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1. Introduction

The subject of this evauation report is the research in information technology (IT) and
sysems enginering a Univerdty of Tatu and Tdlinn Technicd Universty in Esonia
Information technology and systems engineering is a very wide aea ranging from
semiconductor technology and chip design a one extreme, over eectronics, computer
science, software engineering, and automatic control, to gpplications in  biomedica
sysems and large scde information systems a the other extreme. This makes an
evauation of this type particularly difficult. The topic is so wide that it is impossble for a
gngle individud to cover it dl. The evduation team consss of four members. Prof.
Karl-Erik Arzen from Lund University, Sweden, Prof. Janis Grundspenkis from Riga
Technicadl Univerdty, Lavia Prof. Ka Koskimies from Tampere Universty of
Technology, Finland, and Prof. Peeter Normak from Tadlinn Pedagogicd Universty,
Egtonia. The expertise of the evaduation team lies within the areas of automatic control
and red-time sysems atificid intdligence and sysems engineering (systems theory,
andyss and dedgn), software engineering, and theoreticd computer science and
didactics of informatics Hence, not even the team as a whole has technica expertise
covering the entire area,

The subject of this evdudion is four different academic units the Depatment of
Information Technology (DIT) at the Center for Strategic Competence (CSC), Tartu, the
Ingitute of Computer Science (ICS), University of Tartu (UT), the Faculty of Information
Processng (FIP) a Tdlinn Technicd Universty (TTU), and the Faculty of Systems
Engineering (FSE), TTU. The evduation does not cover the whole IT-related research in
Egtonia. In a previous evduation in April 2000, the Inditute of Cybernetics a& TTU and
Cybernetica Ltd in Tdlinn were evauaed separatdy; research done in  Tdlinn
Pedagogicd Universty deds manly with didactics of informaics and beongs to
educationd sciences. The research group working at the Computer Center of Talinn
Technicd Universty was not proposed to be evaduated. They are therefore left out fom
this evauation.

The evauation report is sructured in the following way. Section 2 contains some generd
observations concerning the current Stuation for Estonian research in IT and systems
enginering. The evduation of the two Tartu-based groups is contained in Section 3.
Today & TTU the depatments within IT and sysems engineering are divided into two
faculties in a not so very logicd way. The reason for this is partly higtorica and partly
due to persona conflicts. Work on integrated circuits is performed within both faculties.
The same dtudion exiss for dgnd processng, microwave engineering, and for agent-
based software technologies. The following evauation should be read in light of the
current dtuation. Some suggestions for improving the current Stuation are found in
Section 6. The evduations for the two TTU-based faculties are contained in Section 4
and Section 5. Findly, Section 6 contains our genera recommendations and conclusions
for the two involved universties and for Estonian research funding agencies.

In most cases evduation grades are given for the individual research groups or chairs.
However, in some cases severd groups or chairs work tightly together or have chosen to



report their research as a single unit. In thet case the evduation grades are given for the
totd research unit, eg., a depatment. The evauation team has used the following criteria
as the bass when assigning grades. The grade Excellent is used for research units that
have a very drong internationa publication record, have good participation in the
internationa  research community, have generated severd completed PhD theses and
have severd in progress, have a strong group, and where the future prospects for the area
are good. The grade Good is used for research units that have showed continuing high-
level internationd publications, have some participation in the ressarch community, have
generated at least one completed PhD thesis and have severd in progress, have a strong
group, and where the future prospects for the area are good. The grade Satisfactory
requires that the group have some international publications, athough on a wesk levd.
Interval grades are given. The grade Good to Satisfactory is better than Satisfactory to
Good.

2. IT-related research in Estonia

The dtuation for IT-related academic research in Edtonia today is to a great extent
decided by factors that are outsde the control of the involved research inditutes and
research leaders. The main such factor is the current economicd gtuation in Edtonia,
caused by its rapid trangtion from Soviet-control to a westernstyle, democratic country.
The mgor result of this is a large difference in sdaies between universties and
indudtries, a dl levels from MSc students to professors. Due to this it is very difficult for
the universties to keep ther current staff and students and to recruit enough students for
post-graduate studies. The dtuation is particularly daming a the student and young
feculty saff level. The resutt is a large average age of university gaff, low student intake
a master and PhD level, and a large rate of students that drop-off from their dudies
before graduation. If the current dStuation remans the dtuation a the universties will
rapidly become unmanagesble.

The economica gtuation dso has other effects. It forces the mgority of the masters and
PhD levd sudents to work in parale with their sudies, in many cases to a very lage
degree. This extends the study period and decreases throughput. The need for extra
income sources is dso seen a senior daff levd. Many universty departments have
created spin-off companies that remain effiliated with the department. This is, of course
mainly postive, snce it makes it possble to rapidly transfer research results to industry.
However, in many cases the boundary between the companies and the department is
vague, eg., with respect to economy. It is dso common that senior staff work part time
for the companies. In the long run this has serious consequences for their basic research
competence.

The drong involvement with companies at the sudent levd dso affects the nature and
topics of the research. Since the companies to large degree finance the studies they, quite
naurdly, want to have influence on the research topics. This favors research that is
directly commercidly applicable, i.e, applied research rather than basic research. A
sound research environment should contain a balance between applied and basic research.
It dso favors research in areas that are “hot” or with a large amount of “hype’. It thus



becomes even more important to use the correct buzzwords to describe the research. The
only posshbility to continue to do basc research is ether to find dudents that are very
theoreticdly inclined, to work in aess without direct current interest for Estonian
industry, or to have a strong enough research network and postion that dlow finding
externd, eg., internationd, funding sources and to use this to improve the financid
gtuation of the dudents The latter is a very difficult tak. The dtuaion is particularly
serious if the governmentd funding system gives priority to basic research over gpplied
research. In the worst case it may lead to a gStuaion where Estonian funding agencies
give money to research that is rdevant from a scientific perspective, but totaly irrdevant
to the Edtonian society and industry.

The lack of research funding dso has other consequences. It makes it difficult to trave,
thus limiting contributions to international conferences and making it difficult to mantan
an international contact network. This decreases the number of international publications,
often the number one criterion in research and proposd evauations, thus making it even
more difficult to obtan research funding, egpecidly from EU. Vey often the levd of
research infrastructure does not so much depend on the scientific qudity of researchers as
on their abilitiesto attract investors from outside the university.

3. Evaluation of IT research at University of Tartu

The evduation is based on the sdf-assessment reports given to the experts prior to the
vigt, completed with the information given during the on-gdte vist on November 21,
2000. The reports provide the basic facts necessary for the evauation.

During the vigt, Dr. Merik Merigte gave an overview of the research a the Department
of Information Technology a the Centre of Strategic Competence. He dso presented the
basc ideas of the work on attributed automata and multi-agent technology. Dr. Koit
summarized the research work a the Inditute of Computer Science, followed by more
detailled presentations concerning individuad research areas. data security, programming
languages and sketchy programming. After the presentations the naturd language
processng group and the computer-asssted teaching group demondtrated ther
prototypes.

