of- o
. . . . Halmstad University
fit measures with confidence intervals, estimated using syn-
thetic data.
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a cable is without installing additional sensors in a power

grid. On September 29, Hassan Nemati will present the

research during his licentiate seminar at Halmstad Uni-

versity.

— My research project is a collaborative work with Halmstad
Energi och Miljé AB (HEM Nib), the electricity distribution
company which operates in and around Halmstad city. The
aim of this project is to reduce the number and duration of
electricity outages at HEM’s electricity grid. We investigate
and implement data mining techniques to discover patterns
in previous outages, and model power cables” lifetime, says
Hassan Nemati.

Hassan Nemati is a doctoral student at the Embedded and
Intelligent Systems Industrial Graduate School (EISIGS) at
Halmstad University. As an EISIGS-student, he works both
at the University and at the industrial research partner — in
this case HEM Nit.

— I spend one day per week at the company but this will prob-
ably be increased in the future. This collaborative work is very
efficient for my research since I get the chance to meet and
discuss with experts at the company regularly, says Hassan
Nemati.

The method is spreading to other Swedish power
companies

When we met Hassan the project team was having a monthly
meeting in a modern office building at HEM. Advisors from
HEM, and supervisors from Halmstad University were gath-
ered to see the latest results in Hassan Nemati’s research. On
September 29, Hassan Nemati will present his licentiate the-
sis which is based on the research that he started in 2014.

In his licentiate thesis “Data-Driven Methods for Reliability
of Power Cables in Smart Distribution Grids”, historical data
is used for failure pattern discovery and reliability of power
cables. The method he proposed for failure pattern discovery
got attention from other electricity distribution companies in
Sweden such as Oresundskraft, Géteborg Energy, and Vixjo
Energy. These companies asked if their data also could be an-
alysed by Hassan and, after receiving the outcomes, the com-
panies claim that the results were very beneficial.

'l
et od to p event failures of cables. According to the meth-

;t Hassan Nemati ha jprog?dg&d fqrr abllr!y:_ '
s currently being evaluated by HEM Nit as a

od, the reliability is estimated based on different factors such
as previous failures, number of cable joint, and geographical
position. The cables are then ranked for prioritising mainte-
nance actions.

Research that will improve services for the cus-
tomers

Alexander Orning and Peter Addicksson, both Electrical
Engineering alumni from Halmstad University, are Hassan’s
supervisors at HEM. They believe that the research collabora-
tion is good for both the company and their customers.

— We could clearly see that this work, now and in the future,
can help us in the maintenance work, says Alexander Orning,
manager and engineer at HEM Nit.

The future work of this project focuses on deviation detec-
tion of power components by using data collected from smart
meters.

— Since 2009 we use smart meters that give us different types
of data, such as power quality, active and reactive power, and
alarms. We receive a huge amount of data and now, through
the collaboration with Halmstad University, we can use it
and try to predict problems before they occur, says Alexander
Orning.

— We have several ongoing collaborations with Halmstad Uni-
versity, using research to increase sustainability and improve
services for our customers. We can’t sit and wait for others to
come up with the innovations that we need. Hopefully we, in
our turn, can spread Hassan’s knowledge, and also give him
all the help he needs to reach great results, says Alexander
(")rning.

Hassan Nemati will continue his research towards a PhD:

— My goal for the coming years is to investigate smart meters’
data. Mining and analysing these data can provide valuable
information which could be used to improve reliability and
increase efficiency.
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Miguel Angel Ortiz and Fabio Mendoza, guest researchers in
+he REMIND project from Universidad de la Costa, Colombia.
Miguel and Fabio worked together with CAISR researchers on

improving models for activity recognition in smart homes and
emotion recognition from EEG signals respectively. The photo is
from the beginning of October, when both of our guest were here
at the same time.
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Predictive Intelligent Maintenance Enabler

The goal of this project is predicting failures in 2 feet of

sterilizers deployed in hospitals all over the world. The char-

acteristics of this problem are general to the field of pre-

dictive maintenance for different application fields. Compa-

nies are interested in predictive maintenance to reduce the

down time of their machines. In general the list of critical

components, whose unexpected breakdowns would result

in stopping the machine, is long. Therefore, the scope of a

predictive maintenance system should be predicting failures

in a big aumber of different components. For several years,

systems such as cars, sterilizers Or industrial equipment

have been equipped with a significant amount of sensors.

Which signals to record is in general not decided based on

the predictive maintenance needs, but on the requirements

of security or controllers among other reasons. The sensors

mounted usually dor’t describe the particular behavior of

the components of interest, but measure physical quantities

that can be influenced by the different behavior of sever-

al components. Predicting what component will fail when

requires historic Jata about the operation of the machines,

but also needs to be linked to the occurrence of failures, so

that we can label the recorded data. In general, companies

have access and store data coming from their machines, but

dor’t necessary have access O the whole history of repairs.

The owner of the machines can decide whether to perform

maintenance and repairs with the official service or any oth-

er unofficial service. The main rescarch goal of this project

is to build a framework that allows predicting all type of
Getinge Disinfection Washer. Photo: Getinge AB

failures that can happen in 2 machine.
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OCULAR

