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Introduction

CAISR Research Focus

The scientific focus for the Center for Applied Intelligent Sys-
tems Research (CAISR) is “aware” intelligent systems: human
aware, situation aware, and self-aware. Aware intelligent sys-
tems will become even more important in the “ubiquitous fu-
ture” with data, sensors and embedded computers everywhere.
Also, aware intelligent systems will be ubiquitous in applica-
tions in health care and vehicles.

Awareness themes

Human aware systems know where humans are, what the hu-
mans are doing, and can possibly find out what the humans
want. They can plan their actions in relation to humans. They
can establish a communication between a human and them-
selves by sensing the human’s physiological (face, length of body
parts, iris, fingerprint, etc.) and behavioral properties (speech,
lip-motion, articulation, gait, etc.) for various purposes, in-
cluding but not restricted to identity, presence, and message
recognition. An example of a human aware system is a trans-
port vehicle that is aware of people around it, e.g. when making
turns in the traffic or approaching zebra crossings. Where are
the people? Where are they going? What are their intentions?
This system could consist in sensors and software on-board the
vehicle, possibly interacting with infrastructure hardware and
sensors. Similar questions arise in material handling in indus-
tries with semi-autonomous or autonomous trucks.

Situation awareness is about having a “big-picture” and not just
g g

a few sensor readings. A situation aware system can react to an
otherwise normal sensor reading or event if it happens concur-

i
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Thorsteinn Rognvaldsson
Director of CAISR

rently with something else that is not supposed to happen. It
could be an intelligent network of sensors installed in elderly
living quarters, or in the clothes worn, that can help prevent-
ing an unwanted event in a friendly manner. The system can
alarm when the movement or activity pattern for the elderly
deviates from the person’s normal activity pattern and/or when
it deviates significantly from other people living under similar
circumstances.

A self-aware system can be a self-monitoring system; a system
that is able to learn and describe what it does and tell when
things go wrong. Systems that operate for a long time, work
in remote areas or are mobile, that are expected to do “life-
long learning” and are likely to encounter new unforeseen need
some self-awareness. A self-monitoring system has a model
(possibly built by itself) of its own operation. It can evaluate
its own operation and notify someone else when operation is
not “normal”. A self-explaining system can at least partially di-
agnose itself and assist the human operator, and explain to the
human operator why it came to its conclusions.

The center builds around our research groups in three scientific
areas: Signal Analysis, Mechatronics and Machine Learning.
The industrial partners come from two application areas: intel-
ligent vehicles and health care technology.

Scientific areas

Signal analysis is the extraction of meaningful information
from signals. This is often digital images but it can also be sig-
nals from other sensor modalities (sound, lasers, radars, accel-
erometers, etc.). The purpose can, e.g., be to identify an object
or a person, understand what a person is doing, evaluate how
she/he is doing it, or localize an object or a person in an envi-
ronment.

Mechatronics is the joint disciplinary subject in the intersec-
tion between machine engineering, electronics, computer and
systems engineering. Mechatronics includes, e.g., control theo-
ry, computer science, signal processing and sensor technology.
Today’s vehicles and robots are excellent examples of modern
complex mechatronic systems.

Machine learning is about designing algorithms that can be
used to make machines (computers) develop knowledge (learn)
from empirical observation from, e.g., sensors and data bases,
and from interaction with humans. Key parts in machine learn-
ing are the analysis and recognition of patterns and how “intel-
ligent” decisions can be made from this.
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Application areas

Aware systems will be important in many application fields in
the future society, not least production industry. We have in
CAISR chosen to focus on two application areas: intelligent ve-
hicles and health care technology. Both these application areas
have long term societal importance.

Health care technology. The coming EU Horizon 2020 frame-
work program points to the health of the elderly, and a growing
elderly population, as one of the major societal challenges for
Europe in the years to come. Information and communication
technologies (ICT) are considered as one of the key technolo-
gies to meet this challenge, e.g. through social (aware) robots
and smarter environments that support them in their life.
However, ICT and aware systems can also be used to motivate
not so old people to live a healthier and more active life, so that
their life quality later is improved. Technology development in
this sector will undoubtedly create new business opportunities.

Intelligent vehicles. The prosperity of a society is closely
linked to transportation. More efficient and safer transporta-
tion and logistics opens up new opportunities for trade and
business. Easy and reliable transportation means opportunities
for people to work and live a rewarding life. Smarter cars means
new opportunities for older people and persons with disabili-
ties to have a mobile life. It is no exaggeration that ICT is a key
technology to achieve this.

CAISR Research Focus in the Halmstad University

context

Halmstad University has identified Information Technology as
one of three pillars on which to build its future research and
advanced education. The Halmstad Embedded and Intelligent
Systems (EIS) research environment, of which CAISR is part,
constitutes about 40% of the total research (in terms of research
funding) at Halmstad University. CAISR is one of two research
profiles within EIS, making out about 1/3 of EIS, the other
being CERES (Center for Research on Embedded Systems).

Halmstad University has, since 2010, the right to award doc-
toral degrees within Information Technology. This doctoral
education is conducted within EIS and the researchers in
CAISR are supervising the doctoral education in Signals and
Systems Engineering, which is one of the two subjects currently
offered within Information Technology. A substantial fraction
of the doctoral students in CAISR are industrial doctoral stu-
dents (see presentations later in this report).

CAISR Management during and industry 2012

CAISR is managed by a project manager who is appointed by
the university. An Academic management team is supporting
the project manager. The partners in the CAISR project have
agreed on creating a Reference Group with representatives from
national and international research and industry organizations.
The partners have further decided to create an Industrial ad-
visory board (IAB), consisting of representatives from each in-
dustrial partner. Beside this organization, shall each individual
research project appoint a steering group. The different roles for
staff and groups are described in the agreements signed by the
university as well as the industrial partners.

Academic management group
Thorsteinn Rognvaldsson, Professor computer science

Director of CAISR

Antanas Verikas, Professor pattern recognition

Vice Director of CAISR

Josef Bigun, Professor signal analysis
Magnus Hillander, Project manager Health Technology
Centre Halland

Thorsteinn
Rognvaldsson

Antanas
Verikas

Magnus

Bigun Hallander
Industrial advisory board
Industrial partners Representatives*
Free2move AB Per-Arne Wiberg
Kollmorgen Sird Jonas Rahm (chairman)
NEAT Electronics AB Lars Nystrom
Optronic AB Emil Hillstig
Redsense Medical AB Patrik Byhmer
Tappa Service AB David Johansson
Toyota Material Handling Henrik Eriksson

Europe AB

Volvo Group Advanced
Technology & Research

* The representatives above
Industrial advisory board

Jonas Rahm
chairman of IAB
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Industrial partners

The CAISR research environment consists of Halmstad University and eight companies, which together have signed an agreement

on cooperating in several research projects and in different settings. The companies are presented below and how they express their

own aims for being a partner in the project.

Free2move AB, Halmstad

Free2move is a company with its roots in Halmstad Uni-
versity. It is natural and important to have proximity to the
University, not only in corporate marketing when many
talented persons are educated and gathered in the higher
education community, and these are of interest to industry.
Future potential employees from the university, also bring
innovation to the industry. To create interfaces with other
companies is a positive factor for a small organization like
ours. Participating in several projects together with others,
always provides perspective on our own.
http:/[www.free2move.se

Kollmorgen Siro AB

Kollmorgenss AGV control solution shall be known as the
defacto standard with AGV. It shall be cost efficient, high
performing, easy to use and integrate in standard lift trucks.
This project shall aim to reduce the amount of time it takes
to install an AGV system with a factor at two.
http://www.danahermotion.com

Optronic AB

Optronic is a leading service provider in the field of op-
toelectronics, with a focus on integrated development and
manufacturing. We want to provide the project with a sen-
sor system for automatic inventory and mapping of stock,
thereby developing a custom sensor to obtain this purpose
and to obtain knowledge about this type of applications.
http://www.optronic.se

Neat Electronic

The next generation of home care systems will have more
sensors and more mobile sensors (sensors that the person
wears) and the possibilities for fusing the information from
several sources into a more comprehensive picture of the
person’s health status will be improved. Competence de-
velopment of own staff, but also access to a wider compe-
tence base within the project. National and international
networking.

http://www.neatelectronics.se

Redsense Medical AB

Redsense Medical is interested in how our products can
meet the continuously increasing demands on robustness
and fault detection/handling mechanisms for medical de-
vices. In particularly signal analysis and statistical methods
for evaluation and risk analysis are important. Competence
development of our own staff. The close collaboration with
different scientific competencies gives additional values to
our company.

http://www.redsensemedical.com

Tappa Service AB

The goal of the project is to make use of medical evidence
for health promotion with the opportunities presented by
technical research in the motion analysis field. This allows
Tappa to offer new services that build business advantages
over the competitors in the field. One additional important
aspect of the collaboration is to increase the competence of
our own staff.

http://tappa.se

Toyota Material Handling Europe AB

Toyota Material Handling Europe is active in the AGV mar-
ket and supplying a wide range of machines that manages
inventory shipments without drivers, reducing customer
costs significantly. The need is to develop new technologies
in sensors and installation area to create safer solutions and
reduce project times. Furthermore, we want to develop sys-
tems for goods identification and inventory in order to offer
customers increased productivity and efficiency at a reduced
cost.

htep://www.toyota-forklifts.eu/

Volvo Group Advanced Technology & Research

Embedded and intelligent systems are and will be very im-
portant for automotive development. VTEC aims at being
at the forefront in these fields and it is strategically impor-
tant to cooperate with focused academic research groups in

these fields.

htep:/fwww.volvogroup.com
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CAISR Reference Group

Christer Fernstrom, has a PhD in
computer engineering / computer
design from Lund University. He
is director at Fernstrom et Associ-
ates but worked previously at Xerox
Labs, as manager for strategy and
planning and research area manager.
He has also worked for Capgemini.
He was chairman for the reference
group for CERES, Halmstad Uni-
versity’s first Knowledge Foundation

funded profile.

Misha Pavel, is Program Director
for the (US) National Science Foun-
dation program Smart Health and
Wellbeing. He is also professor in the
Department of Medical Informatics
and Clinical Epidemiology, at Or-
egon Health and Science University
(OHSU). Previously, he was a chair
of the Department of Biomedical
Engineering and the Director of the
Point of Care Laboratory at OHSU.
His current research is focused on
technology that enables transforma-
tion of healthcare to be proactive,
distributed and
patient-centered. He has a Masters
degree from Stanford University and
a PhD from New York University.

evidence-based,

Charlotta Falvin, has a Master of
Science in Business and Economics
from Lund University. She is known
as an excellent business developer,
company manager and creator of
cooperation between academy and
industry. She was awarded an hon-
orary doctorate from the Faculty of
Engineering at Lund University in
2011. She is currently Chairman of
the board for MultiQ International
AB, and board member at e.g. Doro
AB, Chamber of Commerce and
Industry of Southern Sweden and
Axis Communications. She has pre-
viously been Chairman of the board
for Teknopol AB, board member at
Anoto and CEO for TAT (The As-
tonishing Tribe).

Christer Fernstrom

Misha Pavel

LF

A

Charlotta Falvin
Photo: Axis

Lars Niklasson, is pro vice chan-
cellor for University of Skévde. He
is professor in computer science
and managed the establishment of
a Knowledge Foundation funded
research platform for “learning sys-
tems”, which later developed into
the Information Fusion KK-profile
at Skévde University. He has super-
vised several PhD students as well as
organized and co-organized many
scientific conferences. He has been
on the executive board for Gothia
Science Park in Skovde.