3.1 Overview

The Inditute of Computer Science (ICS) was edtablished as a result of organizationa
redructuring in 1993. In 1997, the Centre of Strategic Competence (CSC) was
established, with the am to promote research activities in key technologica aress. In the
area of information technology, the Department of Information Technology (DIT) is the
responsible unit at CSC.



ICS has long traditions in computer science, especialy in theoreticad computer science
and programming environments. More recent research areass include natura language
processing, data security and learning environments. ICS has about 15 teaching or
researcher pogtions. The indtitute is headed by Dr. Mare Koit.

The vison of DIT a CSC is to sudy information technologies from a broad perspective.
Accordingly, DIT has collected researchers from rather diverse aress, like public
adminidration, distributed systems, psychology and computer science. The am has been
to promote interdisciplinary research, a key vidon beng coined as “information
ecologies’. Individud research topics include multi-agent systems, computer-assisted
learning, didributed computing, economics and ethics of informaion ecologies, and
models of representation of knowledge. DIT has four researcher postions. The
department is headed by Dr. Merik Meriste.

In the following, the research areas & ICS and DIT related to information technology are
evaluated. We do not evduate those areas a DIT that have no direct connections to
information  technology; this concans in paticular modding of representation of
knowledge (psychology), and economics and ethics in information ecologies
(economics). This does not mean that such research should not be carried out a DIT but
amply that there is no information technology substance in these research arees that
would alow this team of expertsto evaduate them.

3.2 Institute of Computer Science (ICS)

3.2.1 Computer-aided teaching

The group is led by Rein Prank. The group is practicdly oriented, aming a ussble
computer-aided learning environments. The group has developed software to support
computer-aided teaching on various topics, mogly in mathematics. A good example of
collaboration between different groups (the spin-off APSProg OU and Dept of IT, CSC)
is the development of APSTest, based on the ideas of Dr. Prank. The software package
dlows various kinds of question/answer formats. The tod has been exploited in teaching
a the Universty of Tatu and in a number of Estonian regular schools. The group has
been actively co-operating with schools. The group has PhD students but no finished PhD
theses.

The man concrete result of the group is the software package for computer-aided
teaching of mathematics, dready in practicd use. The group has dso developed web-
based smulation game techniques for teaching purposes. Dr. Prank has dggnificant
international publications (roughly one per year) in the area of technologica support for
mathematica education. The group has good international contacts and has been actively
paticipaing in the internationa community. The group has concrete plans to further
extend international co-operation.

Evaluation and recommendations
Automated support for teeching has been a fruitful gpplication area for information
technology, and this area will probably be important dso in the future. The group should



broaden their perspectives to other teaching areas and include researchers from other
disciplines (for example psychology and pedagogy) more tightly in their work. The group
could dso deepen the scientific dimenson of the work (especidly in the direction of
didactics), in contrast to more application oriented topics.

Overall rating of the research group: Good to Satisfactory.

3.2.2 Natural language processing

The group is led by Mare Koit and Tiit Roosmaa. The god of the group is to develop
andyzers for Egtonian language. The theoretica bass of the work is an extenson of the
gyntactic and morphologica techniques developed for Finnish language a the Universty
of Helsnki. The group has developed fairly well working prototypes for syntactic and
morphologica andyss of Estonian language, aswell as a noun phrase extractor.

The concrete results of the group are working language andyzer prototypes. The group
has produced one PhD (2000). For naturd reasons, most of the publications are in
nationa or Nordic forums, however, few internationa publications exi<.

Evaluation and recommendations

The work of this group is likely to be dgnificant for Edtonia in near future, especidly in
the multi-lingud EU environment. Although full mechine trandation is 0 far not
possble, automated natura language processng will have many useful applications and
its ggnificance will be increasing. The group has demondrated its capability with well
working prototypes. The group has good contacts especialy with the Finnish language
processing community and reasoneble publication record.

Overdl reting of the research group: Good to Satisfactory.

3.2.3 Data security

The group is led by Jan Villemson. The group consgts of five members from University
of Tartu, Helsanki Universty of Technology and Cybernetica Ltd, the man part of the
work being carried out by Cybernetica Ltd. The goa of the group is to develop software
solutions to support the new Edonian law on digita sgnatures. In particular, the group
has developed a time-stamping server and a notary sener to support the use of digitd
sgnatures.

Evaluation and recommendations

The area of the group is obvioudy important, and the group has done pioneering work
due to the early introduction of digital sgnatures in Estonia The results are commercidly
significant not only in Egtonia but dso globdly. The role of the Universty of Tartu is
somewha unclear since the leading researchers have only part-time teaching postions a
the UT. The group has some dgnificant recent publications in internationd forums. The
group isaso active in internationa standardization work.

Overdl rating of the research group: Not evaduated (evauated dready in April 2000 as a
part of the evauation of Cybernetica Ltd)



3.2.4 Programming environments

The group is led by Jaanus Pdid, VarmoVene and Jiri Kiho. The main aress of the group
are stack-basad languages, functional languages and support for program visudization,
understanding and editing. The latter topic has been later extended to cover arbitrary
structured data.

In the area of stack-based languages, Jaanus Poid has been actively participating in the
international Forth community (for example as a PC member of a mgor internationa
conference series, EUROForth). This stack-based programming language has a rather
limited but devoted community and the language itsdf is dill used in certain gpplications.
However, dthough the language is conceptudly interesting, its dgnificance is
diminishing. Dr. Pdid has dudied in paticula the checking of the vdidity of Forth
programs. The work has been recently dightly redirected towards Java, exploiting the
fact that Java bytecode is a stack-based language. Another research topic has been the
specification of correct stack-based programs through rewriting rules on sequences of
sack operations. The results have been published mainly on workshop-level European
forums.

In the area of functiona programming, the research has been focused on type theory and
caegorica logic. In the former area a taxonomy of lambda caculus has been derived, in
the later area the group has studied eg. various terminating recurson and co-recurson
schemes. The group has produced one PhD (2000).

In the area of program visudization and understanding, the work has concentrated on so-
cdled sketchy modeling techniques for programs (Fortran, C++, Javad) and sructured
data. A tool supporting the developed modd of structured data has been implemented,
and it is being used for teaching purposes a the Universty of Tartu. The origind idea of
the tool is to mix textud and grgphicd information in a way tha presrves the
conventiondl textud linear form but gill provides (at leest partidly) the intuitiveness of
graphica notations. Future plans include the studying of the posshilities for automated
mode congruction. The work has been published on nationd levdd and in Nordic
workshops.

Evaluation and recommendations

This group in fact condss of severd smdl individuad projects on diverse topics, each
with very limited resources. Some of the projects have a long history and they have been
tightly coupled with sngle persons. The publications of the group have remained mogtly
on the workshop-leve, dthough in some cases there would have been potentid for
higher-level publications. The man persons of the projects are competent, but ther
capacity could be better exploited if they formed a joint project with a common god. The
group should reflect upon the ggnificance of the current topics in the context of modern
information technology. For example, in the area of skeichy programming the group
might consider the use of XML as the bass of the work, XML being the current sandard
for presenting structured data.



