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Proposal abstract

One important class of microsystems interactindy \witman body is dedicated to monitoring
and diagnostics. This technology has a tremendogsadt, both in the medical and
economical domains; according to official EU sosroenly in 2008, more than 220 billion
EUR was used for diagnostics and treatment of ntoskeletal disorders. The major
problems of this technology are: how to make itiature, wireless, with a zero impact of
equipment on muscle/body response, non-invasiahlesvhile the patient/subject is doing
voluntary movements, and with sensors for a largeety of applications, producing a
holistic picture (rather than producing an isolasetl of parameters). Additional challenge is
how to enhance it with intelligent software, whiehables data-mining, concept modelling,
and is compatible with the principles of semantibwEXxisting technology is mostly wired
and static (voluntary movements not possible), &ittingle sensor (and a limited number of
applications), generating the information basedadimited set of isolated parameters, and
only with simple analytical capabilities (no softwassistants). The objective of the proposed
project DiaMus is to generate a next generatiohrtelogy for musculoskeletal disorders
diagnostics, with major departures in all the digiens listed above, during the voluntary
movement, completely wireless and non invasivengigl variety of sensors for: muscle
tension measurements (the original MC-MEMS to bwoduced by this project), 3D
acceleration, 3D gyro, EMG, and potentially maniyeos, as well as a sophisticated analysis
software based on data-mining, concept modelling, semantic web. This can expand the
application domain to about 20 different use caéesmedical diagnostics, rehabilitation,
wellness, sports, etc...). All the newly introdu@gplications will be tested on a statistically
significant number of subjects, in the leading liagp of two different countries/populations.
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Proposal

1. Scientific and/or technical quality, relevanthe topics addressed by the call

1.1. Concept and objectives

The major concept behind this proposal is to consgoergistically the following fields:
(MDS) medical diagnostic systems, RMS (rehabilitatinedicine systems), SMS (sports
medicine systems), ECE (electrical and computerineeging), WSN (wireless sensor
networks), INT (Internet technology), SEM (softwaegineering methodology), DMS (data
mining systems), SWS (semantic web systems) and(C&iceptual artificial intelligence);
all that for the success of the next generationinwasive voluntary diagnostics technology.
Also, new sensor technology (the newly developedaeMC-MEMS) is one of the major
contributions of this project.

This major strategy is fully compatible with magmwals expressed in Call 5, Challenge ICT-
2009.3.9(c.1.iii).

To stress the compatibility and competitivenessoof approach, we paraphrase here the
essential points of Call 5, Challenge ICT-2009.@.91, iii): Microsystems interacting with
human body, with particular emphasis on autonomaus, non-invasive (approaches), for
monitoring, diagnosis, and therapy.

Our approach in this proposal is a continuationlqfe-up) of other existing or past EU

projects (FP7) in which members of this consortiyarticipated or are currently

participating: ProSense (wireless sensor netwoi&epSei (Internet of things). Essentially,
while working on previous projects, ideas were gateel which, although excellent, were not
doable within the scope of those projects, becdahsg were out of the scope of those
projects.

What follows is the description of the basic coricbphind the proposed approach, in
comparison with the existing state-of-the-art.

Existing solution:

The existing state-of-the-art (e.g., the existingl@ system) is used worldwide (list of
references is given in Figure 4 of this proposaty includes the following functionalities:



a. TMG (Tensiomyography) method, which is classifeda mechanomyographical (MMG)
method based on detection of muscle belly enlargenmethe radial direction, when the
muscle contraction is elicited by single twitchottezal stimuli.

b. Analysis of the response (muscle twitch contragtiand extraction of the parameters from
the response, like:

Maximal amplitude of the signal/contraction (Dm)

Delay time - from the stimulation to 10% of the rimaal contraction (td),
Contraction time - from 10% to 90% of the maximahicaction (tc)
Sustain time - from 50% contraction to 50% of tekaxation (ts)
Relaxation time - from 10% relaxation to 50% relzo (tr).

Amplitude vector (list of maxima, if more than onejc...

c. Based on these parameters and previous studieshsemferences), the basic muscle
contractile properties can be defined. Differenfces the reference values for the parameters
can indicate physiological (fatigue, potentiatign.. pathophysiological (myopathy,
neuropathy...) and aging related changes (sarcapeniand can be applied in various
domains (medical sciences, applied physiology,tsmences...).

d. State-of-the-art is using a wired technology.

e. State-of-the-art is using only one type of senand doing only the basic skeletal muscle
diagnostics.

f. State-of-the-art is not data mining the respoesalts.
g. State-of-the-art is covering a limited number ofigmtial use cases.

h. State-of-the-art can serve as an excellent bas#&imadvanced research leading to a next-
generation technology, which overpasses all drakébhbsted above.

The goal of this project is to do research leadmgreation of an innovative system whose
functionalities and use cases are explained next:

Functionalities (to support expanded applications and use cases):

a. Existing hardware is redesigned, to include fastamponents, WSN, and till-now-non-
existing processing capabilities, as indicated ppéndix 2. Special attention is given to the
following issues:



Hardware which gets reconfigured according to nseds
Human interface which can get reconfigured accartinuser needs

b. Existing hardware is expanded with a larger nundfenodern sensors, so the consortium
can experiment with novel domains, and their usagkagnostics/treatment and optimization
applications.

c. A specialized piece of system software is added.

d. The specialized piece of software mentioned abhswwganized around a software agent
capable of collecting data from the measuremenid faom the environment in real
conditions (not just laboratory).

e. The system guarantees privacy in the sense tlmimation collected by the software agent
will not be publicized or abused in any sense. pitneacy guarantees should be placed at the
highest trust level.

f. Software agent monitors the processes in themystethat activity it uses the data from:

The stimulus - contraction relation (e.g., informoatfrom built-in sensors)
The sensor network system (e.g., information fremssrs of the environment)
The Internet system (e.g., public knowledge)

The direct inquiry, which is done only if absolyteiecessary (e.g., asking direct questions
from the patient, like anamnesis).

g. The collected data are pre-processed on the apdtpassed to a central data mine, inside
the system, which is connected to the Internetiierbenefit of the community, if so needed.

h. At the central data mine system (DMS), using tigerithms of concepts oriented artificial
intelligence (CAl), the concepts related to possitibgnostics options are extracted, and used
to generate recommendations. This is an extrenogkisticated task, to connect movements,
loads, electrophysiological changes and muscleraaintn forms, as well as the synergistic
interactions there-off. Appendix 3 gives an exampfeconcept modelling used in this
environment.

i. The extracted information is related to built-ensors, but also to external environment. A
selected subset of that information, only the subggich is of general nature, and not
abusing the privacy of any customer, is made abvailgia the Internet.

j- The system can monitor a large number of DSPgi{distics optimization parameters) and
EAPs (environment awareness parameters). Theskecprocessed using a number of KEPs
(knowledge extraction procedures), and refinedgusimumber of CEAs (concept extraction



algorithms). Once the concepts are extracted, etmcecommendations (in a ranking order)
are generated using appropriate RRGs (ranked reeoatetion generators).

k. Alist of current beneficiaries of the state-oéthrt TMG system is given in Figure 4. The
above described system architecture is depict&igure 1.

Examples of Use Cases for the Technology to beldeed by This Project:

The cases to follow are enlisted in the order @f likvel of elaboration, and the level of
elaboration corresponds to the level of importafioceghe main focus of this proposal (most
of them are related to orthopedics). The less etdbd examples will be the subject of
screening and analysis during the course of thegtro

a. Optimization of the rehabilitation process. Youpgtients, who are active and who had
anterior cruciate ligament injury (ligamentum catam anterius) and underwent
reconstructive surgery, will be taken into consadien for the assessments. The deficiency of
quadriceps and hamstrings will be assessed aftgrcaliprocedure. Comparing the muscle
(vastus lateralis, rectus femoris, vastus medialiBiceps femoris, semi-
tedinosus/membranosus, lateral and medial partasfrgcnemius) properties on both sides
(injured and healthy) before and after surgeryindurecovery period, we can optimize
rehabilitation processes. Monitoring functional anadrphological changes (muscle activation
pattern, muscle fatigue, amplitude of contractielative force...) on each particular muscle
can make a rehabilitation process more efficient givorter. The aim of assessment would be
to prevent re-injury, to reduce the cost of in-patitreatment, and to help patients resume
their sport and “active life” activities when a bate of muscle strength ratio and
neuromuscular properties between operated and perated has been attained.

b. Mononeuropathies related diagnostics. Mononeuhdgmtcan occur secondary to direct
trauma, compression, stretch injury, ischemia, dtid®, or inflammatory disease. The
knowledge about peroneal nerve anatomy is essentishderstand the mechanism of its
injury and to localize the site of the lesion. Thatients with peroneal mononeuropathy
experience frequent tripping due to a foot drop.&M useful to localize the lesion. It can be
helpful in determining which nerve is involved penty—the common peroneal nerveat
the knee or one of its two branches, the superfmialeep peroneal nerve The tibialis
anterior or extensor hallicus longus muscles (i.e., inneydy the deep peroneal) and the
peroneus longusor brevis muscles (i.e., innervated by the supiaffiperoneal) are useful to
study for this purpose. EMG is also helpful in det@ing if the foot drop is due to an L5
radiculopathy or a sciatic lesion. In an L5 radopadthy, the tibialis posterior, which is a foot
inverter, and th&umbosacral paraspinous muscles are involved.

c. Post-reconstructive ACL surgery monitoring. Youagiive patients, who hadnterior
cruciate ligament injury (ligamentum cruciatum anterius) and underiveeconstructive
surgery, will be taken into consideration for thesessments. The deficiency of quadriceps
and hamstrings will be assessed after surgicalepiwes. Comparing the muscle (vastus
lateralis, rectus femoris, vastus medialis, bicépsoris, semi—tedinosus/membranosus,



lateral and medial part of gastrocnemius) propert@ both sides (injured and healthy)

before and after surgery, during recovery periagg can optimize rehabilitation processes.
Monitoring functional and morphological changes éaia activation pattern, muscle fatigue,

amplitude of contraction-relative force...) on eaetigular muscle can make a rehabilitation

process more efficient and shorter.. The aim oéssment would be to prevent re-injury, to

reduce the cost of in-patient treatment, and t@ Ipeltients resume their sport and “active
life” when a balance of muscle strength ratio aadromuscular properties between operated
and non-operated has been attained.

d. Re-injury prevention. Involvement of the peronéaision of the sciatic nerve in the thigh
or hip area is more difficult to determine clinigalln the thigh, the peroneal division of
the sciatic nerve innervates the short head of theiceps femoris muscle, a knee flexor.
EMG may be necessary to determine involvement. Witthis new wireless technology we
could evaluate functional and morphological condibth on particular muscle before
injury, during (after) treatment and during recovery period. The aim of assessment
would be to prevent re-injury, to reduce the cost btreatment and rehabilitation.

e. Talent selection. Use of Diamus as a screenindgnodetor young athletes participating in
various sports and thereby identifying excepticiaénts for a specific sport/event (speed
dominant, force dominant, anaerobic, mixing andhiertype if exercises /performance). For
each type of the load different test procedures v@ldeveloped based on 10 years of TMG
technology sport application, these will includéasic test for distribution of fast twitch
muscle fibers and evaluation of muscles balangeritant for the particular sport. Based on
previous study, talent screening will be done With2 years-old children. . Classification will
be based on muscle biomechanical and physiologioaperties detectable with DiaMus
sensors (during running, jumping...).

f. Clinical rehabilitation optimization. Optimizaticof rehabilitation processes and prediction
of rehabilitation process duration which takes irdonsideration an expanded set of
measured/sensed parameters. This is of interesthéopatients who are not covered by
insurance and pay for rehabilitation (to know wilterstop and when is probability of re-
injuries reasonably low ), as well as for insuragoenpanies in cases when they cover the
rehabilitation costs (in order to minimize expensebBhis use case also includes the
recommendations for clinical rehabilitation endmaonditions/standards, in the cases when
synergistic effects of various measured paramererpresent.

g. Maximizing sport results without application ofgieg. Development of more efficient
training protocols for development of speed of ingnand movement, using the DiaMus
sensor system. Emphasis will be put on muscle uatigactivation pattern strategy,
potentiation of muscle twitch contraction, flexibitmuscle force relation and biomechanical
efficiency. by monitoring and evaluating these th@ning protocols can be accordingly
adjusted. Majority of protocols (3-5) will be domereal movement conditions. This approach
can help young sportsmen and coaches to develofi,rbased on better understanding and
monitoring of stimulus (training) adaptation redeti



h. Complex muscle asymmetry detection for both jllied and healthy (based on an
expanded set of sensors). It has been proven tistlenasymmetry increases the probability
of injuries/re-injuries (both for ill/injured andehlthy subjects, including sedentary, active
population and sportsmen), and it is importantXpaad the number of measured (sensed)
parameters that can point to muscle asymmetriestiftnal and morphological. This use case
also includes generation of recommendations fatinent of all realistically possible types
of muscle asymmetries which exceed recommendedaatds

i. Real time detection and monitoring of psycho pblggjical abilities (neuromuscular
component) of police special armed force officarsadiers.This use case also includes a
study or real time monitoring the effect of differet types of fatigue/excitation on
working capability measured in extreme real conditbn (exercise, simulations and real
combat). Psychomotor agitation makes the reactionfaster, but less controlled, reaction
patterns change, if the person is in local or cenait fatigue condition. Monitoring with
the multisensor-noninvasive approach can obtain dat necessary for making better
decisions in training process and in real conditios.

j- Movement pattern optimization, for sports. Theipment can generate conditions for
small pain, if the skeletal muscle movement is idetshe scope of the pre-programmed
trajectory. Movement primitives can be defined, wsll as the criteria for successful

movements. Departures from optimal can be classHgestill correct or not correct. Criteria

of successful achievement of the end goal can bétls® end goal may be a better score
against an opponent, or another higher-level gdapecification of RTP (recommended

treatment procedures).

k. Post-surgery muscle damage detection and morgtohteasurements will be performed
on patients with hip fracture or hip osteoarthntiso underwent hemiarthroplasty or total hip
replacement. We would record properties of m.glsitenaximus before and after surgery.
Gluteus maximus is the powerful extensor of the bgpecially when the knee is flexed. The
damage of gluteus maximus results in weakened sixtenThe aim of the measurements
would be to detect muscle damage during postetig@ical approach. Based on the results,
we could improve surgical approach (with minimalscle damage), which would help us
optimize postoperative period.

I. Post-surgery shoulder rehabilitation optimizatidhanterior dislocation of the shoulder (by

far the most common pattern) one of the seriousptications is a damage to the auxiliary
nerve as it runs around the neck of the humeruss @@dmage causes partial or complete
paralysis of the deltoid, which results in weakeabduction of the arm and muscle atrophy.
According to standard procedures, when damagesisested, the auxiliary nerve should be
examined with an EMG 3[Computer2] weeks after ipjand 3 weeks afterwards, which is

very painful for a patient. With this wireless taolbgy, we could recognize this condition

effectively and it would be painless for the patiéte could also evaluate and optimize
rehabilitation period (by comparing injured shoulttethe healthy shoulder).



m. Recovery process optimization of distal radiustinees. The distal radius fracture is one
of the most common injures of the upper limbs. Térgest numbers of these injuries are
treated non-operatively (orthopedic reduction aadt ammobilization for 4-6 weeks). The
complications are frequent after this serious wjdihe median nerve runs right across the
site of a Colles’s fracture and may be compresseth® bruising and bleeding around it.
Median nerve damage in this region results in weaeléhenar and thumb muscle, as well as
sensitive disorders of the hand. EMG must be pedd in accordance to standard
procedure, which is unconformable for a patiente Biim of measurements with this new
technology is detecting the damage and evaluatiagecovery process.

n. Detection of negative, neutral, or positive effeof new drugs, currently under test by the
drugs administration proceduré&Shanges on neuromuscular system can be detected in
different controlled conditions .This use case alsincludes screening of new active
substances (potentially new commercial drugs) for ase-effect influence on the human
locomotor system.

0. Diagnostics of post-operative condition and redutenctionality of the locomotor system
(e.g., following aesthetic and corrective surgery.The changes are a consequence of
temporary partial or total immobilization. Intensit y of biomechanical and physiological
changes will be studied on different case sensitivemuscle groups. Study of RTP
(recommended treatment procedures) and total recove is also included into this use
case.

p. Low back pain management. Low back pain is ambegnost frequent conditions in our
clinical practice. High percentage of asymmetryairerage population, origins from their
working place conditions or from improper body pwst Most of the examples tdwer
back pain origins from erector spinae lateral asymmetry Wwhian influence muscles and
joints oflower extremities. From our experiences we can affirm that mosheféxamples of
lower back pain origins from erector spinae lateral asymmetry.hBlaigic changes in
muscles usually demonstrate in higher muscle tonbgh causes change in activation level
of one or both sides of erector spinae. The resuiltshelp us to calculate the professional
risk of low back pain developing by some occupai@nd to develop more efficient
diagnostic for low back injure level index.

g. Evaluation of the integration level of implantsdaorthotics and the efficiency of their
support or correction of musculoskeletal deforrsitad/or abnormalities of the human body.
Monitoring the influence on local muscle tissue itflienced by implants and orthosisand
optimisation of ergonomics and study of RTP

Also, a number of screening studies will be perfdm

r. Insight into the possible impacts of environmeallygion on muscle state and potentials.
Study of RTP.



s. Diagnostics of neuropathy and miopathy changeschwhare not after the autoimmune
causes study of RTP.

t. Diagnostics of some autoimmune deceases like M, & MG, which influence the
skeletal muscles properties, in the early stageisebse developmengtudy of RTP.

u. Monitoring of changes on skeletal muscle propgrtigith aging, in the sarcopenia and
functional atrophy conditions. Also, influence dffekrent exercise programs on aging related
changesStudy of RTP.

v. Detection of spastic disorders of muscles (levetiffness and tightness), after brain and
nerve injuriesStudy of RTP.

X. The impact of addictives will be studied.

y. The impact of dietetic/nutrition strategies on oiesdevelopment (functional) will be
studied.

z. The impact of stress condition on neuromuscularesy will be studied.

This is a partial list of possible use cases. @radf an expanded list of possible use cases
will be conducted during the initial phases of fh®ject. One use case is elaborated in
Appendix 1.

Rationales:

a. To develop an existing technology into the comhityodomain, which means that it has to
become inexpensive to purchase, easy to useegititd use, and more effective.

b. To test the developed technology using a stadibtitarge patient base.

c. To make iterative improvements based on the @psésults.

d. To create ideas for the next generation of theest@rhnology, with more applications, and
more insight into the capabilities.

Goals:

During the first year, the goals are:



a. To expand the coverage of existing applicatiopstiftg with existing TMG equipment),
such as: (a) Monitoring the rehab process and métarg the end-of-rehab condition, by
making decisions based on more than one paranfejddetecting muscle asymmetries (as a
cause of sport injuries) and verifying that the siry condition is reached, etc....

b. To create new applications, through a creativeradtion among team members and
interested parties externally.

c. To develop the detailed project requirements, tvisianverts the current generation product
into one which: (1) Uses the wireless technology aireless sensor networks (WSN), (2)
Uses faster software characterized by environmesatreness, (3) Uses the Internet-related
resources if and where necessary, and (4) Utitlzesesources of the Internet of Things (see,
SENSEI)

d. Development of field test requirements, to be daine statistically large test base.
During the second year, the goals are:

a. Development of the wireless environment: (1) Wssl data transfer, (2) Incorporation of
WSN, (3) Synergization of WSN components, and (4ihddng intelligence to the WSN

synergy.

b. Development of faster software: (1) On the Micnoglee Level, (2) On the Operating
System Level, (3) On the Compiler Level, and (4)t@aApplication level-

c. Merging with the Internet: (1) For remote displafyresults of on-site physician (using the
principles of Semantic Web), (2) For remote diagicss(by a remote physician), (3) For
remote robotic activation, and (4) For remote rabisiteraction.

d. Merging with the Internet of things
e. Doing clinical experiments that are doable at stége.
During the third year, the goals are:

a. Testing the existing application (medical diagmusstrehabilitation, applied physiology...)
on a large statistical test base, using the neelgldped equipment.

b. Testing the newly developed applications (meditatjnostics, rehabilitation, kinesiology,
ergonomics study, movement optimization...).



c. Feedback-improved existing applications, retested.
d. Feedback-improved new applications, retested.

e.Analysis and comparison of results.

What follows is the description of the basic coricbphind the proposed approach, in
conditions when the major motivation forces are:

a. To obtain holistic information, from sensors, frahe SGM, and the Internet, related to
acquisition of products (PD), services (SV), humesources (HR), novel ideas (NI), as well
as the information on external state of environn(&t), and about the optimal actions to
take (OA). All 6 issues above are referred to auisition-ware (AW).

b. To obtain information which is not biased, i.eof produced by humans involved in data
acquisition, but by the technology used to mortiter activities.

c. To obtain information which is timely, i.e., sg/énerated continuously while processes are
in progress, and not generated at discrete pomtsen arbitrarily (knowing the values of
field parameters, all the time).

d. Timely recognition of scenario that need attentiand system-generated suggestions for
actions.

Motivation forces for the users of this type of guots are:

a. Trust generation among potential users, sineeirtipact of biased decision making is
eliminated or minimized.

b. Lower costs

c. The system guarantees privacy in the sense tfoatriation collected by the software agent
will not be publicized or abused in any sense. pitneacy guarantees should be placed at the
highest trust level. Of course, there are alwaysesparticipants in related business, which do
not trust even the highest trust level standardsthey are often-times willing to make trade-
offs, when they see large enough benefits.

Software agent monitors the processes in the system



a. At the central data mine system (DMS), using tigerdthms of concepts oriented artificial
intelligence (CAI), the concepts related to busingsals are extracted, and used to generate
recommendations to decision makers.

b. The extracted information is related to systeminogation, but also to external
environment. A selected subset of that informatany the subset which is of general nature,
and not abusing the privacy of any participant e system, is made available via the
Internet.

c. If the processing delay is not short enough, tMSheeds to be expanded with appropriate
HWA (hardware accelerators).

d. The system can monitor a large number of CSPsngss optimization parameters) and
EAPs (environment awareness parameters). Theskecprocessed using a number of KEPs
(knowledge extraction procedures), and refinedgusimumber of CEAs (concept extraction
algorithms). Once the concepts are extracted, etmcecommendations (in a ranking order)
are generated using appropriate RRGs (ranked reeoatetion generators).

In the above described system architecture, ondghare the patients (some of the use cases
were described before); more will be introduce@ébelated, and implemented during the
project run. The activities of the system are opén using data from the Internet, data
bases, sensors, mobile services, etc. Some of tadaeare semantically enhanced using the
concepts oriented artificial intelligence (the cahbox), with elements of semantic web, data
mining, concept modelling, and decision making. Dlasic idea of the system is given in
Figure 1.

EXISTING TECHNOLOGY
3D SENSORS FOR DETECTION OF
hNﬁEmSEEq”gSOR ACCELERATION AND ROTATION OF
BODY / BODY SEGMENTS AND
SENSOR FOR ELECTRICAL ACTIVITY OF
NEUROMUSCULAR SYSTEM — EMG

INTEGRATION

Figure 1: The basic system idea



Activities are performed by well defined proceduresing input data formatted in a
standardized way, enhanced by monitors. Speciahtadh is dedicated to the treatment of
exceptions in processes. The information colledondicated in Figure 2, together with the
information processing flow in Figure 3.

MONITORING EXTERNAL FORCES FROM GRAVITY,
SYSTEM ACCELERATION/DECELERATION

/

o/
3D ACCELOMETER -
3D GYROSCOPE

SENSORY RECEPTOR DETECTION
(MUSCLE, TENDON, JOINTS)

DECISION DATABASE
AFFERENT — EFFERENT PATHWAY MOVEMENT PATTERN
’ IMPROVEMENT RECOGNITION
/ IN REAL-TIME PROCESSING
EMG SENSOR
\ 8-

\ SYNAPTIC TRANSMISSION AND . . ‘

ACTION POTENTIAL PROPAGATION

/ INFORMATION
PROCESSING
L
/ - CONCEPT MODELLING
- DATA MINING
MC-MEMS SENSOR MUSCLE CONTRACTION * - SEMANTIC WEB
—

Figure 2: Information collection
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Figure 3: The information process flow

A list of past and current users of existing tedbgp is given in Figure 4. The set of use
cases will be enlarged during the first year of phgject, elaborated during the second year,
and a subset will be implemented during the thidryof the project. A typical time domain

of the response is elaborated in Figure 5.



A LIST OF USERS

Sport clubs and training facilities

UK Sport Institute (UK )

US Olympic Center Chula Viste (USA)
FC Barcelone (ESP)

FC Fiorentine (ITA)

FC Dinamo Kijev (UA)

FC Udines¢ (IT2)

FC Villarrea: (IT2)

FC Almeric (ESP)

FC Racing Santander (ESP)

FC Livorno Calcic (ITA)

FC Bari (IT2)

FC Atalana (IT2)

FC Kelag Karnter (AUS)

FC Interblock (SLC)

FC Publikun (SLC)

VF Sport Seville (ESP)

Footbal [ ederation of Slovenia (SLO)
Hockes I ederation of Slovenic (SLC)
Athletic I ederation of Slovenit (SLC)
Basketbal I ederation of Slovenia (SLO)
Austrian Olympic Centr¢ (AUT)
Olympic Committee of Slovenie (SLC)
Norwegian Sport Federation (NOR)
Scottish Institute of Spor (SCC)

Health sector

Centre de Medicina Correctiva Barcelone (ESP)
Rehabilitation hospital So&e (SLC)

Orthopedic hospital Valdoltrs (SLC)
AYUROPA 7herapeutic Cente: (SLC)
Stubicke 1 oplice (CRC)

University Medical Centre Ljubljan: (SLC)

Educationa / Academic sector

Karolinske Institutet (SWE)

Manchester Metropolitan University (UK )
University of Craiove (RCM)

University of Ljubljana (SLC)

University of Primorska (SLC)

University of Las Palmas (ESI)

University of Bath (UK )

University of Seville (ESP)

University of Toledo Health Science Campu: (EST)
University of Wollongong (AUY )

Figure 4: List of past and current users



Parameters definition of the contractile muscle properties
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Figure 5: Typical time domain response
Important assumptions about the statistical arglygsbe performed:

Most t test statistics have the form T = Z/s, whe&m@nd s are functions of the data. Typically,
Z is designed to be sensitive to the alternatiyaothesis (i.e. its magnitude tends to be larger
when the alternative hypothesis is true), whereas & scaling parameter that allows the
distribution of T to be determined. The assumptionderlying a t test are that: (a) Z follows
a standard normal distribution under the null higests, (b) pSfollows aX? distribution with

p degrees of freedom under the null hypothesisyevpas a positive constant, and (c) Z and s
are independent.

In a specific type of t test, these conditions@mesequences of the population being studied,
and of the way in which the data are sampled. éncéise of the simultaneous observation and
analysis of more than one statistical variable maultivariate statistical methods will be
applied (Multivariate Analysis):

» Clustering systems assign objects into groupsgdallusters) so that objects from the
same cluster are more similar to each other thgactsbfrom different clusters.
Hotelling's T-square is a generalization of Student statistic that is used in
multivariate hypothesis testing.

e Multivariate analysis of variance (MANOVA) methodstend analysis of variance
methods to cover cases where there is more thamemendent variable and where
the dependent variables cannot simply be combined.

* Regression analysis attempts to determine a lifanula that can describe how
some variables respond to changes in others.

* Principal components analysis attempts to deternsinemaller set of synthetic
variables that could explain the original set.



o Artificial neural networks extend regression methao non-linear multivariate
models.

The data used to carry out the test should be szhiptiependently from the two populations
being compared. This is in general not testable friee data, but if the data are known to be
dependently sampled (i.e. if they were sampledusters), then the classical t tests discussed
here may give misleading results. Major highligtit tbis project is synergy related to
monitoring, diagnostics, and therapy, with spec&hphasis on environmental and
technological issues.