Ocular Biometrics in Unconstrained

Sensing Environments

This is a four-years project financed the Swedish Research
Council. The project is concerned with ocular biometrics in
unconstrained sensing environments. Attention will be paid to
the periocular modality (the part of the face surrounding the
eye), which has shown 2 surprisingly high discrimination abil-
ity, and is the facial-ocular modality requiring the least con-
strained acquisition. One goal is to contribute with methods
for efficient ocular detection and segmentation. This is still 2
challenge, with most works relying on manual image annota-
tion, or on detecting the full face, which may not be reliable

for example under occlusion. We will continue initiated work

CAISR

with symmetry filters, and will explore deep learning algo-
rithms too, which are giving promising results in many com-
puter vision tasks. Low resolution is another limitation. Thus,
another goal will be super—resolution (SR) reconstruction of
ocular images. With few works focused on iris, and none on
periocular, adaptation of the many available SR methods t©
the particularities of ocular images is 2 promising avenue yet to
be explored. Ubiquitous biometrics has emerged as critical not
only in light of current security threats (e.g identifying terrot-
ists in surveillance videos), but also due to the proliferation of
consumer electronics (e.g smartphones) in need of continu-
ous personal authentication for a wide variety of applications.
By our contributions, we expect to be able to handle a wide

range of variations in biometric imaging from these scenarios.
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CAISR Staff

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

lagnemma, Karl

Prof., Doctor
Guest Professor
karl.iagnemma@hh.se

Mobile robots, autonomous vehicles,
motion planning, robot-terrain in-
teraction, entrepreneurship.

Nugent, Chris
Prof., Doctor

Guest Professor
chris.nugent@hh.se

Connected Health, activity recogni-
tion, pervasive and mobile comput-

ing, technology adoption modelling.

Pavel, Misha

Prof., Doctor
Guest Professor

misha.pavel@hh.se

Computational modelling of be-
haviors, technology for future care,
patients’ states inference from unob-
trusive sensors.

Régnvaldsson, Thorsteinn

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

Neural networks, self-organizing
models, predictive maintenance.

Verikas, Antanas

Prof., 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
Jjoint human-machine learning.

Nowaczyk, Stawomir

Docent, Doctor
Associate professor
slawomir.nowaczyk@hh.se

Data Mining, knowledge represen-
tation, joint human-machine learn-
ing, self-organising anomaly detec-
tion, big data.

Soderberg, Bo

Docent, Doctor
Associate professor

bo.soderberg@thep.lu.se

Neural networks, mathematics,
potts spin formalism and optimi-
zation.

Wickstrom, 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.
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Astrand, Bjrn

Docent, Doctor
Associate professor

bjorn.astrand@hh.se

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

Aksoy, Eren Erdal

Doctor
Assistant Professor
eren.aksoy@hh.se

Computer Vision, Cognitive Robo-
tics, Machine Learning, Imitation
Learning, and Autonomous Systems

Alonso-Fernandez,
Fernando
Doctor

Associate professor
fernando.alonso-fernandez@hh.se

Biometrics recognition, image/signal
processing, computer vision, machine

learning and pattern recognition.

Berck, Peter

Doctor
Post doc
peter.berck@hh.se

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

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
analysis.

Cooney, Martin

Doctor
Researcher
martin.cooney@hh.se

Social robotics, recognition, hu-
man-robot interaction, well-being

Dai, Liang
Doctor
Post doc

Signal Processing, System Identifi-
cation

Englund, Cristofer

Doctor
Associate professor
cristofer.englund@hh.se

Machine learning for automat-
ed driving, vehicular behavioral
modeling, connected vehicles, sit-
uation awareness.

Jarpe, Eric
Doctor

Associate professor
eric.jarpe@hh.se

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

Khan, Taha

Doctor
Post doc
taha.khan@hh.se

Computer Vision, image and
signal analysis of human mo-
tion, speech analysis, machine
learning, medical informatics.

Lundgren, Lina

Doctor
Associate professor

lina.lundgren@hh.se

Human motion, biomechanics,

health technology
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Lundstréom, Jens

Doctor
Assistant professor
jens.lundstrom@hh.se

Representation learning, anomaly
detection, intelligent environments,
modelling of human behaviour pat-
terns.

Muhammad, Naveed

Doctor
Post doc
naveed.muhammad@hh.se>

Autonomous robor perception and
navigation

Pashami, Sepideh

Doctor
Assistant professor

sepideh.pashami@hh.se

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

Pirasteh, Parivash

Doctor
Post doc
parivash.pirasteh@hh.se

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

Sant’Anna, Anita

Doctor
Associate professor
anita.santanna@hh.se

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

Ali Hamad, Rebeen

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

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

Andersson, Camilla

M.Sc.
Designer
andersson.camille@gmail.om

Architecture

Ashfaq, Awais

M.Sc.
Doctoral student
awais.ashfaq@hh.se

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

deep learning.

Borjesson, Emma
B.Arts.

Coordinator
emma.borjesson@hh.se

Product development, health tech-
nology, gender studies and norm cri-
tical design.

Calikus, Ece
M.Sc.

Doctoral student

ece.calikus@hh.se

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

Carpatorea, Iulian
Lic. Tech

Doctoral student
iulian.carpatorea@hh.se

Data mining, time series, expert sys-
tems, big data analysis, feature se-
lection, truck drivers classification.

David, Jennifer

M.Sc.
Doctoral student
jennifer.david@hh.se

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

Fan, Yuantao
Lic.Tech

Doctoral student
yuantao.fan@hh.se

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

Farouq, Shiraz
M.Sc.

Doctoral student

shiraz.faroug@hh.se

Machine learning, signal processing.

Hernandez Diaz, Kevin
M.Sec.

Doctoral student
kevin.hernandez-diaz@hh.se

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

Shahbandi Gholami, Saeed

Lic. Tech
Doctoral student

saeed.gholami_shahbandi@hh.se

Machine learning, pattern recogni-
tion, robotics and semantic mapping.

Hertz, Anne-Christine
B.Sc.

Coordinator
anne-christine.hertz@hh.se

Biomechanics, health technology,
e-health, product development

Khandelwal, Siddhartha
M.Sc.

Doctoral student

siddhartha.khandelwal@hh.se

Human motion analysis, wearable
sensors, signal processing and in-
corporating expert knowledge into

modelling.