Lisa Amini, is a Distinguished
Engineer and the first Director of
IBM Research Ireland, located on
the IBM Technology Campus in
Dublin, Ireland. The mission of the
Dublin Research Lab is Smarter Cit-
ies, Exascale Computing, Hybrid
Systems, and Risk Analytics. Previ-
ously, Lisa was Senior Manager of
the Exploratory Stream Process-
ing Research Group at the IBM TJ
Watson Research Center, where she
worked for 14 years. She was the
founding Chief Architect for IBM’s
InfoSphere Streams product. She re-
ceived her PhD degree in Computer
Science from Columbia University.

Bertil Svensson, leads the Centre
for Research on Embedded Systems
(CERES) at Halmstad University,
as well as the Foundation Research
Centre (KK-miljs) “Research for In-
novation” at the same university. He
is professor of Computer Systems
Engineering at Halmstad University
since 1998 and at Chalmers Univer-
sity of Technology since 1991.

He earned his Master’s and PhD de-
grees from Lund University. He was
a member of the Scientific Council
for natural and engineering sciences
in the Swedish Research Council
2004 - 2009. He has authored or co-
authored about 90 scientific papers
in journals and full-paper reviewed
international conferences and con-
tributed to seven books. His research
interests are mainly in embedded
systems, parallel and reconfigurable
computer architecture, as well as in
intelligent systems.
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Statement from CAISR Reference Group

The CAISR Reference Group is of the opinion that the over-
all goals of CAISR are well expressed in the activity plan and
appreciates that both qualitative and quantitative goals have
been formulated. Given the global aim of CAISR to establish a
research focus based on the existing research in signal analysis,
machine learning and mechatronics, the overall research envi-
ronment appears to be appropriately staffed with a sufficient
mix of competences, at various academic levels, to establish a
clear and common research direction and to achieve a scientific
impact. However, given the focus towards situation awareness,
additional competences in higher level reasoning and planning
could be of interest, to enhance statistical efliciency for predic-
tion and impact assessment. The self-aware aspect, could be
extended with competences in sensor management, to cope
with situations when the data are sparse or data quality is low.

One of the strengths and opportunities of CAISR is the access
to competences outside CAISR, within the larger context of
research at Halmstad University. CAISR operates within EIS
— “Embedded and Intelligent Systems”, which is a research col-
laboration across different labs at the University - and has col-
laborations with CERES (the Centre for Research on Embed-
ded Systems) and with HCH (the Health Technology Centre).
We advise the CAISR team to take advantage of such interdis-
ciplinary collaboration whenever suitable.

The research environment appears to have strong and long-last-
ing collaboration with industry, both with large companies and
with SMEs, to support the long-term vision of conducting
industrially relevant research within the chosen research di-
rection. Never the less, the expected industrial value should
be better articulated (with the help of the industry partners).
Knowledge transfer to the industry partners is a key success
factor for CAISR and one suggestion to further support such
knowledge transfer between the research environment and the
participating companies could be to use industrial PhDs to a
higher degree than suggested in the activity plan. This would

also increase the potential for future collaboration.

The Reference Group has had the opportunity to meet with
representatives from the industrial partners to obtain their
views and motivations for CAISR. This includes aspects from
long-term research on topics the industry partners do not have
the capacity to address (for example data fusion) to the oppor-
tunity provided by CAISR to work with application domain
specialists and potential users (for example through the Health
Technology Centre), or to be a door opener for working with
top-level research partners on an international level.

Funding and goals for 2012

We had set a number of goals for 2012, of which we achieved
some and fell short of some.

We had planned to reach a gross research turnover of about
16 million Swedish kronor (SEK) at the university (i.e. not
counting the company in-kind contributions). We reached
15.6 million. The economy is summarized in the figure below.
The company contribution ended up to be larger than we had

CAISR Annual Report 2012

Industry (Contribution

planned for 2012. We planned to have a significant contri-
bution of research grants from the Swedish Research Council
(Vetenskapsridet, VR) and the EU seventh framework pro-
gram (FP7). About one third of our external research grants
came from VR and the EU FP7.

We had planned to publish 12 scientific Journal papers and
12 conference papers. We published 8 Journal papers and 13
conference papers. We planned to have 8-9 active PhD stu-
dents within CAISR by the end of 2012. We reached 10. We
planned to have two PhD dissertations during 2012. We had
one. We planned that our PhD students should have the possi-
bility to have a longer stay at an international research institu-
tion during their education. One of our PhD students visited
University of Twente for three months. We planned to initiate
an international visitor program where we invite researchers
from international research institutes and where our staff can
visit international research organizations. During 2012 we, to-
gether with CERES, started the Halmstad Colloquium series,
presented later in this report. We invited guests and arranged
for a visiting professorship during 2013. One of our younger
robotics researchers started a three month research visit at Wil-
low Garage in California.

We planned to start four larger projects within CAISR during
2012. We started five but one of them was cancelled during
the second part of 2012 because one of the industrial partners,
Redsense Medical, could not continue with their commitment
from January 1, 2013. Another partner, Division By Zero, will
therefore take their place in CAISR from January 1, 2013. We
planned to hold the first thematic workshop during 2012. We
did not achieve this goal but plan for this during 2013.

All in all, we met almost all of our goals for the first year.

Funder Budget 2012 | Result 2012
(SEK) (SEK)
Knowledge foundation 3903 818 1 802 386
CAISR Industrial partners* 4 608 280 9058 657
Other external funding** 9 000 000 8 873 000
Halmstad University 3482167 4 459 421
Sum 20994265 | 24193 464

* Both cash and in-kind contribution have been computed us-
ing the standard tariff of 800 SEK per hour (the actual com-
pany costs are sometimes larger than this and sometimes less).
**VR, EU, Vinnova, companies et cetera

Knowledge

Foundation (other)_\ Promobilia

in cash) VINNOVA

Halmstad University

Knowledge

Region Halland



CAISR Personnel

Bigun, Josef

Prof., Ph. D.

Nilsson, Kenneth

Professor signal analysis

Dr

Josef.Bigun@hh.se

Senior lecturer

Kenneth.Nilsson@hh.se

Régnvaldsson, Thorsteinn

Byttner, Stefan

Prof., Ph. D.

Dr

Professor computer science

Director of CAISR

Assistant senior lecturer

Thorsteinn.Rognvaldsson@hh.se

Stefan.Byttner@hh.se

Verikas, Antanas

Philippsen, Roland

Prof., Ph. D.

Dr

Professor pattern recognition
Vice Director of CAISR

Assistant senior lecturer

Antanas.Verikas@hh.se

roland.philippsen@hh.se

Holmberg, Ulf

Nowaczyk, Slawomir

Prof., Ph. D.

Dr

Professor automatic control

Assistant senior lecturer

Ulf.Holmberg@hh.se

slawomir.nowaczyk@hh.se

Hallander, Magnus

Dr

Karlsson, Stefan

Dean for the School of IDE

Dr

magnus.hallander@hh.se

Researcher

stefan.karlsson@hh.se

Astrand, Bjorn

Alonso-Fernandez, Fernando

Dr

Dr

Senior lecturer

Researcher

Bjorn.Astrand@hh.se

fernando.alonso-fernandez@hh.se

Wickstrom, Nicholas

Salomonsson, Tommy

Dr

M.Sc.

Senior lecturer

Lecturer

Nicholas. Wickstrom@hh.se

Tommy.Salomonsson@hh.se
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Munther, Thomas

Khandelwal, Siddhartha

M.Sc.

Doctoral student

Lecturer

Ph. D stud., Information technology -
Signals and systems engineering

Thomas.Munther@hh.se

siddhartha.khandelwal@hh.se

Thérner, Roland

Stefan Ericson

M.Sc. Informatics

M.Sc.E.E.

Coordinator

Ph. D. student

roland.thorner@hh.se

stefan.ericson@his.se

Hertz , Anne-Christin

Klas Hedenberg

B.Sc. Biomedical Eng,.

M.Sc.E.E.

Coordinator

Ph. D. student

anne-christine.hertz@hh.se

klas.hedenberg@his.se

Emma Bérjesson

Mikaelyan, Anna

B. Arts. Political science

Doctoral student

Coordinator

Ph. D stud., Information technology -
Signals and systems engineering

emma.borjesson@hh.se

anna.mikaelyan@hh.se

Prytz Andersson, Rune

Lundstrém, Jens

Doctoral student

Doctoral student

Industry-employed doctoral student -
Signals and systems engineering

Ph. D stud., Information technology -
Signals and systems engineering

jens.lundstrom@hh.se

Svensson, Magnus

Petras Razanskas

Doctoral student

Doctoral student

Industry-employed doctoral student

Ph. D stud., Information technology

Muehlfellner, Peter

Shahbandi Gholami, Saeed

Doctoral student

Doctoral student

Industry-employed doctoral student -
Signals and systems engineering

Ph. D stud., Information technology -
Signals and systems engineering

|
-

saced.gholami_shahbandi@hh.se
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CAISR PhD students

L

At Campus Halmstad

Saeed Shahbandi Gholami

I studied Electrical Engineering at
University of Mazandaran in Iran.
Accomplished my BSc studies in
"electronics” and "digital design" by
"implementation of a convolutional
decoder on FPGA". Following my
education I attended a robotic mas-
ter program (ASP) in Ecole Central
de Nantes in France. Participating
in Cart-O-Matic robotic group in
University of Angers (ISTIA), for a
French national competition (defi-
carotte), I graduated by defending
my thesis on "object recognition
with neural network". I joined
CAISR at Halmstad University
in 2012, currently working in the
AIMS project under supervision of
Prof. Verikas and Astrand. My main
interests lie in "Robotic”, "Comput-
er Vision" and "Machine Learning".

J

Jens Lundstrom

After graduating from the master
program in Computer System En-
gineering at Halmstad University
I continued working at full time
building my own business within
the field of system development. The
six years running the business gave
experience in areas such as: project
management, customer care, soft-
ware development, image analysis,
database systems, testing and system
maintenance. It was a natural step
to start pursuing the PhD degree in
the field of Information Technol-
ogy (2009). The studies started with
a project, Predicting Print Qual-
ity (PPQ), focused at assessing and
exploring print quality using data
mining methods. I am now work-
ing with applying machine learning
methods in the area of Health Tech-
nology, a field with many interesting
challenges. Currently, we are explor-
ing how human behaviour models
can be used to improve the elderly
care and the quality of life for the
elderly.

’
Anna Mikaelyan
I have completed my undergraduate
and master studies at the Depart-
ment of Algebra and Discrete Math-
ematics, Southern Federal Univer-
sity, Russia.
Then I followed my education by
taking one year MA course in Fi-
nancial Mathematics at Halmstad
University studying explicit solution
of differential equations in financial
mathematics.
During that period I worked at the
University as a professor assistant.
Currently, I am pursuing PhD
within Marie-Curie European proj-
ect BBfor2 (Bayesian Biometrics for
Forensics). My main part of research
is performed at Halmstad Univer-
sity under the supervision of prof.
Bigun. Here we explore forensic fin-
gerprints and investigate descriptors
for improved fingerprint matching.
Minor research is hold at Twente
university (Holland) supervised by
prof. Veldhuis. There we investigate
influence of facial features on per-
formance of recognition of state-of-

the-art facial matchers.

