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PREFACE 

The present document intends to give a brief but complete overview on the research activity 

of the Jedlik Laboratories of the Faculty of Information Technology and Bionics, at Pázmány 

Péter Catholic University. The Jedlik Laboratories are formed around the research activities of 

the Faculty professors and PhD students of the Multidisciplinary Doctoral School. These 

30+50 researchers on the field of information technology and bionics may exhibit a large 

research capacity if they are working in a well-focused manner. It was recognized by the title 

“Research Faculty” given by the Hungarian state in 2013. 

 

The research descriptions of our laboratories are completed by some relevant publications 

as well. 

 

This document contains the original introduction of Prof Tamás Roska (1940-2014), 

founding dean of the Faculty and first director of the Jedlik Laboratories. I try to do my best 

to follow his research ideas in the life of our Faculty. 

 

 

 

Budapest, 25 November, 2014           Péter Szolgay 

         Director of Jedlik Labs 
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INTRODUCTION 

In 1635, Péter Pázmány, Archbishop of Esztergom, Primate of Hungary, an outstanding 

preacher and the renewer of the Hungarian language, established a University that is the 

oldest today in Hungary. Until 1950, under various names, at that time as the Pázmány Péter 

University of Sciences (Pázmány Péter Tudományegyetem) has been the most important and 

oldest University in Hungary. In 1950, the Pázmány University was split into three parts, the 

Medical School, the smallest part keeping the name of Pázmány (Theology, philosophy), and 

the rest as the Eötvös Loránd University of Sciences. 

After the collapse of the communist system, in 1991, the Pázmány University started to 

reextend. Today, it is a University with 8 000 students doing education and research in almost 

all fields of sciences: humanities, social sciences, law, and theology, as well as major fields in 

science and technology. Its Multidisciplinary Institute of Advanced Studies has been recently 

established (the Pázmány Institute) and it is a University of national excellence in Hungary.  

The strong ties with the Semmelweis Medical University have been developed during the 

last 10 years, and last year a special alliance between the three Pázmány rooted Universities 

had been established in the fields of research. 

 

On July 1, 1998, the Faculty of Information Technology was established, as a strongly 

research oriented Faculty, teaching and doing research in electronic and computer engineering 

and later on in bionic engineering. Presently, the Faculty is accredited to give doctoral degrees 

and habilitation in electrical engineering, information technology, and biology. Right from the 

beginning, may be the first in Europe, a systematic study and a synergy was developed with 

neurosciences, teamed up also with a few outstanding neuroscientists from the Hungarian 

Academy of Sciences. Finally, establishing the undergraduate curriculum in Molecular 

Bionics five years ago in collaboration with the Semmelweis University, the first of this kind 

in Europe, the special character of our Faculty has been developed. Actually, Bionics is 

defined by four disciplinary pillars: molecular biology, neuroscience, electromagnetics and 

photonics, and computer engineering. 

 

We have started in a Department system, without the classical continental chair system, and 

the research laboratories forming a unit called A. Jedlik R&D Laboratories or briefly, Jedlik 

Laboratories were also established. Each laboratory, one of the 22 today, offers some 

experimental facilities, many of them with high-end technologies. In addition, during the last 

10 years we have developed a close relationship with the Semmelweis Medical University 

forming already 2 joint centers and 4 joint research projects. A special relationship exists 

from the beginning with the Research Institute of Experimental Medicine of the Hungarian 

Academy of Sciences (HAS), our neuroscience teaching and research is based mainly by 

Professors with joint affiliation. Joint affiliation has also been started last year with five 

professors at various clinical departments of the Semmelweis University. 
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In addition, we have strategic partnerships with five other institutes of the HAS, as well as 

developing partnerships with many companies. 

 

In this booklet, we intended to give a brief, however, quite complete picture about the 

activities of the Jedlik Laboratories. The details of the projects are published in each year in 

our Annual Research Reports. 

 

Special thanks are due to many individuals for their generous support. First of all, to the 

Rector of our University in 1998, Professor Péter Erdő, by founding this Faculty, and making 

it to become a research faculty. We are grateful to the many outstanding colleagues joining to 

this intellectual adventure as professors. Special thanks are due to the directors of five 

Institutes of the HAS who generously offered the joint appointments of some of their 

excellent researchers and their laboratory use at the beginning, as well as to the three Rectors 

of the Semmelweis Medical University. Many seminal collaborations developed during the 

long tenure of Rector Professor Tivadar Tulassay. Our present Rector, Professor Szabolcs 

Szuromi, our Dean Professor Péter Szolgay, and Pro-Dean Professor Judit Nyékyné Gaizler 

provided extraordinary help in establishing and supporting the Jedlik Laboratories, and 

providing for a lifestyle of a research university.  

 

The hard and dedicated works of the many colleagues of our Faculty in the Jedlik 

Laboratories as well as of the many outstanding graduate students are the cornerstones of the 

success. 

 

Now, we are heading to a major new project, by building a Bionic Innovation Center, for 

serving as a catalyst for the Hungarian Bionics Industry. This is being established now, with 

the generous support of the Government of Hungary. This specially funded National 

Innovation Center, the first of its kind in Central-Eastern Europe will exploit the many young 

talents who are receiving their degrees in the Bionics curricula.  

 

May 15, 2013 

 

Tamás Roska 

Director of the Jedlik Laboratories 
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1. SIMULATIONS OF ELECTROMAGNETIC FIELDS, AND FIELD 

MATTER INTERACTIONS 

ÁRPÁD I. CSURGAY, Professor 

Graduate students: ÁDÁM FEKETE, IMRE JUHÁSZ, ÁDÁM PAPP 

The Laboratory provides simulation services and performs case studies on the Interactions 

of Matter with Electromagnetic Fields (EMAG) 

 

The services enable to model and simulate EMAG fields in cavities, wave-guides, the 

radiation of antennas, and the interaction of electromagnetic radiation with materials with 

complex structures. Complex material characteristics (energy levels, spectra, polarization) can 

be studied by molecular dynamics simulation (GAMESS, Gaussian).The simulation services 

are helpful in understanding and design of 

i. fluorescent material imaging (microscopy), 

ii. metamaterials, photonic crystals, 

iii. ferromagnetic domain structures and domain 

iv. spin-waves in nanomagnetic structures 

v. ferromagnetic domain structures  

In order to illustrate the field-matter interaction studies we selected four already published 

case studies, namely (I) Simulations of the fluorescent responses in two-photon microscopes; 

(II) Micromagnetic simulations of spin-wave devices; (III) Nanomagnetic logic simulations; 

(IV) Spin-wave based realizations of optical computing primitives. 

 

(I) SIMULATION OF FLUORESCENCE AND PHOTOBLEACHING IN TWO-PHOTON 

EXCITED SAMPLES [1] [2] 

In microscopy, the phenomenon of fluorescence is used to identify and localize molecules. 

