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FoRewoRd 
I am happy to bring to you the 2016 Annual Re-
search Report of Tallinn University of Technology. 
It highlights the research activities of faculty, staff, 
students and postdocs associated with TTÜ during 
the Year 2016.

The mission of Tallinn University of Technology is to 
be a promoter of science, technology and innovation, 
and a leading provider of engineering and economic 
education in Estonia.

Our commitment to excellent research as well as to 
practical relevance made us the first choice of most 
Estonian companies and organizations as a research 
partner in engineering, information technology, eco-
nomics as well in natural and life sciences. Our faculty is devoted to bridging the gap between engineering 
and IT as well other disciplines like natural and social sciences, contributing to key international research 
activities and real-world solutions alike. 

The research and innovation carried out by the community of this university is indeed making an impact. It 
is estimated that, in 2016, TTÜ generated a total economic contribution of EUR 390.1 million Gross Value 
Added (GVA) and 10,400 jobs in Estonia and EUR 485.0 million GVA and 12,600 jobs globally. The respective 
contributions for all Estonian Universities was 1.4 billion GVA and 37,000 jobs in Estonia and 1.6 million 
GVA and 43,900 jobs globally. 

In particular, we continue to strive to increase the research impact for Estonian society via collaborative 
research projects that we conduct together with our strategic research partners. This will help us lay a firm 
foundation for high level research services and include quality graduates who will be competitive in the job 
market and successful in self-employment.

An important aspect of the Estonian R&D system is its overwhelming reliance on competitive project-based 
policy measures, both in funding public universities and private companies. This is particularly glaring in 
research where ca 80% of all funding is competitive. However, in 2016 the Government decided to allocate 
additional funding for basic funding of universities from 2017, thereby increasing the level of baseline funding 
vis-à-vis project-based funding. Nevertheless, there is still a need for the university to intensify its efforts to 
increase both the number and quality of applications submitted both to the EU and to private organizations 
and foundations. 

With this annual report we wish to provide the reader with a glimpse of work carried out by research groups 
over the past year. TTÜ would like to make use of this opportunity to express its thanks to the faculty mem-
bers, students, other employees, and collaboration partners, for excellent cooperation.  

In 2017

Renno Veinthal 
Vice-Rector for Research
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school oF enGIneeRInG
dean: professor arvo oorn 
e-mail: arvo.oorn@ttu.ee

vice-dean for research: senior research scientist arGo rosIn 
e-mail: argo.rosin@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 349  
 - Incl. 50 professors, 150 researchers

•	 doctoral students, total 222

•	 scientific publications, total 456

•	 defended doctoral dissertations in 2016, total 29

deparTmenTs

deparTmenT oF cIvIl enGIneerInG and archITecTUre 
director: professor Jarek kUrnITskI, jarek.kurnitski@ttu.ee

deparTmenT oF elecTrIcal poWer enGIneerInG and mechaTronIcs 
director: professor Ivo palU, ivo.palu@ttu.ee

deparTmenT oF enerGy TechnoloGy 
director: professor andres sIIrde, andres.siirde@ttu.ee

deparTmenT oF maTerIals and envIronmenTal TechnoloGy 
director: lead research scientist malle krUnks, malle.krunks@ttu.ee

deparTmenT oF mechanIcal and IndUsTrIal enGIneerInG 
director: associate professor krIsTo karJUsT, kristo.karjust@ttu.ee

TarTU colleGe 
director: professor lemBIT neI, lembit.nei@ttu.ee

vIrUmaa colleGe 
director: vIkTor andreJev, viktor.andrejev@ttu.ee

professors

associated professors

Teaching assistants

lecturers / Instructors

lead research scientists

senior research scientists

research scientists

early stage researcher

50

48

16

84

59

41

46

4
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depaRTmenT oF cIvIl enGIneeRInG and 
aRchITecTuRe
Director: professor Jarek kUrnITskI, jarek.kurnitski@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 87  

 - Incl. 18 professors, 18 researchers

•	 doctoral students, total 47

•	 scientific publications, total 117

•	 defended doctoral dissertations in 2016, total 4

The department conducts research within 7 research groups:

•	 architecture and Urban studies

•	 structural engineering 

•	 Building lifecycle 

•	 nearly Zero energy Buildings nZeB 

•	 structural and Fluids mechanics

•	 road engineering and Geodesy

•	 Water and environmental engineering

research GroUps

archITecTUre and UrBan sTUdIes
Head of the research group: visiting associate professor IGnar FJUk, ignar.fjuk@ttu.ee 

The research group is conducting studies on architecture and urban history and theory. The group is 
focusing on the following periods and topics:

•	 Urbanism of the beginning of the 20th century (international cooperation with a group from 
marburg herder Institute). 

•	 architecture of the 1930s, architecture and power (cooperation with estonian art academy).

•	 stalinist era city planning. architecture and ideology (international cooperation with UedXX re-
search network, cooperation with the estonian academy of arts).

•	 soviet architecture. (a) emerging architectural psychology (participation in Zyrich eTh program 
2014–2016 east-West-central. re-Building europe, 1950–1990); (b) Ideology and memory (par-
ticipation in marburg herder Institute hera project group).

The general aims of the research group are to open uncovered research areas in the history and 
theory of architecture and planning; to bring new archival material into architectural research; to 
upgrade, re-conceptualize and create new positions and methods in researching architecture and 
planning; to create new platforms for evaluation of architectural heritage of different periods of 
modernism. 

The importance of the research for estonian society can be seen in creating a fundamental plat-
form for practical design solutions in contemporary architecture. Theoretical re-conceptualisation 
of the processes of modern and contemporary architecture contributes to the re-evaluation of 
architectural heritage which is important on a local cultural level, for this research is the task 
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of estonian native researchers in the first place, as well as in wider international context (com-
parative methods). Basic theoretical research on modern architecture and planning history forms 
data for architectural heritage and historical milieu surveys/expert assessments for emerging 
architecture, because every new building or planning project has concrete spatial and histori-
cal context that needs to be determined, analysed and evaluated -in the context of every new 
architectural project. 

pUBlIcaTIons
Hallas-Murula, K. (2016). Riik ja arhitektuur. Konstantin Pätsi ehituspoliitika 1934–1940. Kunstiteaduslikke 
Uurimusi / Studies on Art and Architecture, 25 (3/4), 116−140.

Hallas-Murula, K. (2016). Sociological and Environmental-Psychology Research in Estonia during the 1960s 
and 1970s: A Critique of Soviet Mass-Housing. In: Moravansky A., Lange, T., Hopfengärtner, J. Kegler, K. (Eds.) 
(_EditorsAbbr). East West Central: Re-Building Europe, 1950–1990. Vol. 1. Re-Humanizing Architecture. New 
Forms of Community. 1950-1970. (185−196). Zürich, ETH: Birkhäuser – De Gruyter.

sTrUcTUral enGIneerInG 
Head of the research group: associate professor Ivar TalvIk, ivar.talvik@ttu.ee 

The studies are related to the analysis of various building structures.

In 2016 
The effect of zero-strength layers of timber members and protection properties by claddings and 
different insulation materials on structural timber were studied. The research has direct influence on 
the revision process of eurocode 5. Timber structures research topics cover also connections of cross-
laminated timber elements. The impact of various insulation materials on the fire performance of timber 
structures was studied. an extensive testing program with timber frame assemblies has been carried 
out. research on strength properties of glulam timber at elevated temperatures is going on. another 
group worked on resistance of steel columns with different cross sections at elevated temperatures 
and dynamic properties of pre-stressed cable networks.

pUBlIcaTIons
Liblik, J.; Just, A. (2016). Performance of Constructions with Timber and Clay at Elevated Temperatures. En-
ergy Procedia, 96: Sustainable Built Environment Tallinn and Helsinki Conference SBE16 – Build Green and 
Renovate Deep. Ed. J. Kurnitski. Elsevier, 717−728.

Kervalishvili, A.; Talvik, I. (2016). Modified procedure for buckling of steel columns at elevated temperatures. 
Journal of Constructional Steel Research, 127, 108−119.

BUIldInG lIFecycle 
Head of the research group: professor Irene lIll, irene.lill@ttu.ee 

The research of the group reflects the building lifecycle as a whole, integrating the construction process 
and its outcomes with management strategies, technologies and materials used and also with econom-
ics and facilities management. recent research has included:

•	 multi-attribute decision making methods for the assessment of different management 
strategies;

•	 developing and providing BIm-related know-how;

•	 different aspects of construction economics and management in the major fields of civil 
engineering;

•	 surveys on the building life cycle and technical conditions of housing;

•	 disaster resilience of built environment;

•	 utilization of oil shale ash in the production of building materials;

•	 utilization of oil shale mining waste materials in concrete;

•	 energy saving and the renovation of buildings;

https://www.etis.ee/Portal/Publications/Display/b214f63c-8117-4bb5-afd4-ae6d457a3c3f
https://www.etis.ee/Portal/Publications/Display/2181fdbc-6d71-4646-8c01-f18bf61bfcf4
https://www.etis.ee/Portal/Publications/Display/7d885774-ece4-47fe-b551-973c38c46fd0
https://www.etis.ee/Portal/Publications/Display/3f36cfb5-a454-43b8-bfed-6b9a0af320cd
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•	 regulation of construction activities and drawing up normative materials and standards for the 
estonian construction industry.

members of the group are also active research partners in other faculty and industry projects where 
their expertise is needed, for instance in nearly-zero energy solutions and their implementation on the 
renovation of buildings, advising the public and private sector in questions of construction management, 
building maintenance, etc.

The research and Testing laboratory of Building materials has certified testing personnel, stand-
ards, methods and equipment for the evaluation of conformity of various building products: cement, 
mortar, grout and concrete products and also of natural and artefact stones and insulation products. 
researchers of the group are valued experts in the construction industry and conduct research con-
nected with the properties of portland cement concrete and the utilization of oil shale mining waste 
materials in concrete. 

pUBlIcaTIons
Bilau, A. A.; Witt, E. (2016). An analysis of issues for the management of post-disaster housing reconstruction. 
International Journal of Strategic Property Management, 20, 265−276.

Perera, S.; Lill, I. (2016). Investment in disaster resilience in the built environment. International Journal of 
Strategic Property Management, 20 (3), 221−223.

Uibu, Mai; Somelar, Peeter; Raado, Lembi-Merike; Irha, Natalja; Hain, Tiina; Koroljova, Arina; Kuusik, Rein 
(2016). Oil shale ash based backfilling concrete – Strength development, mineral transformations and leach-
ability. Construction and Building Materials, 102 (1), 620−630.

nearly Zero enerGy BUIldInGs nZeB 
Head of the research group: professor Jarek kUrnITskI, jarek.kurnitski@ttu.ee 

nearly Zero energy nZeB research Group, established in 2012 is a multi- and interdisciplinary research 
group representing a strong networking effort within TTÜ among four different disciplines: energy 
performance of Buildings, Building service systems, Building physics and construction economics and 
management. The main research topics have been focused on technical solutions and system integra-
tion for nZeB most urgently needed in estonia. 

some examples of topics: new heating and ventilation solutions suitable for specific operation 
conditions in nZeB, new external wall assembly solutions studied with computational analyses and 
climate chamber tests, office building solar shading and façade analyses with energy simulations 
and measurements at TTÜ technological facility, daylight and energy analyses for industrial hall 
buildings, energy pile analyses for ground source heat pump heating and free cooling, energy 
simulations combined with economic and cost optimality analyses in order to define an extra 
cost of nZeB and to find optimal solutions for office and apartment buildings, scenario analyses 
for energy savings and investment needs within the framework of the estonian energy action 
plan enmak 2030+.

In 2016 
nearly Zero energy nZeB research group has had active international cooperation in: horizon 2020 
projects moreconnect and Qualicheck, Iea-eces annex 31 energy storage with energy efficient Build-
ings and districts, Iea-eBc annex 61 deep renovation, rehva nZeB Task Force, and special cooperation 
with aalto University through a joint professorship.

pUBlIcaTIons
Simson, R., Kurnitski, J., Maivel, M. (2016) Summer thermal comfort: compliance assessment and overheat-
ing prevention in new apartment buildings in Estonia. Journal of Building Performance Simulation, 2016. 
http://dx.doi.org/10.1080/19401493.2016.1248488

Thalfeldt, M.; Kurnitski, J.; Voll, H. (2016). Detailed and simplified window model and opening effects on 
optimal window size and heating need. Energy and Buildings, 127, 242−251.

Pihelo, P.; Kalamees, T. (2016). The effect of thermal transmittance of building envelope and material 
selection of wind barrier on moisture safety of timber frame exterior wall. Journal of Building Engineering, 
6, 29−38.

https://www.etis.ee/Portal/Publications/Display/821f3afc-f872-466d-a3e2-8ffebfb99bd7
https://www.etis.ee/Portal/Publications/Display/4a1bea2d-ef16-4469-9292-c362b4ac64d2
https://www.etis.ee/Portal/Publications/Display/05f35f29-d219-454d-9c68-3be548e5de19
http://www.tandfonline.com/doi/full/10.1080/19401493.2016.1248488
https://www.etis.ee/Portal/Publications/Display/834bc334-c2fc-4359-91ad-362a27d7cfa5
https://www.etis.ee/Portal/Publications/Display/a436caba-14b6-4245-94fc-396edcdde489
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sTrUcTUral and FlUIds mechanIcs
Head of the research group: professor aleksander klaUson, aleksander.klauson@ttu.ee 

The research group is working on three main topics: (1) reduction of risks and energy consumption in 
hydraulic systems; (2) limit state analysis of ship structures; (3) acoustic field information on structural 
integrity.

In 2016
1. The reduction of energy consumption in hydraulic systems was analysed. a novel algorithm was 

developed that ensures variable speed pumps (vsps) working in parallel to run close to the best 
efficiency point (Bep) provided by the pump manufacturer. The complex optimization task to 
maximize the total efficiency of the pump system and thereby minimize energy consumption 
was solved with the customized optimization software using the levenberg-marquardt algorithm 
(lma). The optimization software can also be used to estimate the optimal number of working 
pumps.

Improved 1d models were developed to predict the velocity, length and position of the liquid 
column in the rapid emptying and filling of pipelines. multiphase flow dynamics in a large-scale 
inverted siphon in Tallinn storm water system was investigated using cFd (computational Fluid 
dynamics). experimental and numerical studies of flow dynamics in a pipe with sudden change 
in diameter were conducted. It was shown that the out-of-the-box cFd solutions fail to predict 
the real flow dynamics in case of complex geometry.

2. a model was developed to investigate the inner hull failure in ship-ship collisions. The relevancy 
of the mathematical models in describing the bottom shapes was investigated. a method 
for the assessment of residual strength of a ship hull damaged in grounding or collision 
accidents was developed. The strength assessment is based on a coupled beam method 
that allows time-efficient analysis compared to the finite element approach. new piecewise 
continuous coordinate functions were implemented to cB method in order to describe the 
local structural discontinuities more accurately. Three simplified plated structures were ana-
lysed in order to validate the cB-method with new functions against the three-dimensional 
Fe-method.

a development of the method for the assessment of residual strength of a ship hull damaged in 
grounding or collision accidents was initiated by adding the option to account for the openings in 
ship structures. The strength assessment is based on a coupled beam method that allows time-
efficient analysis compared to the finite element approach. new piecewise continuous coordinate 
functions were implemented to cB method in order to describe the local structural discontinui-
ties more accurately. Three simplified plated structures were analysed in order to validate the 
cB-method with new functions against the three-dimensional Fe-method. This validation was 
presented in prads 2016 conference.

3. The marine strategy Framework directive (msFd) requires that european member states develop 
strategies for achieving or maintaining Good environmental status (Ges) in the european seas. 
For the indicator concerning the ambient underwater noise, a combined use of measurements 
and modelling is considered a very effective way to ascertain the levels and trends of underwater 
noise in the relevant frequency bands. ordinarily an individual ship is modelled as a monopole or 
dipole sound source with the constant angular distribution. close studies of the spatial distribu-
tion of sound radiation from individual ships would further improve the modelling. It was shown 
that it is possible to calculate the source level based on ship noise recordings in shallow water, 
if modelling is accurate and aIs data is available.

pUBlIcaTIons
Koor, M; Vassiljev, A.; Koppel, T. (2016). Optimization of pump efficiencies with different pumps characteristics 
working in parallel mode. Advances in Engineering Software, 101, 69−76.

Sormunen, O.-V.E.; Kõrgesaar, M.; Tabri, K.; Heinvee, M.; Urbel, A.; Kujala, P. (2016). Comparing rock shape 
models in grounding damage modelling. Marine Structures, 50, 205−223.

Sigray, P.; Andersson, M.; Pajala, J.; Laanearu, J.; Klauson, A.; Tegowski, J.; Boethling, M.; Fischer, J.;  
Tougaard, J.; Wahlberg, M.; Nikolopoulos, A.; Folegot, T.; Matuschek, R.; Verfuss, U. (2016). BIAS: A Regional 
Management of Underwater Sound in the Baltic Sea. In: A. N. Popper, A. Hawkins (Ed.). The Effects of Noise 
on Aquatic Life II (1015−1023). Springer. (Advances in Experimental Medicine and Biology; 875).

https://www.etis.ee/Portal/Publications/Display/999ab0f9-c1fb-4153-b3ce-1e2da3d28f8f
https://www.etis.ee/Portal/Publications/Display/4e25818c-e38b-4074-9f7f-a1e0f3753ff5
https://www.etis.ee/Portal/Publications/Display/85ac86e2-26cd-4c4c-be52-29240937f2bd
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road enGIneerInG and Geodesy 
Head of the research group: professor arTU ellmann, artu.ellmann@ttu.ee 

maIn TopIcs oF research In 2016:
•	 monitoring of deformation, wearing and other exploitational properties of pavement and manhole 

structures of Tallinn city streets constructed in 2014–2016 using laser scanning technology for the 
evaluation of pavement structures properties based on the actual traffic load, geological and hydrologi-
cal conditions of Tallinn; development of a specification of requirements for road construction materials.

•	 development of the methodology of pavement design: input for the development of the estonian 
pavement design manual 2001-52 (incl. kap software); scientific analysis of pavement design 
methodology of nearby neighbours (lithuania, latvia, sweden, Germany, Ireland) and parallel 
calculations (incl. economical) with the estonian methodology; suggestions to what extent it is 
reasonable to develop further estonian methodology or which methodology of the neighbouring 
country can be overtaken in the future (justified technically and economically).

•	 analysis of transport growth and its impact, traffic safety (road safety auditing and inspection, 
road network impact analysis, safety analysis, etc.).

•	 Geodetic monitoring and scientific analysis of the võõbu road construction test sites. The main 
scope of the research is to identify suitable road construction technology devoted for crossing 
vast swamp areas.

•	 Tests and scientific analysis of the load of särevere old bridge, and scientific study of waterproof-
ing concrete and hydrophobic protection of concrete surface , the analysis stage

•	 analysis of typical reinforced concrete bridges of the soviet time to increase their load capability 
in order to bring into compliance with european requirements, including strengthening of bridges.

•	 Quality analysis of the new geoid model (nkG2015) for the Baltic sea region, which was elabo-
rated in co-operation -between nordic and Baltic countries, whereas TTÜ’s geodesy chair acted 
as a nkG computing centre.

•	 continued participation in an estonian research Infrastructures roadmap project estonian envi-
ronmental observatory, which is a network of experimental sampling stations for environmental 
research – a system of uniform geographically and climatically integrated field laboratories and 
automatic stations that is supported by a geomatics and geoinformatics science laboratory. 

•	 development of geodetic infrastructure (e.g. establishment/validation of gravity databases, geoid 
modelling computations; mean sea surface modelling; studies of shipborne Gnss to evaluate 
geoid models at sea) for finalizing hydrographic surveys in the Baltic sea

•	 development of technological solutions for combining different spatial data acquisition sensors 
in a mobile platform and corresponding data processing

•	 laser scanning research with relevance to concrete road construction experiments, with relevance 
to optimization of as-built survey results to be entered into InfraBIm

The maIn resUlTs In 2016
•	 development of the methodology of pavement design.

•	 analysis of geodetic monitoring results at the võõbu road construction test sites, validation of 
various road construction technologies.

•	 suitability of a new Baltic sea region geoid model (nkG2015) analysed for the usage in engi-
neering applications.

•	 new spatial data acquisition methods elaborated and tested.

pUBlIcaTIons
Julge, K.; Ellmann, A.; Vajakas, T.; Kolka, R. (2016). Initial tests and accuracy assessment of a compact mobile 
laser scanning system. In: The International Archives of the Photogrammetry, Remote Sensing and Spatial 
Information Sciences (633−638). XXIII ISPRS Congress, 12–19 July 2016, Prague, Czech Republic: Copernicus 
publications. (ISPRS Commission I, ICWG I/Va ).

Ellmann, A.; Oja, T.; All, T.; Jürgenson, H.; Kall, T.; Liibusk, A. (2016). Raskuskiirenduse anomaalvälja ja geoidi 
mudelpinna täpsustamine Eestis. Post, P.; Järvet, A.; Tammiksaar, E. (Toim.). Publicationes Geophysicales 
Universitatis Tartuensis (152−164). Tartu: Tartu Ülikooli Kirjastus.

https://www.etis.ee/Portal/Publications/Display/a7c81f91-d3c3-4516-bd33-91ab5c132d03
https://www.etis.ee/Portal/Publications/Display/4546dbd8-1782-4182-a8fd-478899dfbf76
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WaTer and envIronmenTal enGIneerInG
Head of the research group: professor karIn pachel, karin.pachel@ttu.ee 

This is an interdisciplinary research group, where engineers, hydrologists, water chemists and other 
specialists from both water and environmental engineering participate. scientific research is developed 
in the following directions:

•	 sustainable management of water resources and water quality. hydrological studies of rivers 
from engineering viewpoint. climate change and its impact on quantity and quality of water. 
Floods and draughts.

•	 studies on pressures having impact on water quality. regularities in water quality formation in 
both natural conditions as well as under various anthropogenic impacts.

•	 studies in the field of riverine pollution loads. Water protection measures. Innovative methods 
of water monitoring (automatic systems for water monitoring). studies on diffuse pollution and 
mitigation of the latter.

•	 Urban water supply (domestic water) and sewage systems (sewerage, wastewater, stormwater), 
including pipelines outside buildings, internal pipelines in buildings, treatment facilities, engineer-
ing solutions and technologies, studies for improving design and construction. pharmaceutical 
residues and heavy metals in municipal wastewater and sludge, as well as elaboration of relevant 
treatment technologies.

•	 Waste management. Waste utilisation. Treatment technologies for landfill leachate water, engi-
neering solutions. Investigation of possibilities of production of biogas from biodegradable waste 
and by-products of processing manufacture.

For scientific and experimental research the group uses its own internationally accredited water quality 
laboratory (http://www.eak.ee/dokumendid/pdf/kasitlusala/l057.pdf). 

pUBlIcaTIons
Rebane, K.; Reihan, A. (2016). Promoting building materials that have lower embodied carbon and energy 
in public procurements: experience from Estonia. Management of Environmental Quality: An International 
Journal, 27 (6), 722−739.

Kuusik, A.; Pachel, K.; Kuusik, A.; loigu, E. (2016). Assessment of landfill wastewater pollutants and efficiency 
of different treatment methods. Proceedings of the Estonian Academy of Sciences, 65 (4), 452−471.

Maharjan, B.; Pachel, K.; Loigu, E. (2016). Towards effective monitoring of urban storm water for better design 
and management. Estonian Journal of Earth Sciences, 65 (3), 176−199.

https://www.etis.ee/Portal/Publications/Display/3d0a27ab-6685-4ea3-8e5f-4214186ec09d
https://www.etis.ee/Portal/Publications/Display/8232172e-af13-4ad3-8692-a988e9725e7f
https://www.etis.ee/Portal/Publications/Display/11ea61c0-c6a2-4c09-aa73-5e2223a381a0


sc
h

o
o

l 
o

F 
en

G
In

ee
r

In
G

16

depaRTmenT oF elecTRIcal poweR 
enGIneeRInG and mechaTRonIcs
Director: professor Ivo palU, ivo.palu@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 56 

 - Incl. 10 professors, 36 researchers

•	 doctoral students, total 62

•	 scientific publications in 2016, total 108

•	 defended doctoral dissertations in 2016, total 8

The department conducts research within 8 research groups:

•	 mechatronics and autonomous systems centre

•	 microgrids and metrology

•	 electrical machines 

•	 power electronics

•	 high-voltage 

•	 power systems

•	 energy economics 

•	 Fundamentals of electrical engineering 

mechaTronIcs and aUTonomoUs sysTems cenTre
Head of the research group: professor marT Tamre, mart.tamre@ttu.ee

The research is focused on control of smart machines, smart sensing systems and robotic systems for 
production and service automation. activity is concentrated on proactive industrial hardware systems 
and on smart control capable of working in networked systems. 

The new technology focus is the improvement of autonomous driving and especially complicated maneuver-
ing capabilities of future cars and optimization of hybrid drive assemblies and their components to reduce 
energy consumption. The other focus in this direction is optimization of energy consumption for advanced 
hybrid drives using optimized control algorithms. The technology is combined with multimodal interfaces 
to provide multiple sensory channels and enhance the controller and operator performance symbiosis.

In 2016
proactive system behavior has been investigated on the example of several different sensing principles 
focusing on the machine vision and aI applications for the new smart vision applications for industrial 
control and healthcare. 3d visualization, visual perception and virtual reality approaches for smart ma-
chines and technology applications have been investigated. one focus has been methodologies for waste 
materials detection and respective applications to develop high efficiency new waste sorting technolo-
gies for paper, plastic and construction waste materials. different electromagnetic and light spectra 
have been used, incl. Ir and Uv, and new hyperspectral technologies were implemented for materials 
detection. In parallel, reconfigurable robot control and smart algorithms have been investigated and 
new solutions were proposed both for industrial applications (especially human-machine high effective 
interaction and control) and for unmanned autonomous control of vehicular systems for open air terrain 
and indoor industrial applications.
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another focus was on the research of multibody system dynamics, behavior diagnostics and monitoring 
targeted on modelling and optimization of dynamic systems, the dynamic performance characteristics 
of both machines (vehicles and technology machines) and human body using model based approach.

The new modelling and control strategy for hev (hybrid electric vehicle) using mpc (model predictive 
control) has been developed. 

selecTed pUBlIcaTIons
Trieu Minh Vu; Oamen Godwin; Kristina Vassiljeva; Leo Teder; (2016). Development of Anti-lock Braking 
System (ABS) for Vehicles Braking. Central European Journal of Engineering, 6 (1), 554−559.

Trieu Minh Vu; Tamre, M.; Reza, M.; Mets, O.; Jurise, M.; Polder, A.; Teder. L.; Juurma, M. (2016). PERFORM-
ANCES OF PID AND DIFFERENT FUZZY METHODS FOR CONTROLLING A BALL ON BEAM. Central European 
Journal of Engineering, 6 (1), 145−151.

Trieu Minh Vu (2016). Nonlinear Model Predictive Controller and Feasible Path Planning for Autonomous 
Robots. Central European Journal of Computer Science, 6 (1), 178−186.

mIcroGrIds and meTroloGy
Head of the research group: senior research scientist arGo rosIn, argo.rosin@ttu.ee

studies of the research group are focused on (1) electricity supply of enterprises, buildings and home 
users, incl. electricity efficiency, power quality, reliability; (2) demand side management and energy flow 
research in networks with alternative energy sources and energy storages; (3) research of electrical 
lighting and (4) metrology and measurement science.

In 2016
•	 demand side management possibilities and viability for voltage support services in estonia were 

studied.

•	 design of new control methods was carried out in the framework of the research grant „new 
converter Topologies and control methods for electronic power distribution networks“.

•	 Innovative technological solutions were studied for solving the voltage problems in low voltage 
grid; the situation with lv fiders tripping in distribution grid was analysed and new measures for 
improving safety level were developed.

•	 The power flows in zero energy and resource efficient smart buildings and districts were analysed.

•	 The measurement methods with 3d coordinate measuring machine were studied; improvement 
of characterization set-up for detector performance.

•	 electro-optical parameters of silicon were investigated and the quantum gain for high-accuracy 
measurements of visible light was simulated.

selecTed pUBlIcaTIons
Drovtar, I.; Rosin, A.; Kilter, J. (2016). Demand Side Management in Small Power Systems – The Estonian 
Case Study. Elektronika ir Elektrotechnika, 22 (3), 13−19.

Pokatilov, A.; Kübarsepp, T.; Vabson, V. (2016). Effect of Keysight 3458A Jitter on Precision of Phase Difference 
Measurement. IEEE Transactions on Instrumentation and Measurement, 65 (11), 2595−2600.

Rahmoun, A.; Armstorfer, A.; Helguero, J.; Biechl, H., Rosin, A. (2016). Mathematical modelling and dynamic 
behavior of a Lithium-Ion battery system for microgrid application. Proceedings of the IEEE International 
Energy Conference (EnergyCon): 2016 IEEE International Energy Conference (ENERGYCON), Leuven, Belgium, 
4–8 April 2016. Leuven, Belgium: IEEE, 1−6.

elecTrIcal machInes 
Head of the research group: senior research scientist anTs kallasTe, ants.kallaste@ttu.ee

The research group is mainly involved in analysis, design, testing, and development of electrical machines, 
including wind generators. In addition, the research group deals with electrical machine diagnostics, 

https://www.etis.ee/Portal/Publications/Display/24dd9c97-6a83-48b1-9894-aa6a0b8db102
https://www.etis.ee/Portal/Publications/Display/d2db1d59-e463-4979-a3d6-0d213ecb9ff3
https://www.etis.ee/Portal/Publications/Display/111ecc4c-1e5a-47ca-a5cc-f77540fe0bfa
https://www.etis.ee/Portal/Publications/Display/4015cc58-3463-4ef4-9b1a-bd9f9800dd43
https://www.etis.ee/Portal/Publications/Display/d4b7ddb8-c61e-4c30-942b-0d1adb815c4e
https://www.etis.ee/Portal/Publications/Display/e39952f1-8f41-4152-bc4c-63345356de71
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developing of permanent magnet materials for the use in electrical machines, novel methodologies for 
design and optimization of electrical machines and drives.

The group is actively involved in wind generator research, including developing, testing and designing of 
the generators, which supports the development and wider use of environmentally friendly energy sources.

maIn research resUlTs In 2016:
an international patent was issued on 15th July 2016 for the invention “Permanent Magnet Assisted 
Synchronous Reluctance Motor” (owner: Tallinn University of Technology. authors related to the research 
group: anouar Belahcen, ants kallaste, and Toomas vaimann. priority number: p201400013).

a possibility of using mobile phones for preliminary condition monitoring of electrical machines was 
proven.

selecTed pUBlIcaTIons
Lindh, P.M.; Petrov, I.; Semken, R.S.; Niemelä, M.; Pyrhönen, J.J.; Aarniovuori, L.; Vaimann, T.; Kallaste, A. (2016). 
Direct Liquid Cooling in Low-Power Electrical Machines: Proof-of-Concept. IEEE Transactions on Energy 
Conversion, 31 (4), 1257−1266.

Vaimann, T.; Rassõlkin, A.; Kallaste, A.; Märss, M. (2016). Feasibility study of a local power supply system for 
sparsely populated areas in Estonia. Agronomy Research, 14 (5), 1720−1729.

Orlova, S.; Rassõlkin, A.; Kallaste, A.; Vaimann, T.; Belahcen, A. (2016). Lifecycle analysis of different motors 
from the standpoint of environmental impact. Latvian Journal of Physics and Technical Sciences, 53 (6), 37−46.

poWer elecTronIcs 
Head of the research group: lead research scientist dmITrI vInnIkov, dmitri.vinnikov@ttu.ee

research in the group is focused on the development and experimental validation of new state of the 
art power electronic converters for such demanding applications as renewable energy systems, rolling 
stock, automotive and telecom. The key research directions include synthesis of new converter topolo-
gies, development of special control and protection algorithms, implementation of new components 
and elaboration of design guidelines to further improve the efficiency, power density, reliability and 
flexibility of the on-market power electronic converters. other research activities are concentrated on 
the development of power flow control algorithms and new supervision, fault detection, protection and 
communication methods for the electronic power distribution grids (micro- and smartGrids).

The power electronics Group of TTÜ is one of the pioneers of the latest advances in the topic of 
impedance-source converters (Isc), especially, in the field of impedance-source (Is) galvanically isolated 
dc-dc converters for renewable energy applications. 

In 2016 
The research group has proposed and experimentally validated many novel Is dc-dc converter topologies 
such as a single-switch Is galvanically isolated step-up dc-dc converter, a multi-mode quasi-Z-source 
series resonant dc-dc converter, a high-performance quasi-Z-source dc-dc converter with reconfig-
urable buck-boost switching stage and topology-morphing control, etc. The group members have also 
significantly contributed to the development of the multilevel Is inverters. The novel topology of the 
three-level neutral point clamped quasi-Z-source inverter (3l-npc-qZsI) with advanced boost modula-
tion technique was proposed and experimentally validated. This topology was experimentally proven in 
photovoltaic applications, where it demonstrated excellent input voltage and load regulation capability, 
continuous input current and enhanced output voltage quality. The multilevel Is inverters family was 
further extended by two novel topologies proposed by the group members: a multilevel quasi-Z-source 
inverter with reduced switch count and a multilevel T-source inverter. 

The power electronics Group is also actively involved in the r&d activities of the european spallation 
source (ess), which is a joint project involving 17 european countries, aimed to build and operate a 
next-generation research infrastructure for using neutrons to conduct research on materials. The ess 
will be the world’s most powerful neutron radiation source, more than 100 times greater than other 
similar sources.

outstanding results were obtained in cooperation with estonian companies 4energia, Ubik solutions and 
my!Wind that have implemented the obtained scientific and practical results in their innovative products. 

https://www.etis.ee/Portal/Publications/Display/2b9a2255-0b4c-4852-994e-740abb76803a
https://www.etis.ee/Portal/Publications/Display/cf4fc7d0-1a49-496e-ad96-55f97e560396
https://www.etis.ee/Portal/Publications/Display/e2ec84a0-3147-413e-bc24-b51ad0ca724f
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For example, in cooperation with Ubik solutions the group members have developed and brought to 
market the revolutionary power conversion technology for residential and small-to-medium commercial 
photovoltaic installations, called opTIverTer®. opTIverTer® is a hybrid technology that for the first 
time merges the key features of recently popular pv power optimizers and pv microinverters such as 
shade-tolerant maximum power point tracking (mppT), galvanic isolation, direct ac grid connectivity, 
monitoring of energy production and state of health of a pv module, safety cut-off as well as low cost 
of installation and flexible scaling up of a pv power system.

selecTed pUBlIcaTIons
Chub, A.; Vinnikov, D.; Blaabjerg, F.; Peng, F. (2016). A Review of Galvanically Isolated Impedance-Source 
DC–DC Converters. IEEE Transactions on Power Electronics, 31 (4), 2808−2828.

Husev, O.; Strzelecki, R.; Blaabjerg, F.; Chopyk, V.; Vinnikov, D. (2016). Novel Family of Single-Phase Modified 
Impedance-Source Buck-Boost Multilevel Inverters With Reduced Switch Count. IEEE Transactions on Power 
Electronics, 31 (11), 7580−7591.

Husev, O.; Blaabjerg, F.; Roncero-Clemente, C.; Romero-Cadaval, E.; Vinnikov, D.; Siwakoti, Y.P.; Strzelecki, R. 
(2016). Comparison of Impedance-Source Networks for Two and Multilevel Buck–Boost Inverter Applications. 
IEEE Transactions on Power Electronics, 31 (11), 7564−7579.

hIGh-volTaGe 
Head of the research group: senior research scientist paUl TaklaJa, paul.taklaja@ttu.ee

The research is focused on the studies of the high voltage insulation and applications associated with high 
voltages and strong electrical fields. most of the research is related to the insulators and insulation used 
in power lines, both overhead and cable lines are studied. another scope of research is the effects on high 
voltage equipment (transformers, cable power lines etc.) caused by high loading, nonlinear loads and power 
quality. Influence of power quality and dynamic power loading on the equipment, increased thermal and 
mechanical stress and aging are investigated. The research aims to provide indexes of reliability, consid-
ering different stresses to the power transmission networks during their lifetime, taking into account air 
pollution, weather, wildlife but also influences of characteristics of the future electric loads, materials etc. 

In 2016
•	 The patterns of renewable energy generation, specifically photovoltaic and wind, were studied. 

The thermal performance of different types of power cable joints was studied and differences 
in temperature of power cable layers were determined. 

•	 different types of covered medium voltage overhead line conductors were studied. The conduc-
tors were ranked by their performance in the following categories: insulation puncture durability, 
frictional durability of insulating layer and insulating layer slippage.

•	 The levels of partial discharges were measured in various medium voltage power cables of the 
distribution grid. The results showed that pd activity is present in some cables. 

•	 The physical properties of soviet era conductors were studied. values of several key mechanical, 
thermal and electrical parameters were determined. a methodology for determining the values 
of conductor absorptivity and emissivity was created.  

•	 preparations for grid code for 20kv overhead lines were made. an overview of related standards 
was prepared with an aim to investigate the requirements for exceptions and numerical limita-
tions and norms. The proposal for estonian standard was drafted. 

•	 analysis of the relationship between the defects and failures in distribution grid was carried out. 
defects were sorted and it was indicated how and over what time certain defects turn into fault.

selecTed pUBlIcaTIons
Mishra, S.; Koduvere, H.; Palu, I.; Kuhi-Thalfeldt, R.; Rosin, A. (2016). Assessing demand side flexibility with 
renewable energy resources. In: 2016 IEEE 16th International Conference on Environment and Electrical 
Engineering (EEEIC), Florence, Italy, 7–10 June 2016 (1−6). Florence, Italy: IEEE.

Mishra, S.; Koduvere, H.; Palu, I.; Kuhi-Thalfeldt, R. (2016). Modelling of Solar-Wind hybrid renewable energy 
system architectures. In: IEEE International Energy Conference (ENERGYCON), 4–8 April 2016, Leuven, 
Belgium (1−6). IEEE.

https://www.etis.ee/Portal/Publications/Display/f3388838-121a-46a4-96d0-1642344d0ff0
https://www.etis.ee/Portal/Publications/Display/5333983f-3b2e-44e2-b801-82e432ae5e9c
https://www.etis.ee/Portal/Publications/Display/1f836b5e-0734-42ab-8ee6-293533b5c6fd
https://www.etis.ee/Portal/Publications/Display/2af69e6f-a81a-4dda-a81f-bf7f9669bf39
https://www.etis.ee/Portal/Publications/Display/e4a117ae-836b-49d7-9d9a-db6a98104337
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Kiitam, I.; Taklaja, P.; Hyvönen, P.; Klüss, J. (2016). Test Setup for Measuring Medium Voltage Power Cable and 
Joint Temperature in High Current Tests Using Thermocouples. Proceedings of the 34th Electrical Insulation 
Conference: Electrical Insulation Conference, Montreal, Canada, 19–22 June 2016. IEEE, 480−483.

poWer sysTems 
Head of the research group: associate professor Jako kIlTer, jako.kilter@ttu.ee

research activities in the group are focused on the development of control and protection algorithms 
and applications, and performing system analysis considering the challenges in modern and future power 
systems. The key research areas are focused on real-time control and analysis of power systems based on 
wide-area information with respect to hvdc and FacTs control, wind power connections, power quality and 
load modelling. The emphasis is on modern power systems where the level of generation through converters 
is increasing and consequently the level of system inertia is decreasing. This brings new challenges to the 
system control, relay protection, and system stability assessment. other research activities are concentrated 
on the development and assessment of power quality mitigation methods in transmission and distribution 
systems considering the availability of modern compensation devices and wide-area information.

In 2016
The following studies were carried out:

•	 analysis of the influence of rail Baltic high speed train connection to estonian power system 
operation was analysed and development of technical scope for connection of this type of cus-
tomer to power system.

•	 development of mathematical models for high voltage cable networks and composing assess-
ment methodology for considering cables for network studies in load flow and dynamic studies. 

•	 development of new methods and applications for the use of wide-area measurements for power 
system analysis and control.

•	 development of novel methods for power quality monitoring and assessment in transmission 
networks.

•	 development of enTso-e and estonian Grid code requirements and performing corresponding 
studies.

•	 development of transmission network bus load aggregation principles and composing corre-
sponding load models for steady state and dynamic calculations and assessment of the estonian 
power system.