The following are the main project objectives:

Objective 0: Project management

The goal of this objective is to make sure thatobliely each and every detail of this

proposal, if it is awarded, be properly taken cafewhich means: (a) All deliverables

delivered in time, (b) All deliverables deliveretcuality levels that satisfy the highest FP7
standards, (c) All deliverables delivered in a fomiich is consistent and helps convey the
essence in a way which is easy to comprehend. [Fohisito happen, an effective set of
system of reminders will be set.

Success criteria:

» Optimization of the reporting processes involvethia project (deadlines)
e Optimization of the control processes involvedhe project
e Optimizing finances of the project

Objective 1: To generate use cases, which includdbe following: a variety of
applications, details of functionalities within eab application, and definition of
parameters of importance (DSPs and EAPS).

Use cases will be generated through a series ofdboaming meetings, with the purpose of
taking into account a variety of applications ofenmest for the medical analysis, and
diagnostics (this includes both, the generationest ideas and improvements of the existing
ones). An active two-way exchange of results betw&saMus partners and the EU
researchers will be done through seminars and Wwogs Crucial in this phase of the work is
active exchange of information among DiaMus comgort members and the medico-
technology firms, system developers, and concegigders at the universities. The extent of
use cases should cover main functionalities of egmplication and definition of specific
parameters of importance. Commercial challengesthaid solutions will be placed and
notified in the selected use cases. The opposirgegowill be predesigned in each use case.
Special care will be given to system constraintigfesand QoL, QoS and environmental
impact of each use case. Six different applicaties cases will be documented.



Success criteria:

» Opinion of beneficiaries on the need for the gemerapplications, based on their
knowledge about where the major unknowns are

» Opinion of beneficiaries about the functionaligesvided
* Opinion of beneficiaries about optimal values afgpaeters involved.

Objective 2: To develop the system architecture, tdetermine the functionalities of all
building blocks, and to develop hardware (HW), comranications, and software (SW)
requirements.

All details related to hardware, software, and camitations have to be developed. Software
details include issues like data mining, semangbwand concept modelling. Details imply
algorithm, procedures, and the operating systene. uggested DiaMus HW module will
acquire various physical quantities using remotesaes. The interpretation of acquired data
is a demanding task, which requires a skilled exper

The main objective is to develop a system (softwplatform) for automatic signal
processing, pattern recognition and final integien of processed data. SW platform is
determined by the data acquisition process, modeoofmunication with HW module and
methods used for signal processing and data imtipon. On that basis a suitable data
model, GUI, report contents and views will be sfedi

All measurements will be performed in controlleBdeatory conditions that will enable the
construction of the knowledge database.

Success criteria:
» Potential speed of processing and communications,
e Software and hardware architecture which permisy expandability
e Compatibility with existing platforms

Objective 3: Adding intelligence to the system (forll six types of AW, for a relatively
large number of application scenario, to define CSRand EAP parameters, and to
develop related KEP procedures, appropriate CEA algrithms, and business-oriented
RRG generators)

For all use cases mentioned, specific algorithmscerlures, and operating system routines
will be defined, to incorporate elements of ari#icintelligence (Al), using the concept
modelling (CM) approach (coauthored by the memlmérshis consortium, A Survey of
Concept Modelling, submitted to IEEE Computer, 2098 given in Appendix 4). For all of
them, optimal values of related parameters willdegermined and built into the algorithms,



procedures, and the operating system. Developadaef module will perform automatic
data interpretation based on signal processingattdrn recognition algorithms.

Success criteria:

e The number of CSP and EAP parameters defined, tuoliatic coverage of major
issues,

e The number of application scenario for which the BKECEA, and RRG are
developed,

e Compatibility of the developed KEP, CEA, and RRGthwithe underlying
architecture.

Objective 4: To design detailed hardware, communid#&ns, and software schematics, to
encompass all the introduced CSPs and EAPs, all KEPCEAS, and RRGs, for a general
future product, (which is not within the scope of his project).

For all system elements defined above, precise Whematics will be developed. For all
project activities, in the widest sense, CMMI stames will be developed. The UML
schematics will be compatible with CMMI structuresd will be considered a subset there-
of. This objective will gather design and implensiin of a POC prototype of portable
DiaMus HW module. Basic requirements for this medarie:

» real time acquisition of data from different sess@vired or wireless),
» real time basic data processing (data samplingi@eion, filtering, ...),
e temporary storage of acquired data,

* real time wireless communication with portable cobtep or other base unit (access
point),

* small enough dimensions and weight of the prototigbe used for testing

e energy autonomy for testing in real environment.

Success criteria:

e For hardware, minimal transistor count
e For communications, maximal flexibility, and
» For software, error-free structure easy to expaitiol plug-in software.

Objective 5: To realize a simplified PoC (proof oftoncept) demo, with a reduced set of
functionalities, but large enough for experimentingin selected business scenario.

The starting point for this activity is the defioih of the full blown system. The subset for
implementation will be selected in cooperation wigrtner SMEs active in related fields.



This will enable local industry, in particular SMEs gain a more competitive position on the
world market and consequently boost the local ecgno

Success criteria:

e Smart reduction of functionalities so that all pled experiments can be successfully
performed and the PoC prototype implemented in ek without bugs,

e Timely implementation
* Implementation without bugs

Objective 6: To test the demo system in a number dapecific business scenario, in
various countries, to compare experiences, to summze the lessons learned, and to
make recommendations for a market oriented prototye, which is not the subject of this
proposal (it is supposed to be the subject of a folv-up spin-off activity).

Demo system developed in WP5 will be tested in-peatiuction situations in at least two
large hospitals, one in Slovenia and one in SerBiginess scenario for the test will be
selected and developed so that the experienceelddirom the test can be gained, compared,
and further tests accomplished in order to refmeresults. Thus, recommendations for the
market oriented prototype can be obtained andisaed in the requirement specifications
for the market oriented prototype. This will enali®IS’s from the local, regional, or EU
origin, to initiate spin-off activities both in thregion where the testing was performed, and in
the EU, in general. As the result of these adtisjtrelated industry, in particular SMEs, will
gain a more competitive position on the world madad consequently boost the economy.

Success criteria:

» Test cases developed according to the needs bEtieficiary industry
» Specification of issues to compare which takes tgspecifics into consideration
» Detailness of the requirements for industrial prgie to follow.

Objective 7: To do constantly a public disseminatio about this project (using media like
newspapers, TV, Internet, and public lecturing), todo periodically internal workshops

(for consortium members and their students) and sentific symposia (to bring together
researchers from outside of this consortium), to Hp generate spin-off companies
interested in making the market product related tothis system, and to prepare the
market for acquisition of this system.

The special sessions, seminars and summers schiblse open events to achieve the
maximum dissemination impact and spread knowledgeognate industries and institutions
for maximal regional benefit. Suitable media evemisbe used to further spread information
about the benefits of applications. This will eraladcal industry, in particular SMEs, to gain
a more competitive position on the world market aodsequently boost the local economy.

Success criteria:

* Number of papers presented at internal workshopistla®@ number of papers with
potentials to get accepted for publication in Sttirpals



* Number of participants at workshops, one a yearthicee years (min 20 participants
per workshop)

* Number of participants at scientific symposia, angsar, for three years (minimal 40
per symposium)

* Number of public presentations in media (one pentimg for three years), with
potential partners and representatives of futuiresfi companies

Objective 8: Impact on the environment. Although no typical, this project likes to have
different work packages to organize and monitor eficts of technical and scientific
meetings, on one hand, and public dissemination witsearch for investors, on the other
hand

Organization and monitoring of special sessionsnisars and workshops, as well as
conferences will be performed in this work packalee impact of knowledge dissemination
and relations to appropriate EU industries will é&eforced. DiaMus project results and
information gained will be further spread, both lotal industry (where the testing is
performed) and in EU-wide industrial organizatioAsspecific workshop will be organized
to target industry, to help potential industriattpars to understand the potential applications
of medical diagnostic results, develop businessspland gain knowledge required to further
develop versatile system based applications. Steriechnical, and public environment will
thus be informed and motivated by project results.

Success criteria:

* Number of technical and scientific meetings

1.2. Progress beyond the state-of-the-art

Describe the state-of-the-art in the area conceraued the advance that the proposed project
would bring about. If applicable, refer to the feswf any patent search you might have
carried out.

What follows is an analysis of existing approachesrldwide. The analysis to follow
concludes the following: although the elaborateskagch examples do contribute a number
of innovative approaches, none of them is holisiough, to offer an integrated approach,
which is where this proposal goes beyond statéehefart. To clarify the point, the text to
follow gives a small survey of the relevant isserd points to some state of the art research
(the point is that only this proposal offers a sinti approach not existing in the state of the art
research):

Skeletal muscles are the largest organ in the humody. Furthermore, they are the biggest
consumer of energy and enable efficient movementaaying intensity and duration in
different movement patterns. A healthy musculartesys is associated with healthy



cardiovascular, pulmonary, immune (3) and endoayséems (1, 2). Conversely, disorders of
the neuromuscular system have dramatic effectaiby aktivities and independence (1).

Beneficial health effects of exercise (enabled ubfothe muscular activity) have important
roles in the protection against diseases associatdéd low-grade inflammation, such as
cardiovascular diseases, type 2 diabetes, symptelated to the metabolic syndrome and
cancer (4). Also, muscle activity and resistana@ing can initiate some anti aging effects
(6). Furthermore, resistance exercise training reduce markers of oxidative stress, and
increase anti-oxidant enzyme activity in older &l(¥, 8).

Understanding such universal phenomena as movemneitriength requires an understanding
of the complete neuromuscular system (1).

Current methods for determination the mechanical jimysiological properties of skeletal
muscle are wide ranging and each have their prdgans, but predominantly measure only a
single component, which only defines how a musobekes at the particular test conditions.
Furthermore, the majority of tests are done inb@miatory (9), constrained and often involve
invasive methods (needle electromyogram, biopsyimmam force measurement...).

Traditional measurement devices such as motionupapsystems, force plates, and
electromyography are adequate methods of gait sisalyut have several limitations, such as
high cost and lack of portability (9).

Other established methods for measurement of mugsidperties and musculoskeletal
disorder also have some limitation:

Electromyography

The electromyogram (EMG) provides only an 'inteeeofiram« that represents the
summated electrical activation pattern of the meisear the electrode. Since muscle force is
highly dependent on length (due to the length-tangroperty) and velocity (due to the force-
velocity property), electrical activity alone camnmmssibly provide an accurate measurement
of muscle force. In addition, since the EMG summdte a way that does not uniquely
represent all of the motor units activated, EMG soeaments that are used to infer force are
highly suspect. (9, 20, 21; 22 a,b,c,d, 23).

One of the limitations of the interference EMG he tvariability in the recording when the
same task is performed by different subjects ahleysame subject on different days. The two
principal reasons for this variability are that tleeording conditions change each time the
electrodes are attached and the recording voluntbeotlectrodes is usually less than the
muscle mass involved in the task. (24)

Isokinetic dynamometry



It is generally impossible to measure force or wer@f a particular muscle, thus all in task
active muscle are measured (for example: knee sxtermeasurement, force will be a

composite generated by the vastus lateralis, vaséaBalis, rectus femoris and gastrocnemius
muscle...)

“Most isokinetic testing machines are good enougtkeéep the angular velocity constant
during testing. However, detailed real-time studidégjuadriceps muscles have shown that
muscle fiber velocity and moment arm are basicakyer constant during the test. This
means that it is extremely problematic to interpseikinetic data in terms of the muscles
generating the torque. The results from these tgbesudies are often vastly overstated and
over-interpreted (9)".

It is difficult to rigorously interpret torque-veatdy data collected in isokinetic measurement,
because a number of factors is typically unknowreske include the following:

e Muscle physiological cross-sectional area (PCSA).(2

* The fraction of the muscle's PCSA that is activa(2é)

* Absolute moment arm as a function of joint angld aelocity.(26)
* Muscle fiber length as a function of joint anglelarlocity.(27)

e Tendon length as a function of joint angle and ei&yq26)

* Inertial properties of the joint. (29)

These factors will be considered independentlyhadimitations of isokinetic dynamometers
are presented.(9) Different approaches/technolagiesdiminish some of these limitations in
musculoskeletal diagnostic.

How important are musculoskeletal disorders anil thagnostics for developed society?

Forty-seven of every 100 persons in the commuretyvben the ages of 25 and 75 possess a
musculoskeletal disorder (10), and 14.4% have leasigient musculoskeletal pain for at least
1 month of the previous 12 months (11). Of thegsgres with musculoskeletal pain lasting at
least 1 month, 82.7% consulted a health care siofiesl about their pain, and 16.3% missed
at least a single day of work due to their pain.(11

It is easy to surmise that such musculoskeletairdess are costly. In fact, they have been
reported to cost the United States $70 billion afigy12) and the EU (European Agency for
Safety and Health at Work) estimates the econowstscat between 0.5% and 2% of GNP in
2000 (14, 15).

Our overall objective is to develop the technolsgikat go to make up and integrate
Microsystems, and then produce specific medicalthekevices to exploit these technologies.



Due to the prevalence and effects of musculoskeligtarders, there is a profound need for
accurate evaluation of functional capacity to asstesatment effectiveness, readiness to
return to work, and financial claims. Currentlye thccuracy of such evaluations is dependent
upon the sincerity of effort exerted by the perbeing tested (13), which can significantly
impact test validity.

In light of this, development of novel flexible, minvasive technology with high sampling

rates for simultaneously monitoring several phenmmef the neuromuscular system is
crucial for more efficient and accessible diagrosstof musculoskeletal disorders. Same
technology can be used to optimize musculosketiesarder recovery and rehabilitation.

Hence, building a multi-component non-invasive egstwhich can be used to monitor
unconstrained voluntary movement and acquires @atainternal and external forces,
reactions of the neuromuscular and muscular compoioe each individual muscle is a
fitting aim. Additionally, it is and universal semsthat can be integrated into a network of
these and enable whole new level of monitoring meuand elucidating how muscle function
at various physiological and environmental condsio

More precisely DiaMus will simultaneously collectvéde array of data from working
muscle:

physiological parameters (measurement of actioemntial in muscle fibres-sEMG, muscle
fibre type distribution, local muscle fatigue, migsgotentiation, MU/muscle activation
pattern...)

biomechanical parameters (time and amplitude paemef muscle contraction, viscoelastic
properties)

physical variables (the real time 3D position ofasiered body segment/muscle, acceleration,
potentially: temperature, local skin humidity, béboxygenation...)

There was a project from a similar field to oursthe 6FP (HEALTHY AIMS, Nano scale
materials and sensors and Microsystems for menfigalants improving health and quality of
life, Action Line: IST-2002-2.3.1.2 Micro and nasgstems, Project Reference: 001837) (16).
The proposal stated microsystem technologies anmdnemication methods would be
developed and bring intelligence directly to themam, in the form of medical implants and
ambulatory measurement systems. The project washdd in 2008!

In contrast, we propose to build an inventive systgith a much higher level of sensor
component integration that enables unprecedentedsunement of muscle mechanic
properties during unconstrained voluntary movemdtlitionally, the sensor element will be
universal, thereby reducing production cost makmage funds available for optimization and
miniaturization.

Furthermore, the device can be conceptually coedeaith semantic web and the device
principle will enable biofeedback and thereby moeatnoptimization during walking,



running or other cyclic movement; autonomous opematnd simultaneous analysis of
correlations between muscle mechanic parameters¢lenoutput, neuromuscular input and
forces (external-gravity and acceleration and imakmuscle contraction). In summary, this
will make the approach to musculoskeletal disordiagnostics and our understanding of
muscle function more holistic and comprehensive.

Due to the projected small size of the sensor elesrend utilization of wireless technology;,
it should not interfere with various types of mowarnor affect the biological system in any
significant way. The applications of this innovatitechnology are wide-ranging, covering
diverse fields like medical diagnostics, rehabiicta, kinesiology (monitoring and
optimization of movement and motor learning) anérpracology (to evaluate the local or
systemic effects of novel drug compounds).

The DiaMus sensor network will be autonomous araitielligent software/hardware can
send data through the internet network intermityeot on-demand, this would enable remote
monitoring of patients any time and optimize relitdiion without requiring physical
presence.

The musculoskeletal disorders and micro sensors bagn chosen for 2 reasons. Firstly, they
will progress the existing State of the Art in Misystems/sensor networks in terms of size-
function integration, reliability, and in additiothere will be a direct positive impact on the
health and economy of EU citizens.

Estimates from EU Member States of the economitsaoisall work related ill health range
from 2.6 to 3.8% of Gross National Product (18) arltigh proportion, up to 40-50% of the
costs will be for musculoskeletal disorders (17hisTmeans a coast between 215 to 314
billions EUR in EU in year 2008. (19,17).

Our leading principle for the DiaMus project is: Mocomplementary information leads to
better understanding of the problem and fastelisn.What follows are the references used
for our survey of the relevant issues:

1. Skeletal Muscle Structure, Function and PlasticiThe Physiological Basis of
Rehabilitation, Preferce , LR Leiber, Lippincott Wéims and Wilkins; 2nd Revised edition
(2002).

2. Role of myokines in exercise and metabolism.ePath BK, Akerstrém TC, Nielsen AR,
Fischer CP. J Appl Physiol. 2007 Sep;103(3):109B481b 2007 Mar 8. Review. 3. Skeletal
muscle as an immunogenic organ. Nielsen S, Pedd&&enCurr Opin Pharmacol. 2008
Jun;8(3):346-51. Epub 2008 Apr 15. Review.

4. Beneficial health effects of exercise--the rofdL-6 as a myokine. Pedersen BK, Fischer
CP. Trends Pharmacol Sci. 2007 Apr;28(4):152-6.0E2007 Feb 28.

5. Does the aging skeletal muscle maintain its emde function? Steensberg A, Keller C,
Osada T, Zacho M, Saltin B, Febbraio MA. Exerc InmollRev. 2004;10:42-55.

6. Aging, exercise, and muscle protein metabolisoopman R, van Loon LJ.



J Appl Physiol. 2009 Jun;106(6):2040-8. Epub 20498&. Review.

7.Antioxidant enzyme activity is up-regulated aftenilateral resistance exercise training in
older adults. Parise G, Phillips SM, Kaczor JIJndpolsky MA. Free Radic Biol Med. 2005
Jul 15;39(2):289-95. Epub 2005 Apr 9.

8. Resistance exercise training decreases oxiddtinege to DNA and increases cytochrome
oxidase activity in older adults. Parise G, Brog¢, Aarnopolsky MA. Exp Gerontol. 2005
Mar;40(3):173-80.

9. Methods of running gait analysis.Higginson BKurCSports Med Rep. 2009 May-
Jun;8(3):136-41. Review.

10. Urwin M, Symmons D, Allison.T, et al. Estimairthe burden of musculoskeletal
disorders in the community: the comparative prevegeof

symptoms at different anatomical sites, and thatiel to social deprivation. Ann Rheum
Dis. 1998;57:649-655.

11. Magni G, Caldieron C, Rigatti-Luchini S, et &@hronic musculoskeletal pain and
depressive symptoms in the general population. Radyais of the 1st national health and
nutritional examination survey data. Pain. 199(299:-307.

12. Brena S, Meacham A. Evaluation of function alshbility. In: Bonica J, Loeser J,
Chapman C R, eds. The Management of Pain. Phillaidelpea and Febiger; 1990:641-648.

13. Critical issues in the use of muscle testingtfie determination of sincerity of effort.
Robinson ME, Dannecker EA.Clin J Pain. 2004 Nov:R@¢6):392-8. Review.

14. Factsheet 3 - Work related musculoskeletalrdess in Europe , European Agency for
Safety and Health at Work , 01.02.2000

15. Work-related neck and upper limb musculosketismrders, European Agency for Safety
and Health at Work report and factsheet "WRULDms1ary of Agency report”, 2000.
16.http://cordis.europa.eu/fetch?CALLER=FP6_PROJ&KON=D&DOC=1&CAT=PROJ
&QUERY=011985eed463:1a39:31777e09&RCN=74603

17. P. Paoli, Data from the European survey orkimgrconditions - European Foundation
for the Improvement in Living and Working Conditgyrunpublished article, June 1999

18. "Economic impact of occupational safety andlthen the Member States of the
European Union" - Agency report, 1998

19. Nominal 2008 GDP for the world and the Europ&kmon.". World economic outlook
database, April 2009. International Monetary FuRetrieved 2009-04

20. Gerilovsky L, Tsvetinov P, Trenkova G. Peritaffects on the amplitude of monopolar
and bipolar H-reflex potentials from the soleus oheisExp Brain Res. 1989;76(1):173-81.
21. Bigland-Ritchie B. EMG/force relations and d¢aie of human voluntary contractions.
Exerc Sport Sci Rev. 1981;9:75-117

22. a Hof AL, Van den Berg J. EMG to force procegdi An electrical analogue of

the Hill muscle model. J Biomech. 1981;14(11):7487-5

22. b Hof AL, Van den Berg J. EMG to force procegsil: Estimation of parameters of the

Hill muscle model for the human triceps surae byamseof a calfergometer.J Biomech.
1981;14(11):759-70.



22. ¢ Hof AL, Van den Berg J. EMG to force procegsill: Estimation of model parameters
for the human triceps surae muscle and assessrhi¢he @ccuracy by means of a torque
plate. J Biomech. 1981;14(11):771-85.

22.d Hof AL, Van den Berg J. EMG to force procegdivt: Eccentric-concentric contractions
on a spring-flywheel set up. J Biomech. 1981;14{8}-92.

23. Milner-Brown HS, Stein RB. The relation betweka surface electromyogram and
muscular force. J Physiol. 1975 Apr;246(3):549-69

24. Enoka RM. 2002. Electromyography, 46-55. Newdmnics of human
movement.Champaign, USA: Human Kinetics.

25. Fukunaga T, Roy RR, Shellock FG, Hodgson JAy MK, Lee PL, Kwong-Fu H,
Edgerton VR. Physiological cross-sectional aredwhan leg muscles based on magnetic
resonance imaging. J Orthop Res. 1992 Nov;10(6)328

26. Ito M, Akima H, Fukunaga T. In vivo moment ardetermination using B-mode
ultrasonography. J Biomech. 2000 Feb;33(2):215-8.

27. Ichinose Y, Kawakami Y, Ito M, Kanehisa H, Fokga T. In vivo estimation of
contraction velocity of human vastus lateralis nheisguring “isokinetic" action. J Appl
Physiol. 2000 Mar;88(3):851-6.

28. Enoka, R.M., Fuglevand, A.J. (1993). Neuromlsschasis of the maximum voluntary
force capacity of muscle. In M.D. Grabiner (Ed.)r(amt Issues in Biomechanics (pp. 215-
235). Champaign, IL

1.3. S/T methodology and associated work plan
1.3.1. Describing the overall strategy of the worlplan

Note that the major organizational point of thisgwsal is to link project objectives and work
packages (each project objective is encapsulatedaiiseparate work package); also, success
criteria and milestones (major activity at eachestibne is to check if the success criteria are
satisfied).

Extremely important to keep in mind when evaluatinig proposal is:

Since each project objective is encapsulated irdifferent work package (WP), the number
of WPs is higher than usual, and that fact may delagainst the proposers. However, the
authors of this proposal strongly believe that dashe of importance has to be kept track of
separately, for the best control of details andtes finances.

Since success criteria are applied at all milestpoiats, special attention is dedicated to
mechanisms that have to guarantee success, intiomsdivhen a majority of funding is

meant to go to WB (Western Balkans) countries, tvldo not represent the technologically
highest peaks of Europe. In spite of the fact sloate WP leaders of this proposal, now living
and working in WB, have created in the past sonth@tcientific and technological peaks in
the USA and EU, it still may happen that some efréviewers of this proposal get sceptical.



Consequently, this proposal includes a seriousipaftom a highly respected EU institution
responsible for quality control, and continuouslioe- checking of progress on all tasks, on
the monthly basis.

A relatively large number of partners from WB (st Balkans) is selected, so that more
can be done for less money. On the other handpdh@ers were chosen with considerable
experiences from West, so that the quality is na@med at the highest level.

Since the dissemination of project results is arhilfes’ heal of most research and
development projects, we have dedicated threerdifte/VPs to dissemination in the widest
sense (WP7 to inform the scientific and techniaahmunity about the generated project
results, WP8 to create impact on related busingsls®, a special partner, with experience
in making business plans for market, is incorpatate help entrepreneurial the vision of this
proposal (i.e., turn it into a product for the netrtkn an entrepreneurial way).

Since a PoC (Proof of Concept) implementation adicio sine qua non for this type of
innovative efforts, special attention is dedicat@dhe testing of the PoC implementation and
its applications (by PoC implementation, here wsuase an implementation of a highly
reduced subset system, which is applicable toweald situations, and can help prove the
applicability of the concept in real world scenasianterest for the final application).

In order to achieve the overall project objectivdee following items are considered as
crucial:

» Competent researchers well aware of the stateechtthin the research field and able
to take the research forward;

e State of the art research infrastructure

e Ability to work, communicate and collaborate witlesearchers from various
backgrounds, in various circumstances and envirotsne

» Large network of contacts in the research community

* Public awareness of the benefits of the resear@hchosen field and promotion of
research results and achievements.

The project is organized in 11 work packages devid:

*  WHPO Project management

* WHPL1 Definition of use case scenario

*  WHP2 Definition of the system architecture

*  WP3 Adding intelligence to the WSN system

*  WP4 Development of hardware, communications, afftivace platform, for the full
blown system



*  WP5 Development of a PoC, as a subset system

e WHP6 Testing of the PoC in real-life scenario

*  WP7 Informing the scientific and technical enviramh
*  WP8 Impact on the environment

The main body of work is included in six work pagka (WP1, 2, 3, 4, 5, and 6). The

activities planned in these work packages correggorthe main strands of the project as
described above. It is the responsibility of thej@ct management team (WPO) to coordinate
these activities to maximize the impact and benddt everyone involved. Work packages

WP7, 8, 9, and 10 are treated as pillars that stpip® main body of work.

WPO or Project management, is, as the name impleaponsible for the overall project
management, coordination of all project activitie;d managing relationship with
stakeholders. The project management team will cis@mpadministrative (BGDUNI) and
scientific & technical management project manag&i@).

The former one will be responsible for progress itooimg, task distribution, financial
matters, submission of deliveries, risk assessnstakeholder management and compliance
with the EU Commission requirements. Prof. Veljkoillinovic (BGDUNI) as an
experienced project manager that has managed a emuaibinternational projects and
activities (including the world’s first GaAs 200MHmicroprocessor for DARPA, about a
decade before Intel) will take this role. So fa\ias involved in 4 different FP6 projects and
4 different FP7 projects. Two of them were dedidate the major two themes of this
proposal: One of them was dedicated to wirelessmemetworks (ProSense with Ericsson,
Ireland) and another one to concept modelling (&eaon with University of Salerno, Italy).

The later one will be run by Dr. Bostjan Simunid&) who will take the S&T manager role.
He has an extensive national and international rexqpee. The S&T manager will be
responsible for the scientific direction of the jemd including the strategy of all
developments, as well as the definition of the ennbf the project sponsored workshops and
seminars, identification of and interaction withettworld leading researchers for the
competence areas required by the project, andrésgptation of the project and the network
of participating organizations at public events.