In order to gain accurate information on the sample (e.g. the spatial distribution or the 

diffusion properties of the fluorophore molecules) by fluorescent techniques, one has to know 

as precisely as possible where the detected fluorescent photons originate from. In other words, 

the knowledge of the actual fluorescence profile is crucial. The fluorescence profile is 

influenced among others by photobleaching, that is, photochemical processes due to which 

the fluorophore molecules lose their photon emitting ability. To investigate the fluorescent 

profile in two-photon excited samples together with its time-evolution, we developed a 

simulator program. Our simulation-based results revealed how the illumination laser power, 

diffusion, and the rate of various state transitions of the fluorophore affect fluorescence. We 

revealed the unusual spatial profile of fluorescence which evolves as photobleaching 

progresses: a “dark hole” appears at the focus and the most photons are emitted from an 

ellipsoid around it. These findings should be useful in image reconstruction, in analysis of 

data gained by various fluorescent techniques or in super-resolution microscopy. Furthermore, 
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our model gives an insight how the operating parameters of the measurement device or the 

properties of the fluorophore affect fluorescent measurements. 

 
Fig. 1 The spatial distribution of fluorescent photon emission before (left) and after photobleaching 

(right). 

 

(II) HYBRID YIG-FERROMAGNET STRUCTURES FOR SPIN-WAVE DEVICES [3] 

We studied coupled ferromagnetic layers, which could facilitate low loss, sub-100 nm 

wavelength spin-wave propagation and manipulation. One of the layers is a low-loss garnet 

film (such as YIG) that enables long-distance, coherent spin-wave propagation. The other 

layer is made of metal-based (Permalloy, Co, CoFe) magnetoelectronic structures that can be 

used to generate, manipulate and detect the spin waves. Using micromagnetic simulations 

(OOMMF) we analyzed the interactions between the spin waves in the YIG and the metallic 

nanomagnet structures and demonstrated the components of a scalable spin-wave based signal 

processing device. Such hybrid-metallic ferromagnet structures can be the basis of potentially 

high-performance, ultralow-power computing devices. 

 
Fig. 2 Numerically calculated dispersion plots for a YIG-Py bilayer. a) Stand-alone YIG film. b) 

Ainterface = 0 J/m c) Ainterface = 0.5 · 1012 J/m d) Ainterface = 1 · 1012 J/m e) Ainterface = 6 · 1012 J/m f) Single 

Permalloy film. The YIG mode shifts due to the interaction and an additional Permalloy mode appears 
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for stronger couplings. 

(III) THRESHOLD GATE-BASED CIRCUITS FROM NANOMAGNETIC LOGIC [4] 

We demonstrated the design of nanomagnetic logic (NML) gates with multiple weighted 

inputs, which are magnetic equivalents of threshold logic gates (TLGs). We used 

micromagnetic simulations (OOMMF) to show that NML TLGs can be constructed with 

minimum overhead compared to standard NML gates, and they significantly reduce device 

footprint and interconnection complexity of magnetic logic circuits. As an example, we 

designed a full adder circuit using said TLGs and compared its performance to majority-gate-

based NML. TLG-based designs significantly reduce net circuit complexity, albeit at the price 

of decreasing their robustness. Special-purpose circuits may rely more heavily on TLGs than 

standard logic/arithmetic designs and may see bigger benefits. 

 
Fig. 3 Snapshots of a micromagnetic simulation of the threshold gate. The green color represents the 

−1 state (A, B, −S), red is the +1 state (Cin , −Cout ). (a) Initial state. (b) DW propagation. (c) Clocking 

field switch. (d) Final state. 

 

(IV) SPIN-WAVE BASED REALIZATION OF OPTICAL COMPUTING PRIMITIVES [5] 

Using micromagnetic simulations (OOMMF) we demonstrated that spin waves can 

perform optically inspired, non-Boolean computing algorithms. We proposed and designed 

coherent spin-wave sources and phase shifters, which act akin to the key components of an 

optical signal processing system. We showed that the functionality of the proposed on-chip 

spin-wave based signal processing system is similar to known optical computing devices. 
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Such computing system may serve as a practical, energy efficient, and integrated component 

of nanoscale image processing systems. 

 
Fig. 4 A micromagnetic simulation showing the Fourier transform property of a spin-wave lens. The 

input wave pattern enters at the bottom. The black area is where the B = 1.6 T magnetic field is 

applied. The Fourier transform of the input vector appears as the intensity distribution in the focal 

plane, at the top of the simulation region. 

 

REFERENCES: 

[1] I. B. Juhasz and A. I. Csurgay, “Simulation-based investigation of the three-dimensional 
distribution of fluorescence and photobleaching in multi-photon excited samples,” in Proceedings 
of SPIE, 9131 (2014) 

[2] I. B. Juhasz, A. I. Csurgay, “Fluorescence in two-photon-excited, diffusible samples exposed to 
photobleaching—a simulation-based study” in Journal of Biomedical Optics (accepted on 2 
December 2014) 

[3] A. Papp, W. Porod, and G. Csaba, “Hybrid YIG-ferromagnet structures for spin-wave devices,” J. 
Appl. Phys., May 2015. 

[4] Papp, M. T. Niemier, A. Csurgay, M. Becherer, S. Breitkreutz, J. Kiermaier, I. Eichwald, X. S. Hu, 
X. Ju, W. Porod, and G. Csaba, “Threshold Gate-Based Circuits From Nanomagnetic Logic,” IEEE 
Trans. Nanotechnol., vol. 13, no. 5, pp. 990–996, Sep. 2014. 
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[5] G. Csaba, A. Papp, and W. Porod, “Spin-wave based realization of optical computing primitives,” 
J. Appl. Phys., vol. 115, no. 17, p. 17C741, May 2014. 
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2. CELLULAR WAVE COMPUTING AND SPATIAL-TEMPORAL 

ALGORITHMS  

PÉTER SZOLGAY, Professor; BARNABÁS GARAY, Professor; ANDRÁS HORVÁTH, Assistant 

Professor; ÁKOS ZARÁNDY, Professor; MIKLÓS KOLLER, Assistant Professor; TAMÁS 

ZSEDROVITS, Assistant Professor 

Graduate students: TAMÁS FÜLÖP, ATTILA STUBENDEK 

 

The Cellular Wave Computing paradigm emerged as a new kind of computer, an 

algorithmically programmable spatial-temporal computer. Its spatial-temporal elementary 

instruction was the dynamics of a Cellular Nonlinear Neural Network (CNN) composed of 

simple nonlinear dynamic cells and local interaction patterns. These elementary instructions 

were combined algorithmically to form the CNN Universal Machine. Soon, a broader class of 

cell dynamics and local interaction patterns were introduced. A new kind of algorithmic 

thinking has developed and the first mixed-signal integrated circuit implementations 

appeared. 

