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3.1 Instituudi struktuur

TTU Kiiberneetika Instituut, Institute of Cybernetics at Tallinn University of Technology
Instituudi direktor Andrus Salupere

Juhtimissiisteemide osakond, Control Systems Department, head Jiiri,Vain
o Foneetika ja konetehnoloogia laboratoorium, Laboratory of Phonetics and Speech
Technology, head Einar Meister
Mehaanika ja rakendusmatemaatika osakond, Mechanics and Applied Mathematics
Department, head Jiiri Engelbrecht
o Fotoelastsuse laboratoorium, Laboratory of Photoelasticity, head Hillar Aben
o Lainetuse diinaamika laboratoorium, Wave Engineering Laboratory, head Tarmo
Soomere
o Siisteemibioloogia laboratoorium, Laboratory of Systems Biology, head Marko
Vendelin
Tarkvara osakond, Software Department, head Ahto Kalja
Raamatukogu, Library, head Marje Tamm

Instituudi teadustoo koordineerimine toimub kahe Eesti teaduse tippkeskuse raames:
Arvutiteaduse tippkeskus EXCS, Estonian EXcellence in Computer Science EXCS, head Tarmo
Uustalu.

Mittelineaarsete protsesside analiiiisi keskus CENS, Centre for Nonlinear Studies, head Jiir1
Engelbrecht.
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MAIN LINES OF RESEARCH

NONLINEAR DYNAMICS

Nonlinear Dynamics group deals with (i) nonlinear wave motion in solids; (ii) soft matter physics;
(iii) photoelasticity. Attention is on hierarchical behaviour of microstructured solids under
dynamical impact and corresponding inverse problems; solitons and solitary waves; turbulent
mixing; processes with power laws; nonlinear photoelastic tomography.

Main results in 2013:

The concept of internal variables is generalized for describing the internal structure of

materials as internal fields.



The negative group velocity is proved to exist for a Mindlin-type multiscale and a felt-type
materials.
A novel wave equation for felt-type materials is proposed and analysed.

A universal relationship between the scaling exponents has been established describing the time-
fluctuations of the intersection size of two moving fractal sets.

A novel device for optimal mixing of two compounds has been devised, which maximizes
homogeneity of mixing, as described via finite-time Lyapunov exponents.

Existence of hidden solitons is demonstrated for a hierarchical KdV system in case of three types of
initial conditions, dependencies between the number of hidden solitons and material parameters as
well as initial wave parameters are established.

An orthotropic constitutive model for fibre reinforced materials based on the orientation distribution
function of fibres has been proposed.
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WAVE ENGINEERING

Wave Engineering group has competence in nonlinear wave theory and modelling of fluids with the
focus on applications in the marine and coastal environments. Attention is to wave excitation and
propagation over the sea surface; impact of waves in coastal regions; unified framework for wave-
driven phenomena.

Main results in 2013:

It was shown that the pattern of most frequently hit coastal sections, the probability of hit to each
such section and the time the pollution spends offshore are almost insensitive with respect to the
absence or presence of eddy-diffusivity effects.

Analytical theory of tsunami generation by submarine landslides was extended to the case of narrow
bays and channels of various geometries.

The possibility of rogue wave formation due to the modulational instability has been demonstrated
in a basin of intermediate depth.

Wind wave climatology in the eastern part of the Baltic Sea has been extended back to 1946.

A novel method making use of spectrogram analysis has been applied to quantify the duration,
intensity and frequency distribution of wake waves from high-speed ferries.



The maximum wave set-up forms >50% of the all-time maximum water level and thus serves as a
substantial source of marine hazard for low-lying regions of the City of Tallinn.
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SYSTEMS BIOLOGY

Systems Biology group is focused on unravelling the intricacies behind regulation of intracellular
processes in cardiac muscle cells. Efforts are mostly concentrated on studying regulatory
mechanisms of metabolic processes in the heart, expanding our knowledge of cardiac energetics and
contractile function, and shedding light on novel aspects of excitation-contraction coupling in rat,
trout and mouse hearts. Both experimental and computational approaches are applied in
investigating these topics.

Main results in 2013

In creatine-deficient mice study we demonstrate that the healthy heart is able to preserve cardiac
function at a basal level in the absence of creatine kinase-facilitated energy transfer without
compromising intracellular organization and the regulation of mitochondrial energy homeostasis.

We have shown that ADP potently restores calcium retention capacity in severely stressed
mitochondria. This effect is most likely not related to a reduction in reactive oxygen species
production.
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NONLINEAR CONTROL THEORY

Nonlinear Control Theory group has competence in dynamical control systems on time scales.
Attention is focused on novel algebraic methods and symbolic software tools for solving funda-
mental problems for nonlinear control systems towards unification of discrete- and continuous-time
control.