The research group also participates in the horizon 2020 project mIGraTe where its main research 
activities are related to power quality and wide area applications. In addition, research group is active 
in different enTso-e and cIGre working groups, where main emphasis is on grid code development, 
hvdc and system performance aspects.

selecTed pUBlIcaTIons
Kilter, J.; Vujatovic, D.; Elphick, S.; Renner, H.; van Erp, F.; van Coller, J. (2016). Benchmarking of Power Quality 
Performance in Transmission Systems – CIGRE WG C4.27 Perspective. Proceedings of ICHQP2016: Interna-
tional Conference on Harmonics and Quality of Power (ICHQP2016), Belo Horizonte, Brazil, 16–19.10.2016. 
IEEE, 1−6. DOI: 10.1109/ICHQP.2016.7783342

Dufek, J.; Tuttelberg, K. (2016). Monte Carlo criticality calculations accelerated by a growing neutron popula-
tion. Annals of Nuclear Energy, 94, 16−21.

Stiegler, R.; Meyer, J.; Kilter, J.; Konzelmann, S. (2016). Assessment of Voltage Instrument Transformers Accuracy 
for Harmonic Measurements in Transmission Systems. Proceedings of ICHQP 2016: International Confer-
ence on Harmonics and Quality of Power (ICHQP2016), Belo Horizonte, Brazil, 16–19.10.2016. IEEE, 1−6.

enerGy economIcs 
Head of the research group: professor JUhan valTIn, juhan.valtin@ttu.ee

The main tasks of the research group are power plant and power system optimization, modelling of the 
electricity market, economic and technical analysis of energy systems, assessment of energy sector de-
velopment scenarios, analysis of activities needed for their realization, compilation of energy policy. The 

https://www.etis.ee/Portal/Publications/Display/cd967194-a227-407b-825b-87955c6a149b
https://www.etis.ee/Portal/Publications/Display/dcad9816-08fe-416b-b908-c52cf6e73cde
https://www.etis.ee/Portal/Publications/Display/eae5c2a9-d950-44fd-85a7-cbf6b7d02ed8
https://www.etis.ee/Portal/Publications/Display/ef9dec8c-475f-4127-b4f9-4b5356922f34
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research in the group is carried out by using various modelling software, such as the electricity market 
model Balmorel, the energy system model leap, enerypro supported by self-developed programmes for 
power plant optimization. The members of the research group have ample experience in both modelling 
and model development. They have also been actively involved in the development of estonian long 
term energy strategy and have carried out different contracts to several industrial partners in estonia.

In 2016
research cooperation conducted with kaunas University of Technology and lithuanian Tso litgrid. a 
specialized dataset was constructed in Balmorel in order to evaluate the profitability of a second power 
connection between lithuania and poland. The project was successfully finished in 2016.

strong cooperation in the field of energy systems and electricity market modelling was initiated with 
Technical University of denmark (dTU).

selecTed pUBlIcaTIons
Kisel, E.; Ots, M.; Hamburg, A.; Leppiman, A.; Härm, M. (2016). Concept for Energy Security Matrix. Energy 
Policy, 95, 1−9.

Mere, T.; Hamburg, A.; Hobejogi, T.; Laidre, M.; Valtin, J. (2016). Financial evaluation of using off-grid as an 
alternative to the traditional power line construction. Przeglad Elektrotechniczny (Electrical Review), 92  
( 08), 206−210.

Mishra, S.; Koduvere, H.; Palu, I.; Kuhi-Thalfeldt, R. (2016). Modelling of Solar-Wind hybrid renewable energy 
system architectures. In: IEEE International Energy Conference (ENERGYCON), 4–8 April 2016, Leuven, 
Belgium (1−6). IEEE.

FUndamenTals oF elecTrIcal enGIneerInG 
Head of the research group: professor laUrI kÜTT, lauri.kutt@ttu.ee

The main activities of the research group are the studies of electric power supply quality, electromagnetic 
compatibility (emc) and thermoelectric applications. 

The research group operates the emc laboratory, which is a unique laboratory in estonia, providing the 
opportunity to carry out eU directive compatibility testing.

In 2016 
•	 In the field of electric power quality, scientific activity was carried out in the topics of voltage 

quality, voltage dips and voltage waveform distortions of distribution networks. 

•	 In the field of electromagnetic compatibility, scientific activities were connected with investiga-
tions on the voltage distortions in distribution networks caused by nonlinear loads. 

•	 In the field of thermoelectric applications, the focus was on the development of solar concentrated 
systems for energy harvesting.

With technical co-sponsorship of Ieee the international conference “2016 electric power Quality and 
supply reliability” was held successfully. The conference brought together specialists and scientists 
from 20 different countries.

selecTed pUBlIcaTIons
Collin, A.J.; Xu, X.; Djokic, S.Z.; Möller, F.; Meyer, J.; Kütt, L.; Lehtonen, M. (2016). Survey of harmonic emission 
of electrical vehicle chargers in the European market. SPEEDAM 2016 – Proceedings INTERNATIONAL 
SYMPOSIUM ON POWER ELECTRONICS, ELECTRICAL DRIVES, AUTOMATION AND MOTION CAPRI (Italy), 
22nd – 24th June, 2016 : 2016 International Symposium on Power Electronics, Electrical Drives, Automation 
and Motion (SPEEDAM), June 22–24, 2016 – Anacapri. IEEE Conference Publications, 1208−1213.

Lebedev, D.; Rosin, A.; Kütt, L. (2016). Simulation of real time electricity price based Energy Management 
System. IECON 2016 – 42nd Annual Conference of the IEEE Industrial Electronics Society: IECON 2016 – 
42nd Annual Conference of the IEEE Industrial Electronics Society, Florence, Italy, 2016. IEEE, 2106−2110.

Hürmeydan, S.; Rosin, A.; Vinnal, T. (2016). Effects of PV microgeneration on rural LV network voltage quality 
- harmonics and unbalance. Proceedings of Electric Power Quality and Supply Reliability (PQ), 2016 : Electric 
Power Quality and Supply Reliability (PQ2016), Tallinn, 29–31 august, 2016 . Tallinn: IEEE Power and Energy 
Society (www.ieee-pes.org), 97−100.

https://www.etis.ee/Portal/Publications/Display/1073ac27-90fc-426c-a514-bd62dc7cf50a
https://www.etis.ee/Portal/Publications/Display/83d75dda-a622-433e-a058-8c945f717705
https://www.etis.ee/Portal/Publications/Display/e4a117ae-836b-49d7-9d9a-db6a98104337
https://www.etis.ee/Portal/Publications/Display/dfd77d93-4339-41f7-ac05-e990469ca6ab
https://www.etis.ee/Portal/Publications/Display/22076ffa-42a5-4257-99d8-5f975e96f0c5
https://www.etis.ee/Portal/Publications/Display/d76b366a-2e1e-4403-8c58-73b79a1eb8c9
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depaRTmenT oF eneRGy TechnoloGy
Director: professor andres sIIrde, andres.siirde@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 24

 - Incl. 3 professors, 13 researchers

•	 doctoral students, total 13

•	 scientific publications, total 22

The department conducts research within 4 research groups:

•	 combustion processes

•	 smart district heating systems and Integrated assessment analysis of Greenhouse Gases 
emissions

•	 Fuel and air analysis (stationary sources of air emissions) and Thermal Testing

•	 chemical engineering

comBUsTIon processes
Head of the research group: lead research scientist TõnU pIhU, tonu.pihu@ttu.ee

The research is focused on investigation of new opportunities for efficient and environmentally 
friendly utilisation of oil shale and other local fuels. The topics involve the following basic and ap-
plied research: (1) environmentally and economically competitive new technologies of low grade 
fuel based energy production – clean estonian oil shale; (2) safety, reliability and environmental 
problems of local fuels fired power units; (3) combined utilization (gasification) of oil shale and 
biomass for energy production.

In 2016
The research group has been engaged in the following research topics: 

•	 Investigation of the oil shale combustion processes in oxygen rich environment. 
several laboratory combustion tests were carried out.

•	 Investigation of new opportunities for oil shale and other local fuels efficient and environment 
friendly utilization.

To ensure estonian electricity and oil production reliability and reduction of environmental footprint, the 
relevant co-combustion tests (oil shale and biomass, oil shale and coal) were performed at large power 
production units. The organic and inorganic carbon content and fine ash particles content in the fly ash 
were analyzed. The positive impact on emissions was proven.

selecTed pUBlIcaTIons:
Maaten, B.; Loo, L.; Konist, A.; Nešumajev, D.; Pihu, T.; Külaots, I. (2016). Decomposition kinetics of American, 
Chinese and Estonian oil shales kerogen. Oil Shale, 33 (2), 167−183.

Konist, A.; Maaten, B.; Loo, L.; Nešumajev, D.; Pihu, T. (2016). Mineral sequestration of CO2 by carbonation 
of Ca-rich oil shale ash in natural conditions. Oil Shale, 33 (3), 248−259.

Tugov, A. N.; Ots, A.; Siirde, A.; Sidorkin, V. T.; Ryabov, G. A. (2016). Development of measures to improve 
technologies of energy recovery from gaseous wastes of oil shale processing. Thermal Engineering, 63 
(6), 430−438.

https://www.etis.ee/Portal/Publications/Display/d8600c35-25a7-462a-8dad-3d219ad7a169
https://www.etis.ee/Portal/Publications/Display/60e7744e-46cd-4191-8dce-50d5fdaee8c9
https://www.etis.ee/Portal/Publications/Display/dde531aa-eb2b-4e90-83f1-5213ead6b758
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SmaRt DIStRICt HEatING SyStEmS aND INtEGRatED 
aSSESSmENt aNaLySIS OF GREENHOuSE GaSES EmISSIONS
Head of the research group: Professor aNDRES SIIRDE, andres.siirde@ttu.ee

the studies of the research group were focused on two main directions: (1) developing new technical 
solutions for the transition of district heating (DH) systems towards an intelligent, highly efficient and 
regenerative energy supply concept; (2) integrated assessment analysis of greenhouse gases emissions. 
modern DH reduces energy consumptions and CO2 emissions. transition measures and technical solutions 
for DH systems are researched for enhancing its energy efficiency. therefore, processes characterising 
DH systems were analysed and optimised, taking into account relevant operational boundary condi-
tions and legal frameworks. By optimising the heat generation, distribution and consumption within DH 
systems the primary energy use has been improved. 

IN 2016
the research group has analysed district heating and environmental impacts related topics. Research 
results have appeared in the following publications. 

SELECtED PuBLICatIONS:
Latõšov, E.; Kurnitski, J.; Thalfeldt, M.; Volkova, A. (2016). Primary Energy Factors for Different District Heating 
Networks: An Estonian Example. Energy Procedia, 96, 674−684.

Mašatin, V.; Latõšov, E.; Volkova, A. (2016). Evaluation factor for district heating network heat loss with 
respect to network geometry. Energy Procedia, 95: International Conference of Environmental and Climate 
Technologies – CONECT 2015. Elsevier, 279−285.

FuEL aND aIR aNaLySIS (StatIONaRy SOuRCES  
OF aIR EmISSIONS) aND tHERmaL tEStING
Head of the research group: associate Professor aLaR KONISt, alar.konist@ttu.ee

the accredited laboratory group provides accredited sample analyses for various customers. In addition 
the group is engaged in a more precise characterization of fly ash, in order to enable more effective use 
of ash that is formed under oxyfuel combustion conditions. the “organic and inorganic” (carbon) portion 
of ash is a key to success in many new utilization schemes.

IN 2016
a broad-based scientific investigation of sorptive properties and behavior of the inorganic and organic 
material in ash samples was carried out in order to help identify new commercial opportunities. modern 
infrastructure has been applied: 60 kW CFB test facility, tGa/DSC-mS, La-ICP-mS, WD-XRF, Gas adsorp-
tion analyser (chemi- and physisorption with micro- and mesopore), Elemental analyzer (CHNS and O), etc.

SELECtED PuBLICatIONS:
Konist, A.; Maaten, B.; Loo, L.; Nešumajev, D.; Pihu, T. (2016). Mineral sequestration of CO2 by carbonation 
of Ca-rich oil shale ash in natural conditions. Oil Shale, 33 (3), 248−259.

CHEmICaL ENGINEERING
Head of the research group: Professor VaHuR Oja, vahur.oja@ttu.ee

In 2016 the research team has been actively engaged in the following research areas: (1) thermodynamic 
and transport properties of oxygenated pure compounds; and thermodynamic and transport properties 
of complex mixtures; (2) oil shale pyrolysis.

In the first sub-field, the activities were directed towards measuring thermodynamic properties of oxy-
genated organic compounds and narrow boiling range Kukersite oil shale oil fractions. Based on these 
data, the possibility of developing empirical thermodynamic property estimation techniques based on 
bulk properties and FtIR spectra was investigated. In the second sub-field pyrolysis of oil shales under 
various pyrolysis conditions was investigated.

https://www.etis.ee/Portal/Publications/Display/f1d70353-a247-4237-95de-ff4e6ce3f281
https://www.etis.ee/Portal/Publications/Display/e8c368c3-bb9f-4fd3-bfec-81f9a4435323
https://www.etis.ee/Portal/Publications/Display/60e7744e-46cd-4191-8dce-50d5fdaee8c9
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In 2016
In the first sub-field the research resulted in new experimental data on various thermodynamic proper-
ties of oxygenated organic compounds and oils. The data can be used in chemical engineering process 
design and environmental risk assessment. 

In the second sub-field pyrolysis of oil shales under various pyrolysis conditions was investigated as an 
input to be used further in advanced pyrolysis models.

selecTed pUBlIcaTIons:
Rannaveski, R.; Järvik, O.; Oja, V. (2016). A new method for determining average boiling points of oils using 
a thermogravimetric analyzer: application to unconventional oil fractions. Journal of Thermal Analysis and 
Calorimetry, 126 (3), 1679−1688.

Siitsman, C.; Oja, V. (2016). Application of a DSC based vapor pressure method for examining the extent of 
ideality in associating binary mixtures with narrow boiling range oil cuts as a mixture component. Thermo-
chimica Acta, 637, 24−30.

Baird, S. Z.; Oja, V. (2016). Predicting fuel properties using chemometrics: a review and an extension to tem-
perature dependent physical properties by using infrared spectroscopy to predict density. Chemometrics and 
intelligent Laboratory Systems, 158, 41−47.

https://www.etis.ee/Portal/Publications/Display/2b8af8f1-c701-4443-a71f-db715d2c805a
https://www.etis.ee/Portal/Publications/Display/8a360a10-513a-4a9b-af1a-0acd6278a293
https://www.etis.ee/Portal/Publications/Display/9ef3d78d-79cc-4b30-bfd3-eb8a2025794b
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depaRTmenT oF maTeRIals and 
envIRonmenTal TechnoloGy
Director: lead research scientist malle krUnks, malle.krunks@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 55 

 - Incl. 5 professors, 44 researchers

•	 doctoral students, total 35

•	 scientific publications in 2016, total 74

•	 defended doctoral dissertations in 2016, total 6

The department conducts research within 7 research groups:

•	 Thin Film chemical technologies

•	 Inorganic materials

•	 environmental Technology 

•	 semiconductor materials Technology

•	 polymers and Textile Technology

•	 Biofunctional materials 

•	 Wood Technology

research GroUps

ThIn FIlm chemIcal TechnoloGIes
Head of the research group: lead research scientist malle krUnks, malle.krunks@ttu.ee

The main research topics are investigation of thin films and nanomaterials for the: (1) development of 
a new generation solar cells, electronic devices and sensors; (2) environmental protection purposes. an 
important goal of the research is to simplify processes, achieve lower production costs, and to develop 
appropriate technologies to transfer the process to automated mass production.

In 2016
The formation of sb2s3 layer by chemical spray pyrolysis method in air was studied. Based on this re-
search, the technological conditions, enabling deposition of single phase sb2s3 layer, were determined. 
The capability to apply sprayed sb2s3 layer as an absorber layer in hybrid solar cells was proved experi-
mentally. Further studies are focused on application of s2s3 absorber layer in eta solar cells.

The formation of sns absorber layer was studied by the chemical spray pyrolysis method using aqueous 
solutions containing l-cysteine as a novel sulphur source instead of commonly used thiourea. Use of 
l- cysteine as sulphur source allows using of less acidic aqueous spray solutions. It was found that sns 
films deposited from solution containing l-cysteine as sulphur-source indicate phase composition and 
structure similar to sns films deposited from thiourea as sulphur source. however, sns films sprayed 
from l-cysteine solution contain higher amount of organic residues, indicating that higher deposition 
temperatures are necessary to remove organic residues from the film. studies on effect of post-deposition 
thermal treatments on properties of sns thin films are in progress.

The effects of the multi-step post-deposition thermal treatments on the structural, optical and electrical 
properties of cds and cdTe thin films and out-put characteristics of cds/cdTe solar cells have been 
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elicited. Based on this research the physicochemical mechanism of thermal treatments and chlorine 
doping in cdTe films was proposed. 

The effect of Zr doping on the properties of Tio2 films deposited by chemical spray pyrolysis was studied. 
It was found that, Zr- doping stabilised the anatase phase, decreased 6 times the rms roughness and 
increased 4 times the dielectric constant of the film compared to undoped Tio2. The studies showed that 
the chemical spray pyrolysis method is suitable for fabrication of dielectric films, which are applicable 
in thin film electronic devises, for example in TFT devices. 

The studies on wetting and photocatalytic properties of Zno nanostructures obtained by different 
methods are in progress. It has been proved that au nanoparticles made by csp method are effective 
to cause plasmon resonance effect in ald-Tio2 films. 

selecTed pUBlIcaTIons
Kärber, E.; Katerski, A.; Oja Acik, I.; Mere, A.; Mikli, V.; Krunks, M. (2016). Sb2S3 grown by ultrasonic spray py-
rolysis and its application in a hybrid solar cell. Beilstein Journal of Nanotechnology, 7, 1662−1673.

Juma, A.; Oja Acik, I.; Oluwabi, A.; Mere, A.; Mikli, V.; Danilson, M.; Krunks,M. (2016). Zirconium doped TiO2 thin 
films deposited by chemical spray pyrolysis. Applied Surface Science, 387, 539−545.

Polivtseva, S.; Oja Acik, I.; Katerski, A.; Mere, A.; Mikli, V.; Krunks, M. (2016). Tin sulfide films by spray pyrolysis 
technique using L-cysteine as a novel sulfur source. Physica Status Solidi (c), 13 (1), 18−23.

InorGanIc maTerIals
Head of the research group: professor andres TrIkkel, andres.trikkel@ttu.ee 

The research is focused on waste management, mainly, in oil shale industry – to reuse oil shale ash and 
diminish GhG emissions with the aim to clarify chemical-technological fundamentals of the processes 
in the complex mineral-organic aqueous or gas – solid systems. research directions are focused on the 
development of filling and curing materials, using ash as phosphorus sorbent together with extended 
chemistry of apatites, oil shale or semicoke oxy-combustion and other thermal processes, enabling 
feasible, environmentally sound, optimized applications using experimental research together with 
mathematical modelling, and generalization of the novel know-how obtained.

In 2016
a method for simulating the leaching streams from ash fields and leaching behaviour of various types of 
oil shale residue was developed to design a leaching reactor for getting precipitated calcium carbonate. 
possibilities of producing light-weight aggregates from local industrial residues together with co2 abate-
ment were clarified. It was shown that the processes taking place in the l-ser or l-o-pser solution at 
apatite depend strongly on the solution ph and respective amino acid ionic states. The relative release 
of cu(2+) ions from cu substituted apatite in both aa solutions, the formation of respective complexes 
and the effect of cu substitution level on l-ser and l-o-pser adsorption was clarified. oxy-combustion 
studies of oil shale were continued. equilibrium composition and flows of gaseous and solid products 
were described by modelling, widening the list of possible solid phase reactions. heat duties were cal-
culated for different process regimes (dry and wet circulation). The process of co2 binding by dolomite 
samples was studied in ca-looping and process modelling was started. It was proven that different oil 
shale ashes can be granulated and required process parameters were determined in order to regulate 
the leachability of ash components in soils, to extend and optimize their neutralizing impact, to benefit 
granulated products with different plant nutrients and to diminish probable contamination of subsoil 
water and water-bodies.

selecTed pUBlIcaTIons
Uibu, M.; Somelar, P.; Raado, L.-M.; Irha, N.; Hain, T.; Koroljova, A.; Kuusik, R. (2016). Oil shale ash based 
backfilling concrete – Strength development, mineral transformations and leachability. Construction and 
Building Materials, 102 (1), 620−630.

Tõnsuaadu, K.; Bogdanoviciene, I.; Traksmaa, R. (2016). Purity test of precipitated apatites by TG/DTA/EGA–
MS. Journal of Thermal Analysis and Calorimetry, 124 (2), 1−7.

Yörük, C. R.; Trikkel, A.; Kuusik, R. (2016). Prediction of Flue Gas Composition and Comparative Overall Proc-
ess Evaluation for Air and Oxyfuel Combustion of Estonian Oil Shale, Using Aspen Plus Process Simulation. 
Energy & Fuels, 30 (7), 5893−5900.

https://www.etis.ee/Portal/Publications/Display/532a4744-2708-4c63-99aa-ab4956750ffa
https://www.etis.ee/Portal/Publications/Display/57d69fb3-804f-46dc-8614-95ef3ae8e923
https://www.etis.ee/Portal/Publications/Display/a1b99e71-196b-440d-8937-6d3443bf05a6
https://www.etis.ee/Portal/Publications/Display/05f35f29-d219-454d-9c68-3be548e5de19
https://www.etis.ee/Portal/Publications/Display/6fcdf5bb-d5f6-4373-994c-43fdb37d2a7a
https://www.etis.ee/Portal/Publications/Display/dbda8a8b-df86-4910-a133-f64e21592591
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envIronmenTal TechnoloGy 
Head of the research group: professor marIna TrapIdo, marina.trapido@ttu.ee

The research is directed to extend advanced oxidation technologies application to environment protec-
tion from priority pollutants and emerging micropollutants. 

In 2016
The degradation of chlorophene was studied in ultrasound – hydrogen peroxide integrated oxidation 
system and the mechanism of degradation was proposed. The combined system including photocatalytic 
oxidation and the following aerobic biological treatment was studied. The operation conditions of a 
multi-section plug-flow photocatalytic reactor were optimized. The study on the photocatalytic perform-
ance of Zno-based thin films in the oxidation of antibiotics in a small lab-scale reactor equipped with 
Uv-led was continued. a study on the degradation of artificial sweeteners in difference matrices by 
Uva-radiation activated systems was carried out. The degradation of β-lactam antibiotic amoxicillin by 
photo-activated h2o2 and s2o8

2- systems in different water matrices (ultrapure water, potable water, 
groundwater, surface water) was studied. The outcome of the research will provide the scientific basis 
and recommendations for aops implementation for micropollutants control.

The most important results:

•	 process integration by the joint application of ultrasound and hydrogen peroxide was found to 
be an effective option for degradation of micropollutants.

•	 specific process conditions accelerating the restoration of photocatalytic activity of the catalyst 
in case of its deactivation were found. 

•	 photo-activated persulfate system proved effective for beta-lactam antibiotic degradation in 
different natural and industrial water matrices.

selecTed pUBlIcaTIons
Bolobajev, J.; Trapido, M.; Goi, A. (2016). Interaction of tannic acid with ferric iron to assist 2,4,6-trichlorophenol 
catalytic decomposition and reuse of ferric sludge as a source of iron catalyst in Fenton-based treatment. 
Applied Catalysis B: Environmental, 187, 75−82.

Kattel, E.; Trapido, M.; Dulova, N. (2016). Treatment of landfill leachate by continuously reused ferric oxyhy-
droxide sludge-activated hydrogen peroxide. Chemical Engineering Journal, 304, 646−654.

Pronina, N.; Klauson, D.; Rudenko, T.; Künnis-Beres, K.; Kamenev, I.; Kamenev, S.; Moiseev, A.; Deubener, J.; 
Krichevskaya, M. (2016). Elimination of persistent emerging micropollutants in suspended-bed photocatalytic 
reactor: influence of operating conditions and combination with aerobic biological treatment. Photochemical 
and Photobiological Sciences, 12, 1492−1502.

semIcondUcTor maTerIals TechnoloGy
Head of the research group: senior research scientist maarJa GrossBerG, maarja.grossberg@ttu.ee

The aim of the research is the development of low-cost absorber materials and technologies for 
photovoltaics. The fundamental research is addressed to kesterite-type absorber materials as well as 
to the development of monograin layer (mGl) and thin film solar cells based on these absorbers. The 
main research topics include: (1) studies of the influence of growth mechanisms, different thermal and 
chemical treatments (temperature, environment) on the composition and optoelectronic properties of 
the kesterite monograin powders and on the corresponding monograin layer solar cell (mGl) perform-
ance; (2) development of al2o3 intermediate layers by ald/pld methods for kesterite and chalcopyrite 
mGl solar cells; (3) studies of the influence of the crystal structure ordering in stannite type cu2cdsns4 
on its optoelectronic properties; (4) studies of the possible use of mGl solar cells under environmental 
conditions of the moon; (5) studies of optoelectronic properties of 2d materials (Ws2, mose2).

In 2016
•	 We were the first to show experimentally the presence of cu/cd disordering in the crystal struc-

ture of cu2cdsns4 absorber material for solar cells. We determined the influence of the degree 
of disordering on the optoelectronic properties of cu2cdsns4 and found change in the radiative 
recombination mechanism. 

https://www.etis.ee/Portal/Publications/Display/397e65bd-13aa-466a-a6f4-84258a479407
https://www.etis.ee/Portal/Publications/Display/09b17391-fdb8-4081-97d8-7003c917ef5d
https://www.etis.ee/Portal/Publications/Display/e3797a2d-a33d-4dce-a1e1-17583d4aba15
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•	 In close co-operation with different universities we started a new study of mose2 monolayers 
grown by chemical vapour deposition method on si/sio2 substrate at rice University, Usa. It was 
shown that mose2 monolayers are not stable in time as previously considered and aging induces 
local tensile strain in the monolayer that causes exciton localization. a novel theoretical model 
was used to describe such behaviour of localized excitons in monolayers.

•	 We studied the influence of the h2seo3 micro-additive on the properties and electrochemical 
synthesis of the cds thin films. It was found that the presence of 0.05–0.5 mm of h2seo3 in 
the electrolyte changes the mechanism of the cds film formation that facilitates nucleation 
and a growth of a more dense and uniform polycrystalline cds film with more stable hexagonal 
structure. as a result of h2seo3 addition the bandgap energy value of cds was increased from 
2.3 ev to 2.5 ev.

selecTed pUBlIcaTIons
Timmo, K.; Kauk-Kuusik, M.; Pilvet, M.; Mikli, V.; Kärber, E., Raadik, T.; Leinemann, I.; Altosaar, M.; Raudoja, J. 
(2016). Comparative study of SnS recrystallization in molten CdI2, SnCl2 and KI. physica status solidi (c), 13 
(1), 8−12.

Krustok, J.; Raadik, T.; Jaaniso, R.; Kiisk, V.; Sildos, I.; Marandi, M.; Komsa, H.-P.; Li, B.; Zhang, X.; Gong, Y.; Ajayan, 
P. M. (2016). Optical study of local strain related disordering in CVD-grown MoSe2 monolayers. Applied Phys-
ics Letters, 109, 253106.

Maricheva, J.; Bereznev, S.; Naidu, R.; Maticiuc, N.; Mikli, V.; Kois, J. (2016). Improved electrodeposition of CdS 
layers in presence of activating H2SeO3 microadditive. Materials Science in Semiconductor Processing, 54, 
14−19.

polymers and TeXTIle TechnoloGy
Head of the research group: professor andres krUmme, andres.krumme@ttu.ee

novel nanostructured fibres, yarns and fibrous composites prepared by electrospinning are investigated 
during fundamental studies of the research team. conductive polymers, carbon allotropes, ionic liquids 
or their polymerisation products are used as fillers for the matrix polymer in the nanofibrous composites. 
several aspects of use of ionic liquids in this field are studied: new polymerization routes of ionic liquids, 
effect of ionic liquids on shape/morphology/ conductivity of the fibres and finally, specific behaviour and 
applications of the new (composite) nanofibers. conductive polymers are added for improving conductiv-
ity and carbon allotropes for improving capacitance of the nanofibers. The study will find the common 
denominator of these aspects in order to open the route for preparing very attractive fibrous materials 
for several high-technological fields by electrospinning.

activities of the research team have high social impact. It is planned to commercialise the new nanofibrous 
materials in the field of capacitors in the next few years. new, electrospun supercapacitors (see ref. 3) 
for high frequency applications and for harsh conditions, such as space, are developed in cooperation 
with skeleton Technologies oÜ. The main goal of applied study of the research team is utilisation of 
waste of oil-shale industry in composites with plastic waste for replacing calcium carbonate in such 
composites. This concept is supported both by oil-shale and plastic industry.

In 2016
new possibilities were found and explained for using ionic liquids as assisting substance in electrospinning.

Usage of carbon rich nanofibres in supercondensators without carbonisation was proved. production 
methodology of such fibres was developed and build-up of new type of capacitors explained.

oil-shale oil production residues and primary or secondary polyolefine residues based composite was 
developed. The mentioned oil production residues in these composites replace traditionally used calcium 
carbonate.

results were published, which describe modification and recycling of polyamide waste to 3d printing 
filaments having novel properties. 

selecTed pUBlIcaTIons
Savest, N.; Plamus, T.; Tarasova, E.; Viirsalu, M.; Krasnou, I.; Gudkova, V.; Küppar, K.-A.; Krumme, A. (2016). The 
effect of ionic liquids on the conductivity of electrospun polyacrylonitrile membranes. Journal of Electrostat-
ics, 83, 63−68.

https://www.etis.ee/Portal/Publications/Display/5fd977e4-0482-4793-8cb8-8e399d94d351
https://www.etis.ee/Portal/Publications/Display/e3932892-704a-48d2-bb06-c39f033abf3d
https://www.etis.ee/Portal/Publications/Display/982627e5-914b-4eb6-88f5-d6122e2731b0
https://www.etis.ee/Portal/Publications/Display/7ff16088-bfa1-4824-b298-7ae4fcdf2d8c
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Mägi, P.; Krumme, A.; Pohlak, M. (2016). Recycling of PA-12 in Additive Manufacturing and the Improvement 
of its Mechanical Properties. In: Hussainova, I.; Veinthal, R. (Ed.). Engineering Materials and Tribology (9−14). 
Trans Tech Publications Ltd. (Key Engineering Materials; 674).

BIoFUncTIonal maTerIals 
Head of the research group: senior research scientist vITalI sõrITskI, vitali.soritski@ttu.ee

The group develops smart biosensing functional materials to propose solutions with considerable potential 
impact on essential areas of human life such environmental protection, medical diagnostics and cure. By 
employing the molecular imprinting technology the group designs and synthesizes polymeric materials 
capable of selective capturing and detection of small- (amino acid, traces of different antibiotics) and 
biomacromolecules, such as proteins (e.g. antibodies and neurotrophic factors). The main benefits of 
these materials, the so-called molecularly Imprinted polymers (mIp), are related to their synthetic nature, 
i.e., excellent chemical and thermal stability associated with reproducible, cost-effective fabrication. 

mIps can be easily integrated with a variety of sensor platforms allowing label-free detection of a target 
analyte with high sensitivity and selectivity offering thus solutions for design of multianalyte chemosen-
sors at low cost. The promising practical applications of such sensors could be found in clinical diagnos-
tics, where mIp-based sensors could be implemented in devices for point-of-care testing (pocT). It is 
expected that pocT market segment will continue to grow at a rapid rate and thus will have immense 
importance in the healthcare systems both in estonia and the worldwide. mIps could be also attractive 
materials for cost effective fabrication of chemosensors for real-time analysis of hazardous pollutants in 
aquatic environment as an alternative for traditional costly and lengthy chromatography-based methods.

In 2016
a method for the synthesis of a mIp film capable of selectively rebinding protein-sized biomolecules 
was developed. The method is compatible with various label-free techniques, providing facile, robust 
and real-time detection of immunoglobulins. This is a significant progress beyond state of the art and 
makes the realized concept potentially suitable for cost-effective fabrication of protein-specific biosen-
sors for express testing in medical diagnostics.

a computational approach was developed allowing rational selection of an optimal functional monomer 
for building a mIp capable of selectively rebinding macromolecular analytes. The respective results have 
been accepted as a publication in “Journal of molecular recognition”.

We have developed a novel method allowing preparation of a mIp for selective recognition of neuro-
trophic factor protein, cerebral dopamine neurotrophic factor. Implementation of this method can be 
a prospective platform for building novel mIp-based diagnostic tools for neurodegenerative diseases, 
where presymptomatic diagnostics does not exist.

selecTed pUBlIcaTIons
Tretjakov, A.; Syritski, V.; Reut, J.; Boroznjak, R.; Öpik, A. (2016). Molecularly Imprinted Polymer Film Interfaced 
with Surface Acoustic Wave Technology as a Sensing Platform for Label-free Protein Detection. Analytica 
Chimica Acta, 902, 182−188.

Ayankojo, A. G.; Tretjakov, A.; Reut, J.; Boroznjak, R.; Öpik, A.; Rappich, J.; Furchner, A.; Hinrichs, K.; Syritski, 
V. (2016). Molecularly imprinted polymer integrated with surface acoustic wave technique for detection of 
sulfamethizole. Analytical Chemistry, 88 (2), 1476−1484.

Wood TechnoloGy
Head of the research group: professor Jaan kers, jaan.kers@ttu.ee

The aim of the study was to separate the influence of soaking temperature and peeling temperature on 
the physical properties of rotary-cut birch (Betula pendula roth) veneer surface and bonding quality. surface 
roughness measurements, scanning electron microscopy (sem), surface integrity testing, color measure-
ments, and wood-adhesive bond testing were conducted with an automated bonding evaluation system.

In 2016
The effect of chemical modification of fine wood flour (mesh size 0.05 mm) from heat-treated grey 
alder (Alnus incana) with sodium hydroxide (naoh) and 3-aminopropyltriethoxysilane (apTes) on the 
mechanical and physical properties of wood polymer composite (Wpc) was investigated. 

https://www.etis.ee/Portal/Publications/Display/26daf483-4710-4cc2-ba44-30142d67e2fd
https://www.etis.ee/Portal/Publications/Display/aab05664-b63b-4a52-befd-3bda51e9b19b
https://www.etis.ee/Portal/Publications/Display/670ff9be-7968-409c-bba0-ea49d77932f1
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The impact of moisture content and temperature on crack formation in cross-laminated timber (clT) 
panels was investigated. 

The effects of fiber modification on the mechanical and physical properties of hemp fiber-mat reinforced 
polyethylene (pe) film composites were investigated. 

results:

•	 The study indicated that the used high temperature 70°c in birch (Betula pendula roth) log soak-
ing had positive effect on peeled veneer surface properties and bond strength. 

•	 Wpc mixtures from thermally treated wood showed greater impact strength values than un-
treated composite mixtures. 

•	 In clT panels stored in a humid and cold environment approximately twice wider cracks occurred 
compared to clT panels stored in a dry environment. 

selecTed pUBlIcaTIons
Rohumaa, A.; Yamamoto, A.; Hunt, C. G.; Frihart, C. R.;, Hughes, M.; Kers, J. (2016). Effect of log soaking and 
the temperature of peeling on the properties of rotary-cut birch (Betula pendula Roth veneer bonded with 
phenol-formaldehyde adhesive. BioResources, 11 (3), 5829−5838.

Kallakas, H.; Martin, M.; Goljandin, D.; Poltimäe, T.; Krumme, A.; Kers, J. (2016). Mechanical and physical 
properties of thermally modified wood flour reinforced polypropylene composites. Agronomy Research, 14 
(S1), 994−1003.

https://www.etis.ee/Portal/Publications/Display/367cab10-89c7-4e66-ab04-b1b3224f92a9
https://www.etis.ee/Portal/Publications/Display/91579bfd-8aa3-49dd-bb74-95e0e452dea5
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depaRTmenT oF mechanIcal and 
IndusTRIal enGIneeRInG
Acting Director: associate professor krIsTo karJUsT, kristo.karjust@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 67 

 - Incl. 13 professors, 32 researchers

•	 doctoral students, total 52

•	 scientific publications in 2016, total 94

•	 defended doctoral dissertations in 2016, total 8

The department conducts research within 10 research groups:

•	 smart manufacturing and materials Technologies competence centre

•	 numerical methods and algorithms for design of advanced composite and nanostructures

•	 Zero energy and resource efficient smart Buildings and districts

•	 collaboration enhancing sustainable conceptual model development and Implementation for 
the sme-s in machinery domain

•	 logistics and Transportation

•	 multi-scale structured ceramic-based composites for extreme applications 

•	 Thin coatings/Films deposition 

•	 Innovative polycrystalline diamond (pdc) drag Bit for soft Ground Tunnel Boring machines

•	 new Technologies for Tunnelling and Underground Works (neTTUn) 

•	 nanonet of ceramic Fibers with Targeted Functionalities

research GroUps

smarT manUFacTUrInG and maTerIals TechnoloGIes 
compeTence cenTre
Head of the centre: associate professor krIsTo karJUsT, kristo.karjust@ttu.ee

With the growing complexity of production operations the scale and scope of the data to be monitored 
and controlled simultaneously increases. It requires the implementation of advanced automatic produc-
tion monitoring systems. Quick and reliable automatic data collection and analysis from the shop floor 
is one of the applications that has been in focus for many production companies and research institu-
tions. The research covers development of the concept and prototype of the wireless system for data 
collection and analysis in the workshop, focusing on small and medium sized production companies. 
The aim is to develop an affordable, effective and highly configurable system based on open-source 
technologies. Together with the proposed multi-level graphical user interface it will support producers 
to meet the set targets. The concept of a production monitoring system with predictive functionality 
was described and a prototype was made. as each production system has its own specifics with a huge 
variety of possible modifications, the production monitoring system should be flexible for modifications. 
The trends are: web-based architecture, re-configurability, near real time performance, open-hardware 
and software, predictive functionality, wireless connectivity, supported by cloud computing. Based on 
the system concept, the predictive modelling was performed.
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In 2016:
The production monitoring system concept with main modules and prediction functionality was pre-
sented. Based on the concept a modular and expandable wireless production monitoring system was 
built and tested to collect data for predictive modelling. 

a two stage tool life expectancy model was developed based on derivation of a discrete analytical tool 
life prediction model and an artificial neural networks model for determining dependence of the main 
system parameters.

experimental studies were conducted for investigation of mechanical properties of the laminated glass 
panel, residual stresses in the panel and f Fem, wavelet based simulation models were developed.

selecTed pUBlIcaTIons:
Majak, J.; Shvartsman, B.; Pohlak, M.; Karjust, K.; Eerme, M.; Tungel, E. (2016). Solution of fractional order 
differential equation by the Haar Wavelet method. Numerical convergence analysis for most commonly used 
approach. AIP Conference Proceedings, 1738: INTERNATIONAL CONFERENCE OF NUMERICAL ANALYSIS 
AND APPLIED MATHEMATICS 2015, Rhodos, 22–28 September 2015. Ed. T. Simos. USA: AIP Publishing, 
1−4. ( 480110). http://dx.doi.org/10.1063/1.4952346.

Kuts, V.; Tähemaa, T.; Otto, T.; Sarkans, M.; Lend, H. (2016). Robot manipulator usage for measurement in 
production areas. Journal of the Machine Engineering, 16 (1), 57−67.

nUmerIcal meThods and alGorIThms For desIGn  
oF advanced composITe and nanosTrUcTUres
Head of the research group: lead research scientist JÜrI maJak, juri.majak@ttu.ee

The overall objective of the research is development of computationally cost effective and accurate 
numerical methods and optimization algorithms for design of advanced composite and nanostrcu-
tures (multilayer graphene sheets, laminated nanoplates, varyable ply angle laminates, multifunctional 
glass composite panel, FGm with anisotropic layers, etc.). one subobjective is to clarify the accuracy/
convergence issues of the haar wavelet discretization method (hWdm) which are still open and even 
contradictory. The applicants of the project have proved convergence theorem for hWdm in the case 
of n-th order ode (2015, composite structures). These results are planned to expand to pde-s, integro 
differential equations, also for particular cases. another subobjective is to continue the development of 
hierarhical multicriteria optimization methods. validation of proposed methods on real world applications 
is planned: multifunctional glass composite panels, smart materials (radius Fixing oÜ, Goliath Wind oÜ).

The maIn resUlTs In 2016:
•	 comparison and analysis of numerical methods for structural analysis of functionally graded 

materials has been performed (Fdm, dQm and hWm – haar wavelet method). The strong 
formulation based methods with similar complexity of the implementation were selected and 
the evaluation criteria considered was the accuracy. In the case of FGm structures analyzed the 
hWm outperforms Fdm. In the case of small number of collocation points the best accuracy 
has been achieved by applying dQm. however, utilization of dQm is complicated in the case of 
higher mesh (number of collocation points over 100). 

•	 The convergence theorem has been proved for the haar wavelet method in the case of first 
order ordinal differential equations, which is not covered by the general convergence theorem. 