Overall rating of the research group: Satisfactory.

3.2.5 Theoretical computer science

This group, led by Mati Tombak, has a long tradition a UT. The area of the group has
been computationad complexity, agorithmics and combinatorics A separate  subgroup
has later joined this group, led now by Olga Sokratova. The subgroup has recently
sudied semirings, graph adgebras and cubic graphs. The group has published its results
internationally (about 7 publications in medium:level forums).

Evaluation and recommendations
The research areas do not beong to the most criticd ones consdering the effect on
information technology. However, dthough some of this work is closer to mathematics

than computer science, especidly the graph-theoretic work is relevant with respect to
potentid applications in information technology.

Overdl rating of the research group: Satisfactory to Good.

3.2.6. Evaluation and recommendations (ICS)

The research activities a ICS are carried out by extremdy limited resources, due to the
lack of funding. Partly because of this, and partly because of the great number of diverse
research directions, none of the current research projects has been able to become a
sgnificant group internationdly, in spite of the competence of the research daff. The
level of research funding is darmingly decreasing in year 2000 (from approx. 1.3 MEEK
to 650 kEEK). In particular, the portion of project funding has dropped from 900 KEEK
to 300 KEEK. Thistrend can cause serious damage to the research activities at ICS.

Regadless of the levd of research funding, the inditute should increase co-operation
interndly, between different inditutes a& UT, and different universties in Edonia, in
paticula Tdlinn Technicd Universty. This co-operation could teke the form of joint
goplications to national funding sources and EU. In this way the resources could be
targeted in amore focussed way.

The indtitute has contacts to software industry, but these contacts should be strengthened.
In particular, the inditute should look for research topics that are relevant for Estonian
software industry, and that can be partidly funded by the industry.

The production rate of PhDs has remained rdatively low: in 1996-2000 only three PhD
theses have been completed at ICS. There should be specia efforts for more systematic
PhD guidance and training.

There ae dgnificant flaws in the infresructure of the inditute. Resources should be
especidly directed to the basic repairing of the premises.

Overdl reting of theinditute: Satisfactory to Good



3.3 Department of Information Technology (CSC)

3.3.1 Multi-agent systems

The group is led by Merik Merigte. This research direction is based partly on the earlier
work by Dr. Merige in which a new computatiiona model was developed by extending
finite attomata with atributes and atribution rules affecting the trangtions. This model
was used successfully for example for the recognition of ECG sgnds. A centrd idea is to
aoply this technique for specifying the behavior and communication paiterns of agents.
Multi-agent technologies are becoming a key approach to the technologica basis of
intelligent autonomous software systems whose globa behavior cannot be described in a
determinigtic way. Such systems are expected to become common especidly in the
Internet. The group has submitted a project proposal on this topic in co-operation with the
Tdlinn Technical Universty. The group has publications on the Bdltic leve.

Evaluation and recommendations

The area of the group is highly rdevant for modern information technologies, but so far
no convincing results have been generated. The idea of applying attributed automata is
promisng. The planned future co-operation between Universty of Tatu and Talinn
Technicad Universty is very dedrable. The group should create contacts to other
international  groups studying agent technologies and better pogtion their work with
respect to other approaches.

Overdl raing of the ressarch group: Satisfactory. However, the evauation team would
like to dress that this concerns the research in its present stage, and that the future
prospects could be promising, especidly if collaboration with TTU is established.

3.3.2 High-performance computing
The group is led by Eero Vanikko. The am of the group is to develop pardlel computing
methods for high-performance processing, required for example in computationd fluid
dynamics. The group has close rdaions with Bath Universty in UK, and it has produced
afew good internationd publications.

Evauation and recommendations
The group has rather thin presence at CSC. The work is on agood international level.

Ovedl raing of the ressarch group: The evaudion team decided not to grade this
research group. The PhD level work was mainly performed in Norway and currently Eero
Vanikko is & Bath Universty. Hence it is questionable whether it, from a research point
of view, should be consdered asa part of DIT.

3.3.3 Evaluation and recommendationsfor DIT

It seems that the am of producing interdisciplinary information technology research by
bringing together persons from diverse areas has not been redized so far. There is no
indication of research results tha would involve more than one person of the different
subaress. It seems clear that without more concrete plans on common research gods such
co-operation will not take place. Since the resources of both ICS and DIT are limited, the



10

research efforts at these dtes should be coordinated so that they support each other and if
possible, am at common goals.

The research funding of DIT is dropping in year 2000 from the level of gpprox. 1 MEEK
to 800 KEEK. At the same time, development activities a DIT have been financed from
these resources as well, due to the lack of separate funding for badc infrastructure. We
condder this as an unhedthy direction. At the moment, most of the research funding
comes from long-term targeted government funding, whose existence is vitdly important
for DIT. DIT should congderably intensfy the efforts to get funding from EStonian
Innovation Foundation and EU.

Overd| rating of the department: Satisfactory.
4. Evaluation of Faculty of Information Processing, TTU

4.1 Overview

The expet team visted Faculty of Information Processing on 22 November 2000,
according to a prepared agenda. The team was given the following materids:

?2? Sdf-Assessment Report (94 pages)

2? Additional materials (presentation dides, copies of severa papers, etc.)

The team discussed presentations given by the following members.

2? Prof. Jagk Tepandi gave agenera overview of the faculty of Information Processing

?2? Assoc. Prof. Margus Kruus, director, gave an overview the Department of Computer
Enginesring

?? Assoc. Prof. Rein Kuusk, director, gave an overview of the Depatment of
Informatics

?? Prof. Andres Taklga, director, gave an overview of the Depatment of Radio and
Communication Enginesring

In order to get a better view of the activities the team aso visted the departments.
Presentations of sdlected projects and demonstrations were given a each of the
departments.

Firdly, the team would like to point out the following basic facts:

?? Faculty of Information Processing was edablished in 1996 as the result of the
reorganization of Faculty of Computer and Systems Engineering

?2? The faculty has three depatments (cdled dso Inditutes) and one centre: Department
of Computer Engineering, Department of Informatics and Depatment of Radio and
Communication Engineering. Rehabilitetion Center (SEN-Center) was founded in
2000

?? The faculty has a detailed development plan for the period 2000-2004 containing
aso aSWOT andyds

10
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?? There are good internd relations indde the faculty but no tight scientific contacts
between the groups

The detailed descriptions of the departments and projects are given in following sections.

4.2 Department of Computer Engineering

The department of Computer Enginering (DCE) was established in 1967. DCE has three
chars (Computer Engineering and Diagnogics, Digitd Sysems Desgn, Systems
Programming). Academic daff consss from 2 professors, 10 assstant professors, 3
lecturers and 5 researchers. DCE delivers over 50 courses for students of diploma,
bachdlor, master and doctord levels in the dudy fidd “Computer and System
Engineering”. Basic funding of research and development in 2000 is 1,32 mEEK.