Right at the beginning of this new kind of computing principles, the neurobiological 

inspiration, in particular the retinal research and the visual pathway, was important. Actually, 

several cellular wave computing models had been developed following the new discoveries in 

retinal research. 

The formal description of the algorithms on a Cellular Wave Computer had been defined as 

the alpha-recursive functions. 

The arrival of commercially available cellular visual microprocessors (Eye-RIS of 

AnaFocus Ltd., Bi-i of Eutecus Inc., and Smart Photo Sensor of Toshiba Corp.) make this 

new computing paradigm a practical alternative for very low power, small form factor, and 

high computing power, high frame rate applications. 

Nano-scale electronics technologies, both CMOS and beyond CMOS, provide the means to 

fabricate massively parallel systems with thousands or millions of processors/cores in a small 

package, as well as in low-power versions. Most of these architectures contain cellular or 

multi-cellular architectures where the precedence of geometric and logical locality is a must. 

The cells might vary both in function as well as in their modes of operation, including 

arithmetic or analog, logic, and symbolic cells, as well as integrated sensory elements. In the 

whole operation, the interplay between local dynamics and global dynamics plays an 

increasingly important role. The maturity of 3D integration technologies provides another 

mechanism for complexity and efficiency increase. 

In addition to the architectural innovations and algorithmic mappings, the basic spatial-

temporal dynamics in the Cellular Wave Computers are becoming more complex leading to 

surprisingly new theoretical and practical results, as well. This means that even the 

elementary spatial-temporal instructions of the CNN dynamics become more complex. In 

particular,  

i) the spatial-temporal input will be dynamic even in a Cellular Automaton,  

ii) one or more spatial-temporal waves defined by templates is used for a continuous 

dynamic input without breaking it into discrete-time frames, and the qualitative 

differences of the spatial-temporal output will code the input features (frameless 
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computing), and  

iii) oscillatory cells are used in a global synchronization mode, where the elementary 

computational primitive is a spatial-temporal synchronization effect. 

 

 

In addition to these theoretical challenges, practical challenges emerge: 

i) the implementation of non-topographic problems (like particle filters),  

ii) the sense and avoid problems in avoiding the collision of a UAV and a bigger 

airplane,  

iii) the architectural solutions for beyond CMOS nano-electromagnetic technologies, 

e.g. informing associative memories, the specific use of nanomagnetic components 

and integrated systems (like Spintronic Oscillators and static nanomagnets). 

 

References and a full recent overview can be found in 

 
[1] T. Roska. From standard CNN dynamics to Cellular Wave Computers, Chapter 4 in Chaos, CNN, 

Memristors, and Beyond (A. Adamatzky and G. Chen, eds.), World Scientific, Singapore, 2013 
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3. VIRTUAL AND PHYSICAL MACHINES WITH MEGA-PROCESSOR 

CHIPS – THEORETICAL AND EXPERIMENTAL RESULTS  

PÉTER SZOLGAY, Professor; ANDRÁS KISS, Assistant Professor; ZOLTÁN NAGY, Associate 

Professor; CSABA NEMES, Postdoc; ISTVÁN REGULY, Postdoc 

Graduate students: ANTAL HIBA, ENDRE LÁSZLÓ 

 

Many core computers are the current approach to the solution of computationally intensive 

problems. At the present day, many core may mean 1000 but soon few 100000 or even more 

processing elements will be available on a desktop machine. 

New ideas and new methods are required in algorithm development for these types of 

architectures. Using the cellular architecture of processors and memories new kind of parallel 

algorithms have to be developed. For the same Physical multi-cellular machine architecture 

different Virtual Machines can be defined, the latter is serving for algorithmic and software 

development. However, all virtual machines are to be uniquely mapped to a specific Physical 

Machine (a chip or chip set, etc.). Hence all computing element has a geometrical position on 

the Physical Machine and a geometric or topographic address on the Virtual Machine. In this 

new scenario of computer science and computer engineering computational complexity, 

computing power is a multi-parameter vector, any algorithm solving a problem will have a 

speed-power-area-bandwidth-accuracy metric. These parameters and this metric should be 

handled simultaneously and optimized. 

Some new principles are summarized below. 

First of all, we do not have efficient compilers though many examples are solved daily. In 

some of our problems we have used the CNN Universal Machine as an intermediate platform 

for compiling algorithms. Namely, we have developed an efficient CNN Universal Machine 

simulator on the FPGA or GPU and if an algorithm is described by as a cellular wave 

computing algorithm defined on a CNN Universal Machine, the compiling problem is solved. 

We emphasize that due to the topographic nature of the Physical machine, an optimal 

partitioning and placement is also needed on the virtual machine, or on the intermediate 

“compiler prototype” (like the CNN Universal Machine). A Field Programmable Gate Array 

(FPGA) based framework has been described to accelerate simulation of a tough topographic 

problem, a nonlinear wave problem that is a complex physical spatio-temporal phenomenon, 

such as fluid dynamics (the hard test-problem since the invention of the digital computer). We 

have studied this problem since a while to develop a prototype virtual machine platform for 

them. 

i) In the course of the design of an arithmetic unit which consists of locally 

controlled groups of floating point units both partitioning and placement aspects 

have to be considered. To solve this problem a framework has been elaborated in 

which the partitioning is based on an initial floor-plan of the vertices of the layered 

data-flow graph of the algorithm solving a given PDE or another problem. We 

have formulated this problem as a method for implementing data-flow graphs on 

FPGAs. The algorithm can minimize the number of cut nets and guarantee 

deadlock-free partitions. 
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ii) In case of topographic problems, complicated geometries require unstructured 

spatial discretization, which results in irregular memory access patterns severely 

limiting computing performance. Data locality is improved by mesh node 

renumbering technique, which results in predictable memory access pattern. 