Munther, Thomas
M.Sc.

Lecturer
thomas.munther@hh.se

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

Nemati, Hassan

Lic. Tech
Doctoral student
hasmas@hh.se

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

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.

Salomonsson, Tommy
M.Sc.

Lecturer
tommy.salomonsson@hh.se

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

Thorner, Roland
M.Sc.

Coordinator

roland.thorner@hh.se

Research support; Internal and ex-
ternal relations, funding, agree-
ments, reports.
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Minelga, J., Héllander, M., Padervinskis, E. (2015). Data
dependent random forest applied to screening for laryngeal
disorders through analysis of sustained phonation: Acoustic
versus contact microphone. Medical Engineering and Phys-
ics, 37(2), 210-218.

2014

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

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

Vaiciukynas, E., Verikas, A., Gelzinis, A., Bacauskiene, M.,
Kons, Z., Satt, A. & Hoory, R. (2014). Fusion of voice signal
information for detection of mild laryngeal pathology. Ap-
plied Soft Computing, 18 (May 2014), 91-103.

2013

Kalsyte, Z. & Verikas, A. (2013). A novel approach to ex-
ploring company’s financial soundness: Investor’s perspective.
Expert systems with applications, 40(13), 5085-5092.

Kalsyte, Z., Verikas, A., Bacauskiene, M. & Gelzinis, A.
(2013). A novel approach to designing an adaptive committee
applied to predicting company’s future performance. Expert
systems with applications, 40(6), 2051-2057.

Lundstrom, J. & Verikas, A. (2013). Assessing print quality
by machine in offset colour printing. Knowledge-Based Sys-

tems, 37, 70-79.

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

Sentis, L., Petersen, J. & Philippsen, R. (2013). Implemen-
tation and stability analysis of prioritized whole-body com-

pliant controllers on a wheeled humanoid robot in uneven
terrains. Autonomous Robots, 35(4), 301-319.

2012

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

Bacauskiene, M., Verikas, A., Gelzinis, A. & Vegiene, A.
(2012). Random forests based monitoring of human larynx
using questionnaire data. Expert systems with applications,

39(5), 5506-5512.
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Englund, C. & Verikas, A. (2012). A novel approach to es-
timate proximity in a random forest: An exploratory study.
Expert systems with applications, 39(17), 13046-13050.

Galbally, J., Alonso-Fernandez, E, Fierrez, J. & Ortega-Gar-
cia, J. (2012). A High Performance Fingerprint Liveness De-
tection Method Based on Quality Related Features. Future
generations computer systems, 28(1), 311-321.

Lidstrom, K., Sjoberg, K., Holmberg, U., Andersson, J., Ber-
gh, E, Bjide, M. & Mak, S. (2012). A modular CACC sys-
tem integration and design. IEEE transactions on intelligent
transportation systems (Print), 13(3), 1050-1061.

Magnenat, S., Philippsen, R. & Mondada, E (2012). Auton-
omous construction using scarce resources in unknown envi-
ronments: Ingredients for an intelligent robotic interaction
with the physical world. Autonomous Robots, 33(4), 476-
485.

Stasiunas, A., Verikas, A., Bacauskiene, M. & Miliauskas, R.
(2012). An adaptive panoramic filter bank as a qualitative
model of the filtering system of the cochlea: The peculiarities
in linear and nonlinear mode. Medical Engineering and Phys-

ics, 34(2), 187-194.

Vaiciukynas, E., Verikas, A., Gelzinis, A., Bacauskiene, M. &
Uloza, V. (2012). Exploring similarity-based classification of
larynx disorders from human voice. Speech Communication,

54(5), 601-610.

Verikas, A., Bacauskiene, M., Gelzinis, A., Vaiciukynas, E. &
Uloza, V. (2012). Questionnaire- versus voice-based screen-

ing for laryngeal disorders. Expert systems with applications,

39(6), 6254-6262.

Verikas, A., Gelzinis, A., Bacauskiene, M., Olenina, 1., Ole-
nin, S. & Vaiciukynas, E. (2012). Automated image analy-
sis- and soft computing-based detection of the invasive dino-
flagellate Prorocentrum minimum (Pavillard) Schiller. Expert
systems with applications, 39(5), 6069-6077.

Verikas, A., Gelzinis, A., Bacauskiene, M., Olenina, 1., Ole-
nin, S. & Vaiciukynas, E. (2012). Phase congruency-based
detection of circular objects applied to analysis of phyto-
plankton images. Pattern Recognition, 45(4), 1659-1670.

49

Annual Report 2017




CONFERENCES WITH FULL-PAPER REVIEW
2017

Alonso-Fernandez, E, Farrugia, R. A. & Bigun, J. (2017).
Improving Very Low-Resolution Iris Identification Via Su-
per-Resolution Reconstruction of Local Patches. In 2017
International Conference of the Biometrics Special In-
terest Group (BIOSIG) (Vol. P-270). Bonn. https://doi.
org/10.23919/BIOSIG.2017.8053512

Alonso-Fernandez, E, Farrugia, R. A. & Bigun, J. (2017).
Iris Super-Resolution Using Iterative Neighbor Embedding.
In 2017 IEEE Conference on Computer Vision and Pat-
tern Recognition Workshops (pp. 655-663). Los Alamitos.
hteps://doi.org/10.1109/CVPRW.2017.94

Alonso-Fernandez, E, Farrugia, R. & Bigun, J. (2017).
Learning-Based Local-Patch Resolution Reconstruction of
Iris Smartphone Images. Presented at the IEEE/IAPR Inter-
national Joint Conference on Biometrics, I[JCB, Denver, Col-
orado, USA, October 1-4, 2017. Retrieved from http://urn.
kb.se/resolve?urn=urn:nbn:se:hh:diva-34687