1.3.2. The timing of the different WPs and their components (Gantt chart or similar).

TASK NAME / YEAR 1
MONTH

M1

M2

M3

M4

M5

M6

M7

M8

M9

M10

M1l

M1

o

WPO Semiannugd
progress report

WPO Semiannud
progress report

WPO Semiannugd
progress report

WPO Semiannugd
progress report

WPO Semiannugd
progress report

WPO Semiannugd
progress report

WPO Final report

WP1 Development
applications of interes
in six Aws

WP1 Definition of CS
and EPP parameters
monitor

WP2 HW infrastructure

WP2 Communication
infrastructure

WP2 SW infrastructure

WP3 Definition of KE
procedures

WP3 Definition of CE/
algorithms

WP3 Definitions of RR
generators

WP4  Hardware ar
communications design

WP4 Software design




WP5 Architecture ar
design in CMMI an
system schemes of {
subset to implement

WP5 Programming of ti
applications, Version #1

WP5 Testing Version #
and generation of Versi
#2

WP6 Testing in Slovenia

WP6 Testing PoC in SL
conditions

WP6 Testing in Serbia

WP6 Comparison a
suggestions for prody
for market (PfM)

WP7 Kick-off meeting | X

WP7 The first annu
workshop (partners only

~

WP7 The first annu
symposium (partners &
beyond)

WP7 The second ann
workshop

WP7 The second ann
symposium

WP7 The third annu
workshop

WP7 The third annu
symposium with closin
discussion

WP8  Informing th
environment via media | X

WP8 Search for investq
to turn PoC into a mark
product X




WP8 Organization al
monitoring of talks arn
business plans for Pi
investors

WP8  Supervision
impact on the soci
environment

TASK NAME / YEAR 2
MONTH

M1

M2

M3

M4

M5

M6

M7

M8

M9

M10

M1l

M1

WPO Semiannugd
progress report

WPO Semiannugd
progress report

WPO Semiannugd
progress report

WPO Semiannugd
progress report

WPO Semiannud
progress report

WPO Semiannugd
progress report

WPO Final report

WP1 Development
appications of interest
in six AWs

WP1 Definition of CS
and EPP parameters
monitor

WP2 HW infrastructure

WP2 Communication
infrastructure

WP2 SW infrastructure

WP3 Definition ¢ KEP
procedures

WP3 Definition of CE/

algorithms




WP3 Definitions of RR
generators

WP4  Hardware ar
communications design

WP4 Software design | X

WP5 Architecture ar
design in CMMI an
system schemes of {
subset to implement

WP5 Programming
the applications, Versi
#1 X

WP5 Testing Version #
and generation of Versi
#2

WP6 Testing in Slovenia

WP6 Testing PoC in SL|
conditions

WP6 Testing in Serbia

WP6 Comparison a
suggestions for prody
for market (PfM)

WP7 Kick-off meeting

WP7 The first annu
workshop (partners only

~

WP7 The first annu
symposium (partners &
beyond)

WP7 The second ann
workshop

WP7 The second ann
symposium

WP7 The third annu
workshop

WP7 The third annu
symposium with closin
discussion




WP8 Informing th
environment via media

WP8 Search for investq
to turn PoC into a mark
product

WP8 Organization al
monitoring of talks arn
business plans for Pi
investors

WP8  Supervision i
impact on the soci

environment

TASK NAME / YEAR 3
MONTH

M1

M2

M3

M4

M5

M6

M7

M8

M9

M10

M1l

M1

WPO Semiannugd
progress report

WPO Semiannugd
progress report

WPO Semiannugd
progress report

WPO Semiannugd
progress report

WPO Semiannud
progress report

WPO Semiannugd
progress report

WPO Final report

WP1 Development
applications b interestg
in six AWs

WP1 Definition of CS
and EPP parameters
monitor

WP2 HW infrastructure

WP2 Communicatiof
infrastructure




WP2 SW infrastructure

WP3 Definition of KE
procedures

WP3 Definition of CE/
algorithms

WP3 Definitions of RR
generators

WP4  Hardware ar
communications design

WP4 Software design

WP5 Architecture ar
design in CMMI an
system schemes of {
subset to implement

WP5 Programming
the applications, &fsior
#1

WP5 Testing Version #
and generation of Versi
#2

WP6 Testing in Slovenig

X

WP6 Testing PoC in SL
conditions

WP6 Testing in Serbia

WP6 Comparison a
suggestions for prody
for market (PfM)

WP7 Kick-off meeting

WP7 The first annu
workshop (partners only

~

WP7 The first annu
symposium (partners &
beyond)

WP7 The second ann
workshop

WP7 The second ann

symposium




WP7 The third annu
workshop X

WP7 The thid annug
symposium with closin
discussion

WP8  Informing th
environment via media | X | X X X X | X |X

WP8 Search for investq
to turn PoC into a mark
product X X X X X | X [X

WP8 Organizabn ang
monitoring of talks an
business plans for Pi
investors X X X X X [X |X

WP8  Supervision
impact on the soci
environment X X X X X | X [X

WPO: Project management

Tasks#01-06: Semi-annual progress reports (R)
Deliverables#01-06: Report (each six months)

M36

Task#07: Final report

Deliverable#07: Progress report of the whole ptojec

WPL1: Definition of use case scenarios

M1-M6

Task#01: Development of applications of interestsix AWs
Deliverable#01: R (rationales and functionalities)

M1-M6

Task#02: Definition of CSP and EPP parameters toitmo
Deliverable#02: R (list of parameters and theiirdgbns)

WP2: Definition of the system architecture

M1-M9
Task#01: HW infrastructure



D: Report on HW built into the system

M1-M9
Task#02: Communications infrastructure
D: Report on Communication system built in the eyst

M1-M9
Task#03: SW infrastructure
D: Report on SW built into the system

WP3: Adding intelligence to the system

M1-M9
Task#01: Definition of KEP procedures
Deliverable#01: Report (procedural details)

M1-M12
Task#02: Definition of CEA algorithms
Deliverable#02: Report (algorithmic details)

M1-M12
Task#03: Definitions of RRG generators
Deliverable#03: Report (decision making details)

WP4: Development of hardware, communications, andastware platform, for the full
blown system

M10-M12
T.01: Hardware and communications design
D.01: Schematics

M13-M18
T.02: Software design
D.02: Documentation (D), in-block and in-line

WP5: Development of a PoC, as a subset system

M10-M12



T.01: Architecture and design in CMMI and systerhesoes of the subset to implement
D.01: CMMI and system schemes

M13-M18
T.02: Programming of the applications, Version #1
D.02: Documented code

M19-M24
T.03: Testing Version #1, and generation of Versian
D.03: Documented testing procedures and final clotemented

WP6: Testing of the PoC in real-life scenario

M25-35
T.01: Testing in Slovenia
D0.1 (M34) — Report on testing results in Slovenia

M25-35
T.02: Testing PoC in SLO conditions
DO0.2 (M35) — Report on testing results in Slovenia

M25-35
T.03: Testing in Serbia
DO0.3 (M35) — Report on testing results in Slovenia

M25-35
T.04: Comparison and suggestions of product forkketar
D.04 (M36) Proposal for product development orerio mass markets

WP7: Informing the scientific and technical enviromment
M1

Task#01: Kick-off meeting

Deliverable#01: Set of Rs by partners on plannédiaes

M6
Task#02: The first annual workshop (partners only)
Deliverable#02: Number of papers (Ps) written Far first annual workshop

M12



Task#03: The first annual symposium (partners aymibd)
Deliverable#03: Number of papers (Ps) written far first annual symposium

M18
T.04: The second annual workshop
D.04: Number of papers (Ps) written for the secamaual workshop

M24
T.05: The second annual symposium
D.05: Number of papers (Ps) written for the secamadual symposium

M30
T.06: The third annual workshop
D.06: Number of papers (Ps) written for the thinthaal workshop

M36
T.07: The third annual symposium with closing d&sian
D.07: Number of papers (Ps) written for the thinchaal symposium

WP8: Impact on the environment

Although not typical, this project likes to haveffelient work packages to organize and
monitor effects of technical and scientific meetingn one hand, and public dissemination
with preparation of a business plan for a marketipct and search for investors, on the other
hand.

M1-M36

T.01: Informing the environment via media

D.01: List of public appearances for disseminaparposes, and content there-offs
M1-M36

T.02: Search for investors to turn PoC into a miapkeduct

D.02: List of investor contact and presentationsiena

M1-M36
T.03: Organization and monitoring of talks and hass plans for PfM investors
D.03: List of brainstorming meetings, and contéhese-offs.

M1-M36
T.04: Supervision of impact on the social environime



D.04: List of in-house talks and brainstorming nregt, and contents there-offs.
1.3.3. Detailed work description is broken down ind work packages

WP1, Definition of use case scenario, is one of thennmllars of the project. It is the
responsibility of this package to provide accesghtolatest body of wireless sensor related
knowledge available in the world and to use itliden to develop all the use cases of interest
(at least 20 different ones). Leading researcherthe field of systematic application of
formal methods in medical diagnostics will be iedtto take part. This WP ensures that all
information needed for the following WPs is cleadbfined.

WP2, is focused on developing of the system full blaavohitecture, encompassing thus the
state-of-the-art in medical diagnostics. It is lthea design of the system infrastructure, test
platform, and information flow in the system, irder to cover major concepts behind this
proposal, which is to connect synergistically tlofofving fields: WSN (wireless sensor
networks), 3G (mobile telephony), INT (Internet irology), SEM (software engineering
methodology), IDE (integrated digital economy), DM8ata mining systems), SWS
(semantic web systems) and CAI (conceptual awifichtelligence); all that for better
servicing in the ME (medical economy), QoS (quabfyservice) improvement in medical
diagnostics, and QoL (quality of life) improvemdot workforce in medicine.

This WP is focused on proposing the system ardhiteavhich should be capable to integrate
various input data from different sources and comcation channels (WSN, mobile
networks, various Internet services) and in theeséime to provide an easy interface for
several building blocks responsible for applyinggiligent algorithms on collected data in
order to provide to the users a valuable infornmatiepend on relevant parameters. Collected
information from providers through various commuation channels should be stored in an
uniform manner, and then retrieved and searchedakbigus higher components as software
agents which monitor the processes and eventseirsyatem, central data mining system
(DMS) trying to predict requests to the system hexce response (ideas), concept modelling
analyzer which analyzes statistics of used idiontsthen creates concepts which is used for
querying the system. Hardware requirements areidmenesl for system built, as well as
possible hardware devices for usage from studemist@achers. Also, this system will be
more usable for the users, if it is able to providuable information via different
communication protocols and to format informatiespecting multiple standards. Therefore,
potential communication protocols are specifiednifirly, export or import data from other
systems is important part and it will be specifiedhis WP. Various software platforms will
be considered either for implementation of supplier information (sensor nodes...) or for
consumers (mobile phones). Generally, all interimaérfaces and connections will be
specified in this WP, as well as interface for fatpossible extensions.

WP3, Adding intelligence to the system, is focusedimprovements and upgrades of the
research infrastructure that bring elements ofligance into the system. It is the aim of this
WP to set up a state of the art research platftian will provide environment for efficient



execution of research activities, including perforgnmodelling, simulations, emulations,
implementation of proofs of concept and prototypiigith parallel development in two
centers (Ljubljana and Belgrade), in combinatiothwthe selected and case-oriented AW
networks and with the support given from the EUtipar centers, research issues on system
intelligence will be explored and tested. Geneogthmunication and computing equipment is
readily available in the targeted centers and gsilegly being updated, so it is expected that
the main improvements will have to be made in régarthe tools specific for the task of
adding intelligence to the system in six detailpdlization use cases. See Appendix 3 for an
example and Appendix 4 for a concept modeling surve

WP4, Design of the hardware, communications, and soéwplatform, for the full blown
system, along the lines specified in the main dhjes of DiaMus.

This WP will be devoted to the implementation ot teystem structure, fulfilling the
specification defined in WP3 and designed by sa#weools that will enable formal
verification and testing. The whole system architexis based on the foundations of the well
elaborated distributed systems theory. Calculaéiod storage resources are distributed and
can change even change their location. System/oyiput data are mostly related to the user
interfaces and therefore characterized with sigaift mobility. Available interconnection
technologies will be used for communication infrasture. Some amount of hardware design
is envisaged in wireless communication among sawelével system components (sensors,
personal terminals, etc.). Existing open-sourcéwsoe components will be used mostly in
the system design. Newly developed SW componenlis bei based on object oriented
approach and designed with clearly specified imuiiput interfaces that enable reusability
and upgrading. During testing period we will intvoe some simplifications and
assumptions, like centralized or at least synckzeshidata storage, admissible time delays
after user requests etc. in order to develop exanipdCs defined in WP5. See Appendix 2
for more details.

WP5, Development of a PoC, as a subset system, ahentatget goals specified in the main
objectives of DiaMus.

WP6, Testing of the PoC in real-life scenario, focusagparticular installation of the subset
system at two hospitals, where testing in real tmm$ will be used as a proof of system
concept reliability. This will highly improve theosio-economic impact of the project and
open the possibilities for concrete cooperatiomv@iMSs in the region and abroad. If it is
found necessary, retesting at smaller hospitalsh&ilorganized, too. Thus, the possibilities
for future cooperation can take place.

WP7, Informing the scientific and technical environmenfocused on two things: promotion
of the project and its participants, particularbgearch centers from EU and raising general
public and industry awareness of the potential fitsnef deployment and exploitation of the
research results.



WP8, Impact on the environment is focused on orgal@rand monitoring of project impact
on scientific and technical environment.

This WP focuses on the cross-fertilization betwseientific results of the project and the
potential business interest of entrepreneurs, tov@snd companies to achieve the maximum
dissemination through in-house talks, brainstormmmegetings, seminars, summer schools and
special sessions in EU. The event series will bawaf kinds: Open Research Days in
scientific areas of the project and Open Innovatidays. The first kinds of events will
monitor the advances in research done and thesdasewd help to select potential key
technologies implemented in the project to create products and services. The second kind
of events will be oriented to generate interess@éntific entrepreneurs to exploit disruptive
technology in new markets. The results of synergiwben these two event series will
measure the impact on the environment to spot dmnwrcial potential of the project
technology.

This WP will give an overview of the markets andneologies involved in the PoC and also
the business plan to support exploitation of itorfrWireless Sensor Networks (WSN),
Sports Medicine Systems (SMS), Electrical and Cdepuengineering (ECE), Internet
technology (INT), Data Mining systems (DMS), Coniteg Artificial Intelligence (CAl),
Semantic Web Systems (SWS), all the value chaih vél analyzed and major players
identified. Previous experiences in routes to ekpldireless Sensor Networks in several
domains will be studied and compared with theiregponding business models. The result
will be a detailed business plan to help to undedtthe business size, opportunities and
threats.

1.3.3.a. Work package list

Work 'Work Type of |Lead Lead partic. |Person- |Start End
package Nagpackage [activity partic.Nojshort name |months |month |month
title
WPO Project MGT 2 35 M1 M36
managemen
t
WP1 Definition RTD 1 50 M1 M6
of use casg
scenarios
WP2 Definition |RTD 4 85 M1 M9
of the
system
architecture




WP3

Adding
intelligence
to the WSH
system

RTD

70

M1

M12

WP4

Developme
nt of
hardware,

ions, an
software
platform,
for the ful
blown
system

communicat

RTD

65

M10

M18

WP5

Developme
nt of a PoC
as a subs|
system

RTD

35

M10

M24

WP6

Testing of
the PoC i
real-life
scenario

RTD

120

M25

M35

WP7

Informing
the
scientific
and
technical
environmen
t

DEM

70

M1

M36

WP8

Impact o}
the
environmen
t

DEM

70

M1

M36

TOTAL

600

1.3.3.b. Deliverables list

Del. no.

Deliverable name

WP no

Nature

Dissemination level

Delivery
date
(project
month)




DO.1 Progress report for the0 PU M6
six months of work

DO0.2 Progress report for t[0 PU M12
six months of work

DO.3 Progress report for t[0 PU M18
six months of work

DO0.4 Progress report for t[0 PU M24
six months of work

D0.5 Progress report fothe0 PU M30
six months of work

DO.6 Progress report for t[0 PU M36
six months of work

DO.7 Progress report of t[0 PU M36
whole project

D1.1 Rationales and 1 PU M6
functionalities

D1.2 List of parameters and (1 PU M6
their definition

D2.1 Report on HW built int2 PU M9
the system
Communication syste
built in the system

D2.3 Report on SW built intg2 PU M9
the system

D3.1 Procedure details PU M9

D3.2 Algorithmic details 3 PU M12

D3.3 Decision making details 3 PU M12

D4l Schematics 4 PU MlZ

D4.2 Documentation, in-blogk CO M18
and in-line

D5.1 CMMI and system 5 (6{0) M12
schemes

D5.2 Documented code CcO M18

D5.3 Documented testing 5 (6{0)] M24
procedures and final
code documented

D6.1 6 PU M34

Report on testing resy

in Slovenia - Ljubljana




D6.2

Report on testing resuy
in Slovenia - Koper

)

PU

M34

D6.3

Report on testing resuy
in Serbia

)

PU

M34

D6.4

Proposal for product
development for mass
market

)

PU

M35

D7.1

Set of Rs by partners (
planned activities

(Ps) written for the

~l

PU

M1

D7.2

Number of papers (H
written for the firg
annual workshop

~l

PU

M6

D7.3

Number of papers (H
written for the firg
annual symposium

~

PU

M12

D7.4

Number of papers (H
written for the secorn
annual workshop

~

PU

M18

D7.5

Number of papers (H
written for the secorn
annual symposium

~

PU

M24

D7.6

Number of papers f
third annual workshop

~

PU

M30

D7.7

Number of papers (P:
written for the third
annual symposium

~

PU

M36

D8.1

List of public

appearances for
dissemination purposes
and content there-offs

PU

M36

D8.2

List of investor contact
and presentations mad

0o

PU

M36

D8.3

List of brainstorming
meetings, and contents
there-offs.

[e¢)

PU

M36




D8.4 List of inhouse talks an8 R PU M36
brainstorming meetingsg,
and contents there-offs

1.3.3.c. List of milestones

Milestones are control points where decisions aexlad with regard to the next stage of the
project.

Milestone |Milestone name Work Expected date [Means of verification
number package(s)

involved
MO.1 Checking olWPO M12

optimization of th
reporting  process
involved in the proje
(deadlines)

MO.2 Checking on WPO M24
optimization of the

control processes
involved in the proje¢

—r

MO0.3 Checking on WPO M36
optimizing finances (¢
the project

M1.1 Checking on opinionyyp1 M6
of related-businesses

on the need for the
generated
applications, based ¢n
their knowledge abo
where the major
unnecessary
expenses are

M1.2. Checking on opinionyyp1 M6
of related-businesse

about the
functionalities
provided

2

M1.3 Checking on opinionyyp1 M6
about optimal values

of parameters
involved

M2.1 Checking on potentigyp2 M9
speed of processing

and communications




M2.2 Checking on SW andyp2o M9
HW architecture
which permits easy
expandability

M2.3 Checking on WP2 M9
compatibility with
existing platforms

M3.1 Checking on thWP3 M9
number of CSP af
EAP paramete
defined, for a holist
coverage of the issU
of importance

M3.2 Checking on tHWP3 M12
number of applicatio
scenariofor which thg
KEP, CEA, and RR
are developed

M3.3 Checking o(WP3 M12
compatibility of thg
developed KEP, CE
and RRG with th
underlying
architecture

M4.1 Checking oWP4 M18
hardware, minimg
transistor count

M4.2 Checking oWP4 M18
communications,
maximal flexibility

M4.3 Checking on softwarWP4 M18
errorfree  structur
easy to expand wi
plug-in software.

MS5.1 Checking on smgWwP5 M12
reduction g
functionalities so th
all planne

experiments can
successfully
performed and i
PoC prototyp
implemented in tim

and without bugs




M5.2

Checking timel
implementation

WP5

M18

M5.3

Checking
implementation
without bugs

WP5

M24

M6.1

Checking on test cas
developed accordil
to the needs of t
beneficiary industry

\WP6

M35

Web site accessible
Internet

M6.2

Checking o]
specification of issug
to compare widh
takes countr
specifics int
consideration

\WP6

M35

Exploitation worksho
held with industr
participation

M6.3

Checking on details
the requirements fq
industrial prototype 1
follow.

WP6

M35

M7.1

Checking on numb
of papers presented
internal  workshop
and the number

papers with potentig
to get accepted f
publication in SQ
journals

WP7

M36

M7.2

Checking on numb
of participants 3
workshops, one
year, for three yeal
(min 20 participan
per workshop)

WP7

M36

M7.3

Checking on numb
of participants 4
scientific  symposi
one a year, for thr
years (minimal 40 p
symposium)

WP7

M36




M7.4 Checking on numbWP7 M36
of pubic
presentations in meq
(one per months, f
three years), wil
potential partners a
representatives
future spineff
companies

M8.1 Checking the techiWP8 M36
economical impact
the final product i
the marke
environment

1.3.3.d. Description of each work package

Work package numbé Start date or starting event: Beginning of M1
Work package title Project management
Activity Type MGT
Participant number 1 3 7 10 Total
Participant short naméMG FERRASPACE BSC

RA
Personmonths pgls 5 5 10 35
participant:
Objectives

The objectives of WP1 are the overall managemewigrpss monitoring and stakeholg
management of the project. WP1 aims at:

Setting up, operating and maintaining the projethiaistrative ad scientific managems
infrastructure.

Ensuring the overall scientific and technical comation of the project.

Ensuring collaboration and coordination with relgvgovernment bodies regarding rese
programmes

Performing a self-assessment of the project pregres
Conducting progress reviews on M6, M12, M18, etefg 6 months)




Description of work
WP Leader: TMG
T0.1- TO.6 — Semi-annual progress reports (TL: TMG)

The Project Manager (PM) will be the permanentoasible person for interface tavds th
Commission and partners of the Consortium for drhiaistrative, contractual and finan
matters and handle the overall management of tojegir The duties, methodologies, |
conflict resolution and management strategies thidt be followed in the project a
described in detail elsewhere in this proposal. Tneject manager will submit
deliverables and reports to the Commission, inclgdcontractually obligatory repo
(periodic management and activity reports, finalnagement andactivity report, aud
certificates —not referenced as deliverables), an intermediabge@ report and the Fir
Project Report. The project manager will maintane tproject plan. The exchange
researchers is a crucial issue, both in the ingieses when final set of use cases and re
details have to be created, and later on duringirtiementation and testing. All thg
exchange visits have to be carefully planed, ararthosts carefully minimized. T
purchase of each and every detaibdaed for the success of this project has to be torad
carefully, to avoid errors from some other pasfquots in which resources were waste
non-adequate purchases. Also, all purchases have $elbeted so that they are usable
after the project is over, for educational purpcaasniversities involved.

TO.7 — Final report (TL: TMG)

The Scientific and technical @rdination of the project will be under the respbilisy of
the Scientific and technical manager and undergiidance of the pject's Operationg
Steering Group (OSG). The S&T manager will maintdie Project handbook which v
contain the schedule and scientific content of mbject events (workshops, semin
summer schools, research exchanges). The dutieS&hdnanagemenstrategies that w
be followed in the project are described in detlkewhere in this proposal.

Deliverables
D0.1 - D0.6 (M1 — M6; M7 —M12;...} Progress report for the six months of work

D0.7 (M36)— Progress report of the whole project

=

Work packag Start date or starting event: Beginning o
number M1

Work package title | Definition of use case scenarios
Activity Type'? SUPP
Participant id 1 2 3 7 9 Total

Participant shoTMG |BGDUNI FERRAR [SPACE |FRI
name A




Personmonths  pgl5 20 5 5 5 50
participant:

Objectives

To define use case scenarios for six selectedagbialins in medicine

To facilitate transfer of the S&T competence andwiedge among partners
To enable information exchange and sharing betvedlgoroject paimers, including extern
experts

To provide opportunities for people networkingperticular for young researchers

To establish a joint supervision program focusinglee success of the project.




WP Leader: TMG
Description of work

This work packagewill focus on knowledge transfer primarily amongject participant
with involvement of external experts. Some of theowledge transfer activities will
available to public and can be considered as dissgion activities as well. Resea
workshopsand seminars will be organized and the DiaMus Heunee Award will b
established to honor the best achievements.

T1.1 Development of applications of interest, in sIAWS (TL: TMG) —The details of th
six different applications will be developed, andi@kshop will be held during M1 or M2
Ljubljana and will be hosted by TMG Slovenia, tegent the results. Agenda for the
workshop is as follows:

Presentation of each partner’s research actiatiesresearch results.

Tutorial on system approach to medical-diagnogticSrdjan Djordjevic

Overview of complex medical diagnostics relateceaesh and projects funded by the N
by an US expert to be determined

Research on WSN sensors and actors and mobilengepisitforms in medical diagnost
will be presented by an invited expert speakeretdétermined.

The second activity will be a seminar held in Battg, Serbia, in M4 or M5. The themg
the seminar i€laboration of the AWSs for typical Use-Case inWwwked Medical Analys]
Location: Belgrade, Serbia. Topics that shouldlabarated (but not limited to) are

Overview of the generated results

Sensors and actors generated data in medicine (WSN)
Internet generated data in medicine (INT)

Acquisition of products data in medicine (PD)

Services data in medicine (SV)

Human resource data (HR)

Novel ideas (NI

Tutorials and lectures will be given by researcheosn the project partners and exte
experts. Additional eyproject members active in this field will be imdtes well. Mai
aspectof the deliverable are: Details of functionalitielschosen applications. Developm
of requirement specifications. Adversities of usses. Indications for QoL, QoS, and
parameters.

T1.2 Definition of CSP and EPP parameters to monito(TL: TMG) - Definition of
parameters of importance for CSP and EAP. Defimitiavill be created to support the
applications of interest.

Deliverables
D1.1 (M1 — M6)— Rationales and functionalities

D1.2 (M1 — M6)— List of parameters and their definitions




Work packag2 Start date or startilBeginning 0
number event: M1

Work package title| Definition of the system arctitere
Activity Type'?  [SUPP

Participant id 1 2 3 7 8 Total
Partic. Short namg TMG |BGDUFERRARASPACE |FE

NI
Person-months &5 30 30 5 5 85
participant:
Objectives

The main objective of this WP is to create the aystarchitecture that should eng
integration of various input data from differentusces and communication channels, W
providing an easy interfacerf several building blocks responsible for applyintglligen
algorithms on collected data in order to providehe users valuabl@formation depend ¢
relevant parameters. The specific goals are:

Specification of internal data format for collectieghut data, interface among compong
specification for integration(translation/adaptajicof input data source, specification
possible future extension of the system

Consideration and specification of necessary harelwmeguirements for system bugs we
as required hardware devices used for providingtidata or for interaction with the system

Specification of necessary communication protocsl standards that will be used
gathering the input data, receiving requests angublishing esponse of the system, and
exchanging (exporting and importing) data with othestems

Consideration and specification of used softwaratf@ims for developing agents f
generates input data, software technologies amaeirerks for user interaction




Description of work
WP Leader: BGDUNI

T2.1 HW Infrastructure (TL: BGDUNI) — The common idea is to use the stan
hardware for core implementation of this systematTheans that most of the system sh
run on typical server hardware that is dapato satisfy performance and stoi
requirements. The only exception is the specificdivare for the potential acceleration
certain blocks (DMS) that will be implemented WiERGA technology, if analysis shows 1{
this acceleration is necessarysd\|l in this task it will be considered all hardwalevice
(sensor nodes, mobile and smart phones...) th&d @eueither provider of input data for
system, or just used for interaction with the us@isplay of information, request

information) Outcome of this task is important for specifioatiof communicatig
infrastructure in T2.2 as well as for software sfi@ttion in T2.3. As a result of activities
this task, it will be create the report that disassall hardware devices considefedusing
in this project, with specification of hardware veg@ments necessary for system built
specific acceleration hardware.