Siddhartha Khandelwal

I did my B. Tech in Electronics and
Instrumentation at VIT University,
India and graduated in 2009 by de-
fending my Bachelor thesis named
“Developing a path planning al-
gorithm and tracing system for an
autonomous mobile robot par-
ticipating in Eurobot 2009” at TU
Dresden, Germany. For the next 9
months I worked in business devel-
opment at a robotics start-up called
ThinkLabs (II'T Bombay, India) after
which I went on to do my Masters
in Advanced Robotics (EMARO)
with the Erasmus Mundus Catego-
ry-A scholarship. As per the course,
I did my 1st year at WUT, Poland
and 2nd year at ECN, France and
graduated in 2012 by defending my
Master thesis named “Estimation of
the trunk attitude of a humanoid
by data fusion of inertial sensors
and joint encoders”. Then I joined
CAISR at Halmstad University,
Sweden as a PhD and am currently
working on “Human motion analy-
sis for health-care applications”.
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Stefan Ericson - University of Skévde

I received my M.Sc. in Electrical Engineering from University of Skovde in 1999. Then I worked as
an electronics designer of space electronics at Omnisys Instruments AB for three years. After that I
returned to University of Skévde to work as a Lecturer. Recent years I have been working both as the
head of the engineering department and as a PhD student. My studies are in collaboration with CAISR
at Halmstad University, under the supervision of Dr. Astrand and Prof. Régnvaldsson. My research
interest is visual navigation of mobile robots, in particular visual odometry.

Klas Hedenberg - University of Skovde

In 1995, I graduated from University of Skévde with a degree in Electrical Engineering and worked
three years as a system engineer at Saab Military Aircraft in Linkdping conducting tests for hardware
and software. I went on to study for an MSc in Electrical Engineering at the University of Skévde and
graduated there in 1999. Following this, I continued to work as a lecturer in Electrical engineering at
the University of Skdvde. I have been the program director for engineering programs and have taught
in many engineering courses. My research interest is mobile robots in industrial environments and
how computer vision systems can be used for obstacle avoidance. I am currently working on how the
safety standard for driverless trucks corresponds to 3D sensors. I am supervised by Prof Régnvaldsson

and PhD Astrand.

Petras Razanskas - University of Kaunas

I earned my Bachelor of Mathematics degree at Kaunas University of Technology in 2009. My stud-
ies were concentrated around discrete mathematics and signal analysis, with secondary emphasis on
applied statistics and differential equations. My BMath thesis was on machine learning without direct
supervision based on decision correction. I immediately enrolled into the Master of Mathematics stud-
ies at the same university and successfully finished them in 2011. The studies emphasised multivariate
statistical analysis and time series, as well as combinatorial and functional optimisation. My MMath
thesis was on defect detection in textured surfaces using statistical analysis of image features in time-
frequency domain. Currently I am a PhD student enrolled at Kaunas University of Technology under
supervision of prof. Antanas Verikas, and the topic of my research is fatigue detection and evaluation
using analysis of electromyographic signals. This project is done within CAISR.

J

Peter Miihlfellener - Industrial PhD Student Volkswagen Group

I obtained my Master’s degree from Halmstad University, Sweden, and my Diploma Degree from the
Salzburg University of Applied Sciences, Austria, in 2011/2012 respectively. In my Master’s thesis, I
worked on a framework for hardware-based image-feature extraction and classification - prototyped
on an FPGA - in conjunction with Volkswagen AG, Germany. The thesis-work was supported by
Prof. Régnvaldsson and Assoc.-Prof. Astrand at Halmstad University. Currently, I'm an industrial
PhD-Student with Volkswagen Group Research and Halmstad University, where Prof. Régnvaldsson,
alongside Assoc.-Prof. Philippsen, continues to be my supervisor. My research-interests include both
Robotics and Computer Vision, with a focus on Multi-Session Visual SLAM in realistic automated
driving scenarios.

N\

Rune Prytz Andersson - Industrial PhD Student Volvo Group Advanced
Technology & Research

I studied Electrical Engineering atLunds University in Sweden. My studies was concentrated towards
automatic control and real time systems. I graduated with a MSc degree accomplishing “ Memory
Protection in a Real-Time Operating System “. The thesis was awarded with the Bengt-Asker award
for best real-time master thesis. Following that I started working at Volvo Technology Cooperation in
2004. While working I accomplished courses in project management at Chalmers Technical Univer-

) sity. In 2009 I as an Industrial PhD student in cooperation with Volvo and Halmstad University. My
interests are within fleet based predictive maintenance and remote diagnostics.

Magnus Svensson - Industrial PhD student Volvo Group Advanced Technology & Research

I have a MSc in Electrical Engineering from the Royal Institute of Technology in Sweden 2007. I am an industrial PhD student
employed at Volvo, where I am also Uptime Specialist, Advanced Technology and Research. I have worked at Volvo for more
than 10 years. My research topic is deviation detection of on-vehicle systems based on self-organized search for signal relation-
ships. I presented my Licentiate thesis, “Vehicle Monitoring with Anomaly Detection by Embedded Agents”, in 2010 and I plan
to defend my PhD thesis during 2013. At Volvo I have previously developed embedded control software for various applications
in the automotive field, not least on climate control where I developed the first fully automated climate controller in the heavy
duty segment. I have also worked with developing and improving the innovation process at Volvo Technology.
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Highlights 2012

2012 was very much the starting up year, meaning that the highlights were very much oriented towards organizational aspects and
getting everything in place and started. We started up the reference group, a truly great group of people with very well complement-
ing qualities, and had a meeting with them in June. We had internal kick-offs and kick-offs with our industrial partners. We discov-
ered, as is often the case, that we had been a bit overly optimistic on how quickly we would get PhD students in place. However, we
finally managed to collect some really great PhD candidates (see presentations earlier).

| 'nll LN [
Chair of Reference Group - Meeting with the Reference Group, June 20,2012
Christer Fernstrom

Internal Kick-Off, May 8,2012... ... with external speaker Marika Kajo
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Measuring muscle status and fatigue

As a part of the project Measuring muscle status and fatigue in
active people, have eight subjects participated in data collec-
tion. One setting at Halmstad University with six persons, and
one setting in Gothenburg at the Sports Academy at University
of Gothenburg. The pictures show one of the test persons dur-
ing data collection in the laboratory.

During this session EMG signals were recorded from four mus-
cles of both legs, in addition readings from accelerometers, as
well as measurements of heart rate, oxygen consumption, lac-
tose concentration in blood, cadence, and also subjective eval-
uations of fatigue. Further information about the project and
results so far, is found in the extended abstract.

Data collection on a workshop at School of Sports and Science,
Gothenburg, November 2012

Safe at night

A =
Jens Lundstrom talking about the project Safe at Night, May 25.
More than 100 visitors on the seminar together with The Health
Technology Center and Neat Electronics

The project Safe at Night, which started as a project within
the Health Technology Center (HCH) has investigated how
the use of social alarm, can be developed to play an important
role in the night supervision, that is conducted in the homes
of elderly with that needs.

In cooperation with Tappa Service did researchers in CAISR
develop the “actimeter”, a wearable device for measuring phys-
ical activity. This actimeter turned out to be very successful
and is now used, e.g., for encouraging a more active lifestyle
for workers on oil drill platforms in the North Sea. The King
and Queen of Sweden were also given one actimeter each when
they visited Halmstad university in 2012. The picture shows
when Carl Gustav XVI was given an actimeter by Karin Star-

rin, chairman for the Halmstad university board of governors.

The Tappa Actimeter, a wearable device for measuring physical ac-
tivity

Fifteen elderly in Falkenberg and Halmstad have during some
weeks 2011 and 2012 acted as test persons in the project and
agreed on that researchers from the university collected data
from sensors in their homes. Five of them have taken part in
interviews about their experience and feeling regarding the

technology.

To the left is a picture from a seminar from the initial project
where more than 100 visitors from municipalities and compa-
nies attended.

The initial project within HCH is now fulfilled; during the last
year the project has developed and is now a part of the research
at CAISR. The objectives of the new project is to develop
methods and tools for: answering queries, performing robust
recognition of dangerous situations, detecting deviations of
behaviour, generalizing easily over different homes and indi-
viduals, and exploiting online data streams to adapt processing
algorithms in an incremental fashion.
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Visit and visitors

Anna Mikaelyan is currently working within FP7 Marie Cu-
rie network BBfor2 (Bayesian Biometrics for Forensics) that
consists of various European research institutes and associated

partners.

Anna Mikaelyan, here ready to evaluate faces with marks

Within the project she received a cooperation internship at
Twente University, Netherlands in spring 2012. In Twente she
was evaluating performance of face identification software and
algorithms for faces with marks (scars, blunches, pimples, etc.).
In the work she was collecting images of people with and with-
out marks and then testing if algorithms will still identify a
person. That could be useful in forensic context to identify peo-
ple having temporary marks (beaten or injured) or in security
to verify that none can fool the machine by using a temporary
mark.

Laurent El Shafey

Laurent El Shafey, PhD student at Idiap Research Institute
in Switzerland visited CAISR during April to June 2012. His
work is funded by the EU FP7 Marie Curie Initial Training
Network Bayesian Biometrics For Forensics (BBfor2).

Karl Tagnemma, director of the Robotic Mobility Group at
MIT, visited us in August. He will be joining CAISR part-time
as visiting professor during 2013 and work with us and our
industrial partners at Volvo and Kollmorgen.

Karl lagnemma

Professor Keisuke Suzuki, Department of Intelligent Mechan-
ical Systems Engineering at Kagawa University, Japan, visited
us with one of his students and a colleague from Tokyo Univer-
sity, Dr. Motoki Shino. One of professor Suzuki’s students will
do a research visit with CAISR during 2013. The long term
ambition is to establish a small scale student exchange between
CAISR and the Department of Intelligent Mechanical Systems
Engineering at Kagawa University.

Keisuke Suzuki

The humanoid NAO came to Halmstad, in
December, Roland Philippsen introduced it
to snow

16 CAISR Annual Report 2012



Halmstad Colloquium

The Halmstad Colloquium is a distinguished speaker series
hosted by the School of Information Science and Computer
& Electrical Engineering at Halmstad University. The speakers
are invited from universities around the world to talk about
topics in the areas of embedded and intelligent systems, cyber
physical systems, and related areas. The colloquium is an activ-
ity of CAISR and CERES. The talks are available at

www.youtube.com

During 2012 Halmstad Colloquium had the pleasure to wel-
come:

Edward A. Lee, Berkeley . Steven Shladover,.ITS

Berkeley
i ,
[— (]
Charles Consel, INRIA Aaron Ames, Texas A&M

Karl-Erik Arzén, LTH Claus Fuhrer, LTH

The Colloquium talks are video recorded and found at
www.youtube.com

Best papers

In the 6th IEEE International conference on Intelligent sys-
tems (Sofia, Bulgaria, Sept 2012), the paper “Battery Aging
Detection Based on Sequential Clustering and Similarity
Analysis” authored by Gancho Vachkov, Stefan Byttner
and Magnus Svensson won the best paper award. The pa-
per presents an algorithm for aging detection of batteries in
electric and hybrid vehicles based on sequential clustering
and a fuzzy inference procedure. The algorithm was tested
on batteries that were used in a real vehicle driving cycle and
was shown to be able to detect when a battery was aged.