Alonso-Fernandez, E, Raja, K. B., Busch, C. & Bigun, J.
(2017). Matcher Fusion for Improved Cross-Sensor Smart-
phone Periocular Recognition. Presented at the 2017 25th
European Signal Processing Conference (EUSIPCO 2017),
Kos Island, Greece, August 28 - 2 September, 2017. Retrieved
from http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-34740

Aramrattana, M., Larsson, T., Englund, C., Jansson, J. &
Nibo, A. (2017). Simulation of Cut-In by Manually Driven
Vehicles in Platooning Scenarios. In 2017 IEEE 20th Inter-
national Conference on Intelligent Transportation Systems
(ITSC) (pp. 315-320). Retrieved from http://urn.kb.se/re-

solve?urn=urn:nbn:se:hh:diva-35734

Ashfaq, A. & Adler, J. (2017). A modified fuzzy C means al-
gorithm for shading correction in craniofacial CBCT images.
In CMBEBIH 2017 : Proceedings of the International Con-
ference on Medical and Biological Engineering 2017 (Vol.
62, pp. 531-538). Singapore. https://doi.org/10.1007/978-
981-10-4166-2_81

Bellone, M. & Qutteineh, J. (2017). Extension of Trajecto-
ry Planning in Parameterized Spaces to Articulated Vehicles.
In Proceedings of the 2017 22nd IEEE International Con-
ference on Emerging Technologies and Factory Automation.
Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:h-

h:diva-34852

Bentes, J., Khandelwal, S., Carlsson, H., Kirrman, M.,
Svensson, T. & Wickstrom, N. (2017). Novel System Archi-
tecture for Online Gait Analysis. Presented at the 39th An-
nual International Conference of the IEEE Engineering in
Medicine and Biology Society (EMBC), Jeju Island, South
Korea, July 11-15, 2017. Retrieved from http://urn.kb.se/re-
solve?urn=urn:nbn:se:hh:diva-34302

Bouguelia, M.-R., Pashami, S. & Nowaczyk, S. (2017).
Multi-task Representation Learning. 30th Annual Workshop
of the Swedish Artificial Intelligence Society SAIS. pp. 53-
59. ISBN 978-91-7685-496-9. Linképing University Elec-

tronic Press.

Carpatorea, 1., Nowaczyk, S., Régnvaldsson, T. & Lodin, J.
(2017). Features extracted from APPES to enable the catego-
rization of heavy-duty vehicle drivers. Presented at the Intel-
ligent Systems Conference (IntelliSys 2017), London, United
Kingdom, 7-8 September, 2017. Retrieved from http://urn.
kb.se/resolve?urn=urn:nbn:se:hh:diva-33232

Chen, L. & Englund, C. (2017). Choreographing services
for smart cities: smart traffic demonstration. In Vehic-
ular Technology Conference (VIC Spring), 2017 IEEE
85th. Sydney, Australia. https://doi.org/10.1109/VTC-
Spring.2017.8108625

Cooney, M. & Bigun, J. (2017). PastVision: Exploring ‘See-
ing’ into the Near Past with Thermal Touch Sensing and Ob-
ject Detection — For Robot Monitoring of Medicine Intake by
Dementia Patients (pp. 30-38). Presented at the 30th Annual
Workshop of the Swedish Artificial Intelligence Society SAIS
2017, May 15-16, 2017, Karlskrona, Sweden, Linkdping.
Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:h-

h:diva-35045

David, J. Valencia, R., Philippsen, R., & lagnemma, K.
(2017). Local Path Optimizer for an Autonomous Truck in
a Harbour Scenario. Presented at the 11th Conference on
Field and Service Robotics (FSR), Ziirich, Switzerland, 12-
15 September, 2017. Retrieved from http://urn.kb.se/re-
solve?urn=urn:nbn:se:hh:diva-34850

David, J., Valencia, R., Philippsen, R. & lagnemma, K.
(2017). Trajectory Optimizer for an Autonomous Truck in
Container Terminal. ICRA 2017 Workshop on Robotics and
Vehicular Technologies for Self-driving cars. Retrieved from

htep://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-34754
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David, J., Valencia, R., Philippsen, R., Bosshard, P. & lagnem-
ma, K. (2017). Gradient Based Path Optimization Method
for Autonomous Driving. Presented at the IEEE/RS] Interna-
tional Conference on Intelligent Robots and Systems (IROS),
Vancouver CB, Canada, Sept. 24-28, 2017. Retrieved from
htep://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-34851

Durdn, B., Englund, C., Habobovic, A. & Andersson, J.
(2017). Modeling vehicle behavior with neural dynamics.
In Future Active Safety Technology - Towards zero traffic
accidents. Nara, Japan. Retrieved from http://urn.kb.se/re-
solve?urn=urn:nbn:se:hh:diva-35480

Englund, C., Didoff, ]J. & Wahlstrom, B. (2017). A new
method for ground vehicle access control and situation
awareness : experiences from a real-life implementation at an
airport. Presented at the 24th World Congress on Intelligent
Transportation Systems (ITS WC 2017), 29 October - 2 No-
vember, 2017, Montréal, Canada. Retrieved from http://urn.
kb.se/resolve?urn=urn:nbn:se:hh:diva-35487

Habibovic, A., Andersson, J., Malmsten-Lundgren, V.,
Klingegird, M. & Englund, C. (2017). External vehicle in-
terfaces for communication with other road users. In Auto-
mated Vehicle Symposium. Retrieved from http://urn.kb.se/
resolve?urn=urn:nbn:se:hh:diva-35481

Magnusson, M., Kucner, T. P, Gholami Shahbandi, S., H
Andreasson, H. & Lilienthal, A. ]. (2017) “Semi-Supervised
3D Place Categorisation by Descriptor Clustering”, accepted
for 2017 IEEE/RS] International Conference on Intelligent
Robots and Systems (IROS 2017), Vancouver, Canada, 2017.