Main results in 2013

Computational aspects of realization of a set of higher-order nonlinear input/output equations in the
state space form were studied. Instead of the algorithmic solutions, provided in earlier works, the
explicit formulas, based on the concept of adjoint polynomials, were obtained.

The disturbance decoupling problem by the dynamic measurement feedback for discrete-time
nonlinear control systems was studied. To address the problem the algebraic approach, called the
algebra of functions, was applied, which allows the system description also depend on non-
differentiable functions. A necessary and sufficient condition was given in terms of controlled and
(h, f)-invariant functions. Also, algorithms were derived, which find invariant unctions and the
required feedback.
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SOFTWARE SCIENCE

The software department conducts research into language and automata theory, programming
languages and software engineering.

Main results in 2013:
Language and automata theory:

The partial atomaton of a given nondeterministic finite automaton, using its partial atoms as states,
was studied.

Bartholdi's characterization of amenable groups as those where surjective cellular automata prserve
the product measure was sharpened.
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Programming languages:

A new class of monads - update monads - relevant for mathematically structured functional
programming was identified.

The core of Cockett and Lack's theory of restriction categories was formalized in the dependently
typed programming language Agda.-

First steps were made towards developing a framework for programming with rational datatypes in
Agda.

Abstract and concrete process categories were studied as semantic domains for functional reactive
programming.

A new syntactic type system was devised for recursive types, type parameters and abstract types.
Software engineering;
A semantic interoperability framework for developed for big data.
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SPEECH TECHNOLOGY
Laboratory of Phonetics and Speech Technology is focused on experimental studies of Estonian
phonetics and research and development of methods and prototypes for Estonian speech recognition.

Main results in 2013

The role of Estonian orthography on the L2 production of Estonia quantity contrasts has been
studied. The results showed that L2 subjects with Finnish-language background are able to produce
quantity contrasts only in words where the contrasts are explicitly expressed in the orthography
The comparative study of the acoustic features of contrastively accented words in Finnish and
Estonian showed that in two closely related languages duration and FO act as primary cues to
manifest contrastive accent, however, significant differences in the two languages exist

A phone duration model applied to speech recognition has been developed. The model is based on a
decision tree that finds clusters of phones in various contexts that tend to have similar durations.
Experiments on two Estonian recognition tasks show a small but significant improvement in speech
recognition accuracy



A new neural network language model was developed that jointly models the language of many
related domains. It is implemented by training a vector of factors for each domain that is used to
modulate the connections between the layers of the model. The model is found to outperform simple
neural network language models in speech recognition experiments

Adaptor Grammars is a framework for learning non-parametric Bayesian models in the setting
where the data generation can be described with a probabilistic context-free grammar. We proposed
a model selection method for Adaptor Grammars that enables to choose automatically the best
grammar for the given task using a small set of labeled data. We applied the method to the task of
natural language morphological segmentation and showed that it yields state-of-the-art results
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APPLIED MATHEMATICS

Applied mathematics group is focused on fast methods for solving integral equations, inverse
problems to determine properities of complex materials and multi-objective and convex
optimisation.

Main results in 2013:

Uniqueness for the solution of an inverse problem for 1D linear model of microstructure with
multiple scales using Gaussian wave packets was proved. An analytical-numerical method to study
the uniqueness of solutions to inverse problems to determine coefficients of 5th order KdV and 6th
order generalized Boussinesq equation was elaborated.
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3.2.2 Loetelu struktuuriiiksuse tootajate rahvusvahelistest tunnustustustest.

Tarmo Soomere sai Balti Teaduste Akadeemiate medali silmapaistvate tulemuste eest Eesti, Liti ja
Leedu mereuuringute alases koost0s.

3.2.3 Loetelu struktuuriiiksuse tootajatest, kes on vilisakadeemiate v6i muude oluliste T& A-
ga seotud vilisorganisatsioonide liikmed.