Basic research areas of DCE are design and diagnostics of digitd sysems. Prof. Ramund
Ubar, head of the Char of Computer Engineering and Diagnogics, gave a detalled
presentation of reseerch and development in the area of diagnosis and testing of digita
systems. He points out the following main research fields: decison diagrams, test pattern
generation, smulation of circuits and sysems, and design error diagnoss. Results in the
field of decompositiond desgn were presented by Assoc. Prof. Peeter Ellervee (Chair of
Digitd Sysgems Design). The team has not evaluated the research and development
activities of the Sysgem Programming Chair since this group has been dreedy evauated
in April 2000.

The research activities of the department have a rather long history going back to 1970. It
provides continuity of the research topics. The group has high competence and is very
active and successful in goplying for funds and grants (about 25 research and
development projects during last five years, 144 publications, and co-operaion with 20-
30 univerdties). The group has developed a novel diagnostic model for digitd systems
based on decison diagrams, a new hierarchica approach to test generation, methods and
a st of tools for tet generation and fault Smulation, new anadyds and partitioning
methods for hardware/software codesgn used in desgning of cryptographic processor
ASICs.

The research activities are connected with post-graduate studies — 4 PhDs and 7 master
theses have been defended in this group. Currently there are 4 projects supported by
Egtonian Science Foundation, 1 COPERNICUS projects and 5 joint bilateral projects.
Four PhD dudents are involved in these projects a the present moment. It is worth to
dress tha dl dudents are working full-time on their theses a the department, which is
not the case with other evduated groups. The group has gpplicable outputs and, as a
consequence, good perspectives to implement the obtained results.  Unfortunatdly, at this
moment there are not any industrid and marketing activities.

The evduation team had the opportunity to meet PhD students, vist laboratories and to
get acquainted with equipment and software used in teaching and research as wal. All
facilities correspond to the needs of the group.

11
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Evaluation and recommendations

The group has nove results from research and development. The qudity of research and
development corresponds to the internationd level. The group is very successful in
applying for funds and grants, and have broad internationa co-operation. The number of
publications in high leve internationd conference proceedings and journds (including
joint publications with foreign scientiss) is very large, however mogt of this is due to
Prof. Ubar himsdf. The group has rather high potentiad of young researchers and good
perspectives. The evauation team recommends the group to put more efforts in
productifying the obtained resuts.

Up until now the group have had no interaction with Egtonian industries, mainly due to
the nature of ther research topic. However, recently collaboration has been established
with Artec Desgn Group. This company dso has connections to the US market.
Cooperation with loca indudries is important in order to get funding from EU sources,
therefore this new collaboration is important for the group. However, it aso increases the
risk for brain drain from the group.

Overdl rating of the department: Excellent.

4.3 Department of Informatics

Depatment of Informatics has been founded in 1992. The department has 4 chairs
(Information Systems, Software Engineering, Foundations of Informatics, Knowledge-
Based Systems) and 2 spin-off firms of TTU — Komptuur Ltd. and Index_Net Ltd. Ass.
Prof. Rein Kuusk, director, who gave the survey of the department, pointed out that a
large number of teaching staff and students have Ieft for industry during recent years. The
overview of research and development in the depatment was given by Prof. Jask
Tepandi. The daff of research and development during the period is as follows 1 DrSc, 6
PhD, 12 MSc. Badc funding is 345 kEEK. The characteristic feature of research and
development activities is a wide variety of research topics (no good focused research
direction can be defined). To some extent three main directions can be listed: knowledge-
based systems and software quality management (supervised by the Char of Knowledge-
Based Sysems and the Char of Foundations of Informatics), software engineering
(supervised by the Chair of Software Engineering), and information systems (supervised
by the Chair of Information Systems). The group has achieved the following main results:
new testing and auditing methods for digtributed uncertain knowledge based systems, a
novel approach to knowledge based software testing, a new agent-oriented methodology
for modeing, desgn and busness information sysems and a globd dectronic
commerce methodology have been developed. The depatment is active in establishing
contacts with industry and carries out severad very agpplication oriented research projects.
Thismay cause a decrease of the basic research competence level in the future.

The research activities are connected with studies — 4 PhD and 33 master thess are
defended in this group. Nine PhD theses are in progress. Currently there are 2 projects
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supported by Estonian Science Foundation, 1 TEMPUS project, and 1 PhD grant. The
group has 67 scientific papers, of which alarge part islocal publications.

The following topics were presented to the evauation team;

?? Ageat-oriented methodology for the modding, desgn and implementation of
business information systems (Kuldar Taveter)

Information system self-development in virtud learning organizations (Mart Roost)
Multimedia learning and communication (Assoc. Prof. Jask Henno)

Internet as atool for rehabilitation (Assoc. Prof. Kaido Kikas)

Buyers decision support system (Assoc. Prof. Enn Ounapuu)

Monotone system theory, overview of PhD and MSc thess work (Prof. Emeritus Leo
V 6handu)

N3NNI NSN

Research focused towards development of agent-oriented methodologies matches the hot
topics of Al and is intendvey investigaed a the internationd levd. This is a very
promising direction for the group that may lead to the defined god of the research:
elaboration of methods and tools for andyss desgn, implementation and qudity
management of large digtributed and knowledge-based systems with complex structure,
semantics and behavior. In this context, research in the fidd of didributed knowledge-
based systems is relevant for the group. The competence of the research group in the
abovedirectionsishigh.

Severd smdl teams are working in the fidd of e-commerce and Internet applications.
Research in this direction is very srongly application driven. E-commerce is needed by
Egtonian industry and that may cause problems to form a redly strong research team
without danger to quickly loose the students.

The evaduation team had the opportunity to meet PhD students, to vigt laboratories and to
get acquainted with equipment and software used in teaching and research as wel. All
facilities correspond to the needs of the group.

Evaluation and recommendations

The department has nove results from research and development. The quality of research
and development partly corresponds to the internationd level. The group is not successul
in goplying for funds and grants. On the other sde the group has strong contects with
industry and good innovative experience. The results are gpplied in various fieds of
Egtonian economy and indudry. Internationa co-operation is not intensve enough. The
number of publications in high levd internationa conference proceedings and journds
(induding joint publications with foreign scientists) is relativdy smdl (11 out of totd
67). The group has rather high potentid of young researchers but te present structure of
research activities implies a high risk to loose young researchers. The evduation team
recommends the department to define a research and development drategy that alows
synergy effects from research in various fidds, and to create an environment where most
of the saff can participate in research and development.

Overdl rating of the department: Good to Satisfactory.