Ribeiro, E., Uhl, A., Alonso-Fernandez, E & Farrugia, R. A.
(2017). Exploring Deep Learning Image Super-Resolution for
Iris Recognition. In 2017 25th European Signal Processing
Conference (EUSIPCO 2017) (pp. 2240-2244). Retrieved
from htep://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-34739

Sequeira, A. E, Chen, L., Ferryman, J., Wild, P, Alonso-Fer-
nandez, E, Bigun, ., Raja, K. B., Raghavendra, R., Busch, C.,
Freitas Pereira, T., Marcel, S., Sangeeta Behera, S., Gour, M. &
Kanhangad, V. (2017). Cross-Eyed 2017 : Cross-Spectral Iris/
Periocular Recognition Database and Competition. Present-
ed at the IEEE/IAPR International Joint Conference on Bio-
metrics, IJCB, Denver, Colorado, USA, October 1-4, 2017.
Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:h-

h:diva-34688

Svensson, O., Thelin, S., Byttner, S. & Fan, Y. (2017). Indi-
rect Tire Monitoring System - Machine Learning Approach.
In IOP Conference Series: Materials Science and Engi-
neering (Vol. 252). Bristol. https://doi.org/10.1088/1757-
899X/252/1/012018
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Vaiciukynas, E., Ulicny, M., Pashami, S. & Nowaczyk, S.
(2017). Low-dimensional Multi-task Representation of
Bivariate Histogram Data from Truck On-board Sensors.
KnowME workshop, ECML/PKDD, 2017.

Vaske, C., Weckstén, M. & Jirpe, E. (2017). Velody - a novel
method for music steganography, 3rd International Confer-
ence on Frontiers of Signal Processing (ICFSP 2017), Sep-
tember 6-8, 2017, Paris, France.

2016

Alonso-Fernandez, E, Farrugia, R. & Bigun, J. (2016). Very
Low-Resolution Iris Recognition Via Eigen-Patch Super-Res-
In: 2016 IEEE 8th Interna-
tional Conference on Biometrics Theory, Applications and
Systems (BTAS): . Paper presented at 8th IEEE International
Conference on Biometrics: Theory, Applications, and Sys-
tems, Niagara Falls, Buffalo, USA, September 6-9, 2016.

olution and Matcher Fusion.

Alonso-Fernandez, F, Mikaelyan, A. & Bigun, J. (2016).
Compact Multi-scale Periocular Recognition Using SAFE
Feature. In: : . Paper presented at 23rd International Con-
ference on Pattern Recognition, ICPR, Cancin, Mexico, 4-8

December, 2016.

Carpatorea, I., Nowaczyk, S., Régnvaldsson, T., Elmer, M. &
Lodin, J. (2016). Learning of aggregate features for compar-
ing drivers based on naturalistic data. In: Proceedings: 2016
IEEE 14th International Conference on Machine Learning
and Applications, ICMLA 2016. Paper presented at IEEE
15th International Conference on Machine Learning and
Applications, ICMLA 2016, Anaheim, United States, 8 — 11
December 2016.

David, J., Valencia, R. & Iagnemma, K. (2016). Task Assign-
ment and Trajectory Planning in Dynamic environments for
Multiple Vehicles. In:: . Paper presented at RSS 2016 Work-
shop on Task and Motion Planning, Ann Arbor, Michigan,
USA, June 19, 2016.

Fan, Y., Nowaczyk, S., Rognvaldsson, T. & Antonelo, E. A.
(2016). Predicting Air Compressor Failures with Echo State
Networks. In: Ioana Eballard, Anibal Bregon (Ed.), PHME
2016: Proceedings of the Third European Conference of the
Prognostics and Health Management Society 2016. Paper
presented at Third European Conference of the Prognostics
and Health Management Society 2016, Bilbao, Spain, 5-8
July, 2016 (pp. 568-578). PHM Society.
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Gangwar, A,, Joshi, A., Singh, A., Alonso-Fernandez, F. & Bi-
gun, J. (2016). IrisSeg: A Fast and Robust Iris Segmentation
Framework for Non-Ideal Iris Images. In: : . Paper presented

at 9th IAPR International Conference on Biometrics, Halm-
stad, Sweden, June 13-16, 2016.

Gonzalez, R., Byttner, S. & lagnemma, K. (2016). Compar-
ison of Machine Learning Approaches for Soil Embedding
Detection of Planetary Exploration Rovers. In: Proceedings
of the 8th ISTVS Americas Conference, Detroit, September
12-14, 2016.: . Paper presented at International Conference
of the ISTVS (International Society for Terrain-Vehicle Sys-
tems), Detroit, Michigan, USA, 12-14 September, 2016.

Helldin, T., Riveiro, M., Pashami, S., Falkman, G., Byttner,
S. & Slawomir, N. (2016). Supporting Analytical Reasoning:
A Study from the Automotive Industry. In: Sakae Yamamoto
(Ed.), Human Interface and the Management of Information:
Applications and Services: 18th International Conference,
HCI International 2016: Toronto, Canada, July 17-22, 2016.
Proceedings, Part II. Paper presented at 18th International
Conference, HCI International 2016, Toronto, Canada, July
17-22, 2016 (pp. 20-31). Cham: Springer, 9735.

Lundstrém, J., De Morais, W., Menezes, M., Anita Sant’An-
na, A., Bentes, J., Synnott, J., Nugent, C., & Gabrielli, C.
(2016) Halmstad Intelligent Home - Capabilities and Op-
portunities. In: The 3rd EAI International Conference on IoT
Technologies for HealthCare, October 18-19, 2016, Visteras,
Sweden. Volume 187 of the series Lecture Notes of the Insti-
tute for Computer Sciences, Social Informatics and Telecom-
munications Engineering, 9-15.