A. Sant’Anna et al. received the pest paper award at the
International Conference on Bio-Inpired Systems and Sig-
nal Processing (BIOSIGNALS/BIOSTEC) for the paper
entitled “A wearable gait analysis system using inertial
sensors Part II: evaluation in a clinical setting.” The pa-
per was written in collaboration with researchers from the
Center for Patient Centered Care at Gothenburg University
and the Orthopedic department at the Sahlgrenska Insti-
tute. The paper reports the results of a study conducted at
the orthopedic ward at Mélndal’s hospital, where acceler-
ometers and gyroscopes were used to evaluate quality of
gait of hip-replacement patients after the surgery, and three
months later. This is a follow-up to the paper “A wearable
gait analysis system using inertial sensors Part I: evaluation
of measures of gait symmetry and normality against kine-
matic data,” where the gait quality measures were validated
against state-of-the-art in-lab gait analysis tools.

PhD Education

During 2012 the research at CAISR resulted in one PhD thesis
and one licentiate thesis.

Jens Lundstrém defended his licentiate thesis on Understand-
ing Offset Print Quality: A Computational Intelligence-based Ap-
proach on June 11, 2012. The presentation took place at Halm-
stad University and the discussion leader was Ulf Johansson,
School of Business and I'T, University of Boris.

Anita Pinheiro Sant’/Anna defended her PhD thesis A Symbol-
ic Approach to Human Motion Analysis Using Inertial Sensors:
Framework and Gait Analysis Study on April 13, 2012. The de-
fence took place at Halmstad University and the opponent was
Kamiar Aminian, Ecole Polytechnique Fédéral de Lausanne.

bl
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Understanding Offset Print Quality: A Computational Intelligence-based Approach

JENS LUNDSTROM

This thesis proposes a novel approach to automated print qual-
ity assessment in offset lithographic printing. Producing news-
papers with acceptable and constant print quality is a non-triv-
ial task. Each printing house must be as efficient as possible in
the use of the available resources: paper, ink and printing press.
Fewer service stops taken for maintenance makes it difficult to
maintain a constant and hight quality.

The offset lithographic printing industry therefore needs meth-
ods capable of assessing print quality online and providing qual-
ity evaluations that correlate well with the human judgements
of print quality. In this work, to provide online print quality
evaluations, quality attributes are computed from images, ac-
quired online, of small standard measurement patches that are
printed worldwide in newspapers. It is shown that print quality
attributes can be aggregated to provide quality evaluations cor-
relating well with print quality assessments made by a group
of people. It is also shown that the developed, random forest
based, decision support system is able to explain quality varia-
tions in terms of paper and printing press parameters.

| i -
| |
] ——— -

Jens Lundstrom and Antanas Verikas his main supervisor

Licentiate Thesis Orebro University

Main supervisor: Antanas Verikas, professor, Halmstad university

Co-supervisor: Ivan Kalaykov, professor, Orebro university

Opponent: Ulf Johansson, associate professor, School of Business and I'T, University of Boris

Examiner: Silvia Coradeschi, professor Orebro university

Jens Lundstrom
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A Symbolic Approach to Human Motion Analysis Using Inertial Sensors: Framework and Gait Analysis
Study

Grading committee:

Human motion analysis deals with the automatic detection
and description of human movements and activities. Which
is particularly important for determining the health status and
wellbeing of a subject in health-related monitoring applica-
tions. One of the most important everyday activities to moni-
tor is walking, for it can reflect not only the physical but also
the cognitive condition of patients. Motion analysis deals with
determining what and how activities are being performed by a
subject, through the use of sensors. The process of answering
the “what” question is commonly known as classification, and
answering the “how” question is referred to as characterization.
Frequently, combinations of inertial sensor such as accelerom-
eters and gyroscopes are used for motion analysis. These sensors
are cheap, small, and can easily be incorporated into wearable
systems. The overall goal of this thesis was to improve the pro-
cessing of inertial sensor data for the characterization of move-
ments. This thesis presents a framework for the development
of motion analysis systems that targets movement characteriza-
tion, and describes an implementation of the framework for
gait analysis.

The proposed framework is organized in terms of information
abstraction levels, from sensor data, through information and
knowledge, to wisdom. It decomposes motion analysis systems
into tasks that transform the data from one abstraction level to
the next. One substantial aspect of the framework is symboliza-
tion, which transforms the sensor data into strings of symbols.
This enables the use of many data mining methods which are
only available for symbolic data such as Markov models and
text mining. Another aspect of the framework is the inclusion
of human expert knowledge. This facilitates the connection be-
tween data and human concepts, clarifies the analysis process
to a human expert, and allows the inclusion of available infor-
mation without the need for acquiring additional experimental
data. The proposed system was compared to state of practice
gait analysis systems, and evaluated in a clinical environment.

Results showed that symbolization and the inclusion of expert
knowledge can contribute to the development of gait analysis
systems. Expert knowledge was successfully used to parse sym-
bolic data and identify the different phases of gait. In addition,
the symbolic representation enabled the creation of new gait
symmetry and gait normality indices. The proposed symme-
try index was superior to many others in detecting movement
asymmetry in early-to-mid-stage Parkinson’s Disease patients.
Furthermore, the normality index showed potential in the as-
sessment of patient recovery after hip-replacement surgery.

ANITA PINHEIRO SANT’ANNA
PhD thesis Halmstad University

Main supervisor: Professor Thorsteinn Rognvaldsson (Halmstad university)

Docent Lanie Gutierrez-Farewik, KTH

Professor Leif S6rnmo, Lund university

Co-supervisor: Senior lecturer Nicholas Wickstrém (Halmstad university)

Opponent: Professor Kamiar Aminian, EPFL, Lausanne, Schweiz

Professor Lars Niklasson, Skovde university

In conclusion, this implementation of the gait analysis system
illustrated that the framework can be used as a road map for the
development of movement analysis systems. The symbolization
of sensor data, albeit delicate and under-explored, is a powerful
and versatile process. It facilitated not only the inclusion of ex-
pert knowledge but also the characterization of movements. In
addition, the inclusion of expert knowledge addressed an im-
portant aspect of health-related applications, the link between
sensor data and human concepts.

Professor Kamiar Aminian, EPFL, Lausanne, Schweiz

DOCTORAL THESIS
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Identity and Message recognition by biometric signals

J. Bigun, E Alonso-Fernandez, S. M. Karlsson, A. Mikaelyan

Abstract

The project addresses visual information representation, and
extraction. The problem is investigated within applications that
are normally embedded into multidisciplinary applications,
e.g. robotics, forensic science,, human machine communica-
tion. Multimodal biometric identification and communication
has been at the focus.

Keywords
Image processing, biometric identification, feature extraction,
information encoding, information decoding.

Background and Motivation

Facial detection and recognition resilient to physical image de-
formations is a challenging problem that hinders not only face
based identity recognition but also iris based identity recogni-
tion goes en-masse. We have been studying both in conjunc-
tion with periocular image analysis, Fig. 1.

Hllumination, Scale, and orientation invari- ant information
encoding and decoding is central to many pattern recognition
problems. We have been studying this in the context of lip-
motion analysis for identity and spoken message recognition.

Quality and orientation descriptors for forensic images is
important to reliable and effficient use of Automatic Identi-
fication of Fingerprint Systems. In this project we have been
studying image analysis techniques to help using the visual ca-
pabilities of human forensic experts more efficiently when they
communicate with recognition engines.

Facial detection and recognition

Biometric identity recognition using periocular images based
on retinotopic sampling grids and Gabor analysis of the local
power spectrum has been studied. Periocular images include
iris based recognition, a weak link of which is the segmentation
of iris region containing useful identity cues. A new method,
using the Generalized Structure Tensor, has been studied. Seg-
mentation performance under different degrees of image defo-
cus and motion blur has also been evaluated.

Speech & speaker recognition by lips

Methods for detecting high-level lip-motion events have been
studied. The mouth events of opening and closing has been
at the focus of attention, Fig. 2. The approach is based on a
recently developed optical flow algorithm that handles the mo-
tion of linear structure in a stable and consistent way.

o

Figure 1: Iris segmentation depicting orientation map repre-
senting directions with hue, the models of pupil and scelera in
orientation space. mouth-opening (area)

Figure 2: Lip-movements estimation, and the estimated
mouth-opening (area)

Measurements for Forensic identification

Forensic images are of extreme low-quality. We have been
studying feature extraction for increased identification power
of fingerprints by dense orientation maps with frequency adap-
tation. Annotated databases is important. However, such data-
bases are scarce and those that exist contain few image samples.
We have been investigating ways to obtain most from existing
databases to facilitate method developments.

CAISR Annual Report 2012 21



Results

We also show that top verification rates can be obtained with-
out rotation compensation, thus allowing to remove this step
for computationalefficiency. Also, the performance is not de-
tected substantially if we use a grid of fixed dimensions, or it is
even better in certain situations, avoiding the need of accurate
detection of the iris region.

Reported results shows the effectiveness of the proposed
algorithm, with similar performance than the others in pupil
detection, and clearly better performance for sclera detection
for all levels of degradation.

We have developed a novel method for mouth opening and
closing events. We have shown that it is translation and rotation
invariant, works at very fast speeds, and does not require seg-
mented lips. A semi-automatic tool for generating groundtruth
segmentation of video data, based on the optical flow algo-
rithm used for tracking keypoints at faster than 200 frames/
second has been developed. This resulted in groundtruth for 50
sessions of vi- sual speech of the XM2VTS database consisting
of hours of lip-movements.

We have established ground truth of minutia level correspon-
dences for the publicly available NIST SD27 data set, whose
minutia have been verified by forensic fingerprint experts by
using semi-automatic extraction methods, Fig.3. We have been
developing novel orientation- based features which are rotation
invariant and use large neighborhoods, so that each minutia
can be described with more than the minutiaridge orientation—
the current practice.

Figure 3: Forensic ﬁngerprints minutia correspondence

example, NIST-sd27

Partners and Duration

The project has been implemented mainly with support of 3
sub-projects, the details of which are listed below. The CAISR
project acting as a frame and catalyst is an appreciated supple-
ment during 2012. Main partners of collaboration have been
University of Twente (NL), Autonomous university of Madrid
(ES), Radboud University (NL), Dutch forensic institute (NL),
Swedish Forensic Laboratorium (SE), University of York.

Swedish VR project(2010): Bio-distance, Biometrics at a
distance”
EU-Marie Curie project (2011-2012): BIO- METRICS AT A
DISTANCE

Swedish VR project (2013-2014): Facial detection and recog-
nition resilient to physical image deformations

Swedish VR project (2010-2011): Lipmotion, face and
speech analysis in synergy, for human-machine interfaces

Swedish VR project (2012-2013):  Scale, orientation and il-

lumination invariant information encoding and decodingA
study on invariant visual codes

EU-Marie Curie project (2011-2013: BB-for2Bayesian Bio-
metrics For Forensics.
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ReDi2Service (Remote Diagnostics Tools and Services)

Service development
M. Akesson, A. Akram, S. Chowdhury
Man and Information Technology laboratory, Halmstad University, Sweden

1. Background and Motivation

The design of maintenance prediction and diagnostics services
for a sustainable system is challenging and lead to manufactur-
ing-service dilemma. The project, therefore, also include two
PhD studies regarding related service design and value net-
works.