13
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4.4 Department of Radio and Communication Engineering

The Depatment of Radio and Communication Enginesring (DRCE) was founded in
1965. Thee ae 5 chars (Radio Engineering, Telecommunications, Microwave
Enginering, Signd Processng, Communication Equipment). The research daff consds
of 3 professors, 1 Prof. Emeritus, 3 Ass. Professors, 6 researchers, 1 PhD, and 1 enginesr.
Research is concentrated in the following fidds d€gna processng methods and
dgorithms used in telecommunications and design of various kinds of telecommunication
equipment, in particular, specid filterss Results have been gpplied in many fidds of
telecommunication and sonar technology. Estonian Maritime Board hydrographic ships
were equipped with ecologicaly safe, precise sonars for measurement of sea bottom
profiles. The group funding is 292 KEEK. The research is rather weakly connected with
teaching. Only one PhD theses and nine master theses have been defended during the
period. That is why the DRCE is the “oldet” department (average age is 49 years). The
group has published 50 papers (large pat is published in Estonia and other Bdltic
countries). Currently there are 1 project supported by EStonian Science Foundation, 5
applied research projects, and 4 Innovation Foundation projects.

The research a the Chair of Radio Engineering was presented by Prof. Ants Meister. The
activities are focused on messurement sysems in radio engineering, applications of
digitd gpectrd andyss of multi-channd dgnds, sgnd dassfication dgorithms, and
goplications in communication and biomedica engineering.

The research activities a the Chair of Telecommunications were presented by Ass. Prof.
Avo Ots. These activites ae rdaed to new mehods and technologies in
tdecommunication with focus on multimedia transmisson over the GPRS network. The
|atter is done in collaboration with Ericsson.

The research a the Chair of Microwave Engineering was presented by Prof. Andres
Taklga The main fidd of research is the design of microwave equipment. The char has
long time experience in militay amospheric opticd communicatiion link design. The
pin-off company Rantelon Ltd has been established.

The research a the Chair of Signa Processing was presented by Prof. Iimar Arro. New
complex sonar dgnds have been investigated. A number of precison sonars for sea
ground mapping usdng digitad signd processng have been developed and put into
production.

The research a the Char of Communication Equipment was represented by Prof.
Vladimir Henrichsen. The research activities are connected with the needs of Edtonia in

the fieddld of Standardization and testing of tdecommunication equipment being imported
to Estonia or designed and produced locdlly.

14



15

Evaluation and recommendations

The depatment has nove results from research and development, but they are very
goplication driven. The topics in the fidd of biomedicine overlap with research topics of
other groups a the Faculty of Systems Engineering. The department has not been
successful in agpplying for funds and grants, and has a rather high average age of the
rescarch daff. The department as a whole has strong contacts with industry and good
innovative experience. The results are gpplied in various telecommunication aress. There
iS no internationd co-operation in basic research. The number of publications in high
levd internationd conference proceedings and journds (including joint publications with
foregn scientists) is rdativey smdl (only 2 among the 39 most important publications
reported). The group has no significant potentid of young researchers.

A generd problem for the department is the smdl number of dudents and the smadl
number of generated theses. For al the groups it is difficult to see what the red research
problems are, egpecidly s0 for the Char of Communicatiion Equipment. The evaduation
team recommends the depatment to define a research area, which can promote
internationa contacts and reach an internationd leve in future.

The depatment covers the full span from radio engineering usng microwave technology
to telecommunication. In order to meet the future demands of Estonia we recommend the
department to put more focus on the telecommunication part. The radio engineering and
microwave work has strong connections to the work that is being done a the Dept of
Electronics and a the Biomedicd Engineering centre. We recommend the department to
establish cooperation with these groups.

Overdl rating of the department: Satisfactory to Good.

5. Evaluation of Faculty of Systems Engineering, TTU

The evduation of the Faculty of Sysems Engineering, TTU took place on November 23.
The input to the evduation was a sHf-assessment report of 220 pages containing the
required information about the faculty. The report was very informative and well
Sructured containing, eg., very detailed development plans and SWOT-andyses. In the
report al datigtical information is gathered for the period 1994-2000. In order to be able
to compare with the other research units subject to evauation we have decided to only
consder the statistics for the period 1996- 2000.

The evduation started with a one-hour generd presentation of the faculty and a following
discusson. After that the two depatments and the biomedica engineering centre

presented their activities for two hours each. The evduation ended by a concluding
discusson with representatives for the faculty.

15
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5.1 Overview

The Feculty of Sysems Engineering condsts of three units Depatment of Computer
Control, Department of Electronics, and Biomedicad Engineering Centre. In addition to
this the faculty dso contains the Electronics Competence Centre, but since this centre has
no research obligations it is excluded from this evaudaion. The dean of the faculty is
Professor Leo Motus.

The am of the faculty is to perform research in IT as used and required for design ad
implementation of embedded computer gpplications. The mgor research aees ae
theoretical and practical aspects of systems modeling, design and software development,
methods and tools for dectronic desgn and sysem deveopment, and moddling,
monitoring, and control of natural and artificia phenomena and processes.

The faculty condsts dtogether of 11 professors, 7 assgstant professors, 4 lecturers, 6
senior research assistants, 12 research assistants, and 7 assstants.

5.2 Department of Computer Control

The Depatment of Computer Control formdly condds of five chars red-time sysems,
automatic control and systems andyss, circuit theory and design, automation and process
control, and theoretical informatics. However, the char for automation and process
control has been vacant so long that the group has practicaly ceased to exist as a separate
unit. The char for theoreticd informatics is a pat of Inditute of Cybernetics and is
therefore not considered here.

The core research of the depatment has its origins in automatic control and autométion,
with the exception of the chair in circuit theory and design that has stronger connections
to generad dectricad engineering.The director of the department is Professor Ennu
Rugtern.

The fdlowing presentations were given: a depatment overview (Professor Ennu
Rigern), overview of reatime systems group (Professor Leo MGtus), overview of
automatic control and systems andyss group (Ennu RUgtern), presentation of the work
on fuzzy modding (Andri Riid, researcher), presentation of the work on power network
management (Taivo Kangilaski), overview of the circuit theory group (Professor Vdlo
Kukk). After that followed atour of the laboratories.

5.2.1 Real-Time Systems Group

The red-time systems group is headed by Professor Leo Mdtus. The research has so far
mainly been focused on deveopment of forma timing modds for red-time software
sysems. The work has resulted in the Q-model and the associated Q-methodology for
specifiction, smulation, and verification of timing propeties This devdopment has
been performed in collaboration with Prof. Mike Rodd's group a Universty of Swansea
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The work has ds0 led to the development of LIMITS, a CASE tool redizing the above
modd. Some efforts have dso been made a aigning the Q methodology with UML and
Red-Time UML.

For the future the group plans to somewhat change direction moving into multi-agent
sysems building upon the exiting competence in red-time systems, digtributed control
and machine learning. The intention is to partly do this in collaboration with Prof. Merik
Meriste from Dept. of IT, CSC, Tartu.

The research group has generated one spin-off company, IB Krates. The man activities
of IB Krates are concerned with the LIMITS bol and generd conaulting in the process
control area.