•	 The haar wavelet method was adapted for analysis of nanobeams and the results were compared 
with other methods with similar complexity of implementation. The eringen non-local elasticity 
theory was applied (this is the first or one of the first attempts to apply hWm for analysis of 
nanostructures).

•	 a new topic introduced is application of haar wavelet method for analysis of fractional differential 
equations. In the case where the order of the fractional derivative α belongs to interval [0;1], the 
standard approach (widely used approach) yield the rate of convergence 1+ α. a new approach 
has been proposed, which allows improving the order of convergence to two. This result is initial 
and needs further theoretical analysis and numerical validation.

•	 development of the fractional kelvin-voigt viscoelastic model for analysis of laminated glass 
structures and haar wavelet method for numerical solution of the posed problem (commercial 
software for such a new model is not available yet). 

https://www.etis.ee/Portal/Publications/Display/27c8c002-50e9-4886-a649-1453fefb3604
https://www.etis.ee/Portal/Publications/Display/27c8c002-50e9-4886-a649-1453fefb3604
http://dx.doi.org/10.1063/1.4952346
https://www.etis.ee/Portal/Publications/Display/e0431521-f0ab-4f50-9c2c-4881239150f2
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selecTed pUBlIcaTIons:
Shvartsman, B.; Majak, J. (2016). Numerical method for stability analysis of functionally graded beams on 
elastic foundation. Applied Mathematical Modelling, 40 (4–5), 3713−3719.

Kirs, M.; Mikola, M.; Haavajõe, A.; Õunapuu, E.; Shvartsman, B.; Majak, J. (2016). Haar wavelet method for 
vibration analysis of nanobeams. Waves Wavelets and Fractals Advanced Analysis, 2, 20−28.

Majak, J.; Shvartsman, B.; Pohlak, M.; Karjust, K.; Eerme, M.; Tungel, E. (2016). Solution of fractional order 
differential equation by the Haar Wavelet method. Numerical convergence analysis for most commonly used 
approach. AIP Conference Proceedings, 1738: INTERNATIONAL CONFERENCE OF NUMERICAL ANALYSIS 
AND APPLIED MATHEMATICS 2015, Rhodos, 22–28 September 2015. Ed. T. Simos. USA: AIP Publishing, 
1−4. (480110).

Zero enerGy and resoUrce eFFIcIenT smarT BUIldInGs  
and dIsTrIcTs
Head of the research group: senior research scientist meelIs pohlak, meelis.pohlak@ttu.ee

The research group conducts research in the framework of the center of excellence for zero energy and 
resource efficient smart buildings and districts (ZeBe). research of the group is focused on resource 
efficient wooden structures and composites (Wsc research group). The Wsc research group aims to 
improve the resource efficiency through wider use of wooden materials by solving critical fire safety and 
manufacturing issues of wooden structures and composites being current barriers. 

In 2016:
The activities of the research group in ZeBe center started in september 2016 and are related mostly 
with literature overview, finding out suitable models, tools, etc. The planned activities started can be 
outlined as:

Wp3 T1.1 Web based Is with responsive design (mobile devices support) 1–2 year. data model develop-
ment, information acquisition, analysis of development tools. 

Wp3 T2.1 Fem based structural analysis models 1–4 year. Fem simulation model development.

Wp3 T2.2 Wavelet, etc. based structural analysis methods and models 1–5 year. development of 2d 
wavelet method for solving boundary value problems covering wood laminates. matlab based software 
treatment. search for simple alternative solutions for evaluation of the solution.

selecTed pUBlIcaTIons:
Shvartsman, B.; Majak, J. (2016). Numerical method for stability analysis of functionally graded beams on 
elastic foundation. Applied Mathematical Modelling, 40 (4–5), 3713−3719.

Kirs, M.; Mikola, M.; Haavajõe, A.; Õunapuu, E.; Shvartsman, B.; Majak, J. (2016). Haar wavelet method for 
vibration analysis of nanobeams. Waves Wavelets and Fractals Advanced Analysis, 2, 20−28.

Majak, J.; Shvartsman, B.; Pohlak, M.; Karjust, K.; Eerme, M.; Tungel, E. (2016). Solution of fractional order 
differential equation by the Haar Wavelet method. Numerical convergence analysis for most commonly used 
approach. AIP Conference Proceedings, 1738: INTERNATIONAL CONFERENCE OF NUMERICAL ANALYSIS 
AND APPLIED MATHEMATICS 2015, Rhodos, 22–28 September 2015. Ed. T. Simos. USA: AIP Publishing, 
1−4. (480110).

collaBoraTIon enhancInG sUsTaInaBle concepTUal model 
developmenT and ImplemenTaTIon For The sme-s 
In machInery domaIn
Head of the research group: associate professor edUard ŠevTŠenko, eduard.sevtsenko@ttu.ee 

The aim of current research is collaboration enhancing sustainable conceptual model development and 
implementation for the sme-s in machinery domain. The conceptual model: a) enables measurement 
of the project realization and partner network maturity levels and supports maturity improvement 
process; b) enables selection of reliable partners based on the partner efficiency Index at the offer 
preparation stage; c) supports the agreements elaboration process and virtual organisation formation 

https://www.etis.ee/Portal/Publications/Display/9ec47400-ff8d-40fd-864a-5f38c1b9388e
https://www.etis.ee/Portal/Publications/Display/881ca9be-0fcd-428b-b322-6bb892c2be77
https://www.etis.ee/Portal/Publications/Display/27c8c002-50e9-4886-a649-1453fefb3604
https://www.etis.ee/Portal/Publications/Display/9ec47400-ff8d-40fd-864a-5f38c1b9388e
https://www.etis.ee/Portal/Publications/Display/881ca9be-0fcd-428b-b322-6bb892c2be77
https://www.etis.ee/Portal/Publications/Display/27c8c002-50e9-4886-a649-1453fefb3604
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on the management level; d) enables vo members to measure the kpI of the partners processes during 
the project implementation.

In 2016
•	 the solution for spn was developed: results have been validated and published. created spn 

prototype in arIs software based on business processes of the following companies: Gunvor 
services, logistics plus, smarten logistics, mecro as, ensto ensek as, aBB, norma, electronics 
enterprise X, Beverages production enterprise y, catalyst Baltic, nefab packaging, evr cargo 
as, haanpaa oÜ;

•	 specific mechanism for assessment of the condition of used industrial equipment has been 
elaborated; 

•	 The risk groups were defined and a risk assessment method for partner network of smes was 
proposed; 

•	 a concept of performance evaluation of production equipment by oee combined with pareto 
analysis was developed. 

•	 a concept of performance analysis of a Fms through modelling and simulation (using rockwell 
arena software) was described. 

selecTed pUBlIcaTIons:
Bashkite, V.; Karaulova, T. (2016). Decision-making Framework for Used Industrial Equipment. Engineering 
Economics, 27 (1), 23−31.

Mahmood, K.; Shevtshenko, E.; Karaulova, T.; Branten, E.; Maleki, M. (2016). TROUBLESHOOTING PROCESS 
ANALYSIS AND DEVELOPMENTOF APPLICATION FOR DECISION MAKING ENHANCEMENT. Proceedings 
of the 26th DAAAM International Symposium, 26 (1), 0663−0671.

loGIsTIcs and TransporTaTIon
Head of the research group: professor JÜrI lavrenTJev, juri.lavrentjev@ttu.ee

research activity of the team is concentrated on the following research fields:

a) environment-friendly transportation. The research goal is to decrease the transportation impact 
on the environment. more specifically, the main investigated problem is reducing the noise of 
vehicles and the traffic flow. different new materials for noise attenuation have been developed 
and suggested for different applications in vehicles. applied research deals with the application 
of new liquid fuels, its technical and economical aspects.

b) Transport planning. The research field of transport planning is related to safe, smooth and sus-
tainable mobility, urban logistics and the relations between transportation and spatial planning. 
In addition the keywords here are: sustainable mobility and transportation, including the public 
transport management in the city, regional, country wide and on an international scale, traffic 
forecasting, transportation surveys, mobility plans, analysis and planning of transport networks, 
road safety and enforcement.

c) logistics. research activities in logistics are related with smart transport logistics, transport 
pricing and partner companies’ performance measurement. 

d) supply chain management. reserach activities are related with supply chain analysis of the value 
chain, supply chain collaboration, and sustainable supply chain areas of demand forecasting.

In 2016:

a new technical solution was developed for the so-called noise-damping element the acoustic properties 
of which are better than those of comparable design elements. The new measuring methodologies have 
been tentatively assigned to more noise (sound waves) attenuation in the flow channels of different 
physical conditions.

selecTed pUBlIcaTIons: 
Tiikoja, H.; Auriemma, F.; Lavrentjev, J.; (2016). Damping of Acoustic Waves in Straight Ducts and Turbulent 
Flow Conditions. SAE Technical Paper Series, 1−9.

https://www.etis.ee/Portal/Publications/Display/27ccd9c4-246e-4d73-89cc-0c222a225f81
https://www.etis.ee/Portal/Publications/Display/ccfabe86-fe2e-49ae-aab7-54bae50e508c
https://www.etis.ee/Portal/Publications/Display/703ee0d4-e692-43d6-b6f5-b5de0970939c
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Ess, J.; Antov, D. (2016). Unified Methodology for Estimating Efficiency of Traffic Calming Measures – Example 
of Estonia. The Baltic Journal of Road and Bridge Engineering, 11, 259−265.

Kuhi, K.; Kõrbe, K.; Koppel, O.; Palu, I. (2016). Calculating power distribution system reliability indexes from 
Smart Meter data. Proceedings of the IEEE International Energy Conference (EnergyCon), 4-8 April 2016, 
Leuven, Belgium. IEEE, 1−5.

mUlTI-scale sTrUcTUred ceramIc-Based composITes For 
eXTreme applIcaTIons
Head of the research group: professor JakoB kÜBarsepp, jakob.kubarsepp@ttu.ee

The research is carried out in the following directions:

1. Tribomaterials for a wide range of temperature

•	 Research	on	corrosion	resistant	Ni-	and	Co-free	cermets	with	FeCr-type	binders	based	on	
Tic and Wc.

•	 Research	on	contact	fatigue	of	carbide	composites	(WC-,	TiC	and	Cr3c2-based).

•	 Development	of	extremely	high-hardness	BCN-based	composites.

•	 Development	of	technology	of	Co-free	WC-ZrO2-ni cermets.

•	 Research	on	3D	printing	technology	or	production	of	ceramic-metal	composites.

•	 Development	of	high-temperature	wear	resistant	electrically	conductive	CuCrS	alloys.

•	 Development	of	equipment	and	methodology	for	tribotesting	at	high	temperatures	(up	to	
10000c).

2. multi-materials systems

Thick hard coatings:

•	 Development	of	composite	coatings	strengthened	by	hardmetal	reinforcement	for	different	
wear conditions.

•	 Research	on	HVOF-composite	coatings	based	on	Ni-	or	Fe-alloys	and	reinforced	by	hardmetal	
or cermet (Wc-co, cr3c2-ni, Tic-nimo).

•	 Development	of	technology	of	PTA	coatings	strengthened	by	WC/W2c or Wc-co.

Thin hard coatings:

•	 Characterizing	of	nanocrystal	diamond	(NCD)	coatings.

•	 Development	of	technology	of	microcrystal	diamond	(MCD)	coatings.

•	 Development	of	technology	of	thin	ceramic	(AlCrN,	TiAlN)	coatings.

3. hierarchically structured multifunctional composites

•	 Functionalization	of	Al2o3 nano-fibers by ceramic (Zro2, al2o3) coatings using cld and ald 
approach.

•	 Development	 of	 electro	 conductive	 ceramic	 –	 based	 composites	 by	 incorporation	 of	 the	
conductive (graphenated fibers) fillers.

•	 Development	of	hierarchically	structured	ceramic-matrix	composites	based	on	alumina	(Al2o3) 
and zirconia (Zro2).

•	 Development	of	SiO2-based ceramic materials with reinforcement additives.

•	 Research	on	ultra-high	temperature	ZrC-based	composites	(Zr-Mo,	TiC-ZrC	etc.).

In 2016
The most important results:

•	 achievements in development of ni- and co-free Tic-Fecr-type cermets in collaboration with 
the industrial partner The swatch Group research and development ltd.

•	 achievements in utilization of 3d-printing technology in production of wear resistant ceramic-
based composites.

https://www.etis.ee/Portal/Publications/Display/539d4204-7a5a-4e74-baf5-17977c0d7339
https://www.etis.ee/Portal/Publications/Display/68f0f63b-f9a3-46a6-b3fd-b72b2a847998
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•	 development of advanced technologies for production of thick coatings by powder metallurgy, 
hvoF and pTa methods.

•	 a novel approach to prepare the electroconductive ceramic-based composites by incorporation 
of conductive fillers has demonstrated high electrical conductivity of material at extremely low 
content of graphenated additives (0.3 %).

selecTed pUBlIcaTIons:
Hussainova, I.; Baronins, J.; Antonov, M.; Drozdova, M. (2016). Wear performance of hierarchically structured 
alumina reinforced by hybrid graphene encapsulated alumina nanofibers. Wear, 368–369, 287−295.

Surzhenkov, A.; Antonov, M.; Goljandin, D.; Kulu, P.; Viljus, M.; Traksmaa, R.; Mere, A. (2016). High-temperature 
erosion of Fe-based coatings reinforced with cermet particles. Surface Engineering, 32 (8), 624−630.

Yung, D.-L.; Cygan, S.; Antonov, M.; Jaworska, L.; Hussainova, I. (2016). Ultra high-pressure spark plasma sintered 
ZrC-Mo and ZrC-TiC composites. International Journal of Refractory Metals and Hard Materials, 61, 201−206.

ThIn coaTInGs/FIlms deposITIon 
Head of the research group: senior research scientist vITalI podGUrskI, vitali.podgurski@ttu.ee

The studies of the research group are related to two main topics:

1. adaptation mechanisms of diamond films in dry sliding wear. The aim is to improve the under-
standing of adaptation mechanisms, particularly, formation of ripple patterns on the wear scars 
surface and deflection of the diamond films observed during sliding. Both adaptation mechanisms 
are investigated under different sliding tests conditions and treated within the framework of the 
entropy concept of the friction.

2. Tribomaterials for a wide range of temperatures. The goal is development and characterization 
of ceramic matrix composites and cermets to enhance performance and reliability with focus on 
high temperature and corrosive media tribo-conditions. deposition of diamond films on Wc-co 
substrates and testing of mechanical/ tribological properties at high temperature.

In 2016
It was shown that only crn as a buffer layer possesses a good adhesion between Wc-co and diamond 
film as well. The diamond films properties were investigated, the morphology changes (rippling) within the 
wear scars and deflection of films were observed, which influence the tribological properties (wear rate). 

optimal technology for the production of Ters tips was developed further. The goal is to develop ad-
vanced type of Ters tips for mass production.

selecTed pUBlIcaTIons:
Bogatov, A.; Yashin, M.; Viljus, M.; Menezes, P.; Podgursky, V. (2016). Comparative Analysis of Two Methods 
for Evaluating Wear Rate of Nanocrystalline Diamond Films. In: Loca, D. (Ed.). Engineering Materials and 
Tribology XXV (345−350). Trans Tech Publications Ltd. Key Engineering Materials; Vol.721, 345–350.

Yashin, M; Bogatov, A; Podgurski, V; (2016). Comparative Analysis of Wear Rates of Microcrystalline Diamond 
and Diamond-Like Carbon Coatings Deposited on WC-Co Substrates. In: Loca, D. (Ed.). Engineering Materials 
and Tribology XXV (436−440). Trans Tech Publications Ltd., Key Engineering Materials; Vol. 721, 436–440.

Nelz, R.; Fuchs, P.; Opaluch, O.; Sonusen, S.; Savenko, N.; Podgursky, V.; Neu, E. (2016). Color center fluores-
cence and spin manipulation in single crystal, pyramidal diamond tips. Applied physics letters, 109, 193105-
1−193105-4.

InnovaTIve polycrysTallIne dIamond (pdc) draG BIT  
For soFT GroUnd TUnnel BorInG machInes
Head of the research group: senior research scientist maksIm anTonov, maksim.antonov@ttu.ee

The research focuses on the production of bio-inspired materials. The animals living in abrasive condi-
tions (deeply under the ground) are studied in cooperation with the estonian University of life sciences. 
Three types of materials are proposed: (1) for cutting edge, (2) located away from cutting edge with 

https://www.etis.ee/Portal/Publications/Display/d8c021f9-1f31-4e8a-a0e0-3b67b47a5388
https://www.etis.ee/Portal/Publications/Display/590cb1f9-0b9d-492b-86e4-e724f56a794b
https://www.etis.ee/Portal/Publications/Display/27870db5-ed00-4736-84cb-8c54899cd80e
https://www.etis.ee/Portal/Publications/Display/5e9c8555-9ff1-4eb1-a295-8c1a8715fcc7
https://www.etis.ee/Portal/Publications/Display/e0f13652-6686-44e7-a903-09690a0a0d9a
https://www.etis.ee/Portal/Publications/Display/806eb134-fa39-4b82-a414-4a99b57c99a8
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abrasive sliding only in one direction, and (3) located away from cutting edge but abrasive can slide in 
both directions. The hybrid structure of such materials is obtained by several technologies from several 
materials to get material similar to the skin of snake or the mole’s pelt.

In addition, the group conducts research on diamond-metal gradient material development to provide 
the improvement of toughness of conventional materials produced by brazing of diamond to the sub-
strate. The combined wear-corrosion process important for tools working in wet underground conditions 
is also studied.

In 2016
Three first prototypes of bio-inspired materials are produced and components were selected (the patent 
application is foreseen). The first paper about tribological testing of 3d printed structures was presented 
during nordTrib2016 conference and was selected for publication in the Journal of Engineering Tribology. 

seven different diamond powders were studied (different size of grains, different coating thickness, 
mono- or polycrystalline grains). more than 15 different materials (varied diamond powder, sintering 
technology and gradient structure) were produced. materials were tested in impact-abrasive conditions 
and their performance is analysed (the patent is foreseen).

selecTed pUBlIcaTIons:
Hussainova, I.; Baronins, J.; Antonov, M.; Drozdova, M. (2016). Wear performance of hierarchically structured 
alumina reinforced by hybrid graphene encapsulated alumina nanofibers. Wear, 368–369, 287−295.

Yung, D.-L.; Antonov, M.; Hussainova, I. (2016). Spark plasma sintered ZrC-Mo cermets: Influence of tempera-
ture and compaction pressure. Ceramics International, 42 (11), 12907−12913.

Yung, D.-L.; Antonov, M.; Veinthal, R.; Hussainova, I. (2016). Wear behaviour of doped WC-Ni based hardmetals 
tested by four methods. Wear, 352–353, 171−179.

neW TechnoloGIes For TUnnellInG and  
UnderGroUnd Works (neTTUn)
Head of the research group: professor renno veInThal, renno.veinthal@ttu.ee 

neTTUn is a collaborative integrated Fp7 r&d project, aiming at developing new Technologies for 
Tunnelling and Undergroung works. The research involves 21 partners (from universities, sme and large 
companies) from 9 european countries.

a work package (where TTÜ is involved) is dedicated to increase the lifetime of the drag bits used 
on Tunnel Boring machines (TBm). The wear of such parts represents a significant cost and waste of 
production time because of the related maintenance operations, with associated personnel risks that 
neTTUn aims at reducing.

In 2016
To achieve the goal, different tasks have been combined related to:

•	 the analysis of damaged drag bits for the understanding of the phenomena that occur in the 
carbide inserts and body of the drag bits, in order to guide the development of materials that 
will overcome these phenomena;

•	 numerical modelling of the material flow around a drag bit and of the contact between the drag 
bit and the ground (by Fem and dem), in order to optimize the geometric shape and arrangement 
of drag bits on the cutter head;

•	 the strategy of the development of new optimised materials with improved wear resistance, by 
working on mixing different hard phase types, improving the binder behaviour, using new sinter-
ing techniques in order to find ways to violate the law of nature concerning the relationships 
between hardness and toughness;

•	 the tribological testing of the newly developed materials, in comparison with existing materials, 
in order to understand the wear phenomena, to rank the materials, and to further improve the 
development of materials.

The final goal is to develop improved drag bits that would exhibit a lifetime extended by at least 20% 
over current drag bits. 

https://www.etis.ee/Portal/Publications/Display/d8c021f9-1f31-4e8a-a0e0-3b67b47a5388
https://www.etis.ee/Portal/Publications/Display/b62ea6de-44a2-4e2d-bf7f-3d0b1e92a501
https://www.etis.ee/Portal/Publications/Display/37e49eb8-f839-4b3b-811b-2a58024741fe
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new materials based on Wc were produced and tested in the laboratory, to understand their tribological 
behaviour and compare their wear resistance in abrasion and in impact-abrasion to reference material. 
during this part of the project, the group was able to find a material with an improvement of perform-
ance of up to 50% in some conditions, compared to the reference material.

The field test of the advanced TBm drag bits will be conducted on the metro-line construction at Thom-
son east coast line in singapore with the overall length of 43 km.

an invention “method of making a double-structured bimodal tungsten cemented carbide composite 
material” made by the research group resulted in pcT application. The co-ownership agreement was 
signed by three partners on commercialization of the invention.

selecTed pUBlIcaTIons:
Yung, D.-L.; Antonov, M.; Hussainova, I.; Veinthal, R.; Hogmark, S. (2016). Effect of coarse-to-fine WC grain ratio 
on mechanical properties and abrasive wear of WC-8Co cemented carbides. Tribologia, 47 (265), 103−115.

Yung, D.-L.; Antonov, M.; Veinthal, R.; Hussainova, I. (2016). Wear behaviour of doped WC-Ni based hardmetals 
tested by four methods. Wear, 352–353, 171−179, 10.1016/j.wear.2016.02.015.

antonov, m., yung, d-l., Goljandin, d., mikli, v., hussainova I. effect of erodent particle impact energy on 
wear of cemented carbides, (first published electronically in november 2016) 
http://dx.doi.org/10.1016/j.wear.2016.11.032.

nanoneT oF ceramIc FIBers WITh TarGeTed FUncTIonalITIes
Head of the research group: professor IrIna hUssaInova, irina.hussainova@ttu.ee

The studies of the research group are focused on development, optimization and validation of a novel 
nanonet consisting of an assembly of nanoscaled self-aligned ceramic nanofibers. The nanonet allows 
consistent and integrated production of multi-material cross-level (from nano to macro) structures by 
utilizing functional properties advancement via engineered structural and compositional features and 
providing an added value to the nanonet to be embedded later in a variety of final products. Targeted 
functionalities are achieved by appropriate functionalization and/or attachment of nanoscale objects. 
The research concentrates on (i) development of a nanonet with targeted composition, geometry 
and entanglement; (ii) functionalization to satisfy specific needs; and (iii) potential applications of the 
nanonet. Two highly demanded market-oriented demonstrators will be produced: (1) highly conductive 
hierarchically structured ceramic composites, and (2) three-dimensional fibrous scaffolds and membranes.

In 2016
The main distinguishing results of the research are: 

1. The method for catalyst-free cvd functionalization by graphene, graphite or graphene/cnT was 
developed; 

2. The method for chemical functionalization by wet-combustion was developed; 

3. novel approach to electroconductive ceramics filled by graphene covered nanofibers was de-
veloped; 

4. Graphene encapsulated nanofibers as nanofillers for otherwise insulator materials were tested; 

5. applicability of the graphenated nanonets as scaffolds for bio-applications was proved.

Based on the results of the research, there are four (4) patents pending.

selecTed pUBlIcaTIons:
Stamatin, S. N.; Hussainova, I.; Ivanov, R.; Colavita, P. E. (2016). Quantifying graphitic edge exposure in graphene 
based materials and its role in oxygen reduction reactions. ACS Catalysis, 6, 5215−5221.

Kazantseva, J.; Ivanov, R.; Gasik, M.; Neuman, T.; Hussainova, I. (2016). Graphene-augmented nanofiber scaf-
folds demonstrate new features in cells behaviour. Nature: Scientific Reports, 2016, 6, 30150.

https://www.etis.ee/Portal/Publications/Display/6e680087-c5ae-4bf8-864c-d3dc9deaebfc
https://www.etis.ee/Portal/Publications/Display/37e49eb8-f839-4b3b-811b-2a58024741fe
http://www.sciencedirect.com/science/article/pii/S0043164816308663?via%3Dihub
https://www.etis.ee/Portal/Publications/Display/8890bcf3-f12b-459a-aae7-de8459925fc9
https://www.nature.com/articles/srep30150


39

sch
o

o
l o

F en
G

In
eer

In
G

TaRTu colleGe
Acting Director: professor lemBIT neI, lembit.nei@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 28 

 - Incl. 4 professors, 1 researcher

•	 doctoral students, total 8

•	 scientific publications in 2016, total 27

•	 defended doctoral dissertations in 2016, total 1

The department conducts research within 2 research groups:

•	 environmental Technologies

•	 Built environment 

envIronmenTal TechnoloGIes
Head of the research group: professor marI Ivask, mari.ivask@ttu.ee

The main topics of the research group are focused on development of environmentally sustainable 
technologies, on development of the methods of environmental monitoring and on assessment of 
environmental quality. 

The research group collaborates with other research groups of TTÜ in the areas of ecological building 
materials and monitoring of indoor air quality of ecological buildings (Built environment research 
group) and in application of cyber-physical systems in environmental monitoring (research group 
of cyber-physical systems engineering).

The research areas are topical in environmental protection and the results help to solve problems 
of sewage slurry, soil fertility, medicine and to improve the recultivation process in post-mining 
areas. 

In 2016:
•	 afforestation of exhausted mining areas is more successful when different tree species that are 

well adapted to climatic conditions of region are used. The most effective method is drilling holes 
and filling them with nutrient-rich compost before planting the trees. adding compost also has 
positive effect on decomposer communities.

•	 pharmaceuticals entering into the soil may affect microbial activity, plant growth and development, 
and may have adverse effects on living organisms; development of composting technologies can 
improve the decomposition process of pharmaceuticals. 

•	 new cytotoxicity tests have been performed on pure co mnps and have confirmed the toxicity 
against ppc-1 (cancer cells) and gastric cancer cells even at low concentrations.

•	 The cFU of microorganisms of indoor air was higher in reed houses and lower in straw bale 
houses, the genera of the identified fungi were alternaria, aspergillus, penicillium and cladospo-
rium, most of these species can present a health risk for humans.

selecTed pUBlIcaTIons:
Haiba, E.; Nei, L.; Ivask, M.; Peda, J.; Järvis, J.; Lillenberg, M.; Kipper, K.; Herodes, K. (2016). Sewage sludge 
composting and fate of pharmaceutical residues – recent studies in Estonia. Agronomy Research, 14 (5), 
1583−1600.

https://www.etis.ee/Portal/Publications/Display/ea1aae0f-2059-46ea-ba23-d4b9f5134cf7
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Küünal, S.; Kutti, S.; Rauwel, P.; Wragg, D.; Hussainova, I.; Rauwel, E. (2016). New methodology for the anti-
fungal testing of surfactant-free silver metal nanoparticles for applications in green housing. In: Hussainova, 
I.; Veinthal, R. (Ed.). Engineering Materials and Tribology (133−138). Trans Tech Publications Ltd. (Key En-
gineering Materials; 674).

Meriste, M.; Helm, A.; Ivask, M. (2016). Ground-dwelling spider fauna of flooded meadows in Matsalu, Estonia. 
Wetlands, 36 (3), 525−537.

BUIlT envIronmenT 
Head of the research group: associate professor aIme rUUs aime.ruus@ttu.ee 

The research areas the group is engaged in are: (1) built environment, urban and regional planning; (2) 
community development, economic revitalization, reuse and restoration, urban and rural settlement 
assessment; (3) heritage conservation in urban planning and historical landscapes and parks; (4) revi-
talization of brownfields; (5) history of wooden architecture; (6) examination of historical buildings; (7) 
exploring learning environments and their architectural design; (8) construction materials, aspects of 
building physics and energy efficiency; (9) cyber-physical systems for buildings and urban and regional 
planning.

In the framework of the research related to architecture, economy and engineering studies at the be-
ginning of the 19th century in estonia, the role of Johann Wilhelm krause as establisher of professional 
library and professor of economy, technology, forestry and civil engineering was presented. also, the 
Tartu city scape and architecture at the end of the 18th century and the first half of the 19th century in 
the intellectual context of the european enlightenment was figured out.

studies of urban planning were continued, the problems of decreasing towns were studied. development 
of two examples – supilinn and valga was compared. 

Water vapour transmission properties of different linseed oil paints and influence of covering on clay 
and lime plaster was studied. The information gathered from the experiment enables to get an overview 
of the different properties of ‘the same product’ and use the data in hygrothermal calculations. The 
thickness of paint layers varied from 0.8 and 6.2 μm for one-layer primers, from 11.3 to 26.9 μm for 
one-layer paints and from 17.8 to 40.7 μm for two-layer paints. Water vapour diffusion equivalent air 
layer thickness sd was estimated as 0.1 and 0.2 m for 1-layer primers, 0.2 to 0.9 m for 1-layer paints 
and 0.4 to 0.9 m for 2-layer paints. 

The main task in geotechnical studies based on buildings in estonia, was collecting information on 
different buildings, foundations, and geotechnical investigations. exhaustive information for buildings 
has been collected. 

In cooperation with the research Group of environmental studies indoor climate and microbiological 
studies were carried out. mean colony forming unit (cFU) values indoors were greater in reed houses. 
There was also seasonal difference. mean values were the highest during summer months and the low-
est in winter. In spring and autumn the values were in same range. The genera of the identified fungi 
were alternaria, aspergillus, penicillium and cladosporium. most of these species can present a health 
risk for humans, especially for those with allergies, asthma and weakened immune systems. 

selecTed pUBlIcaTIons:
Karpov, V.; Kabanen, T.; Yuldashev, Z.Sh.; Nemtsev, A.; Nemtsev, I. (2016). Basic theory and methods for man-
aging energy efficiency in consumer systems. In: Agronomy Research (1619−1625). Estonian University of 
Life Sciences. (5).

Nutt, N.; Hiob, M.; Kotval, Z. (2016). Supilinn, Tartu – The Lively Vernacular Against Urban Renewal: A Lefe-
bvrean Critique. Space and Culture, 1−13.

Šemjakin, R.; Ruus, A.; Kirtsi, K.; Tungel, E. (2016). Water vapour transmission properties of linseed oil paint. 
Agronomy Research, 14, Special Issue 1, 1107−1115.

https://www.etis.ee/Portal/Publications/Display/effff7e7-45f5-4f42-88ad-b7179a66f136
https://www.etis.ee/Portal/Publications/Display/6c805665-4b09-4800-beff-650a980b99c6
https://www.etis.ee/Portal/Publications/Display/62adf7c3-3729-47b7-8db5-38ce124cc47f
https://www.etis.ee/Portal/Publications/Display/6e990fa2-3ec6-404b-b342-9220d829c115
https://www.etis.ee/Portal/Publications/Display/441be482-f62b-428b-a6c8-9e5a15e5b2ad
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vIRumaa colleGe
Director: vIkTor andreJev, viktor.andrejev@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 34 

 - Incl. 3 researchers

•	 scientific publications in 2016, total 14

•	 defended doctoral dissertations in 2016, total 2

The department conducts research within the oil shale competence center in the field of environmental 
technologies.

oIl shale compeTence cenTer
Head of the center: kalle pIrk, kalle.pirk@ttu.ee 

The oil shale competence center (oscc) is focused on applied research in the field of fuels chemistry 
and technology (in particular oil shale) in order to execute orders for determining the technological 
properties of different oil shales. The aim of the studies is research of mineral deposits properties and 
control of technological processes. In addition, the oil shale ash properties are determined and research 
of possibilities of pyrolysis of various materials is carried out on the basis of corresponding single orders. 

In 2016
Two studies have been started:

•	 research of chemical composition of products produced in current oil shale thermal processing 
processes (in particular solid heat-carrier use).

•	 co-processing of oil shale and other organic materials and research of the properties of the 
produced products.
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school oF InFoRmaTIon 
TechnoloGIes
photo: new chip developed by TTÜ researchers.  
author professor Jaan raik
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school oF InFoRmaTIon 
TechnoloGIes
dean: professor GerT Jervan  
e-mail: gert.jervan@ttu.ee

vice-dean for research: professor maarJa krUUsmaa  
e-mail: maarja.kruusmaa@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 214 
 - Incl. 33 professors, 106 researchers

•	 doctoral students, total 137

•	 scientific publications, total 240

•	 defended doctoral dissertations in 2016, total 14

deparTmenTs

deparTmenT oF compUTer sysTems 
director: associate professor marGUs krUUs, margus.kruus@ttu.ee

deparTmenT oF soFTWare scIence 
director: Jaan penJam, jaan.penjam@ttu.ee

deparTmenT oF healTh TechnoloGIes 
director: professor kalJU meIGas, kalju@cb.ttu.ee

Thomas Johann seeBeck deparTmenT oF elecTronIcs 
director: professor Toomas ranG, toomas.rang@ttu.ee

professors

associated professors

Teaching assistants

lecturers / Instructors

lead research scientists

senior research scientists

research scientists

early stage researcher

33

32

13

29
44

30

29

3
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depaRTmenT oF compuTeR sysTems
Director: associate professor marGUs krUUs, margus.kruus@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 56 

 - Incl. 7 professors, 29 researchers

•	 doctoral students, total 29

•	 scientific publications, total 76

•	 defended doctoral dissertations in 2016, total 5

The department conducts research within 3 research centres:

•	 centre of dependable computing systems design

•	 centre for Biorobotics

•	 centre for Intelligent systems

research cenTres:

cenTre oF dependaBle compUTInG sysTems
Head of the centre: professor Jaan raIk, jaan.raik@ttu.ee

The research covers a wide range of topics in the areas of the design, reliability, verification and testing 
of digital systems (including multi-/many-core systems):

•	 study of aging and rejuvenation in nanometer technologies  
(cooperation with politecnico di Torino and pUcrs, Brazil);

•	 dependability, test and fault management for many-core systems  
(cooperation: IBm, recore systems, Testonica lab oÜ);

•	 embedded test instruments for digital systems (cooperation: Testonica lab oÜ);

•	 diagnostic test generation and microprocessor testing;

•	 verification of computing systems;

•	 acceleration of algorithms in programmable logic  
(cooperation: aveiro University, portugal);

•	 algorithms, sensors and signal processing in biomedical applications;

•	 modeling power in computing systems  
(cooperation: politecnico di Torino, sTmicroelectronics).

The research group is the initiator of several pan-european actions. It coordinates the horizon 2020 rIa 
ImmorTal and the horizon 2020 Twinning action TUTorIal. It also participates in the Fp7 collabora-
tive research project BasTIon and in the national centre of research excellence eXcITe coordinated 
by the department. The research group coordinates the marie skłodowska curie ITn rescUe project 
that has been accepted in 2016.

In 2016
The most significant research results were related to the research on nanoelectronics technology 
aging and on system-level test and fault management. In addition, the research group designed 
and implemented a new fault-resilient router chip, which was manufactured by Fraunhofer, 
Germany.
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selecTed pUBlIcaTIons
Jenihhin, M.; Squillero, G.; Copetti, T.S.; Tihhomirov, V.; Kostin, S.; Gaudesi, M.; Vargas, F.; Raik, J.; Sonza Reorda, 
M.; Bolzani Poehls, L.; Ubar, R.; Medeiros, G.C. (2016). Identification and Rejuvenation of NBTI-Critical Logic 
Paths in Nanoscale Circuits. Journal of Electronic Testing-Theory and Applications, 273−289.

Aleksejev, I.; Jutman, A.; Devadze, S.; Shibin, K. (2016). Optimization of Boundary Scan Tests using FPGA-based 
Efficient Scan Architectures. Journal of Electronic Testing-Theory and Applications, 245−255.

Jafri, S.M.A.H.; Tajammul, M.A.; Hemani, A.; Paul, K.; Tenhunen, H.; Plosila, J.; Ellervee, P. (2016). Polymorphic 
Configuration Architecture for CGRAs. IEEE Transactions on Very Large Scale Integration (VLSI) Systems, 
24 (1), 403−407.

cenTre For BIoroBoTIcs
Head of the centre: professor maarJa krUUsmaa, maarja.kruusmaa@ttu.ee

The centre for Biorobotics conducts interdisciplinary research on the borderline of biology and technol-
ogy. The main focus is on biologically inspired robots and sensors, underwater robotics, flow sensing, 
sensors for flow sensing and sensor data interpretation. 

selecTed pUBlIcaTIons
Muhammad, N.; Toming, G.; Tuhtan, J.; Musall, M.; Kruusmaa, M. (2016). Underwater map-based localization 
using flow features. Autonomous Robots, 1−20.

Tuhtan, J. A.; Fuentes-Pérez, J. F.; Strokina, N.; Toming, G.; Musall, M.; Noack, M.; Kämäräinen, J. K.; Kruusmaa, 
M. (2016). Design and application of a fish-shaped lateral line probe for flow measurement. Review of  
Scientific Instruments, 87 (045110), 1−8.

Chemori, A.; Kuusmik, V.; Salumäe, T.; Kruusmaa, M. (2016). Depth Control of the Biomimetic U-CAT Turtle-
Like AUV with Experiments in Real Operating Conditions. <i>2016 IEEE International Conference on Robotics 
and Automation (ICRA): 2016 IEEE International Conference on Robotics and Automation (ICRA), Stockholm 
16–21 May. IEEE, 1−6.

cenTre For InTellIGenT sysTems
Head of the centre: associate professor edUard peTlenkov, eduard.petlenkov@ttu.ee

The main research activities of the centre for Intelligent systems are:

•	 development of Fractional order modelling and control algorithms (including development of 
Fomcon toolbox http://fomcon.net);

•	 preliminary research on development of virtual reality based system for study of synesthesia 
psychological phenomena;

•	 intelligent control algorithms for multidimensional motor driven applications (cooperation with 
the department of power engineering);

•	 intelligent control algorithms for efficient control of district heating plants;

•	 development of an artificial Intelligence based system for estimation of insurance risks;

•	 modelling and model based analysis of students’ behavior.

In 2016
•	 development of a fractional-order retuning controller that can be incorporated into pId control-

lers based industrial systems and improve control quality without making changes in existing 
control loops.

•	 The developed algorithm was implemented both in software functional blocks and hard-
ware.

•	 artificial neural networks based model of Ground source heat pump was identified and ap-
plied to estimation of ground temperature changes (in cooperation with the department of civil 
engineering).

https://www.etis.ee/Portal/Publications/Display/fedb32bc-d20e-48c1-945c-0ab52f47a7f2
https://www.etis.ee/Portal/Publications/Display/ab756b79-24e6-4d75-a5d6-a123c6b1edd5
https://www.etis.ee/Portal/Publications/Display/94284540-95e5-484b-b501-fa6d7c1cd7dc
https://www.etis.ee/Portal/Publications/Display/9e115e6e-09e1-4b36-8403-f4f7eac2ed43
https://www.etis.ee/Portal/Publications/Display/25b4a195-feaa-4a0c-82e4-e8f5de44a993
https://www.etis.ee/Portal/Publications/Display/44441fc0-d063-4a9e-a1dd-b9cbf0283d58


sc
h

o
o

l 
o

F 
In

Fo
r

m
aT

Io
n

 T
ec

h
n

o
lo

G
Ie

s

46

•	 artificial Intelligence methods based algorithms for control of 3d crane and aBs have been 
developed and tested on laboratory prototypes (cooperation with the department of power 
engineering).

•	 a concept of virtual reality based system for study of synesthesia psychological phenomena 
was designed.

•	 Intelligent algorithms for control of two types of district heating plants were developed and im-
plemented in distributed control software valmet dna as functional blocks. one of the algorithms 
has been already successfully tested and applied for control of a district heating plant in rapla.

•	 artificial Intelligence methods based system for estimation of motor insurance risks was devel-
oped and implemented in software.

•	 a model that estimates students’ study results on the basis of their behavior during the study 
process was developed.

•	 a novel measurement method and a device for capillary electrophoresis are being designed (in 
cooperation with the department of chemical engineering).

selecTed pUBlIcaTIons
Tepljakov, A.; Gonzalez, E.A.; Petlenkov, E.; Belikov, J.; Monje, C.A.; Petráš, I. (2016). Incorporation of fractional-
order dynamics into an existing PI/PID DC motor control loop. ISA Transactions, 60, 262−273.

Belikov, J.; Kotta, Ü.; Tepljakov, A. (2016). Algebraic approach for analysis and control of a water tank system. 
Information Technology and Control, 45 (2), 175−183.