Alacritous innovations in digital technology are rapidly trans-
forming the landscape for contemporary business and the
ways to represent these through related value networks. The
concept of digital products’ use has aggrandized the scope of
maintenance of the vehicles with the help of remote diagnos-
tics. Given the new paradigm, the vehicle industry is stretching
its scope from manufacturing to services industry. However,
this shift augments number of challenges and opportunities.
Moreover, it has been exacting to identify business models and
form value networks that enable profitable business in terms of
sustainability.

The traditional manufacturing industry is based on value
chain which is underpinned by particular value creating logic.
Adopting a value network perspective provides an additional
insight that is more suitable to new economy, especially those
involved in digital products. This brings attention to their con-
textual use while bringing the customers’ perspective into fo-
cus. This customer perspective has not been addressed in tradi-
tional manufactured product business. As digital services have
open innovation nature, it is essential to know the value of the
offered services on the basis of customers’ needs as well as the
offerings of these services in a systematic way.

As an endeavor to move from traditional preventive mainte-
nance towards predictive maintenance based on advanced digi-
tal technology, remote diagnostics services fall into the category
of those digitally innovative services where services are acquired
through digitalization of existing products or services. Remote
diagnostics services will also digitalize the existing mode of
maintenance services of vehicles. Digitalized services are com-
bination of physical products (digital artifacts) and services
rendered from the physical products. So, to design the remote
diagnostics services we have to understand the logic of these
services because the logic of digitalized services will be different
from the conventional manufacturing products or convention-
al services such as hotel service. So, one of the objectives of this
research is to understand the logic of digitalized services which
are the results of digital innovation in the context of remote
diagnostic services in the vehicle industry.

The logic of digitalized services is influenced by the concept
of digital innovation characteristics such as re-programmabil-
ity, homogeneity of data and self- referential nature of digital
technology. Based on the discussion on service logic and goods
logic from the service management field, it can be said that un-
derstanding the logic of digitalized services (in this case, remote

diagnostics services) include various aspects such as determina-
tion and meaning of value, role of customers, role of physical
products (digital artifact) etc. One of the aims is to involve
customers as the co-creators of services and that will help us to
understand the customer requirement and further developing a
framework for co-creation of digital services. To understand the
service quality aspect, we are to going to investigate the value
determination aspect as that will ensure that the services create
value for the customers. Vehicular remote diagnostics services
are basically linked with two physical products: the device and
the vehicle. To deliver the services, both the vehicle and embed-
ded device will play significant role. Understanding that role is
also crucial for designing essential services. Overall, designing
services will encompass various aspects and all we focus is to
create value for the customers as well as the service providers.

This digital service innovation in particular is of great impor-
tance since the vehicle industry has great potential to expand its
business and found new and extended boundaries and relation-
ships with other stakeholder in the networks they are attached
to. Core challenges and opportunities for digital service inno-
vation will lead us to the study of its influence on the business
and innovation environment i.e. the value network.

2. Methodology

'The project involves exploring the opportunities and challeng-
es associated with these digital technologies as well as analyzing
value networks. It is conducted in a collaborative manner be-
tween research community and practitioner from the industry
as such that it can be characterized as action-oriented research
methodology. Accordingly, many activities are performed in a
cyclic way to ensure to validity and reliability of data. These
activities include conducting semi-structured interviews, ana-
lyzing value networks, conducting workshops, and attending
meeting. Different kinds of empirical material that was col-
lected during these activities include audio interviews, value
network maps, observations, project documents, e-mail corre-
spondences, and field and meeting notes.

All the activities and collected empirical material are aimed at
the following:

*  Exploring the opportunities and challenges associated
with the digital service innovation;

*  Conducting ‘Future Workshops’ to build scenarios by
keeping in mind next 5 years services (the purpose of sce-
narios is to visualize the possible service with these digital
technologies)

*  Participating in ‘Service Design/Conceptualization Work-
shops’ (to co-create service out of the future workshops)
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On the basis of the data collected, we aim at providing illustra-
tions on how existing value network in the vehicle industry is
influenced by the service innovation based on remote diagnos-
tics system.

3. Results

The ReDi2Service project is an on-going project and several
opportunities and challenges are identified along the way. The
empirical material collected during different activities men-
tioned above serve the basis of ‘Future Workshop’ to build sce-
narios. Some of these scenarios will be further co-designed with
customers and technology provider to exemplify the possible
services.
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ReDi2Service (Remote Diagnostics Tools and Services)

Technical research

S. Byttner', N. Karlsson?, S. Nowaczyk'?, R. Prytz? and T. Régnvaldsson'

1. CAISR, Halmstad University, Sweden
2. Volvo Group Trucks Technology, Gothenburg, Sweden

There is a high demand for better tools for wear and maintenance prediction on vehicles and services connected with these. The

ReDi2Service project is aimed towards developing distributed embedded agents for fault detection, fault isolation, diagnostics and

wear prediction. This abstract describes the technical part of the research conducted in this project.

1. Background and Motivation

The last decades have seen a very strong development in ve-
hicle electronics. A modern car, truck or bus has a large number
of embedded processors and computers on-board. The vehicles
have field buses (e.g. CAN) where system signals (sensors, con-
trol commands, fault codes, etc.) are communicated all the
time. Software agents embedded into the hardware on the ve-
hicles can listen to these signals and learn the typical patterns of
these signals and detect deviations from the normal, provided
that the vehicles have a possibility to represent and communi-
cate their signal patterns with each other or with back-office
applications that can summarize the fleet behavior. The back-
office application can be connected to maintenance databases
and thus learn how different deviation patterns are associated
with specific faults.

Traditional approaches to condition monitoring of vehicles
(and other equipment) have all very much the same approach;
a reference model is built off-line, based on expert knowledge
and data from test runs, verified and then implemented on-
board. Building such models is expensive in terms of man
hours and experiments and compromises have to be made since
it is not economically possible to model all usage profiles and
all climate conditions. Also, the traditional approaches require
that faults are thought of beforehand and that accurate models
of the systems can be built — models that are accurate also un-
der faulty conditions. Utilizing telematic technologies it is pos-
sible to envision a solution where a large number of vehicles are
monitored in real-time, with embedded software agents on the
vehicles, and thus can fleets of vehicles be used as a “real time
laboratory” where the operation of the equipment is monitored
under real usage conditions and “normal” behavior is deter-
mined from groups of similar vehicles. The idea is to have a
self-discovering system; a system that learns how equipment
wears and breaks, by observing the equipment over a long time.

2. Methodology

The project has both a hardware and software aspect. The
hardware aspect is the development of a hardware (VACT) that
listens to the data streams on the vehicles (city buses and/or
heavy load trucks) and the telematics gateway for transmitting
the information to a back-office application. The software as-
pect is both the software running on the “clients” (i.e. in each
VACT module), the embedded agents and the software in the
back-office application.

The technical algorithmic methodology is a mixture of ma-
chine learning and statistical methods. The fault detection
problem can be split into three separate (or semi-separate)
parts:

*  finding the interesting signals and relationships to moni-
tor (not requiring an overview of all vehicles);

*  comparing these relationships (with an overview of all ve-
hicles);

*  nd then to determine which systems that don’t behave nor-
mally.

These issues were explored in a previous project, Remote Di-
agnostics and Monitoring (RDM), that lead to the ReDi2Ser-
vice project. The diagnostics and wear monitoring problem can
be approached with both an active and a passive approach:

*  passive — observe parameter relationships over time (on
the fleet, on test vehicles, in simulations) and build up a
knowledge base that is then used for, e.g., case based rea-
soning, pattern recognition, etc.;

* active — download software onto the vehicle for specific
fault finding, or start a simulation off-board (at the back-
office) and try to replicate the observed deviation. The lat-
ter requires high quality simulation models and it is ques-
tionable if these exist today.

There are several research questions in this, e.g. how to au-
tonomously determine “interesting” relationships to monitor
without knowing what a fault looks like, how to determine
which systems that deviate, analyzing if this could replace tra-
ditional (expert driven) monitoring approaches, how to do the
diagnostics with a distributed intelligence approach (i.e. how a
fleet of vehicles can be used to build diagnostic models and aid
in the search for a fault).

3. Results

A new hardware system (VACT) for listening to signals on-
board vehicles has been designed and built, intended to be used
for an approximately 2-year longitudinal study on city buses
(end of 2011 until end 2013). The system is currently installed
and logging data from 19 buses at a bus operator in Kungsbac-
ka. Service records are collected continuously for these vehicles
for matching with observed deviations in onboard data. Ob-
served deviations on some components have so far been noted
manually, and there is current ongoing work with validating
the deviations (i.e. determining the true cause). A fault injec-
tion experiment is planned to be conducted on a separate bus
during the Spring of 2013 to further help verify the behavior of

certain components when they are exposed to wear or damage.

PARTNERS AND SPONSORS
The project is done in cooperation with Volvo Technology, and
the project manager is Niclas Karlsson. The project external

sponsors are Volvo GIB-T and VINNOVA.
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Fuel FOT Energy Efficient Transport
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1. Volvo Technology AB, Gothenburg, Sweden
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Analysis of factors influencing fuel consumption is a very important task both for automotive manufacturers, as well as for their

clients. There is a lot of knowledge already available concerning this topic, but it is poorly organized and often more anecdotal than

rigorously verified. Nowadays, however, enough rich datasets from actual vehicle usage are available and a data-mining based ap-

proach can be used to not only validate earlier hypotheses, but also to potentially discover unexpected influencing factors.

1. Background and Motivation

The number of embedded computers on-board modern ve-
hicles is growing continuously, and the data exchanged among
them contains a lot of information about the state of the sys-
tem. It is now becoming possible to get access to numerous sig-
nals over data networks (such as CAN), coming from sensors,
control units and fault codes. This kind of data is being col-
lected within multiple projects, but it is important to recognise
that the data itself is an additional asset and it can often be used
for more than one purpose.

The continuous recording of driver behaviour data on the road
have allowed researchers to conduct in-depth investigations on
humans, machines, and their interaction in a way not possible
just a few years ago. Statistical modelling and tools such as pat-
tern recognition and data mining has the potential to become
a key building block in this kind of investigations, but its full
impact has yet to be explored.

2. Methodology

Volvo Group Advanced Technology & Research have collected
large amounts of real-world data during the projects euroFOT
and Customer Fuel Follow-up. The goal of fuelFEET is to use
these rich datasets in order to better understand the factors that
influence fuel consumption, with the special focus on impact
of driver behaviour.

Fuel consumption depends on many different aspects of a ve-
hicle, such as configuration, technical condition or cargo, as
well as external conditions, including weather and terrain. This
makes it difficult to isolate influence of those factors over which
driver or fleet owner has control from the inescapable ones.
This pilot study on using data mining methods over available
data will assess which are the major driver-related factors affect-
ing fuel consumption and quantify their impact, finding a way
to abstract away or compensate over external conditions.

The first step is to model the fuel consumption process and
develop an understanding of the main influencing factors be-
hind it in terms of environment, vehicle and driver. This will
provide a framework for analysing driver behaviour impact on
fuel consumption in a way that takes relevant external factors
into account.