Evaluation and Recommendations

Embedded systems and embedded control systems is a niche area that most likely could
be important for Estonian indudry. It is dso currently an important area worldwide, with
the current emphass on digributed and mobile sysems. The ambition of Mdtus is to
apply for a Center of Excdlence in Embedded Computer and Communication Systems.
This gppearsto be avery good initiative.

The research performed so far on the Q-modd is well motivated and of high rdevance.
More efforts could perhaps have been put on spreading the approach outside the real-time
control community, eg., to the IEEE red-time sysems community. However, the
resources have not alowed that.

In order for the new direction on multi-agent systems to be successful it is important that
collaboration is established with the Department of Informatics at Faculty of Information
Processing where strongly related activities are being performed.

Professor Mdtus is wel recognized in the internationa red-time control community. He
is dso active in organizing workshops, in participating in editorid boards etc. As a result
of this he has quite a lot of internationd contacts. For the period 1996-1999, 3 journd
articles and 8 conference publications are presented. Of these dmogt al are in respected
international contexts. No figures were presented for year 2000. Hence, from a
publication perspective the group performs wel. However, most of this is due to the
personad work of Métus.

The funding Stuation for the group aso appears to be good. The research funding comes
from several sources, eg., ESF, EU proects (Esprit and Copernicus), Estonian
Innovation Foundation, and through contracts with IB Krates. Especidly notable is that
the group, as a universty group and through IB Krates, has succeeded to become a
member of an accepted EU Fifth Framework project, MINICON.

The mgor problem with the group is its poor success in attracting students and, hence,
few generated theses. The group is dso very smdl in sze (two full-time senior gaff, two
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MSc students, and one PhD student). In the period 1996-2000 five MSc theses and no
PhD theses have been generated.

Overdl rating of the group: Good.

5.2.2 Automatic Control and System Analysis Group

The Automatic Control and Sysem Andyss Group is headed by Professor Ennu
Rugtern. The sdlf-assessment report lists the following research activities:

Trangparent fuzzy modeling for control

Modeling of multirate multivariable control systems
Robust control

Event Navigator — a network analysistool
Tracking and Identification of dynamica systems

N3N INSN

The work on robust control is performed together with Ingtitute of Cybernetics and has
aready been evduated in that context.

The work on fuzzy modding focuses on fuzzy modding techniques that preserve
trangparency or readability. Different congraints on membership functions are introduced
that dlow trangparency to be maintained during automatic data-based identification and
tuning. In the beginning Mamdani-type models were consdered, but now the work has
been expanded dso to Sugeno-type systems. Applications in fed-batch control systems
are reported. A researcher/PhD candidate (Andri Riid), together with Prof. Rustern,
perform the work.

Multi-rate control systems arise naturdly in the context of distributed and decentrdized
control systems. The current research is based on Sate-space approach. Severd different
types of modes have been sudied. A desgn methodology has been developed and
methods for handling systems composed of a “fast” and a “dow” part have been defined.
The work has been performed by 1. Astrov, who presented a PhD thesis on the subject in
2000.

The work on the Event Navigator was initiated by the EStonian Power utility Eedtie

Energia Ltd. The work is performed by Tavo Kangilaski who aso works for the utility.
The am is to devdop a control and monitoring system for joint operation of power
dations, the nationa dectricity grid, and didribution networks in Estonia The work is

very applied in nature,

Prior to the above work Tavo Kangilaski was involved in project on tracking in
connection with ar traffic control. The tracking system receves data from severd
geographicdly didribued radars. Based on this the system should establish a single route
for the object. Also this work was very applied in nature and performed in connection
with acompany, Virumaa Tiivad AS.
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Evaluation and Recommendations

The work on fuzzy modding is quite specidized. One could debate whether transparency
redly is a necessary requirement for fuzzy control sysems, especidly when they ae
derived from data The fuzzy control community has not recognized the research
performed in the group. Seven publications are reported. They are, however, mostly in
local journds or conferences. One conference publicetion is a a recognized internationa
conference and two a internationa sympaosia of minor status.

The work on multi-rate control has generated a large amount of publications (17) and one
PhD thess. However, dl of these are in loca journas or conferences or a smdl
international workshops of low Satus.

The work on tracking and network analyss has generated very few publications. The
focus here has been implementation rather than conference and journd publication. It is
dso difficult to see what the red research problems are, especidly for the network
analysis project.

Being the only char a the faculty directly focused on control theory, one would have
hoped that the work performed in the group should be more focused on core control
topics. Currently the group is very scattered from aresearch point of view.

Altogether the group has generated 5 journd papers and 22 conference publications
1997-2000 (excluding the work on Robust Contral). Thisis a quite good amount, but the
oveewhdming mgority ae dther nationd publications or publications of low
internationa status. We recommend that the group tries to, in the future, publish in more
well-recognized internationa circles.

The theses generated in 1997-2000 consst of 1 PhD and 6 MSc theses. The group
contains 2.5 senior researchers with PhD degrees (or equivalent). The 0.5 position is Ulo
Nurges who we have considered to, from a research point of view, belong to Indtitute of
Cyberndtics. In addition to this the group has one assistant and two researchers with MSc
degrees. The group does not report the funding Situation.

Overdl rating of the group: Satisfactory.
5.2.3 Circuit Theory and Design Group

The circuit theory and design group is headed by Professor Velo Kukk. The group has a
long tradition in crcuit modeing and smulation (the SPADE system). Due to financid
reasons this work has been abandoned. Instead the work has been focused on modding of
specia tasks not covered by classca smulation software. Main research areas are

?? High-Q activefilters

?2? Modding of oscillators

?2? Desgn of ICsfor RF goplications
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The hope for the future is to return to automation of circuit andyss, the topic of an ESF
grant application for 2001-2002.

A spin-off company, Andog Design Ltd., was created in 1995 and is currently owned by

Micro Andog Sysems OY from Finland. The company currently employs three persons
from the group. Severd research problems are clamed to have been generated from the
company. This dtuation has dso led to problems and delays with publication of results
due to confidentiadity reasons.

Evaluation and Recommendation

It is questionable whether circuit theory and design belongs to a department on computer
control. Far more natura connections exis, eg., to the Department of Electronics or the
Department of Radio and Teecommunications Engineering.

The group reports 1 journd aticle and 12 conference publications They indude a fair
amount of internationa publications, eg., three IEEE conferences. The group is smdl,
one professor, one associate professor and one assstant. No theses a dl are reported
dthough it is dated that some MSc and PhD students work &t collaborating companies. In
addition to the spin-off company, these dso include Nokia Research Center.

Overdl rating of the group: Satisfactory to Good.

5.2.4 Evaluation and Recommendations

The mgor problem for the department is the lack of dudents and smal amount of
generated theses. The groups are dso criticdly smdl, making it difficult to bring in large
contracts. The group has adso suffered excessive brain drain to industry.

The international contact network and publications vary a lot between the different
groups from quite good to unacceptable. The internd dtructure of the department is
dsrange. Thisis especidly the case for the chair on circuit theory and design.