Mair, J., Cleland, I., Nugent, C., Rafferty, ]J. & Sant’Anna,
A. (2016) Sensorized Workplaces for Monitoring Sedentary
Behavior. In: 38th Annual International Conference of the
IEEE Engineering in Medicine and Biology Society, August
17-20, 2016, Walt Disney World Resort, Orlando, FL, USA,
2016, 1-6.

Mashad Nemati, H., Gholami Shahbandi, S. & Astrand, B.
(2016). Human Tracking in Occlusion based on Reappear-
ance Event Estimation. In: Oleg Gusikhin, Dimitri Peaucelle
& Kurosh Madani (Ed.), ICINCO 2016: 13th International
Conference on Informatics in Control, Automation and Ro-
botics: Proceedings, Volume 2. Paper presented at 13th Inter-
national Conference on Informatics in Control, Automation
and Robotics, Lisbon, Portugal, 29-31 July, 2016 (pp. 505-
511). SCITEPRESS, 2.

Mashad Nemati, H., Sant’Anna, A. & Nowaczyk, S. (2016).
Bayesian Network Representation of Meaningful Patterns in
Electricity Distribution Grids. In: 2016 IEEE Internation-
al Energy Conference (ENERGYCON): . Paper presented
at 2016 IEEE International Energy Conference (ENERGY-
CON), 4-8 April, Leuven, Belgium, 4-8 april, 2016.

Nugent, C., Synnott, J., Gabrielli, C., Zhang, S., Espinilla,
M., Calzada, A., Lundstrom, J., Cleland, L., Synnes, K., Hall-
berg, J., Spinsante, S., & Ortiz, M. A. (2016) Improving the
quality of user generated data sets for activity recognition In:
10th International Conference on Ubiquitous Computing
and Ambient Intelligence UCAmI 2016, (IWAAL & Aml-
HEALTH included), Canary Islands, (Spain). November, 29
- December 2, 2016. Lecture Notes in Computer Science,
Volume 10070, 104-110.

Sequeira, A. E, Chen, L., Wild, P, Ferryman, J., Alon-
so-Fernandez, E, Bigun, J., Busch, C. (2016). Cross-Eyed:
Cross-Spectral Iris/Periocular Recognition Database and
Competition. In: Arslan Bromme, Christoph Busch, Chris-
tian Rathgeb & Andreas Uhl (Ed.), Proceedings of the 15th
International Conference of the Biometrics Special Interest
Group: . Paper presented at 15th International Conference of
the Biometrics Special Interest Group, BIOSIG, Darmstads,
Germany, 21-23 September, 2016.

Synnott, J., Nugent, C. D., Zhang, S., Calzada, A., Cleland,
I., Espinilla, M., Javier, M. & Lundstrom, J. (2016) Envi-
ronment Simulation for the Promotion of the Open Data
Initiative. In: 2016 IEEE International Conference on Smart
Computing, May 18-20, 2016, St. Louis, Missouri, USA,
2016, 1-6.

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

Uli¢ny, M., Lundstrom, J. & Byttner, S. (2016). Robustness
of Deep Convolutional Neural Networks for Image Recogni-
tion. In: Anabel Martin-Gonzalez, Victor Uc-Cetina (Ed.),
Intelligent Computing Systems: First International Sympo-
sium, ISICS 2016, Mérida, México, March 16-18, 2016, Pro-
ceedings. Paper presented at First International Symposium,
ISICS 2016, Mérida, México, March 16-18 2016 (pp. 16-
30). Cham: Springer, 597.

Yu, T., Edén, J., Englund, C. & Larsson, T. (2016). Traffic
Situation Estimator for Adaptive Cruise Control. In: 2016
IEEE 17th International Symposium on A World of Wireless,
Mobile and Multimedia Networks (WoWMoM): . Paper pre-
sented at 17th WoWMoM 2016, International Symposium
on a World of Wireless, Mobile and Multimedia Networks,
Coimbra, Portugal, 21-24 June, 2016. Piscataway, NJ: IEEE,
Article ID 7523567.
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2015

Alonso-Fernandez, E, Farrugia, R. A. & Bigun, J. (2015).
Eigen-Patch Iris Super-Resolution For Iris Recognition Im-
provement. In: 23rd European Signal Processing Conference
(EUSIPCO): Paper presented at 23rd European Signal Pro-
cessing Conference, EUSIPCO, Nice, France, 31 August—4
September, 2015 (pp. 76-80).

Alonso-Fernandez, E, Farrugia, R. A. & Bigun, J. (2015). Re-
construction of Smartphone Images for Low Resolution Iris
Recognition. In: : . Paper presented at 7th IEEE Internation-
al Workshop on Information Forensics and Security, WIES,
Rome, Italy, 16-19 November, 2015.

Alonso-Fernandez, E, Mikaelyan, A. & Bigun, J. (2015).
Comparison and Fusion of Muldple Iris and Periocular
Matchers Using Near-Infrared and Visible Images. In: 3rd
International Workshop on Biometrics and Forensics, [IWBF
2015: Paper presented at 3rd International Workshop on
Biometrics and Forensics, IWBF 2015, Gjevik, Norway, 3-4
March, 2015 (pp. Article number: 7110234). Piscataway, NJ:
IEEE Press.

Aramrattana, M., Larsson, T., Jansson, J. & Englund, C.
(2015). Dimensions of Cooperative Driving, ITS and Auto-
mation. In: 2015 IEEE Intelligent Vehicles Symposium (IV):
Paper presented at 2015 IEEE Intelligent Vehicles Sympo-
sium, Seoul, South Korea, June 28 - July 1, 2015 (pp. 144-
149). Piscataway, NJ: IEEE Press.