T2.2 Communications infrastructure (TL: BGDUNI) — This system architecture sho
support integration with input data gliers through different communication channels]
in the same time to provide response to the udarsarious communication protocols

standards. This list of communication channels anotocols includes WSN protoc
(ZigBee, Bluetooth, IEEE 8025.4, or its modifications), mobile oriented seedc(GSM
SMS, GPRS, alarms, pagers), Internet services (CIQIS, Finances, Digital Marketin
public available web services). In the same tine iitecessary to publish information thro
wide possibé protocols and standards (HTML, WML, web serviéeBF, REST). Since th
list of communication protocols could be very lorilge main objective of this task is
specify principle mechanism of connecting varioagadsources (communication proto
and standards) to our system using plugrechanism. Practically, it is a definition hog
interpret received data and to store them to thernal unified format enabled for la
searching and retrieving from higher blocks indhehitecture. Similarlypecessary protoc(
and formats for publishing customer informationdiddoe specified. Typically, this sho
include a well known format as HTML, WML, speciftaan for offered web service
specification for the semantic web structured ddescripion of the alerting or subscribi
services on certain information through asynchrenaeb services and similar. In orde
achieve interoperability with other systems, itlviie consider formats with semantic
annotated data that is suitable foreasy exchange of information (RDF). The outcon
this task is in correlation with the results of W@R&e case analysis) and also with T2.1
T2.3. The result of this task is the report witle gpecification of communication chani
and protocols used for input and output to ouresyst

T2.3 SW Infrastructure (TL: BGDUNI) — The objective of this task is to specify
necessary software components and interfaces atheng while considering all softwa
platforms that could be used. This systemstxin of several software components
responsible for different tasks. The common idedltie system architecture is to use se
oriented architecture. But, as a common groundnaost likely the most important part of
whole system is the systeintegration layer, responsible for integrating aif availabl
sources of data while storing collected data inatvamon data format. Experience from
previous projects (semantic sensor lay@ntegration of sensor networks in Prosense
project)will help in specification of this part. The ideato use data format which saves
values, but also keeps additional information (tifoeation, and others), and also data 4
data types which is stored in appropriate meta. dlditn this approdt, collected data cou
be retrieved and semantically searched using ay @ad uniform interface, which hig
specifics of the source and format of original datarelevant parameters could be save
this way and used later for processing (trackaigrelevant events in the system,
behavioy usage patterns...). This will be useful for all eg blocks in architecture ti
should perform very complex algorithms on gatheta. These complex components i
system include:

Software agents, regpsible for monitoring processes in the system dasethe data fro
\various sources

Data mining system (DMS) that performs various c@xpalgorithms (based on nel
networks, decision trees...) in order to predicuests to the system, input datag drenc
response of the system. If analysis in this taskavshthat performing necessary algorit




Deliverables

D2.1 (M9) — Report on HW built into the system

D2.2 (M9) — Report on Communication system built in system
D2.3(M9) — Report on SW built into the system

Adding intelligence to the overall system.
Adjusting the added intelligence to six applicattmenarios.

Work packag3 Start date or starting event: Beginnin
number of M1
Work packaglAdding intelligence to the WSN system

title

Activity Type'?  [SUPP

Participant id 1 2 3 7 8 Total
Participant shdTMG BGDUNI FERRARASPACE | FE

name

Personmonths pel5 |20 10 5 20 70
participant:

Objectives

g



Description of work
WP Leader: FE
T3.1 Definition of KEP procedures (TL: FE)

Decision making is added to the system througlecttin of all six types of AW (produg
services, human resources, novel ideas, environstates, optimal actions) for specific
use cases, as defined in WHusiness optimization parameters (CSP) and envieoi
awareness parameters (EAP) from WP1 will be consitiéor the six use case scenario
taking into account possible opposing and entrapynected forces. Knowledge extrac
procedures (KEP) will be deloped for this purpose by means of appropriate
mechanisms, AWS, and system dynamics intendedafdr gpecific niche application.

Based on LMSE (Laboratory of Microsensor Structued Electronics, Faculty of Electri
Engineering, University of jubljana) previous experiences in medical applocetj a novs
muscle contraction micro electro-mechanical systi8-MEMS) sensor will be designé
developed, and fabricated for muscle’s transvechainge measurements. Preliminary
with temperature&eompensated silicon transducers assures suffiseamgitivity and dynam
response in such measurement. Combining MEMS steictvith adequate reauls
electronics enables not only adaptable accessiomdiwidual muscle behavior but a
wireless data acquisition of measured results.ush sthese novel MGAEMS sensor cou
measure muscle behavior in real physiological doord and sends results to alloc
database, where further analysis is possible.

During muscle contraction, transverse part oisote force will induce mechanical stres
mechanical part of detector (beam). Therefore, bshould be properly designed to as
both, adequate sensitivity of detector and appabpriension to measured muscle. Sil
transducer will convert indude mechanical stress into an electrical signal. Dd
temperature dependence of silicon transducer, butpaponse will be temperat
compensated on chip. Appropriate microcontrolldt tien convert transducers output Siq
into digital signal and assure data acquisitiomefsured muscle properties.

T3.2 Definition of CEA algorithms (TL: FE)

Data mining procedures will be refined using appaip description logics, Bayes netwq
and reinforcement learning procedures for each ifipease-case. Qucept extractio
algorithms approach (CEA) will be set for extragtiautomatic concept generation on
scenery at hand. Concepts will be further handhedugh their consistency with the Q
QoS, and RoS restrictions.

T3.3 Definitions of RRG generators (TL: FE)

A modelling tool for extracted concepts will be dbped that generates ran
recommendations for specific scenaaiod for each one of the six use cases. Thesedst
oriented ranked recommendation generators (RRG) based on qualitaie scener
modelling changing priorities of ranking of datadegoal functions for each specific sce
and for each specific concept at hand. Becaus&efpbssibility of the NP optimizati
problem, an on-line expert based communication bvélprovided.




Deliverables

D3.1 (M9)— Procedure details

D3.2 (M12)- Algorithmic details
D3.3(M12) — Decision making details

B

Work packag Start date or starting event: Beginning 0
number M10

Work package titl®evelopment of hardware, communicatiand software platform, for t
full blown system

Activity Type'?  |[SUPP

Participant id 1 2 3 7 8| o Total
Participant shoTMG | BGDUNI FERRARASPACE | FHF

name RI

Personmonths  p€l5 10 15 10 510 65
participant:




Objectives
Development of hardware, communication and softyséatform for the full blown system

Model and analyze system complexity in order tarojze solution to speed of response
required memory space

Generate system simulation cases and test simuliagsuilts:

Design, @velopment and testing of a general distributedesysarchitecture, based on

enhanced system: flexibility, creativity and ea$yuse.

Identification and specidation of required hardware components for buildititg
communication infrastructure including all kindaxdtuators, sensors and personal interfg
Identification and specification of required soft@aomponents for the managing of the
level inpufoutput data or eventual acceleration (parallébrgt of internal comple
algorithms.

Design and development of a wide variety of sofenviarterfaces, preferably opewurce i
available, tailored to different users and requeeta (e.g. students, oldgeople, educatio
examination, etc.).
Design and development the covering high levebganie derived mostly by automatic me
from the proposed system design.

specification from WP3 that will be able to implemhéhree main issues of the technology

ces.



Description of work

WP Leader: FERRARA

T4.1 Hardware and communication design (TL: FERRARA

Select system platform according to specificatiomf WP3. Architecture design.

Design hardware and communication facilities regghifrom WP3 for specific purpos
given in WP2. The design will be based on agentediriad-hoc enterprise solutiongpeSia
care will be given to the system hierarchy, middlger correspondence and system sec
The goal of this task is to prepare a system prapos PoC solutions. Extensive exchang
WB and EU countries experts will take place. Staslemdert&ing joint PhD studies agre
in WP2 will be included in the ITN.

/A technologyenhanced creative system (TECS) requires a lobmipating capacity that ¢
be implemented on existing networked computersu€land Grid technologies in all th
variants has been developed and proposed in recent yehey. grovide an efficient a
efficient way, regarding financial and organizatibreffort, for the implementation of
proposed system using mostly the existing ICT siftecture required. Cloud or Gr
technologies are becoming standardized solutionsdifstributed computing on a lar
geographically areas. The specific goal of this M/B® build an adizoc computing networ
inspired by Grid/Cloud technologies, which will gagot the computational dn
communication requirements of TECS.

The proposed system will be designed mostly froreaaly existing commuters, origing
installed for some other general tasks, like teaghtraining, research, entertainment,
but with unexploited resourcesaihable for the requirements of TECS. These ICDuese
are generally not located in the same place andhear very heterogeneous resourct
terms of processor type, storage capacity, availalgtwork bandwidth, operating sys
type, etc. Also, tair availability can change with time, depending tbeir primary us
Communication between nodes is usually performeat public networks and must be m
secure. Broad public usage of computational andg#resources would also require fu
charging policy which will be foreseen for the fteumplementation.

By increasing the number of cooperating sitesctiramunication and computation load
increase. There are some limits posed in such regsteletermined by the hardw
parameters likestorage capacity, computing performance, communitaipeed etc. T
latter also depends on the characteristic commtiaitgpatterns of the algorithm,
particular, the amount of data to be transferradl the frequency of communication nee
during céculation. We will identify these limits and madstienation and measurements
will support the theoretical findings.

Available interconnection technologies will be uged communication infrastructure. So
amount of hardware design is envisagedvireless communication among some low |
system components (sensors, personal terminals). eRotential custom hardwi
development is expected also on the low level comaation between sensors, RFIDs, s
cards, etc., which are today not matured yet aad#@t subject to the standardization.

T4.2 Software design (TL: FERRARA) —The goal of this task is to ensure that approg
software platform meets the requirements of thgeptaequirements as specified in WP2
WP3. System architture design. Software design will take place om lihsis of compl¢
analyses of the requirement specification fulfillndhwill be implemented on the relev:
abstraction level in order to enable onestee transposition into PoC solutions taking
account the developed hardware and communicatioitititess and installations at WEH
centers. System simulation will be developed, syssemulation cases will be tested,
simulation results presented and analyzed.

d



Deliverables

D4.1(M12) — Schematics
D4.2 (M18) — Documentation, in-block and in-line

Work package number 5 Start date or startifBeginning of M10
event:

Work package titl®evelopment of PoC, as a subset system

Activity Type'?  |SUPP

Participant id 1 2 3 7 Total

Participant shorlTMG |BGDUNI |FERR [SPACE

name ARA

Personmonths pgl5 10 5 5 35

participant:

Objectives

Requirement engineering for a specific case in oreasent automation
Development of case-scenarios and building theyaisahnd behavior model
Conducting component level design

Performing CMMI design

Performing web and field-devices design

Testing: at local level, web application testinggld-device application testing, secu
testing
Documentation issue

Development of prototype system accogdito the specified architecture, hardware
software components targeted for the specified fighls defined in WP6

Specification of a system evaluation plan includiegt case specification to validate
design and performance of all designed congmts and the system as a whole. Parti
attention will be given to evaluation and validatiof key innovations. The goal is to as
how well the prototype meets the use cases andreegents stated in WP1.

Evaluation of the system as a whole in order tpare for the filed trials specified in WP,




Description of work (WP leader: BGDUNI)

The work in this work package is focused on prawdsystem prototype with redu
functionality set when compared to the full systdesign outlined in W#. However, th
resulting system prototype should cover the spatifind selected business scenarios
usecases outlined in WP6. Furthermore, the work paekatj include the system testi
and evaluation in order to produce next generaifahe system.

T5.1 Architecture and design in CMMI and system scames of the subset to impleme
(TL: FERRARA) — A specific usesase will be selected and elaborated in all apiia
details in order to get the appropriate requiremgpécification. For this s case th
development of casgeenarios will be performed and the analysis medilbe built. A
composite of scenarios will generate the systenaweh model as the basis for PoC de
engineering. Software architecture will be desigaerd refined. ie component level des
will be performed. CMMI design will be incorporatexhd web and application devi
extensions added to the design.

Taking into account outcome of tasks T4.1 and Tliere the overall system desigy
defined, this task isotused in providing detailed architecture and desifjthe reduce
feature-set system inline with the field trialslmgd and defined in WP6.

Issues of importance:

Logical design. Architecture and logical designHdV module will be made according
chosen components. Some components can be repléibatew components in this stage|

Pin to pin connection diagram. Design of printectwit board. Circuit assembly and ba
functionality test. Case design and module assembly

T5.2 Programming of the applications, Version ATL: FERRARA) — The main goal (
this task is to conduct exact programming of th€ Rapplications taking into account
design of conventional components, web and appbicadevices (WSN, mobile extensi
etc), security aspectnd the overall system requirements such as DBrdalligent syster
behavior. This task is focused on development of all of tbéveare modules to be us
within the prototype system, version 1

T5.3 Testing Version 1, and generation of Version @TL: FERRARA) — Testing strateg
will be proposed, and test validation metrics ilhsth Testing tactics will be incorporateq
coordination with tasks T5.1 and T5.2. The emphadlise on testing for reaime system
Testing patterns will be generated aaquproved. Testing for web application, CMMI, fi
application devices and security will be added padformed. Define the test cases for
unit and system tests in order to verify whethergiistem meets the performance and fe
requirements outlined in WP2




Deliverables

D5.1(M12) — CMMI and system schemes

D5.2(M18) — Documented code

D5.3(M24) — Documented testing procedures and finakamtumented

Work 6 Start date or starting event: Beginning o
package M25
number

Work Testing of PoC in real-life scenarios

package titlg
Activity SUPP

Type“?
Participant id | 1 2 3 5 6 7 10 Tota
Participant [TMG | BGDUNIFERRARORTO |KOPUNI [SPACB
short name A E S

C
Person-month0 20 15 30 15 5 15 120
per participant;

Objectives
Define testing strategy of PoC in real-life sceosubby reduction of system functionalities

Define expected QoL and QoS from the installed PeSearch areas of common intere
project participants for the future research

Implement PoC installation on time and without fiimcal bugs

Specification for the execution of the Field Tristseach of the organizatioriaking intg
account specifics about each of the organizatiah each of the country. This plan will de
procedures and test cases for the technicalsraees of the system in a real environment
with the end users. In addition, the specificatioih define the procedures for involvemen
the end users including the personal data privadypaotection measures.

Execution of the filed trials

Evaluation of field trials results in order to coamp the endiser experiences, syst
performances under different conditions, poteri@iefit to the business

Based on the outcome of the trials, making recontiaion about the potential commer
product(s) that will be directly benefiting posippact exploitation phase




Description of work
WP Leader: ORTO

T6.1 Testing in Slovenia(TL: KOPUNI) — Selection of the appropriate hospital for teg
purposes in Slovenia. Installation of the mediaglipment —~WSN, mobile devices, fie
actuators. Installation of the web connection faes. Installation of the PoC at the s
Organizing and performing PoC testing procedurestifig of exceptions, obstructions,
entropy. Report on testing according rreetrics for testing and metrics for maintena|
Include QoL and QoS parameter testing. The findingshe report will be used further &
will have impact on the content of the future Pfbtjuirement issues. The report will 8
serve to widen the cooperation of the pool of redesas who are in the areas listed abov

This WP also includes tests definition and planniBgsed on the selected scenarios
requirements, the trial applications and execuftemn will be specified for each of {
organizationtaking into account its location, business motiigeted application, struct
of end users etc. If the proposed field trial raisthical issues, for example privacy concs
an ethical review will be undertaken. Furtherma@ae;omparison metriwill be defined i
order to compare the test results originating fidifferent test sites. The aim of the metri
to specify the parameters that will be measurethduhe tests such as end user experi
system price, system performance, final produd-imuction when using the system etc

T6.2 Testing PoC in SLO conditions (TL:KOPUNI)

Organizing and performing test at the KOPUNI in \@loia. Testing of exceptiol
obstructions, and entropy. Report on testing adegrtb metrics for testingral metrics fg
maintenance CMMI testing. Includes QoL and QoS ipatar testing. The findings in {
report will be used further and will have impacttbe content of the future PfM requiren
issues. The report will also serve to widen thepewpation @ the pool of researchers who
in the areas listed above.

T6.3 Testing in Serbia(TL: ORTO) — Selection of the appropriate farm for testing oy
in Serbia. Installation of the field equipment WSN, mobile devices, field actuatq
Installation ofthe web connection facilities. Installation of #heC at the site. Organizing 4
performing PoC testing procedures. Testing of etiopp, obstructions and entropy. Re
on testing according to metrics for testing andricetfor maintenance. Includeo and Qo
parameter testing.

T6.4 Comparison and suggestions of product for mart (TL: ORTO) — During thq
testing phase on both locations a number of remariks hints will be generated. Thg
together with concrete testing results will be biasis f@ comparison evaluation of the b
PoC installation behavior in rekife conditions. Based on these and PoC featurg
reduction factor from the system platform and omagal system requirements the se
suggestions for PfM will be generated as the basispin-off activities of SMS’s both in W
countriesand in EU countries. The new framework may alstuidle new geographic regig
and potential collaboration with research groupthése regions.

Once all the tests have been executed accotdirtige specification produced in T6.1,
results will be compared using the metric definethie same task. The aim is to quantify
comparison results and deduce which type of théesygor which system’s features)
better suited for the market.

17




Deliverables

D6.1 (M34) —Report on testing results in Slovenia
D6.2 (M34) —Report on testing results in Slovenia
D6.3 (M34) —Report on testing results in Serbia

D6.4 (M35) —Proposal for product development for mass market

~

Work packag

Start date or starting event:

Beginning 0

number M1
Work packaglnforming the scientific and technical environment
title
Activity Type'? SUPP
Participant id 1 2 3 4 57 Tota
Participant shoTMG BGDUNI FERRARAMEDIA O|S
name RP

TA

ocC

E

Person-months |10 20 15 10 104 70
per participant:

Objectives

system

research

To do constantly a public dissemination about phnigect
To do periodically internal workshops and scient§fymposia
To help generate spin-off companies interested aking the market product relatéd thig

To prepare market for acquisition of this system
To define strategic research areas of common isitéoeproject participants for the fut




Description of work
WP Leader: MEDIA

T7.1 Kick-off meeting (TL: MEDIA) - It is anicipated that DiaMus systems will be wid
applied in the coming years, with research cha#enghifted towards scalable adap
pervasive systems and incorporating heterogenegstenss which may include robg
actuators, mobile sensors, and humamgsaoth at the consumers and medical prod
side. Based on the project results and experiemdeaking into account the state of the g
medical monitoringautomation research in 2010 and general reseatehnesh of eag
partner, a set of researchallenges of common interest will be identifithese challeng
will be summarized in a report. The findings in tieport will be used to further advance
ties established up to this point as an input ftanping of new projects and n
collaboratons. They will have impact on the content of th#ufe workshops, sumn
schools, graduate courses, joint supervision, aimi jesearch activities. The report will g
serve to widen the cooperation of the pool of redesas who are in the areas listed above.
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T7.2 The first annual workshop (partners only) (TL: MEDIA) — During the project
number of short and long term collaborative adgsitwill take place on bilateral g
multilateral basis (research visits, joint PhD gtadjoint FP7 propossl. Taking into accou
the ongoing actions and the output from T7.1 idgmig common research interests
different partners, bilateral or multilateral agremts will be put in place. The agreem
will gather all existing and new collaboration magisms under one umbrella agreen
Procedures, policies and ways of working betwedfierdnt parties in the agreement will
formalized to ensure smooth continuation of paghigr established in the project. The
framework may also include new geapghic regions and potential collaboration
research groups in other Balkan countries.

T7.3 The first annual symposium (partners and beyod) (TL: MEDIA) — During th¢
project a number of short and long term collabweaactivities will take place onilbtera
and multilateral basis (research visits, joint P$tDdies, joint FP7 proposals). Taking

account the ongoing actions and the output froni Tdentifying common research inter
of different partners, bilateral or multilateralragments wi be put in place. The agreeme
will gather all existing and new collaboration manlsms under one umbrella agreen
Procedures, policies and ways of working betwedfierdnt parties in the agreement will
formalized to ensure smooth continuatioh partnership established in the project. K
agreement will leverage any existing national, aegl or international initiatives, such
‘Networking with Southeast Europenfvw.see-era.netto enhance the new ltaboratior
framework and facilitate better and more efficieotlaboration. The new framework ni
also include new geographic regions and potentiddlzoration with research groups in of
Balkan countries.

T7.4 The second annual workshop (TL: BGDYNIReporting on the progress.

T7.5 The second annual symposium (TL: BGDUNI}- Continuing to bring together t
elite of the field.

T7.6 The third annual workshop (TL: TMG) —Final ogfing on the project.

T7.7 The third annual symposium with closing disoois (TL: TMG) -Final bringing
together the elite of the field.




Deliverables

D7.1(M1) — Set of Rs by partners on planned activities

D7.2 (M6) — Number of papers (Ps) written for the fiasinual workshop
D7.3(M12) — Number of papers (Ps) written for thetfaenual symposium
D7.4 (M18) — Number of papers (Ps) written for the setannual workshop
D7.5(M24) — Number of papers (Ps) written for the secannual symposium
D7.6 (M30) — Number of papers (Ps) written for thedrannual workshop
D7.7 (M36) — Number of papers (Ps) written for thedrannual symposium

o

Work packag Start date or starting event: Beginning o
number M1

Work packaglmpact on the environment
title

Activity SUPP

Type'?

Participantid | 1 2 3 4 5 7 Tota
Partigpant shoifTMG |BGDUNI [FERRARMEDIA ORTO |SPACE

name A

Person-months10 20 10 15 10 5 70
per participant:

Objectives

Although not typical, this project likes to havefelient work packages to organize
monitor effects of technical and scidittimeetings, on one hand, and public dissemin
with search for investors, on the other hand.




Description of work
WP Leader: SPACE

T8.1 Informing the environment via media(TL: SPACE) — It is anticipated that diagnog
automation solutions wilbe widely applied in the coming years, with reskarhallenge
shifted towards farnscalable adaptive systems and incorporating wigetspm of sensir
and actuator devices and farm equipment. Basedeproject results and experience
taking into @count the state of the art in agro automationareeand general reseq
interest of each partner, a set of research clggkenf public interest will be identified. Th
challenges will be summarized in a report.

Important: To develop two kinds @vent series: Open Research Days and Open Inon
Days. They will be focused on the crdsstilization between scientific results of the jerd
and the potential business interest of entrepren@westors to achieve a wide disseming
through inhouse talks, brainstorming meetings, seminars, smgchools and speq
sessions in EU.

T8.2 Search for investors to turn PoC into a markeproduct (TL: TMG) —Promotional
activities - Diverse selected technology focused media evdrdade fairs, TV ad radiq
shows and newspaper supplements will be used tagieothe project and draw attentio
its benefits and potential applications of its vel& technology.

Important: Set up of a mechanism for the partnersotlate market intelligence relevatq
DiaMus technologyEvents and trends analysis, members of one seafitire Industry (e.
Wireless Sensor Networks) will be able to catchoapevents in other fields that affect tl
business indirectly, but which they would not h&veel time to investigatdo build upon th
market awareness data gathered in Market Analysis aoply it to construct a coher
approach to the exploitation of project resulis. create a plan based on a comprehe
picture of the future trends and emerging madextors. It will be the first time that such
integrated picture has been created for Wireless@e\etworks in several domains. Be
prediction of the market development will allow iorn the manufacturer to produc
concerted market strategy for ‘rollouth addition to looking at commercial exploitatios
the partners, we will consider possible exploitatiy further RTD.

T8.3 Organization and monitoring of talks and busiress plans for PfM investor,
(TL:BGDUNI)- Organization and monitoringdf impact on scientific and techni
environment. Organizing meetings with SMS’s, pradgcbusiness plans and anima
deployment of main project results and ideas.

T8.4 Supervision of impact on the social environmdn(TL: TMG)- Supervision of impa
of project result on the social environment.

Cc



Deliverables

D8.1(M36) — List of public appearances for dissemimajurposes, and content there-of
D8.2 (M36) - List of investor contact and preseiota made

D8.3 (M36) - List of brainstorming meetings, andhimmnts there-offs.

D8.4 (M36) — List of in-house talks and brainstormmgetings, and contents there-offs

1.3.3.e. Summary effort table

Men/Month

(MM) WPO |WP1 |WP2 WP3| WP4 | WP WP WPF WRBMM
TMG 15 15 15 15 | 15 15 20 10 10 130
BGDUNI |0 20 30 20 |10 10 20 20 20 150
FERRARA |5 5 30 10 | 15 5 15 15 10 110
MEDIA 0 0 0 0 0 0 0 10 15 25
ORTO 0 0 0 0 0 0 30 10 10 50
KOPUNI |0 0 0 0 0 0 15 0 0 15
SPACE 5 5 5 5 10 5 5 5 5 50
FE 0 0 5 20 |5 0 0 0 30
FRI 0 5 0 10 0 0 0 15
BSC 10 0 0 0 0 0 15 0 0 25
MM 35 50 85 70 |65 35 120 | 70 70 600

1.3.4. A graphical presentation of the components hewing their
interdependencies (Pert diagram or similar)
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1.3.5. Describe any significant risks, and assocet contingency plans

The research project is continuously monitored bgjget management and thoroughly
evaluated twice per year at special risk analysetmgs. All identified risks will be ranked
in terms of a potential impact on the project andbpbility of a risk actually taking place
(impact multiplied by probability). The project Wibcus on 3 top risks. Specific measures to
counteract the risks will be defined for each rimhkd action point assigned to people
responsible for following them up. The progresd bd followed up regularly until the risk is
neutralized. Between the risk analysis meetingsilitbe an ongoing responsibility of the
project management to identify potential risks.sTdhgoing process will make sure that the
project stays in line with the initial and possilelyolving planning, and that the quality of the
work, the deliverables and the results stay ahifbest level for wide acceptance.

At the first project meeting a risk analysis sessidll be held to identify a list of major
potential obstacles. Following the process exptaateove, an action plan will be defined and
followed up at subsequent project meetings. Patletitop risks envisaged at this moment
are:

Completing in time and with appropriate quality #ie ambitious tasks specified in this
proposal.

Ensuring that all teams, from different geograph&caas and different S&T backgrounds do
communicate with each other in an effective manner.

2 Implementation

2.1 Management structure and procedures

Describe the organizational structure and decisiaking mechanisms of the project. Show
how they are matched to the complexity and scatbeoproject.

The project involves several partners from différeountries and intends to provide support
for multiple activities involving a number of resehders and students from different
organizations. Therefore, coordination and managenoé the project are of paramount

importance. The basic project management approacckhé project is to have a scientific

coordinator focus on the technology and to haveadministrative coordinator handle the
overall operational and day-to-day business. Artfedefined project management structure
will be set up, including precise management preeesand decision rules. This will ensure
that the project meets its objectives and delitkesresults in time and with high quality,

using the following project management structuligfe 6):



Project management team
Admin and S&T project

coordinator
Work Work Work
package package package
leader leader leader
—— Task leaders —— Task leaders — Task leaders
Partner Partner Partner
Partner —— Partner —— Partner

Figure 6: Management Structure

Precise milestones and delivery dates as well@asdhtent of the deliverables are defined in
a detailed project plan. Project control will béagdished, supported by communications tools
and a central communications platform. A self-ches&chanism for the work package

leaders and the researchers/developers will prositesarly warning system to identify

deviations from the work plan and make it possiloleestablish contingency or recovery
plans.

A project management team comprising a senior proj@nager and a senior researcher as
the scientific coordinator will lead the project,aking use of state-of-the-art project
management techniques. The objective of the dalajomanagement is to keep the project
always closely aligned with the project plan, regltiee risks associated with project activities
and provide support to all partners. Individuabsgfffor administration of the project should
stay at a minimum, including the number of meetingsessary to control the project.

The project operational steering board will be ldsthed to monitor the progress and
direction of the project. Each partner will haveedroard member.

Project operational steering board
The project operational steering board (OSG) wilvén the following responsibilities:

Approval of the overall project objectives, targatsl general directions
Evaluation of approaches and progress of the grojec

Approval of progress reports

Approval of significant project changes to be pregmbto the Commission

The board will meet at the project kick-off meetirfigr significant milestones and when
requested by project manager.



Project manager

The Project Manager (PM) will have the followingpensibilities:

Overall co-ordination of the project execution amigr-partner co-operation
Maintenance of project plan

Risk analysis and mitigation

Interfacing to the European Commission, liaisorhveill partners and stakeholders
Preparation and assessment of progress reportdetindrables

Financial distribution of the payments to the parsn

Chairing the project meetings

Public relations and dissemination of project risstiirough professional channels
Installing and running the project web site. Alrip&rs will regularly contribute their inputs.