Overdl rating of the department: Satisfactory to Good.

5.3 Department of Electronics
The depatment condsts of three chairs applied dectronics, eectronics desgn, and
electronic measurements. The research areas are the following:
?2? Theoreticd and experimenta study of new semi-conductor materias
2? Applicaion of the new materias for development of e ectronic components
?? Devdopment of measurement indruments and sysems based on
synchronous signd processing
?2? Applications of measurement technology in technicd test and diagnostics
and in medicd diagnosis
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In their vison for the future the am is to additiondly adso work on eectronic redization
of large-scde information systems, eg., radar sysems, navigation systems, and traffic
monitoring systems, and to develop methods for desgn of diagnogic systems in medica
gpplications.

The director of the department is Professor Toomas Rang.

The following presentations were given. overview of the depatment (Toomas Rang),
overview of the applied eectronics group (senior researcher Andres Udal), overview of
the eectronics desgn group (Toomas Rang), overview of the eectronic measurement
group (Professor Mart Min).

5.3.1 Applied Electronics Group

The group is headed by Professor Velo Mannama (ill a the day of the evaduation). The
research theme is lit into two directions: components — modding of SC materid and
devices (Professor Enn Vemre) and sysems — problems of modern microgectronic
circuits and systems (Mdnnama). On the component side the research gpproach consists
of the following activity chain: semiconductor materid parameter modeing, development
of device dmulators through implementation of new parameter sub-modes,
measurements combined with smulation to vaidate the developed sub-modeds, and
findly, device smulation and desgn. A number of samiconductor materids have been
investigated including glicon, dlicon carbide, and diamond. Improved eectrophysica
parameter models have been developed together with improved device smulators. A
novel very fast double thyristor has adso been designed. The work has been supported by
ESF grants, state budget themes, three Swedish grants, and through industry contracts.

The sysem-oriented branch has focused on integrated eectronic circuits and systems for
sensor  Sgnd processing. Main - research  problems  include  current-mode  sgnd
processing, phase-locked loop problems, and different microelectronic circuit theory
problems. The phase-locked loop approach has been implemented in severad practica
designs. The work has been supported by ESF grants, state hudget themes, and via an
internationa contract from USA.

Evaluation and Recommendations

The group has produced 7 journd articles and 18 conference publications in 1996-2000.
Of these 14 are Egtonian publications and the remaining 11 internationd. Hence, the leve
of the publications appears to be reasonably good. During this time 2 PhD theses, 2 MSc
theses, and 3 diploma theses have been produced. The group conssts of four persons of
which three are involved in the research. A couple of MSc students and PhD students are
reported to be involved in the research. The funding Stuation for the group appears to be
adequate.

The group actively collaborates with the other groups within the department. The number
of sudents currently involved in the research appears to be low or zero. The group
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appears to have reasonable contacts with other research groups, eg., a Uppsda
Universty and Universty of Manchester. The group aso reports indudtria  collaboration
with Noptd QY, Finland, ARSmikro (a spin-off company from the department), Fincitec
QY, Finland, and ABB.

Semiconductor research requires expensve equipment. The gpproach teken in the group
is to either build equipment themselves or to collaborate with other groups and borrow

equipment. So far this hes been possible.

An open quedtion is whether a smdl nation such as Egtonia can afford doing competitive
research in semiconductors. On the other hand the country has a lot of know-how in the
area from past times.

Overdl rating of the group: Good to Satisfactory.
5.3.2 Electronics Design Group

The group is headed by Professor Toomas Rang. The topic of the group is design and
fabrication of semiconductor devices and ICs, including microsysems. Much of the work
is concentrated on wide band-gep semiconductors, especidly SIC. Special emphasis has
been put on invedigations of Schottky and Ohmic metdlization technologies for cregting
substrate contacts. The group clams to be able to produce the largest Schottky contacts
for certain types of SIC subdtrates reported so far. This has attracted interest from
internationa semiconductor manufacturers. Another area where the group has been active
is dggnd processing and microdectronics. An indirect method for measurement of
central heating losses in pand houses has been investigated and measurement circuits
have been developed. A nove sgnd processng circuit for semiconductor gas sensor
output has been designed. The group has dso participated in the work on phase-locked
loops performed at other places within the department.

Evaluation and Recommendations

The group has generated 7 journd articles and 18 conference publications in 1996-2000.
Of these gpproximatdly 11 are in internationd contexts. The group has not generated any
PhD theses. However, three PhD students are in the system. Three MSc theses have been
generated and two students are currently within the sysem. The group consss of two
senior researchers with PhD degree, three PhD students, two technicians and two MSc
dudents. The two latter work in indugtry in padld with ther sudies. The group hes
been subject to drop-offs to industry that has stopped certain research activities The
group has collaborations with Budapest TU and Universty of Saarland. Toomas Rang
also appears to have rdatively good European contacts. The group has a contract with
the company Clifton Electronics Ltd in Tartu (the employer of one of the MSc students).

The work within the group has strong relations to the two other groups at the department.

The work an SC semiconductors is connected to the applied dectronics group, the work
on sensor Sgnad processing is related to the eectronic measurement group and the work
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on PLL sysems is relaed to both groups. This shows good integration between the
groups, perhaps so high integration that the three groups redly should be consdered as a
single research group.

Overdl rating of the group: Good to Satisfactory.
5.3.4 Electronic M easurement Group

The group is headed by Professor Mat Min. The profile of the group is sudy and
development of measurement and data acquistion systems and their eectronic and
software components. The main research area is lock-in, or synchronous measurement
systems and precison PLL systems. Other research topics are design of rove measuring
indruments with gpplication in scientific indruments, technical diagnods, and medica
diagnods, adaptive dgnd processng dgorithms  for  measurement  information
extractment, and development of methods for testing of mixed andog/digita circuits and
systems. Due to industrid PhD students the group currently adso works with GSM-based
postioning sysems in connection with Ericsson, and with smat house sysems in
connection with ARTEC. The group has severd indudrid contects, eg., with Fincitec,
Micro Andog Systems, Finland, and St Jude Medica Inc (USA/Sweden). The latter
collaboration concerns developed of rate-adaptive pacemaker control systems. Here, two
Swedish patent gpplications are pending. The group has a lot of research contacts,
predominantly in Germany and Sweden. They have dso participated in Copernicus and
Esprit projects.

Evaluation and Recommendations

The group consgs of 35 persons with PhD degrees of which 25 are involved in the
research. The group has four PhD sudents of which two have scholarships, and at least
three MSc students. The group has generated 2 PhD theses (both during 2000) and 5 MSc
theses. In the period 1996 — 2000 the groups reports 10 journa papers and 44 conference
publications. Severa of the publications are in wel-respected internationa contexts.
Hence, the level of internationd publications is good. The group has a lot of research
contacts and industry contacts. The funding Stuation also gppears to be good.