Additionally, storing a small window of node data in the on-chip memory of the 

FPGA can increase data reuse and decrease memory bandwidth requirements. 

iii) As one example, in numerical solution of fluid flows the generation of the 

floating-point data path and control structure of the arithmetic unit containing 

dozens of operators is a very challenging task when the goal is high operating 

frequency. Efficiency and use of the framework is described by a case study 

solving the Euler equations on an unstructured mesh using finite volume 

technique. On the currently available largest FPGA the generated architecture 

contains three processing elements working in parallel providing two orders on 

magnitude (90 times) speedup compared to a high performance microprocessor. 

iv) Numerical algorithms can be implemented by using fixed –point or Floating point 

arithmetic with different precision. The selection of the optimal data precision to 

the different steps of an algorithm is NP complete. As an example, the solution of 

the advection equation was analyzed by using first and second order discretization 

methods. For this example if the resources are on an FPGA, and power dissipation 

or processing speed is prescribed, we have developed and algorithm for 

determining an optimal bit width. 

v) A Fermi NVIDIA GPU based implementation of a CNN Universal Machine was 

also developed, and was analyzed and compared to a multicore, multithreaded 

CPU. The basic goal of this project is to get a clear picture about the capabilities 

and limits of GPUs. 

vi) Key algorithms are the different Kalman filter implementations in trajectory 

estimation of the intruder airplane. To increase the speed of computation of 

unscented nonlinear Kalman filter was implemented on Xilinx Spartan 6 LX45 

FPGA. The speed of this implementation is approximately 1000 iteration /s. It 

would be important if we want to follow multiple targets. 

vii) CPU GPU collaboration to solve a computational intensive problem. The CPUs 

task is not only to organize the work on GPUs. 
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Fig. 1 A two dimensional flow analysis was implemented on different array computing architectures 

PUBLICATIONS 

[1] Z. Nagy, P. Szolgay. Configurable Multi-Layer CNN-UM Emulator on FPGA, IEEE Trans. on CAS I  
Vol. 50, No. 6,  pp. 774-778, 2003 

[2] Z. Nagy, P. Szolgay. Solving Partial Differential Equations on Emulated Digital CNN-UM 
Architectures”, Functional Differential Equations, Vol. 13, No. 1 pp. 61-87, 2006 

[3] P. Kozma, P. Sonkoly and P. Szolgay. Seismic Wave Modeling on CNN-UM Architecture”, 
Functional Differential Equations, Vo1. 13,  No. 1,  pp. 43-60, 2006 

[4] Z. Nagy, Zs. Vörösházi,P. Szolgay. Emulated Digital CNN-UM Solution of Partial Differential 
Equations, Int. J. CTA, Vol. 34, No. 4, pp. 445-470, 2006 

[5] Cs. Nemes, Z. Nagy and P. Szolgay. Automatic generation of locally controlled arithmetic unit via 
floorplan based partitioning, Proc. of CNNA 2012, Torino, 2012 

[6] A Kiss, Z. Nagy, Á. Csík and P. Szolgay. Examining the accuracy and the precision of PDEs on 
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meshes, Proc. of IEEE CNNA 2012, Torino, 2012 

[8] E. László, P. Szolgay, Z. Nagy. Analysis of a GPU based CNN Implementation, Proc. of IEEE 
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[11] Z. Nagy, Cs.Nemes, A.Hiba, Á Csík, A.Kiss, M.Ruszinkó and P. Szolgay, “Accelerating 
unstructured finite volume computations on field programmable gate arrays”, Concurrency and 
Computation:Practice and Experience, Vol. 26, no 3, pp 615-643, 2013. DOI:10.1002/cpe.3022 

[12] Cs.Nemes, G.Barcza, Z.Nagy, Ö. Legeza and P.Szolgay,”The density matrix renormalization 
group algorithm on kilo-processor architectures:implementation and trade-offs”,Computer Pysics 
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Step for initiating disturbance in the system 

Pressure fronts 
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4. NATURAL LANGUAGE PROCESSING 

GÁBOR PRÓSZÉKY, Professor; BÁLINT SASS, Assistant 

Professor; MÁRTON MIHÁLTZ, Assistant Professor 

Graduate students: LÁSZLÓ LAKI, GYÖRGY OROSZ, 

BORBÁLA SIKLÓSI, ATTILA NOVÁK, ISTVÁN ENDRÉDY, 

BALÁZS INDIG 

 

SHORT DESCRIPTION OF THE ACTIVITIES 

The Natural Language Processing Group consists of faculty researchers, post-graduate 

researchers, PhD students, undergraduate students and programmers who work together 

developing algorithms that enable computers to process and understand human languages. 

Our research interest covers: 

 corpus linguistic applications 

 statistical machine translation 

 syntactic parsing 

 medical text mining 

 morphologies 

 spelling correction 

 part-of-speech tagging 

 

One of the most ambitious aims of the research group is to develop new methods and 

algorithms for syntactic parsing of the Hungarian language. Such a method must handle 

grammatically possible, but not correct analyses. That is why to deal with problems 

efficiently, parallelism is necessary. In practice for a human understanding is cooperatively 

done by several parts of the brain. To incorporate this knowledge the consideration of current 

state of the neurolinguistics and psycholinguistics is indispensable. The model that is to be 

researched is characterized by performance, while the state-of-the-art research results are 

considered from various field of applied linguistics. Since the current state of research does 

not provide any deeper understanding of how the ambiguous phrases are understood, in our 

project we incorporate parallel corpora to handle these—not necessarily multilingual—

problems. With this new aspects of corpus linguistic research are being revealed. The 

developed new methods are adapted to many aspects of Hungarian language. For using it for 

medical text processing tasks, we expect growing performance and precision. The developed 

algorithms are also planned to be adapted to other agglutinating languages and are expected to 

behave similarly well. 
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PUBLICATIONS 

[1] G. Prószéky, Cs. Merényi. Language Technology Methods Inspired by an Agglutinative, Free 
Phrase-Order Language. In: Walther von Hahn, Cristina Vertan (eds.) Multilingual Processing in 
Eastern and Southern EU Languages: Low-Resourced Technologies and Translation. Cambridge: 
Cambridge University Press, 2012 

[2] B. Siklósi, Gy. Orosz, A. Novák, G. Prószéky. Automatic structuring and correction suggestion 
system for Hungarian clinical records. In 8th SaLTMiL Workshop on Creation and Use of Basic 
Lexical Resources for Less-resourced Languages, pp. 29─34, 2012 

[3] Gy. Orosz, A. Novák. PurePos ─ An Open Source Morphological Disambiguator. In Proceedings 
of the 9th International Workshop on Natural Language Processing and Cognitive Science, pp. 
53─63, 2012 

[4] Gy. Orosz. PurePos: hatékony morfológiai egyértelműsítő. In VI. Alkalmazott Nyelvészeti 
Doktoranduszkonferencia, 2012 

[5] B. Siklósi, Gy. Orosz, A. Novák. Magyar nyelvű klinikai dokumentumok előfeldolgozása. In: VIII. 
Magyar Számítógépes Nyelvészeti Konferencia, p. 143, 2011 

[6] A. Novák, Gy. Orosz, B. Indig. Javában taggelünk. In: VIII. Magyar Számítógépes Nyelvészeti 
Konferencia előadásai, p. 336, 2011 

[7] Gy. Orosz. Investigating Hungarian POS-tagging Methods. In: Proceedings of the Multidisciplinary 
Doctoral School, 2010-2011 Academic Year. Faculty of IT, Pázmány Péter Catholic University, 
Budapest, pp. 77─80, 2011 