Such a framework will allow ranking and clustering drivers
from a fuel consumption performance perspective, as well as
provide a list of driver behaviours that affect fuel consumption,
and a quantitative estimation of their respective importance.
A wide range of systems and services could directly benefit
from the results of the proposed project, for example Volvo
could introduce efficient on-line and off-line driver coaching,
which would targets specific behaviours of individual drivers
that mostly improve fuel consumption and safety on the road.
Those results can also be used to dynamical adapt vehicle set-
tings, targeting lower fuel consumption, as well as for better

fuel consumption approximations in vehicle simulators.

3. Results

A literature review of past works in the field has been per-
formed, resulting in fuel consumptions models that are based
on expert knowledge but tuned using on-board data. This re-
sulted in high-accuracy fuel consumption predictions on large
percentage of typical road situations. One of the challenges still
left to overcome is the incomplete or nonexistent data regard-
ing factors such as cargo, weather and tire characteristics, to
name just a few that prevent more global model generalization.
Good predictions regarding fuel consumption we are able to
obtain are only available under a number of constraints, some
of which we would like to be able to lift.
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Volvo Predictive Maintenance Solution

field study
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Volvo, and in particular Volvo Technology, has been developing methods for predictive maintenance and for detecting abnormal sys-

tem behaviour for several years. This project is a field study aiming to evaluate available algorithms in the context of long-haul trucks.

1. Background and Motivation

The number of embedded computers on-board modern ve-
hicles is growing continuously, and the data exchanged among
them contains a lot of information about the state of the sys-
tem. It is now becoming possible to get access to numerous sig-
nals over data networks (such as CAN), coming from sensors,
control units and fault codes. It is also becoming feasible to
embed software agents into on-board hardware, with the goal
of listening to this data and learning to distinguish between
normal and faulty operation, as well as to estimate component
wear and evaluate quality of control parameterisation.

The typical approach to system monitoring of various equip-
ment, including vehicles, is typically based on the reference
model built off-line, by domain experts, from design and test
data. Access to real-world data through telematic technology
allows us to supplement this model with knowledge of history
and behaviour of other vehicles operating under similar con-
ditions. Data gathered on-board one truck can be compared
against other vehicles in the same fleet, and deviations can be
detected as soon as a particular system starts to operate differ-
ently from its own expected behaviour, not necessarily from the
globally acceptable profile.

2. Methodology

The project started with design and implementation of data
logging equipment. One requirement on the system was to
have it completely automatic once deployed, with all the data
from trucks being transferred over wireless network. Since it
is not possible, at this stage, to continuously transmit all the
important signals, a decision was made to only log data at “in-
teresting” moments, based on certain trigger conditions.

Such triggers include starting the engine, running at high
torque and low speed, and similar situations. The idea behind
those is that both faults and wear are most clearly visible when
the system is under stress. The appropriate definition of those
trigger conditions is not an easy task, since they need to be de-
signed in such a way that enough data from various conditions
is captured to provide necessary description of vehicle behav-
iour, but at the same time they need to limit the total amount
of data so that it stays manageable.

The data collected in the project will be analysed using artifi-
cial intelligence and data mining methods, based on the ideas
explored in previous projects. The plan is to start by obtaining
"normal” value characteristics of each signal, as well as finding
interesting relationships between signals. Those aggregated at-
tributes can then be compared across vehicles and across dif-
ferent times in order to determine the meaning and causes of
detected deviations.

An assumption in the project is that six months of data collec-
tion may not be enough to see concrete results in increased up-

time but it should give us an understanding of the similarities
and differences between trucks, as well as self-organised model
of how various signals relate to each other. Such vehicle charac-
terisation is going to be an important step in moving towards
the successful use of such methods in a product.

3. Results

The data logging equipment is now installed and working on
10 long-haul Volvo trucks in the USA, and we have several
weeks of data available. Initial analysis of this data has been
performed, but there are still discussions regarding which com-
ponents we should focus the data mining efforts on, and what
are the exact form of results that we should be aiming for.

It is also still unclear how big of an issue the "snapshot" nature
of the data will turn out to be, since preliminary results show
that the frequency of different triggers is quite uneven between
different vehicles, which makes the data more difficult to com-
pare. The techniques to handle this issue are currently under
investigation.
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Next Generation Test Methods for Active Safety Functions (NG-TEST)

Jawad Masood! Roland Philippsen 2 Walid Taha ® and Tony Larsson 4

Abstract— Recently, active safety systems have started to
appear in production automobiles, and they will be a significant
factor in eliminating road accidents with serious or fatal
outcome. As opposed to passive safety systems such as seat
belts and ABS, which protect mainly the occupants of vehicles,
vulnerable road users can only be protected by active safety
systems such as collision mitigation by automatic emergency
braking. Currently, one of the major bottlenecks for widespread
deployment of active safety systems is the challenge of validating
and verifying them. Even though there are some isolated
testing tools and methodologies, there is no common framework
and the individual tools are of rather limited applicability.
NG-TEST is designed to address the issue of validation and
verification by effectively and efficiently defining the tool chain
for ADAS testing.

I. BACKGROUND

Passive safety systems have significantly increased road

safety during past decades. There verification is to large
extent done virtually with the help of simulations. Active
safety systems play an important role for mitigating or
avoiding accidents. Today they are going from research
and limited implementation towards broad implementation
where they need to address increasingly complex situations.
It require extensive testing during design, validation and
verification stages.
Although no general methodology for testing active safety
systems has been established, there is a Code of Practice
for the design and evaluation of Advanced Driver Assis-
tance Systems [1], [2]. It recommends assessments using
simulations, driving simulators, professional drivers on test
tracks, and field-operational tests (e.g. car clinics with naive
subjects). These methods are to be used during different
development phases, and they complement each other.

o Simulations: in-house or third-party models of
sensors, vehicles, drivers, road infrastructure, sur-
roundings, and environment conditions (leveraging
e.g. Matlab®/Simulink®/Stateflow®[3]) are frequently
used during initial development. Examples of such
design tools for active safety systems are [4], [S], [6].

o Driving simulators: track tests expensive and time
consuming, which explain a growing interest in (en-
tirely or partly) simulated environments. Specific traffic
scenarios are created by augmenting reality or a record-
ing [7], [1]. The EU project imviter [8] investigates

*This work is supported by VINNOVA

134 J Masood W.Taha T.Larsson is with Department of Electrical Engi-
neering, Center of Embedded Systems, Halmstad University, Box 823 30250
Halmstad, Sweden j.masood, w.taha,t.larsson at hh.se

2R. Philippsen is with the Department of Electrical Engineering, Center of
Intelligent Systems, Halmstad University, Box 823 30250 Halmstad, Sweden
r.philippsen at hh.se

virtual replacement for real test required in current and
future automotive safety regulations.

o Test tracks: numerous projects and initiatives deal and
dealt with test track procedures for active safety. The
importance of driver models and the utility of self-
propelled targets can be considered well established.
Tests where both the host and target vehicles are au-
tonomously driven are useful in scenarios too dangerous
for test drivers, or when drivers cannot attain sufficient
reproducibility [9]. Instrumenting the test grounds (posi-
tioning systems, mobile dummy devices, etc) is a major
aspect of active safety system testing [10].

« Field-operational tests: large-scale tests under normal
operating conditions [11] have proven useful for evalu-
ating and demonstrating active safety functions.

II. OBJECTIVE

Improving efficiency and robustness in the testing by
extending the share of simulations. Establish an integrated
tool chain to streamline active safety systems validation
and verification throughout the process from conceptual
design to operational tests. This framework shall become
the benchmark for maintaining the safety-related forerunner
position of the Swedish automotive industry.

ITII. PROJECT STRUCTURE

The NG-Test project is started on January 1, 2012, and will
run for three years with a total budget of SEK 54°500°000
that is co-funded by Sweden’s Innovation Agency (VIN-
NOVA) under the Strategic Vehicle Research partnership
(FFD) and the project consortium. The project is partitioned
into nine work packages, realized by a number of different
tasks and deliverables as shown in fig.1. The main activities
during work packages are:

WP1,WP2,WP3 are important in order to run the project
and to make sure that the results are nursed, but are not the
core of the project.

WP3 defines the project details from the findings in WP2.
WP4 is developing the parts that are common for the
different verification and validation environment. It enables
the coupling between the different methods for verification
and validation.

WPS develops the simulation environment platform for desk-
top simulations and simulators.

WP6 develops a platform and equipment for fully automated
scenarios on the test track.

WP7 creates a mobile test platform in which reality is
extended to include virtual objects or environment with an
interface to any active safety function to address real driver
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response in real vehicles. This method will make validation
possible in the earlier phases of development process.
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Fig. 1. NG Test Project Structure

IV. PROJECT PARTNERS

Volvo AB, SP Technical Research Institute, Volvo Car
Corporation, Autoliv, VTI, the Swedish National Road and
Transport Research Institute, Chalmers

V. HALMSTAD UNIVERSITY ROLE

Halmstad University main contributions in WP4 and WP5
will be 830 and 150 man hours respectively. While contribu-
tions in WP6, WP1, WP2, WP3 and WP9 will be 300, 80,
80, and 120 man hours respectively.

VI. APPROACH
Methodology for high-fidelity virtual testing:

o Need to stay broad and cover all major aspects as
shown in fig.2. We divide ADAS Virtual Testing into
four major areas namely computation, embodiment,
physics and virtual testing. Each area consists of system
component/object. The lines represent the information
flow between two system components. The generic
ADAS architecture shown in fig.2 can represents the
information flow for three modes (normal, warning and
assist).

o Generate series of increasingly complex models as
shown in fig.3. To effectively define tool chain for test-
ing ADAS system, it is necessary to identify different
complexity axis during testing process. We identify two
major complexity axes in methodology and modeling.
The level of complexity in methodology increases as
we moves from function to modeling e.g. Collision Im-
minent Braking (ADAS Function) can have more than
one critical scenario cases (Testing vehicle approaching
a stationary object or Testing vehicle approaching a
moving object etc.) to be tested. The modeling axes
of complexity increases as we moves from basic set of
models to advance set of models e.g. Under one scenario
case we can model the system component (vehicle
mechanics) based on one dimension model (basic) to
three dimensional model (Advance).

« The immediate next step is to start filling empty boxes

in fig.3 with models and parameters. We have decided to
exploit ADAS lateral function. ACUMEN® (Language
for modeling Cyber-Physical Systems) will be used as
initial tool.

Computation
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Physical Human-
Machine Interface (HMI)

Advanced Driver
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Fig. 2. Generic ADAS Architecture
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Fig. 3. Axes of Complexity in Virtual Testing
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Background and motivation

This project addresses the challenges related to the major
growth opportunities expected to be found in emerging mar-
kets of South America, Africa, India and East Asia for Swedish
truck OEMs. The local transport industry in these markets is
typically entrepreneurial and innovative, but also fragmented
and with very high expectation on short return on investment
time. Many of the premium brand solutions successfully de-
veloped for the mature markets will need a “re-design” both in
terms of technology content but also, and perhaps more impor-
tant, of the way these solutions are offered to market by new
and innovative business models based on a profound under-

standing of the business conditions in emerging markets.
Objectives

The InnoMerge project is about business models and reverse
innovation for emerging markets. The main objectives of the
project are:

e Building knowledge on how advanced technologies and
business models can be transferred to an emerging market
context in order to speed up the adoption of more sustain-
able truck solutions (environment and traffic safety)

e In more detail, the project will use uptime and traffic safe-
ty as the main application areas and will include the devel-
opment and testing of business models and technology for
on-board diagnostics

e Develop a process for reverse innovation, i.e. how innova-
tions can be transferred back to more mature markets

e Develop cooperation with Swedish, Indian and Chinese
academia

Current status

Different markets and truck operators have been investigated
in an India, and the primary needs of these markets have been
mapped. Data collection/measurement in prototype trucks
(developed specifically for the Indian market) was started in
2012, and analysis of data and adaptation of diagnostic algo-
rithms is expected to start in 2013.