The group has a lot of collaborations insde the department but few outsde. A natura
collaboration partner would is the Biomedica Engineering Centre which to a large degree
has overlapping research interest and common interest with respect to directions for the

future. The work m testing have strong connections to the work at the Dept. of Computer
Enginesring.

Ovedl rating of the group: Good.
5.3.5 Evaluation and Recommendations

The department appears as a well united team with a lot of research topics in common.
Better collaboration outsde the depatment a TTU would be desrable. Possble
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collaboration partners are the Biomedica Enginearing Centre and the Dept of Radio and
Tdecommunication Engineering where adso work on  messurements and  signd
processing in medica applications are being performed.

In order for the department to succeed with its ambition to move towards large-scale
information systems it is crucid that the connections to software research groups ae
tightened. The same holds dso for smdl embedded mobile sysems where hardware and
software co-design is becoming an increasingly important technology.

Overdl rating of the department: Good to Satisfactory.

5.4 Biomedical Engineering Centre

The centre condgts of two chairs: radio physics (Professor Hiie Hinrikus) and biomedica
engineering (Professor Kaju Megas, absent during the evduation). The specidity of the
centre is biodectromagnetic systems, in paticular interpretation of biodectricd sgnds
(EEG, ECG, EMG, ec), dectromagnetic fied interaction with biologicd sysems (eg.,
mobile phone effects), and gpplications of edectromagnetic radiation for information
gathering about physiologica processes and systems. The head of the centre is Professor
Hiie Hinrikus.

The following presentations were given: overview of the centre (Professor Hinrikus),
microwave radiometry for medicd gpplications (Jevgenij Riipulk), heart rate
recondruction agorithms & anadyss of RR and QT dynamics for medica diagnoss
(Jaanus Lass), and effects of mobile phone radiation (Professor Hinrikus).

The centre is smdl. It contains two professors and one part-time associated professor, one
ful-time and two part-time researchers, and Sx assstants. The average age of the gaff is
low (35.5 years) but the head of the centreis close to retirement.

The following ae the man research activities and results Work on microwave
radiometry for cancer detection has been going in 1994-1998, partly due to Hinrikus
background from the Dept of Radio Engineering. An operationa sysem has been
developed that has been used a clinicd experiments a a Tdlinn hospitd. Sengtivity of
biologicd sysdems towards low-intensve eectromagnetic radiation is another current
aea of the centre. Intereting results have been obtained concerning mobile phone
effects. Other aeas ae coherent laser-based photo-detection for biomedica
measurements, non-linear filtering of physologicd sgnds and evdudion of the qudity
of different heart rate adaptation adgorithms for rate adaptive pace makers. The latter
work garted in cooperation with the Department of Electronics but was later separated
due to collaboration with different indudtrid partners.

The centre has lots of research contacts, mainly in biomedicing, and contacts with
hogpitals. The amount of industrid contactsis, however, small.
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The location has been a problem for the centre during long time. However, recently new
office gpace has been provided in the building of the Inditute of Cybernetics.

Evaluation and Recommendations

The centre has produced 23 journd articles and 24 conference publications during 1996-
1999. No figures are given for year 2000. A large amount of the publications are in wdll-
respected international contexts. Two PhD theses have been produced and three MSc
theses. Currently two PhD students and eight MSc students are active a the centre. This
is quite good in relation to the small volume of the centre. The centre has a lot of research
collaborations, eg., they have been drongly involved in a TEMPUS project, and research
contacts, but few indudtrial contacts. One reason for this is the low number of Estonian
companies in the medicd and hedth care area, and the srong dominance of large
international companies.

The main dangers that one can foresee for the center concerns the smadl sze of the centre
and its, apparent, strong reliance on Professor Hinrikus as a person, especidly in light of
her closeness to retirement. Another problem for the centre is the lack of collaborations
within TTU. Much would be gained if collaboration were established with the Dept of
Electronics and with the Dept of Radio and Telecommunication Engineering.

Overdl rating of the centre: Good to Excellent.

5.5 Recommendations and Conclusions

The evdudion team has identified two mgor internd problems of the faculty. The firg
problem is the low number of MSc and PhD students, in some placesridiculoudy low.

It is crucid for the faculty to very actively trying to improve the recruitment, in Spite of
the generd problems associated with this.

The second problem is the lack of collaboration between the three units. This is
particularly evident between the Electronic Measurement Group of the Depatment of
Electronics and the Biomedicd Engineering Centre. Both groups work to a large degree
with dgnd-processing and measurement technologies in biomedica applications. In one
case, the work related to pace makers, the actud projects are dso dmost exactly the
same. The faculty asawhole would gain alot if better collaboration is obtained.

6. Recommendations and Conclusions

6.1 Tartu

1. The research between different research groups is not sufficiently coordinated. The
evadudion team adso got an impression that the Inditute of Computer Science does not
have any leading researcher who could act as the main promotor of research activities a
the indtitute.
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6.2 Tallinn Technical University

The organizationa problems concerning the faculties & TTU can be solved in different
ways. One possibility is to merge the faaulties into a single large faculty, as before the
glit. A possble name for such a faculty is Faculty of Electricd and Computer
Engineering. Such a faculty may aso include Power Electronics and possble dso some
of the Mechatronics activity. Another posshbility is to reshgpe the two current faculties.
One possihbility would be to have one faculty for computer science and another faculty for
IT in engineering. The computer science could contan groups from Inditute of
Cybernetics, Dept of Informatics, ad groups currently at the Computing Centre. The
other faculty could include the current faculty of sysems engineering, the rest of the
faculty of information processing, and perhgps pat of the mecharonics activities Yet
another posshility is to totaly abandon the rather rigid faculty systems. Ingtead one could
have a fla organization congsing only of fewer but larger depatments, condsting each
of perhaps 8-12 chairs.

If it is not possble to reorganize the dructure it is important that TTU encourages and
rewards collaborations over faculty borders, joint research proposals, collaboration in
teaching, etc.

Ancther thing that is driking is how little reseerch on traditiond computer science and
software engineering that is found within the two faculties. Although part of this can be
found a the Inditute of Cybernetics it is most likely so that much more is needed in order
to be able to produce the amount of software engineers needed by EStonian industry in
the future. The share of research in computer science both in foundations of computing
(theoreticdl computer science, discrete mathematics etc) and practical  Software
engineering should be increased.

6.3 General Recommendations

1. The levd of financing is by far too low in al categories (studies, targeted financing,
grant financing, infredructure) for ensuring high levd results and should therefore
considerably increased.

2. The number of Mader-level dudents as wel as dipends for them should be
condderably increased. The bigger number of Master graduates would create a better
basis for sdlection to PhD studies.

3. It is of vita importance to decrease the gap between sdaries for teaching daff a the
universties and I T-specidigsin industry.

4. There should be created — additiondly to the Innovation Foundation — funds for
helping to launch production of developed innovative I T products.

5. The status of applied research should be increased in research proposal evaluations by
ESF and targeted financing.

6. Cooperation between different universties or faculties should be encouraged through
research funding policies.
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