Vansovitš, V.; Tepljakov, A.; Vassiljeva, K.; Petlenkov, E. (2016). Towards an Intelligent Control System for District 
Heating Plants: Design and Implementation of a Fuzzy Logic based Control Loop. IEEE 14th International 
Conference on Industrial Informatics [INDIN&#39;16], 18–21 July 2016, Futuroscope-Poitiers, France. IEEE 
Industrial Electronics Society, 405−410.

https://www.etis.ee/Portal/Publications/Display/3241c486-b9df-4030-a7a6-5e18e1cf3415
https://www.etis.ee/Portal/Publications/Display/32d454a1-4cf2-47c3-bc32-47a4ef074d18
https://www.etis.ee/Portal/Publications/Display/13470865-ed33-48bd-b4a0-6fb17bd767bb
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depaRTmenT oF soFTwaRe scIence
Director: Jaan penJam, jaan.penjam@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 95 

 - Incl. 12 professors, 43 researchers

•	 doctoral students, total 59

•	 scientific publications in 2016, total 98

•	 defended doctoral dissertations in 2016, total 5

The department conducts research within 10 research units:

•	 centre for digital Forensics and cyber security

•	 laboratory of socio-Technical systems

•	 laboratory of language Technology

•	 laboratory of proactive Technologies

•	 high-assurance software laboratory

•	 nonlinear control systems Group

•	 model-Based software engineering Group 

•	 large-scale systems Group

•	 data science Group

The department of software science (dss) is a newly established department of the school of In-
formation Technologies that was formed recently on the basis of the research groups of the former 
department of computer science, department of computer control, department of Informatics and the 
Institute of cybernetics. The research fields of dss include logic, data analysis, programming languages, 
high-assurance software, model based software engineering, large-scale systems, digital forensics and 
cyber security, socio-technical systems, proactive technologies, nonlinear control systems, and human 
language technology. The research groups of dss participate in the estonian centre of excellence in 
IcT research eXcITe and in the centre of excellence in estonian studies cees. dss is also partner in 
several other h2020 projects.

research GroUps

cenTre For dIGITal ForensIcs and cyBer secUrITy
Head of the centre: associate professor raIn oTTIs, rain.ottis@ttu.ee 

TTÜ centre for digital Forensics and cyber security works towards enhancement of the competence 
and ability of estonian computer security field through education, research and development. We strive 
towards becoming an institution providing the best master’s and doctoral studies in the field of cyber 
security in the Baltics and nordic countries. The centre is a part of TTÜ department of computer science.

The centre focuses on the development of the field of cyber security. The goals stemming from this 
can be elaborated as follows:

•	 raising the competence and ability of estonian digital forensics and cyber security through 
education, research and development.

•	 Focusing the relevant actions of TTÜ according to estonian national cyber security strategy.

•	 The creation and dissemination of sufficiently certified infrastructure for services.

https://www.ttu.ee/institutes/department-of-software-science/department-10/structure-17/
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•	 The mapping of marketing channels for joint marketing efforts in the cyber security field to 
further international sales of courses and research results.

•	 education of the employees of our partners in the cyber security matters.

•	 Informing the target groups and public about the resources of the centre and supporting activi-
ties for this.

•	 cooperation and preparation for technological interchange with other relevant fields of research;

•	 participation in digital forensics and cyber security projects.

laBoraTory oF socIo-TechnIcal sysTems
Head of the laboratory: professor kUldar TaveTer, kuldar.taveter@ttu.ee

The research group carries out interdisciplinary research work at the intersection of agent technologies, 
service-oriented architectures, information systems, social sciences, and psychology. In particular, we 
apply the methodology called agent-oriented modeling (aom) to the modeling, simulation, and proto-
typing of complex (sociotechnical) systems, including systems for e-governance, smart cities and smart 
communities, and crisis management, as well as to the simulation of real-world social phenomena.

selecTed pUBlIcaTIons 2016:
Sirendi, R.; Taveter, K. (2016). Bringing service design thinking into the public sector to create proactive and 
user-friendly public services. HCI in Business, Government, and Organizations: Information Systems: Third 
International Conference, HCIBGO 2016, Held as Part of HCI International 2016, Toronto, Canada, July 
17–22, 2016, Proceedings, Part II. Ed. Nah, F. F.-H.; Tan, C.-H. Springer, 221−230. (Lecture Notes in Computer  
Science; 9752).

laBoraTory oF lanGUaGe TechnoloGy
Head of the laboratory: senior research scientist Tanel alUmäe, tanel.alumae@phon.ioc.ee

The research fields of the research group are:

•	 speech and language technology (speech and speaker recognition, natural language processing).

•	 speech analysis and experimental phonetics (estonian prosody and sound system, foreign accent 
in speech, phonetic databases).

selecTed pUBlIcaTIons 2016:
Aller, S.; Meister, E. (2016). Perception of audiovisual speech produced by human and virtual speaker. Human 
Language Technologies – the Baltic Perspective: Proceedings of the Seventh International Conference, Baltic 
HLT 2016. _Ed. Skadina, I.; Rozis, R., Amsterdam: IOS Press, 31−38. (Frontiers in Artificial Intelligence and 
Applications; 289).

Tilk, O.; Alumäe, T. (2016). Bidirectional recurrent neural network with attention mechanism for punctua-
tion restoration. Interspeech 2016: Understanding Speech Processing in Human and Machines, September 
8–12, 2016, San Francisco, California, Proceedings. _Ed. Morgan, N., San Francisco: International Speech 
Communication Association, 3047−3051.

Tilk, O.; Demberg, V.; Sayeed, A.; Klakow, D.; Thater, S. (2016). Event participant modelling with neural networks. 
EMNLP 2016: Conference on Empirical Methods in Natural Language Processing, Proceedings, November 
1–5, 2016 Austin, Texas, USA. Association for Computational Linguistics, 171−182.

laBoraTory oF proacTIve TechnoloGIes
Head of the laboratory: professor leo mõTUs, leo.motus@ttu.ee 

The laboratory focuses on theoretical and practical study of networked systems built from stationary 
and/or mobile software-intensive (proactive) components. Typical components are pervasive computing 
systems. The research is partitioned into three threads: (1) modelling and verification of situation-aware 
interaction-centred computation; (2) methods and technologies for acquiring situational information; 
(3) methods for interpretation of situational information for (proactive) decision making. The long-term 

https://www.etis.ee/Portal/Publications/Display/5320ad66-ac65-49c7-ad8a-644bf8c6665f
https://mitpress.mit.edu/books/art-agent-oriented-modeling
https://www.etis.ee/Portal/Publications/Display/45f9b0ce-fea7-4d90-9f1e-c718bc0835ce
https://www.etis.ee/Portal/Publications/Display/12cd6178-828c-4b7c-abac-0cf40cea9347
https://www.etis.ee/Portal/Publications/Display/04dfc29e-38cf-489b-80ca-0bb9ba395899
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goal of the laboratory is the ability to detect and partially control the emergent behaviour in pervasive 
computing systems.

selecTed pUBlIcaTIons 2016
Astapov, S.; Riid, A.; Preden, J.-S. (2016). Military vehicle acoustic pattern identification by distributed Ground 
Sensors. Proceedings of the 15th Biennial Baltic Electronics Conference: Tallinn University of Technology, 
October 3–5, 2016 Tallinn, Estonia, Proceedings. IEEE, 167−170.

Tepljakov, A.; Astapov, S.; Petlenkov, E.; Vassiljeva, K.; Draheim, D. (2016). Sound Localization and Processing 
for Inducing Synesthetic Experiences in Virtual Reality. BEC 2016: 15th biennial Baltic Electronics Conference, 
Tallinn University of Technology, October 3–5, 2016 Tallinn, Estonia, Proceedings. IEEE, 159−162.

Preden, J.-S.; Llinas, J.; Motus, L. (2016). Middleware for exchange and validation of context data and infor-
mation. In: Snidaro, L.; García, J.; Llinas, J.; Blasch, E. (Ed.). Context-Enhanced Information Fusion: Boosting 
Real-World Performance with Domain Knowledge (Ch. 9, 205−230). Springer. (Advances in Computer Vision 
and Pattern Recognition).

hIGh-assUrance soFTWare laBoraTory
Head of the laboratory: lead research scientist Tarmo UUsTalU, tarmo.uustalu@ttu.ee 

This group conducts research into theories, methods and tools for developing high-assurance software, 
specializing on both proofs (certified software) and testing.

In 2016
capretta’s delay datatype quotiented by weak bisimilarity was shown to deliver free omega-cppos, 
assuming countable choice, and to be the initial omega-complete pointed classifying monad. a differ-
ent partiality datatype constructed with the help of a higher inductive type was shown to be a monad 
without the countable choice axiom.

stateful runners were generalized to a novel structure of interaction morphisms, describing well-behaved 
interactions of a monadic computation and a comonadic execution platform. Interaction morphisms 
were shown to be a natural concept with a number of neat properties. In particular, they are monoids 
in a suitable monoidal category, and the category of interaction morphisms exhibits a lot of structure.

Update lenses as comonad coalgebras were generalized to update-update lenses, a structure for bidirec-
tional transformations with monoids of updates for both the source and view database. Update-update 
lenses are comonad morphisms.

a generic framework was devised for specifying relaxed memories, based on a flexible concept of a 
backlog (reordering box); execution of a program on a relaxed memory is constrained by a history-
dependent independency relation. an algorithm for exploring the executions of a program on a relaxed 
memory was devised that generates exactly one representative of every equivalence class of executions, 
the Foata normal form.

The kameda-Weiner method of finding a minimal nondeterministic finite automaton (nFa) of a 
regular language was reinterpreted in terms of atoms of the language. a method for generating 
nFas was proposed that provides a unified view of the construction of several known types of 
canonical nFas.

a new characterization of reversibility of a cellular automaton was given in terms of a strengthening of 
surjectivity and a weakening of injectivity (post-surjectivity and pre-injectivity). For sofic groups it was 
proved that post-surjective cellular automata are pre-injective, “almost dualizing” Gromov’s theorem 
that injective cellular automata on sofic groups are surjective.

an aspect-oriented technique of modelling, verification and model-based testing was developed based 
on Uppaal timed automata. non-interference of aspects is verified based on assume-guarantee asser-
tions. The approach was validated on a crisis management system case study.

a model-based mutation technique was introduced for evaluating the robustness of web services. 
From the specification of a Web service, a test model is designed using Uppaal timed automata and 
the conformance between the model and the implementation is validated via online model-based test-
ing with the Uppaal Tron tool. a set of mutation operators are applied to the test model generating 
various mutant models; valid mutant models are used for online test generation against the service 
implementation. The technique was tried on a blog web service.

https://www.etis.ee/Portal/Publications/Display/dc549889-21fb-4202-84db-ed5b80476792
https://www.etis.ee/Portal/Publications/Display/4daee2c3-b54a-4c9e-b458-7049fce75307
https://www.etis.ee/Portal/Publications/Display/6194ee1f-3c25-4bde-bf29-3e9268568c9d
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selecTed pUBlIcaTIons 2016
Capretta, V.; Uustalu, T. (2016). A coalgebraic view of bar recursion and bar induction. Foundations of Software 
Science and Computation Structures: 19th International Conference, FOSSACS 2016, Held as Part of the 
European Joint Conferences on Theory and Practice of Software, ETAPS 2016, Eindhoven, The Netherlands, 
April 2–8, 2016, Proceedings. Ed. Jacobs, B.; Löding, C.; Berlin: Springer, 91−106. (Lecture Notes in Computer 
Science; 9634).

Soudari, M.; Srinivasan, S.; Balasubramanian, S.; Vain, J.; Kotta, U. (2016). Learning based personalized energy 
management systems for residential buildings. Energy and Buildings, 127, 953−968.

Tamm, H. (2016). New interpretation and generalization of the Kameda-Weiner method. 43rd International 
Colloquium on Automata, Languages and Programming: ICALP 2016, Rome, Italy, July 12–15, 2016, [Pro-
ceedings]._Ed. Chatzigiannakis, I.; Mitzenmacher, M.; Rabani, Y.; Sangiorgi, D.; Saarbrücken/Wadern: Schloss 
Dagstuhl – Leibniz-Zentrum für Informatik, Dagstuhl Publishing, Germany, 116-1−116-12. (Leibniz Interna-
tional Proceedings in Informatics; 55).

nonlInear conTrol sysTems
Head of the research group: lead research scientist Ülle koTTa, kotta@ioc.ee

The laboratory of control systems is a leading estonian research unit in automatic control, focusing on 
control theory and symbolic software, supporting fundamental/applied research and teaching. 

The research directions include nonlinear and robust control systems, modeling of control systems, 
learning and planning in robotic systems, formal testing and verification methods for distributed and 
embedded systems.

The goal is to carry on basic research in nonlinear control theory, which has a firm base in applied 
mathematics. The group’s research activities are directed towards developing theoretical and symbolic 
computation tools for modelling, analysis and synthesis of nonlinear control systems. 

The group has made significant contributions in developing algebraic methods both for continuous- and 
discrete-time nonlinear control systems. a universal algebraic formalism has been developed that unifies 
the study of very different problems. In this formalism, sequences of subspaces of the differential forms, 
associated with the control system, are defined and provide a lot of information about the structural 
properties of the system. during recent years we have applied the algebraic methods for the study of a 
number of fundamental properties of a control system; like feedback linearizability, accessibility, iden-
tifiability, system (input-output and transfer) equivalence, irreducibility and realizability of the system 
in the classical state space form. most procedures have been implemented in the computer algebra 
system Mathematica. 

selecTed pUBlIcaTIons 2016
Kawano, Y.; Kotta, Ü.; Moog, C. H. (2016). Any dynamical system is fully accessible through one single actuator 
and related problems. International Journal of Robust and Nonlinear Control, 26 (8), 1748−1754.

Kaldmäe, A; Kotta, Ü.; Jiang, B.; Shumsky, A.; Zhirabok, A. (2016). Faulty plant reconfiguration based on dis-
turbance decoupling methods. Asian Journal of Control, 18 (3), 858−867.

Bartosiewicz, Z.; Kotta, Ü.; Mullari, T.; Tõnso, M.; Wyrwas, M. (2016). On accessibility conditions for state space 
nonlinear control systems on homogeneous time scales. Systems & Control Letters, 98, 8−13.

model-Based soFTWare enGIneerInG
Head of the research group: director of the department Jaan penJam, jaan.penjam@ttu.ee

The research of the group is aiming at a tool development that enables modeling and simulation of 
complex systems and automated program composition. We do research and take advantage of the 
following fields:

•	 visual specification languages;

•	 compiler compilation;

•	 model-based software engineering;

•	 ontology-driven software development;

https://www.etis.ee/Portal/Publications/Display/1a9aece3-2751-44d1-8dea-da16e56d5840
https://www.etis.ee/Portal/Publications/Display/d224bd35-2052-452d-bfb7-c410e4229b63
https://www.etis.ee/Portal/Publications/Display/0ba04c30-e94d-4033-9bca-5b4ea81c442a
https://www.etis.ee/Portal/Publications/Display/18fd8ec4-1c89-477e-b267-d2a6963d7875
https://www.etis.ee/Portal/Publications/Display/e90eab7e-92c7-448f-b399-b9ab4a8aac12
https://www.etis.ee/Portal/Publications/Display/0161ff87-3d05-4717-ae88-22798e2185da
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•	 propositional calculus;

•	 structural program synthesis – a proof search based program synthesis paradigm;

•	 expert systems;

•	 machine learning;

•	 data management;

•	 hybrid (continuous time and discrete event based) simulations.

during a number of decades several software tools that facilitate program synthesis features have 
been developed by the group:

•	 priz – for mainframes IBm 370, es;

•	 expertpriz – a priz version for pc with built-in expert system engine;

•	 c-priz - a priz version for pc implemented in c; first tool in the line that facilitated a graphical 
user interface;

•	 nUT – an X11 based tool for engineering modeling running on sun solaris and linux (support 
discontinued);

•	 cocovila – the current Java-based tool for model based visual program composition.

selecTed pUBlIcaTIons 2016
Sanko, J.; Haav, H.-M.; Kotkas, V. (2016). Ontology-based customization of a scheduling system for discrete 
manufacturing. Databases and Information Systems IX: Selected Papers from the Twelfth International Baltic 
Conference, DB&IS 2016._Ed. Arnicans, G.; Arnicane, V.; Borzovs, J.; Niedrite, L. Amsterdam: IOS Press, 57−70. 
(Frontiers in Artificial Intelligence and Applications; 291).

Grossschmidt, G.; Harf, M. (2016). Multi-pole modeling and simulation of an electro-hydraulic servo-system 
in an intelligent programming environment. International Journal of Fluid Power, 17 (1), 1−13.

Ojamaa, A.; Tyugu, E. (2016). Enterprise security analysis and training experience. Critical Information In-
frastructures Security: 9th International Conference, CRITIS 2014, Limassol, Cyprus, October 13–15, 2014, 
Revised Selected Papers. _Ed. Panayiotou, C.G.; Ellinas, G.; Kyriakides, E.; Polycarpou, M.M. Cham: Springer, 
200−208. (Lecture Notes in Computer Science; 8985).

larGe-scale sysTems 
Head of the research group: professor dIrk draheIm, dirk.draheim@ttu.ee

The research group conducts research in large- and ultra-large-scale IT systems. 

The studies are concentrated on the investigation of architecture, design, realization and management 
of IT system landscapes, high-volume data-intensive systems, high-volume workflow-intensive systems, 
massively resource-intensive systems, and highly distributed systems.

selecTed pUBlIcaTIons 2016
Draheim, D. (2016). Reflective Constraint Writing : A Symbolic Viewpoint of Modeling Languages. In: Hameur-
lain, ; et al. (Ed.). Transactions on Large-Scale Data- and Knowledge-Centered Systems XXIV: Special Issue 
on Database- and Expert-Systems Applications (1−60). Springer. (Lecture Notes in Computer Science; 9510).

Eshuis, R.; Norta, A.; Roulaux, R.; (2016). Evolving process views. Information and Software Technology, 80, 
20−35.

Draheim, D.; Koosapoeg, K.; Lauk, M.; Pappel, I.; Pappel, I.; Tepandi, J. (2016). The design of the Estonian 
governmental document exchange classification framework. Electronic Government and the Information 
Systems Perspective: 5th International Conference, EGOVIS 2016, Porto, Portugal, September 5–8, 2016, 
Proceedings. Cham: Springer, 33−47. (Lecture Notes in Computer Science; 9831).

https://www.etis.ee/Portal/Publications/Display/d95f9052-1b58-4041-ac6d-43f50fe65b7a
https://www.etis.ee/Portal/Publications/Display/972596ec-322c-4688-954a-6c5adc0396de
https://www.etis.ee/Portal/Publications/Display/fe91f226-b7ba-4371-ae5c-e451d07ee875
https://www.etis.ee/Portal/Publications/Display/8a40e96c-5c1a-45bd-89fc-f45f57b8dd3c
https://www.etis.ee/Portal/Publications/Display/6985a7ee-f5ef-45a3-9d83-302590e9490b
https://www.etis.ee/Portal/Publications/Display/55ccda4d-c519-475f-8a72-08eeab427bba
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daTa scIence
Head of the research group: professor reIn kUUsIk, rein.kuusik1@ttu.ee

The research fields of the research group are:

•	 computational linguistics;

•	 data mining and machine learning.

a language-independent system has been created for testing dictionaries of the Wordnet type (there are 
about 70 of them in the world). It was shown that all dictionaries of this type contain tens of thousands 
of errors that the new testing system effectively detects. cooperation with the authors of the estonian 
Wordnet, for example, reduced the number of polysemic errors in the estonian Wordnet by 97 %.

an existing algorithm of zero-factor-free determinacy analysis was developed in order to find out how 
to detect object’s belonging to a class. It is based on finding closed sets and their generators at the 
same time. as a bases for describing underlying data three types of rules can be found: class detection 
rules, (positive) association rules, negative association rules. The usage methodology was developed.

selecTed pUBlIcaTIons 2016
Lohk, A.; Fellbaum, C.D.; Võhandu,L. (2016). Tuning hierarchies in Princeton WordNet. Proceedings of the 8th 

Global WordNet Conference [GWC 2016] : Bucharest, Romania, January 27–30, 2016. Ed. Barbu Mititelu, V.; 
Forascu, C.; Fellbaum, C.; Vossen, P. Alexandru Ioan Cuza University of Iaşi, 177−183.

Lohk, A.; Orav, H.; Vare, K.; Võhandu, L. (2016). Experiences of lexicographers and computer scientists in 
validating Estonian Wordnet with test patterns. Proceedings of the 8th Global WordNet Conference [GWC 
2016] : Bucharest, Romania, January 27–30, 2016. Ed. Barbu Mititelu, V.; Forascu, C.; Fellbaum, C.; Vossen, P. 
Alexandru Ioan Cuza University of Iaşi, 184−191.

Lind, G.; Kuusik, R. (2016). Algorithm for finding zero factor free rules. Man-Machine Interactions 4: 4th Inter-
national Conference on Man-Machine Interactions, ICMMI 2015, Kocierz Pass, Poland, October 6–9, 2015. 
Ed. Gruca, A.; Brachman, A.; Kozielski, S.; Czachórski, T. Springer, 421−435. (Advances in Intelligent Systems 
and Computing; 391).

https://www.etis.ee/Portal/Publications/Display/5bf34710-6fb1-4dbb-8087-8f2f0a7d28cc
https://www.etis.ee/Portal/Publications/Display/97d73357-d2ab-40f8-80f4-c32d3af5da9b
https://www.etis.ee/Portal/Publications/Display/7038d086-ed5c-47f5-9a67-e8e5c3679c35
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depaRTmenT oF healTh TechnoloGIes
Director: professor kalJU meIGas, kalju@cb.ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 27 

 - Incl. 8 professors, 15 researchers

•	 doctoral students, total 23

•	 scientific publications, total 31

•	 defended doctoral dissertations in 2016, total 3

The department conducts research within 6 research groups:

•	 Brain Bioelectrical signals

•	 non-invasive optical monitoring of Blood pressure and cardiovascular system

•	 Biofluid optics 

•	 sleep medicine/sudden cardiac death

•	 centre for cardiovascular medicine

•	 emed laboratory

•	 enmr laboratory

research GroUps

BraIn BIoelecTrIcal sIGnals
Head of the research group: senior research scientist maIe Bachmann, maie@cb.ttu.ee 

In 2016 the main efforts were aimed to investigation of eeG based indicators for detection of mental disorders 
such as depression and the effect of environmental factors on human brain bioelectrical activity directly related 
to mental disorders. 

The study on indicators for detection of depression employs eeG from 18 channels for 34 subjects (17 depres-
sive and 17 control). The experiments indicated maximum difference for sasI values in channel pz. Therefore, 
channel pz was selected for comparison of two methods. The results of statistical analysis show that sasI 
values are significantly higher for the depressive than for the control group (p = 3.577e–05), while dFa values 
are significantly lower for the depressive group (p = 0.033). sasI has superior discrimination ability with clas-
sification accuracy of 76.5%, while the classification accuracy of dFa was 70.6%. linear combination of sasI 
and dFa resulted in 91.2% classification accuracy. 

our studies indicated gender differences in the brain functional connectivity between male and female depres-
sion. The experiments were performed on 37 unmedicated subjects with mdd (16 male, 21 female) and 37 age 
and gender-matched healthy subjects. synchronization likelihood (sl) method was used to estimate functional 
connectivity between eeG signals recorded from 30 channels and filtered into six frequency bands. The results 
of the study indicate a significant difference between eeG of male and female major depressive disorder (mdd). 

an important part of the investigations was aimed to explain the mechanism of the effect of low-level modulated 
microwave radiation on brain bioelectrical oscillations. The proposed model of excitation by low-level microwave 
radiation is based on the influence of water polarization on hydrogen bonding forces between water molecules, 
related to this the enhancement of diffusion and consequences on neurotransmitters transit time and neuron 
resting potential. modulated microwave radiation causes periodic alteration of the neurophysiologic parameters 
and parametric excitation of brain bioelectric oscillations. The experiments to detect the logical outcome of 
the mechanism on the physiological level were carried out on 15 human volunteers. The 450 mhz microwave 
radiation modulated at 7, 40 and 1000 hz frequencies was applied at the field power density of 0.16 mW/cm2. 
The experimental results support the proposed mechanism indicating the eeG enhancement at the frequencies 
predicted by theory. 
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maIn resUlTs 
•	 single-channel eeG analysis using an original linear spectral asymmetry index sasI provides accept-

able sensitivity for detection of depression comparable to that achieved using nonlinear dFa method.

•	 synchronization likelihood estimated a significant difference in functional connectivity between 
male and female depressive eeG. 

The suggested nonthermal mechanism, free of the restrictions related to field strength or time con-
stant, is the first one providing explanation of low-level microwave radiation effects and includes its 
experimental confirmation.

selecTed pUBlIcaTIons
Hinrikus, Hiie; Bachmann, Maie; Karai, Denis; Lass, Jaanus (2016). Mechanism of low-level microwave radia-
tion effect on nervous system. Electromagnetic biology and medicine, 1−11.

Orgo, L.; Bachmann, M.; Kalev, K.; Järvelaid, M.; Hinrikus, H. (2016). Brain Functional Connectivity in Depres-
sion: Gender Differences in EEG. IEEE – EMBS Conference on Biomedical Engineering and Science, Kuala 
Lumpur, 4–8 December 2016. IEEE, 270−273.

non-InvasIve opTIcal monITorInG oF Blood pressUre and 
cardIovascUlar sysTem
Head of the research group: professor kalJU meIGas, kalju@cb.ttu.ee

our previous studies have revealed that it is possible to estimate parameters from the photoplethysmographic 
signal, which are correlating with arterial stiffness. The photoplethysmography method is a non-invasive, optical, 
relatively simple and inexpensive method that can replace expensive and operator dependent methods (ultrasound 
measurement, sphygmocor) for arterial stiffness estimation. a study was carried out during the reporting period, 
where the relationships between the parameters from photoplethysmography and direct stiffness parameters 
of arterial regions were investigated. direct arterial stiffness parameters were estimated using blood pressure 
and ultrasound measurements. The study was carried out on 10 healthy subjects between 40 to 60 years of age. 
Ultrasound measurements were carried out on hand, leg and carotid arteries and photoplethysmographic signals 
were registered from different large and peripheral arteries. The photoplethysmographic signal was offline proc-
essed using maTlaB environment. The first results show that there is possible correlation between parameters. 
however, for more precise analysis additional studies on a larger number of subjects need to be carried out.

The stroke volume of heart is an important parameter in the prevention and treatment of cardiovascular dis-
eases. In clinical practises the stroke volume is estimated using ultrasound measurement, but it is a relatively 
expensive and operator dependent method. measurement and analysis of impedance cardiography offers also 
a possibility to estimate stroke volume. This method is inexpensive in comparison with ultrasound measurement 
and also the training of an operator is not needed. however, the impedance cardiographic method estimates 
stroke volume indirectly and therefore there can be impreciseness in the results. The hotman system estimates 
stroke volume using the impedance cardiographic method. The accuracy of the hotman system was investigated 
using ultrasound measurements as a reference method for stroke volume estimation. The study was conducted 
on ten healthy subjects (5 male and 5 female subjects) and the measurements were carried out using the hot-
man system and ultrasound device. as a result, it was found that the hotman system overestimates the stroke 
volume on an average of 20 ml, which is about 20% of the absolute value of stroke volume. It is a relatively large 
deviation, which is not related to the accuracy of ultrasound measurement. The repeatability of the ultrasound 
measurement was checked and the results of stroke volume were also within reference values. It has been 
suggested to carry out more experiments in order to find the source of impreciseness in the hotman system. 

In 2016:
•	 algorithm is developed for the waveform analysis of photoplethysmographic signal in frequency domain. 

The first results show possible correlation between extracted parameters from frequency analysis and di-
rect arterial stiffness parameters that were estimated using blood pressure and ultrasound measurements.

•	 hotman system, which is based on the bioimpedance method, overestimates the stroke volume on an 
average of 20 ml, which is about 20% of the absolute value of stroke volume.

BIoFlUId opTIcs 
Head of the research group: professor Ivo FrIdolIn, ivo@cb.ttu.ee 

The aim of the research is to develop a novel optical technology for monitoring of uremic toxins (UTox) related to 
the malnutrition-inflammation syndrome on the end stage renal disease patients and to cardiovascular disease 
(cvd), helping doctors to improve the life quality of the patients, and decrease hospitalisations and interventions. 

https://www.etis.ee/Portal/Publications/Display/356d2dfb-805d-4c99-b70c-6f233cd6bce7
https://www.etis.ee/Portal/Publications/Display/63cea283-a936-42e8-925a-96445a10be2e
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The uremic toxins are classified as: (i) small, (ii) middle and (iii) protein bound. moreover, no standard laboratory 
analyses are available for a number of protein bound and small uremic toxins measurements in the biological 
fluids so far. many of the uremic toxins are candidate markers of cardiovascular disease and inflammation. For this 
reason an appropriate high performance liquid chromatography (hplc) and lc-ms method, capable of identify-
ing and quantifying more uremic toxins compared to the existing standard laboratory methods, was developed.

In 2016:
•	 The contribution and removal dynamics of the main fluorophores during 99 dialysis sessions, (including 

57 hemodialysis and 42 hemodiafiltration treatments) was evaluated by analysing the spent dialysate 
samples to prove the hypothesis whether the fluorescence of spent dialysate can be utilized for monitor-
ing removal of any of the protein bound uremic solute. The highest contribution (35 ± 11%) was found 
to arise from Is with strong correlation between contribution values at the start and end of dialysis (r² 
= 0.90). The reduction ratio of indoxyl sulfate was very close to the decrease of the total fluorescence 
signal of the spent dialysate (49 ± 14% vs 51 ± 13% respectively, p = 0.30, n = 99) and there was strong 
correlation between these reduction ratio values (r² = 0.86). This proofs experimentally the hypothesis 
that the fluorescence signal at this wavelength region has high potential to be utilized for monitoring 
the removal of slowly dialyzed uremic toxin indoxyl sulfate.

•	 on-line fluorescence measurements were carried out to illustrate the technological possibility for real-
time dialysis fluorescence monitoring, reflecting the removal of the main fluorophores from blood into 
spent dialysate.

•	 The contribution of the fluorescence of 4-pyridoxic acid (4-pa) to the total fluorescence of spent 
dialysate (ex/em 220–500 nm) was estimated with the aim of evaluating the removal of this vitamin 
B-6 metabolite from the blood of patients (n=10) with end-stage renal disease (esrd) and receiving 
regularly pyridoxin injections after dialysis treatment. 4-pa in dialysate samples was identified and 
quantified using hplc with fluorescent and ms/ms detection. among many peaks in averaged hplc 
chromatogram of spent dialysate in the wavelength region of ex320/em430 nm, 4-pa was the biggest 
peak with contribution of 42.2±17.0% at the beginning and 47.7±18.0% in the end of the dialysis. high 
correlation (r=0.88-0.95) between 4-pa concentration and fluorescence intensity of spent dialysate was 
found in the region of ex310-330/em415-500 nm, respectively. It was concluded that 4-pa elimination 
from the blood of esrd patients can be potentially followed using monitoring of the fluorescence of 
the spent dialysate during dialysis treatments.

•	 a unique method compared to earlier known state of the art for determining middle and protein bound 
uremic toxins in the spent dialysate utilizing fluorescence spectroscopy led to two more patent publica-
tions in 2016 in addition to the earlier patents and patent applications:

 - aU2011274009 (B2) – issued 2016-06-23 a method and device for determining content of the 
middle and protein bound uremic toxins in a biological fluid; Inventors: Fridolin, I., Uhlin F., Jerotskaja, 
J., Tanner, r., arund, J., Filed: 10.01.2013.

 - Jp5957450 (B2) – issued 2016-07-27 a method and device for determining content of the middle 
and protein bound uremic toxins in a biological fluid; Inventors: Fridolin, I., Uhlin F., Jerotskaja, J., Tan-
ner, r., arund, J., Filed: 21.12.2012.

selecTed pUBlIcaTIons
Arund, J.; Luman, M.; Uhlin, F.; Tanner, R.; Fridolin, I. (2016). Is Fluorescence Valid to Monitor Removal of Protein 
Bound Uremic Solutes in Dialysis? PlosOne, 11 (5), 1−12.

Kalle, S.; Tanner, R.; Arund, J.; Tomson, R.; Luman, M.; Fridolin, I. (2016). 4-Pyridoxic Acid in the Spent Dialysate: 
Contribution to Fluorescence and Optical Monitoring. PLoS ONE, 1−11.

Kalle, S; Tanner, R; Arund, J; Tomson, R; Fridolin, I (2016). Optical Measurement of 4-Pyridoxic Acid in the 
Spent Dialysate: Algorithm Development. 15th Biennial Baltic Electronics Conference (BEC), Tallinn, Estonia, 
3–5. October, 2016. IEEE, 1−4.

sleep medIcIne/sUdden cardIac deaTh
Head of the research group: senior research scientist  JÜrI kaIk   

assessment of ventricular repolarization duration and variability by analysing ecG QT interval is a commonly 
accepted diagnostic and prognostic marker for determining the elevated risk for potentially life-threatening 
arrhythmias. novel QT interval variability algorithms, developed in Technomedicum of Tallinn University of 
Technology, are applicable to the majority of ecG registration methods – rest ecG, ecG 24 hours’ monitoring, 
stress test, etc. The main field of research in this year was application of these methods to ecG polysom-
nographic recordings, which allows not only to detect patients with various sleep apnea levels, but also to 
determine the risk of cardiac complications.

https://www.etis.ee/Portal/Publications/Display/0b3c25ea-d103-42ba-b49b-2592ead220e1
https://www.etis.ee/Portal/Publications/Display/cc002b66-71ce-4389-950b-6df620f31761
https://www.etis.ee/Portal/Publications/Display/e1f9e448-b60a-4ae7-aa1b-c8750cc7ba23
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In 2016:
continuing development of a device for monitoring various physiological signals as ecG, arterial blood pres-
sure, breathing frequency, blood saturation. The most significant changes are connected with ambulatory 
evaluation of sleep quality in order to create software and hardware for a novel sleep monitoring device. 

cenTre For cardIovascUlar medIcIne
Head of the centre: professor marGUs vIIGImaa, margus@cb.ttu.ee

We have studied the effect of aldehyde modification on antioxidant enzyme activity in diabetic patients in 
co-operation with russian cardiology centre in moscow. accurate measurement of aortic length in routine 
medical practice has still not been achieved. our investigation was oriented towards the evaluation of the 
impact of demographic and anthropometric data on aortic length and the construction of a predictive equation 
for the aortic length estimation. aortic length, measured on computed tomography (cT) images, was taken as 
actual aortic length and used in multiple linear regression analysis as a dependent variable for construction 
of the equation for aortic length estimation. 

We participated in a meta-analysis of genome-wide association studies for estimated glomerular filtration 
rate (eGFr), combining data across133,413 individuals with replication in up to 42,166 individuals. We have 
identified 24 new and confirmed 29 previously identified loci. of these 53 loci, 19 associate with eGFr among 
individuals with diabetes. 

The ldl lowering therapies have a major role in reduction in cardiovascular events. We have studied mono-
clonal antibodies to proprotein convertasesubtilisin kexin type 9 (pcsk9) as they represent a new therapeutic 
option, reducing ldl cholesterol by an additional 40–70% on top of other lipid lowering therapies. 

We investigated associations between self-reported tooth loss and cardiovascular outcomes in a global sta-
ble coronary heart disease cohort of 15,456 patients from 39 countries with stable coronary heart disease.

In 2016
The effect of aldehyde modification on antioxidant enzyme activity in diabetic patients was studied. The 
activity of commercially available antioxidant enzymes (catalase, glutathione peroxidase [Gpx], and cu,Zn-
superoxide dismutase [sod]) was determined in vitro prior to and after aldehyde modification. The activity 
of erythrocyte cu,Zn-sod was assayed in blood drawn from healthy donors, diabetic patients with decom-
pensated carbohydrate metabolism, and diabetic patients after glucose-lowering therapy. In vitro aldehyde 
modification had no effect on catalase activity, but diminished Gpx and cu,Zn-sod activity. In diabetic patients 
with decompensated carbohydrate metabolism, glucose-lowering therapy significantly increased cu,Zn-sod 
activity, the effect being especially pronounced after administration of metformin. It is likely that metformin 
antagonizes the aldehyde-induced inhibition of erythrocyte cu,Zn-sod in diabetic patients more effectively 
than sulfonylurea drugs.

It was demonstrated, that about 65 per cent of the variations in aorta length could be explained by such 
determinants as height, weight and age. The equation-derived aortic length showed better accuracy than 
the aortic length estimated by approximation to jugulum-symphysis distance when compared with actual 
aortic length.

reduced glomerular filtration rate defines chronic kidney disease and is associated with cardiovascular and 
all-cause mortality. a meta-analysis of genome-wide association studies for eGFr was conducted. Using 
bioinformatics, it was shown that identified genes at eGFr loci are enriched for expression in kidney tissues 
and in pathways relevant for kidney development and transmembrane transporter activity, kidney structure, 
and regulation of glucose metabolism. chromatin state mapping and dnase I hypersensitivity analyses across 
adult tissues demonstrate preferential mapping of associated variants to regulatory regions in kidney but not 
extra-renal tissues. These findings suggest that genetic determinants of eGFr are mediated largely through 
direct effects within the kidney and highlight important cell types and biological pathways.

The ldl lowering therapies have a major role in reduction in cardiovascular events. statins have been shown 
to be highly effective and safe in numerous randomized clinical trials, and have become the irreplacable first-
line treatment against atherogenic dyslipidemia. however, even with optimal statin and other traditional 
treatment, there still remains 60% to 80% of residual cardiovascular risk. monoclonal antibodies to proprotein 
convertasesubtilisin kexin type 9 (pcsk9) represent a new therapeutic option, reducing ldl cholesterol by an 
additional 40–70% on top of other lipid lowering therapies. some more novel lipid- lowering therapies and 
hdl-raising interventions are emerging, however, they require large cardiovascular outcome trials. clinicians 
should be aware of the results of outcome trials with novel drugs in treatment of atherogenic dyslipidaemia 
in order to offer the most efficacious and safe treatment to their patients.
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associations were investigated between self-reported tooth loss and cardiovascular (cv) outcomes in a 
global stable coronary heart disease (chd) cohort of 15,456 patients from 39 countries with stable chd 
(prior myocardial infarction [mI], prior revascularization, or multivessel chd) in the sTaBIlITy trial. at baseline, 
patients reported number of teeth (“26–32 [all]”, “20–25”, “15–19”, “1–14”, and “no Teeth”) and were followed 
for 3.7 years. cox regression models adjusted for cv risk factors and socioeconomic status, determined as-
sociations between tooth loss level (“26–32” teeth: lowest level; “no Teeth”: highest level) and cv outcomes.

selecTed pUBlIcaTIons
Wallentin, L.; Held, C.; Armstrong, PW.; Cannon, CP.; Davies, RY.; Viigimaa, M.; et al. (2016). Lipoprotein-
Associated Phospholipase A2 Activity Is a Marker of Risk But Not a Useful Target for Treatment in Patients 
With Stable Coronary Heart Disease. Journal of the American Heart Association, e003407−e003407.

Lankin, V.; Konovalova, G.; Tikhaze, A.; Shumaev, K.; Belova Kumskova, E.; Grechnikova, M.; Viigimaa, M. 
(2016). Aldehyde inhibition of antioxidant enzymes in the blood of diabetic patients. Journal of Diabetes 
2016 May;8(3):398-404.

Vedin, O.; Hagström, E.; Budaj, A.; Denchev, S.; Viigimaa, M.; et al. (2016). Tooth loss is independently associated 
with poor outcomes in stable coronary heart disease. European Journal of Preventive Cardiology, 839−846.

emed laBoraTory
Head of the laboratory: professor peeTer ross, peeter.ross@ttu.ee

scientific work is concentrating on the effect of the use of e-health services on diagnostic and treatment 
processes in public health and healthcare. The research topics include investigation of the actors and processes 
influencing the implementation of shared workflow, the use of digital medical databases in the development 
of digital decision support systems, and research of a medical text as a sublanguage of medicine.