S&T Manager

The S&T manager will have the overall responsipildr the scientific and technical direction
of the project and will report to the project maeagrhe S&T manager will maintain a
continuous liaison with all work-package leaderghanging and evaluating meaningfully
and efficiently information on project work perfoech and to be performed next. The duties
of the S&T manager will be:

Coordination of the scientific and technical adies of the project and driving the project’s
S&T strategy

Take the necessary predefined actions in ordewvéidaany technical risk or resolve any
conflict. Minimize risk and update the risk factdirgt is needed.

Regular communications with the PM.

Co-ordination knowledge management and other inmmvaelated activities at the
consortium level.

Participation and presentations at events andfibis (IST or other relevant EC events).

The Project Manager and S&T manager will have oortiis contact with the project team by
email, phone or through face to face meetings. Anagament mailing lists shall be
established for communication of all project mamaget information. The Project Manager
and S&T manager will be supported by dedicatedcedfiof the home institutions, on legal
issues and personnel issues, as necessary, witlopajpe input from financial and
administration staff in partner organizations.

Work package leaders

These leaders will comprise the S&T committee. B&I committee will meet every
guarter. Additional ad-hoc meetings will be held gpecific work packages whenever the
Technical Manager or the Project Manager find thath a meeting is required. Meeting
locations will be specified at the time of the kick meeting. The goal will be to have these
meetings together with some of the other projeehts/to minimize the cost.

Each work package will have a designated leaden fitee organization managing the task.
Leader will have the following responsibilities:

To present monthly progress reports to the S&T Mandor the work performed and to be
performed next.



To propose the methodology for carrying out thekanrthe corresponding WP.
To communicate the technical work with the Taskdera.

To perform full reviews of the deliverables in tt@responding WP.

To submit the final Deliverables to the Project ldger.

To give oral presentations at Technical CommitieReview Meetings.

To propose to the S&T Manager dissemination a@wjtsuch as presentations and/or
exhibits for any IST or other relevant EC event.

In each WP, Task Leaders (TL) will be appointechwfte following responsibilities:

Compile the Table of Contents of the correspondleliverables, collect contributions from
participating partners and edit the deliverables.

Allocate work to the involved partners in the sfiediask.
Submit the deliverable to the WP leader for revéawl approval.

All Partners

All partners will have the following responsibiés:
To prepare individual management reports and suthih to the PM.

Management of their team and the good cooperatitmtive other teams in the consortium
by regular internal meetings and well-establish@dmunication channels.

To follow closely the project plan and respect ectif defined procedures.
To fulfil the required financial procedures (eaudit certificates).

Decision making process including conflict resolugin

The project operational steering board (OSG) digslrove all major decisions that have to be
executed by the Project Management. The OSG isathlly an OSG member elected at the
first OSG meeting. All partners have one vote i@ @SG. The project OSG obligations are
to:

* Review the progress of the project as a whole;

e Approve and accept the work plan and necessary fioatibns that need to be
proposed to the project officer for approval;

e Approve IPR-related issues such as publicationsdeftned in the consortium
agreement;

 Approve any change in the consortium agreement swbmmend to the
management of the partners acceptance of changes;

* Approve and accept deliverables of the project tefcanical or reporting nature;

e Decide on possible conflict resolution proposals thg project management or
partners;



The objective for the decisions making proces® iadhieve consensus in all relevant issues.
The regulatory regime for the formal voting will Bpecified and agreed in the consortium
agreement part on organizational matters. The &scalprocess in case of conflict consists
of steps within the project and at external insésnas specified in the consortium agreement:

In general the project management shall make spitstalso mediation nature that conflicts
are prevented:

* In case of conflicts the project management shailttfion as a mediator and help to
find a mutual settlement

» If that can not be achieved a proposal will be miedéhe OSG to help to settle a
conflict within the project

e According to the consortium agreement the nextsstdpconflict resolution will be
arbitration and finally a court specified in thepagpriate section.

Communications

The main communication channels used in the preyécbe email, web site and phone. The
project’s web site with accompanying tools will the central communication point that will
provide immediate on-line information for projecembers at any time. Meeting agendas,
individual to-do lists and other important projeoformation will be accessible via the
Internet. File archive for project files containinglevant project documentation and
supporting materials will be also available. Docuaineersioning will be used for all working
documents.

Project Evaluation and Quality Control

Continuous project evaluation will take place taifyethe quality of the deliverables,
working documents and research results, measu@dsadghe project vision, objectives and
quality requirements of the European Commissiore pitoject monitoring and control takes
place on various levels:

Project Level: The progress of the project vershe tmplementation plan will be
continuously monitored and is subject of regulancwinication, working meetings and OSG
meetings, with a special partner dedicated toifisise. The work package leaders will carry
out detailed work planning and controlling of thesspective work packages.

Result Compliance with objectives: It is esserttialt the individual work results support the
overall and individual project objectives.

Deliverable Schedule: The work in the individualriwpackages will yield not only technical
results but at the same time formal deliverablas dne committed in this description of work.
A focus of the project management will be to assbheework on the deliverables starts at an
appropriate time before the Deliverables are due.

Deliverable Quality: Before deliverables are sulbexitto the commission (and those that are
public to the public website) they go through angint technical and editorial review
process:



The partner responsible for the deliverable cdlledt technical input from those involved in
the work package and prepares a first technicdt. diehe draft is circulated for comments
and suggestions to the consortium and the pre-firat deliverable is submitted to project
management for editing. Final editing is done tokengure that not only readability and
content are high quality but that formalities aedein care of appropriately. In case a
deliverable contains a number of complex issues dat@important to be understood by the
target audience a peer reviewll be used to make sure that the content of &leserable is
appropriately described. The final step is a cdnsor approval.A last round of changes
might be necessary before the deliverable is swbdib the European Commission Project
Officer and the Reviewers.

Plan for using and disseminating knowledge

Knowledge generation and dissemination are the adiigities of the project. There are two
aspects of this activity: internal and externaleitnal dissemination is organized at workshops
and working meetings. External dissemination igmed to two goals: Informing the wider
community and producing a market product.

The main tools of the earlier activity are scieatapers, presentations, lectures and demos
in journals, at conferences, exhibitions and déifermedia channels (web, TV, newspapers).
Selected project deliverables will also be avadadi the project web site. It is an aim of the
project to make most project deliverables publiee Web site will contain a private area open
to all project team members as well where projaefbrimation and documents including
minutes, plans, results and background informataombe easily accessed.

The main goal of the later is to create a busimdas for activities leading to a market
product and to search for potential investors. &ctgd partner is incorporated to realize this
mission.

IPR management

If in the course of transfer of knowledge or othegject activities, which are the core activity
of the project, discussions of existing and pognintellectual property take place the
management of intellectual property will follow theneral principles set out in the IPR rules
for Framework 7 and will be defined in detail irtBonsortium agreement.

2.2 Individual participants
The list of individual participants is given in Apipdix 5.
TMG, Ljubljana, Slovenia

The company TMG-BMC d.o.o. is a small Slovene comypahich- on the basis of its own
knowledge- develops and markets the systems andceerfor the optimization of the



training process of top sportspeople and the opétiun of the rehabilitation processes in
physiotherapy. The basis of the products and sesvif the company is the method called
tensiomyography (TMG), which has been developet W& own knowledge and for which
the company has acquired patent rights. Musclendistics with the TMG method ensures
unique information about the state and developnoéra muscle, which is the basis for a
number of improvements in the fitness and rehalbitin processes. The method, which was
originally designed for usage in medicine, redieddts focus to top sports, where there were
fewer obstacles for its establishment.

TMG-BMC d.o.0. has extended knowledge about biomeidal human properties. Our
typical costumers are European professional sgabisc(FC Barcelona, FC Villarreal, FC
Fiorentina, FC Dinamo Kiev , FC Udinese). We oftemplete service packages for injury
prevention and speed development. TMG-BMC compasy éxperiences, knowledge and
skills in diagnostic systems development, covering:

* Functional materials (hano technologies)
* Accelerometers

e Smart sensors (MEMS)

e Charging modules

*  Communication modules

* Microprocessors

» Digital signal processing

e Software developing

* Biomechanics

* New technology applying in practice for purpose mbvement optimization,
rehabilitation, speed development, injury prevamtio

Patents:
* EU patent Application No./Patent No. : 02707391352
e Slovenian patent, Patent No. : 20846
e Irish patent , Patent No :1424938
UK patent , Patent No :GB1424938
e Dutch patent , Patent No :NL1424938

We have successfully finished two government fongdiproject: Development of
tensiomyographic diagnostic system for muscle dagio and diagnostic system for
measuring contractile muscle properties on peopth Wwead injury. Both projects have
resulted as patents follow up sales.

In TMG-BMC Ltd is active research organization sggred under number 2442 in Slovenian
research agency register. Leader of research aaj#on is Dr. BoStjan Simunic



Bostjan Simund, PhD, was born on 28 December, 1974, in Novo meSkavenia. After
finishing primary school at Dolenjske Toplice, heeaded the Secondary School of Electrical
Engineering of Novo mesto, and was granted the’statholarship for talented pupils. He
continued his studies at the Ljubljana Faculty adnfputer and Information Science
(computer logic and systems), from which he graefiatith honours in 1999. In the second
year of his postgraduate studies, he started wgrama junior researcher at the Laboratory
for Biomedical Visualization and Muscle Biomechamnitn 2001, he received his Master’s
degree for his thesis The Analysis of the Vari&pitif Skeletal Muscle Response to Electrical
Stimulation (Faculty of Electrical Engineering).2003, he concluded his doctoral study with
the doctoral thesis Modelling of Longitudinal Skeming and Transverse Deformation of
Skeletal Muscles to Electrical Stimulation (tutapshProf. Dr. Vojko Valewic). After
receiving PhD, he was employed by the TMG-BMC Lwdhich deals with medical
diagnostics and research on skeletal muscles. Apantworking in TMG-BMC Company he
also works as a professor at the University of Brgka, Faculty for Education.

Bostjan works in a scientific fields of (and hisbfigations comes from fields of) Electronics,
Intensive mathematical methods, Kinesiology and sRiggy. Bostjan was involved in
several technological and scientific projects:

* Head of the Technological project: The developnanthe commercial system for
detection of skeletal muscle contractile propert{es-financed by Ministry of
Economics Republic of Slovenia, 2002-2003: 6554REU

* Researcher in the Technological project: Placeroémew project on new specific
markets of European Union (co-financed by the Migi®f Economics Republic of
Slovenia, 2003-2004: XXXXX EUR).

* Researcher in the Applicative project: Measuringtesys for assessment of skeletal
muscle contractile properties of healthy subjecid am some muscle pathological
conditions (co-financed by the TMG-BMC Ltd and Mitty of Higher Education and
Technology, 2004-2007: 37556 EUR).

* Researcher in the Applicative project: Role of Bemtmanical Properties of Skeletal
Muscles in Child Motor Development (co-financed the Ministry of Higher
education and Technology, 2001-2004: 112669 EUR).

* Researcher in the Basic project: Monitoring of dem in biomechanical
characteristics of skeletal muscles in early clolsthand adolescence (co-financed by
the Ministry of Higher education and Technologyp242007: 75125 EUR).

* Researcher in the Applicative project: Altitude Aemtization (co-financed by the
Slovenian Olympic Committee and Ministry of DeferiRepublic of Slovenia, 2007-
2008, 25433 EUR).

* Head of the part of the applicative project: Saldkeotective Systems — The Heat
study (co-financed by the Ministry of Defence Rdpulof Slovenia, 2006-2008,
53234 EUR).

e Head of the part of the applicative project: Detersegments Modelling with
Markov Chains: Preparation of Staring Points fociiing and Retention of Human



Resources in Slovenian Armed Forces (co-financedhey Ministry of Defense
Republic of Slovenia, 2006-2008, 92435 EUR).

* Head of the target research project: A Child in Mhdst of the Effects of Sedentary
Lifestyle — Motor Abilities, Physical Charactertsdiand Health Status of Slovenian
Children (co-financed by the Ministry of Educatiand Sport, 2007-2009, 60000
EUR).

e Co-Head of the international research programme &ffiect of weightlessness on
human organism — bed rest studies (co-financed urgdean Space Agency, 2006-
2009, 600000 EUR)

* Researcher in 5th Framework Programme project (\ébSWeb set of Education
tools) (co-financed by European union, 2000-200D00 EUR).

In 2000, Bostjan Simusiwas bestowed the Student PreSeren Award for hidugtte thesis
Measurement and Analysis of Biomechanical Properie Skeletal Muscles. In 2001, he
received the Krka Fund Award, as well as the Rokrdvg& Fund Award for special
achievements in the fields of academic studiesspodt. In 2003, he was given another Krka
Fund Award after having presented the findings isf doctoral thesis. BoStjan regularly
publishes his findings in the international joumaBoStjan Simusi is also a successful
athlete; he is a national champion, record holaer @lympic contender in Athens 2008 in
triple jump.

Srdan Djordjevic has graduated from Biology at énsity of Ljubljana in 1987. He is also
active as professional athletic coach from 1987his time he coached more than 30 athletes
that participated on Olympic games. He is veryvacto combine R&D with practical- Srdjan
has published over 40 scientific publications ath@auor co-author in sports, pre-clinical
pharmacology biomechanics and applied physiologynals, posters or oral presentation at
international scientific congresses.

Jure Jemec is general manager of TMG-BMC compdi@h,2Jure graduated from Hardware
systems on University for computer and informasorence in Ljubljana . He is finishing his
MBA study on Economic faculty in Ljubljana . Hisifjeactivities in the company are project
leading and controlling.

Faculty of Electrical Engineering, University of Bégrade, Serbia

University of Belgrade is a leading university inetarea, and its School of Electrical
Engineering enjoys a strong world-wide reputatiGurrently there are 3809 undergraduate
students and approximately 1000 graduate studentisisaschool. School consists of ten
departments including Telecommunications, CompHtegineering and Computer Science,
Power Systems, Microelectronics and Physics, etmgliter Engineering and Computer
Science department is one of the largest with &83@ests. Internet and telecommunication
services research are the core activity of the CEg&rtment for several years. The CECS
have been involved in a number of national andrmatiional projects in these areas and



gained significant experience applicable to théviies in the Prosense project. The full list
of projects of the University of Belgrade is avhal&aon request.

Prof. Veljko Milutinovic is a Fellow of the IEEErecognition awarded for his introduction of
the vertical migration computer architecture, whiegas used as the basis for his efforts to
create (for DARPA, in 80s) a 200MHz microproces&aiout a decade before all major
commercial vendors). Starting with 1990 he is om féoculty of the University of Belgrade.
From 1982 till 1990 he was on the faculty of Purdieiversity, USA. Now, his major
research is in the field of extraction of knowledgem the Internet, using Data Mining and
Semantic Web, ad-hoc networks, neural networks,Ritfelnetworks. He is also involved in a
number of projects, both in the EU and US. All thesojects are described in about 50 IEEE
journal papers and 50 papers in other journalsook lchapters, and in numerous conference
publications. Prof. Milutinovic presented over 3@0ited talks at all major universities in the
World (MIT, Berkeley, Stanford, ...), in both comipu engineering and business
administration (Dartmouth, ...), on all 5 contireeritle taught regular grad courses at various
universities in the World, in 7 different languad8&rbian, English, German, Spanish, Italian,
Russian, and Polish), and gave short invited lestur 3 more (Swedish, French, and Czech).
Professor Milutinovic published over 20 books wittajor USA publishers: Prentice-Hall,
Wiley, Kluwer, North-Holland, McGraw-Hill, IEEE C®ress, ACM Press, etc. One of them
was the best seller of all times for its publisfl&EE CS PRESS), and for seven of them
Forewords were written by Nobel Laureates. He wes General Chair or a Program
Committee Member for several IEEE and other comiees. For four different IEEE
Journals, he was Guest Editor or Co-Guest Editor.

His other activities include: research and develepinin computer engineering and web
engineering. Its major successes include cooperatiith some of the World leading
companies, mostly in the USA: NCR, AT+T, Dow Joné&ll Street Journal, etc... This
partner will be responsible for administration, $gistem design, and for the development of
the basic software (operating system).

Nenad Korolija has graduated in October 2002 ato8clof Electrical Engineering,

University of Belgrade. He is currently working ascomputer architecture programmer.
Recent projects include P2P project “Swan” for Resits Inc. (Boeing spin-off) and e-
business infrastructure for Dow Jones, NJ, USA.

Sasa Stojanovic has graduated in May 2006 at Sdid@kctrical Engineering, University of
Belgrade. He is currently working as a programmesdmantic web, internet and data mining
areas. He is a PhD student. His Research intemedisde Computer architecture, VLSI
design, Microprocessor systems.

Darko Jovic and Zoran Babovic have been workindywitof. Milutinovic for almost seven
years at Belgrade University, School of Electri€alyineering. After graduation, they started
as researchers on projects in cooperation with FR&unhofer Institute, Germany in 2003.
Several projects were done in the areas of P2Ponlketvand multimedia. Later on they spent
a year (2004) as lead researchers in the aresoigst technology and automated storage



management using scalable file systems, sponsoyeftdrageTek Company, USA (now
acquired by Sun Microsystems). Recently, they veeréeaders in projects related to a real-
time publishing system done for GTECH, UK, and reiming consistency of the cached
content in the dynamical environment of the Wale8t Journal Website, Dow Jones, NJ,
USA. Their areas of interests are P2P networks, nuanication and consistency in the
dynamical environment.

Bojan Furlan graduated in May 2006 and is currenityking as a teaching assistant on a
number knowledge engineering courses.

The group of Prof. Milutinovic also includes abd(t graduate students working on a number
of on-going projects, and available to help on dms, too.

Consorzio Ferrara Ricerche, Italy

Consorzio Ferrara Ricerche (FERRARA), or Ferraraedech Association, is a non-profit
organisation that pursues specific research obgst(including health, the environment,
biotechnology, technological innovation, trainirggc.), in collaboration with a number of
Italian Universities. In the past decade, FERRAR#&naged around 1000 research contracts
with public and private subjects. It has partiogghtn many EU-funded activities (including
FP5, FP6 and FP7 IST/ICT projects), both as paramer as coordinator, and has managed
resources within the European Regional Developrrend, Objective 2.

The research work within the proposed project bélperformed by Prof. Michele Zorzi and
his wireless communications and networking resegroup. The researchers involved have
strong expertise in the areas of ad hoc and wsetetworking, ad hoc routing, sensor
networks, resource management, multi-radio/muléirctel schemes, energy efficient
protocols, cross-layer issues, adaptive and regor#ble protocols, and implementation
issues. FERRARA's key participants have been irsalin a number of EU-funded efforts,
including EYES, Embedded WiSeNTs, e-SENSE, Ambidetworks (Phases 1 and 2),
NEWCOM and NEWCOM++, SENSEI, ARAGORN, and in seVerational and industrial
projects as well.

FERRARASs main technical contribution in the prdjegll be on the wireless sensor network
infrastructure, and will focus on architecture diion and hardware/software component
analysis, design of communications and networkiogemses, as well as their proof-of-
concept implementation and testing.

Michele Zorzi is Professor of Telecommunications at the SchdoEmgineering of the
University of Padova, where he has been since 20863eceived the Laurea Degree and the
Ph.D. in Electrical Engineering from the University Padova, Italy, in 1990 and 1994,
respectively. Before his current appointment, he weaculty member at the Politecnico di
Milano (1993-1996), a Research Scientist at thet&efor Wireless Communications,
University of California at San Diego (1995-1998nd a Professor at the University of
Ferrara (1998-2003). He is very active in the fieldvireless communications, has published
more than 350 papers in refereed journals andnatiemal conferences, and is a Fellow of
the IEEE. He has been editor and guest editor&BEl journals and magazines, and has been
involved in organizing international conferences berved as the Editor-in-Chief for the



IEEE Wireless Communications Magazine in 2003-2@0%l is currently the Editor-in-Chief
for the IEEE Transactions on Communications. PZofzi has been responsible of a number
of research projects sponsored by industry and rgowent in the field of
telecommunications, both in Italy and in the Unitgttes. His research interests include a
broad range of topics in wireless networking ancelelss communications.

Nicola Bui received the laurea (BS) degree in informationiresgying in 2003 and the
Masters degree in telecommunication engineerin@005, both from the University of
Ferrara. He has been a research fellow with Caiwsdferrara Ricerche (FERRARA),
Ferrara, Italy, and with the Department of Inforimat Engineering (DEI), University of
Padova for four years. During this period he hasnbiavolved in three European funded
projects: Ambient Networks, on heterogeneous nétsya@-SENSE and SENSEI, on wireless
sensor networks. He is also the general managBativina Technologies, a spin-off of the
University of Padova, operating in the ICT fieldlis main research interests are focused on
the design, simulation, and experimentation ofgeols and applications for wireless sensor
networks and embedded systems.

MEDIApro, Barcelona, Spain

MEDIAPRODUCCION, S.L. (MEDIAPRO), www.mediapro.ds,a Spanish business group
in the communication industry that includes all tbehnical and creative personnel necessary
to set up and broadcast any type of audiovisualticne MEDIAPRO has a presence in the
audiovisual contents production sector; in spdMEDIAPRO is the TV rights owner of most
Spanish football teams, Formulal and the Baskethaib league) and also manages cinema
rights, consultancy services related to televisind sports; creation, design and production of
themed channels, different formats and genres &bevision; cinema production and
interactive content; as well as in post-produciervices.

Technical engineering in the broadcast field, boaatl and marketing and business plan
services, communication and advertisement comniizai@n are other activities developed
by the group. Through its own subsidiaries, pgréithg companies and partnerships with
outstanding companies in their markets (like Framekecom, Carlton Communications,
Portugal Telecom Mutimedia, Grupo Planeta, GrupdDestini, Sports Five and El Deseo),
MEDIAPRO has become one of the main groups in tltkozisual market. With a worldwide
workforce of more than 3000 people the group redceéurnover of over 1000 millions
Euros.

MEDIAPRO is the leading provider of post-productigervices in Spain, through its presence
in the two most outstanding markets, Madrid anccBlama, and keeps a preferential position
in South Europe. Highly-qualified professionals ipped with the most advanced technology,
provide multimedia solutions for advertising, cireentelevision, themed channels, concerts
and interactive experiences to a worldwide clieageb

Additionally, MEDIAPRO is currently exploring IPT®nd network distribution solutions that
will allow the online access to its rich media @nts to a worldwide audience using the latest
technology advances. MEDIAPRO Research is coordigand leading a consortium of 12
companies and 19 research groups for the projenedB (www.i3media.org) partially
funded by the Spanish government and it is a premimember of the EU funded projects
2020 3D Media (FP7 IP) and Apidis (FP7 STREP). MEBRO is also leading FINE project



(FP7 STREP). The participation of MEDIAPRO in DiadMwill concern to several areas. We
will be in charge of the business plan and dissation activities.

Joan Bennassar is MEDIAPRO'’s Research DirectorA@sdciate Professor at Pompeu Fabra
University. He is Electrical Engineer by UPC (Bdore). He worked at BMCI (Barcelona
Media Centre d’Innovacid) as Innovation DirectoartRer at Netjuice Consulting, General
Manager at NetProfit and Director of Internet & &lenic Business at EDS, where
previously was Senior Consultant, being responsdilehe technological design of the
Results Management System of Barcelona '92 Olyi@gimes. He has participated in several
competitive European projects such us IP-Racin&dkRro, ICING, IP-2020 3D Media and
Apidis. Currently is coordinating the Spanish CENIBject i3media.

Sergi Sagas is MEDIAPRO's Director of Research.eAfteceiving a BSc in Computer
Science, he moved to Los Angeles where he graduatéitin and TV production at UCLA.

In 1994 he started working at the Walt Disney Conypas a Technical Director at the Feature
Animation division, after 8 years of working at Dey he was hired at Sony Pictures
Imageworks as a Lead Technical Director where hekeeb on both R&D and production
projects. The work he and his team did for soméhe$es projects has gained international
recognition and was credited with several prestigi@wards including 2 Oscars and a
Technical Achievement awards from the Academy ofiMoPictures Arts and Sciences.

Gustavo Gonzalez is a Research Scientist and ac@hBidate in Artificial Intelligence. He
obtained his Computer Science Engineering degrdenanM.Sc. in Telecommunications in
1999 and 2001 respectively. In 2003, he obtainedMiSc. on Information Technology.
Currently he is working in MEDIAPRO Research in 8&dona, Spain. His work is focused
on Data Mining and Machine Learning techniques tldoSmart User Models through
multidimensional data for personalized servicefimbient Intelligence scenarios. He was
working in 2006 as Guest Researcher in the FraemHoftitute for Applied Information
Technology (FhG-FIT) (Germany) in the wearlT@wormojpct: “Empowering the Mobile
Worker by Wearable Computing”. His current reseantterests include user modeling,
personalization of services in ambient intelligenacommender systems and multi-agent
and autonomic systems. Mr. Gonzalez is an IEEE Mgendince 2004 and Programme
Committee Member of a number of International RegesConferences and Scientific
Journals: MobileHCI2009, RecSys2009/2010 (ACM Cuogriee on Recommender Systems
2009), UMAP2009 (International Conference on Userod®ling, Adaptation and
Personalization. Industry Track), EurolTV2008/2q@ropean Interactive TV Conference),
ICEIS2006/2007/2008/2009 (International Conferemcd&nterprise Information Systems).

Jordi Ramon graduated in Telecommunication Engingdsy UPC (Barcelona) in 2004. In
2005, he obtained an MBA in directive skills by UABarcelona). From 2004 to 2005 he
worked in Vodafone Spain, at Quality and Revenwi@smce Department. He specialized in
Analysis and report on Quality of Service (QoS)26 and 3G networks, focused on
customers as well as analysis and benchmarkinga&i@main Spanish cities and roads. He
also worked in Al-pi Telecommunications as a netwengineer in the Network control
center. Currently he is working in MEDIAPRO Reséait Barcelona as a Project Manager.
Last years he has been managing i3Media ProjecN(CEpanish project). He is also



responsible of a work package in an FP7 proje@@ZDMedia) focused in Exploitation and
business plans within 3D Digital Cinema, since 20@d8 Ramon is currently involved in a
negotiation with EC regarding a new FP7 project sehcoordinator is MEDIAPRO.

Institute of Orthopedic Surgery and Traumatology, Belgrade, Serbia

The Institute of Orthopedic Surgery and Traumatgldg the oldest and most relevant
institution in the country in terms of orthopedisaders and bone and joint traumatology. It
is an integral part of Clinical Centre of Serbiae biggest health institution in Serbia. From
the very beginning, it has been educational andnsic institution of Medical School,
University of Belgrade. There are more than 50 wedddoctors who work in 12 different
departments, including microsurgery, reconstructined surgery, orthopedic trauma, hip
surgery, aloarthoplasty, and scientific researcloreMthan 3000 surgical procedures are
performed at the Institute annually. The Institok®rthopedic Surgery and Traumatology has
been involved in many a number of national andriagonal projects in medical and
bioresearch fields and have gained significant eepee. The comprehensive project list is
available upon request.

Prof. Dr Marko Bumbasirevic is the Director of thestitute of Orthopedic Surgery and
Traumatology, Professor of Orthopedic Surgery amaumatology and the Chair of the
Surgery Department. He studied at Medical Schoalyéfsity of Belgrade and successfully
completed the programmes of undergraduate and radsigte studies, as well as residency
studies. In order to perfect himself, he had pesidency training at Institute Francais de la
Main (Paris, France) under the mentorship of Pemfiedlain Gilbert during 1989 and 1990.
Prof. Bumbasirevic is the President of Serbian @p#dic and Traumatology Association
(SOTA), member of the Academy of Medical ScienceSerbian Medical Association, and
the President of its orthopedic section. He usetteaahe Chief Coordinator of Yugoslav
Association of Orthopedic Surgery and Traumatolagy2004, member of the national
Committee of SICOT, member of ICS, IMS, WSRM, ASRd ASPN, Honorary member
of Society for Plastic and Reconstructive Surgdr@erbia and Montenegro and Macedonian
Orthopedic and Traumatology Association. He wasrdeag French Government Scholarship
for post-residency training, research grant Migisif Science and Technology, Republic of
Serbia, research grant Experimental and clinicaldyst of reconstruction of injured
extremities. He is also member of Editorial Boa@dsrent Orthopedics, Romanian Journal of
Reconstructive Microsurgery. He has been involved number of national and international
bioresearch, orthopedic and traumatology projects.