Partners in the project
Volvo Group Advanced Technology & Research, Volvo Trucks,
Volvo Construction Equipment, Chalmers University of

Technology, Halmstad University, Andreassons Akeri AB, S
Blomquist Entreprenad AB.
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Automatic Inventory and Mapping of Stock (AIMS)

Bjorn Astrand
IS Lab - University of Halmstad
Bjorn.Astrand @hh.se

INTRODUCTION

Call for automation increases everyday, by the growth of
societies and their excessive demands for productions and
services. Along with this increase of request, automated and
robotic systems not only make them possible, but also reduce
the service and production costs. With such a necessity,
automation is an essence of every huge frameworks these
days, such as industries, huge malls, warehouses, etc.

MOTIVATION

An important skill for future robots and automated guided
vehicles (AGV:s) is the ability to recognize and describe
objects that the robot shall handle and the environment in
which the robot operates. The ability to structure and sort in-
formation provided by sensors increases the systems flexibility
and ability to adapt to new settings. The purpose of AIMS is
to make autonomous systems and AGV:s operating in a ware-
house setting more intelligent, by extending their functionality
with a system for automatic inventory and mapping of goods.
Achievement of this purpose requires:

o situation awareness through different types of sensors,
data fusion and employment of nobel methods for inter-
pretations of the information.

e maintaining practicability by means of flexibility and
adaptability for handling variety of environments and
sensor’s data.

OBJECTIVE

Acquiring the skills of situation awareness, flexibility
and adaptability, demands accomplishment in different
disciplinary areas:

o MAPPING AND LOCALIZATION: required for vehicle
navigation and storing the location of articles in envi-
ronment. Mapping here may refer to both metric and
topological, in 2D and in 3D.

¢« RECOGNITION AND CLUSTERING: in order to classify
articles in the warehouse, as well as identifying environ-
mental features for localization and topological mapping
purpose.

o 3D PERCEPTION: concerns evaluation of the articles’
quantity, as well as beneficial to obstacle avoidance.

o DYNAMIC MAP MAINTENANCE: semantic map is com-
posed of several dimension, including elements which

Saeed Gholami Shahbandi
IS Lab - University of Halmstad
saesha@hh.se
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Fig. 1: Demonstration of semantic map’s information, ac-
corded with metric map

are varying with respect to time. These elements mainly
belong to inventory list or obstacles and must be updated
frequently.

e MULTI AGENT COORDINATING: beneficial to equip all
available vehicles with sensors and collect data more fre-
quently. This will guarantee covering a big environment
effectively and faster.

RESULTS

So far in this project an AVG is set up, a data acquisition
platform has been developed and toolchain for 2D metric
mapping is proposed. Result of the toolchain will be a 2D
planar metric map exploited as the foundation of the semantic
map, layout map and localization map. Proposed toolchain is
demonstrated in Fig. 2.

The toolchain is made up of 5 consecutive steps:

1) Logging Data: a SICK PLS LiDAR configured in ROS,

is utilized to acquire data.

2) Scan Matching: through which an odometry-like infor-
mation will be forged. Forging odometry is performed
to make “logging data” platform independent from the
vehicle.
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Fig. 2: Work flow, illustrating the toolchain of planar mapping.

3) SLAM: online localization was not the purpose but only
mapping was, hence the vehicle was not autonomous
guided. A method called Gmapping based on Rao-
Blackwellized particle filter has been employed for map-
ping from range data. Fig. 3 represents results of this
method applied to a real warehouse.

(a) scan matching for odometry

(b) mapping

Fig. 3: Scan matching and mapping in a real warehouse

4) Feature Extraction: features are useful to perceive se-
mantic elements and construct a semantic map. At this
level and having only a metric map in hand, lines are
main features that could be detected, as they are capable
of characterizing most infrastructure objects (i.e. walls,
boxes). A canny edge detection followed by a Hough
transform has been applied to metric map.

5) Semantic Map: will contain all dimension of infor-
mation, from metric map to highest level of semantic
elements.

PARTNERS

Automatic Inventory and Mapping of Stock (AIMS) is
a collaborative project between KOLLMORGEN, OPTRONIC,

CAISR Annual Report 2012

35



36

AccelGait — USING INERTIAL SENSORS TO EVALUATE QUALITY OF

GAIT

A. Sant’Anna, and N. Wickstrom

CAISR/Intelligent Systems Laboratory, Halmstad University, SE-301 18 Halmstad, Sweden

Gait analysis (GA) is an important tool in the assessment of several physical and cognitive conditions. The lack of simple and
economically viable quantitative GA systems has hindered the routine clinical use of GA in many areas. As a result, patients
may be receiving sub-optimal treatment. This project concerns the development of new mobile, cheap and easy to use
quantitative GA systems using inertial sensors, which may facilitate the wide-spread adoption of GA as routine clinical

practice.

1. Gait Analysis

It is of general consensus that gait analysis can provide
information that is essential to the assessment of
orthopedic patients. It is an effective way to evaluate and
quantify how surgical intervention or other treatments
affect a patient's gait [1]. In addition, there is evidence
that gait analysis can aid the assessment of cognitive
conditions. Certain gait characteristics, for example, can
be used in the diagnosis of dementia and may have
important implications for discriminating among dementia
subtypes [2]. Changes in gait are also associated with
aging, and are important when judging the ability of an
older person to live independently [3].

A general measure of quality of gait can be obtained
from: report questionnaires such as the Gillette Functional
Assessment Walking Scale [4]; observational video
analysis schemes like the Edinburgh Gait Score [5]; or
rating systems such as the Functional Mobility Scale [6].
Although these assessments are useful and practical, they
lack precision and objectivity [7].

On the other hand, very precise and objective
measurements may be obtained in specialized gait labs,
equipped with 3D motion capture (mocap) systems, force
plates and other sensors. In-lab assessments are
considered state of the art and have been shown essential
to the assessment of cerebral palsy [8] and other surgical
patients [9]. Nonetheless, these measurements are
expensive, difficult to interpret, require special training
and are not available to all patients [10]. As a result, many
research findings relating gait analysis to medical
conditions are not used in routine clinical practice,
depriving many patients of potential benefits.

2. Inertial Sensors

As an alternative to gait labs, body-worn inertial
sensors, such as accelerometers and gyroscopes, can be
used for gait analysis. Inertial sensors have the advantage
of being small and cheap. They can be embedded into
clothing items or simply placed on the body embedded in
a watch-strap or a belt. Another advantage of using
inertial sensors is that they are mobile and can gather

monitor the patient while performing normal daily
activities, for example, at home or outdoors.

Inertial sensors have successfully been used to monitor
falls and daily activities [11]; detect the phases of gait and
other gait parameters [12] ; describe gait kinematics [13];
among other applications. However, the creation of a
comprehensive quality of gait index, using inertial
sensors, had not been addressed until now.

3. The Symbolic Approach

We proposed a new approach to the processing and
analysis of inertial sensor data, which can improve the use
of such sensors for gait analysis. This approach is based
on the symbolization of the sensor data into building
blocks, which when combined in different ways, represent
different gait patterns. Similar approaches have been
investigated for activity recognition applications using
other sensors such as video [14] and mocap [15]. In this
project, the symbolization approach was used in the
analysis of inertial sensor data.

4. Activities Undertaken
The goal of this project was to devise a mobile, cheap

and easy to use gait analysis system using inertial sensors

that provides an objective quality of gait index which
reflects the ambulatory condition of the patient. The
system should help the assessment of patients at the clinic
and also in uncontrolled environments such as the
patient's home.

The project was divided into two main phases:
development and testing.

* Development: This part of the project involved the
acquisition of data in a gait lab, equipped with 3D
mocap system and two force plates. The data was
collected at the Lundberg Clinical Gait at the
Sahlgrenska University Hospital in Gothenburg,
Sweden. Eighteen healthy subjects were measured
while walking with the mocap system and with our
inertial sensor system simultaneously. The inertial
sensor data was used to calculate a gait symmetry
index and a gait normality index. The mocap data was
considered ground reference and used to guide the
development of the symmetry and normality indices.
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» Testing: A separate data collection took place at the
orthopedic ward of the Sahlgrenska University
Hospital in Mdlndal, Sweden. Eleven hip-replacement
subjects were measured with the inertial sensor system
while walking along a 10-meter walkway. The time to
complete the walkway and the number of steps taken
were recorded. This procedure was repeated on the
day of discharge from the hospital, and 3 months later.
The patients also filled out a (EQ-5D) questionnaire
about  mobility, self-care, daily  activities,
pain/discomfort, and anxiety/depression. The inertial
sensor data was used to calculate symmetry and
normality indices for the patients at discharge and 3-
months later. Results were compared to the
questionnaire answers, average speed, average step
length, and length of stay at the hospital. The goal of
this part of the study was to determine if the proposed
symmetry and normality indices reflected the level of
recovery of the patients. Results indicated that the
normality index, in particular, can potentially help
assess the wellbeing and level of recovery of patients.

5. Results

Based on the symbolized signals, new measures of
rait symmetry and gait normality were created. The
sroposed symmetry index was superior to many others in
letecting movement asymmetry in early-to-mid-stage
Jarkinson's disease patients. Furthermore, the normality
ndex showed great potential in the assessment of patient
‘ecovery after hip-replacement surgery.
several publications resulted from this project, one of
vhich was awarded the Best Student Paper prize at the
nternational Joint Conference on Biomedical Engineering
systems and Technologies [VII].

5. Conclusion

This project successfully devised a simple-to-use
nertial sensor system, which can provide valuable
nformation about gait symmetry and gait normality. This
system can be used to provide quantitative information
ibout quality of gait, and help assess the condition and
‘ecovery of patients. The system was validated against a
state-of-the-art gait analysis system, and also evaluated in
1 real clinical environment.

Further investigations are needed in order to turn this
nto a commercial system. However, this project has
lemonstrated that such a system is feasible and can
srovide value to clinical institutions.
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1 Background and Motivation

A demographic change is occurring in many areas
of the world. The population share in which peo-
ple in age over 60 years has been increasing for
the last decades and estimations predict that this
group of elderly population will near quadruple in
the year 2050 [1]. This change will bring exponen-
tially increasing costs of health care [3], which will
be supported by the decreasing share of younger
people. One solution to this challenge is through
technological developments aiming at reducing the
costs of health care. Smart environments, [2], tar-
geted for ambient assisted living, enable people to
remain independent at their own home and to live
in a decent way longer. Key functions of such en-
vironments are:

e Answering queries (where is the person, for ex-
ample).

e Activity recognition (what the person is do-
ing).

e Detection of specific behaviour and potentially
dangerous situations.

e Fall monitoring.

Camera sensors have been used for the detection
of human activities of daily living (ADL). However,
the privacy issues of such camera-based solutions
motivates the usage of other sensors such as wear-
able inertial sensors and accelerometers. A wear-
able sensor is dependent on several aspects of hu-
man behaviour such as remembering to put on the
sensors and doing so properly. Other, often used,
sensors in ubiquitous computing are switches, mo-
tion detectors and electromechanical sensors, which

do not, at the same extent, breach the privacy of
individuals. Because of the large variety of sen-
sor types and settings, information processing ap-
proaches, and individuals living in the environ-
ments, finding an accurate, robust and economi-
cally efficient solution to the problem is a hard task.