The research area also includes health and medical data exploitation in developing new e-health services 
for citizens and healthcare professionals, data sharing among healthcare professionals and with the 
citizens, process reengineering in healthcare, telemedicine services for the patients and personal health 
record services and patient motivation.

estonian government has acknowledged TTÜ as one of the leading partners in the implementation of 
government approved „estonian e-health strategic plan until 2020“. The strategy addresses the quality 
and infrastructure of health data, personalised e-services and personal medicine, comprehensive case 
handling and integrating services, monitoring and analysis of the performance of health services and 
development of remote services.

enmr laBoraTory
Head of the laboratory: lead research scientist aGo samoson, ago.samoson@ttu.ee

nmr is a remarkably universal analytical method since essential spin interactions can be reliably cal-
culated. The spectra allow in principle a 3d reproduction of the entire spin system, even dynamics of it. 
We custom-develop nmr sensors- probeheads. key engineering aspects comprise numerical modeling, 
micro-machining and radio-frequency circuit design. one of the most important parameters is the 
rate of so called magic angle spinning, where a solid or soft matter under study is rotated in magnetic 
field. In many cases the higher rates improve resolution and sensitivity. recently we were able to reach 
150 khz which allows to use 1h nuclei for signal detection instead of conventional 13c. Immediate 
sensitivity increase is over two orders of magnitude. We apply the technology in contemporary priority  
areas: biomedical research and development of  F-ion batteries as a li-alternative for energy storage.

selecTed pUBlIcaTIons
De Almeida, Nicole E.; Harris, Kristopher J.; Samoson, Ago; et al. (2016). H-1-H-1 Double Quantum NMR Inves-
tigation of Proton Dynamics in Solid Acids. Journal of Physical Chemistry C, Vol. 120, Issue: 36, 19961–19969. 

Nielsen, Anders B.; Tan, Kong Ooi; Shankar, Ravi; Samoson, Ago; et al. (2016). Theoretical description of 
RESPIRATION-CP. Chemical Physics Letters, Vol. 645, 150–156.

Chen, Ruiyong; Maawad, Emad; Knapp, Michael; Witter, Raiker; et al. (2016). Lithiation-driven structural 
transition of VO2F into disordered rock-salt LixVO2F. RSC Advances, Vol. 6, Issue: 69, 65112–65118.

https://www.etis.ee/Portal/Publications/Display/d5f28d61-f6ad-4f88-bb65-c567470043d1
https://www.etis.ee/Portal/Publications/Display/eb949e06-be63-42d5-9cf4-d86b51dc674f
https://www.etis.ee/Portal/Publications/Display/b338687b-8046-462f-8e1b-52869f6eaa24
https://www.etis.ee/Portal/Publications/Display/d5a3937f-72e2-4064-beef-cfd71fa3a029
https://www.etis.ee/Portal/Publications/Display/e46ec49e-001d-4725-851b-a5a81be6803f
https://www.etis.ee/Portal/Publications/Display/d9dc9a0a-9ed7-4495-8627-dffd30f25f17
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Thomas Johann seeBeck depaRTmenT  
oF elecTRonIcs
Director: professor Toomas ranG, toomas.rang@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 36 

 - Incl. 6 professors, 19 researchers

•	 doctoral students, total 26

•	 scientific publications, total 35

•	 defended doctoral dissertations in 2016, total 2

The base of modern electronics explicitly embodies in cognitivity and communication, which formulates 
the results through generating, processing, transmitting and retransmitting, and deporting/retaining of 
signals (data). It realizes itself through networking of components, in their mutual communication and 
in the increase of autonomous aptness of components through the development of different unified 
hardware platforms, in which the combination of signal processing and data transforming takes place 
under strongly optimized energy consumption limitations. The research conducted at the Thomas Johann 
seebeck department of electronics (TJs elIn) follows these trends very actively. 

The deparTmenT condUcTs research WIThIn  
1 research GroUp:

Impedance secTroscopy and coGnITronIcs:  
sIGnals, alGorIThms, enerGy savInG solUTIons
Head of the research group: professor Toomas ranG, toomas.rang@ttu.ee

The main goal of the work is to find effective signal processing methods and algorithms for the synthesis 
of excitation signals and to process the response signals in frequency domain for optimizing the sen-
sor systems of complex multicomponent signals under consideration. additionally, new algorithms for 
underwater noise measurement methodology and standards for Baltic sea have been initiated based 
on measurement results for determination of noise level in living areas of marine species and of locali-
zation/identification of noise sources. new activities connected with the european spallation source 
consortium in lund, sweden started for development and realization of specific electronic boards for 
their experimental infrastructure.

The following earlier started studies are continued:

•	 development of an information system providing continuous and long-term monitoring of 
the human central aortic Blood pressure (cap) variations using non-invasive and health-
safe way from the electrical Bio-Impedance (eBI) measurements from the radial artery 
on the arm. 

•	 The research activities in evaluation of voice over Ip combined solutions with wireless mesh 
networks for emergencies like flooding, earthquakes etc. 

•	 The experimental and numerical experiments in the field of semiconductor electronics. 

•	 The research activities together with Tartu University in the framework of centre of excel-
lence eXcITe for the development of microfluidic components for disposable point-of-care 
Test devices. 
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In 2016
The following studies were performed:

•	 development of mathematical methods (chirp transform) for wide frequency band chirp signal 
applications to be used in impedance spectroscopy of biological objects.

•	 development of algorithm based on high speed impedance spectroscopy for binary sequential 
excitation or on non-equal sampling of chirp signals (Us patent application).

•	 development and realization of novel high voltage diffusion-welded sic stacks based on cree Inc. 
sic structures. The results are based on cooperation with researchers from the russian academy 
of science, a.F. Ioffe physico-Technical Institute in st. peterburg.

•	 Together with researchers from lund University, sweden, the new algorithm was developed for 
sparse signal reconstruction that can reconstruct the signal quicker (reduced computational 
complexity) or during the same time, but with higher exactness of reconstruction (better resolu-
tion and improved model order estimation).

•	 development of novel applications with the focus on wearable health sensorics using Internet 
of Things (IoT) technologies and applications.

•	 development of rl-caa, a novel algorithm for channel assignment in wireless body area net-
works. The algorithm was tested taking into account requirements of the Ieee 802.15.6 standard 
(body area network). 

selecTed pUBlIcaTIons
Ahmed, F.; Ahmed, T.; Muhammad, Y.; Le Moullec, Y.; Annus, P. (2016). Operating Wireless Sensor Nodes 
without Energy Storage: Experimental Results with Transient Computing. Electronics (MDPI), 5 (4), 1−14.

Korolkov, O.; Sleptšuk, N.; Annus, P.; Land, R.; Rang, T. (2016). High-voltage diffusion-welded stacks on the 
basis of SiC Schottky diodes. In: Fabrizio Roccaforte, Francesco La Via, Roberta Nipoti, Danilo Crippa, Filippo 
Giannazzo, Mario Saggio (Ed.). Silicon Carbide and Related Materials/Materials Science Forum (790−794). 
Trans Tech Publications Ltd.

Muhammad, Y.; Annus, P.; Le Moullec, Y.; Rang, T. (2016). A parametric framework for the development of 
bioelectrical applications: application to a bio-impedance signal simulator. Proceedings of the Estonian 
Academy of Sciences, 65 (4), 345−357.

https://www.etis.ee/Portal/Publications/Display/6c9e7377-22ac-40bc-ad4f-7846a25a043a
https://www.etis.ee/Portal/Publications/Display/f742017f-deee-4a21-89ef-a979e99fee0b
https://www.etis.ee/Portal/Publications/Display/aa1ebe02-7fbd-49d6-b615-ee308349a167
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school  
oF scIence
photo: 480 million year old bryozoan fossil Chasmatoporella on a slab of kukersite oil shale from the aidu opencast 
mine, ne estonia. specimen from the collections of the department of Geology (www.geokogud.info/specimen/90427). 
author of the photo Gennadi Baranov
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dean: professor TõnIs kanGer  
e-mail: tonis.kanger@ttu.ee

vice-dean for research: associate professor Urmas arUmäe 
e-mail: urmas.arumae@ttu.ee 

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 234 
 - Incl. 25 professors, 144 researchers

•	 doctoral students, total 159

•	 scientific publications, total 369

•	 defended doctoral dissertations in 2016, total 20

deparTmenTs

deparTmenT oF chemIsTry and BIoTechnoloGy 
director: professor Ivar JärvInG, ivar.jarving@ttu.ee

deparTmenT oF cyBerneTIcs 
director: professor andrUs salUpere, andrus.salupere@ttu.ee

deparTmenT oF GeoloGy 
director: senior research scientist aTko heInsalU, atko.heinsalu@ttu.ee

deparTmenT oF marIne sysTems 
director: professor JÜrI elken, juri.elken@ttu.ee

professors

associated professors

Teaching assistants

lecturers / Instructors

lead research scientists

senior research scientists

research scientists

early stage researcher

25

34

15

16

64

38

34

8
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depaRTmenT oF GeoloGy
Director: senior research scientist aTko heInsalU, atko.heinsalu@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 30 

 - Incl. 3 professors, 20 researchers.

•	 doctoral students, total 17

•	 scientific publications, total 86

•	 defended doctoral dissertations in 2016, total 1

The department conducts research within 3 research divisions and the department of collections

•	 division of Bedrock Geology

•	 division of Isotope Geology

•	 division of Quaternary Geology

•	 department of collections

dIvIsIons

dIvIsIon oF Bedrock GeoloGy 
Head: professor olle hInTs, olle.hints@ttu.ee

The research of the working group is focused on early paleozoic paleobiology, paleoclimate, paleoenviron-
mental change and integrated bio- and chemostratigraphy. The Baltoscandian rocks, which constitute one 
of the best archives of paleozoic earth history worldwide, are used as a natural laboratory, complemented 
by data from other paleocontinents and regions (e.g. siberia, north america and central europe etc.). 
The main scientific questions targeted by the group are related to the evolution and diversification of 
biosphere, extinction events and their connections with climate change and environmental perturbations, 
paleobiogeography, functioning of fossil ecosystems, geochemical cycling and its changes through time.

In 2016
•	 oxygen isotope records from conodont apatite enabled reconstructing silurian global climate 

history, showing direct links between major geobioevents and climate change.

•	 new integrated quantitative stratigraphic model for Baltoscandian chitinozoan biostratigraphy, 
k-bentonites and carbon isotope signatures allowed evaluating age-relations between biotic and 
environmental changes and reconstructing paleobiodiversity at the highest resolution.

•	 Based on ordovician-silurian succession an updated carbon isotope curve was created for the 
Baltic region with particular emphasis on Guttenberg, hirnantian and Ireviken events, allowing 
new environmental interpretations and chemostratigraphic correlations. 

•	 combined bio- and chemostratigraphty improved correlation tools and allowed precise dating 
of key succession and events.

•	 In paleontological studies new taxa were described and biogeographic and stratigraphic distribu-
tion of different fossil groups was analysed globally and within the Baltic region. 

selecTed pUBlIcaTIons:
Hints, L., Paškevicius, J. Martma, T., Männik, P., Nõlvak, J. (2016). Upper Sandbian-lower Katian bio- and chem-
ostratigraphy in the Pajevonys-13 core section, Lithuania. Estonian Journal of Earth Sciences, 65 (2), 85−97.

https://www.etis.ee/Portal/Publications/Display/c753e103-efb7-4975-a1ff-6cfcb866622a
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Hints, O.; Tonarová, P.; Desrochers, A. (2016). Late Ordovician jaw-bearing polychaetes from Anticosti Island, 
eastern Canada, and their biogeographic significance. Canadian Journal of Earth Sciences, 53, 731−718.

Trotter, J. A.; Williams, I. S.; Barnes, C. R.; Männik, P.; Simpson, A. (2016). New conodont δ18O records of Silurian 
climate change: implications for environmental and biological events. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 443, 34−48.

dIvIsIon oF IsoTope GeoloGy
Head: senior research scientist reIn vaIkmäe, rein.vaikmae@ttu.ee

The studies of the research group are focused on: (1) groundwater isotopic composition, age, origin and 
numerical models; (2) isotopic signatures of paleoclimatic and environmental change in polar areas; (3) 
co2 capture and geological storage. 

In 2016
•	 large quantities of methane were stored into marine sediments along norwegian shelf during the 

glaciations. authigenic carbonate crusts were formed simultaneously with methane release after 
deglaciation of scandinavian Ice sheet. The timing of crust formation associated with methane 
seeps across the seabed was analysed. The impact on atmospheric methane concentrations and 
the possible response to global climate change was discussed.

•	 It was determined that groundwater in the north estonian ordovician-cambrian aquifer system 
represents a mixture of waters originating from modern precipitation, glacial meltwater and 
relict na-cl. The isotopic and chemical composition of groundwater indicates that the influence 
of pleistocene glaciations on the geochemical evolution of groundwater has been far more ex-
tensive than previously thought. These findings should be taken into account in future decisions 
concerning the management of groundwater resources. 

•	 The spatial composition of groundwater and modern precipitation in the Baltic artesian Basin area 
revealed that the isotopic composition of shallow groundwater is depleted with respect to weighted 
mean annual values in local precipitation. hypothetically, the long vegetation period allows plants 
to transpire a substantial portion of the summer precipitation input, which causes the groundwater 
recharge to be strongly biased towards the spring snowmelt and autumn precipitation.

selecTed pUBlIcaTIons:
Crémière, A.; Lepland, A.; Chand,S.; Sahy, D.; Condon, D. J.; Noble, S. R.; Martma, T.; Thorsnes, T.; Sauer, S; 
Brunstad, H. (2016). Timescales of methane seepage on the Norwegian margin following collapse of the 
Scandinavian Ice Sheet. Nature Communications, 7, 11509, 1−10.

Pärn, J.; Raidla, V.; Vaikmäe, R.; Martma, T.; Ivask, J.; Mokrik, R.; Erg, K. (2016). The recharge of glacial meltwater 
and its influence on the geochemical evolution of groundwater in the Ordovician-Cambrian aquifer system, 
northern part of the Baltic Artesian Basin. Applied Geochemistry, 72, 125−135.

Raidla, V.; Kern, Z.; Pärn, J.; Babre, A.; Erg, K.; Ivask, J.; Kalvans, A., Kohán, B.; Lelgus, M.; Martma, T.; Mokrik, R.; 
Popovs, K.; Vaikmäe, R. (2016). A δ 18O isoscape for the shallow groundwater in the Baltic Artesian Basin. 
Journal of Hydrology, 542, 254−267.

dIvIsIon oF QUaTernary GeoloGy
Head: professor sIIm veskI, siim.veski@ttu.ee

The research group aims at reconstruction of post-glacial paleoecology, paleoenvironmental and paleo-
climatic change, both natural and man-made, at high temporal resolution in estonia and neighbouring 
areas during the last 15,000 years through a multidisciplinary and multiproxy study of natural archives 
such as lake, bog and marine sediments. The group is focused on three overlapping research subjects: 
(1) late-glacial abrupt changes; (2) holocene natural and man-made related changes and (3) develop-
ment of the Baltic sea basin. 

In 2016
•	 research was focused on the development, testing and application of pollen inferred spacio-

temporal climate and vegetation models.

https://www.etis.ee/Portal/Publications/Display/3df6777b-785b-463a-8679-e8745f28795d
https://www.etis.ee/Portal/Publications/Display/bfe203a4-7e29-40e0-87ad-c898fa9d0678
https://www.etis.ee/Portal/Publications/Display/99553968-f490-4729-af9f-49820906078d
https://www.etis.ee/Portal/Publications/Display/1a4045b7-a399-4367-be65-b6f5187e6253
https://www.etis.ee/Portal/Publications/Display/78a16fe1-7828-4615-943c-dde58947e4b2
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•	 Based on the Baltic late Weichselian (14,000 to 11,000 Bp) paleobiological dataset (from algae to 
mammals) the climate change and biological turnover rate speeds were compared with the modern 
period. We found that at the beginning of the holocene climatic warming was accompanied by 
the fastest species extinction, which is comparable in magnitude to the changes observed today.

•	 The late-Glacial glacier retreat chronology and the associated vegetation change in north 
estonia was clarified.

•	 links between the boreal forest species composition, past climate change, forest fires and hu-
man activities were examined throughout the holocene period.

•	 Traces of the 1875 ad Iceland askja volcanic eruption were discovered in bog sediments of latvia 
which allows independent dating and anchoring of paleoecological events.

•	 The impact of the crusade wars on the landscape and environment of northern latvia between 
the 13th–16th centuries (medieval livonia) was evaluated.

selecTed pUBlIcaTIons:
Ilvonen, L.; Holmström, L.; Seppä, H.; Veski, S. (2016). A Bayesian multinomial regression model for palaeo-
climate reconstruction with time uncertainty. Environmetrics, 27 (7), 409−422.

Stivrins, N.; Soininen, J.; Amon, L.; Fontana, S.L.; Gryguc, G.; Heikkilä, M.; Heiri, O.; Kisielienė, D.; Reitalu, T.; 
Stančikaitė, M.; Veski, S.; Seppä, H. (2016). Biotic turnover rates during the Pleistocene-Holocene transition. 
Quaternary Science Reviews, 151, 100−110.

Stivrins, N.; Wulf, S.; Wastegard, S.; Lind, E. M.; Alliksaar, T.; Galka, M.; Andersen, T.J.; Heinsalu, A.; Seppä, H.; 
Veski, S.; (2016). Detection of the Askja AD 1875 cryptotephra in Latvia, Eastern Europe. Journal of Quater-
nary Science, 31 (5), 437−441.

dIvIsIon oF collecTIons
Head of Collections: UrsUla Toom, ursula.toom@ttu.ee

The department of Geology holds the largest georepository in estonia (fossils, rock samples, drill cores, 
etc., archive and the electronic information system). They form an integral part of the department’s 
research programme and are regularly used by geologists all over the world. The collections have been 
funded by the state. The fossil collections have been deposited in special storage rooms in the campus. 
drill cores (5000 boxes, 4–6 m cores in each box) are stored in the newly built särghaua earth science 
centre drill core repositories. The division of collections is a partner in the national research infrastructure 
roadmap object “natural history archives and information network (naTarc)“, which develops services 
related to hosting and computing of scientific repositories and data archives. 

https://www.etis.ee/Portal/Publications/Display/fc313227-1bd0-4197-add7-c478b0fa60bc
https://www.etis.ee/Portal/Publications/Display/f95e2111-5732-43b5-8f4f-1d7d52a079af
https://www.etis.ee/Portal/Publications/Display/1e2ae750-6e4e-4651-90ff-eb2cd6292138


65

sch
o

o
l o

F scIen
c

e

depaRTmenT oF chemIsTRy and 
BIoTechnoloGy 
Director: senior research scientist Ivar JärvInG, ivar.jarving@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 110 

 - Incl. 11 professors, 67 researchers.

•	 doctoral students, total 93

•	 scientific publications, total 93

•	 defended doctoral dissertations in 2016, total 11

The department conducts research within 24 research groups:

•	 nucleotide metabolism in sponges

•	 molecular neurobiology

•	 plant-microbe Interactions

•	 metalloproteomics

•	 plant Genetics

•	 mechanisms of neuronal death and survival and their control by neurotrophic Factors

•	 Immunology

•	 potyviruses 

•	 helicobacter pylori-Induced liver damages

•	 reproductive Biology 

•	 Interaction between plant viruses and Their hosts 

•	 Transcriptional interference

•	 angiogenesis

•	 smart synthesis with small cycles: exploring chemistry of the activated cyclopropanes

•	 molecular science

•	 oxidation

•	 systems Biology of Bacteria

•	 metabolism of lipids and lipoproteins

•	 advancing analytical and computational chemistry methods for regulatory decisions

•	 aerogels as materials for chemical analysis

•	 supramolecular chemistry 

•	 catalysis

•	 Green chemistry

•	 Food research
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research GroUps

nUcleoTIde meTaBolIsm In sponGes
Head of the research group: lead research scientist merIke kelve, merike.kelve@ttu.ee

The aim of the research is the growth of sponges or their associated microbes for the production of 
bioactive compounds to supply biological material for clinical trials. The studies are carried out in the 
framework of a multi-disciplinary alliance of more than 10 academic and industrial partners that will 
excel in reseach and training through integration of complementary expertise in cell biology, microbiol-
ogy, natural product chemistry, genomics & transcriptomics and socio-economics.

maIn resUlTs In 2016:
1. additional biochemical characterization of deoxynucleotide-5-phosphate-n-glycosidase (dnph1).

2. The in silico phylogeneticanalysis of dnph1 genes.

3. Identification of the protein with novel aTp n-glycosidase activity in the freshwater sponge ephy-
datia muelleri. expression of this protein in the yeast system, characterization of the enzymatic 
activity of the protein.

4. The search of genes coding for aTp n-glycosidase in marine sponge axinella polypoides (bioin-
formatical analysis, sequencing of the a. polypoides transcriptome). expression of the candidate 
genes.

5. The novel type of ribonuclease which specifically degrades 2’,5’-phosphodiester bond: isolation 
of enzymatically active fraction from the extract of the oyster crassostrea gigas; the analysis 
of the peptides/proteins in this fraction, using the method of mass-spectrometry to identify the 
carrier of the ribonuclease activity.

6. 2’,5’-oligoadenylate synthetases (oas) in metazoa: expression, characterization of their enzymatic 
activities, establishing their gene structures. These data will be used for writing a paper about 
the presence of sponge-type oass among metazoa.

7. evolutionary aspects of purine metabolism: the absence of the enzymes specific to the purine 
de novo biosynthesis pathway in several braches of Tree of life (demospongia, ctenophora). 

8. The metagenomic analysis of the freshwater sponge ephydatia muelleri. one of the aims of the 
analysis was the search of genes of e. muelleri coding for the specific enzymes of purine in vivo 
biosynthesis pathway. The results coincide with our previous conclusions about the lack of purine 
in vivo biosynthesis in demosponges.

selecTed pUBlIcaTIons
Vallmann, K.; Kivisild, C.; Lopp, A.; Rapp, H.T.; Kelve, M. (2016). The stress protein HSP70 from the marine 
sponge Thenea muricata. Journal of the Marine Biological Association of the UK, 96 (2), 573−581.

molecUlar neUroBIoloGy 
Head of the research group: professor TõnIs TImmUsk, tonis.timmusk@ttu.ee

In 2016, the main emphasis of the research was on molecular mechanisms of gene expression, including 
transcription, mrna and protein subcellular localization, translation, posttranslational modifications and 
signaling in the nervous system health and disease, and in oncogenesis.

specifically the following studies were carried out: (1) molecular mechanisms controlling neural activity-
regulated transcription and translation of the neurotrophin BdnF; (2) Transcriptional deregulation in 
huntington’s disease; (3) TrkB signaling; (4) The functions of the basic helix-loop-helix transcription factor 
TcF4 in the nervous system of mammals and drosophila and its deregulation in pitt-hopkins syndrome 
and schizophrenia; (5) synaptic functions of the dendritically localized neuralized1 as an ubiquitination 
ligase and transcriptional regulator.

selecTed pUBlIcaTIons
Tuvikene, J.; Pruunsild, P.; Orav, E.; Esvald, E.E.; Timmusk, T. (2016). AP-1 transcription factors mediate BDNF-
positive feedback loop in cortical neurons. Journal of Neuroscience, 36, 1290−1305.

https://www.etis.ee/Portal/Publications/Display/5ef0f891-a3ec-461e-bfa2-129a35966283
https://www.etis.ee/Portal/Publications/Display/fb4aa656-2301-4e8a-8214-1ce4c46e69f6
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Sadam, H.; Liivas, U.; Kazantseva, A.; Pruunsild, P.; Kazantseva, J.; Timmusk, T.; Neuman, T.; Palm, K. (2016). 
GLI2 cell-specific activity is controlled at the level of transcription and RNA processing: Consequences to 
cancer metastasis. Biochimica et Biophysica Acta – Molecular Basis of Disease, 1862 (1), 46−55.

Vihma, H.; Luhakooder, M.; Pruunsild, P.; Timmusk, T. (2016). Regulation of different human NFAT isoforms 
by neuronal activity. Journal of neurochemistry, 137, 394−408.

planT-mIcroBe InTeracTIons
Head of the research group: professor erkkI TrUve, erkki.truve@ttu.ee

The research of the working group is focused on genetic, molecular and cellular aspects of plant-
microbe interactions. We concentrate on one rna virus genus – sobemoviruses, but study also the roles 
of cytoskeleton and some anther-specific genes in maize development. In addition, we have started 
to identify viruses infecting cereals in estonia, using next-generetion sequencing techniques. We use 
predominantly different cereals as well as the model plant arabidopsis thaliana and various tobaccos 
as experimental (host) plant species. 

We study the following aspects of plant-microbe interactions: (1) characterization of different species 
of the sobemovirus genus, their genome organizations, functions of genes, mechanisms of propagation, 
transport and spread; (2) viral and endogenous suppressors of rna silencing as the major players to 
control the infections in plants; (3) the role of myosins in arabidopsis development and plant-microbe 
interactions; (4) novel genes determining the development of anthers as well as in meiotic cell divisions 
in corn; (5) viruses infecting cereals in estonia.

In 2016:
1. We discovered that protein aBce1, highly conserved among archae and eucaryotes, is, besides its 

function as a translation factor and rna silencing suppressor, able to regulate the progression 
of the s phase of a human cell cycle. 

2. We demonstrated that the simultaneous knockdown of several different arabidopsis myosin 
genes leads to abnormal reaction of plants to changing gravitational field.

3. We described the chemical bonds between the viral vpg and genomic rna for one calicivirus 
and one norovirus.

GroUp oF meTalloproTeomIcs
Head of the research group: professor peep palUmaa, peep.palumaa@ttu.ee

The amyloid deposition in the form of extracellular fibrillar aggregates of amyloid-β (aβ) peptide is a 
critical pathological event in alzheimer’s disease. We have introduced a novel cellular system for studies 
of toxicity of aβ peptides in vitro, which consisted of sh sy5y cell line differentiated with retinoic acid 
and BdnF. The effects of peptide concentration and incubation time on viability and morphology of the 
neuron-like differentiated cells has been determined. The analysis show that only aβ42 was toxic in the 
new model system by covering the cells with a tight coat of fibrillar aβ, causing beading of neurites and 
inducing apoptosis (manuscript submitted to neuroscience letters).

By using esI ToF ms technology copper-binding properties of metal-chelating drugs of Wilson’s disease 
have been determined, which are of fundamental importance in their therapeutic action.

selecTed pUBlIcaTIons:
Laks, K.; Kirsipuu, T.; Dmitrijeva, T.; Salumets, A.; Palumaa, P. (2016). Assessment of Blood Contamination in 
Biological Fluids Using MALDI-TOF MS. The Protein Journal, 35 (3), 171−176.

planT GeneTIcs 
Head of the research group: senior research scientist kadrI Järve, kadri.jarve@ttu.ee

We study genetic and molecular aspects of plant-microbe interactions. We concentrate on crop (potato, 
spring wheat) resistance to fungal diseases. In a wide cross with a wild species we have generated a 
spring wheat line resistant to powdery mildew and, in an ongoing project, in collaboration with dr. m. 

https://www.etis.ee/Portal/Publications/Display/1e2f88b8-5252-4df2-884e-911fe6d542fc
https://www.etis.ee/Portal/Publications/Display/f0445988-be8c-4939-8ad2-5e88a8996a71
https://www.etis.ee/Portal/Publications/Display/696160ce-cb5d-4e93-9dd9-31ca6c596640
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valarik and dr. J. Šafář (czech republic), we are working on identification of the novel gene for resist-
ance (Qpm.tut.4a), originating from T. militinae and located on chromosome 4a. 

We are participating in the state programme for ’conservation of genetic resources for food and agricul-
ture’ by generating, collecting and analyzing (ssr markers + phenotyping) collections of wheat and potato.

In 2016:
•	 We localized the Qpm.tut.4a gene on a 640 kb fragment coding for appr. 80 genes (by chromo-

some walking).

•	 Qpm.tut.4a was carried over to the estonian elite spring wheat variety ’mooni’.

•	 We identified a wheat cultivars haplotype of hexaploid wheat prevailing in nordic spring carrying 
a large (3% of the chromosome) deletion in the distal end of a chromosome. as the recombina-
tion rate for the 4al chromosome arm carrying the deletion is extremely low, the deletion might 
be useful in heritage studies of hexaploid wheat in northern europe.

selecTed pUBlIcaTIons:

Tsõmbalova, J.; Karafiátová, M.; Vrána, J.; Kubaláková, M.; Peuša, H.; Jakobson, I.; Järve, M.; Valárik, M.; Doležel, 
J.; Järve, K. (2016) A haplotype specific to North European wheat (Triticum aestivum L.) Genetic Resources 
and Crop Evolution, Published online: 23 March 2016. doi:10.1007/s10722-016-0389-9.

Abrouk, M.; Balcárková, B.; Šimková, H.; Komínkova, E.; Martis, M.M.; Jakobson, I.; Timofejeva, L.; Rey, E.; 
Vrána, J.; Kilian, A.; Järve, K.; Doležel, J.; Valárik, M. (2017) The in silico identification and characterization of 
a bread wheat/Triticum militinae introgression line. Plant Biotechnol. J. 15(2), 249-256, Published online 16 
September 2016. doi: 10.1111/pbi.12610.

Ivaničová, Z.; Jakobson, I.; Reis, D.; Šafář, J.; Milec, Z.; Abrouk, M.; Doležel, J.; Järve, K.; Valárik, M. (2016) Char-
acterization of new allele influencing flowering time in bread wheat introgressed from Triticum militinae. 
New Biotechnology 33(5)B: 718–727.

mechanIsms oF neUronal deaTh and sUrvIval and  
TheIr conTrol By neUroTrophIc FacTors
Head of the research group: associate professor Urmas arUmäe, urmas.arumae@ttu.ee 

In 2016 we focused on the gene chip study to compare the transcriptomes in the newborn and adult 
murine sympathetic neurons and identify the genes that change significantly during maturation of these 
neurons. postnatal maturation of neurons includes strengthening of many significant neuronal features 
but is virtually not studied. an area of interest to our group ishe newborn sympathetic neurons in the state 
of programmed cell death where about half of the neurons die naturally by apoptosis. This period ends 
spontaneously both in vivo and in vitro with the same time schedule and is thus genetically determined. 
however, almost nothing is known of this genetic program. our gene chip analysis identified a panel of 
genes whose levels significantly changed during neuronal maturation. It is noteworthy that the classical 
apoptotic genes were not significantly changed, suggesting new, uncharacterized maturational mechanisms. 
We have selected several potentially interesting genes whose levels changed significantly, and are currently 
studying their roles in the neuronal maturation. This study is published in Frontiers in Cellular Neuroscience. 

Two projects were performed in collaboration with the University of helsinki. First, we studied the fate of 
a novel neurotrophic factor cdnF after its injection into the rat striatum. We showed that cdnF is rapidly 
removed from the brain, and part of it is internalized by the neurons. It is noteworthy that cdnF is ret-
rogradely transported via dopaminergic neurons to the some of these neurons. most probably this is the 
way how striatally injected cdnF protects the dopaminergic neurons in the animal models of parkinson’s 
disease. second, we have studied the effect of two protein kinase c modulators on the death receptor 
Fas-induced apoptosis in Jurkat cells, and shown that both significantly inhibit this apoptosis. The role of 
protein kinase c in the apoptosis is poorly known and we are currently pursuing the studies on that line. 

In collaboration with minerva Foundation Institute, Biomedicum helsinki, we also studied the mechanism 
of action of neurotrophin receptor p75nTr.

selecTed pUBlIcaTIons:
Raba, M.; Palgi, J.; Lehtivaara, M.; Arumäe, U. (2016). Microarray Analysis Reveals Increased Transcriptional 
Repression and Reduced Metabolic Activity but Not Major Changes in the Core Apoptotic Machinery during 
Maturation of Sympathetic Neurons. Frontiers in Cellular Neuroscience, 10 (66), 1−13.

https://link.springer.com/article/10.1007%2Fs10722-016-0389-9
http://onlinelibrary.wiley.com/doi/10.1111/pbi.12610/abstract;jsessionid=68546CF35E2A9C801552EB732CC95797.f03t02
http://www.sciencedirect.com/science/article/pii/S187167841600011X?via%3Dihub
https://www.etis.ee/Portal/Publications/Display/c9acbdd5-bd18-48b8-b73f-ce3e9ab58a79
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Pham, D. D.; Do H.T.; Bruelle, C.; Kukkonen, J.P.; Eriksson, O.; Mogollón, I.; Korhonen, L. T.; Arumäe, U.; Lindholm, 
D. (2016). p75 neurotrophin receptor signaling activates sterol regulatory element-binding protein-2 in hepa-
tocyte cells via p38 mitogen-activated protein kinase and caspase-3. The Journal of Biological Chemistry 
291, 10747-10758.

ImmUnoloGy
Head of the research group: senior research scientist sIrJe rÜÜTel BoUdInoT, sirje.boudinot@ttu.ee 

The studies of the research group are directed at the impact of regulators of G protein signaling 16 in 
autoimmune pathologies of the central nervous system, focusing on multiple sclerosis (ms).

a number of recent reports support the implication of rGs16 in neuro-inflammation and viral infection. 
Genetic associations with such diseases and direct implication of inflammatory pathways – including 
the interferon (IFn) response – strongly suggest that rGs16 is a key regulator of the progression of 
such pathologies. We are investigating the impact of rGs16 on autoimmune pathologies of the cns, 
focusing on the eae model in the mouse and on ms in human patients. currently no curative treatment 
for ms exists, however several disease modifying and symptomatic treatments are available.

In 2016
We have established a colony of rgs16 ko mice in our facilities and our preliminary analyses showed 
that rGs16 had a critical role in eae, with a significant gender difference. 

We demonstrated that ablation of regulator of G-protein signalling 16 (rGs16) does have an effect 
on the clinical course of eae in female but not in male mice. It was also shown that rGs16 does not 
augment nor restrict phytocannabinoid treatment effects in c57/Bl6 mice. In addition it was found 
that rGs16 could be involved in the humoral response in vivo: the effect of rGs16 on auto-antibody 
production was significantly grender dependent.

In parallel, we have also undertaken the study of rGs16 expression in pBmcs, and of the rGs16 hap-
lotype sequences in ms patients, in collaboration with dr Toomas Toomsoo (east Tallinn hospital) and 
dr katrin Gross-paju (West Tallinn central hospital). We have analysed modest numbers of patients 
(<40 patients), depending on treatment and clinical course of the disease. While no snp was identified, 
expression studies showed a trend towards lower expression of rGs16 in untreated patients. We also 
looked at the effects of G protein signalling pathway components rGs16, rGs1, vav1, and cXcr4 on 
immune cell migration and its regulation of various cytokines. IFnb treatment significantly downregu-
lates rGs1, vav1 and cXcr4 expression while copaxone treatment did not cause different expression 
of rGs1, vav1 and cXcr4 compared to healthy controls.

selecTed pUBlIcaTIons:
Järveots, T.; Saar, T.; Põdersoo, D.; Rüütel Boudinot, S.; Sütt, S.; Tummeleht, L.; Suuroja, T.; Lindjärv, R. (2016). 
Lawsonia intracellularis and Porcine Circovirus type-2 infection in Estonia. Polish Journal of Veterinary Sci-
ences. Polish Journal of Veterinary Sciences, 19 (2), 291−301.

Kärdi, L.; Nutt, A.; Suurväli, J.; Siimut, S. E.; Põdersoo, D.; Saar, T.; Tiivel, T.; Rüütel Boudinot, S. (2016). Signifi-
cant impact of Rh blood group and gender on influenza infection in Estonia. The Proceedings of the Estonian 
Academy of Sciences., 65 (3), 195−204.

poTyvIrUses 
Head of the research group: professor lIlIan JärvekÜlG, lilian.jarvekulg@ttu.ee

The research group is engaged in fundamental and applied research of potato potyviruses (pvy and pva).

potato virus y (pvy) is the most important and widespread virus infecting potato (solanum tuberosum), and 
belongs to the top 5 economically most influental plant viruses. recently, new recombinant genotypes of pvy 
have appeared and their incidence is increasing throughout the world. In estonia, the non-recombinant pvy 
strain used to be most common, but it now seems to have been replaced by the recombinant genotypes, as 
has been reported for many european countries. To study the present genetic diversity of pvy in estonian 
potato, about 300 potato samples from different parts of estonia were selected for characterization of 
the infecting pvy genotypes using serology, rT-pcr, sequence analyses and biotests.

potato virus a (pva), is closely related to pvy but is not so harmful. Both viruses have been used as model 
systems in the l.Järvekülg group’s studies for a long time. We investigate potyviruses (pvy and pva) 

http://www.jbc.org/content/291/20/10747
http://www.jbc.org/content/291/20/10747
https://www.etis.ee/Portal/Publications/Display/61e6de5c-03e9-4773-8fec-cc19a6bfddde
https://www.etis.ee/Portal/Publications/Display/44e9ee29-a02b-4ba6-a48e-09e720cdd104
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from the aspect of plant virus-host interactions, virus structure, the relationships of the virus structure 
and function. as applied research, identification and characterization of new recombinant strains of 
pvy in estonia is being carried out. 

In 2016:
•	 The spread of potato viruses in seed potato cultivated in estonia from 2005–2013 has been 

investigated with the results demonstrating pvy as the virus prevailing in seed potato and 
‘laura’ as the potato variety most resistant to pvy infection. pyy strains present in estonia 
seed potato have been identified and characterized based on complex diagnostics (Biotest, 
elIsa, rT-pcr). It appeared that pvyWilga and pvynTn proved to be the most spread pvy 
recombinants here. It can be concluded that pvyo in estonia mainly has been replaced by 
recombinant genotypes mentioned above. apart from these, some pvy recombinants specific 
to estonia were identified. 

•	 When analyzing pva cp structure by means of saXs analysis, fluorescence spectroscopy and 
electron microscopy, unusual properties of pva cp and the ability to form short virus-like parti-
cles of different shape (including rod-shaped and also spherical ! particles) was demonstrated. 
It is possible that these properties of pva cp are applicable in the development of vaccine 
candidates based on the virus-like particles.

•	 an analysis of material on the possibility to use pva cp vlps as nano-carriers for the develop-
ment of anti-melanoma vaccine candidate pva cp vlp-mel is almost complete. 

selecTed pUBlIcaTIons:
Ksenofontov, A.L.; Parshina, E.Y.; Fedorova, N. V.; Arutyunyan, A. M.; Rumvolt, R.; Paalme, V.; Baratova, L. A.; 
Järvekülg, L.; Dobrov, E. N. (2016). Heating-induced transition of Potyvirus Potato Virus A coat protein into 
β-structure. Journal of Biomolecular Structure and Dynamics, 34 (2), 250−258.

helIcoBacTer pylorI-IndUced lIver damaGes
Head of the research group: research scientist pIrJo spUUl, pirjo.spuul@ttu.ee

The goal of the research is to explore the role of a recently uncovered aspect of helicobacter pylori (hp) 
infection to liver damage. hp induces the formation of peculiar cellular structures named invadosomes 
in infected hepatocytes. different strains, with distinct pathogenic outcomes, induce invadosomes 
with distinctive features. The specific aim is to identify the virulence factors that govern invadosomes 
specificities, then to correlate these findings with the subversion of the host cell functions. The specific 
questions are:

•	 What are the virulence factors of hp governing invadosome characteristics and how do they 
correlate with the upregulation of inflammatory cytokines in hepatocytes?

•	 how do these various types of invadosomes alter the behavior of hepatocytes?

•	 What are the signaling pathways activated by hp that control the subcellular organisation of 
invadosomes?

The study is expected to increase our understanding of the mechanisms behind bacteria-induced 
carcinogenesis. revealing the cellular functions targeted by hp and correlating these findings with 
the induction of differential invadosomes should help to get new insights into liver diseases. The 
research explores a novel aspect of hp infection as it has a particular focus on matrix damages 
and associated alterations of hp-infected hepatocyte micro-environment caused by the newly 
discovered invadosomes. Targeting the host signal transduction pathways and key players in car-
cinogenesis is the first step for the development of novel drugs with reduced risks for emergence 
of drug resistance.

In 2016
The research team started the work at the beginning of 2016. We have set up a biosafety level 2 (Bsl2) 
laboratory and a permission to work with human pathogens has been granted by the labor Inspector-
ate. cultivation of hp was started in the Bsl2 lab and preliminary results show that invadosomes with 
distinct characteristics affect cell migration differentially. We have also tested the hp strains that pos-
sess or lack the potential virulence factor caga and it seems that caga is involved in changes in cell 
shape and destroying the cell-cell contacts.

https://www.etis.ee/Portal/Publications/Display/fab72ed0-991d-419a-aac5-db32a19809a7
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Daubon, T.; Spuul, P.; Alonso, F.; Fremaux, I.; Genot, E. (2016). VEGF-A stimulates podosome-mediated collagen-
IV proteolysis in microvascular endothelial cells. Journal of Cell Science, 129 (13), 2586−2598.

Spuul, P.; Daubon, T.; Pitter, B.; Alonso, F.; Fremaux, I.; Kramer, I.; Montanez, E.; Genot, E. (2016). VEGF-A/Notch-
Induced Podosomes Proteolyse Basement Membrane Collagen-IV during Retinal Sprouting Angiogenesis. Cell 
Reports, 17 (2), 484−500.

reprodUcTIve BIoloGy 
Head of the research group: associate professor aGne velThUT-meIkas, agne.velthut@ttu.ee 

Infertility is a world-wide problem with medical, socio-economical as well as psychological aspects. 
according to the european society of human reproduction and embryology, medical intervention is 
sought for by 15% of couples who wish to conceive their biological offspring (www.eshre.eu). This rate 
does not differ by countries. The most widely used method for helping couples with infertility problems 
is in vitro fertilization (IvF). during this procedure, the oocyte and sperm cells are mixed in a cell culture 
dish and the developing embryos are thereafter transferred back to the uterus. however, the success 
rate of this method is only about 30–35%, meaning that the general knowledge of human reproductive 
biology is far from complete.