[8] L. Laki. Investigating the Possibilities Using SMT for Text Annotation. In: Proceedings of the 
Multidisciplinary Doctoral School, 2010-2011 Academic Year. Faculty of IT, Pázmány Péter 
Catholic University, Budapest, pp. 81─84, 2011 

[9] L. Laki, G. Prószéky. Statisztikai és hibrid módszerek párhuzamos korpuszok feldolgozására. In: 
Tanács A., Vincze V. (eds.) A VII. Magyar Számítógépes Nyelvészeti Konferencia előadásai. 
Szeged:SZTE, pp. 69─79, 2010  

[10] I. Endrédy, L. Fejes, A. Novák, B. Oszkó, G. Prószéky, S. Szeverényi, Zs. Várnai, B. Wágner-
Nagy. Nganasan – Computational Resources of a Language on the Verge of Extinction, In:K. 
Sarasola, F. M. Tyers, M. L. Forcada (eds.) Creation and Use of Basic Lexical Resources for 
Less-Resourced Languages: 7th SaLTMiL Workshop. La Valletta, Málta pp. 41─44, 2010 

[11] L. Laki. Investigating the Possibilities of Processing Parallel Resources with Language Statistical 
Methods. In: Proceedings of the Multidisciplinary Doctoral School, 2009-2010 Academic Year. 
Faculty of Information Technology, Pázmány Péter Catholic University, Budapest, pp. 69─72, 
2010

http://www.mendeley.com/c/4696241603/p/4804461/orosz-2012-purepos----an-open-source-morphological-disambiguator/
http://www.mendeley.com/c/4405420761/p/4804461/siklosi-2011-magyar-nyelvu-klinikai-dokumentumok-elofeldolgozasa/
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5. DISCOVERY RESEARCH IN NEUROBIOLOGY 

(Department of Neuroscience, adjunct location at the Institute of Experimental Medicine of 

the Hungarian Academy of Sciences) 

TAMÁS FREUND, Professor, head of department (cellular and network neurobiology); ZSOLT 

LIPOSITS, Professor (endocrine neurobiology); IMRE KALLÓ, Associate Professor; SZABOLCS 

KÁLI, Associate Professor; BARBARA VIDA, Assistant Professor 

Graduate students: ERZSÉBET FARKAS, ATTILA JÁDY 

RESEARCH ACTIVITY 

Cellular and Network Neurobiology Group Research in the group aims to identify the 

cellular and network mechanisms of the generation of characteristic cortical (mainly 

hippocampal) activity patterns using in vitro electrophysiology and computer simulations. 

1. A hippocampal slice preparation, which exhibits spontaneous repetitive sharp waves 

under control conditions, and which can be induced to generate gamma oscillations by the 

application of cholinergic drugs, has been developed. In parallel, a large-scale network model 

of the CA3 area based on experimentally determined cellular and network parameters has 

been constructed, which consists of interacting pyramidal cell and interneuron populations, 

and exhibits repetitive sharp waves (including accompanying high-frequency ripple 

oscillations) very similar to their experimental counterparts. (Figure 1) (Káli et al., 2012). The 

model also made explicit predictions concerning the mechanisms which contribute to the 

generation of sharp waves: it suggested that the initiation of sharp waves relies on random 

fluctuations of population activity, while the termination of sharp waves probably requires 

some novel form of slow negative feedback. 

 

Fig. 1 (top left) activity during exploration of two CA3 

pyramidal cells with overlapping place fields, showing theta 

phase precession; (bottom left) matrix of synaptic weights 

between pre- and postsynaptic populations, ordered by place 

field location, which formed during exploration as a result of 

spike-timing-dependent plasticity; (right) spontaneous replay 

of learned sequences of activity during sharp-wave-

associated ripple oscillation. 

2. The effects of neuronal morphology and voltage-

gated conductances on the frequency-dependent 

impedance of neurons are also investigated. 

Endocrine Neurobiology Group A major long-term goal of the group is the elucidation of 

neuronal and hormonal mechanisms acting centrally in the neuroendocrine control of 

reproduction. One particular focus is on central actions of estrogen on estrogen-receptive 

neuronal systems throughout the brain. Further, hormonal and afferent neuronal control of 

gonadotropin-releasing hormone (GnRH) neurons is studied, with special regard to negative 

and positive estrogen feedback to these cells which underlies reproductive cyclicity in the 

female. In addition to rodents, neuronal networks innervating human GnRH neurons are also 

in the scope of studies using post-mortem human brain samples. The impact of diminishing 

estradiol signaling on diverse brain functions during menopause is also under exploration in 

rodent models of menopause by means of gene expression profiling. This translational 
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research supports drug discovery targeting the safe and novel way of hormone replacement 

therapy for menopausal women. 

  

Fig. 2 Interaction of key neuronal elements of the hypothalamic regulatory center for reproduction. 

(a) Network model of kisspeptin (KP) and gonadotropin-releasing hormone (GnRH) neurons. 

Traditional synaptic (b,c), as well as, non-synaptic mechanisms (direct hormonal, volume and 

retrograde transmission) act within the network, which ultimately determine the firing (d) and 

secretory activity of the GnRH neurons. 

Another line of discovery research is dedicated to obtain integrated knowledge from 

structural, functional and molecular aspects of the complex hypothalamic mechanisms that 

regulate stress, adaptation and metabolism. A special emphasis is placed on the neuronal 

circuitry involved in the central regulation of the hypothalamic-pituitary-adrenal and thyroid 

axes, and the crucial role of type-2 deiodinase in thyroid hormone actions in the brain. These 

studies use cutting-edge light and electron microscopic techniques, a wide repertoire of 

molecular biological techniques and slice electrophysiology. The translational value of these 

efforts is manifested in the better understanding of the role of the brain in development of 

obesity and addiction, and the dissection of molecular mechanisms of thyroid hormone 

actions. 

 

PUBLICATIONS 

[1] Kallo I, Mohacsik P, Vida B, Zeold A, Bardoczi Z, Zavacki AM, Farkas E, Kadar A, Hrabovszky E, 
Arrojo e Drigo R, Dong L, Barna L, Palkovits M, Borsay BA, Herczeg L, Lechan RM, Bianco AC, 
Liposits Z, Fekete C, Gereben B. A: PLOS ONE 7:(6), 2012 

[2] T. F. Freund, S. Káli. Scholarpedia, 3(9):4720, 2008. 