Prof. Dr Vladimir Bumbasirevic is Dean of Medicalt®ol, University of Belgrade,

Professor at the Department of Histology and Emlbgy the member of University of

Belgrade Council, the President of Programme Cowfigiostgraduate studies in molecular
medicine. He studied at Medical School, UniversifyBelgrade and successfully completed
the programmes of undergraduate and postgraduatest His most important research field
has been histology and cell biology, as well asemlr mechanisms in apoptosis. He has
been Principal Investigator on large number ofareti and international projects. Some of



the most significant ones are supported by the ditipi of Science and Technological

Development of Serbia, the Ministry of Science d&hmvironment, Serbian Academy of

Science and Arts. He has also been involved asf@uoerdinator on several projects on

education reform. He has been the member of SeAxademy of Science and Arts since
2000, member of Medical Science Academy of Serlbadical Association, member of

European Microscopy Society, Microscopy SocietySefbia, Serbian Anatomical Society,

Neuroscience Society of Serbia. He was honored thighprestigious award for medicine of
City of Belgrade in 2005. He has also received ersity awards three times, as well as the
award of Medical School.

Dr Darko Milovanovic graduated from Medical Schodhiversity of Belgrade in May 2004.
He had additional trainings in bioresearch in th8AU He is currently employed at the
Institute of Orthopedic Surgery and Traumatologg eavolved in three bioresearch projects.

Dr Slavisa Zagorac graduated from Medical Schoalivetsity of Belgrade in March 2002.

He spent a year at Medical School, University anJGermany. He is currently employed at
the Institute of Orthopedic Surgery and Traumatgl@nd involved in two bioresearch

projects.

The whole team of Prof. Dr. Bumbasirevic consiststeam medical doctors, who could
potentially be involved in the project.

University of Primorska, Koper, Slovenia

The University of Primorska (KOPUNI) was establidha the year 2003 and is the third
national university. The mission of UP is to geberand transmit new knowledge,
disseminating it through technological innovati@md yielding training results in a wider
Central European area and to lead to the formati@ncreative expert and thinker as a result
of educational processes based on research, inoosand practical training. Today

UP had 9 members — 5 faculties: Faculty of Humesitoper, Faculty of Management
Koper, Faculty for Mathematics, Natural Sciences &nmformation Technologies Koper,
Faculty of Education Koper, Faculty of Tourism sasdPortoroZ; one university college:
College of Health Care Izola, two research instng:

Science and Research Centre Koper, Primorskautestif Natural Sciences and Technology
Koper and Students’ Residence. UP is co-foundehefUniversity incubator of Primorska
and The University carrier centre.

The research activity of UP is conducted at ituliée and especially at the two research
institutes (UP ZRS and UP PINT). In the past 5 yeaithin the university 50 international
and more than 100 national research projects weceessfully concluded. The research
activity at UP is increasing every year, which égrs in the number of projects as well as in
the increasing value in FTE point, which reache@B6n the year 2008. The basic research
activity is conducted within 13 Research Programate$ university members (UP FM, UP
PEF, UP ZRS, UP PINT) in collaboration with othestitutes or faculties.



Science and Research Centre of Koper

UP ZRS represents the key structure of the sciandeaesearch activities of the University of
Primorska and aims to become and internationatlggrized science and research institution
of reference in its science and research fields.

This activity is carried out within several projeodbf cooperation both with national and
international academic and science and researdhoament in interaction with economic
sector and the wider society. UP ZRS operates afisénctive interdisciplinary basis
(combining humanistic and social studies and nh&gi@nces) and lays particular emphasis
on the research of topics related to the Mediteman the Upper Adriatic area, central
European and Slovenian area. The research aaiwfiehe centre are also focused on the
human interaction with the environment, the infleef specific environments on the human
organism and the application of research resulthenprofessional international public. The
presented research orientation of the UP ZRS adowls the aim to preserve the natural
environment, biotic diversity, improvement of theatjty of health and life and opposes to the
negative reaction of the human organism to the mmdentemporary lifestyle.

With the exposed activities UP ZRS enriches thedewac and social sphere at the local,
Mediterranean and wider (domestic and foreign)lle/ke UP ZRS also assures the quality
in on its fields of action and an also verifiedtepel science excellence. Within the CE the
following institutes will be included:

Institute for Kinesiology Research enters CoE essaarch partner in the field of kinesiology,
physiology, nutrition and psychology. Research ptig is evident in research excellence,
international collaboration and importance. We hawagried out four big international
industrial projects. Furthermore, we are activelyalved in leading of three international
research groups (International Kinesiometrics Foriiuscle Atrophy Research Group,
Space for Health). At the same time we are verugrmn the Laboratory for pathophysiology
of human movement. Laboratory is equipped withestdithe art diagnostic and measurement
equipment. On the basis of our references we hase gcquired a new program group
Kinesiology for quality of life and also anothersimresearch project. In very short period of
time from our establishment (5 years) we are ortb®best kinesiology research institutions.

Prof. Dr. Rado PiSot is full professor and his eesk fields are : kinesiology (biomechanical,
medical and didactic aspect), motor developmentthadstructure of motor space as part of
the integral development of children, neurophygj@dasis of movement regulation (motor
control), motor behavior and motor learning, th@att of motor/sporting activity on health
and lifestyle. Rado PiSot was born on Septembed 92, in Koper, Slovenia . After
completing the Koper Grammar School, he graduated fthe Faculty of Sport of the
University of Ljubljana . He continued his studagsthe Ljubljana Faculty of Sport and at the
Faculty of Kinesiology of the University of Zagreind in 1994 took his master's degree. In
1997, he was awarded a PhD in kinesiology for listatal thesis titled The Model of the
Motor Space of Six-and-a-Half-Year-Old Children 8&f and After Partialization of
Morphological Characteristics.



His research findings have been published in varinternationally acclaimed journals. He is
the author and co-author of several scientific ngoaphs, reference books and handbooks, as
well as professional and scientific articles; he kdited several collections of papers and is a
member of the editorial boards of Studia Sportipab(ished by the Masaryk University,
Brno) and Health Care (published by the SlovendoNal Institute for Health Protection).
His works have been cited by Slovene and foreigensists. He has also written numerous
reviews of papers published in prominent foreigorjals. He has worked on several
international projects: Tempus, Comenius 1, Conwerfu Intensive Program 1, Health
Enhancing Physical Activity, Bed Rest Valdoltra 80dhd 2007 — The Influence of Simulated
Weightlessness on the Human Organism, WADA 200RB26{& has presented his research
findings at Slovene and foreign universities and haen a guest lecturer at many foreign
institutions.

He is the founding father of Ikarus — Institute Kinesiology Research, an institute operating
within the Science and Research Centre of the Wsityeof Primorska and the Valdoltra

Orthopedic Hospital that developed from the seddndsiology research group in Slovenia.
He is the head of and a researcher in several redsgmojects: target research project
(hereinafter TRP) Health Enhancing Motor/Sportingfivity, TRP Sport as an Element of

Tourism Development: the Importance of Sport in risou - Products, Marketing and

Strategy, TRP Competitiveness of the Slovene Sppiarket, TRP Preparation of Criteria

for Selection and Retention of Slovene Soldierth@Army (conducted in co-operation with

the Slovene Ministry of Defense), TRP Combatantmiment (conducted in co-operation
with the Slovene Ministry of Defense), TRP Influenof Various Behavioral Styles on

Children; applied research project (hereinafter AR&nction of Biomechanical Properties of
Skeletal Muscles in a Child's Motor Development FARonitoring Biomechanical Properties

of Skeletal Muscles During Childhood and Adolesesand ARP Altitude Acclimatization.

He initiated and, together with his colleague Pigdr Mekjavic from the Jozef Stefan
Institute, organized and coordinated researchnmlsited weightlessness and its influence of
the human organism. The research developed in eanes programme Bedrest Valdoltra
2006, 2007 conducted in co-operation with seversiindjuished foreign researchers and
institutions

As a full professor of motor activity and theory gjfort with didactics, he lectures at the
Faculty of Education of the University of Primorsles well as at the Faculty of Education
and Faculty of Sport of the University of Ljubljaaad at the Faculty of Kinesiology of the
University of Zagreb (postgraduate level). He haisiated and chaired four international
symposiums titled Child in Movement. Together witte Jozef Stefan Institute and the
Woolongong University from Australia, he organizéite International Conference on
Environmental Ergonomics (Piran 2007).

He was a member of the founding group of the Umsierof Primorska (UP) and the first
Dean of its Faculty of Education. He is the HeathefInstitute for Kinesiology Research and
a member of the UP Senate. With his rich experiseis a member of various professional
bodies, be it Slovene or international: Expert Guluior Sports of the Republic of Slovenia,
Council for Health Enhancing Physical Activity opgng within the Slovene Ministry of
Health, CINDI, European College of Sport Sciendey&nian University Sport Association
(Vice Chairman). He has been awarded the UP ZR&l#Hef Science and the UP Golden
Award for his work achievements. In December 208, UP Senate appointed him Vice-
Rector for Science.



Gregor Cankar is assistant. His research fieldkisesiology (biomechanical, medical and
didactic aspect). Gregor Cankar was born on 257618 Celje Slovenia. After secondary
chemistry school finished Faculty of Sport at Unsiy of Ljubljana. Now he is attending
postgraduate study programme at the Faculty oftSplar co-published a scientific article,
several chapters in scientific monograph. In 20@8 blegan to work in a Institute for
Kinesiology research at University of Primorskaaagung researcher.

Matej Plevnik is young researcher. His researdid fis kinesiology (biomechanical,

medical and didactic aspect). Matej Plevnik wasnban 21.7.1981 in Ljubljana Slovenia.

After gymnasium he finished Faculty of Sport at Wnmsity of Ljubljana. Now he is attending

postgraduate study programme at the Faculty oftSHeris co-author of a professional book
— Swimming for dystrophic patients. In 2009 he beggawork in an Institute for Kinesiology

research at University of Primorska as a youngareber.

Barcelona Supercomputing Centre, Barcelona, Spain

Early in 2004 the Ministry of Education and Scier{8panish Government), Generalitat de
Catalunya (local Catalan Government) and TechiicaVersity of Catalonia (UPC) took the
initiative of creating a National Supercomputingn@e in Barcelona. BSC-CNS (Barcelona
Supercomputing Center — Centro Nacional de Supeguatanion) is the National
Supercomputing Facility in Spain and was officiatignstituted in April 2005. BSC-CNS
managedMareNostrum, one of the most powerful supercomputers in Eurlymated at the
Torre Girona chapel. The mission of BSC-CNS is rnigestigate, develop and manage
information technology in order to facilitate sdifin progress. With this aim, special
dedication has been taken to areas such as CoiopalaSciences, Life Sciences and Earth
Sciences. All these activities are complementargeatoh other and very tightly related. In this
way, a multidisciplinary loop is set up: our expasto industrial and non-computer science
academic practices improves our understandingeohtfeds and helps us focusing our basic
research towards improving those practices. Thdtresvery positive both for our research
work as well as for improving the way we service society.

Mario Nemirovsky is Network Processors Group Mamagfethe Department of Computer
Sciences — Network Processors, at Barcelona Supergong Centre.

Faculty of Electrical Engineering, University of Ljubljana, Slovenia

This faculty was founded in 1950, 31 years after tmiversity of Ljubljana was established.
Today, it is one of the largest faculties in thevarsity with long tradition in research and
education. UL-FE is the leading national institatioffering undergraduate, postgraduate and
professional education, and carrying out reseanckhée fields of automatics, electronics,
telecommunication and power engineering. Currentty employ 290 personnel and 2177



students are fully registered. Research at the BLi$ carried out in all major fields
(electrical energy, electric machines and powectedaics, electronics, microelectronics and
biomedicine, measuring systems automation and nghies, robotics and
telecommunications) by 239 registered researcherkimg in 47 laboratories.

The Laboratory of Communication Devices(LKN) lead by Prof. Dr. Saso Tomazic, has for
the last decade been engaged mainly in reseamtigitdl communication systems. The LKN

lab research activities in this broad area incluc@mmunication protocols and software
development, modelling and simulation of communacahetworks, spread spectrum coding
, secure communications and distributed databa$éveng systems.

Currently the main research program are optimizatimethods and algorithms in
communications.LKN lab research activities alsdude adaptive digital signal processing in
communications, acoustic signal processing andamiund processing. The other field of
interest is the study of multilingual machine tdatisn methods based on the formal
computer language e-speranto. All members of therédory are also involved in the
organization of the VITEL symposiums and workshapd VIPSI conferences in Bled.

Dr. Anton Umek has work experience as senior lectur courses like: Telecommunication
networks, Adaptive signal processing, Secure conications, Elements of communication
systems, Digital signal processing, TelecommunicatBasics, Digital Communications,
Telecommunication Circuits.

Dr. Jaka Sodnik as a member of the Laboratory fom@unication Devices is an active

researcher in the fields of computer networks, heobetworks of 2G and 3G and acoustics.
Lately his research is focused on the generati@pafial sound with the use of Head Related
Transfer Functions and its application in human mot@r interaction. The main goal of this

research is the creation of an acoustic image ates@s a navigation tool for blind people.
His resent publications describe the studies diamsound perception and human abilities of
localization of virtual sound sources. As a vigjtiresearcher at the HIT Lab New Zealand,
Jaka Sodnik was involved in several research piojadhe field of augmented reality.

Dr. Jaka Sodnik selected publications are:

Sodnik Jaka, Dicke Christina, Tom&zbaso, Billinghurst Mark. A user study of auditory
versus visual interfaces for use while driving. [nhuman-comput. stud., May 2008, vol. 66,
no. 5, pp. 318-332.

Sodnik Jaka, Su3nik Rudolf, Stular Mitja, Ton@aBaSo. Spatial sound resolution of an
interpolated HRIR library, Applied Acoustics, 200®). 66, no. 11, pp. 1219-1234.

Sodnik Jaka, Susnik Rudolf, Toma&asSo. Principal components of non-individualizedd
related transfer functions significant for azimyperception. Acta acustica united with
acustica, 2006, vol. 92, no. 1, pp. 312-319.

Susnik Rudolf, Sodnik Jaka, Tom&zBaSo. An elevation coding method for auditory
displays. Applied Acoustics, 2007, in press.



Sodnik Jaka, Stular Mitja, Milutino&iVeljko, Tomazé SaSo. Mobile communications : 4G.
V: FURHT, Borivoje (ur.). Encyclopedia of wirelessad mobile communications. Boca
Raton; New York: Taylor & Francis Group: AuerbaalibRcations, cop. 2008, vol. 2, pp. 634-
642, ilustr.

Dr. Dragan Savic area of research are Simulatida éachange in Telecommunications,
research project COST 285 - Modelling and Simutafl@ols for Research in Emerging
Multi-service Telecommunications, journal paper:s@lue: Simulation Data Exchange in
Telecommunications, 2004 — 2007. Also, he is aciiveresearch in Communication
Networks, work funded by the Ministry of Higher Edition, Science and Technology of the
Republic of Slovenia (program P2-0246), paper: Spant Protocol Dependent
Communications in Different Packet Switch Architees.

Laboratory of Micro sensor structures and electroncs - LMSE offers complete R&D
services in the field of silicon semiconductor aeg, (smart) sensors, actuators, MEMS and
involved electronics, from theoretical analysisdevelopment of test structures and devices,
their characterization and optimization. LMSE preiduinclude silicon based photo sensors,
pressure sensors, temperature sensors, radiatiosorse 3D MEMS structures, micro
reactors, micro fluidic structures, etc. In LMSEalcooperation with students and young
researchers in mentioned research activitiesasgly supported.

Dr. Slavko Amon received his B.S. degree in physiesn Faculty of Natural Sciences and
Technology, University of Ljubljana, Slovenia in 709 M.Sc. and Ph.D. in electrical
engineering, in 1976 and 1981 respectively, botmfiFaculty of Electrical Engineering,
University of Ljubljana, Slovenia. In 1970, he jeththe Laboratory of microelectronics at
Faculty of Electrical Engineering, University ofufljana, Slovenia, where he worked as a
research engineer in the field of planar silicochtelogy and devices. In addition, from
1973 to 1982 he was engaged at Faculty of ElettEngineering, University of Ljubljana,
Slovenia as Assistant. In 1982 he was appointedstsss Professor, in 1987 Associate
Professor, and in 1992 Full Professor, giving cesirsn fundamentals of semiconductor
devices, electron components, sensors and actudatod998, he established a laboratory,
now called Laboratory of Micro sensor Structured Btectronics. In 1978, he was on a six-
month research visit at the Laboratoire de Micrcetmique, UCL, Louvain-La-Neuve,
Belgium as “Chercheur libre”, working on new MOSHhgrologies. During the academic
years 1992-1993 and 1994-1995, he was Visiting éBsafr at Trento University, Italy,
teaching and doing research in the modeling of semdauctor devices.

Work in Professional Institutions in Slovenia arcad:
* Head of Laboratory of Micro sensor Structures algttEonics
e Head of Laboratory of Electron Devices
e Head of Laboratory of Nonlinear Devices
* Head of Laboratory for Optoelectronics
* Head of project group for research of monocrystatisonductor structures
* President of Commission for Human Resources FER



e Secretary of Society of University Professors, @nsity of Ljubljana
» Secretary of Association of University Professansi&ties of Slovenia

* President of Commission for rewards and acknowledgs Society of University
Professors UL

» President of Editorial Board of intl. journal Infoacije MIDEM

* Vice-president of International Society MIDEM

* President of Program Committee of International f€@nce MIEL-SD'91

* President of Program Committee of International f€@nce MIEL-SD'96

e Editor of MIEL-SD'91 Proceedings

e Editor of MIEL-SD'96 Proceedings

Member of International Program Committee, 41 stinéal Conference KoOREMA
'96

» Co-President of Program Committee of Internati@ahference MIDEM '96

* President of Program Committee of International f€mnce MIDEM '99

*  Member of International Program Committee, MIPROpériod 2001-2006

e Head of European Project MINOS-EURONET for Sloven& FP: Micro-
Nanosystem European Network, Specific Support Acti@ontract No. 015704)

» Coordinator of European Project Socrates MinervaanGAgreement No. 116947-
CP-1-2004-SI-MINERVA-M

* reviewer of research projects at Ministry of scegnigsigher education and sport of R
Croatia, since 2006

e reviewer of international conference EUROCON 2005

» reviewer for international journals (J.Micromechddieng., Sensors and Actuators,
IEEE Electron Device Letters, IEEE Transactiongtattron Devices)

e Head of European Project MINAEAST-NET for Sloverta;:P, Contract No. 510470

» Slovenian representative in the Scientific Communouncil of European
Technology Platform for Nanoelectronics ENIAC

* President of International Society for Microeledias, Electronic Components and
Materials - MIDEM, since 2005

Member of International Advisory Board of CIMTEQnternational Conference on
Smart Materials, Structures and Systems, since 2007

Dr. Drago Resnik received the B.Sc., M.Sc. and Phd&gree from the University of
Ljubljana, Slovenia in 1984, 1993 and 2000, respelst In 1984 became employee of Iskra
— semiconductor manufacturer in Trbovlje as researmineer on field of bipolar technology
process and new devices. Since 1991, he is dogmareh in the Laboratory of Microsensor
Structures, Faculty of Electrical Engineering, Wmsity of Ljubljana, on design, processing
and characterization of semiconductor devices. FE@®3, he is engaged as an Assistant
Professor at the University of Ljubljana, Faculty Electrical Engineering, Slovenia. His



current research interest includes development ilifos micromachining and MEMS
technology related to modern sensors and actuatausstures. Dr. Resnik was a leader of
R&D project "Technology of Silicon Pressure Sens@urrently, he is a leader of R&D
project "Implementation of new micromachining teglugy and smart electronics in pressure
and opto sensors".

Dr. Danilo Vrtanik received the B.Sc., M.Sc. and Ph.D. degree fitbm University of
Ljubljana, Slovenia in 1981, 1994 and 2000, respelst Since 1991, he is doing research in
the Laboratory of Microsensor Structures, FacultyEtectrical Engineering, University of
Ljubljana, on design, processing and charactedmatif semiconductor devices. In 1995, he
was a Visiting Researcher at the Instituto per ilgeRRa Scientifica e Technologica (IRST),
Trento, Italy. From 2003, he is engaged as an fsgisProfessor at the University of
Ljubljana, Faculty of Electrical Engineering, Slonee His current research interest includes
development of silicon radiation detectors andteelaphoto devices as well as modern
sensors and actuators structures fabricated by MEMBnology and coordination of R&D
project Microstructures and Microsystems which igaat of Center of Excellence: Materials
for Electronics of next generation and other enmgydechnologies (RRI CO-ME). Recently,
he is included in numerous international and doimgsbjects and networks in the field of
research and development. He acts as organizeckaiigerson of International conference
MIDEM and as Reviewer in scientific Journals andIfstitutions.

Dr. Matej Mozek, working experience encompassexzefl®&tefan Institute, Dept. of
Professional Electronics. Assistant. (1990), Ingtit of Welding Ljubljana. Computer
programmer (1993), Metronik d.o.o. Project of a penature sensor PT1000 driver (1996),
Jozef Stefan Institute, Dept. of Biocyberneticsnpoter programmer (1997 - 1998), Elsis
d.o.o., design of AC power lamp regulation withcrocontroller controlled Insulated Gate
Bipolar Transistor. Application engineer (1998 -999% LMSE, Faculty of Electrical
Engineering University of Ljubljana, TrzaSka 25.sRarch assistant / postgraduate student
(1999), HIPOT-HYB d.o.0. MAP (Manifold absolute pseire sensor). Computer programmer
(2003), HYB d.o.0. Smart calibration systems foegsure sensors. Computer programmer
(2003), LMSE - FE Faculty of Electrical Engineeritdniversity of Ljubljana, TrzaSka
25.31.12.2008. Researcher, assistant prof. (2004).

Faculty of Computer and Information Science, Univesity of Ljubljana, Slovenia

The Faculty of Computer and Information Sciencejvensity of Ljubljana, is the leading
teaching and research institution in the field ofputer Science in Slovenia, and in spite of
its comparatively short history it has a numbeactive research groups, as well as a lengthy
roster of alumni, some of whom have achieved ditin in various fields of computer
science in Slovenia and abroad. The faculty comsigtsix groups, including Software,
Computer Logic, Systems and Networks, Informatiseoretical Computer Science,
Artificial Intelligence and Mathematics and Physieghich comprise seventeen research
laboratories with more than 150 employees. Theetyardf research groups enables the
comprehensive coverage of computer science antelidsf In accordance with the research
variety is also research equipment. From the orgaioinal point of view the faculty has all
the means necessary to manage economic, natiodahgemnational projects. The research



activities are financed mostly through projectsnfr&republic of Slovenia and European
Union. The research budget in year 2008 was marre 1h130.000 Euros.

Professor Nikolaj Zimic has received his BSc degre&984, MSc degree in 1990 and PhD
in 1994, all in Computer Science from the FacultyComputer and Information Science,
University of Ljubljana. He is currently employed a Professor at the Faculty of Computer
and Information Science, University of Ljubljanaheve he holds the position of head of the
Computer Structures and Systems Laboratory.

His pedagogical activities comprise lectures of @otar Systems Performance and
Evaluation, Switching Structures and Systems, Lddgsign of Computers and Computer
Modelling and Simulation and mentorship at one RhBsis, one PreSeren prize thesis, 3
master theses and 52 bachelor theses.

Professor Zimic holds the position of Vice Dean evelopment and is a member of the
faculty administrative board and the committeetaffamatters. He is the chair of the Board
of Information System Development at the University jubljana.

He and his laboratory currently cooperate with fbiiowing institutions Universita degli
Studi di Padova (Italy), Kharkiv Polytechnical litste (Ukraine), Technical University of
Varna (Bulgaria), Joanum Institute Graz, Kapfemlizegartment (Austria) and University of
Rhode Island (USA). He has authored/coauthoredst@&mtific contributions. He reviewed
several conference and journal contributions, amathgrs: Fuzzy sets, Mathematical and
Computer Modelling of Dynamical Systems and Eldetthnical Review.

He is involved in several research projects for $t@vene industry (Iskratel Kranj d.o.o.,
Elektrortek d.d., Ourspace d.o.o., etc). He supervisedugneg directing the analysis and
start up) the renovation of the Slovenian Parlia@ignvoting system that successfully
operates for several years.

Associate professor Miha Mraz has received his @&Spee in 1992, MSc degree in 1995 and
PhD in 2000, all in Computer Science from the Fgcuf Computer and Information
Science, University of Ljubljana. In year 2001 Wwas elected in to position of Assistant
Professor and in 2006 in to position of AssociateEgssor, both at the Faculty of Computer
and Information Science, University of Ljubljanaur@ntly he holds lectures of Introduction
to Modelling and Simulation, Computer ReliabilitygdaDiagnostics, Evaluation of Computer
Hardware and Optical and Nanotechnologies. He l#isoeed/coauthored more than 100
scientific contributions and was a mentor at 4 eragteses and 32 bachelor theses. As a
member of the Computer Structures and Systems h#dygrhe cooperates with the following
institutions Universita degli Studi di Padova (al Kharkiv Polytechnical Institute
(Ukraine), Technical University of Varna (Bulgariadnd Institute for broadband
communications, Technical University of Graz (AwstrHe is active reviewer of journal and
annual conference Microelectronics and Microenginge He is also actively involved in
several research projects for the Slovene indussikratel Kranj d.o.o., Elektraek d.d.,
Ourspace d.o.0., etc).

Iztok Lebar Bajec has received his BSc degree ©020/Sc degree in 2002 and PhD in
2005, all in Computer Science from the Faculty afmputer and Information Science,
University of Ljubljana. He is currently employed an Assistant Professor at the Faculty of
Computer and Information Science, University of Hljana. His pedagogical activities
comprise lectures for Skills in Scientific Work 1 the postgraduate level and tutorials for



Computer Systems, and Switching Structures ande8wstat the undergraduate level. He
acted as advisor for one BSc thesis and co-adfagsaone MSc thesis, five BSc theses and
one PreSeren thesis. He has co-authored more thagiéntific publications and published
fifteen original scientific articles, some in leadiinternational journals like Nanotechnology,
Animal Behaviour, and Journal of Theoretical Biglogle acts as an occasional reviewer for
Physical Review E, Ecological Modelling, SIGGRAPHBandbox, and Information Sciences.
His research interests include multi-valued lodizzy logic, ternary quantum-dot cellular
automata, graphics design and visualization, coampgtaphics, as well as modelling and
simulation of complex systems like organized flightirds. As a member of the Computer
Structures and Systems Laboratory he is also aobding at several research and
development projects in the fields of telecommutioces, medicine, embedded systems and
defence.

Primoz Pé&ar has received his BSc degree in 2004 and MS@deégr2007, both in Computer
Science from the Faculty of Computer and Infornratszience, University of Ljubljana. He
is currently employed as a Teaching Assistant atRhculty of Computer and Information
Science, University of Ljubljana and is in chardeworials for several courses, including
Computer Systems Performance and Evaluation, BEwvaiuaof Computer Hardware,
Computer Reliability and Diagnostics, Optical anandtechnologies. His research activities
include alternative processing platforms, with euatr focus on quantum-dot cellular
automata, nanotechnology, embedded systems, fuagyg, |programmable hardware and
evolware. He is currently pursuing his PhD in teynquantum-dot cellular automata. As a
member of Computer Structures and Systems Labgramrs also collaborating at several
research and development projects in the fieldgleCommunications, medicine, embedded
systems and defense.