The research group is mainly focused on the problems of female infertility and we investigate the bio-
logical processes in human ovary. The main goal is to describe intercellular molecular interactions in the 
ovary and to find factors that would aid in discriminating between viable and non-viable oocytes. vari-
ous genome-wide high-throughput technologies are used in this research: next-generation sequencing, 
proteomics and data analysis methods in the field of systems biology to mention a few. collaboration 
takes place with all infertility clinics in estonia in order to collect biological samples (ovarian granulosa 
cells, ovarian biopsies, follicular fluid, and blood samples) from fertile and infertile women.

In 2016 
The target genes of selected micrornas and their roles in pre-ovulatory ovarian follicle were inves-
tigated.

InTeracTIon BeTWeen planT vIrUses and TheIr hosTs 
Head of the research group: research scientist allan olsperT, allan.olspert@ttu.ee 

The research is focused on the interaction between plant viruses and their hosts. In positive-strand rna 
virus family potyviridae, the mechanism of transcriptional slippage is used for the regulation of gene 
expression. Transcriptional slippage produces “edited” rnas with an additional nucleotide at a specific 
location in rna and with different coding capacity. These transcripts are also potentially subjects of 
alternative rna decay pathways and are excluded from replication by viral polymerase. There may also 
be differences in the rates of translation and packaging in comparison to unaltered rnas. In addition 
we aim to further characterize the details of potyvirus replication and to elucidate whether host rna 
surveillance pathways have a significant role in maintaining the desired level of gene expression result-
ing from slippage. This will also increase our knowledge about rna decay mechanisms in plant cells in 
general, and the potential viral modulators of these pathways.

The research has perspective wider impact on crop protection and agriculture. Furthermore, a number 
of medically important human pathogens such as measles, mumps, and ebola virus also utilize 
transcriptional slippage. Therefore, in-depth understanding of viral polymerase slippage, polymerase 
error rates, frequencies and destinations of modified genomes may have implications beyond the 
fore-mentioned fields.

In 2016
The research group was established in 2016. preliminary work has focused on establishing credible 
methodology and experimental setup to tackle the scientific questions at hand. during this we have found 
regions in the 5’ area of potyviral genome that in contrast to the earlier results are not necessary for 

https://www.etis.ee/Portal/Publications/Display/714fdb59-aaf7-4872-8821-eddfa7f60918
https://www.etis.ee/Portal/Publications/Display/fab72ed0-991d-419a-aac5-db32a19809a7
https://www.etis.ee/Portal/Publications/Display/0a4d7058-843e-4cd1-b79a-6ca3785a0387


sc
h

o
o

l 
o

F 
sc

Ie
n

c
e

72

replication and viral infection. Based on the published data and additional experiments we have described 
the determinants and characteristics of transcriptional slippage. We have found key nucleotide positions 
involved in modulating slippage rate and we are testing the method of action of these nucleotides.

selecTed pUBlIcaTIons:
Olspert, A.; Hosmillo, M.; Chaudry, Y.; Peil, L.; Truve, E.; Goodfellow, I. (2016). Protein-RNA linkage and post-
translational modifications of feline calicivirus and murine norovirus VPg proteins. PeerJ, 4, e2134.

Untiveros, M.; Olspert, A.; Artola, K.; Firth, A. E.; Kreuze, J. F.; Valkonen, J. P. T. (2016). A novel sweet potato 
potyvirus open reading frame (ORF) is expressed via polymerase slippage and suppresses RNA silencing. 
Molecular plant pathology, 17 (7), 1111−1123.

Olspert, A.; Carr, J. P.; Firth, A. E. (2016). Mutational analysis of the Potyviridae transcriptional slippage site 
utilized for expression of the P3N-PIPO and P1N-PISPO proteins. Nucleic acids research, 44 (16), 7618−7629.

TranscrIpTIonal InTerFerence
Head of the research group: associate professor marT speek, mart.speek@ttu.ee 

Gene transcription is regulated by complex interplay of interactions between chromatin remodelers, 
histone and dna chemical modifications and rna polymerase II. perturbations in chromatin structure 
or rna polymerase traffic could result in changes or disruption of gene expression. We have recently 
demonstrated that intronic l1 retrotransposons and long non-coding rna genes cause transcriptional 
interference (TI) in a large number of human genes. This novel concept of gene regulation is character-
ized by intron retention, forced exonization and cryptic polyadenylation. however, the molecular details 
of these effects in normal as well as disease conditions are unknown. We plan to study the molecular 
basis of TI by using nucleosome scanning, rna polymerase profiling by chIp and various other techniques. 
We believe that deciphering the molecular mechanisms of TI is important to understand the molecular 
basis of different human diseases in order to develop effective strategies for gene therapy.

a major obstacle in alzheimer disease (ad) research is lack of basic knowledge in understanding the 
proteolysis of amyloid beta precursor protein (app). accumulation of amyloid beta, a short peptide, 
derived from app is critical in ad initiation and progression. Two proteases, termed beta- and gamma-
secretase, are directly involved in this process. Importantly, a rate limiting step in accumulation of 
amyloid beta is proteolysis by beta-secretase. however, almost nothing in known about the regulation 
of beta-secretase gene Bace1. recent studies suggested that a noncoding rna, containing several 
retroelements, derived from opposite strand of Bace1 is a key player in regulation of beta-secretase 
expression. and this rna could strongly interfere with Bace1 expression. 

We have recently demonstrated that long noncoding rnas are involved in transcriptional interference of 
a large number of human genes (kaer et al., plos one. 2011;6(10):e26099). We propose that studies on 
the Bace1 regulation at chromatin level (nucleosome occupation, rna polymerase elongation, epigenetic 
marks, promoter analysis, etc.) would help to reveal the critical role of anti-Bace1 noncoding rna (as) 
in ad. In the initial phase of study, we determined distribution of Bace1-as transcripts in 14 different 
human tissues. We also mapped transcription initiation and termination sites of these transcripts and 
determined the locations of putative promoters. This information would help to better understand the 
functional role of Bace1-as in alzheimer disease.

selecTed pUBlIcaTIons
Mölder, T.; Speek, M. (2016). Accelerated RNA-RNA hybridization by concentrated guanidinium thiocyanate 
solution in single-step RNA isolation. Biotechniques, 61 (2), 61−66.

Tee, M. K.; Speek, M.; Legeza, B.; Modi, B.; Teves, M. E.; McAllister, J. M.; Strauss, J. F. 3rd; Miller, W. L. (2016). 
Alternative splicing of DENND1A, a PCOS candidate gene, generates variant 2. Molecular and Cellular En-
docrinology, 434, 25−35.

anGIoGenesIs 
Head of the research group: associate professor andres valkna, andres.valkna@ttu.ee

angiogenesis, a formation of new blood vessels from pre-existing vessels is a normal physiological 
process that is closely linked with cell proliferation and apoptosis of vascular endothelial cells. It is a 
fundamental step in transition of benign tumors to malignant.

https://www.etis.ee/Portal/Publications/Display/f3e05f97-2d00-4890-9376-700f60b4f14f
https://www.etis.ee/Portal/Publications/Display/d6101ab3-3b54-4fa8-8a05-6ac847d14b27
https://www.etis.ee/Portal/Publications/Display/4d5713a5-6a4b-4d5e-b656-7b72b264c86e
https://www.etis.ee/Portal/Publications/Display/9bb95734-16de-49fd-b9bc-84eee1b70670
https://www.etis.ee/Portal/Publications/Display/78cd6834-68c2-424d-9f9a-46a15b46c7f8
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We have recently discovered that soluble extracellular domain of cd44, a cell surface protein function-
ing as a receptor for hyaluronan (ha), is capable of inhibiting vascular endothelial cell proliferation. This 
effect ultimately realizes in inhibition of tumor growth in vivo. 

The aim of the research is to further investigate the molecular mechanism of cd44-mediated angiogen-
esis inhibition and angiogenesis wider. We will exploit it using traditional methods in cell and molecular 
biology but also using functional genomics and transcriptomics. 

The mosT ImporTanT resUlTs In 2016:
our results show that cd44 ko mice display significantly higher blood vessel growth in response to 
angiogenesis stimulation in vivo than wild type mice. This strongly supports our previous results and 
suggests that cd44 and/or its soluble forms could function as physiological angiogenesis inhibitors. 
systemic delivery of cd44-3mUT most probably mimics the effect of endogenous scd44.

smarT synThesIs WITh small cycles:  
eXplorInG chemIsTry oF The acTIvaTed cyclopropanes
Head of the research group: senior research scientist dZmITry kananovIch, dzmitry.kananovich@ttu.ee

This small research group was established in the autumn of 2016. The main tasks of the studies are:

•	 investigation of cyclopropane c-h activation reactions;

•	 combining benefits of metal catalysis, organocatalysis and green chemistry, using activated 
cyclopropanes as substrates in ring cleavage reactions;

•	 using early transition metals for formation of c-c and c-X bonds;

•	 studying host-guest interactions by Uv, cd and nmr spectroscopy in order to design new su-
pramolecular catalytic systems.

In 2016
a considerable progress has been achieved in realization of several project tasks:

•	 Facile two-step conversion of carboxylic esters into distally fluorinated ketones via intermediate 
formation of tertiary cyclopropanols has been developed.

The approach is based on oxidation of sulfinate salts (e.g. sodium triflinate and analogues) 
with tert-butyl hydroperoxide in presence of copper catalyst. This generate active high valent 
trifluoromethyl copper species which enable cyclopropanol ring cleavage. The mechanism of the 
reaction has been studied and intermediate formation of trifluoromethyl copper species has been 
confirmed by 19F nmr spectroscopy. The method is suitable for preparation of β-trifluoromethyl 
ketones as well as similar compounds.

•	 a novel approach for highly enantioselective synthesis of epoxyketones via aerobic oxidation of 
cyclopropanols has been elaborated. enantiomerically pure epoxyketones are valuable building 
blocks for production of pharmaceuticals and bioactive compounds. one of the most effective 
methods to synthesize epoxyketones is based upon the Weitz-scheffer epoxidation. however, 
despite of extensive development of its asymmetric versions in recent decades, there are still 
several practical shortcomings, e.g. a limited scope of substrates. For example, vinyl ketones 
cannot be transformed into the corresponding epoxides. 

To fill this gap, we have developed a novel facile two-step approach for asymmetric synthesis of 
epoxyketones from easily available cyclopropanols. aerobic oxidation of cyclopropanols proceeds 
readily in the presence of mn(III) catalysts to afford 1,2-dioxalan-3-ols in high yield. The latter can be 
further transformed into the corresponding enantiomerically enriched epoxyketons (with up to 97% 
ee) by treatment with organic base (dBU) in the presence of immobilized poly-l-leucine catalyst.

•	 remote metalation of cyclopropanes was realized. remarkable that it can be performed selective 
at cyclopropane c-h bonds even in the presence of neighboring aryl groups. 

as we anticipated, the reaction is completely diastereoselective, i.e. occurs at c-h bond from the 
side of directing group. lithiated cyclopropane species are configurationaly stable, so we expect 
that elaboration of enantioselective version is also possible. reactions of metalated species with 
electrophiles (e.g. d2o, Tmscl, B(oi-pr)3) proceed with retention of strained three-carbon ring 
making this method suitable for cyclopropane functionalization. We continue screening of ap-
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propriate metalation conditions and directing groups, as well as reactions of metalated species 
with various electrophiles, to determine the scope of the method and its limitations. The proposed 
approach is a useful supplement to recently developed methods of cyclopropane c-h-activation 
by the means of transition metal catalysis.

molecUlar scIence
Head of the research group: research scientist pavel sTarkov, pavel.starkov@ttu.ee

dr p starkov joined TTÜ in 2016 to establish a well-equipped research group in chemistry. In 2016, he 
was awarded estonian research council starting Grant and TTÜ young Investigator Funding to pursue 
his independent investigations.

The focus of our group is on translating advances in synthetic organic chemistry to the fields of ca-
talysis, chemical Biology and materials science by means of delivering alternative and/or significantly 
improved solutions. The work we have embarked on, focuses on the development of new frameworks 
for organocatalysis and transition metal-catalysed processes; extending boron chemistry to create 
new boron-based reactions, reagents and catalysts; development of new boron-based frameworks 
for 2d materials and organic cages. additionally, we work on rewiring innate and aberrant cell signal-
ling processes within the context of a living cell by designing cell-permeable small molecule-based 
bifunctional constructs. In all these approaches, we rely on growing expertise of our own research 
group at TTÜ.

In 2016
We have gained some early insights into new boron-based catalysts and reactions and obtained a new 
boroxoaromatic building block for the use in 2d framework and organic cages.

We have started work on both cell biology and synthetic chemistry section of our bifunctional small-
molecules section. We have created an iterative protocol for efficient preparation of short, medium 
and potentially very long linkers of controlled size and carrying orthogonal functionalities for use in our 
molecular/chemical biology studies. 

We prepared a cross-linker equipped version of sU6668, a nonspecific protein kinase inhibitor, for use 
in biochemical/mass-spec studies by research groups at the University of Tartu. 

selecTed pUBlIcaTIon
Lanigan, R. M.; Karaluka, V.; Sabatini, M. T.; Starkov, P.; Badland, M.; Boulton, L.; Sheppard, T. D. (2016). 
Direct Amidation of Unprotected Amino Acids using B(OCH2CF3)3. Chemical Communications, 52, 
8846−8849.

oXIdaTIon
Head of the research group: professor marGUs lopp, margus.lopp@ttu.ee 

The main research objects of the group are asymmetric catalytic oxidation reactions. Both, organocata-
lytic and metal-catalyzed reactions are studied. From metal-catalyzed reactions different meal complexes 
and ligands for asymmetric oxidation reactions were studied. From organocatalytic reactions use of 
chiral catalysts and phase transfer catalysts were studied. also, use of different asymmetric chemistry 
methods in the synthesis of natural and other bioactive compounds is studied. The industrial chemistry 
subgroup is studying biomass degradation possibilities and oil shale kerogen oxidation possibilities in 
order to obtain necessary valuable chemicals. 

The mosT ImporTanT resUlTs In 2016:
new bioactive compounds were synthesized and tested on their anti-viral and on Trk receptor antagonist 
activity. The structure-activity relationship was elucidated. 

a new method to preform kinetic resolution of several racemic epoxides with chiral Ti-complexes was 
developed. 

The possibilities to transform biomass to necessary chemicals and a metodology to analyze the results 
was studied and developed. 

https://www.etis.ee/Portal/Publications/Display/78823000-3010-447b-9a35-1462a2a8549b
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sysTems BIoloGy oF BacTerIa
Head of the research group: professor raIvo vIlU, raivo.vilu@ttu.ee

The main directions of the research in the lab are as follows: systems biology of bacteria, development 
of models and software for the studies of metabolism of bacteria, development of omics-methods 
(metabolomics etc.) for the studies of microbial consortia, carrying out applied research in food tech-
nologies and nutritional studies.

In 2016:
a prototype software environment for running novel metabolic models was developed and introduced 
into laboratory practice.

an isothermal microcalorimetry method was developed for the functional characterization of complex 
microbial consortia. The method was applied in the study of human fecal consortia. The method to-
gether with omics-methods is a uniqe tool for the functional studies of microbiomes not only from fecal 
samples but from very different sources.

a model of casein hydrolysis for the cheeses produced using thermophilic starter bacteria using ms-based 
proteomics was developed, and computational methods for the quantitative description of hydrolysis 
processes were developed.

selecTed pUBlIcaTIons:
Kaldalu, N.; Jõers, A.; Ingelman, H.; Tenson, T. (2016). A General Method for Measuring Persister Levels in 
Escherichia coli Cultures. Methods in molecular biology, 1333, 29−42.

meTaBolIsm oF lIpIds and lIpoproTeIns
Head of the research group: professor nIGUlas samel, nigulas.samel@ttu.ee

lipids and lipoproteins have shown to play many dynamic roles in regulating a wide array of cellular 
activities including metabolic and gene regulation, energy production, and signalling pathways. lipid 
mediators (prostaglandins, leukotrienes and other oxylipins) have been linked to the immune and in-
flammatory responses, cell proliferation and apoptosis, as well as shown to be essential determinants 
in many pathologies, including diabetes, cancer, cardiovascular and neurodegenerative disorders. lipid 
and lipoprotein producing and metabolizing enzymes and lipid-regulating metabolic cascades have been 
targeted for drug development. The main goals of of the research team are: elucidation of fundamental 
structural, catalytic and regulatory aspects of enzymes responsible for biosynthesis of lipid mediators, 
and study of regulatory mechanisms of lipoprotein metabolism and endothelial lipolysis.

In 2016:
an improved method of production of recombinant hpGhs-2 in the yeast pichia pastoris was elaborated. 
The his8-tagged hpGhs-2 was expressed intracellularly in p. pastoris under the control of a constitutive 
or methanol-inducible promoter. For protein purification a novel elution method, treatment of the affinity 
resin with bovine carboxypeptidase a, was employed.

a calorimetric method has been developed for determination of lipoprotein lipase activity and ligand 
interactions in human plasma. It was shown how apolipoproteins and angiopoietin-like proteins influence 
lipoprotein lipase in human plasma. The method can also be used for comparisons of the properties 

https://www.etis.ee/Portal/Publications/Display/5f0a9bf8-b42b-4d8a-a711-1dc80954f59c
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of plasma samples from hyperlipidemic patients and control subjects as well as for testing of drug 
candidates developed with the aim to affect the lipoprotein lipase system.

selecTed pUBlIcaTIons
Kukk, K.; Samel, N. (2016). Enhanced expression of human prostaglandin H synthase-2 in the yeast Pichia 
pastoris and removal of the C-terminal tag with bovine carboxypeptidase A. Journal of Biotechnology, 231, 
224−231.

Reimund, M.; Kovrov, O.; Olivecrona, G.; Lõokene, A. (2017). Lipoprotein lipase activity and interactions studied 
in human plasma by isothermal titration calorimetry. Journal of Lipid Research, 58, 279−288. First Published 
on November 14, 2016.

advancInG analyTIcal and compUTaTIonal chemIsTry 
meThods For reGUlaTory decIsIons
Head of the research group: senior research scientist merIke vaher, merike.vaher@ttu.ee

The aim of the research is development and application of a variety of analytical methodologies 
(primarily capillary electrophoresis) for analysis of different classes of compounds (banned chemicals, 
drugs, polyphenols, fermentable sugars) in complex matrixes such as environmental samples, body flu-
ids, biomass, and herbal extracts. The results obtained will be used to develop an expert system using 
quantitative structure-activity relationship (Qsar).

In 2016
an indirect capillary electrophoresis method for a quantitative determination of mono-, di- and oligosac-
charides was developed to investigate biomass degradation, the isomerization of glucose into fructose 
and conversion of fructose to 5-hydroxymethylfurfural (5-hmF) in ionic liquids (Ils). Three chromophores 
(2,6-pyridinedicarboxylic-, maleic-, phthalic acids) were used to perform indirect detection. The simultaneous 
separation of the underivatized mono-, di- and oligosaccharides was performed using four cellodextrin oli-
gomers (cellotriose, cellotetraose, cellopentaose, cellohexaose), eight carbohydrates (xylose, fructose, glucose, 
galactose, lactose, cellobiose, raffinose, sucrose), two organic acids (acetic acid, levulinic acid) and 5-hmF.

The pretreatment efficiency of Ils combined with heat for woody biomass consisting of spruce, birch 
and pine was investigated. The winter wheat straw was used as a comparison and with the aim to 
enhance its digestibility during enzymatic hydrolysis whereby the influence of Il-treatment to cellulose 
resistance for hydrolysis was investigated. considering the wood species, the most common and indus-
trially important wood species in northern europe were chosen in the present work and the goal was 
to obtain fermentable sugars and their degradation product, i.e. (5-hmF), which is a known valuable 
platform chemical. Further, the differences in the yields of Il-obtainable carbohydrates between these 
species were studied. The highest sugar yields were obtained to glucose in the case of spruce and ara-
binose in the case of pine sapwood. The highest 5-hmF yield was obtained for spruce heartwood with 
longer treatment time (100 h). however, regarding woody biomass, the present work is focused more 
on the study and analysis of the Il-containing liquid part, wood hydrolysate, after Il-treatment aiming 
to answer the analysis challenges related to this fraction. 

In order to model ionic liquid properties with Qspr/Qsar methodology, our inhouse software was aug-
mented by a set of quantum chemically derived electrostatic molecular descriptors including politzer-
murray descriptors and surface potential histograms. nonlinear models with cross-terms based on 
theoretical descriptors were developed for the prediction of kamlet-Taft (k-T) solvatochromic parameters 
that, according to the literature, are often used to guide the rational selection of ionic liquids for biomass 
pretreatment. one of the main goals of the study was to search for ionic liquids that are good solvents 
of cellulose. since a general correlation between k-T solvatochromic parameters and published cellulose 
solubility values could not be established, similarity searches based on surface potential histograms were 
performed to find new ionic liquids suitable for cellulose dissolution. a database containing 822 cations 
and 154 anions of known ionic liquids was collected from the literature. similarity search across 126588 
possible combinations of ions was performed by taking 7 best known Il solvents having cellulose (avicel) 
solubilities > 50 g/mol as reference structures. as a result, a list of ionic liquids was proposed whose 
cellulose dissolution ability had not been experimentally determined according to the scientific literature.

The most important outcome was the design/making of the model of a portable narcotic tester based 
on capillary electrophoresis technology, the development and validation of methodology for determina-
tion of a broad spectrum of illicit substances in human saliva. 

https://www.etis.ee/Portal/Publications/Display/1c3b6ded-9a4f-4a42-918f-d9cae978d88d
https://www.researchgate.net/publication/310390528_Lipoprotein_lipase_activity_and_interactions_studied_in_human_plasma_by_isothermal_titration_calorimetry
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aeroGels as maTerIals For chemIcal analysIs
Head of the research group: lead research scientist mIhkel koel, mihkel.koel@ttu.ee

composite materials based on silica aerogel and modified carbon aerogels are studied. 

In 2016
The modification of organic aerogels with metals and nitrogen was studied using different methods. 
silica aerogel-based composite materials, where cellulose could be the composite making polymer, 
were studied. also, use of ionic liquids and solvents for this type of composite materials was studied. 

experiments on combine inorganic (silica and carbon) aerogels with cellulosic material were carried out 
to obtain flexible porous materials. experiments were performed to incorporate different metals and 
nitrogen into the structure of aerogels. The obtained aerogels were analysed against their physical, 
optical and electrochemical properties.

It became clear that ionic liquids can be used for making composite materials based on aerogels. These 
materials can be used for preparation of sensor materials. 

selecTed pUBlIcaTIons:
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sUpramolecUlar chemIsTry 
Head of the research group: associate professor rIIna aav, riina.aav@ttu.ee 

The research is concentrated on the studies of chiral urea-based molecular containers. more specifically 
their synthesis, molecular and supramolecular structure and their interactions are under investigation. 
supramolecular chemistry unites approaches of organic, analytical and physical chemistry to study matter 
in a broader way. molecular containers are able to form host-guest complexes with other molecules and 
in a special case of inclusion complexes, a small molecule is fully encapsulated by the macrocycle. These 
complexes are held together by non-covalent interactions. The group is mainly interested in macrocycles 
that belong to cucurbituril family, the hemicucurbiturils. cucurbiturils are non-toxic compounds and are 
applied in material science for example in molecular velcro, hydrogels and -capsules as well as in bio-
medical applications for selective drug-delivery. The first enantiomerically pure members of cucurbituril 
family were prepared by our group. hemicucurbiturils are more dynamic than normal cucurbiturils and 
their binding properties differ from other macrocycles, therefore they have high potential to be applied 
in material science and medicine.

In 2016:
•	 The nomenclature of cucurbiturils was developed and published in comprehensive supramolecular 

chemistry II.

•	 It was showen that the chiral (all r) cyclohexanohemicucurbit[8]uril (cychc[8]) binds anions in purely 
protic solvent with remarkable selectivity. The cychc[8] portals open and close to fully encapsu-
late anions in 1:1 ratio, resembling a molecular pacman. comprehensive gas, solution and solid 
phase studies prove that the binding is governed by the size, shape and charge distribution of 

https://www.etis.ee/Portal/Publications/Display/0535c97f-84d6-494d-806f-b47d5473be53
https://www.etis.ee/Portal/Publications/Display/fde0ac5b-5ab8-48cb-bac6-680a5d245bc4
https://www.etis.ee/Portal/Publications/Display/73d8738c-9fba-4402-905b-9ae14c67d93d
https://www.etis.ee/Portal/Publications/Display/fd3502d3-770a-4d30-a9b0-d0ce0d4ab64a
https://www.etis.ee/Portal/Publications/Display/fde0ac5b-5ab8-48cb-bac6-680a5d245bc
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the bound anion. The octameric cychc[8] offers a unique example of template-controlled design 
of an electroneutral host for binding large anions in a competitive polar solvent.

•	 Work on separation of isomers and homologues and their quantitative and stereochemical 
analysis is continued.

•	 several crystal structures of new compounds were determined. 

selecTed pUBlIcaTIons:
Kaabel, S.; Adamson, J.; Topić, F.; Kiesilä, A.; Kalenius, E.; Öeren, M.; Reimund, M.; Prigorchenko, E.; Lõokene, 
A.; Reich, H. J.; Rissanen, K.; Aav, R. (2017). Chiral hemicucurbit[8]uril as an anion receptor: selectivity to 
size, shape and charge distribution. Chemical Science, 8 (3), 2184−2190. Published online 30.11.2016  
(http://pubs.rsc.org/en/content/articlehtml/2017/sc/c6sc05058a)

Ošeka, M.; Kimm, M.; Kaabel, S.; Järving, I.; Rissanen, K.; Kanger, T. (2016). Asymmetric Organocatalytic Wittig 
[2,3]-Rearrangement of Oxindoles. Organic Letters, 18 (6), 1358−1361.

caTalysIs
Head of the research group: professor TõnIs kanGer, tonis.kanger@ttu.ee 

The main research objects of the group are asymmetric catalytic reactions. 

In 2016
The organocatalytic and metal-catalyzed reactions were studied. From organocatalytic reactions two 
types of catalysis – aminocatalysis and hydrogen bond catalysis were studied. cascade reactions provid-
ing several new chemical bonds in one step were investigated. It increases atom-efficiency, decreases 
the number of steps needed and makes the whole process environmentally more benign (the number 
of work-up steps and amount of solvent is diminished). 

Widely spread and non-toxic calcium was used in metal-catalyzed reactions.

The investigation of halogen bond catalytic reactions was started as a new topic.

There main results:

•	 asymmetric synthesis of 1,2,3-trisubstituted piperidines. aminocatalytic and hydrogen bond 
catalysed reactions were elaborated and applied for the synthesis of target compounds.

•	 a new hydrogen bond catalytic method of asymmetric [2,3]-sigmatropic rearrangement was 
elaborated. derivatives of homoallyl alcohols were obtained by this method from allyloxy oxindole 
derivatives in high yields and enantiomeric purities.

•	 The origin of high chemo- and stereoselectivity of aza-michael reaction of isatin was shown by 
means of dFT calculations. It was found that in addition to hydrogen bond several other non-covalent 
interactions, such as π-π interactions of aromatic rings and sulfur-π interactions are of importance.

selecTed pUBlIcaTIons:
Kriis, K.; Melnik, T.; Lips, K.; Juhanson, I.; Kaabel, S.; Järving, I.; Kanger, T. (2016). Asymmetric Synthesis of 
2,3,4-Trisubstituted Piperidines. Synthesis, 2017, 49, 604–614. Synthesis, 2017, 49, 604–614. Published online: 
02.09.2016. DOI: 10.1055/s-0036-1588299 (higlighted in Synfacts: Synfacts 2016, 12, 1233. Nominated 
for Synthesis/Synlett best paper award).

Metsala, A.; Žari, S.; Kanger, T. (2016). Aza-Michael Reactions of Isatin Imines: Deeper Insight and Origin of 
the Stereoselectivity. ChemCatChem, 8 (18), 2961−2967, 10.1002/cctc.201600584. Ošeka, M.; Kimm, M.; 
Kaabel, S.; Järving, I.; Rissanen, K.; Kanger, T. (2016). Asymmetric Organocatalytic Wittig [2,3]-Rearrangement 
of Oxindoles. Organic Letters, 18 (6), 1358−1361.

Green chemIsTry
Head of the research group: professor nIcholas GaTherGood, nicholas.gathergood@ttu.ee

our green and sustainable chemistry research group follows a ‘benign by design’ philosophy. This includes 
using biorenewable starting materials, developing cleaner and greener alternative synthetic procedures 
and studying new catalytic methodogies. In addition toxicity, ecotoxicity and biodegradation assess-
ment of the novel compounds prepared enables priority of preferred more environmentally friendly 

http://pubs.rsc.org/en/content/articlehtml/2017/sc/c6sc05058a
https://www.etis.ee/Portal/Publications/Display/2b9cd0cd-3598-44e0-90d2-503e72df8919
https://www.etis.ee/Portal/Publications/Display/77cb5eb1-59c1-424f-959b-b8187572ffc7
https://www.etis.ee/Portal/Publications/Display/01b9171a-1008-4885-bd09-72ca03609f9
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chemicals. classes of our groups target molecules range from ionic liquids, surfactants, macrocycles, 
cyclopropanes, γ-hydroxy-carboxylic acids, opiates and supramolecular compounds. host-guest interac-
tions are an important aspect of our research. sensor applications, drug delivery and chiral recognition 
are all areas of interest. By studying in tandem, green toxicology, green chemistry and drug discovery, 
we propose that progress in these three fields is possible simultaneously. This concept is underpined 
by medicinal chemistry projects studied by our group, with collaborators throughout europe, developing 
new antimicrobials, analgesics and cancer therapeutics.

In 2016
The following developments and studies were performed:

•	 Biocatalytic synthesis of (+)-cloprostenol and prostaglandin F2& derivatives for testing of their 
influence on the lpl activity (in plasma).

•	 research in the field of lipase-catalyzed derivatization of γ-, δ- and ε-lactones; resolution of their 
enantiomers; lipase-catalyzed acylation.

•	 elaboration of a technologically valid enzymatic method for the regioselective acylation of 
isosorbide; synthesis of a testing quantity (in the hundred-gram-scale) of monomethacrylate of 
isosorbide for our industrial partner (polymer company, Finland).

•	 development of cleaner synthetic methods to prepare greener ionic liquids and surfactant com-
pounds; (eco)toxicity, biodegradation and green chemsitry metrics analysis.

•	 amino acid-Functionalized calix[4]resorcinarene solubilization by mono- and dicationic surfactants.

•	 degradation of organophosphate pesticides Using pyridinium Based Functional surfactants.

•	 synthesis of opiate derivatives for study in catalysis and host guest applications, dna binding 
studies and as analgesics.

•	 high throughput screening of opiate receptor signalling based on a luciferase reporter assay 
in development.

•	 novel copper-catalyzed oxidative ring-opening reaction of tertiary cyclopropanols leading to 
synthetically valuable fluorinated ketones.

•	 supramolecular chiral chemistry and porphyrin chemistry; synthesis, evaluation and elaboration 
of metal porphyrin dimer complexes

The most important scientific results:

Back-to-back full paper covers articles in the leading journal Green Chemistry report our integrated ap-
proach to the design of safer chemicals. This work considers the resources required to synthesize the 
compounds, the antimicrobial activity of the new chemicals, biodegradation under closed Bottle Test 
conditions, and identification of persistent breakdown products. a high atom economy and efficient green 
synthesis of surfactants based on aminoacids was demonstrated. a fully mineralisable pyridinium ionic 
liquid was demonstrated. sustainable natural alkaloids were incorportated into c3-symmetry ligands 
and dna binding studies completed.

selecTed pUBlIcaTIons
Jordan, A.; Haiß, A.; Spulak, M.; Karpichev, Y.; Kümmerer, K.; Gathergood, N. (2016). Synthesis of a series of 
amino acid derived ionic liquids and tertiary amines:green chemistry metrics including microbial toxicity and 
preliminary biodegradation data analysis. Green Chemistry, 18, 4374−4392.

Haiß, A.; Jordan, A.; Westphal, J.; Logunova, E.; Gathergood, N.; Kümmerer, K. (2016). On the way to greener 
ionic liquids: identification of a fully mineralizable phenylalanine-based ionic liquid. Green Chemistry, 18, 
4361−4373.

McStay, N.; Molphy, Z.; Coughlan, A.; Cafolla, A.; McKee, V.; Gathergood, N.* and Kellett, A.* C 3 -symmetric opioid 
scaffolds are pH-responsive DNA condensation agents Nucleic Acids Research, doi: 10.1093/nar/gkw1097.

Food research 
Head of the research group: professor Toomas paalme, toomas.paalme@ttu.ee 

The activities of the group cover the studies of: (1) food biotechnology and systems biology; (2) 
flavor and aroma; (3) stability and quality; (4) nutrition and digestion; (5) food production and nutri-
tion network.

https://www.etis.ee/Portal/Publications/Display/8b789a3c-0dac-4843-85c5-e751288dacee
https://www.etis.ee/Portal/Publications/Display/438156b0-4541-4198-97b4-f5cd75e5af94
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkw1097
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In 2016
The following studies were performed:

•	 vitamins and other bio actives in food and yeast. The main objectives were the development of 
simultaneous determination methods for B group of vitamins and studies of vitamin and cofactor 
metabolism in food processing and nutrition network. It was shown that digestion of cofactors 
into absorbable in gut vitamers starts already during processing. The brush boarder membrane 
fraction was isolated from porcine duodenum and perspectives of using it for determination of 
bioavailable vitamins was studied. In addition the effects of vitamins and other bioactive com-
pounds on fermentation processes were evaluated. The research was carried out in cooperation 
with estonian competence center of Food and Fermentation Technologies (ccFFT).

•	 digestion and metabolism of dietary fiber by intestinal bacteria. The effects of dietary fiber 
on microbial composition (microbiota) of the large intestine, its metabolism and health effects 
were studied. The peculiarities in polysaccharide metabolism, energetics and in composition of 
fecal microbiota were correlated with overweight of children. The growth and metabolism of B. 
thetaiotaomicron was studied in the artificial environment simulating the large intestine.

•	 composition and evolution of microbial consortia in food. The objective of the study is the 
development of methods for ensuring quality of spontaneously fermented foods. This includes 
development of analytical methods for establishment of composition of microbial consortia 
as well as identification of gene combinations ensuring the strain and the process stability in 
technological conditions applied. The second goal is to develop the methods for tracing the spoil-
age organisms in production chain, particularly fungi. studies were carried out using sourdough 
breads as a model system.

•	 systems biology of lactic acid bacteria. The objective of the study is the development of high 
yield processes of production of lactic acid starter cultures by optimizing the protein production 
expenses. For increasing acid tolerance the accelerated evolution method which enabled improve-
ment of the acidification rate for 20% was developed. To study the molecular mechanisms of 
acid production the site directed gene mutations were introduced. 

•	 The role of peptides in nitrogen nutrition of industrial yeasts. This project studies the role of peptides 
as nitrogen source for yeast strains (both s. cerevisiae and non-saccharomyces strains) used in 
various industrial fermentation processes. a research platform has been developed which is based 
on i) in silico modelling of hydrolysis of proteins of defined structure using proteases with different 
specificity, ii) following production of peptide mixtures of suitable composition, and iii) application 
of these peptide mixtures as a nitrogen source in different fermentation processes (cider, wine, 
bioethanol). peptide consumption is analyzed by mass spectrometry. The results obtained so far 
indicate a big variation in capability of different yeasts to consume peptides, depending on the 
presence of simple nitrogen sources (e.g nh3 or free amino acids) as well as on the composition 
of peptides. The project is being implemented in cooperation with ccFFT and lallemand Inc.

•	 Food structure and reology. The effects of raw materials, technology and preservation methods 
on food structure and quality were studied. The main items were bread staling, lactose crystal-
lization and ice recrystallization, gelling properties of furcellaran. The ice structuring proteins 
(Isp) were isolated from Baltic sprats and herring and their effect on microcrystalline structure 
of ice cream was tested.

•	 Food sensory and instrumental analysis. The aim is the development of methods for studies of food 
sensory profiles and stability. The studies concentrate on the development of off-flavors and aroma, 
for example in herbs. aroma profiles of food were studied using spme and Gc/ms-o methods. The 
development of aroma and taste during cider, wine and kvass fermentation was studied.

selecTed pUBlIcaTIons:
Viiard, E.; Bessmeltseva, M.; Simm, J.; Talve, T.; Aaspõllu, A; Paalme, T.; Sarand, I. (2016). Diversity and Stability 
of Lactic Acid Bacteria in Rye Sourdoughs of Four Bakeries with Different Propagation Parameters. PLoS 
ONE, e0148325.

Kevvai, K.; Kütt, M.-L.; Nisamedtinov, I.; Paalme, T. (2016). Simultaneous utilization of ammonia, free amino 
acids and peptides during fermentative growth of Saccharomyces cerevisiae. Journal of the Institute of 
Brewing, 122 (1), 110−115.

Seisonen, S.; Vene, K.; Koppel, K. (2016). The current practice in the application of chemometrics for correla-
tion of sensory and gas chromatographic data. Food Chemistry, 210 (1), 530−540.

https://www.etis.ee/Portal/Publications/Display/a6866e5a-ea84-4983-b0d3-c2b07cb81ef1
https://www.etis.ee/Portal/Publications/Display/80455360-8bdc-4643-8a1a-944ad9a43e45
https://www.etis.ee/Portal/Publications/Display/c069bea3-7c82-4895-975d-71ddb0699687
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depaRTmenT oF cyBeRneTIcs
Director: professor andrUs salUpere, andrus.salupere@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 59 

 - Incl. 7 professors, 29 researchers.

•	 doctoral students, total 18

•	 scientific publications, total 98

•	 defended doctoral dissertations in 2016, total 3

The department conducts research within 10 research groups:

•	 Wave engineering laboratory

•	 laboratory of systems Biology

•	 semiconductor physics 

•	 Theoretical physics

•	 mathematical analysis

•	 Group and semigroup Theory

•	 Inverse problems and stochastic methods

•	 rheology of composites

•	 photoelasticity

•	 nonlinear Wave dynamics  

Wave enGIneerInG laBoraTory
Head of the research group: lead research scientist Tarmo soomere, soomere@cs.ioc.ee

The laboratory (wavelab.ioc.ee) was formed on 1 January 2009 to promote and provide a structure for 
research in water waves and coastal engineering within the department of mechanics and applied math-
ematics, Institute of cybernetics and now it is one of the core labs of the department of cybernetics.

The team focuses on complex and nonlinear phenomena in wave dynamics and coastal engineering, and the 
applications of mathematical methods in wave studies. The scope of research involves, but is not limited to, 
long wave theory and applications (with emphasize on fast-ferry waves, shallow-water solitons, set-up and 
run-up phenomena, tsunami research, and generic aspects of coastal hazards), surface wave modelling, wave 
climate studies, and wave-driven phenomena in coastal engineering, with application to integrated coastal zone 
management. The rapidly emerging new foci are the use of lagrangian transport of different substances in 
marine environment for marine and maritime spatial planning, adequate description of hydrodynamic (wave 
and water level) extremes, and preventive methods for mitigation of marine-induced hazards.

In 2016
a comprehensive overview has been presented about the Baltic sea wave climate, its extremes and 
spatio-temporal variations since the 1940s. significant wave heights extracted from altimetry data from 
all existing satellites are cross-validated against available in situ wave measurements in the Baltic sea.

vessel-generated very deep asymmetric depression waves, similar to riemann waves, with a depth of up 
to 2.5 m often occur in one of the channels (the malamocco – marghera channel) in the venice lagoon 
and propagate large distances into the shallow lagoon. By contrast, depression waves associated with 
large ships in other (the lido and Giudecca) channels are much smaller (~0.3–0.4 m).
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The slopes of trends for maxima of local storm surge heights vary from almost zero for the open Baltic 
proper coast up to 5–7 cm/decade in the eastern Gulf of Finland and Gulf of riga, suggesting a rotation 
of wind direction in strong storms in the Baltic sea basin.
The presence of an upwelling event may override the classic ekman-type drift of the surface layer and 
considerably slow down surface currents of surrounding water. Temporal scales of current-driven lagrang-
ian transport and the probability for the hits to the nearshore by pollution originating from a major fairway 
in the Gulf of Finland are evaluated using three-dimensional velocity fields for 1965–2004. an extensible, 
low-cost drifter control unit is designed and tested for use in inland water bodies or near-coast regions.

selecTed pUBlIcaTIons
Soomere, T.; Pindsoo, K. (2016). Spatial variability in the trends in extreme storm surges and weekly-scale 
high water levels in the eastern Baltic Sea. Continental Shelf Research, 115, 53−64.
Delpeche-Ellmann, N.; Torsvik, T.; Soomere, T. (2016). A comparison of the motions of surface drifters with off-
shore wind properties in the Gulf of Finland, the Baltic Sea. Estuarine, coastal and shelf science, 172, 154−164.
Viikmäe, B.; Soomere, T. (2016). Temporal scales for nearshore hits of current-driven pollution in the Gulf of 
Finland. Marine Pollution Bulletin, 106 (1-2), 77−86.

laBoraTory oF sysTems BIoloGy
Head of the research group: senior research scientist marko vendelIn, markov@ioc.ee

The main aim of the laboratory is to study regulation of intracellular processes and understand functional 
influences of intracellular interactions. For this, a mixture of experimental and theoretical approaches are used.