Tanel Alumiie
International Speech Communication Association (ISCA) - liige

Jiiri Engelbrecht

ICSU Peaassamblee liige

Euromech liige

ERAWATCH noukoja liige

RP7 ,,Peoples Programme* ndukoja liige
ERA-NET Complexity juhtkomitee liige
Academia Europea, liige

World Academy of Arts and Sciences liige
Bulgaaria Teaduste Akadeemia vélisliige
Budapesti Tehnikaiilikooli audoktor (Dr. h.c.)
Ungari Teaduste Akadeemia, auliige

Goteborgi Kuningliku Teadus- ja Kunstitihingu vélisliige
Lissaboni Teaduste Akadeemia liige

Lati Teaduste Akadeemia, vilisliige

Euroopa Teaduste ja Kunstide Akadeemia liige
Accademia Peloritana dei Pericolanti, vélisliige

Hele-Mai Haav

Baltic Journal of Modern Computing- toimetuskolleegiumi liige

Proceedings of Riga Technical University - toimetuskolleegiumi liige

European Coordinating Committee for Artificial Intelligence (ECCALI) liige ja Eesti koordinaator

Jaan Janno

Abstract and Applied Analysis - toimetuskolleegiumi liige
Mathematical Modelling and Analysis — toimetuskolleegiumi liige
The Open Acoustics Journal - toimetuskolleegiumi liige
Baltimaade iilikoolide konverentsivorgustiku MMA liige

Jaan Kalda

Advisory Board of the International Physics Olympiads — liige
International Jury of the World Physics Olympiad — liige
European Academy of Sciences and Arts — liige

Ahto Kalja
Baltic Journal of Modern Computing- toimetuskollegiumi liige

Einar Meister
International Speech Communication Association (ISCA) - liige

Lya Meister
International Speech Communication Association (ISCA) - liige



Sven Nomm
Rahvusvaheline Automaatjuhtimise Foderatsiooni (IFAC) Eesti rahvusliku komitee kontaktisik
IFAC Technical committee "Human - Machine Systems" - liige.

Jaan Penjam
EL 7. Raamkava IST programmi programmkomitee Eesti delegatsiooni ekspert
ACM — Association for Computing Machinery — liige

Ewald Quak

Journal of Mathematics in Industry, Springer, toimetuskolleegiumi liige

EL RP7 programmi ,,People* Marie Curie Industry-Academia Partnerships and Pathways (IAPP)
taotlusi hindava paneeli aseesimees

Arvi Ravasoo
Euroopa Mehaanikaiihingu Euromech liige
Euroopa Eksperimentaalmehaanika Alalise Komitee liige

Andrus Salupere

IUTAM (International Union of Theoretical and Applied Mechanics) peaassamblee liige
Eesti Rahvusliku Mehaanika Komitee esimees

Euroopa Mehaanikatihingu Euromech liige

Tarmo Soomere

Euroopa Teadusfondi Merekomitee aseesimees

Journal of Marine Systems toimetuskolleegiumi liige

Boreal Environment Research toimetuskolleegiumi liige
Oceanologia toimetuskolleegiumi liige

Euroopa Geoteaduste Liidu liige

Euroopa Akadeemiate Nouandva Kogu Keskkonnapaneeli liige

Enn Tougu

IEEE liige

IEEE Computer Society, liige

Academia Europea, liige

Computing and Informatics /Slovac Acad Sci) toimetuskolleegiumi liige
Knowledge Based Systems (Elsevier) toimetuskolleegiumi liige

Tarmo Uustalu
International Federation for Information Processing (IFIP), WG 2.1 ,,Algorithmic Languages and
Calculi* liige

Journal of Universal Computer Science toimetuskolleegiumi liige

Association for Computing Machinery (ACM), liige

European Association for Programming Languages and Systems (EAPLS) liige
European Association for Logic, Language and Informationn (FoLLI) liige
European Association for Computer Science Logic (EACSL) liige

European Association for Theoretical Computer Science (EATCS) liige
Interest Group in Pure and Applied Logic (IGPL) liige

Formal Methods Europe (FME) liige



Otu Vaarmann

The European Working Group Multiple Criteria Decision Aiding, liige

The European Working Group Financial modelling, liige

Toorithma EUROPT — The Continuos Optimization (Associaton of European Operations Research
Societies) liige

3.2.4 Soovi korral aruandeaastal saadud TjaA-ga seotud tunnustused

Andrus Saluperet autasustas Vabariigi President Valgetdhe IV klassi teenetemargiga
Jaan Kaldat autasustas Vabariigi President Valgetidhe V klassi teenetemargiga.

Tarmo Soomere pilvis Eesti Vabariigi 2013. aasta teaduspreemia tehnikateaduste valdkonnas to6de
tsiikli "Merelt lahtuvate ohtude kvantifitseerimine ja minimeerimine La&nemere ranniku kontekstis"
eest

Tarmo Soomere sai 2013. aasta teadusajakirjanduse sdbra auhinna Okul, mida annab vilja Eesti
Teadusajakirjanike Selts.

Jaan Kalda pilvis Vabariigi Presidendi kultuurirahastu ndukogu otsusel presidendi reaalteaduste
eripreemia.