Cooney, M. & Karlsson, S. M. (2015). Impressions of
Size-Changing in a Companion Robot. In: Hugo Pldcido
da Silva, Pierre Chauvet, Andreas Holzinger, Stephen Fair-
clough & Dennis Majoe (Ed.), PhyCS 2015 — 2nd Interna-
tional Conference on Physiological Computing Systems, Pro-
ceedings: Paper presented at 2nd International Conference
on Physiological Computing Systems, PhyCS 2015, ESEO,
Angers, Loire Valley, France, 11-13 February, 2015 (pp. 118-
123). SciTePress.

Gholami Shahbandi, S., Astrand, B. & Philippsen, R. (2015).
Semi-Supervised Semantic Labeling of Adaptive Cell Decom-
position Maps in Well-Structured Environments. In: 2015
European Conference on Mobile Robots (ECMR): Paper pre-
sented at 7th European Conference on Mobile Robots 2015,
Lincoln, United Kingdom, 2-4 September, 2015. Piscataway,
NJ: IEEE Press.
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Gottschlich, C., Mikaelyan, A., Olsen, M. A., Bigun, J. &
Busch, C. (2015). Improving Fingerprint Alteration Detec-
tion. In: Sven Londari¢, Dick Lerski, Hannu Eskola, Robert
Bregovi¢ (Ed.), 2015 9th International Symposium on Image
and Signal Processing and Analysis (ISPA): Paper presented at
9th International Symposium on Image and Signal Process-
ing and Analysis, Zagreb, Croatia, September 7-9, 2015 (pp.
83-86). Zagreb: University of Zagreb.

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

Lundstrém, J., Ourique de Morais, W. & Cooney, M. (2015).
A Holistic Smart Home Demonstrator for Anomaly Detec-
tion and Response. In: 2015 IEEE International Conference
on Pervasive Computing and Communication Workshops
(PerCom Workshops): Paper presented at SmartE: Closing
the Loop — The 2nd IEEE PerCom Workshop on Smart En-
vironments, St. Louis, Missouri, USA, March 23-27, 2015
(pp- 330-335). Piscataway, NJ: IEEE Press.

Lundstrom, J., Synnot, J., Jirpe, E. & Nugent, C. (2015).
Smart Home Simulation using Avatar Control and Probabi-
listic Sampling. In: 2015 IEEE International Conference on
Pervasive Computing and Communication Workshops (Per-
Com Workshops): Paper presented at SmartE: Closing the
Loop — The 2nd IEEE PerCom Workshop on Smart Envi-
ronments, St. Louis, Missouri, USA, March 23-27, 2015 (pp.
336-341). Piscataway, NJ: IEEE Press.

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

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

Taha, W., Duracz, A., Zeng, Y., Atkinson, K., Bartha, E A,
Brauner, P, Grante, C. (2015). Acumen: An Open-source
Testbed for Cyber-Physical Systems Research. In: Proceed-
ings of EAI International Conference on CYber physiCal
systems, 1Ot and sensors Networks: Paper presented at EAI
International Conference on CYber physiCal systems, iOt
and sensors Networks (CYCLONE ’15), Rome, Italy, Octo-
ber 26, 2015.
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Vaiciukynas, E., Verikas, A., Gelzinis, A., Bacauskiene, M.,
Minelga, ]J., Héllander, M., Uloza, V. (2015). Towards Voice
and Query Data-based Non-invasive Screening for Laryngeal
Disorders. In: Nikos E. Mastorakis & Imre J. Rudas (Ed.),
Proceedings of the 14th International Conference on Arti-
ficial Intelligence, Knowledge Engineering and Data Bases
(AIKED °‘15): Tenerife, Canary Islands, Spain, January 10
-12, 2015, (pp. 32- 39), Athens: WSEAS Press.

Weman Josefsson, K., Ebbesson, E., Halila, E, Johnson, U.,
Lund, J., Wickstrom, N. & Wirnestil, P. (2015). Application
of self-determination theory in the e-health industry — pro-
moting sustainable exercise motivation. In: Olivier Schmid
& Roland Seiler (Ed.), Proceeding: 14th European Congress
of Sport Psychology: Sport Psychology: Theories and Appli-
cations for Performance, Health and Humanity: 14-19 July
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Pathway. In::. Paper presented at ICRA 2015 Workshop on
Autonomous Industrial Vehicles: From the Laboratory to the
Factory Floor, Seattle, WA, USA, 30 May, 2015.

‘Weman-Josefsson, K. A., Wirnestil, P, Johnson, U., Hali-
la, E & Wickstrom, N. (2013). An interdisciplinary project
plan on Digital Innovations and Self-determined Exercise
Motivation. In: Paper presented at CVHI Research School
“Entrepreneurship and Health”, 2nd Open Seminar, "Entre-
preneurship, Health, and Innovation”, Halmstad University,
Halmstad, Sweden, November 12th, 2013.

BOOK CHAPTERS

Alonso-Fernandez, F., Fierrez, J., Bigun, J. (2015). Quality
Measures in Biometric Systems, in Encyclopedia of Biomet-
rics, (S. Z. Li, A. K. Jain, Eds.), 2nd edition, Springer 2015
(in press), ISBN: 978-3-642-27733-7 (Online).

Alonso-Fernandez, E, Fierrez, J. (2015). Fingerprint Databas-
es and Evaluation, in Encyclopedia of Biometrics, (S. Z. Li, A.
K. Jain, Eds.), 2nd edition, Springer 2015 (in press), ISBN:
978-3-642-27733-7 (Online).