[3] Zemankovics R, Káli S, Paulsen O, Freund TF, Hájos N.. J Physiol;588:2109-32, 2010 

[4] Káli S, Zemankovics R. J Comput Neurosci;33(2):257-84, 2012 

[5] Jo S, Kallo I, Bardoczi Z, Arrejo e Drigo R, Zeold A, Liposits Z, Oliva A, Lemmon VP, Bixby JL, 
Gereben B, Bianco AC.: J Neurosci, 32: (25)8491-8500, 2012 

[6] Molnar CS, Vida B, Sipos MT, Ciofi P, Borsay BA, Racz K, Herczeg L, Bloom SR, Ghatei MA, 
Dhillo WS, Liposits Z, Hrabovszky E.: Endocrinology, 153:  (11)5428-5439, 2012 

[7] Sarvari M, Hrabovszky E, Kallo I, Solymosi N, Toth K, Liko I, Szeles J, Maho S, Molnar B, Liposits 
Z. J Neuroinflamm, 8: (1)82 , 2011 

[8] Farkas I, Kallo I, Deli L, Vida B, Hrabovszky E, Fekete C, Moenter SM, Watanabe M, Liposits Z.: 
Endocrinology, 151:  (12)5818-5829, 2010 

[9] Kola B, Farkas I, Christ-Crain M, Wittmann G, Loll F, Amin F, Harvey-White J, Liposits Z, Kunos 
G, Grossman AB, Fekete C, Korbonits M.: PLOS ONE, 3: (3)e1797, 2008
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6. BIOINFORMATICS AND SELF-ORGANIZATION 

SÁNDOR PONGOR, Professor; ZSOLT GELENCSÉR, Postdoc; DÓRA BIHARY, Postdoc 

Graduate students: GÁBOR RÉTLAKI, JÁNOS JUHÁSZ, ÁRON ERDEI 

BIOINFORMATICS OF SELF-ORGANIZING MICROBIAL COMMUNITIES 

Multispecies bacterial communities are a major form of life, examples range from giant 

underwater microbial mats of the oceans to the rich bacterial flora of the human body and to 

the microbial communities of the rhizosphere. Members of bacterial communities compete for 

space and resources, but they also communicate and cooperate via chemical materials. 

Communication and cooperation convey communities’ stability over time and resilience 

against environmental challenges, similar to multicellular organisms. As a result, microbial 

communities are more versatile and adaptable then the individual cells or species they are 

made of.  Namely, communities can add up the skills, the metabolic repertoire of the 

constituent species so they are able to solve problems that a single cell or a single species 

cannot. The underlying mechanism – often referred to as quorum sensing – is relatively 

simple: the chemical signals emitted by single cells enable cells to sense how many they are 

in the environment. Self-organization, stability and collapse phenomena of microbial 

communities can be experimentally studied, and there are exciting analogies with crisis 

situations present in human societies or economic markets. And there are examples that some 

diseases are not caused by a single microbial species but by a team in which pathogens and 

otherwise harmless symbionts peacefully collaborate in exploiting an unsuspecting host. For a 

more efficient defense we need to better understand the principles of cooperation within 

microbial communities. 

Our group uses agent based models to simulate bacterial communities, and to establish how 

sharing of signals and/or public goods contributes to colonization and infection. We showed 

that sharing public goods allows several bacteria species to cross barriers that the single 

species can not. We use bioinformatics tools to map the chromosomal location and the local 

topology of the genes responsible for communication and cooperation, and maintain a 

repository of the participating genes. 

 

 

 

COLLABORATORS: 

Ádám Kerényi, PhD student, Szeged, Biological Center;  

Dr. Péter Galajda, Szeged, Biological Center; 

Prof. Pál Ormos, Szeged, Biological Center; 

Dr. Vittorio Venturi, International Centre for Genetic Engineering and Biotechnology, 

Trieste, Italy; 

Dr. Attila Kertész-Farkas, International Centre for Genetic Engineering and Biotechnology, 

Trieste, Italy. 
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PUBLICATIONS: 

[1] Gelencsér, Z.; Choudhary, K.S.; Coutinho, B.G.; Hudaiberdiev, S.; Galbáts, B.; Venturi, V.; 
Pongor., S. Classifying the topology of AHL-driven quorum sensing circuits in proteobacterial 
genomes. Sensors. 12(5), 5432-5444, 2012 

[2] Gelencsér, Z.; Galbáts, B.; Gonzalez, J.F.; Choudhary, K.S.; Hudaiberdiev, S.; Venturi, V.; 
Pongor, S. Chromosomal arrangement of AHL.driven quorum sensing circuits in 
Pseudomonas. ISRN Microbiology. 6, 2012   

[3] Mattiuzzo, M.; Bertani, I.; Ferluga, S.; Cabrio, L.; Bigirimana, J.; Guarnaccia, C.; Pongor, S.; 
Maraite, H.; Venturi, V. The plant pathogen Pseudomonas fuscovaginae contains two conserved 
quorum sensing systems involved in virulence and negatively regulated by RsaL and the novel 
regulator RsaM. Environ Microbiol. 13(1), 145-162, 2011 

[4] Kerényi, A.; Suárez-Moreno, Z.R.; Venturi, V.; Pongor, S. Multispecies microbial communities. 
Part II: Principles of molecular communications. Medical Mycology. 17, 113-116, 2010  

[5] Kuzniar, A.; Dhir, S.; Nijveen, H.; Pongor, S.; Leunissen, J.A. Multi-netclust: an efficient tool for 
finding connected clusters in multi-parametric networks. Bioinformatics. 26(19), 2482-2483, 2010 

[6] Suárez-Moreno, Z.R.; Kerényi, A.; Pongor, S.; Venturi, V. Multispecies microbial communities. 
Part I: quorum sensing signaling in bacterial and mixed bacterial-fungal communities. Medical 
Mycology. 17, 108-112, 2010  

[7] Venturi, V.; Bertani, I.; Kerenyi, A.; Netotea, S.; Pongor, S. Co-swarming and local collapse: 
quorum sensing conveys resilience to bacterial communities by localizing cheater mutants in 
Pseudomonas aeruginosa. PLoS One. 5(4), e9998, 2010 

[8] Venturi, V.; Kerenyi, A.; Reiz, B.; Bihary, D.; Pongor, S. Locality versus globality in bacterial 
signalling: can local communication stabilize bacterial communities?. Biology Direct. 5, 30, 2010  

[9] Netotea, S.; Bertani, I.; Steindler, L.; Kerenyi, A.; Venturi, V.; Pongor, S. A simple model for the 
early events of quorum sensing in Pseudomonas aeruginosa: modeling bacterial swarming as the 
movement of an "activation zone". Biol Direct. 4, 6, 2009
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7. STRUCTURAL BIOINFORMATICS & PROTEOMICS 

ZOLTÁN GÁSPÁRI, Associate Professor 

Graduate students: SÁNDOR BABIK, LÁSZLÓ DOBSON, ANNAMÁRIA KISS-TÓTH, ANETT KORAI 

MAIN PROJECTS 

1) Generation and analysis of dynamic protein conformational ensembles  

2) Complex evolutionary investigations of selected groups of proteins 

Proteins are the most versatile biomolecules responsible for a number of tasks on living 

organisms. Their efficiency is conventionally attributed to their geometric and 

physicochemical complementarity with their partners that can be e.g. other proteins, nucleic 

acids or small molecules like drugs. However, proteins are not static entities but display 

dynamics on time scales spanning 14 orders of magnitude. In the last decade, the exact mode 

of action is linked to internal dynamics and its changes for an increasing number of proteins.  