Miha Moskon has received his BSc degree in 200domputer science from the University
of Ljubljana and is currently pursuing his PhD & same university. He is employed as a
Teaching Assistant at the Faculty of Computer amfrination Science, University of
Ljubljana and is in charge of Logic design and cateps, Introduction to modelling and
simulation and Distributed Systems practical caurdéis research activities are directed
towards fuzzy logic, artificial life and alternagiyorocessing platforms, with current focus on
synthetic biology and computing with proteins. Asnamber of Computer Structures and
Systems Laboratory he is also collaborating atre¢vesearch and applicative projects in the
fields of telecommunications, medicine, embeddetiesys and defense.

Patrcio Bult has received his BSc degree in 1998 in Electiecaineering, and MSc degree
in 2001 and PhD degree in 2004 in Computer Sciérue the Faculty of Computer and
Information Science, University of Ljubljana. He ¢sirrently employed as an Assistant
Professor at the Faculty of Computer and InfornmaBaience, University of Ljubljana and a
visiting professor at Faculty of Electrical Enginieg, University of Banja Luka. His

pedagogical activities comprise lectures for Revimpics in Computer Science at the
postgraduate level, Computer Graphics at undergtadievel and tutorials for Computer
Architecture, Computer Graphics, Introduction tonputer Systems, Computer Organization,



Parallel Architectures at the undergraduate ledel.acted as an advisor for 12 BSc theses.
He has co-authored more than 30 scientific pubtioatand published eight original scientific

articles, some in leading international journal® &tts as an occasional reviewer for the
Journal of Supercomputing and Electro technicali®ev His research interests include

computer architecture, parallel processing, digdesign and embedded systems. As a
member of the Laboratory for Computer Architectinee has also collaborated at several
research and development projects in the fieldstetldcommunications, medicine and

embedded systems.

Assistant Professor Mira Trebar has received her &free in 1981, MSc degree in 1992 in
Electrical Engineering, University of Ljubljana afD in 1997 in Computer Science from
the Faculty of Computer and Information Sciencejvehsity of Ljubljana. She is currently
employed at the Faculty of Computer and Informagerence, University of Ljubljana where
her main pedagogical responsibilities comprise afowing lectures: Introduction to
Computation, Programming, Digital Logic Design, filsuted Structures and mentoring
students with their bachelor thesis. She is a mendfea Laboratory for Computer
Architecture and is involved in research activitigls soft computing methods, computer
systems and radiofrequency identification in a sgepain management with publications as
an author/co-author including 35 scientific conttibns. Lately, she is a frequent reviewer of
journal contributions for Computer and ApplicationEngineering Education. Currently, the
cooperation with the University of WolverhamptonK()) an Austrian Company (RF-iT
Graz), and one Slovenian Company (Select d.o.kestalace in her research and expertise
work and she is in the negotiation process of arfllding project for years 2010-2011.

OurSpace, Ljubljana, Slovenia

Jurij BozZi is the CEO of OUR SPACE d.o.0. He has run and gethaeveral high profile IT
projects in companies as HELIOS d.d. (implemenitatiba new ERP), ELEKTRONABAVA
d.o.o. (implementation of a new ERP, developmenneiv IT products), BERNARDIN
HOTELS (reorganization of the IS), ELES d.o.0. {pbess process management) etc.
Currently he acts mostly as a senior consultanttifi@ management boards in several
companies such as HELIOS, ELEKTRONABVA etc.

Gaber Cerle has graduated in 2004 at GEA Colledentriepreneurship continuing his study
at the Faculty of Criminal Justice entering therseuof Information science and security
specialization. He started working for OUR SPACHE.dl. in 2007. His work consists of
managing the work of consultants, project manageérnrertommercial and governmental
financed projects, business consulting etc. Asogept manager he has been involved in the
implementation of a HRM information system basedMERKUR GROUP and in the
implementation of the ERP in Geodetski zavod Slgeethd. He has also been involved in
the project FLEXSCREEN for the Ministry of Defersid in business process management
for ELES d.o.0. He is currently managing two laf@&D projects one financed by the
Ministry of Defense and the other financed by thaidry of the Economy. He is also ITIL
SLM and PRINCEZ2 certified.



Andrej Komatar has graduated in 2005 at FacultyComputer Science, University of

Ljubljana. After graduation started working in OURPACE d.o.0. on maintaining and
implementing ERP systems (Scala, Oracle EBS). latdre was programming web services,
web parts and java script in Aris for ELES d.o.@cBntly he was developing software for
Tensiomyography and is now working on implementipigoject management (Prince2
metodology) in Sharepoint and implementing OradBSHprogramming OAF) on Nuclear

Power plant Kr§ko. He is PRINCE2 certified.

Mojca Miklawi¢ graduated in 2005 at Faculty of Economics, Uniteif Ljubljana. She is
currently working as computer programmer in Our ¢gpa.o.0. On recent projects she
programmed web parts for MS SharePoint for ELESod.Iojubljana and acts as a technical
consultant for Oracle ERP implementation projettSleclear Power Plant KrSko, Unior d.d.
Zree and 1UV d.d. Vrhnika.

Tomaz Nartnik is an associate and employee of Quac& d.o.o. from January 1998. His
tasks involve building web and desktop applicatioagministering different versions of
Microsoft platforms (Windows Server, Windows 200RF / Vista ) and Servers (SQL, IIS,
SharePoint, Exchange, ISA). He specializes indngl web applications which extend
functionalities of standard ERP systems to webfgiats for known clients as well as
building stand-alone web applications and presiemsitbased on own Content Management
System. He was involved in projects for Eles ddloma d.d., Holding Ljubljana d.o.o.,
Elektronabava d.o.o., Helios d.o.0, Atrij Stanog#nj zadruga z.0.0. and many other clients.
His references include building web interfaces RPEsystems Scala and BAAN, as well as
developing desktop applications for process autmmain the area of data exchange on
different payment methods in Slovenia. He also igfizes in support, development and
administration of Windows SharePoint Services ar®l @ffice Share Point Portal Server.

Mateja Hafner is as a IT consultant. She has beeslved in HRM implementation project

for MERKUR GROUP. She has also been working asnswtant on development of flexible
display equipped with communication interface @hllLEXSCR financed by Ministry of

Defense. She is also project manager in businegegprmanagement (BPM) for company
ELES d.o.o. As a project manager she uses PRIN@Ed2has knowledge in the field of
Information System Architecture, security and r@ns She is PRINCE2 certified.

Ursa Pleterski is a member of BPM project for comp&LES d.o.0. She has also been
working on development of flexible display equippsih communication interface called
FLEXSCR financed by Ministry of Defense. She haswiedge of ARIS Architect / Toolset
and is responsible for BPM activities in severaij@cts.

Vera Petrlin has long term experience in managimgnte and accounting departments in big
international companies and was responsible foortieylg under Slovenian Accounting
standards and US GAAP as well. She was one ofelgeukers and support inside company
Goodyear Sava Tires during implementation of the imformation system (SAP).



In January 2007 she joined OUR SPACE GROUP as auliant and Project Manager and
she collaborated in development and introductioe-@usiness Suite applications: General
Ledger, Account Receivable, Account Payable, Caslmdgement, Fixed Assets, assistance
in development and implementation of VAT Books,artp for Bank of Slovenia, Statistical
reports and other special reports. Currently shweoiking in BMP projects in ELES d.o.o0. -
managing and measuring of effectiveness of busipessesses in ELES, where she uses
ARIS toolset for modelling.

Srdan Crevar is a ERP consultant, developer and lpagsct support. He has been working
on implementing and supporting ERP in companieg IMDK d.d., ELECTROLUX,
Syngenta AGRO d.o.o0., KRAS d.d., HOLDING, MERCK, M@MARK. His expertise in
project support and administration began with adstriation of the FLEXSCREEN project
financed by the Ministry of Defense. He also masathe two R&D projects one financed by
the Ministry of Defense and the other financedtsyMinistry of the Economy.

2.3 Consortium as a whole

An excellent mix of competencies, research interesid approaches is present in the
consortium. This versatility and mix of complemewtakills combined with the mutual
understanding gained in previous collaborations vélutilized to the greatest possible extent
to cross fertilize the best practices and increasearch potential of everyone involved. The
resources needed for research support and manaigaatieities are integrated from a variety
of academic organizations and a large multinaticoatpany.

Research focus and expertise covered by the ingdobrganizations spans the complete

problem area covered by this proposal. In addit@rthat, both academic and industry

oriented views of the research problems and chgdierand consequently approaches are
present in the project which ensures a holistiovvi@ the research domain and is an

additional added value of the consortium.

Also, where and when necessary, sub-contractingemgdgement of experts will be done.
Budget for this comes from the S&T coordinator’slgei.

Sub-contracting: For the amount of money up to 4%he value of the project, coordinator
institution can sub-contract (from its share) exibrorganization, for implementing any
activity for which the whole consortium determiribat is mission critical. All subcontracting
activities must be approved by the project leadertae entire consortium.

i) Expert-engagement: Three external experts fibb@ US will be engaged in the
project. These experts are experienced and wellvknesearchers. They will present the
state-of-the-art research in the US, as well agréutesearch directions and will significantly
contribute to the overall project objectives.



2.4 Resources to be committed
Mobilization of resources

The resources needed for the project activitiesirtiegrated from a variety of academic
organizations and one large industrial partner. Tésources profile and the participating
partners are complementary in many respects. Tbhggbrtargets both shorter term and
longer term activities that will set the basis $oistainable collaboration between the partner
organizations and takes great care of particulgional strategic needs. External experts that
agreed to take active part in project activitietl tiiing additional expertise into the project
and will improve the impact of the project both terms of the project and its partners’
promotion as well as in more extensive people neking opportunities.

Acquisition of new resources

The resources needed for PoC implementation atiddes the widest sense are difficult to
estimate precisely at this point, and the suggesiahat they be allocated on the level of
E40K (and extra money returned, if not used).

Travel related resources

The resources needed for travel and communicatiortbe widest sense are difficult to
estimate precisely at this point, and the suggestahat they be allocated on the level of
E260K (and extra money returned, if not used).

Financial plan

The Consortium has pulled together total of 600 mmmths of which 7% is allocated to
management and the remaining effort to specifipsupactivities. The total estimated budget
for the project is about 4.000.000,00 Euro.

3 Impact

3.1 Expected impacts listed in the work programme

The project will advance state-of-the-art of thesemg micro system/sensor networks in
terms of size-function integration, reliability, dum addition, there will be a direct positive
impact on the health and economy of EU citizensnégs a problem of EU, which requires
effective solutions related to wellness, rehaliitita and sports (health range).



Estimates from EU Member States of the economitsaoisall work related ill health range
from 2.6 to 3.8% of Gross National Product andghlproportion, up to 40-50% of the costs
will be for musculoskeletal disorders. This meam®ast between 215 to 314 billion EUR in
EU in year 2008. The main product of this projsaexpected to become a market highlight.

The work of this project has a perfect match with tequirements of the Objective for which
it was targeted to. The main steps to achieve ta @re careful development of use cases,
precise implementation of the support technologgting of the entire system in versatile
environments, and dissemination, both on the comialesind scientific domains. This effort
is cross-cultural and requires international effoffor the final success, a statistically large
enough test pattern has to be generated.

This type of technology is of interest to the ovenef the medical, rehabilitation, wellness,
and sports business, to the customers in the semma.a

Due to the fact that concrete use cases will dg &laborated, and due to the fact that only
the feasible aspect of the underlying theory wil implemented, the reusability of this
technology will be easy. This means that benefiesaof this technology will be able quickly
to develop their new businesses based on this dain

Export is expected not only to the USA, but to fgiwing economies, where high volumes
require an adapted business model, different frleendne to be used in the USA. This is
especially likely due to the fact that the undentybusiness model is simple.

This project will also have a strong impact on epariner. This responsible for technology
development will become even more advanced in ttiemains. This responsible for the
development of use case scenario will be offertrgy developed use case scenario to other
environments, too. The institutions that will seagetest beds will become more sophisticated
in the technology domain.

The work of this project has a perfect match with tequirements of the Objective for which
it was targeted to. The main steps to achieve tda¢ @re careful development of use cases,
precise implementation of the support technologgting of the entire system in versatile
environments, and dissemination, both on the comialesind scientific domains. This effort
is cross-cultural and requires international effoffor the final success, a statistically large
enough number of participants (for summer and wisitbools) have to be gathered together.



3.2 Dissemination and/or exploitation of project reults, and
management of intellectual property

Dissemination is grouped into two major groups ofivéties: internal and external. The
internal activities are targeting researchers fthenorganizations participating in the project,
in particular those coming from the WBC and the €ldbnvergence region. A series of
project workshops, lectures and exchanges of relsea are planned to address this need.
The external activities are what is usually reféri@ when dissemination is discussed. These
activities are targeting research community, geérublic and industry in order to promote
results and achievements of the project. The fotigwexternal dissemination channels and
activities are planned:

* Web Site and Presentation

» Demonstration of new research infrastructure

e Summer schools, conferences and publications

» Exhibitions and Seminars

* Access through media (local TV and radio statioesyspapers).

Presentation of the wireless sensor networking nelclyy and in particular of various
applications based on this technology at industignbed workshops and in the research
premises equipped with the new research equipméhtarnget the local SMEs to generate
interest and highlight business potential. Addidiotnack of the exploitation activities will be
directed towards other research institutions in IWBC region to present achieved
improvements in the research programs and eduehtmnriculum in an effort to initiate
similar changes throughout the WBC and create @legs sensor networking cluster of
excellence.

Exploitation and dissemination approach
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External dissemination and exploitation objectives

The project plans to set up a dedicated web siiatice the project information available to a
wide audience and to connect wireless sensor nkimgpresearch community in the region.
A public mailing list will be setup to disseminaitee latest updates to interested users. A
discussion board will be available for on-line dissions. The following information will be
provided on the web site:

» Project objectives and achievements.
e Public deliverables in electronic forms.
» Key persons and contacts.

* Advertisement and announces of forthcoming publenés organized by the project
(summer schools, special sessions, seminars)

e Open opportunities for people travels
* Reports on events completed and project updates.
e Technical achievements and demo information/updates

» Co-operation with similar projects/external bodiasd references to publications and
other miscellaneous information.

The objective of the web sitand presentation is to provide an entrance pointttie
community and make sure that the project is appatgdy presented and represented and that:

* The project is widely known and information is &asiccessible;
* The project objectives, aims and scientific appheacare well understood.

Two summer schools are planned by the project, emoh year. Each summer school will
have a different main theme. The objective of oijag summer schools with experienced
researchers as lecturers is the following:

« To make body of advanced wireless sensor networkimgyvledge accessible to
younger researcher in a relaxed environment;

» To provide networking opportunities to young reshars;

e To provide opportunities to young researchers tesgnt their work to the peer
researchers and get a valuable feedback.

The objective of the participation in conferen@ssl the submission of publicatiors to
ensure that:

* Network of competence for the project’s subjediugding up and maintained;
» The scientific concepts and approaches are widsbudsed and feed back solicited



* The understanding of the project’s paradigm is fratiag academic and general
community.

The objective of the participation in exhibitioissto ensure that:

» Particularly the industry and the ultimate end sisee aware of available technology
and its potential;

* The demonstrations with hands on experience provekd back to be able to
improve the results.

Dissemination through standard media channels timditional way of promotion, which

includes local newspapers and scientific or adrative publications, newsletters, television
and radio at a local or a national level, brochur€é®-ROMs, etc. The objective of
dissemination through media channels is as follows:

* To enlarge awareness of the technology and apiplisain the local community;
e To promote researchers in the local community.

This is a continuous action preferably through cteds that the project partners already use,
or have easy access to.

Dissemination through events

The project will organize and participate at a nembf events: workshops, conferences,
seminars, summer schools, public lectures, etc.eSanthe events organized by the project
will be for the project participants and selectediance only. The project will also organize a
number of events, presentations and lectures taggatidience outside of the project itself
independently or in conjunction with some large lpubvents to reach larger audience and
increase the dissemination impact. In particulais iplanned to present the project at the
major communication networks and computer scierggonal scientific conferences like
Eurocon, as well as on the conferences targetimgesof the wireless sensor networking
application areas (for example health or publiesafelated conferences). The project will
organize at least two special sessions at sombegktconferences and will also entice the
project participants to publish their research eediments at these conferences to further
promote the research area and researchers ingioare

Presentations and demos will be made at large puhlents like technology fairs and
specialized thematic events to ensure disseminaifonesults to the general public. In
collaboration with craft organizations (for exampkgional societies of physicians, SME
networks) lectures and demos will be given to thmembers. Regional organizations of
universities will be used to disseminate and praribie results of the project directly to
universities in the region that are not participgtin the project to entice and involve as many



as possible researchers and research centers rediom to take an active role in wireless
sensor networking research.

Clustering

The project sees a great potential for cooperatitim other initiatives with the same strategic
objective and beyond. Because of its focus on rekeznvironment, the project will identify
several initiatives.

4. Ethical Issues

The proposed project does not directly involve athycal, legal, social or safety issues. Due
to the nature of this project however, in an inclingay, the consortium will also have to deal
with ethical, legal, social and safety issues metpto the research projects assisted and
coached as consequence of the work foreseen iptbisal. Therefore, training measures
for researchers will clearly also cover all relavathical, legal, social and safety issues. The
consortium will endorse a project Ethical committeelarify any doubts of their work along
all activities, measurement protocols, data cdbectdata presentation, and data transfer.

The consortium is fully aware of the importanceetiical issues particularly in this call.
Applicants confirm that the proposal does not rasasitive ethical, legal, social or safety
guestions related to: human beings, human biolbgi@mples, and personal data (whether
identified by name or not), genetic informationgdaxperiments on animals.

Applicants confirm that the proposed research doésnvolve:
* Research activity aimed at human cloning for repotige purposes;

* Research activity intended to modify the genetidthge of human beings which
could make such changes heritable;

* Research activity intended to create human embsgisly for the purpose of
research or for the purpose of stem cell procurémieciuding by means of somatic
cell nuclear transfer.

Data collection and evaluation will be strictly sumpised whether its assessment was
performed in the order of all ethical issues. Oatdection of the databases will be monitored
and supervised at the importing site, while jugiistered users could access databases. At
each registration of the stakeholders a writterseats will be signed to assure correct data
managing. Animal tests or human embryonic stens egill not be the subject of our project
work.

Special care will be stressed on the environmessalkes. We will deal with special care when
working with batteries, recycle materials, and diisin travel expenses (and with it €é&nd
CO pollution) when travelling.



Still our work will involve physiological measuremts on humans, which will include:
e Surface electromyography;

e Electrical twitch stimulation (1 millisecond rectarar impulses up to 60
miliampers);

» Joint torque measurement;

e Endurance tests;

The list above includes just non-invasive tests @ regularly used in medical and scientific
praxis. In every test from the list above we wat gthical approval from The national ethical
committee, select and prepare participants witle,cget their written consent, follow the
rules from the Declaration of Helsinki, establishfety measures, assure presence of the
physician, and give the participant feedback infation.

4.1. Ethical Issues Table

YES/NO PAGE

Informed Consent

Does the proposal involNO
children?

Does the proposal involNO
patients or persons not

able to give consent?

Does the proposal involve agYES
healthy volunteers?

Does the proposal involNO
Human Genetic Material?

Does the proposal involNO
Human biological samples?

Does the proposal involYES
Human data collection?

Research on Hum
embryo/foetus

Does the proposal involNO
Human Embryos?

Does the proposal involNO
Human Foetal Tissue/Cells?




Does the proposal invol
Human EmbryonicStem Cells

NO

Privacy

Does the proposal invol
processing of genetic

information or personal dg
(eg. health, sexual

lifestyle, ethnicity, politicg
opinion, religious or

philosophical conviction)

NO

Does the proposal invol
tracking the location or

observation of people?

NO

Research on Animals

Does the proposal invol
research on animals?

NO

Are those animals transge
small laboratory animals?

NO

Are those animals transge
farm animals?

NO

Are those animals cloned fa
animals?

NO

Are those animals nohnumal
primates?

NO

Research Involving Developi
Countries

Use of local resources (geng
animal, plant etc)

NO

Impact on local community

NO

Dual Use

Research having direct milita
application

NO

Research having the poten
for terrorist abuse

NO

ICT Implants

Does the proposal invol
clinical trials of ICT implants?

NO




| CONFIRM THAT NONE ORYES
THE ABOVE ISSUES

APPLY TO MY PROPOSAL

Appendices

Appendix 1: Example Use Case Elaborated

Young patients, who are active and who had anteriociate ligament injury (ligamentum
cruciatum anterius) and underwent reconstructivgesy, will be taken into consideration for
the assessments. The deficiency of quadriceps amsthings will be assessed after surgical
procedure. Comparing the muscle ( vastus latersdigus femoris, vastus medialis, biceps
femoris, semi —tedinosus/membranosus, lateral agdiainpart of gastrocnemius) properties
on both sides (injured and healthy) before aneraftirgery, during recovery period, we can
optimize rehabilitation processes. Monitoring fuoeal and morphological changes (muscle
activation pattern, muscle fatigue, amplitude ofntcaction-relative force...) on each
particular muscle can make a rehabilitation processe efficient and shorter. The aim of
assessment would be to prevent re-injury, to redbeecost of in-patient treatment, and to
help patients resume their sport and “active ldetivities when a balance of muscle strength
ratio and neuromuscular properties between opeeatdchon-operated has been attained.

Appendix 2: Hardware Details

The major purpose of the hardware subsystem istégtiate, on a board as small as possible,
the following system elements (further minimizatefter the Proof of Concept (PoC), device
is implemented and tested):

e Processing unit, with appropriate digital and agajperipherals. An example of
processing unit which will be considered is onetloé new Texas Instruments
MSP430F5xx Series. This new flash-based familyuiest one of the lowest active
power consumptions (166A/MIPS) with up to 25 MIPS, 1.8V-3.6V operation. It
includes an innovative Power Management Moduleofiirmal power consumption.
The device can include up to 256 KB of flash, ud®&KB of RAM, ADC Options
for 10 to 12 bits and integrates other peripherdSB, Analog Comparator, DMA,
Hardware Multiplier, RTC, USCI, 12-bit DAC. The sipnf the device can go down to
roughly 7x7mm. Other members of the MSP430 famiily lve evaluated in the case
if 1/0O capabilities are insufficient.

Memory of the system, of the needed capacity, exdase the internal Processing
Unit Memory should not be sufficient.



e Multiple sensors, of which the major one is MC-MEM®&hich is a major
contribution of this project.

e The units (one or more) responsible for the comations with the external world,
including WSN, mobile telephony, the Internet, etdll be used to limit the weight
of the board. The communications interfaces willibgted to one or two and again,
for reason of space, the BGA SoM (System on Modwi#)be used. For example,
Meshnetics is providing a module weighing 1.3g wuagkon the European ISM Band
from 863 to 870 MHz, consuming 26mA with a 128 &y of on-Chip Flash
Memory, 8 kBytes On-Chip RAM; all of a size 18.83.5 x 2.8 mm; the I/O of the
Meshnetics module includes SPI, 12C, 1-wire, UARThVC TS/RTS control, JTAG,
9 spare GPIOs (up to 25 GPIOs total), 2 spare IR€)| 4 ADC lines; this makes the
module almost independent and it might be possilkepending on the computation
load - to have the microcontroller of the modul&etaover the functions of the
processing unit. Similar modules are offered by hhesics for the 2.4 GHz band.
Another example for a wider range wireless conniytis the Telit BGA GPRS
module whose size is 22x22x3mm, which must be glyetonsidered - as all long
range communications solutions - as far as the poagsumption is concerned.

e A final example, having in mind the energy consaien, is the application of a
passive low frequency (134.2 kHz) device with EERMR&Nnd transponder interface,
the TI TMS37157. If we consider an application afensor with a data logger, the
microcontroller is connected to a battery and cakerthe TMS37157 to write data
into the EEPROM of the TMS37157. The data can lzal reut through the LF
Interface of the TMS37157. This application mayodie used for powering theC
out of the RF Field if a battery is not an applieabolution. The battery has to be
replaced by a big enough capacitor which is used dsuffer during the LF
communication.

» Last but not least important building block is tiegtery; the most likely technology
to be used is the Lithium Polymer, for its adagdigbas far as shapes are concerned.
The gravimetric capacity for common LiMn204 cathqateviding 3.7 V is about
140mAh/g. An actual battery (which takes into actquackaging, etc.) is the Varta
LPP 402934 E, whose dimensions are 34x30x4mm witpacity of 330mAh and a
weight of 8g. Depending on the power consumptiorthef system an interesting
alternative is the flexible ultra thin battery VaitFP 25 which offers a capacity of 25
mAh in 29 x 22 x 0.44 mm casing but is not rechabie

The first goal of integrating the system, into atwbsufficiently small to be used for the vast
majority of the use cases, is to be able to exploeearchitectural design space limiting the
capital and human resources needed. The secondssteput as much as possible into a
system-on-the-chip, maybe using the flip chip tetbgy, and get the highest miniaturization.

Appendix 3: Concept Modelling Details

The major purpose of the concept modelling softwiaréo analyze input data, extract
concepts to be used in data mining (to implemengxgrert assistant), and for semantic web



(to generate tags for XML and input for RDF). Arample is elaborated here, in line with
one of the use cases.

DECISION DATABASE
MOVEMENT PATTERN

IMPROVEMENT | |RECOGNITION
IN REAL-TIME PROCESSING

LR

BREAKING PHASE < ACCELERATION PHASE

FOOT CONTACT TIME <100 ms

SOUND 2 SENT TO THE USER

SOUND 1 SENT TO THE USER

INFORMATION

TH E N PROCESSING
- CONGEPT MODELLING
SEVERAL STRATEGIES POSSIBLE TO SHORTEN CONTACT TIME AND DECREASE - DATA MINING
_ SEMANTIC WEB

DECELERATION IN HORIZONTAL AXES IN REAL-TIME:

- INCREASE SPEED OF FOOT SWIM PHASE
- FASTER FOOT DOWN PHASE .
- POSITION FOOT IN LINE WITH CENTER OF GRAVITY (OF THE WHOLE BODY)

The case (concept) of the figure above is justlament (a building block, or concept) of the
concept net presented in the below figure. Theerincept net, with all related concepts,
will be elaborated during the course of this prbjec

RELATION 1-3

y




Appendix 4: Concept Modelling Survey (by team membs)

This appendix incloudes a paper submitted for jpbsgpublication in IEEE Computer, and
gives an overview of the major approaches to cangcegelling, which will be considered
for implementation in this project.

CONCEPT MODELING FOR INFORMATION RETRIEVAL FROM
KNOWLEDGE DATABASES AND THE INTERNET

SANIDA OMEROVIC, UNIVERSITY OF LJUBLJANA, SLOVENIA
SASO TOMAZIC, UNIVERSITY OF LJUBLJANA, SLOVENIA
BOZIDAR RADENKOVIC, UNIVERSITY OF BELGRADE, SERBIA
VELJKO MILUTINOVIC, UNIVERSITY OF BELGRADE, SERBIA

ABSTRACT

Recording knowledge in a common framework that wowmlake it possible to seamlessly
share global knowledge remains a central challémgeesearchers. This annotated survey of
the literature examines ideas about concept repiesen that address this challenge.

General Terms: Concepts, Knowledge, Meaning, Madeldntology, Semantics

Additional Key Words and Phrases: data, relatioggresentation

1. INTRODUCTION

The information world that we live in today presenis with a vast amount of data stored
separately in books, newspapers, radio, TV, Intewte., all of them increasingly digitized.
Moreover, there is an exponential increase in thisda day to day so that the ability of an
average computer-educated person to find a spetafi@ element or subject-related useful
piece of information is decreasing rapidly. As aaraple of an inadequate response, most
text-search engines only find matches based on d&mgvwithout regard to their various
meanings [GAUCH 2002].

This research was supported by the Slovenian RaseAgency under the program
“Algorithms and optimization methods in telecomnuations”.