In 2016
In cardiac excitation-contraction coupling (ecc), calcium enters the cytosol via l-type ca2+ channels 
(lTcc) and reverse na+/ca2+-exchange (ncXrev), or is released from the sarcoplasmic reticulum (sr) by 
ca2+-induced ca2+-release (cIcr). The magnitude of ca2+ influx via the different pathways varies with 
the state of the cell and is difficult to assess quantitatively, because changes in ca2+ influx through one 
pathway affect the others. In our laboratory, we developed a method to quantify the ca2+ influx path-
ways. The novelty of our method lies in the mathematical analysis of measured transsarcolemmal ca2+ 
currents and their impact on the corresponding ca2+ transient during gradual inhibition of the currents 
in action potential (ap) clamp. The developed method was tested using an excitation-contraction model 
and showed that the method was able to recover calcium fluxes from noisy synthetic data. We applied 
the approach to trout ventricular myocytes and quantified the relative contributions of different ca2+ 
influx pathways in ecc and determined the kinetics of these fluxes. In summary, the developed method 
resolves the major problem how to separate highly interconnected fluxes in ap clamp and allows to 
study ca2+ fluxes in cardiomyocytes under conditions close to in vivo.
adequate intracellular energy transfer is crucial for proper cardiac function. In energy starved failing hearts, 
partial restoration of energy transfer can rescue mechanical performance. There are two types of diffusion 
obstacles that interfere with energy transfer from mitochondria to aTpases: mitochondrial outer membrane 
(mom) with voltage-dependent anion channel (vdac) permeable to small hydrophilic molecules and cyto-
plasmatic diffusion barriers grouping aTp-producers and -consumers. so far, there is no method developed 
to clearly distinguish the contributions of cytoplasmatic barriers and mom to the overall diffusion restriction. 
Furthermore, the number of open vdacs in vivo remains unknown. The aim of our work was to establish the 
partitioning of intracellular diffusion obstacles in cardiomyocytes. We studied the response of mitochondrial 
oxidative phosphorylation of permeabilized rat cardiomyocytes to changes in extracellular adp by recording 
3d image stacks of nadh autofluorescence. Using cell-specific mathematical models, the permeability of 
mom and cytoplasmatic barriers was determined. It was found that only ~ 2% of vdacs are accessible to 
cytosolic adp and cytoplasmatic diffusion barriers reduce the apparent diffusion coefficient by 6–10 ×. In 
cardiomyocytes, diffusion barriers in the cytoplasm and by the mom restrict adp/aTp diffusion to similar 
extents suggesting a major role of both barriers in energy transfer and other intracellular processes.

selecTed pUBlIcaTIons
Laasmaa, M.; Birkedal, R.; Vendelin, M. (2016). Revealing calcium fluxes by analyzing inhibition dynamics in 
action potential clamp. Journal of Molecular and Cellular Cardiology, 100, 93−108.

Simson, P.; Jepihhina, N.; Laasmaa, M.; Peterson, P.; Birkedal, R.; Vendelin, M. (2016). Restricted ADP movement 
in cardiomyocytes: Cytosolic diffusion obstacles are complemented with a small number of open mitochondrial 
voltage-dependent anion channels. Journal of Molecular and Cellular Cardiology, 97, 197−203.

https://www.etis.ee/Portal/Publications/Display/49e94fba-a830-494f-94ae-3c8f94201d4a
https://www.etis.ee/Portal/Publications/Display/3897705e-04a0-4cd1-9015-5dbac0d65704
https://www.etis.ee/Portal/Publications/Display/9a7e72ee-da36-47f8-ad35-87451b1294d1
https://www.etis.ee/Portal/Publications/Display/1a462c89-a5cd-4faf-966d-ca1b3fd53e23
https://www.etis.ee/Portal/Publications/Display/7130690a-20a6-4ba7-9e99-054869f66471
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semIcondUcTor physIcs 
Head of the research group: professor JÜrI krUsTok, jyri.krustok@ttu.ee

The research topics in the semiconductor physics Group are mainly related to semiconductor physics 
in close collaboration with the department of materials and environmental Technology. most studies 
involve optical and electrical characterization of absorber materials for solar cells and search of new 
semiconductor materials. low temperature photoluminecence spectroscopy, raman spectroscopy, Xrd, 
Xps, hall effect, capacitance spectroscopy and modulation spectroscopy are the main experimental 
methods. The studied materials include cu2Znsn(sexs1−x)4, Zno, Tio2, cuInse2, mose2, sns, sb2s3, cdTe.

In 2016
Thin film cZTse solar cells from Barcelona were studied by measuring temperature dependent electrical 
properties. We showed how grain boundary states affect impedance measurements and how we can obtain 
useful information from low temperature impedance data by using cpe element in the ordinary equivalent 
circuit of solar cell.
The role of different se treatments on defect structure and pl properties of cZTse thin films were studied 
together with researchers from northumbria University. We discovered a material where so-called BB band 
was visible at temperatures T = 6 – 300 k for the first time.
The role of h ion implantation on defect structure of cuInse2 single crystals grown at strachclyde University 
was studied. pl bands showed a red-shift and the average depth of potential fluctuations was increasing 
with increasing h dose.
a new study of cvd grown mose2 monolayers from rice University in close co-operation with different uni-
versities was started. It was shown that the so-called aged mose2 monolayers, which were considered to be 
extremely stable in ambient conditions, are not stable at all and their properties change after about 1 year. We 
discovered that the surface roughness was increased and exciton pl peaks were red-shifted of about 70 mev 
in aged monolayers. such behavior was explained by a local tensile strain and exciton localization. a theoreti-
cal model of localized excitons, published in 2005 was applied for the first time on cvd grown monolayers.
Tio2:Zr thin films were grown by the chemical spray pyrolysis (csp) method and the phase composition and 
properties of films with different Zr concentration were studied. The results indicate that csp is a suitable 
and relatively cheap method to deposit Zr-doped Tio2 films for electronic, incl. photocatalytic and photovoltaic 
applications.
Gold nanoparticles were distributed by spray pyrolysis technique on bare glass substrates and on glass covered 
by titanium dioxide thin films grown by atomic layer deposition, and were embedded in titanium dioxide layers. 
plasmonic absorption was detected in the visible spectral range. The particles deposited on glass and on 80 
nm thick titanium dioxide film resulted in appearance of an absorption band peaking at 550 nm. The plasmonic 
absorption maxima shifted towards longer wavelengths after embedding the particles into a top Tio2 layer. 
sns films were grown in air by chemical spray pyrolysis method using aqueous solutions containing sncl2 and 
sc(nh2)2 at molar ratios of 1:1 and 1:8 and a substrate temperature of 200°c. all samples were studied using 
X-ray diffractometry, raman spectroscopy, energy-dispersive X-ray analysis, and ultraviolet-visible spectroscopy. 

selecTed pUBlIcaTIons
Márquez-Prieto, J.; Yakushev, M.V.; Forbes, I.; Krustok, J.; Edwards, P.R.; Zhivulko, V.D.; Borodavchenko, O.M.; 
Mudryi, A.V.; Dimitrievska, M.; Izquerdo-Roca, V.; Pearsall, N.M.; Martin, R.W. (2016). Impact of the selenisa-
tion temperature on the structural and optical properties of CZTSe absorbers. Solar Energy Materials and 
Solar Cells, 152, 42−50.
Krustok, J.; Raadik, T.; Jaaniso, R.; Kiisk, V.; Sildos, I.; Marandi, M.; Komsa, H.-P.; Li, B.; Zhang, X.; Gong, Y.; Ajayan, 
P. M. (2016). Optical study of local strain related disordering in CVD-grown MoSe2 monolayers. Applied 
Physics Letters, 109, 253106.
Aile, Tamm; Ilona, Oja, Acik; Tõnis Arroval; Aarne, Kasikov; Helina Seemen; Malle, Krunks; Arvo, Mere; Kaupo 
Kukli; Jaan, Aarik. (2016). Plasmon resonance effect caused by gold nanoparticles formed on titanium oxide 
films. Thin Solid Films, 449−455.

TheoreTIcal physIcs
Head of the research group: professor Jaan kalda, kalda@ioc.ee

The research group is involved in the following studies: 
Photovoltaic materials. The group has been studying the basic physical properties (stability, electronic 
and optical properties) of novel photovoltaic materials (hybrid-perovskite and cZTs) by using quantum 
chemical and density functional theory based computational methods. 

https://www.etis.ee/Portal/Publications/Display/f5c07341-7124-430c-8e99-7aca96c689ae
https://www.etis.ee/Portal/Publications/Display/e3932892-704a-48d2-bb06-c39f033abf3d
https://www.etis.ee/Portal/Publications/Display/8274546d-bec2-4d01-8db1-2bcdf89eb58b
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Localized oscillations in solids. The efforts are focused on solving the key issues regarding the Ilm-s 
(Intrinsic localized modes) and llm-s (Intrinsic localized modes), polarization and conditions of excita-
tion of Ilm- as well as llm-s in different 3-d crystals with long-range interactions. 
Algebraic formalism of dynamical systems. The aim of the research is to create an algebraic formalism 
for researching the properties of homogeneous time scale dynamical systems (accessibility, lineariz-
ability etc.), based on the vector fields. 
Lunar surface photogrammetry. The target is the mapping of apollo 12 lunar expedition landing site with 
the use of photographs made in situ by the crew. 
Wave equations for superspins. The studies of relativistic wave equations for arbitrary superspins are carried out.
SO(1,4) Superalgebras. The existence of so(1,4) superalgebras is investigated.
Turbulent mixing. The research group has complemented the Fokker-planck equation describing the 
lagrangean statistics of material elements with a term describing the effect of finite time correla-
tions of real turbulent flows, and related the parameter values to the statistical integral of motion of 
lagrangean dynamics.
Econophysics. The scale-free properties of the estonian economical network are studied based on 
the database of wire transfers of swedbank. It has been shown that there is a clustering of vertices 
(companies) into sub-groups, so called cliques or communities, which appear to have a considerable 
correlation with the industry attributes.
Participation in the program of the University nanosatellite (CubeSat). The task has been orbital modeling 
and planning. a preliminary model of solar energy balance was completed, works on communication 
window predictions were initiated.

In 2016
The most notable research results obtained are:

•	 The dependence of the band gap (cZTs-se crystal) from the mixing parameter in the hybrid 
calculations was investigated. 

•	 The properties of the transversal Ilm moving along the zigzag chain of atoms and Ge crystal 
with real interaction potential were studied.

•	 Using the concept of lie derivatives, the accessibility conditions for systems obeying homogene-
ous time scale were formulated in terms of vector fields.

•	 novel Fokker-planck equation was derived for the description of lagrangean statistics in real 
time-correlated turbulent velocity fields.

•	 It was shown that the estonian economic network obeys multifractal properties.
•	 Based on a series of photographic images, a three-dimensional model of landing site of apollo 

12 was constructed.
•	 novel superalgebra, where poincare algebra is substituted with de’sitter so(1,4) algebra, was derived.

selecTed pUBlIcaTIons
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in graphene. Physics Letters A, 380, 1075−1081.
Bartosiewicz, Z.; Kotta, Ü.; Mullari, T.; Tõnso, M.; Wyrwas, M. (2016). On accessibility conditions for state space 
nonlinear control systems on homogeneous time scales. Systems & Control Letters, 98, 8−13.
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maThemaTIcal analysIs
Head of the research group: senior research scientist GerT TamBerG, gert.tamberg@ttu.ee

The research group studies:
•	 the generalized shannon sampling operators that mean the representations of functions in terms of 

series, where the expansion coefficients are its samples and expansion functions are translates of 
certain kernel function. In the case of kantorovich-type sampling operators we take, instead of point 
estimates, some local averages as Fejer-type singular integrals;

•	 applications of the generalized sampling operators in signal processing, especially in imaging appli-
cations, where the generalized sampling operators are a natural tool for image resampling; applica-
tions in hdr imaging and the applications of sampling operators in time series analysis and linear 
prediction are also studied; 

https://www.etis.ee/Portal/Publications/Display/a07d6801-07bf-4456-8b29-fbb889ea78ee
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•	 the generalized summability methods that mean the case where the elements of the sequence belong 
to the Banach space and the elements of the matrix are linear bounded operators. The estimations of 
the rapidity of the convergence are essential if we use the computational techniques. The problems 
of convergence acceleration are particularly topical. We prove the Tauberian remainder theorems in 
the case of the generalized methods of summability.

In 2016
We considered sampling operators, defined using an even band-limited kernel function. approximation 
properties of generalized sampling operators in lebesgue spaces were studied. We generalized the 
kantorovich-type sampling operators. We used Fejer-type singular integrals, which allowed us to esti-
mate the order of approximation via a modulus of smoothness of higher order. norms of generalized 
kantorovich-type sampling operators were also estimated and the approximation properties of general-
ized sampling operators in the case of functions with bounded variation were studied. 

We used image-resampling algorithms, based on sampling operators in super resolution algorithms. 
The studies about possibilities to apply sampling operators in time series analysis and linear prediction 
were started. 

We proved the Tauberian remainder theorems in the case of the generalized methods of summability. 
We weakened the Tauberian conditions in the case of the generalized methods of summability.

selecTed pUBlIcaTIons
Orlova, O.; Tamberg, G. (2016). On approximation properties of generalized Kantorovich-type sampling 
operators. Journal of Approximation Theory, 201 (1), 73−86.

GroUp and semIGroUp Theory
Head of the research group: professor peeTer pUUsemp, peeter.puusemp@ttu.ee

The research is focused on 

•	 the study of the connection between groups and their endomorphism semigroups,

•	 the applications of group theory.

•	 The aim is to describe some well-known classes of finite groups by their endomorphism semi-
groups and to decide whether a group is determined by its endomorphism semigroup in the 
class of all groups or not.

maIn resUlTs In 2016:
•	 It was proved that all 51 finite groups of order 32 are determined by their endomorphism semi-

groups in the class of all groups.

•	 There exist exactly 14 non-isomorphic groups of order 36. It is proved that three of them are not deter-
mined by their endomorphism semigroups in the class of all groups. all groups that have an endomor-
phism semigroup isomorphic to the endomorphism semigroup of a group of order 36 are described.

•	 The distribution of the multi-party diffie-hellman common secret keys was studied with the 
platform group being an arbitrary finite cyclic group. as a result, it was proved that the secret 
keys are not uniformly distributed.

selecTed pUBlIcaTIons
Puusemp, P.; Puusemp, P. (2016). On endomorphisms of groups of order 32 with maximal subroups C24 and 
C42. Proceedings of the Estonian Academy of Sciences, 65 (1), 1−14.

Leibak, A.; Puusemp, P. (2016). On endomorphisms of groups of order 36. Proceedings of the Estonian Acad-
emy of Sciences, 65 (3), 237−254.

Inverse proBlems and sTochasTIc meThods
Head of the research group: professor Jaan Janno, jaan.janno@ttu.ee 

The research is concentrated on: (1) analysis on inverse problems in science and technology; (2) devel-
opment of stochastic methods for inverse problems and other applications. 
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maIn resUlTs In 2016:
•	 Investigation of inverse problems for parabolic differential equations containing generalized 

fractional derivatives was started. First the case when the equation contains a perturbation of a 
classical fractional derivative (e.g. integral defining the derivative is complemented by a convo-
lution of a power function with a negative exponent by a certain kernel). existence, uniqueness 
and stability of a solution of an inverse problem to determine the order of the derivative and the 
kernel was proved. next a more general inverse problem was taken into consideration. There the 
unknown is an arbitrary positive and decreasing function under an intergal defining the general-
ized fractional derivative. a corresponding inverse problem was formulated in an equivalent form 
of an evolutionary integral equation. The uniqueness of the solution was proved and sufficient 
conditions for the existence and stability were established. (J. Janno, k. kasemets, n. kinash) 

•	 Jointly with p. piiroinen (University of helsinki) the Fractional Brownian motion from bayesian 
methods was studied. especially the question “What kind of information from the unknown hurst 
parameter h can one retrieve by sampling one, but arbitrary, realisation of the FBm?” was in the 
focus. By using statistical inversion several laws of large numbers were proved in order to show 
that the expectation of the posterior distribution after finite sampling converges optimally to the 
true value of h and the limit distribution is normal. moreover, jointly with J. christiina (lausanne), 
it was proved that it is possible to derive a lower bound for the difference of the background 
metric g and the inclusion metric on a manyfold m. (l. päivärinta)

•	 cooperation continued with the estonian environment agency. In the framework of this coopera-
tion different nonparametric methods on estimation of estonian forestry proportion were applied. 
also, different forestry growth models were composed. (m. pihlak)

selecTed pUBlIcaTIons
Alsaedi, A.; Alzahrani, F.; Challa, D. P.; Kirane, M.; Sini, M. (2016). Extraction of the index of refraction by em-
bedding multiple and close small inclusions. Inverse Problems, 32 (4, 045004), 1−18.
Janno, J. (2016). Determination of the order of fractional derivative and a kernel in an inverse problem for a 
generalized time fractional diffusion equation. Electronic Journal of Differential Equations, 2016 (199), 1−28.
Astala, K.; Lassas, M.; Päivärinta, L. (2016). The borderlines of invisibility and visibility in Calderón’s inverse 
problem. Analysis & PDE, 9 (1), 43−98.

rheoloGy oF composITes
Head of the research group: senior research scientist heIko herrmann, hh@cens.ioc.ee

The research topic is concerned with the mechanical properties of composites containing short fibres. 
The main application is steel fiber reinforced concrete, a construction material, the use of which is 
gaining momentum in the building industry. The mechanical properties largely depend on the orienta-
tion of the short fibers, which in turn is influenced by the production process of the parts. In particular 
the flow of the fresh concrete mass, which is mixed with the fibers, determines the fiber orientations.
In this context the research on stereoskopic semi-immersive 3d visualization (virtual reality) has been 
developed, which is conducted on the self-developed “kyb3” system. 
one of the most important factors to determine the mechanical properties of a fibre composite mate-
rial is the orientation of the fibres in the matrix. Their orientation might differ in distinct parts of the 
structural element as dependent from the casting techniques and mould materials. 

In 2016
Three main results have been obtained:

1. For the use in load bearing structures, a constitutive mapping is necessary to calculate the design 
load and to predict cracking behaviour. a constitutive mapping based on the use of isotropic 
tensor functions of the strain tensor and the orientation tensor has been proposed. The model 
solves some issues of other approaches.

2. an algorithm to retrieve the single fibre’s orientation information out of sFrc samples scanned 
through a μcT scanner has been developed. The software implemented with the algorithm 
includes a data filtering component to remove the noise from the datasets and prepare them 
correctly for the analysis.

3. numerical simulations of the flow of fiber concrete show that the surface quality (slipperiness) 
of the formwork should have an influence on the fiber orientations. The experimental setup for 

https://www.etis.ee/Portal/Publications/Display/22838c2c-e600-47f3-bb07-7699d2bf71c6
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the casting experiments with polymers (carbopol, stabilize) as replacement matrix is set up and 
experiments are being performed.

selecTed pUBlIcaTIons
Herrmann, H. (2016). An improved constitutive model for short fibre reinforced cementitious composites 
(SFRC) based on the orientation tensor. In: Altenbach, Holm; Forest, Samuel (Ed.). Generalized Continua as 
Models for Classical and Advanced Materials (213−227). Springer. (Advanced Structured Materials; 42).
Herrmann, H.; Pastorelli, E.; Kallonen, A.; Suuronen, J.-P. (2016). Methods for fibre orientation analysis of X-ray 
tomography images of steel fibre reinforced concrete (SFRC). Journal of Materials Science, 51 (8), 3772−3783.

phoToelasTIcITy
Head of the research group: senior research scientist Johan anTon, johan@ioc.ee

In more than 50 years the laboratory of photoelasticity has developed theory, methods and measure-
ment technology for determining residual stresses in glass articles of complicated shapes. This tech-
nology, photoelastic tomography, is implemented in the automated polariscope ap, accompanied with 
intelligent algorithms for measuring residual stresses in drinking glasses, bottles, electric lamps, optical 
fibre preforms, cathode-ray tubes, etc. To measure residual stresses in architectural glass panels and 
automotive glazing a polariscope scalp, based on the scattered light method, has been developed. This 
measurement methodology is used in many glass factories all over the world. 

In 2016
The most remarkable results are the stress analysis in prints rupert drops and the development of a 
new method for measuring stress in chemically strengthened glass. 
prince rupert’s drops (prds), also known as Batavian tears, have existed since the early 17th century. They 
are made of a silicate glass of a high thermal expansion coefficient and have the shape of a tadpole. 
Typically, the diameter of the head of a prd is in the range of 5–15 mm and that of the tail is 0.5 to 
3.0 mm. prds have exceptional strength properties: the head of a prd can withstand an impact with a 
small hammer, or compression between tungsten carbide platens to high loads of ~15 000 n, but the 
tail can be broken with just finger pressure leading to catastrophic disintegration of the prd. We show 
here that the high strength of a prd comes from large surface compressive stresses in the range of 
400–700 mpa, determined by using techniques of integrated photoelasticity. The surface compressive 
stresses can suppress hertzian cone cracking during an impact with a small hammer or compression 
between platens. Finally, it is argued that when the compressive force on a prd is very high, plasticity 
in the prd occurs, which leads to its eventual destruction with increasing load.
a new non-destructive gradient scattered light method is presented for micron-scale stress profile meas-
urement in chemically strengthened (chemically tempered, ion exchanged) glass. direct non-destructive 
stress measurement in the surface layer (<100 μm) of chemically strengthened glass is reported for the 
first time. This is accomplished by passing a narrow laser beam through the surface layer of the glass at 
a considerably large incidence angle of 81.9°. The theory of gradient scattered light method is based on 
the ray tracing of ordinary and extraordinary rays in chemically strengthened glass and calculating the 
optical retardation distribution along the curved ray path. The experimental approach relies on recording 
the scattered light intensity and calculating the optical retardation distribution from it. The experimental 
procedure is developed to the level of full automation and the measurement time is less than 10 s.

selecTed pUBlIcaTIons
Aben, H.; Anton, J.; Õis, M.; Viswanathan, K.; Chandrasekar, S.; Chaudhri, M.M. (2016). On the extraordinary 
strength of Prince Rupert’s drops. Applied Physics Letters, 109, 231903-1−231903-4.
Hödemann, S.; Valdmann, A.; Anton, J.; Murata, T. (2016). Gradient scattered light method for non-destructive 
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nonlInear Wave dynamIcs 
Head of the research group: professor andrUs salUpere, andrus.salupere@ttu.ee

The group has focused on the following research problems:
1. analysis of waves in microstructured solids. a large-scale analysis of dispersive and nonlinear 

effects is carried out to reveal mechanisms of wave profile distortions, including waves in hier-
archical microstructured solids. 
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2. solitons and solitary waves. The mechanisms of emergence of soliton ensembles and solitonic 
structures are examined for cases with complicated dispersion. The emergence of solitons is 
analyzed making use of Boussinesq-type (two-wave) models and kdv-type (one-wave) models 
which describe waves in microstructured solids and mechanical waves in biomembranes. 

3. The theory of continua and internal variables. The description of the internal structure of materi-
als is considered using internal fields. The corresponding mathematical models of wave motion 
in microstructured solids take consistently into account nonlinear, dispersive and temperature 
effects and a possible multiscale of a microstructure. 

4. nondestructive testing of materials. nonhomogeneous materials (including laminated materials) 
are under consideration. methods for determination of mechanical properties of materials and 
for detection of defects in laminated objects are developed.

In 2016
reflection and transmission of elastic waves at the interface between two distinct micromorphic media 
was considered in the one-dimensional setting. a dual internal variable approach was used for the de-
scription of the influence of the microstructure on the global motion. It has been shown that reflection 
and transition coefficients for plane waves depend on the coupling between macro- and micro-motions 
as well as on the choice of the microstructural interaction at the interface. 

description of heat conduction in microstructured solids was presented in the framework of the dual 
internal variables. microtemperature was considered as a macrotemperature fluctuation. The macroscale 
heat conduction was described by a parabolic equation which is coupled with the hyperbolic equation 
for the microtemperature. numerical simulations demonstrate the formation and propagation of ther-
moelastic waves in microstructured solids under thermal loading.

a coupled model was derived for describing the propagation of mechanical wave that accompanies the 
(electrical) nerve pulse during its propagation along the nerve axon. The model results in a system of 
equations that combine the Fitzhugh-nagumo equations for electrical signals and a Boussinesq-type 
equation for description of propagation of mechanical waves. First numerical experiments demonstrate 
that soliton-like waves can be formed from arbitrary inputs.

an original signal processing method called delayed Time reversal-nonlinear elastic Wave spectroscopy 
was developed. The method could be used to amplify a signal in certain regions of the material under 
non destructive Testing. It allows to optimize and change the shape of the received focused wave in 
the material, either by making the focusing sharper by decreasing the side lobes or making it wider 
by modifying the actual focusing peak. It is also possible to use the focused signal as a delta-basis to 
construct a signal with arbitrary envelope or reduce the side lobes of the focused signal. These concepts 
are shown to work well in the simulations and the physical experiments.

selecTed pUBlIcaTIons
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depaRTmenT oF maRIne sysTems 
Director: professor JÜrI elken, juri.elken@msi.ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 35 

 - Incl. 4 professors, 28 researchers.

•	 doctoral students, total 15

•	 scientific publications, total 67

•	 defended doctoral dissertations in 2016, total 5

The department conducts research within 2 research groups:

•	 dynamics of Gradient systems

•	 modelling and remote sensing of marine dynamics 

research GroUps

dynamIcs oF GradIenT sysTems
Head of the research group: professor Urmas lIps, urmas.lips@msi.ttu.ee

The research topic is focused on multiscale physical processes that significantly control the biogeochemical 
cycles of substances as well as mixing and dispersion of particles and pollutants, especially in the boundary 
layers and in the pycnoclines (seasonal thermocline and halocline) of the Baltic sea. The in-situ observations 
using new technologies combined with high-resolution numerical simulations and laboratory experiments 
are the main study method. a major task in hydrodynamics is to make a step forward in the quantitative 
description of sub-mesoscale processes and their impact, both their direct and large-scale/distant influence 
on water and matter exchange between sub-basins, coastal and open sea and different layers. marine ecol-
ogy studies are concentrated on lower trophic levels: pelagic and benthic primary producers and benthic 
invertebrates – on their dynamics and role in nutrient cycles in the eutrophied Baltic sea. practical outcomes 
of the research are the development and application of novel marine monitoring and assessment methods 
as well as environmental impact assessment of different marine development plans and projects.

In 2016
regular high-resolution measurements enable to determine statistical parameters and spatio-temporal 
variability of mesoscale and sub-mesoscale processes in the Gulf of Finland. dominating westerly winds 
cause a deeper position of the seasonal thermocline in the northern gulf, and therefore the wind impulse 
needed to initiate an upwelling event of certain intensity must be larger near the northern coast than 
near the southern coast. long-term easterly winds cause upward movement of the thermocline in the 
entire gulf thus supporting the development of upwelling near the southern coast. The westerly winds 
lead to the reversed vertical movement of the thermocline, and the development of upwelling near the 
northern coast is suppressed. an important role of sub-mesoscale processes in the energy cascade from 
larger to smaller scales has been revealed: in the interval of 10–0.5 km, the horizontal temperature 
variance spectra convert to a –2 slope while quasi-geostrophic turbulence should follow a –3 slope.

The analysis of numerical simulation and wind data showed that basin scale circulation in the Gulf of 
riga is predominantly anticyclonic in summer months (negative wind field vorticity, strong stratification) 
and cyclonic in autumn-winter (positive wind field vorticity, weak stratification). Thus, the seasonal and 
inter-annual variability of the wind field determine the spreading patterns of the river discharge (also 
nutrients) in the gulf. The daugava river discharge forms an anticyclonic bulge and jet current along the 
eastern coast; the river volume flux divides approximately into halves between them. The water inflow 
from the Baltic proper through the Irbe strait (flow over the sill) may in certain conditions realize in the 
form of mesoscale cyclonic eddies in the northern Gulf of riga.
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Investigation of geographically close populations of the spring bloom diatom, skeletonema marinoi, 
showed that the populations are locally adapted and have a competitive advantage in their native envi-
ronment. This indicates that differential selection pressure might support the genetic differentiation of 
the populations. The same species also showed genetic differentiation on temporal and spatial scales 
during a spring bloom in different basins of the Baltic sea. Temporal genetic differentiation indicates the 
presence of different phenotypes in the bloom, which are adapted to different environmental conditions, 
e.g. low nutrient concentrations, and help the species to participate in the bloom for a longer period.

The entrapment and feeding of the mixotrophic ciliate Mesodinium rubrum in the mucus threads in 
cultures with toxic Dinophysis was described and quantified. In cooperation with a scientific group from 
University of copenhagen it was documented for the first time that kleptochloroplasts (without prey 
nuclear material) taken up by D. acuta exhibit photoregulation, where photosynthetic pigments are 
produced to improve growth under both high and low irradiances. The obtained results help to explain 
how D. acuta is able to survive for extended periods experiencing pray starvation and low light environ-
ment. The evidence of phosphate and nitrate uptake by the migratory dinoflagellate H. triquetra in a 
cold environment in the absence of light was documented verifying the previous hypothesis based on 
field studies in the stratified Baltic sea.

selecTed pUBlIcaTIons
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Lips, U.; Zhurbas, V.; Skudra, M.; Väli, G. (2016). A numerical study of circulation in the Gulf of Riga, 
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Sildever, S.; Sefbom, J.; Lips, I.; Godhe, A. (2016). Competitive advantage and higher fitness in native popula-
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modellInG and remoTe sensInG oF marIne dynamIcs
Head of the research group: professor Urmas raUdsepp, urmas.raudsepp@msi.ttu.ee

The research is directed to: (1) studies on cause-response relationships of large-scale circulation pat-
terns and biogeochemical fields in the Baltic sea; (2) development and operational implementation of 
marine monitoring methods, which are based on satellite and airborne remote sensing as well as on 
bio-optical measurements: marine physics, water quality, sea ice, atmospheric processes etc.; (3) bulk 
processing and statistical analysis of large remote sensing datasets for process studies in marine 
research; (4) development, testing and implementation of real time marine operational measurement 
systems; (5) development of coupled circulation-wave-ice-atmospheric models for climate and proc-
ess oriented studies, near-real time marine services and reanalyses; (6) sea and ocean hazards in the 
coastal zone including tsunami, rogue waves, extreme storms and storm surges, ship generated waves, 
internal waves, their dynamics in the coastal zone and impact on coast.

In 2016
numerical modelling of waves, circulation and biogeochemical processes in the Baltic sea was continued. 
validation methods for numerical model results were further elaborated and harmonized for different 
european seas. Impact of pollution from shipping on the Baltic sea marine ecosystem and dispersion of 
pollutants were studied by applying a 3d hydrodynamics model coupled with a biogeochemical model. 
The multi-year simulations of the circulation and nutrient dynamics in lake peipus and the võrtsjärv 
were performed. In a fine spatial scale, the impact of road construction on spm concentrations was 
studied by applying a high-resolution model in the coastal zone of the Tallinn Bay.

The wave-current interactions were studied to estimate the effect of wave fields on sea level, water cur-
rents and temperature, and sea surface currents and sea level height on significant wave height. Wave and 
circulation models were coupled and numerical simulations were conducted in the Baltic sea in order to 
quantify the effects of stokes-coriolis forcing, wave dependent momentum transfer and wave dependent 
kinetic energy flux. high-resolution wave modelling for Finnish archipelago area was performed in order 
to test the performance of sWan/Wam and WaveWaTch models (in co-operation with FmI). Wam with 
1 nm resolution was set up operationally for the Baltic sea in the framework of copernicus activities. 
research of wave impact on benthic communities and shoreline changes was continued. 
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remote sensing algorithms/methods for retrieval of wave field parameters (significant wave height, 
wave propagation direction, wavelength) from space borne synthetic aperture radar and coastal radar 
imagery were elaborated. an analysis of active and passive remote sensing imagery was carried out to 
describe statistically the ice conditions in the Baltic sea over a 16-year period.

analytical, experimental and numerical studies of tsunami, rough wave and nonlinear wave theory and 
dynamics were advanced. 

an oil spill detection and monitoring system consisting of a ferry-box system, innovative buoys, coastal 
radar data and Uav technology was further developed and tested. The methodology for process-
ing of a very high resolution wave and ice data from coastal radar observations was implemented. 
engineering solutions for reliability and persistency of real-time sea level and wave measurement 
network were refined. 
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https://www.etis.ee/Portal/Publications/Display/b9e6f71d-2f54-4b44-9955-5473060faa38
https://www.etis.ee/Portal/Publications/Display/899f13dd-52b4-4bcd-9d5c-69e5d988402f
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Coordinator: Tallinn University of Technology (Estonia) 

51 organisations from  

� 21 countries: Austria, Belgium, Bulgaria, Denmark, Estonia, Finland, Germany, Greece, 

Italy, Latvia, Lithuania, Luxembourg, Netherlands, Norway, Poland, Portugal, Romania, 

Slovakia, Slovenia, Sweden, Turkey 

� 3 sectors: public administration organisations, research organisations, private companies 

 

For more information, please contact the coordinator:  

Prof. Dr. Robert Krimmer, Tallinn University of Technology 

robert.krimmer@ttu.ee  
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school oF BusIness and 
GoveRnance
dean: professor enn lIsTra  
e-mail: enn.listra@ttu.ee

vice-dean for research: professor TIIna randma-lIIv 
e-mail: tiina.randma-liiv@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 178 
 - Incl. 25 professors, 34 researchers

•	 doctoral students, total 120

•	 scientific publications, total 359

•	 defended doctoral dissertations in 2016, total 12

deparTmenTs

deparTmenT oF BUsIness admInIsTraTIon 
acting director: Toomas pIlIsTe, toomas.piliste@ttu.ee

deparTmenT oF economIcs and FInance 
director: professor kadrI männasoo, kadri.mannasoo@ttu.ee

deparTmenT oF laW 
director: professor Tanel kerIkmäe, tanel.kerikmae@ttu.ee

raGnar nUrkse deparTmenT oF InnovaTIon and Governance 
director: senior research scientist erkkI karo, erkki.karo@ttu.ee

professors

associated professors

lecturers / Instructors

senior research scientists

research scientists

early stage researcher

25

33

85

8

19
7
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depaRTmenT oF economIcs and FInance
Director: professor kadrI männasoo, kadri.mannasoo@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 32 

 - Incl. 6 professors, 2 researchers.

•	 doctoral students, total 26

•	 scientific publications, total 37

•	 defended doctoral dissertations in 2016, total 1

The department conducts research within one research group:

research GroUp oF FInance and economIc analysIs 
Head of the research group: professor kadrI männasoo, kadri.mannasoo@ttu.ee

The department of economics and Finance carries out academic research with clear applied and policy-
oriented perspectives. The research is cross-disciplinary and focuses on linkages between different 
sectors of the modern market economy in a globalised world. The emphasis is on studies of economic 
change and development and how policy choices support sustainable growth, efficient resource use, 
economic and financial stability, and social cohesion. The research methodology is based on rigorous 
empirical analysis and topics of particular importance for the rapidly transforming estonian economy.

In 2016
The research topics included productivity, human capital development and capacity building, policy im-
pact analysis and financial issues related to financial institutions, non-financial companies and financial 
markets in sustaining financial stability and a smoothly operating financial system.

selecTed pUBlIcaTIons
Kukk, M. (2016). How did household indebtedness hamper consumption during the recession? Evidence from 
micro data. Journal of Comparative Economics, 44 (3), 764−786.

Kukk, M.; Kulikov, D.; Staehr, K. (2016). Estimating Consumption Responses to Income Shocks of Different 
Persistence Using Self-Reported Income Measures. Review of Income and Wealth, 62 (2), 311−333.

Laidroo, L. (2016). Bank Ownership and Lending – Does Bank Ownership Matter? Emerging Markets Finance 
and Trade, 52 (2), 285−301.

https://www.etis.ee/Portal/Publications/Display/45be0c4e-367f-4dbc-bf4c-ff0709e42f85
https://www.etis.ee/Portal/Publications/Display/b66ea623-f8ec-4254-8c4b-8ee885b52222
https://www.etis.ee/Portal/Publications/Display/f4ee7845-3c1b-481c-a3d4-3c9ab8ecbe33
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RaGnaR nuRkse depaRTmenT  
oF InnovaTIon and GoveRnance 
Director: senior research scientist erkkI karo, erkki.karo@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 32 

 - Incl. 8 professors, 19 researchers.

•	 doctoral students, total 46

•	 scientific publications, total 86

•	 defended doctoral dissertations in 2016, total 5

The department conducts research within 7 research groups:

•	 Governance

•	 e-Governance

•	 Fiscal Governance

•	 Technology Governance and Innovation policy

•	 public management and policy

•	 public sector Innovation

•	 philosophy of science and Technology

research GroUps

Governance
Head of the research group: professor WolFGanG drechsler, wolfgang.drechsler@ttu.ee

The group has focused on the analysis of governance theories and paradigms in the context of modern 
socio-technical changes. special focus has been on the following topics: (a) comparative analysis of global 
paradigms of governance (comparison of Western and non-Western/asian paradigms and traditions); (b) 
the impact of technological changes on governance, including the emergence of the concept of smart city 
and the impact of p2p technologies on production and consumption traditions and governance models.

In addition to high-impact publications with unique contributions on these topics, the group has also 
been active in knowledge transfer to society: e.g. dr. kostakis acted as p2p technology adviser to the 
office of prime minister in Greece; prof. drechsler is one of the most known experts on non-Western 
and asian governance paradigms who has been invited to several conferences and (asian) universities 
to present his research on the topic. In addition, the whole group has actively contributed (research, 
outreach activities) to the globally visible work of p2p lab and p2p Foundation.

selecTed pUBlIcaTIons
Drechsler, W.; Randma-Liiv, T. (2016). In Some Central and Eastern European Countries, Some NPM Tools 
May Sometimes Work. Public Management Review, 10, 18, 1559−1565.

Drechsler, W. (2016). The German Historical School and Kathedersozialismus. In: Reinert, E.S., Ghosh, J., 
Kattel, R. (_EditorsAbbr). The Elgar Handbook of Alternative Theories of Economic Development (109−123). 
London: Edward Elgar Publishing.

Kostakis., V.; Latoufis, K.; Liarokapis, M.; Bauwens, M. (2016). The convergence of digital commons with local 
manufacturing from a degrowth perspective: Two illustrative cases. Journal of Cleaner Production.

https://www.etis.ee/Portal/Publications/Display/3edfd26b-638c-43fc-a9a7-fe0ba809d6b3
https://www.etis.ee/Portal/Publications/Display/df6f70b8-11e0-48ea-b77b-cd0bddab6643
https://www.etis.ee/Portal/Publications/Display/f3a9c3af-cb64-4491-9437-504cd73509e9
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e-Governance
Head of the research group: professor roBerT krImmer, robert.krimmer@ttu.ee 

The group has focused on building up an independent e-Governance research stream at TTÜ with 
specific focus on the following topics: (a) developing principles and methods for user-centric develop-
ment of e-Governance services and systems; (b) social science research on the use of new identity 
management technologies and open data in the public sector as well as carrying out pilot projects in 
the framework of h2020 projects; (c) development of frameworks and models for securing verifiability 
of and trust in e-voting.

In 2016, the group initiated and coordinated the estonian pilot of the open Government Intelligence 
h2020 project (http://www.opengovintelligence.eu), succeeded in gaining financing for the first erasmus 
mundus joint ma degree in TTÜ on public sector innovation and e-Governance, and put together an eU-
wide consortium of academic and policy organizations (from 20 countries) that gained for 2017–2019 
financing for the largest e-government and public sector innovation project in the eU on the once-only 
principle (www.toop.eu). In addition, the group members have been active in advising and studying dif-
ferent countries (estonia, switzerland, australia, south korea, Japan etc.) on how to buildup user-centric 
e-Governance systems. This work has been carried out by both senior and junior researchers (e.g. in 
2016, m. nielsen carried out his phd studies at the UnU-eGov group that supports Un in developing 
global e-governance capabilities). 

selecTed pUBlIcaTIons
Gibson, J.P.; Krimmer, R.; Teague, V.; Pomares, J. (2016). A review of E-voting: the past, present and future. 
Annals of Telecommunications, 71 (7), 279−286.