In spite of this, atomic-level descriptions of experimentally determined internal protein 

motions are not routinely generated and used for explaining biological phenomena. Our aim is 

to use and further develop an approach that synergistically puts together conventional 

molecular dynamics calculations and restraints determined with experimental techniques, 

primarily NMR spectroscopy. The calculations result in an ensemble of conformations that 

reflect the internal dynamics of the molecule on a given time scale and are in agreement with 

experiments. Such ensembles can be used to investigate the role of dynamics in partner 

molecule binding, catalysis and regulation and are expected to lead to a deeper understanding 

of the nature of intra- and intermolecular interactions. Molecules studied at the moment 

include serine protease inhibitors for which the inclusion of dynamics is in contrast with 

standard textbook knowledge, the antifungal protein PAF with potential therapeutic value, a 

DNA polymerase involved in DNA repair, the electron-transfer protein azurin and the small 

prolyl isomerase parvulin. 

 

  

Fig. 1 Scheme of protease binding by a 

peptidic inhibitor. The conformational 

ensemble characteristic of motions in the free 

state (blue) includes structures that resemble 

the bound state (red). 

Fig. 2 Conformational ensemble of ubiquitin 

generated with a new method currently under 

development. Structures with the same color 

represent motions on the ps-ns time scale whereas 

the full ensemble describes submicrosecond 

dynamics. 
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Our complex evolutionary investigations presently focus on three groups of proteins: 1) de 

novo proteins, i.e. proteins that emerged relatively recently in evolution via transcription and 

translation of previously noncoding sequences, 2) proteins with the structural motif 'charged 

single alpha helix' (CSAH) and 3) proteins involved in synaptic processes.  

De novo protein emergence is a process that was proposed decades ago but the first actual 

examples of which have just been described in the past years. Our research so far focuses on 

the general structural properties of such proteins, particularly their propensity to aggregate, a 

feature common to all proteins and which is considered a significant threat to living 

organisms. Our first-approximation model study shows that the expected aggregation 

potential of (random) novel proteins depends on the GC-content of the underlying coding 

DNA segment and in the most common cases does not exceed that of existing proteins. 
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Fig. 3 Comparison of predicted disorder and 

aggregation propensity of de novo proteins 

translated from random DNA segments with GC-

contents of 40, 50 60% with the same predicted 

properties of proteins in the human proteome.  

 

The charged single alpha-helix is a recently recognized structural motif characterized by high 

density of regularly alternating charged residues. We have developed methods for their 

detection and concluded that although it is a rare motif, CSAH-bearing proteins are 

preferentially associated with RNA-binding and processing. We found that protein segments 

that are predicted both to form coiled coils and to be intrinsically disordered display an amino 

acid abundance profile that is similar to CSAHs, suggesting a possible evolutionary transition 

between these similar but functionally not always interchangeable motifs. 

The aim of investigating the evolution of synaptic proteins is to find possible links between 

different aspects of gene evolution such as changes in regulation, mRNA stability and 

processing and protein structure and partner specificity. We hope that gradually extending 

both the number of proteins and the aspects investigated, we get deeper understanding of the 

uniqueness and evolution of the human brain. 

 

PUBLICATIONS 

[1] Zoltán Gáspári, Péter Várnai, Balázs Szappanos, András Perczel: Reconciling the lock-and-key 
and dynamic views of canonical serine protease inhibitor action. FEBS Lett. 584:203-206, 2010 

[2] Annamária F. Ángyán, András Perczel, Zoltán Gáspári: Estimating intrinsic structural preferences 
of de novo emerging random-sequence proteins: is aggregation the main bottleneck? FEBS Lett. 
586:2468-2472, 2012 

[3] Zoltán Gáspári, Dániel Süveges, András Perczel, László Nyitray, Gábor Tóth: Charged single 
alpha-helices in proteomes revealed by a consensus prediction approach. Biochem. Biophys. Acta 
- Proteins and Proteomics 1824:637-646, 2012
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8. ANALYSIS AND CONTROL OF DYNAMICAL SYSTEMS 

GÁBOR SZEDERKÉNYI, Professor; DÁVID CSERCSIK, Assistant Professor; JÁNOS RUDAN, 

Postdoc 

Graduate students: ZOLTÁN A. TUZA, BERNADETT ÁCS 

SCIENTIFIC BACKGROUND: THE SYSTEM THEORETIC POINT OF VIEW 

Although models are “really nothing more than an imitation of reality”, their widespread 

utilization not only in research and development but also in the everyday life of developed 

societies is clearly indispensable. Due to the complexity of system components and their 

possible interactions, without building, analyzing and simulating appropriate models, we 

could not predict the outcome of common events, not to mention the operation of involved 

technological or living systems. When we are interested in the evolution of certain quantities 

usually in time and/or space, we use dynamic models. The deep understanding and the 

targeted manipulation of such models’ behaviour are in the focus of systems and control 

theory that provides a common framework for handling dynamical models from different 

application fields and thus supports to form an interdisciplinary viewpoint on electrical, 

mechanical, thermodynamical or biological systems.  

RESEARCH TOPICS 

Computational analysis and synthesis of quantitative biological models 

The key importance of dynamics in the explanation of complex phenomena occurring in 

living systems is now a commonly accepted view. Besides the sufficient maturity of systems 

and control theory, the accumulation of biological knowledge mainly in the form of reliable 

models and the recent fast development in computer and computing sciences converged to the 

birth of a new discipline called systems biology, which can hopefully address important 

challenges in the field of life sciences in the near future. For modeling biological processes, 

we primarily use two related canonical nonnegative system classes that have clear biological 

relevance, good dynamical descriptive power, and a computationally advantageous algebraic 

structure: the quasi-polynomial system class and the kinetic system class coming originally 

from biochemistry. 

The structural non-uniqueness of biochemical reaction network models is an intensively 

studied area with applications in the structural and parametric identification (inference) of 

biological networks. We have been developing optimization-based computational procedures 

for the determination of network structures that are dynamically equivalent or similar to a 

given initial kinetic system [1]. The existence or non-existence of reversible, weakly 

reversible, complex or detailed balanced structures has important consequences regarding the 

qualitative dynamical properties of the modeled network [2]. Moreover, the developed 

optimization framework is suitable for the algorithmic building of chemical network 

structures corresponding to a given dynamics. 