Authors' addresses: Sanida Omerovic, Departmenéelecommunications, The University of
.Ljubljana, Slovenia, sanida.omerovic@lknl.fe.yrs§ Saso Tomazic, Department of
Telecommunication, The University of Ljubljana, %woia, saso.tomazic@fe.uni-lj.si.
Bozidar Radenkovic, Department of Organisationdki@es, The University of Belgrade,
boza@fon.fon.bg.ac.yu. Velijko Milutinovic, Departmie of Computer Science, The
University of Belgrade, Serbia, vm@etf.rs;

This poses several central questions: How can fiiageatly extract the desired data from a
huge data source? How can a searcher find a negessd potentially available, but



unknown, piece of knowledge that represents thev@nso some question or that helps to
resolve some problem? How complex must the undgylyecords be? It has been asserted
that if the structure and function of all organistinat live or have lived on earth can be coded
by triplet sequences of four nitrogenous base pair&, T, and C, there is no reason for a
knowledge record to be more complex than this [N®V2007]. (However, pursuing the
analogy, such records must be imbedded in an apatephighly reliable processing
environment such as the cell.)

To answer such key questions, it is useful to prdcékom well known problems. For
example, most knowledge retrieval systems in thx¢ demain suffer from the following
shortcomings:

* An inability to recognize ambiguities in the teromeed in their object descriptors.

* Aninability to query effectively in an uncontralléext environment [CHUA94].

Here we follow a widespread general agreement, gmuost of the authors referred to in this
survey, which uniform knowledge representation #hoe achievable by the use of
ontologies, populated with concepts, as indicateéigure 1.We extend this hypothesis to
propose that the answer to efficient knowledgeieedt lies in the use of such imbedded
concepts and ontologies as keys to discriminategssing.
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Figure 1. Uniform knowledge representation model, @nsisting of ontologies that are
populated by concepts.

The brain remains the first and best human knovdesigrage. Actually, one can observe the
brain as “hardware” and our thoughts as “softwarpérating on such “hardware” [QUINZ
2004]. But there is still no machine that can sateilthe efficient way that the human brain
thinks. However, some research efforts are madeaindirection. [HAWKINS 2007] created
a software platform that simulates the work of heaneocortex (neocortex represents a thin
sheet of cells which is responsible for almoshajh-level thoughts and perception in human
brain). On the other hand, [DEACON 1998] analydes éssence of a thinking process in
language. Language is not merely a mode of commatiarg it is also the outward expression
of an unusual mode of thought — symbolic represiemtaWithout symbolization, the entire
virtual world (telling stories about our real exjggices, inventing stories about imagined
ones, pondering what it will be like not to bepig of reach — inconceivable. So, species that
have not acquired the ability to communicate synchtty cannot have acquired ability to



think this way either. Of course, we are far awaymderstanding in total the algorithm of
thinking embedded in the human brain; however,agercomponents are recognizable:
People use concepts every day to express theirghtitgualthough there is no unique
definition of concept or a commonly accepted agesgmf what a concept is.

Nevertheless, we understand by observation how éheyised in human communication to
carry a circumscribed meaning (for example: a hpasdog, a car, or some more abstract
idea). Still, one does not know how concepts arevele from everyday perception or learned
knowledge. For every person, concept derivationeapp to be unique. Because of the
importance of expressing specific delimited measimgknowledge representation, the first
section of this survey is dedicated to various apgies to concepts.

Concepts alone are not enough. Grouping relatedepds into ontologies has proved to be a
very efficient way to capture and structure meaniundin natural languages [DAML 2007].
It is a convenient means of uniting a subject,lati@ship, and an object to talk about. For
example, one is able to present an abstract conéepterson by means of ontologies using
the Ontology Web Language OWL [OWL 2004] with dgpet properties such as: firstName,
lastName, gender, birthday, homeAddress, officeAslr email, cellPhone, fax, pager,
homepage, etc. Because ontologies thus enable mgetanbe captured in a uniform manner,
they become the essence of successful knowledgesesgation. Therefore, a follow up
survey is dedicated to different views of ontolegiffHAN 2004][CHEN 2007][GUO
2005][HALLADAY 2005][HORROC2003][MILLIGAN2003][MOTIK 2002][ PROTEGE
2006][SCHRIBER 2001][ WEIQI 2004].

Knowledge, as usually presented, arrives unstradtim a non-uniform manner, making it
unsuitable for further joint processing (see, fotaraple, the numerous related but
incompatible computerized record systems presetiiirwevery government department or
business organization).

The main goal of introducing appropriate formal esdes for concept and ontology is to so
structure knowledge as to make it shareable amaib bomputers and people. As a
consequence, this survey concludes with a secpienifically dedicated to work on various
forms of knowledge representation that are strectuby concepts and ontologies
[NEUHOLD 2008][NEUHOLD 2009] .

2. CONCEPTS

A concept is an entity of consciousness. We knowomcept when we see one in action
because it exceeds its stand-in descriptive label word, phrase, sentence or paragraph. It
might be directly conceived or an intuited objetctrmught.

In general, every object, issue, idea, person, gacplace, etc. can generate a concept.
Embedded in language, concepts can migrate topocate new phenomena as they arise —
leading to an evolution in their meaning over tifhkis malleability is both the strength and
weakness of language, which lacks the precisiomathematics. (It is very apparent, for
example, in every attempt to write an unambiguaws dr contract.) Concept malleability is
one of the underlying issues in creating a unilefsamework for the exchange of
knowledge. Thus the goal of information computisgté unite the flexibility of language
with the strict definitions of — for example — mathatics or description logics, through the



application of specific measures such as statisticeighting, neural nets, and various
approaches to fuzzy logic.

2.1 Concept definition

The substance of a concept may be abstract or eé@nalementary or composite, real or
fictitious. A concept can be anything about whiomgthing is thought, for example, a neural
excitation induced by an object linked with an obj@ame [SOWA 2000] (this neural
excitation is illustrated in Figure 2). Concept® ciescribe a task, function, action, strategy,
reasoning process etc [PEREZ 2002], or to be egpdesn terms of other concepts [VOSS
1999]. In order to manage all such concept typey tinust be assigned common formal
properties.

=

=

~—ae— Concept

& John

Object Symbol

Figure 2. Concept presentation. On the lower leftsi an icon that resembles a person
named John. On the lower right is a printed symbolkhat represents a person’s name.
The cloud on the top designates the neural excitain induced by John working at his

office. This excitation is called aoncept.

There are many view points from where one can defoncepts. We have chosen to present
possible concept definitions on the basis of doterwhether the concepts are implicit or
explicit.

2.1.1. Implicit concept definition

If concepts can be recognized, but cannot be difelicitly, how can a machine, for
example, distinguish which words in a text are epts, and which are not? What terms carry
more “meaning” than the others? How can one makeeguis recognizable, so that they are
automatically extractable from any type of texts?

A Vector Space Model (VSM) [SALTON 1975] presentsassible answer to the above
guestions. Each document processed in VSM is ifotine of a vector with its coordinates
representing the values of occurrences of the itelens in that document (Figure 3a).
Similarity level is measured (it might be, for exae) the angle between two vectors) when
the new index term is assigned to a document ¢mle¢Figure 3b.). If the similarity level
decreases, a new assigned index term has a “gasziindinating property. The reverse holds
for a “bad” index term.
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Model is represented by a j-dimensional vector (j humber of different index terms).
Documents are indexed by index terms and reside wiin the planes defined by index

term axes. Depending on j (the number of index ters), vectors can reside in j-
dimensional space within the sphere.
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Figure 3b. Operation on a “good” discriminating term in Vector Space Model. The
similarity measure is taken as the inverse functionof the angle between two
corresponding vector pairs (when the angle betweetwo vectors is zero, the similarity
function is at a maximum; and vice versa). Before ssigning index term 3, three vector



documents reside on one plain, formed by the axe$ imdex term 1 and index term 2.
After including an index term 3 to a collection ofdocuments, a new dimension is added
to a vector space. Therefore, the coordinates of lathree vectors are changed, the
corresponding angles have increased, and the similly measure is decreased.

Therefore, “good” index terms can be recognizedcascepts, since they represent the
smallest units of knowledge that carry the mosmefning. (enough “meaning” to decrease
the similarity level between the documents wheigasgsl to a document collection).

2.1.2. Explicit concept definition
The explicit definition of concepts can be madeépend upon the way concepts are used in
such areas as simulated knowledge, description,lagd concept maps.

In [HALLADAY 2004] the atoms of Simulated Knowledgge its concepts. For a potential
concept to be an atom, it must be dynamically ciepababstraction into higher entity forms,
relationships and/or processes. In addition its nimga must be both syntactically and
semantically interdependent, but language indepgnde

Description logic (a formalism for representingitgased knowledge) is based on concepts
(classes) and roles. Concepts are interpretedtasofebjects and roles as binary relations
between objects [NAKABASAMI 2002].

Concept maps are mostly used for representingdilresganized knowledge. Here, concepts
are defined as a perceived regularity among eventbjects, or records of events or objects,
designated by a label [NOVAK 2005]. The label foosthconcepts is a word or symbol (a
similar idea is presented in [SOWA 2000]).

This subsection has presented several possibleegbdefinitions with respect to simulated
knowledge, description logic, and concept maps. €0sc defined, the next subsection
discusses issues of how concepts can be organizethas be made predictably available for
use.

2.2 Concept organization

[ZELLWEGER 2003] presents concept organization idatabase as a data item with its
cross-data relationships. Some data modeling tquksithat aim in that direction are:

* An entity-relationship model [CHEN 2007],

* A Unified Modeling Language [UML 2007], and

* An object-role modeling [HALPIN 2007].

The above three techniques share the same basieptostructure:data items exhibit

connections among different neighboring data. Téserce of grasping meaning lies in the
ability to assign a verbal explanation to theseneations. Such a verbal explanation of the
relationships between data items provides a conakptodel for the linked data items. The
importance of identifying relationships betweenadet given in an illustrative example in

[HALLADAY 2004]:

“The statement “John has an 1Q of 150" explicitlsdribes only a very simple relationship
(i.e, that John has some attribute named 1Q thadledl50). However, the statement assumes
a set of other implicit relationships (like 1Q bgian acronym for Intelligence Quotient, or
that 150 is a value that precedes 151 and is pdeceby 149, or that John is a common
human male name, or that an 1Q equal to 150 inecat person of above-average



intelligence, etc). However, without the contextatifthese relationships, the statement loses
some of its meaning. In fact, meaning is the surakaf relationships.”

As discussed in [HALLADAY 2004], among the majosugs in concept organization are
relations. Relations can be treated as interaxti@ween the concepts of a domain and their
attributes [PEREZ 2002] (Figure 4).
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Figure 4. Relations are defined as mediators betweeconcepts and their attributes.

Attributes are classified in the following four groups, depending on their relation to a
specific concept: Instance attributes - its value mght be different for each instance of
the concept; Class attributes - its value is atta@d to the concept, meaning that its value
will be the same for all instances of the conceplocal attributes - same-name attributes

that attach to different concepts; Global attributes - its domain is not specified and can
be applied to any concept in the ontology.

Another viewpoint presenting the importance ofilattres in concept organization is [Han
1996]. The Knowledge Rich Data Base KRDB consistsoocepts that are presented as a set
of entities and relationships. Entities togethahwineir attributes could be defined by:

e physical data (i.e.,data relations),

e virtual data (i.e., deduction rules), or

e a mixture of physical and virtual data.

A fragment of KRDB Schema organization is preseimédeigure 9.

Student (Name, Status, Major, Birth_place (City, Province, Country))
> -y e Tee——

—___—{ ATTRIBUTESOF |
| STUDENTDATA |

Birth_place (City <<, Province < Country < Continents)
s — o i i s A
(HIGH-LEVEL} e HIERARHICAL
DATA RELATIONSHIP
T »part_of
L A A A .
{africa, america, euroasia, oceania, antarctica} < ANY (Continents)
( PRIMITIVE " X
'8 DATA
J ¥ " e HIERARHICAL
/{northAmerica, southAmerica} < america RELAT'ONSP’P
| {europe, asia} < euroasia »subset_ofu
" A e —

Figure 9. A fragment of a Knowledge-Rich Databasedema for Student as high-level
data. Primitive data represents the original inputdata. High-level data represent a
superset of primitive data and in contrast to primtive data, can contain attributes.



Possible types of hierarchical relationships betweedata are: part_of, is a, subset_of,
etc. Such semantical relationships enable query it analysis and intelligent query
answering, which are suitable further for knowledgeretrieval processing.

A great deal of interface design research has blegnted to determining mechanisms for
making productivity tools (e.g., word processord dnawing tools) easy to use and intuitive
so that users can perform a given task more smpattd efficiently.

Graphical, textual, and visual presentation areesoimhe possible mechanisms that require
different concept organizations.

2.2.1. Graphical presentation

Two possible solutions to the graphical interfaesign are conceptual graphs and concept
maps. A Conceptual Graph (CG) [SOWA 1999] containky two kinds of nodes: concepts
and conceptual relations, as presented in FigufeEIN 1992] defined mathematically the
Conceptual Graph operations.

Person: 4 City:
John 4— &0 '*@-’ Boston

7

Bus

Figure 5. Conceptual Graph (CG) representing the popositional content of the English
sentence:John is going to Boston by bus. Concepts are presented by 3-D boxes, and
conceptual relations are presented by octagons. Byearc in CG must link a conceptual
relation to a concept: Go has an agent (Agnt) which is a personJohn; Go has a
destination (Dest) which is a cityBoston; Go has aninstrument (Inst) which is abus.

Concept maps present graphical tools for organiaimgj representing knowledge [NOVAK
2005]. They include concepts, usually enclosed ifoles or boxes of some type, and
relationships between concepts indicated by a amggline linking two concepts. Words on
the line — referred to as linking words or linkipgrases — specify the relationship between
two concepts, as shown in Figure 6.
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Figure 6. A concept map graphical presentation. Carepts are enclosed in 3-D boxes,
and relationships between concepts are presented laycs linking two concepts. Words

on the arcs are referred to as linking words or liking phrases, specifying the

relationship between the two concepts. Propositionare statements about some object
or event in the universe, either naturally occurrirg or constructed. Propositions usually

contain two or more concepts connected using linkgh words or phrases to form a

meaningful statement usually called semantic unitpr unit of meaning. Concept maps

tend to be read proceeding from the top downwards.

An example of a software package intended to sdarchgraph in a database of graphs is
GraphGrep [GIUGNO 2007]. Within given collectiongraphs and a pattern graph as the
query input, GraphGrep is able to find occurrerafebe input pattern in each database
graph. The input pattern represents a sub grapit aad also be a tree, a path, or a node.
Graphical presentation can serve as a foundatioknfovledge discovery systems. SUBDUE
[COOK 2007] system represents data using labelegttdd graphs.

It finds structural, relational patterns in the eh®d data.

2.2.2. Textual presentation

Conceptual indexing [WOODS 1997] presents one ptsdorm of textual presentation,
based on concepts. In conceptual indexing, inst#adlphabetical indexing, phrases are
indexed by their meaning. This is done by autoralitigarsing each phrase into one or more
conceptual structures. Each conceptual structyresents the way the elements of the phrase
are assembled to construct its meaning(s). An ebapfpa conceptually parsed document is
presented in Figure 7.



brokers
automobile brokers
truck brokers
cleaning
automobile cleaning
automobile steam cleaning
automobile upholstery cleaning
automobile washing
car washing
industrial cleaning
industrial steam cleaning
steam cleaning
automobile steam cleaning
industrial steam cleaning
upholstery cleaning
automobile upholstery cleaning
washing
automobile washing
car washing

Figure 7. A fragment of Conceptual Indexing Taxonomg in a text document related to
automobiles. The system first automatically parsesach phrase into one or more
conceptual structures. Then automatically determing when the meaning of one phrase
is more general than another, given that it knows laout the generality relationships
among the individual elements that make up the phrse.

For example, a system can automatically determinehat car washing is a kind of
automobile cleaning if it has the information that a car is a kind of automobile and that
washing is a type ofcleaning.

One practical implementation of a conceptual indgxiextual presentation is thesauri. To
illustrate, the International Nuclear Informatiorys&m thesaurus [INIS 1981] contains
information about applications in nuclear scienad #echnology. The record for each chunk
of literature consists of three main components:

» A bibliographic description - identifying authorphipublishing, and similar ideas.

* Aset of descriptors - identifying the subject amitin a piece of literature.

* An abstract - summarizing the information contaiirethe piece of literature.

In textual presentation as discussed in [VOSS 1888tepts are created by a user marking
pieces of text in documents. Therefore, concepésnat formally defined, but one must
interpret the concepts in the context of their oemces and their use in the documents. Two
simple relations in concept organization are sugadpy the users:
* A“comprise” relation - grouping several concepti®inew concept.
* An “associated” relation - two concepts are singdgn to be closely associated, but
not necessarily grouped into another concept.

2.2.3. Visual presentation

The image retrieval system based on concepts sepred in [CHUA 1994]. Every image is
described with concepts, where each concept caniginlescriptor and the relationships with
other concepts, as shown in Figure 8.



SP-Chinese :==(chinese, hokkien, hakka, catonese,...);
SP-8killJob :==(carpenter, tailor, barber, blacksmith, ...);
SP-UnskillJob :==(hawker, assistant, labourer, servant);
SP-Job :== (occupation, job, SP-SkilJob, SP-UnskillJob);
SP-Occupation :==(occupation, rule, conquer, SP-Japanese);

Concept Occupation-of-Chinese
Description: occupation of early Chinese immigrants in Singapore
Component: SP-Chinese, SP-Job,...;
Parent: Chinese-Immigrant
Child: Rickshawmen, Merchant, Labourer,...;
Synonym: null
QueryProfile: null;
End of Concept;

Figure 8. The concept structure for image descripirs consists of two nodes: Semantic
Primitives (SP) and Concept Nodes. SP representsetlsense and use of a term or phrase
in a domain. SPs are used to reduce the variabilityf vocabulary used by the users
when issuing queries. Most important terms or phrass in the domain have their
corresponding SPs to map to.

Since a term may have different meaning in differencontext, the mapping of some
terms to their corresponding SPs may be conditionalOne or more SPs constitute CN.

In summary, this subsection has presented varioiisrm concept organizations applied to
the areas like graphical, textual, and visual prieg®n. The following subsection is
dedicated to how concepts when organized in a umifoanner can be are in practice.

2.3 Use of Concept’s for Concept-Base Search

Conceptualization —as a process to structure @isictor practical use — involves an
understanding of both semantics and contexts [FARIA 1997]. In text analysis, concepts
can be used to ensure that only meaningful and amgmiguous terms become text
descriptors. Standard techniques based on keywextanalysis use two basic measures: the
frequency of words and the distance between worisweighted terms approach
[ROBERTSON 1994] can also be introduced, where deaom-document combination is
given a certain weighted value (document retridtign depends upon the corresponding
input query, word frequency, word distance, andwvieght values). A concept-based
search is a step ahead of keyword search, andevtthe main focus of this subsection related
to concept use.

In concept-based search all comparable keywordsaaagyzed for converge to the same
concept. Progress over time in achieving this [STCAA997] is traced in Figure 10. In a

typical situation, the user enters a query usingvkeds that are recognizable in some, but
not all, domains of the document collection (beeaddferent domains describe similar

concepts using different terminologies). For exanglone says: “I have a doctorate” and “I

am a PhD” these are two different semantic statésndrut they map to the same concept.
Obviously, for efficient concept-based retrievadystem must perform vocabulary switching
to automatically translate terms across differemhains.
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Figure 10. Rough timeline vision of the concept-seehing evolution from 1960 till 2010.

Three types of concept-base search systems arenpedsnext: KeyConcept, the Automated
Generated Thesaurus Approach, and the Semantic Web.

2.3.1. KeyConcept

An example of a concept-based retrieval engine éyGoncept [GAUCH 2002]. There,
concepts are first processed by a traditional irdersing training documents undetf adf
indexing method (Figure 11). The outputs of thedf method are concepts where each
concept is presented as a centroid of the traisgh@f documents for the observed concept.

tfldf.d = tfi,d X |df1
idf = log (nic)

tfiyd (term frequency) = some measure of term i density in document j

idf; (inverse document frequency) = some measure of informativeness
of a term fin the collection of documents

dfi = the number of document that contain term i
N = total number of documents

Figure 11. Thetf.itf indexing method.

The conceptual indexer of KeyConcept processes(newtraining) documents by using a
Vector Space Model (VSM) [SALTON 1975]. Concept-basetrieval is done by processing
similarity level values obtained from VSM, wordshoepts and an L-factor (entered by the
user). The KeyConcept system architecture is pteden Figure 12.
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B Concept
Training documents dalabase ) )
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New documents Word + Word + Resul's
concept index | concept index
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Figure 12. KeyConcept system architecture. Indexings done by a fixed number of
sample documents which are collected and processtifough a Traditional indexer for
each concept. The output of the indexer is a set ebncepts in the Concept Database
(CD) which is the essence of the Conceptual IndexdCl). Each new document is
processed through CI and the output of Cl is a Wordblus a Concept Index (WCI). The
L-factor specifies the relative importance of conget matches to word matches and is
provided by the user in a scale from 0 to 1. If L9 1, only concept matches are
considered. If L is 0, only word matches are consated. When L is 0.5, concept and
word matches contribute equally.

2.3.2. The Automated Generated Thesaurus
Approach

Thesauri (listing of words with similar, related,apposite meanings) can be an efficient tool

for concept-based retrieval in the text domain. TAgtomated Generated Thesaurus

Approach (AGTA) [CHEN 1999] provides an abilityfioe tune what keywords a user had in

mind (or should have had in mind) when proposingagticular query (the initial step in

knowledge retrieval). AGTA carries this out in selg@hases:

» Document collection — specifying the set of docutseém a specific subject domain(s) that
is to serve as the thesaurus base.

e Automatic indexing of the collection of terms inetldocument set using an automatic
indexing technique [SALTON 1975].

» Co-occurrence analysis of term frequency, inverseuthent frequency, and cluster
analysis to assign weights to each term in a donumeorder to represent the term’s level
of the importance.

» Associative retrieval treats each term in this mekalike thesaurus as an active node or
neuron and the asymmetric weight between any twuostés taken as the unidirectional,
weighted connection between these terms. In oodeonsolidate related terms and to cast
out confusing outliers, the Hopfield algorithm [HBIELD 1982] is introduced. It first
takes user-supplied terms as input patterns amdatiévates term neighbors (i.e., strongly
associated terms), combines weights from all aasettineighbors by adding collective
association strengths and repeats this proceskternt convergence is achieved. The
Hopfield algorithm also causes a damping effectviich terms farther away from the
initial terms receive gradually decreasing actmativeights and eventually are excluded
from further processing altogether.

2.3.3. The Semantic Web

The Semantic Web [LEE 2001] represents an envisiduteire evolution of the World Wide
Web, where information will be human and computedarstandable. It gathers together both
use concepts and ontologies. As presented in FilRiréhe essence of the Semantic Web are
Uniform Resource Identifier's (URI's) [W3C 2007],heh can be formulated as concepts.
Ontology vocabulary puts meaning into these corseptd through XML [W3C 2007] and
RDF [W3C 2007] enables a concept-based Web seaxaimples of concept-based retrieval
web-search engines may be found in [LINKSO1].
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Figure 13. The Semantic Web architecture. Unicode nal URI provide means for
identifying objects in the SemanticWeb. eXtensibl®arkup Language (XML) together
with the namespaces and XML schema provide syntaxitiout semantic constraints for
objects (URI's). A Resource Description Framework(RDF) triple contains three
components: the subject, which is an RDF URI referece or a blank node; the
predicate, which is an RDF URI reference; the objeic which is an RDF URI reference,
a literal or a blank node. Therefore, at this level statements about the subject, object,
and predicate are made. An ontology vocabulary defes properties and possible classes
for statements built in RDF Layer. A digital signature represents small bits of code that
one can use to unambiguously verify that some partyrote a certain document. The
Logic Layer contains a logical reasoning mechanisrm which it is possible to define
logic rules. The Proof Layer executes rules defineth the Logic Layer and the Trust
Layer processes security issues. Generally, Trustalyer contains a decision making
mechanism to differentiate whether to trust or notto trust the given proof from the
bottom layers.

Although concepts and ontologies are presentecerate layers in the Semantic Web, we
are fully aware that in practice there is no cleay of distinguishing where the use of
concepts stops and use of ontologies begins. Tarerefour format of “definition”;
“organization”, and “use” represents more the aghwish to give a formal structure to the
paper, than that the separation of concepts frotalagies really allows. Still, we tried to
present concepts in this form, and in the nextigecontologies will be presented using the
same framework.

3. CONCLUSION

The research efforts presented here are focusdah@nledge representation by ontologies

populated with concepts. Concepts, ontologies, lamolwledge representation are almost
impossible to separate in practice, since then@islear distinction where the use of concepts
stops and use of ontologies begins in knowledgeesemtation. Therefore, most of the

research efforts presented are a combination tfesdltopics.

Thus the survey can be viewed as an annotated guitiés literature.



This paper sheds more light on a selected numbéifferent avenues leading to the same
future goal of knowledge retrieval based on conesptueries, as opposed to the current
state of the art based on semantic queries. Asatell in this paper, statements “l am a PhD”
and “I have a doctorate,” are two different senwabtentities, but they both represent the
same concept. Therefore, a semantic query (e.guséa on only one of the above two
statements) will be able to retrieve only a suliéeelevant knowledge, while a conceptual
query (focused on both statements above, as welll asher statements supporting the same
concept) would retrieve the full set of relevanblwhedge. A trivial solution to the problem
is, for each relevant concept, to create a casetste that includes all statements supporting
that particular concept. This solution is basedrmaustive approaches, and has no practical
value. Practical value lies in the many sophistidahpproaches discussed in this survey
paper.

The authors believe that this survey will benedittbthose who want to enter the field of
knowledge retrieval quickly, and those who wouletlto extend the state-of-art. To the best
of our ability, all of the relevant work up to theesent has been cited and discussed. For
those who are concerned with implementation, theseexamples of numerous working
systems. Quite clearly there is no overarchingl&KiAp”; the results achieved so far in this
domain remain both tentative and incomplete. Muohkwemains to be done.
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Appendix 5: Summary of participant involvement andlevels of effort

PARTNERS WPO |WP1 | WP2| WP3| WP4 | WP5 WPG§ WPY WPE)Z\;ICI M)
TMG % 3 3 3 3 3 3 4 2 2 26
MM  [5(L) |15(L) |15 15 15 15 20 10 10 130
BGDUNI % 0 2 3 2 1 1 2 2 2 15
MM 0 20 30 (L)|20 10 10 (L) 20 20 20 150
FERRARA (% 1 1 6 2 3 1 3 3 2 22
MM B 5 30 10 15() | 5 15 15 10 110
MEDIA Do 0 0 0 0 0 0 0 2 3 5
MM 0 0 0 0 0 0 0 10 (L[5 25
ORTO % 0 0 0 0 0 0 3 1 1 5
MM 0 0 0 0 0 0 30 (L)| 10 10 50
KOPUNI % 0 0 0 0 0 0 3 0 0 3
MM 0 0 0 0 0 0 15 0 0 15
SPACE % 1 1 1 1 2 1 1 1 1 10
MM B 5 5 5 10 5 5 5 5()| 50
FE % 0 0 1 4 1 0 0 0 0 6
MM 0 0 5 20 (L)jp 0 0 0 0 30
FRI % 0 1 0 0 2 0 0 0 0 3
MM 0 5 0 0 10 0 0 0 0 15
BSC % 2 0 0 0 0 0 3 0 0 5
MM [10 0 0 0 0 0 15 0 0 25
% |7 8 14 12 12 6 19 11 11 100
MM B5 50 85 70 65 35 120 | 70 70 600
Legend:

L = Leadership of WP’'sSWP = Work PackageMM = Men/NfoN1 = Month
No.1HR = Human Resources