Andreasson, H., Bouguerra, A., Astrand, B. & Rognvaldsson,

T. (2014). Gold-Fish SLAM: An Application of SLAM to Lo-
calize AGVs. In: Yoshida, Kazuya; Tadokoro, Satoshi (Ed.),
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Field and Service Robotics: Results of the 8th International
Conference (pp. 585-598). Heidelberg, Germany: Springer
Berlin/Heidelberg, 92.

Hedenberg, K. and Astrand, B., “3D Sensors on Driverless
Trucks for Detection of Overhanging Objects in the Path-
way,” Autonomous Industrial Vehicles: From the Laboratory
to the Factory Floor, ASTM STP1594, R. Bostelman and E.
Messina, Eds., ASTM International, West Conshohocken,
PA, 2016, pp. 41-56, doi:10.1520/STP1594201500513

Ourique de Morais, W., Lundstrom, J. & Wickstrom, N.
(2013). A Database-Centric Architecture for Home-Based
Health Monitoring. In: Christopher Nugent, Antonio Cor-
onato, José Bravo (Ed.), Ambient Assisted Living and Active
Aging: 5th International Work-Conference, IWAAL 2013,
Carrillo, Costa Rica, December 2-6, 2013, Proceedings (pp.
26-34). Heidelberg, Germany: Springer, 8277.

Sant’Anna, A. & Wickstrom, N. (2013). Symbolic Approach
to Motion Analysis: Framework and Gait Analysis Case Stud-
ies (led.). In: Fei Hu (Ed.), Telehealthcare Computing and
Engineering: Principles and Design (pp. 561-606). Boca Ra-
ton: CRC Press.

SantAnna, A., Wickstrom, N., Eklund, H., Ziigner, R. &
Tranberg, R. (2013). Assessment of Gait Symmetry and Gait
Normality Using Inertial Sensors: In-Lab and In-Situ Eval-
uation. In: Joaquim Gabriel et al. (Ed.), Biomedical Engi-
neering Systems and Technologies: 5th International Joint
Conference, BIOSTEC 2012, Vilamoura, Portugal, February
1-4, 2012, Revised Selected Papers (pp. 239-254). Heidel-
berg: Springer Berlin/Heidelberg.
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PATENTS

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.

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

Karlsson, N., Svensson, M., Prytz, R., Nowaczyk, S., Byttner,
S., Régnvaldsson, T. (2013). A method for monitoring the
operation of a sensor. Patent application number PCT/
EP2013/002983.

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).

PhD Theses

Miihlfellner, P. (2015). Lifelong visual localization for auto-
mated vehicles. Doctoral dissertation. Halmstad University
Press.

Mikaelyan, A. (2015). Compact orientation and frequency
estimation with applications in biometrics: Biometrics on the
orientation express. Doctoral dissertation. Halmstad Univer-
sity Press.

Ourique de Morais, W. (2015). Architecting Smart Home
Environments for Healthcare: A Database-Centric Approach.
Doctoral dissertation. Halmstad: Halmstad University Press.

Lundstrom, J. (2014). Situation Awareness in Colour Print-
ing and Beyond. Doctoral dissertation. Halmstad University
Press.

Sant’Anna, A. (2012). A Symbolic Approach to Human Mo-
tion Analysis Using Inertial Sensors: Framework and Gait
Analysis Study. Doctoral dissertation. Halmstad University
Press.

Licentiate theses

Mashad Nemati, H. (2017). Data-Driven Methods for Re-
liability Evaluation of Power Cables in Smart Distribution
Grids. Halmstad University Press.

Carpatorea, 1. (2017). Methods to quantify and qualify truck
driver performance. Halmstad University Press.

Fan, Y. (2016). A Self-Organized Fault Detection Method for
Vehicle Fleets. Licentiate dissertation. Halmstad University
Press.

Gholami Shahbandi, S. (2016). Semantic Mapping in Ware-
houses. Licentiate dissertation. Halmstad University Press.

Hedenberg, K. (2014). Obstacle Detection for Driverless
Trucks in Industrial Environments. Licentiate dissertation.

Halmstad University Press.

Prytz, R. (2014). Machine learning methods for vehicle pre-
dictive maintenance using off-board and on-board data. Li-
centiate dissertation. Halmstad University Press.

Lundstrém, J. (2012). Understanding Offset Print Quality:
A Computational Intelligence-based Approach. Studies from
the School of Science and Technology 26, Orebro University.
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Thanks to:

Our main funder

The Knowledge Foundation

Our Industrial partners in CAISR:

Fotonic AB
Kollmorgen Automation AB
NEAT Electronics AB
Swedish Adrenaline AB
Tappa Service AB
Toyota Material Handling Europe AB
Volvo Technology AB/ Volvo Group Trucks Technology
Volvo Bus Corporation

And partners in projects supported with other funding than the Knowledge
Foundation CAISR funding:

Affecto Sweden AB
Alfa Laval AB
EasyServ Sweden AB
Fysiotest Europa AB
Getinge AB
Halmstad municipality
HEM - Halmstad Energi och Miljo AB
HMS Industrial Networks AB
HotSwap Norden AB
Region Halland
SWATAB
Sydpumpen AB
Oresundskraft AB
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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. The center also has an emphasis on cooperating systems, in line
with the research focus for the larger EIS environment. Several industrial part-
ners are collaborating with researchers from the University in joint projects,
and take an active part in the development of CAISR. The key application areas
that the center does research in are intelligent vehicles and health technol-
ogy. The industrial partners include multinational companies as well as re-
search-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.

Visiting Address: Kristian |V:s vag 3
P O Box 823, SE 301 18 Halmstad
Telephone: +46 35 167100

E-mail: registrator@hh.se

HALMSTAD
UNIVERSITY www.hh.se

Halmstad University, School of Information Technology, March 2018