Meyerhoff Nielsen, M. (2016). E-governance and stage models: analysis of identified models and selected 
Eurasian experiences in digitising citizen service delivery. International Journal of Electronic Government 
Research, 12 (2), 107−141.

Toots, M.; Kalvet, T.; Krimmer, R. (2016). Success in eVoting – Success in eDemocracy? The Estonian Paradox. 
In: E. Tambouris, P. Panagiotopoulos, O. Sæbø, M. A. Wimmer, T. A. Pardo, Y. Charalabidis, D. Sá Soares, T. 
Janowski (Ed.). Electronic Participation: 8th IFIP WG 8.5 International Conference, ePart 2016, Guimarães, 
Portugal, September 5–8, 2016: Proceedings (55−66). Springer. (Lecture Notes in Computer Science; 9821).

FIscal Governance
Head of the research group: professor rInGa raUdla, ringa.raudla@ttu.ee 

The group has been researching the impact of fiscal and financial policy bureaucracies (its structure, 
principles of policy coordination and learning etc.) on fiscal and financial policies in the Baltic sea region 
(comparison between the Baltics and scandinavia). This is a relatively novel theoretical and empirical 
focus as the Baltic sea region is unique in its economic and political integration patterns (economically 
highly interlinked economies functioning in different monetary systems and fiscal traditions). The group 
is relatively young, but it has already gained global recognition for its research work, e.g. prof. raudla was 
elected to the editorial board of the leading journal on governance and institutional analysis Governance 
and initiated a permanent working group on fiscal governance and administration at Iasa (governance 
and public administration research society with the widest reach globally).

selecTed pUBlIcaTIons
Raudla, R.; Cepilovs, A.; Kuokštis, V.; Kattel, R. (2016). Fiscal Policy Learning from Crisis: Comparative Analysis 
of the Baltic Countries. Journal of Comparative Policy Analysis, 1−16.

Raudla, R.; Douglas, J. W.; Taro, K.; Agu, C. (2016). The Impact of Performance Audit on Public Sector Organi-
zations: The Case of Estonia. Public Organization Review, 16 (2), 217−233.

Douglas, J. W.; Raudla, R.; Kravchuk, R. (2016). Reforming the Fiscal Constitution: Holding Politicians Ac-
countable Through Greater Transparency. In: A. Marciano; G. Ramello (Ed.). Law and Economics in Europe 
and the U.S: The Legacy of Juergen Backhaus (75−87). Springer. (The European Heritage in Economics and 
the Social Sciences; 18).

https://www.etis.ee/Portal/Publications/Display/720d9a51-c83e-41db-bbd7-53cac7fb7a83
https://www.etis.ee/Portal/Publications/Display/c3b1c70e-6924-487c-8355-5da3e3b7a556
https://www.etis.ee/Portal/Publications/Display/4767886a-4502-4444-9559-d4978830ccd5
https://www.etis.ee/Portal/Publications/Display/d2031a2c-1fee-4819-8cd3-17b26c636da4
https://www.etis.ee/Portal/Publications/Display/a6167325-bc41-4eeb-96b2-fc713b203a9b
https://www.etis.ee/Portal/Publications/Display/12a7e101-1228-41c1-9e71-8248710eda5e
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TechnoloGy Governance and InnovaTIon polIcy
Head of the research group: researcher-professor raIner kaTTel, rainer.kattel@ttu.ee

The group focuses on the analysis of estonian research, development and innovation policies, including 
international comparisons, domestic policy analysis and evaluation. In 2016, special focus was on the 
impact of eU-wide policy concepts – societal challenges, smart specialization – on the formation, design 
and implementation of estonian and central and eastern european rdI strategies, policies and policy 
mixes. The basic research of 2016 led to the initiation of 3 applied research projects funded by the es-
tonian research council on the evaluation of h2020 from the perspective of eU13, final assessment of 
the estonian national r&d programs from the period 2007–2013, and on developing principles for rdI 
policies in the context of growing impact of global value chains and its’ different governance systems. 

The members of the research group were also active in the global arena: prof. kattel worked as guest 
professor at the earth Institute at columbia University and dr. karo as Jsps post-doctoral fellow at 
national Graduate Institute for policy studies (GrIps, Tokyo, Japan). prof. kattel was also elected 
researcher-professor of the estonian academy of sciences on innovation studies for 2016–2018.

selecTed pUBlIcaTIons
Tõnurist, P.; Kattel, R. (2016). Can research, development and innovation policies cross borders? The Case of 
Nordic-Baltic region. Science and Public Policy, 1−13.

Karo, E; Lember, V. (2016). Emergence of a societal challenges based innovation policy in market-based in-
novation systems: lessons from Estonia. International Journal of Foresight and Innovation Policy, 11 (1-3), 
126−147.

Kirs, M. (2016). Expansion of Science-based Industries: Technological and Organisational Accumulation vs. 
Fragmentation? Insights from Biotechnology in Estonia. International Journal of Technological Learning, 
Innovation and Development, 8 (4), 303−344.

pUBlIc manaGemenT and polIcy
Head of the research group: professor TIIna randma-lIIv, tiina.randma-liiv@ttu.ee

The research group focused on publishing research carried out in the framework of Fp7 project “coor-
dinating for cohesion in the public sector of the Future (cocops)”. The main focus was on the impact 
of the financial and fiscal crisis on public administrations and public management practices in estonia 
and across europe. The group co-published its research also together with leading eU scholars (e.g. prof. 
randma-liiv, and W. kickert co-edited a special issue on “Fiscal crisis and european public administration: 
comparative policy responses” in the Journal of comparative policy analysis). also, the group prepared 
several successful project proposals to continue its domestic and international research: dr. sarapuu 
was awarded a personal grant by the estonian research council and the group as a whole participated 
in the preparation of a successful h2020 project (TropIco), both starting in 2017. dr. sarapuu became 
the co-chair of one of the core and longest lasting permanent study groups at eGpa ‘Governance of 
public sector organizations’ as well as member of the steering group of nIspacee. prof. randma liiv 
was awarded the national science prize in social science category by the estonian Government.

selecTed pUBlIcaTIons
Drechsler, W.; Randma-Liiv, T. (2016). In Some Central and Eastern European Countries, Some NPM Tools 
May Sometimes Work. Public Management Review, 10, 18, 1559−1565.

Lægreid, P.; Randma-Liiv, T.; Rykkja, L. H.; Sarapuu, K. (2016). Coordination Challenges and Administrative 
Reforms. In: Hammerschmid, G., Van de Walle, S., Andrews, R., Bezes, P. (Ed.). Public Administration Reforms 
in Europe: The View from the Top (244−258). Edward Elgar Publishing.

Randma-Liiv, T.; Bouckaert, G. (2016). Recent Shifts in Public Financial Management. In: Van de Walle, S.; 
Groeneveld, S. (_EditorsAbbr). Theory and Practice of Public Sector Reform. (221−235). Routledge Taylor & 
Francis Ltd.

https://www.etis.ee/Portal/Publications/Display/b10379db-298a-465c-9c06-fbf931cd0f4f
https://www.etis.ee/Portal/Publications/Display/5e17899f-0774-404e-96af-51d58d7f87fe
https://www.etis.ee/Portal/Publications/Display/6baa2428-e164-4782-a40a-9127bb214ae2
https://www.etis.ee/Portal/Publications/Display/3edfd26b-638c-43fc-a9a7-fe0ba809d6b3
https://www.etis.ee/Portal/Publications/Display/406cbab6-1966-42a3-bee8-4acdb5e26459
https://www.etis.ee/Portal/Publications/Display/86886252-2a52-45f2-999c-75f834f8b837
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pUBlIc secTor InnovaTIon
Head of the research group: senior research scientist veIko lemBer, veiko.lember@ttu.ee

The research group focuses on the development of the globally emerging theories of public sector 
innovation, with rather unique focus on technology driven innovations (i.e. emergence of machine to 
machine coordination in the public policy processes). most other research groups in this area focus on 
organizational and managerial innovations and the group has also contributed to the latter streams, 
i.e. the role of co-production, public procurement processes, ilabs and state owned enterprises as 
instruments of innovation in the public sector. The group has actively collaborated both with estonian 
policy makers (through participation in the work of the social and public sector innovation taskforce 
active at the office of the prime minister of estonia) and internationally (e.g. dr. Tõnurist worked also 
at the oecd opsI). In addition, the group members are coordinating several permanent study groups 
at eGpa that are focused on public sector innovation (public administration, Technology and Innovation; 
Behavioral public administration).

selecTed pUBlIcaTIons
Surva, L.; Tõnurist, P.; Lember, V. (2016). Co-production in a network setting: Providing an alternative to the 
national probation service. International Journal of Public Administration, 39 (13), 1031−1043.

Tõnurist, P.; Karo, E. (2016). State owned enterprises as instruments of innovation policy. Annals of Public 
and Cooperative Economics, 87 (4), 623−648.

Karo, E.; Kattel, R. (2016). Innovation and the State: Thinking of Government as “Technology Maker” and 
Implications for Public Administration Research. Halduskultuur – Administrative Culture, 17 (1), 5−17.

phIlosophy oF scIence and TechnoloGy
Head of the research group: professor ahTI-veIkko pIeTarInen, ahti-veikko.pietarinen@ttu.ee 

The group has focused on the initiation of the new research stream on ‘abduction in the age of fun-
damental uncertainty’ financed by the estonian research council (2016-2018) as well as continuing 
research and publication activities in the core areas of competences (peirce and pragmatism, philosophy 
of s&T in general). The group has also attracted foreign researchers (dr. chiffi joined in 2016) who 
have further expanded the research foci of the group (i.e. philosophical research of clinical medicine and 
rcTs). Through these developments, the group has become more integrated with general orientation 
of ragnar nurkse department and TTÜ in general (i.e. abduction is the main analytical approach in the 
context of fundamental uncertainty characterizing innovation and technological development, tackling 
societal challenges and wicked issues). 

selecTed pUBlIcaTIons
Pietarinen, A.-V.; Bellucci, F. (2016). Existential graphs as an Instrument for Logical Analysis. Part 1: Alpha. 
The Review of Symbolic Logic, 9 (2), 209−237.

Ma, M.; Pietarinen, A-.V. (2016). Proof Analysis of Peirce’s Alpha System of Graphs. Studia Logica, 1−23.

Pietarinen, A.-V., Bellucci, F. (2016). From Mitchell to Carus: Fourteen Years of Logical Graphs in the Making. 
Transactions of the Charles S Peirce Society, 52 (4), 539−575.

 

https://www.etis.ee/Portal/Publications/Display/6b3aad0a-93a8-4b6b-8af9-410ed5037491
https://www.etis.ee/Portal/Publications/Display/0e690971-1316-414e-b9d7-739d180b935e
https://www.etis.ee/Portal/Publications/Display/930e8cbf-2fc9-46ee-ac48-8c6dd2cd777f
https://www.etis.ee/Portal/Publications/Display/c50bbc43-e76d-406c-8136-99dc596ec1a2
https://www.etis.ee/Portal/Publications/Display/09d21c78-3eaf-4c11-b9cd-95d21d0b8d0e
https://www.etis.ee/Portal/Publications/Display/c35aa09a-f595-482e-8abe-7d2e21844978
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depaRTmenT oF law
Director: professor Tanel kerIkmäe, tanel.kerikmae@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 23 

 - Incl. 4 professors, 19 researchers.

•	 doctoral students, total 6

•	 scientific publications, total 113

•	 defended doctoral dissertations in 2016, total 2

The department conducts research within 2 research groups:

•	 european law and Technology

•	 The Impact of regional cultural, economic, social and political processes in the Globalizing World 

research GroUps

eUropean laW and TechnoloGy
Head of the research group: professor Tanel kerIkmäe, tanel.kerikmae@ttu.ee

The main aim of the research group is to focus the main competences on the regulation of the european 
digital market and the development of technology. 

In 2016
The research group successfully joined several large-scale projects in the field of e-medicine (under the 
leadership of health Information management sa), and research activities directly linked to e-governance 
and digitalisation in cooperation with ministry of economic affairs and ministry of Justice. The group 
has also provided expertise for Folke Bernadotte academy to execute research in regional level. knowl-
edge transfer of the research results has been possible within the cooperation with h2020 project (to 
south-east asia) and with the estonian ministry of Foreign affairs (development aid projects to eastern 
neighbourhood countries). research was initiated with law firms and international research networks in 
the field of artificial intelligence and automated decision making in legal space. The relevant fields of 
research are law&technology based problematics on the basic rights and freedoms. The specific fields 
related to economic space in general, including competition law and european model norms analysis 
are also topical. cooperation was launched with international cluster of applied ethics.

selecTed pUBlIcaTIons
Kerikmäe, T.; Särav, S. (2016). Legal Impediments in the EU to New Technologies in the Example of E-Residency. 
Baltic Journal of Law & Politics, 8 (2), 71−90.

Rull, A.; Tamme, T.; Võhandu, L. (2016). A Structural and Grammatical Analysis of the Estonian Constitution. 
Baltic Journal of European Studies, 6 (2), 76−95.

Hoffmann, T.; Wang, Z. (2016). Enforcing Chinese Antimonopoly Law in the Internet Industry: An Analysis 
with Special References to Baidu.com. China and WTO Review, 2 (2), 223−256.

https://www.etis.ee/Portal/Publications/Display/91705c2f-3911-451f-8d5d-f970a6b2ff01
https://www.etis.ee/Portal/Publications/Display/83ef2ad0-79d6-4321-bd11-8682f317398d
https://www.etis.ee/Portal/Publications/Display/57ce0c13-b1bf-4b09-8476-c15963b36953
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The ImpacT oF reGIonal cUlTUral, economIc, socIal and 
polITIcal processes In The GloBalIZInG World 
Head of the research group: professor peeTer mÜÜrsepp, peeter.muursepp@ttu.ee

different regions have been addressed in detail and the findings have been generalized with the purpose 
of specifying important global processes. The main regional foci for the group are the european Union, 
the caspian region, the asia-pacific region and the middle east, as well as russia and Ukraine in the 
context of security studies. research on the caspian region was supported by a marie curie programme 
project and studying the asia-pacific region has been supported by naTo. The head of the research group 
has been analysing the essence of science as a component of culture during different historical periods.

research carried out by the group is relevant to social development on the international scale in the 
direct sense. This concerns international security and systematic socio-economic development of less 
developed regions.

In 2016
research was concentrated at further developments of the theory of informality. It is preoccupied with 
mechanisms and transactions that, even if they remain unnoticed, unregistered or in general fail to be 
perceived as systematic, are likely to affect policymaking and policy implementation. The informality 
framework has been used to propose and debate alternatives of explanations in the development of a 
welfare state in the former socialist countries, especially in the caspian region. 

Further results were obtained while analysing the reception of naTo in the media of the asia-pacific 
region. The research group played a major role in completing a detailed study on the russia-Ukraine 
conflict. The impact of various cultural factors on the formation of international systems and/or politi-
cal or security environments has been researched. The theoretical framework of these studies relies on 
comparative analysis of political and security cultures. an integrated value concept was created that 
results in a complementary connection between the value in exchange and value in use theories. new 
aspects of the essence of scientific knowledge as a component of culture were analysed both from the 
historical and the philosophical point of view. 

selecTed pUBlIcaTIons:
Polese, A; Kevlihan, R; OBeachain, D (2016). Introduction: hybrid warfare in post-Soviet spaces, is there a 
logic behind? Small Wars and Insurgencies, 27 (3), 361−366.

Polese, A.; Kovacs, B.; Jancsics, D. (2016). Practici informale nocive sau inofensive? „În pofida” și „dincolo de” 
stat: cazul Ungariei și României. Studia Politica, 16 (2), 219−242.

Müürsepp, P. (2016). Chemistry as a practical science (Edward Caldin Revisited). Foundations of Chemistry, 
18 (3), 213−223.

https://www.etis.ee/Portal/Publications/Display/53632a9f-b583-4abc-8fd3-267b885f5885
https://www.etis.ee/Portal/Publications/Display/11e2c195-2d39-4824-ac0b-64a94b672fa6
https://www.etis.ee/Portal/Publications/Display/26a46919-6b02-49e4-a422-76d0fd684a8d
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depaRTmenT oF BusIness 
admInIsTRaTIon
Director: Toomas pIlIsTe, toomas.piliste@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 69 

 - Incl. 7 professors, 7 researchers.

•	 doctoral students, total 40

•	 scientific publications, total 78

•	 defended doctoral dissertations in 2016, total 4

The department conducts research within 7 research groups:

•	 entrepreneurship

•	 Urban and residential studies 

•	 accounting 

•	 marketing 

•	 organisation management 

•	 Work environment 

•	 environmental economics 

research GroUps

enTrepreneUrshIp
Head of the research group: professor Urve venesaar, urve.venesaar@ttu.ee

The theme of the research group: development of entrepreneurship education and the concept of en-
trepreneurial university, knowledge transfer from university and innovation in enterprises.

The research on the development of entrepreneurship education and the concept of entrepreneurial 
university focuses on the creation of a novel teaching and learning concept with the aim of increasing 
the employability of graduates in the labour market. The results of the impact survey of entrepreneur-
ship education directed at students have been used for implementing several changes related to the 
organisation of studies in order to improve learning methods and assessment criteria. 

The research includes also knowledge and technology transfer from university to enterprises and business 
innovation strategies (including open innovation) and smart specialisation topics. as a result of these 
studies, institutional factors influencing international knowledge transfer were identified and methods 
for analysing knowledge networks for small and medium-sized rural enterprises were improved.

In 2016
as an innovative component of the concept of entrepreneurship education, the model of entrepreneurial 
competencies was used for developing the entrepreneurship education modules, including in the areas 
of technology entrepreneurship, start-ups and commercialization of research results. self-assessment 
models for students, teachers and universities were developed, the piloting of which included more 
than 400 students. as a more general topic, the outcomes of estonian entrepreneurship policy and the 
rationale of changes undertaken in entrepreneurship policy were assessed. 

The most important research results in the field of university and industry knowledge transfer were con-
nected to exploring the relationship between spatial and non-spatial forms of proximity in university to 
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industry knowledge transfer and to the development of analytical framework for exploring institutional 
factors in international commercialization of university Ip. Work began to analyse the innovation ecosys-
tem of rural territories considering the innovation relevant networks within a multi-actor, multi-level and 
multi-dimensional framework to understand the role of a territory-based ecosystem for the innovations, 
and the role of different actors in this ecosystem. Two rural territories in two different small countries 
(estonia and portugal) on the edges of the europe were compared and analysed. The results of the study 
will contribute to the innovation policy studies, suggest new angle from the rural territories perspective, 
offer working solutions and reveal a number of fragilities when planning any actions. 

In addition, the methods for analysing the economic impact of environment regulations in maritime 
sector and clean shipping were developed and piloted.

selecTed pUBlIcaTIons
Reidolf, M. (2016). Knowledge Networks and the Nature of Knowledge Relationships of Innovative Rural 
SMEs. European Journal of Innovation Management, 19 (3), 317−336.

Küttim, M. (2016). The role of spatial and non-spatial forms of proximity in knowledge transfer: a case of 
technical university. European Journal of Innovation Management, 19 (4), 468−491.

Randma, T.; Venesaar, U. (2016). Does the general education school curriculum support the development of 
enterprising people? Baltic journal of management, 11 (2), 1−30.

UrBan and resIdenTIal sTUdIes 
Head of the research group: professor kaTrIn paadam, katrin.paadam@ttu.ee

The research group applies an integrated approach towards the analysis of urban residential and 
public spaces with intertwined social and material dimensions, also in an interdisciplinary perspective 
(collaborating with architectural, civil engineering, planning, business and economic studies) in order 
to conceptualise multiple dual relationships between spatial processes (e.g. urban renewal, residential 
regeneration, gentrification, spatial conversion, suburbanisation and sprawl) and social processes (e.g. 
valuation of space in user practices, needs, preferences and opportunities of individuals and groups); 
between the formation of individual capacities in experiences in the fields of human conduct and 
structural conditions (e.g. policies and markets; material structures). This is to aim at an understanding 
of the nature and change of contemporary urban realities. The research involves studies of the forma-
tion of meaning structures in the experience of institutional, professional and citizen/resident groups 
informing their actions, construction of identities, the reconstruction of symbolic capital of the city and 
the consequent urban images. as such, urban dynamics is at the core of analysis of interconnectivities 
between individual and collective behaviour patterns (incl. civic initiatives on the level of neighbourhoods 
and public spaces) in the city, urban and residential policies, residential markets, public space and the 
related businesses, and branding strategies. With regard to also the encounters at the level of local, 
regional and global processes, this knowledge contributes to assessment of the demands for urban 
spatial strategy, the prospects for the development of resilient practices and quality of life in the city 
on different interacting spatial scales, its potential attractiveness in terms of living, investments and 
tourist destination.

In 2016
The research group has been acting as a consultant and investigator of the ongoing project ‘Tallinn main 
street’ (2015–2017), to be implemented as a major regeneration project of the central area in the city 
in the nearest future. The members of the research group are continuously acting as invited experts on 
the study and practice of urban and residential issues (e.g. Tallinn municipality). 

selecTed pUBlIcaTIons
Michelson, A.; Paadam, K. (2016). Destination branding and reconstructing the symbolic capital of urban 
heritage: A spatially informed observational analysis in medieval towns. Journal of Destination Marketing & 
Management, 5 (2), 141−153.

Liias, R.; Ojamäe, L. (2016). Privatised Blocks in Estonia: Space for Sustainable Reconstruction? In: Gromark, 
S., Ilmonen, M., Paadam, K., Støa, E. (eds.) (_EditorsAbbr). Ways of Residing in Transformation. Interdisciplinary 
Perspectives (221−241). Ashgate Publishing Ltd.

https://www.etis.ee/Portal/Publications/Display/f9c6d54c-c70a-47f2-8301-7702b913dbd7
https://www.etis.ee/Portal/Publications/Display/aaf7c45b-9536-45d5-a408-8e95b7eb5574
https://www.etis.ee/Portal/Publications/Display/055d75aa-9eb0-47e5-9d1d-845dbc1d392b
https://www.etis.ee/Portal/Publications/Display/65abe926-b52f-4083-a52c-2883992de741
https://www.etis.ee/Portal/Publications/Display/917b1628-3b13-4e64-ac2b-e59b0e05c99c
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accoUnTInG 
Head of the research group: professor Jaan alver, jaan.alver@ttu.ee

The research is focused on three main areas: (1) reporting of social entrepreneurship and corporate 
social responsibility reporting in estonia; (2) accounting in estonia in 1900–1940; (3) integrated analysis 
of the corporate system.

In 2016
The development of the estonian business terminology in 1900–1940 was studied. 

In the frames of the topic “social and environmental accounting”, the current state of environmental 
management in estonia was researched and Iso 14001 certified estonian companies were mapped. 
The research of performance management systems (pmss) was carried out in cooperation with vaasa 
University and it concentrated on finding critical checkpoints in the success of pmss. 

selecTed pUBlIcaTIons
Alver, J.; Alver, L. (2016). Economic terms between the two world wars. Emakeele Seltsi aastaraamat (9−31). 
Teaduste Akadeemia Kirjastus.

Habakuk, T.; Gurvits, N. (2016). Environmental management in European union: survey of ISO 14001 certified 
Estonian companies. European Integration Studies: Research and Topicalities, 1 (1), 81−89.

Kadak, T.; Laitinen, E. K. (2016). What matters with PMS? Critical check points in the success of PMS. 
Studies in Managerial and Financial Accounting, 31 (Performance Measurement and Management Control: 
Contemporary Issues), 111−140.

markeTInG 
Head of the research group: associated professor anU leppIman, anu.leppiman@ttu.ee

The research topics were related to experience marketing, experience service design, ethics auditing 
and consumer Behaviour. The main research interest of the research group lies in studying: (1) consumer 
behaviour with the help of the experience pyramid model, (2) experience service design, identifying 
educational experiences. The project-based experience marketing studies rest upon theoretical and 
empirical international and national economic analysis. various methodological approaches are applied 
and integrated, i.e. empirical studies about using the experience pyramid to study product and service 
design together with researchers of the University of lapland. The project includes research covering 
the following topics: consumers in the experience design and increased effectiveness and visibility of 
the off-the-job organizational skills training by creating a holistic customer experience. anu leppiman 
is the first internationally certified expert in this area in estonia. 

In 2016
The research focused on the process of value creation in knowledge-intensive business services 
(training and consultancy services, etc.) from the customers’ perspective. The factors that influence 
value perception by customers were investigated. The results of this study contribute mainly to the 
development of three domains of science: 1) to the field of service design by providing insights on 
when knowledge-intensive service begins, when it ends, and what is the process in between from the 
customers’ perspective; 2) to the domains of experience economy and value theory by suggesting a 
new theoretical concept of value; and 3) to the value theory domain by delivering a model of the value 
co-creation process from customers’ perspective and describing the constituents of value and explain-
ing their influence on value formation.

selecTed pUBlIcaTIons
Ojasoo, M.; Leppiman, A. (2016). Ethics audit as a marketing instrument and its potential for organic farm-
ing. Agronomy Research, 14 (1), 1−9.

Riivits-Arkonsuo, I.; Leppiman, A.; Hartšenko, J. (2016). Quality labels in Estonian food market. Do the labels 
matter? Agronomy Research, 14 (3), 896−906.

Kukk, J.; Leppiman, A. (2016). The construct of value in knowledge-intensive business service from customer’s 
perspective. An example of a long-term training activity. Agronomy Research, 14 (1), 91−108.

https://www.etis.ee/Portal/Publications/Display/99db2fe7-7eed-455c-885f-8b0b2ac7d866
https://www.etis.ee/Portal/Publications/Display/4473fb4b-46a0-4a95-a093-fe5c18aae075
https://www.etis.ee/Portal/Publications/Display/74cfdbc1-183a-4a11-822a-1b3ab96a0f1d
https://www.etis.ee/Portal/Publications/Display/5d81502b-ec0b-485d-94d8-497ec7c7ceb1
https://www.etis.ee/Portal/Publications/Display/73b59d42-83ce-43d0-976c-1613033f4c56
https://www.etis.ee/Portal/Publications/Display/937df912-4e60-46d0-a316-4c6161d7adc7
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orGanIsaTIon manaGemenT 
Head of the research group: associated professor mIke FranZ Wahl, mike.wahl@ttu.ee

The research group is focused on studies of strategic management and corporate governance, always 
turning special attention to knowledge, skills and values. 

In 2016
The focus was aimed at understanding ownership strategies for different corporate governance systems, 
and venture capitalists’ (vc) role in start-ups. analysing firm cases from estonia allows concluding that 
the strategic audit is useful for systematic development of ownership strategies, which in turn could be 
a realistic alternative for complete contracts. The use of strategic audit gives the owner an opportunity 
to analyse its own actions and behaviour, learning, knowledge management, and finally to clearly express 
his will in the form of an ownership strategy. Financial support is not the only thing venture capitalists 
(vc) provide to start-ups. The biggest difference between Us and european start-ups is governmental 
funding at early stage in europe, and different role and use of accelerators and the level of vc involvement.

selecTed pUBlIcaTIons
Rungi, M.; Saks, E.; Tuisk, K. (2016). Financial and Strategic Impact of VCs on Start-up Development: Silicon 
Valley Decacorns vs. Northern-European Experience. Proceedings of the 2016 IEEE International Conference 
on Industrial Engineering and Engineering Management: The IEEE International Conference on Industrial 
Engineering and Engineering Management (IEEM), Bali, Indonesia, December 04-07, 2016. Ed. Suryadi, K.; 
Hartono, B.; Ari Samadhi, T.M.A.; Chen, N.; Xie, M. IEEE, 452−456.

Work envIronmenT 
Head of the research group: professor pIIa TInT, piia.tint@ttu.ee

The Work environment research group carries out research in the following research topics: safety 
management, improvement of the occupational health and safety in enterprises, risk assessment and 
measurements of occupational hazards (measurements of chemical agents and evaluation of exposure 
to electromagnetic fields); prevention of musculoskeletal disorders, assessment of the costs related to 
occupational accidents, modern forms of work environment (telework, aging workforce) and possible 
health risks.

The research is cross-disciplinary focusing on inter-sectoral linkages in academic research on modern 
safety management. 

all the research projects are related to essential problems in estonia and eU, such as- lack of qualified 
workforce, aging of workforce, an increase of musculoskeletal disorders and occupational accidents. 
establishing a safe working environment that supports productivity is the key factor in ensuring eco-
nomic growth in estonia. 

In 2016
a comparison of the causes of the genesis of musculoskeletal disorders in office and garment indus-
try workers and the manifestation of disease symptoms was performed. as a result, a model for the 
prevention of work-related musculoskeletal overload diseases in the upper extremities was developed. 

The results of the safety culture research in estonian small and medium-sized enterprises demonstrated 
existence of and differences between real safety culture and formal safety culture. The study has also 
revealed that the real safety culture in estonian enterprises does not support safe behaviour and safe 
performance.

The research of worker participation in the management of occupational safety and health provided a 
better understanding of the role and effectiveness of the involvement of workers and their representa-
tives in workplace health and safety arrangements in estonia and in europe, and assessed how to 
improve and enhance this engagement in the rapidly changing workplace environments experienced in 
the member states of the eU. In organizations, where senior manager is committed to safety and the 
issues of occupational health and safety are discussed at the management level, the work environment 
is safe, health risks are acknowledged, reduced and managed and employees are committed to work 
and motivated. The research complemented quantitative findings obtained from previous studies with 
detailed secondary information exploring the ways in which worker participation is organised, the rea-

https://www.etis.ee/Portal/Publications/Display/56e5e8c3-0cc4-4dff-817b-0f9c797d92ba
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sons and motivations behind it, the contexts in which it is successful and the role of health and safety 
representatives, inter alia, by providing information about how worker participation in ohs is shaped by 
the context in which establishments operate (e.g. national, economic, job-related etc.).

selecTed pUBlIcaTIons
Järvis, M.; Virovere, A.; Tint, P. (2016). Formal Safety versus Real Safety: Quantitative and Qualitative Ap-
proaches to Safety Culture – Evidence from Estonia. Proceedings of the Latvian Academy of Sciences. B: 
Natural, Exact, and Applied Sciences, 70 (5), 20−30.

Tint, P.; Hrenov, G.; Siirak, V.; Traumann, A.; Kritševskaja, M.; Klauson, D. (2016). Improvement of workplace 
ergonomics in atrium-type buildings. Proceedings of the Latvian Academy of Sciences. Section B, Natural, 
exact, and applied sciences, 70 (5), 20−24.

Pille, V.; Reinhold, K.; Tint, P.; Hartšenko, J. (2016). Musculoskeletal disorders caused by the static posture 
of office and garment workers. International Journal of Biology and Biomedical Engineering, 10, 191−201.

envIronmenTal economIcs 
Head of the research group: professor Üllas ehrlIch, ullas.ehrlich@ttu.ee

an important research direction involves the analysis of environmental taxes and the policy debate 
about taxing externalities, as well as environmental trade-offs via valuation studies. current research 
investigates how taxes support the goals they are expected to achieve. estonia provides an interesting 
case as environmental taxes have special features, including revenue earmarking and long-term agree-
ments with stakeholders concerning increases in the tax rates. via research there are ties to international 
valuation studies of the Baltic sea region. 

In 2016
The research on the identification of economic value and the monetary equivalent of protected biologi-
cal species and ecosystem services using the contingent valuation method (cvm) has continued. The 
group members also examined the possibilities of using the outcomes of cvm as an input for social 
cost-benefit analyses, which is important for economic justification of nature protection. 

In the framework of the topic “The economic impact of the use of oil shale until 2050” environmental 
charges and their impact on the sustainability of the estonian oil shale sector were investigated. The 
knowledge gained in this study was of great practical value in the elaboration of the draft of amend-
ments to the “environmental charges act” passed by the Government (in 2016). The role of research 
and development in sustainability of production of non-conventional fuels was also examined. 

The economic impact of nature-based tourism in estonia was analysed. In addition, demand and 
willingness to pay for estonian nature-based tourism products, and also the potential of developing 
nature-based tourism enterprises will be surveyed. adequate assessment of the economic impact of 
nature-based tourism forms the basis for governmental interests in making investments. Through the 
latter, more economic activity can be brought to the remote areas. comparison with scandinavian 
countries, where the nature-based tourism sector is well ahead, will provide a benchmark for estonian 
nature-based tourism development. 

selecTed pUBlIcaTIons
Kallemets, K. (2016). Economic sustainability of Estonian oil shale industry until 2030. Oil Shale, 33 (2), 23−34.

Karlõševa, A.; Nõmmann, S.; Nõmmann, T.; Urbel-Piirsalu, E.; Budzinski, W.; Czaikowski, M.; Hanley, N. (2016). 
Marine trade-offs: Comparing the benefits of off-shore wind farms and marine protected areas. Energy 
Economics, 55, 127−134.

https://www.etis.ee/Portal/Publications/Display/c3cbb6df-8f33-420f-ad2f-7f724586a6c1
https://www.etis.ee/Portal/Publications/Display/74118298-ad05-4011-a18a-0e9b2f36ad7a
https://www.etis.ee/Portal/Publications/Display/80169e77-4fe3-4f29-a98f-128a77024f61
https://www.etis.ee/Portal/Publications/Display/f4732fa5-a2b2-40c1-ba62-20ea541cf976
https://www.etis.ee/Portal/Publications/Display/fa18d7ad-9d11-4e79-b51c-abe0f29cacd3
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esTonIan maRITIme 
academy
photo: The maritime focused simulator centre.  
www.ttu.ee/institutes/estonian-maritime-academy/maritime-training-centre/bridge-simulator/
TTÜ photo archive

www.ttu.ee/institutes/estonian-maritime-academy/maritime-training-centre/bridge-simulator/
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esTonIan maRITIme academy
director: roomeT leIGer 
e-mail: roomet.leiger@ttu.ee

maIn FIGUres 2016 (as of Jan. 01, 2017)

•	 academic staff, total 65
•	 scientific publications, total 7

9

53

3

associated professors

Teaching assistants

lecturers / Instructors
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ReseaRch pRoJecTs 
The research projects are coordinated by research and development centre of estonian maritime 
academy.

In 2016, the following studies were carried out:

economIc ImpacT sTUdy oF The marITIme secTor 
Head of the study: lecturer TõnIs hUnT, tonis.hunt@ttu.ee

The aim of the economic impact study of the maritime sector was to define the sector and chart the 
activities of the businesses in the maritime sector and thereby to assess the current situation and future 
potential of the maritime sector. a practical and complete set of recommendations has been composed 
for the politicians, which is important for the development of the maritime sector in estonia. The eco-
nomic impact study of the maritime sector is the first step of a study focusing on specific branches of 
the sector and finding the solutions to the problems within each branch.

mandaTory acTIons To raTIFy InTernaTIonal convenTIon 
on sTandards oF TraInInG, cerTIFIcaTIon and  
WaTchkeepInG For FIshInG vessel personell (sTcW-F) and 
cape ToWn aGreemenT 2012 (sFv proTocol 93) and  
To assess economIc and socIal ImpacTs In esTonIa
Head of the study: lecturer eha merIrand, eha.merirand@ttu.ee 

The study was carried out in order to assess the influence of implementing the cape Town agreement 
and the ratification of the sTcW-F convention in estonia. The aim was to identify how the cape Town 
agreement and the ratification of the sTcW-F convention affects personnel in the fisheries sector 
by analysing economic and social aspects and what actions need to be performed to implement the 
agreement and convention in estonia. The aim of the study was to determine the economic and social 
impacts of changes required in order to implement cape Town agreement and sTcW-F convention; to 
identify what are the actions taken by the influenced target groups; to evaluate the social impact on 
influenced target groups; to ascertain and evaluate the impacts of the implementation of the convention 
and agreement on the human and natural environment, national security, foreign relation of the country 
and regional development; to map the competences of different governmental bodies regarding the 
agreement and convention and to evaluate the costs and benefits associated to the implementation 
of sTcW-F convention.
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sTUdy oF The alUmnI oF esTonIan marITIme  
edUcaTIon InsTITUTIons
Head of the study: director for development madlI kopTI, madli.kopti@ttu.ee 

The aims of the survey were to assess the satisfaction of the alumni with maritime education institu-
tions, to analyse different possibilities for maritime education, to draw up an overview of the career 
opportunities of maritime education alumni and to get an overview of people’s willingness who work in 
the maritime sector, to contribute to the development of maritime education. The results of this survey 
will be used as one of the inputs to develop the concept of estonian maritime education.

selecTed pUBlIcaTIons:
Hilmola, O.-P.; Tolli, A. (2016). Warehouse Layout Implications on Picking Distance: Case of Human Factor. 
World Review of Intermodal Transportation Research, 6 (1), 43−58.

Kiisler, A.; Hilmola, O.-P.; Tolli, A. (2016). Analysis of logistics costs drivers in Estonia. World Review of Inter-
modal Transportation Research, 6 (2), 110−129.

Kivinukk, A.; Saksa, A. (2016). On Approximation by Blackman- and Rogosinski-type operators in Banach 
space. Proceedings of the Estonian Academy of Sciences, 65 (3), 205−219.

Kopti, M.; Leiger, R.; Zaitseva-Pärnaste, I.; Kõster, J. (2016). Integration of Maritime Spatial Planning into 
the Waterways Safety Management studies. IAMU AGA 17 Working together: the key way to enhance the 
quality of maritime education, training and research: 17th Annual General Assembly of the International As-
sociation of Maritime Universities, IAMU AGA 2016; Vietnam, 26.–29.10.2016. Vietnam: Vietnam Maritime 
University, 205−211.

Alop, A.; Leiger, R. (2016). Methodological Approach and Basic Analysis of Maritime Labour Market Needs by 
Case of Estonia. In: Prof. A. Weintrit (Ed.). International Journal on Marine Navigation and Safety of Sea Trans-
portation (STCW, Maritime Education and Training (MET) (655−660). Gdynia, Poland: Taylor &amp; Francis.

Güldenkoh, M.; Silberg, U. (2016). Public-private partnerships in Estonia. In: B. Hamernikova; H. Hakenova 
(Ed.). Proceedings of the 9th International Conference European Entrepreneurship Forum 2015 (43−56). 
Praha: NEWTON Books.

https://www.etis.ee/Portal/Publications/Display/584b690d-1a9d-46fc-a727-c166ccb02294
https://www.etis.ee/Portal/Publications/Display/015e916f-9113-4b1a-b851-26ac62f52431
https://www.etis.ee/Portal/Publications/Display/a1d23858-108c-47bb-8066-98a9a6fa9b1d
https://www.etis.ee/Portal/Publications/Display/eeea22bc-74cd-483d-ad02-13fd7ab0f708
https://www.etis.ee/Portal/Publications/Display/e510b02e-d16f-49a2-8064-67abdb4caf99
https://www.etis.ee/Portal/Publications/Display/23416806-d3f1-4609-9b84-31a2fd0ba27e
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small craFT compeTence cenTre
Head of the centre: annI harTIkaInen, anni.hartikainen@ttu.ee

The objective of scc is to develop engineering knowhow and to transfer it in businesses. The centre 
provides consultation and model testing services to the small craft and maritime sectors, carries out 
tests of and develops materials to be used in seawater and maritime climate as well as provides services 
in the design and test-production of electronics systems. 

The main function of the competence centre is attracting and accumulating professional know-how 
in small craft engineering. next to the small craft design and optimisation, these measures also 
include application of electronic systems and material technologies, training engineers, encourag-
ing inter-sectoral and international cooperation and implementing a variety of soft development 
activities.

The two main r&d headings of the centre are visioned as sustainability of the environment (e.g. ap-
plication of organic and smart composite materials in seawater environment etc.) and efficient use of 
resources (e.g. optimization of vessel designs, their energy usage, etc.).

material development is focused on the application of natural materials in lamination technology that 
can result in producing and usage of fully recoverable polymer composites in small craft engineering 
as well as in other sectors.

In 2016
The towing tank of the scc research infrastructure was launched and development services were provided 
to eighteen companies for 70 thousand euros that is seven times higher compared to 2015. a major part 
of the services rendered were a vessel design related hydrodynamic tests, analysis and development. 

In cooperation with the TTÜ department of civil engineering and architecture, preparations were made 
to establish a research team on shipbuilding and hydrodynamics. preparatory activities were started in 
the field of optimising vessel design concepts upon applying constructive appendages.
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