This project focuses on data mining methods and
sensors to model human behaviour in home envi-
ronments and techniques to infer knowledge from
such models.

2 Goals

The main objectives of the SA3L project is to de-
velop methods and tools for: answering queries,
performing robust recognition of dangerous situa-
tions, detecting deviations of behaviour, generaliz-
ing easily over different homes and individuals, and
exploiting online data streams to adapt processing
algorithms in an incremental fashion.

3 Approach

The project is divided into seven work packages:

e WP1. Customer needs, features and
specification of foreseen product.
This step involves investigating the need for fu-
ture products and specifications of such prod-
ucts.

e WP2. System for getting information
from and interfacing with end users.
To develop a web-based system for collecting
information from the end users in order to re-
ceive ground-truth of human behaviour and
alarm situations.
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¢ WP3. Upgrade the data collection envi-
ronment.
To upgrade the existing data collection envi-
ronment. To develop a data simulator based
collected data.

e WP4. Data collection.
This work package involves collecting data
from different persons in their homes and also
in a simulated home environment.

¢ WP5. Data analysis.
To develop methods and algorithms for achiev-
ing the project goals.

¢ WP6. PhD education.
During the project one to two persons will be
educated with at least one Licentiate and one
PhD level dissertation.

e WP7. Evaluation of end results.
To evaluate the quality of the end products,
prototypes and services.

From the collaboration with the partners so far,
there are several promising directions of research,
which advocates investigating the fusion of several
sources of information such as general prior knowl-
edge about the elderly, self-reported surveys, nurse
and relatives knowledge about the elderly, and the
home environment floor plan.

4 Results

A technical report describing the analysis of at-
tempts to complement the night care service with
technology was made public available [4]. Var-
ious sensors (both wearable and sensors with a
fixed position in the home) were used to collect
data from 15 individuals during two—three weeks at
night time. The collected patterns were analyzed
to find characteristic patterns of behaviour for the
individuals as well as similarity between individuals
and deviations. The collected data were analysed
in terms of scenarios, e.g. describing a visit to the
bathroom, see Figure 1. Technical challenges re-
lated to data mining and incorporating algorithms
into products were identified.

Customer in apartment
.."f -, - T

| =L i 0

Figure 1: A wake-up scenario in a home environ-
ment equipped with several sensors. The coloured
dots represent different events such as: waking up,
stepping outside the bed, walking to the bathroom
etc.

5 Partners and Status

Funding: The Knowledge Foundation.
Companies: Neat Electronics AB.

Other partners: Centre for Health Technology
Halland.
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HMC2- Human motion classification and characterization
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The objective is to design wearable instruments/devices that can characterize and classify human motion. The devices shall
be small and “non-intrusive”, similar to a step counter. We are looking at two sensor modalities: inertial sensors (e.g.
accelerometers and gyros) and electrical sensors for detecting, e.g., electromyography (EMG) signals.

1. Background and Motivation

Moderate physical activity can improve health
substantially over an individual’s lifetime. Even
physically active people can improve their health status
by increasing their activity. Physical activity helps to
control diseases; adopting healthy behaviors, including
physical activity, decrease and control the effects of
diseases like, e.g., diabetes, heart disease, depressions and
dementia.

There are two important aspects in the problem of
increasing the level of physical activity for an individual.
One is the matter of having a portable method/device for
measuring an individual’s level of physical activity. The
other is the ability to motivate the individual by providing
suitable feedback on his/her level of activity.

It is important to develop simple and wearable devices
that can measure the daily physical activity of an
individual. Such devices can be used both to monitor
physical activity, e.g. in a treatment scenario or to gauge
the levels of physical activity in a cohort, and to motivate
physical activity. A simple example of such a device is
the step counter. However, the step counter is a very
coarse measurement and it only measures the activity
during walking or running.

If a portable device (preferably wearable) would be
available that could “ubiquitously” measure different sorts
of physical activity and estimate the intensity level, then it
would open up new venues of health promoting
treatments and pro-active approaches to better health.

Cycling is a very popular type of sports and physical
activity that has a low impact on the cardiovascular
system and is therefore suitable for many persons as an
exercise. Our project, however, focuses on the people who
practice cycling seriously.

Muscle fatigue may occur during cycling. It occurs
locally and is characterized by the declining ability to
perform muscle contractions and force exertions. A
person experiencing muscle fatigue will generally feel
pain in those muscles. High level muscle fatigue can
cause serious injuries. Objective assessment of muscle
fatigue would help athletes, trainers, and hobby cyclists to
assess fitness and prevent muscle injuries.

Analysis of electromyographic (EMG) signals can be
applied to evaluate local muscle fatigue. Stationary
equipment is usually used to record EMG signals.

2. Approach

Inertial sensors

The approach is to use wearable sensors, typically
accelerometers (inertial sensors), to estimate motion
intensities and qualities. From this is energy consumption
estimated. The person wearing the sensors can get
immediate (or almost immediate) feedback on the energy
consumption plus a log of energy consumption during
some time back.

EMG

The approach is to use EMG sensors weaved into a
wearable textile belt, which can be comfortably put on a
leg. Other modalities than EMG sensors can also be
weaved. Some processing can be done in the sensors and
(e.g.) a smart phone can be used for more advanced
analysis. The person wearing the belt can therefore get
immediate information on muscle status as well as results
of a comprehensive analysis of the data after the training
session.

Previous studies, concerning static muscle work, have
shown that muscle fatigue manifests itself in increased
signal amplitude and decreased mean/median frequency.
In the context of dynamic muscle work, diverse results
were obtained concerning the mean or median frequency
change. Instead of relying on mean/median frequency,
EMG signals recorded from different muscles of both legs
can be characterized by a set of various features. Various
relations of these measures computed for different
muscles and legs may help revealing muscle fatigue.

3. Results so far

Inertial sensors

A smaller scale data collection has been made and pre-
studies performed to assess the applicability of different
methods and viability of solutions for characterization of
primarily running and walking. Example of what has been
studied is estimation is energy expenditure, see Figure la,
and estimation of step time variability, see Figure 1b. The
usefulness of the estimated information is e.g. for sports
applications, optimizations of cadence or similar, but can
also be for health care application to estimate the gait
variability over time for assessment of risk of falling. A
larger data collection is under arrangement.
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Figure la: Estimation of MET (metabolic energy
transfer) from accelerometers.

Figure 2b: Estimation of step time from
accelerometers. The events (heel strike) is identified
and the time between two consecutive events are
shown (filtered).

EMG

Eight subjects participated in the data collection
experiments conducted at Halmstad University and two
subjects in the experiments conducted at the facilities in
the Sports Academy of University of Gothenburg. At both
occasions progressively increasing and constant loads
were used and EMG signals were recorded from four
muscles of both legs, eight channels in total. In the Sports
Academy, in addition to EMG signals, readings from
accelerometers attached to the legs, as well as
measurements of heart rate, oxygen consumption, lactate
concentration in blood, cadence, and subjective
evaluations of fatigue were also taken.

A random forest-based fatigue prediction model was
build using data of the first experiment. Feature extraction
was based on analysis of 8s. long EMG segments. Fig. 2
illustrates performance of the model, while in Fig. 3
shown are variations of the asymmetry index given by a
ratio of EMG energies computed for corresponding
muscles.

Figure 2. Performance of the fatigue prediction
model.
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Figure 3. Asymmetry index computed for subject 1.

Analysis of data from the second experiment is based
on an EMG pulse-by-pulse basis. Therefore, a reliable
method to detect the initial points of every EMG pulse
based on temporal changes in signal variance was
established. This allows for better identification of
transition points in an EMG signal, which may prove
valuable when comparisons between different points in
time are to be made.

It is expected that the project will result into a wearable
device equipped with trainable algorithms for data
processing at the sensor (embedded hardware) level
and/or in a smart phone, and for the post-training analysis
as well.

Studies based on the first experiment data resulted into a
Master‘s thesis by Markus Schafflinger defended in June
2012 [1].

4. Partners and Status

Industrial Partners: TAPPA, Free2Move.

Project  funding: CAISR profile funding from the
Knowledge Foundation, TAPPA, Free2Move, and
Halmstad University.

Duration of the project: January 2012 — December 2015.
Project leader is Nicholas Wickstrom.

Publications

[1] M. Schafflinger, Quality assessment of bicycle
training, Master Thesis, IDEI1223, Halmstad
University, 2012.
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Human status and activity during hemodialysis

T. Rognvaldsson', D. Engvall?

1. CAISR: Center for Applied Intelligent Systems Research, Halmstad University, Sweden
2. Redsense Medical AB, Halmstad

The project aims at using a new patented technology for detecting venous needle dislodgement to also be more aware of human

activity and status during hemodialysis.

1. Background and Motivation

Redsense Medical is a spin off started in 2006 that focuses on
detecting venous needle dislodgement during hemodialysis,
especially for the home-dialysis market (people that do the di-
alysis at home). The company’s patented key product is a sen-
sor with optical fibers that is effective, clean, user friendly, and
simple to handle. Figures 1 and 2 illustrate the product and
application.

Figure 1: The Redsense Medical monitor.

Figure 2: How the monitor is placed.

Dialysis is a process that is done quite frequently, i.e. it becomes
standard for the patient, and the patient lies down and rests,
even sleeps, while it is done. It takes several hours each time
and it is impossible to have staff overlook the process all the
time. Venous needle dislodgement is a serious problem with
possibly fatal consequences. It can occur when the patient turns
over, in his/her sleep, or if the needle is caught without some-
one noticing [1]. On average, about two persons die per week
in the US due to venous needle dislodgement (where this is the
verified cause) [2].

The next generation of the Redsense Medical monitor should
have a higher level of awareness. The dialysis is a lengthy pro-
cess that takes several hours and patients do different things
while it goes on. The optical signal in the sensor is, to different
degrees, affected by many things, e.g. the degree of bending
of the fibre, sweat (dampness) and temperature. These effects
can be a problem, i.e. the sensor can give a false alarm, and a
benefit, i.e. the sensor signal can be used to detect the status of
the patient and not only bleeding. A patient that is restless, i.e.
moving about a lot, could be detected and monitored extra. A
patient that is worried/stressed, i.e. sweating, could also poten-
tially be detected. This is important for both the clinical and
the home dialysis setting.

'The goal with the project is to collect data during dialysis, when
the Redsense monitor is used, and match human activity and
status with the sensor signal. This will give information both on
effects that need to be handled with the sensor, and develop-
ments that can be done with the service the sensor provides.

2. Approach

A new sensor prototype and measuring equipment is developed
by Redsense, with new fiber technology and better ability to log
data. This prototype will be run in clinical tests where we col-
lect different information: the optical signal, a film of the dialy-
sis and other additional things (pulse, blood pressure, etc.). The
data will be analyzed to associate changes in the sensor signal
with patient activity and status. The long term goal is to have a
“human activity” classifier that uses the sensor signal.

3. Results so far
Redsense Medical developed a new sensor prototype that was
available after the first half year of 2012.

'The project has unfortunately been cancelled because Redsense
Medical AB could no longer participate in the CAISR consor-
tium from January 1, 2013.
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