Our other important research topic is the modeling and parameter estimation of biological 

systems based on real measurement data. We have developed and validated GnRH models 

with biological relevance that can produce all required complex dynamical phenomena (e.g. 

bursting) in cooperation with the Institute of Experimental Medicine of the Hungarian 
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Academy of Sciences [3,4]. Moreover, we have given an effective method for the parameter 

estimation of a human blood-glucose dynamics model [7]. The mathematical model of a cell-

free transcription/translation process suitable for identification was developed and analyzed in 

[5].  

Nonlinear control 

The main question in our work related to the design of controllers for nonlinear systems is 

how the physical/chemical properties of these models can be used for effective control.  In [6] 

we propose a hierarchically structured model for process systems that gives rise to a 

distributed controller structure that is in agreement with the traditional hierarchical process 

control system structure where local controllers are used for mass inventory control and 

coordinating controllers are used for optimizing the system dynamics. In [8] we give a 

computational solution for obtaining a closed loop nonlinear polynomial system that 

corresponds to a weakly reversible deficiency zero network and thus satisfies robust stability 

properties. 

 

PUBLICATIONS 

[1] Z. A. Tuza, G. Szederkényi, K. M. Hangos, A. A Alonso, and J. R.  Banga. Computing all sparse 
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[8] G. Lipták, G. Szederkényi, and K. M.  Hangos. Kinetic feedback computation for polynomial 
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[9] Rudan, J. Optimization-based analysis and control of complex networks with nonlinear dynamics, 
PhD thesis, Multidisciplinary PhD School of Engineering and Science, Pázmány Péter Catholic 
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9. ELECTROPHYSIOLOGY – INVASIVE AND NON-INVASIVE 

BIONIC INTERFACES 

GYÖRGY KARMOS, Professor; ISTVÁN ULBERT, Associate Professor 

Graduate students: EMÍLIA TÓTH, KATHARINA HOFER, BÁLINT PÉTER KEREKES, ÁGNES 

KANDRÁCS, MILÁN SZEKERKA, PATRÍCIA BEREGSZÁSZI, GERGELY CSÁNY, TAMÁS ZÖLDY, 

ZALÁN RAJNA, ZSUZSANNA KŐVÁRI, CSILLA SZABÓ, VIRÁG BOKODI, BARBARA FRANCZ 

 

The Electrophysiology Laboratory was established by the University as a research and 

education facility, located in the Jedlik building. The Laboratory heavily collaborates with the 

Institute of Cognitive Neuroscience and Psychology, Institute of Technical Physics and 

Materials Science (RCNS HAS), Institute of Experimental Medicine (HAS) and the National 

Institute of Neurosciences. The Laboratory integrates several disciplines including 

electrophysiology, materials science, chip- and micro electromechanical systems (MEMS) 

research, computational research, neurology research and optical imaging research in order to 

investigate the physiological and pathological functions of the central nervous system. 

Two rooms are assigned to the Laboratory one for conducting experiments and the other for 

data processing. In the experimental room there are two computers capable of acquiring and 

analyzing bioelectrical signals, a stereo-microscope and stereotaxic device essential for 

animal experiments and several supplementary tools (oscilloscope, amplifiers, sterilization 

tools, electrical and mechanical stimulators and animal keeping chamber). In the data 

processing room there are three computers with software necessary to analyze the large 

volume of data generated in the experimental room. 

The Laboratory is involved in bionic probe research by designing and validation of various 

probe structures realized by the partners. These probes are usually brain implantable devices, 

which can detect electrical activity of cortical and sub-cortical structures in animals. We are 

also providing histology studies to verify the biocompatibility of the devices developed. 

Besides Hungarian partners, the Laboratory is also involved in probe design and testing at 

IMEC (Belgium) and IMTEK (Germany) in the scope of an EU FP7 project. We also take 

leading role in the research and development of active probes used in the study of of multi-

scale interactions in the thalamo-cortical system in animal models. 

The Laboratory is also involved in the investigation of the cortical generators of event 

related potentials, spontaneous and epileptic activity in animal models and in humans. A 

number of collaborative research projects are running on the field of in vivo and in vitro 

electrophysiology and optical imaging in epileptic and tumor patients and in animal models. 

In particular, one of our current main research interests is the functional characterization of 

the thalamo-cortical neural networks responsible for the sensory information processing. 

Recently, in collaboration with our partners we investigated the cortical sources of slow 

sleep oscillations in humans. We described several unique characteristics of neocortical neural 

networks during depolarized and hyperpolarized phases of the sleep slow oscillation. Our 

results showed that in the generation of slow oscillation the superficial cortical layers played a 

leading role, in contrast to animal models, where the deep layers were more involved. In 

addition, we have shown that human cortical neurons fire substantially less than neural cells 

of animals and this firing pattern may have an important role in memory consolidation during 

sleep. 
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We have also characterized the function of cortical neural networks in animal models 

during the sleep-wake cycle concentrating on the cortical acoustic information processing. We 

have found that acoustic stimuli can induce either depolarized or hyperpolarized state 

transition of cortical slow oscillation during deep sleep, which may be instrumental in 

triggering both arousal and sleep preservation mechanisms. 

Fig. 1 A: Schematic picture of the electronic depth control probe developed in an EU FP6 

collaboration. The innovative feature of the probe is the electronically addressable recording site 

selection that allows the experimenter to change registration areas without physically moving the 

probe in the brain. The lack of movement is beneficial in the preservation of neural activity. B: The 

anatomy of the thalamo-cortical system with schematic drawing and actual histology. C: Action 

potential activity during anesthesia with slow waves. Cortical action potential activity is marked in 

blue, thalamic action potential activity is marked in red. 

PUBLICATIONS 
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[3] Grand L, Wittner L, Herwik S, Gothelid E, Ruther P, Oscarsson S, Neves H, Dombovari B, 
Csercsa R, Karmos G, Ulbert I. Short and long term biocompatibility of NeuroProbes silicon 
probes. Journal of Neuroscience Methods 189:(2) pp. 216-229, 2010 

[4] Csercsa R, Dombovari B, Fabo D, Wittner L, Eross L, Entz L, Solyom A, Rasonyi G, Szucs A, 
Kelemen A, Jakus R, Juhos V, Grand L, Magony A, Halasz P, Freund TF, Magloczky Z, Cash SS, 
Papp L, Karmos G, Halgren E, Ulbert I. Laminar analysis of slow wave activity in humans. Brain 
133:(Pt 9) pp. 2814-2829, 2010 

[5] Cash SS, Halgren E, Dehghani N, Rossetti AO, Thesen T, Wang C, Devinsky O, Kuzniecky R, 
Doyle W, Madsen JR, Bromfield E, Eross L, Halasz P, Karmos G, Csercsa R, Wittner L, Ulbert I. 
The human K-complex represents an isolated cortical down-state. Science 324:(5930) pp. 1084-
1087, 2009



 

 
 

34 
 

  

10. MULTI-PHOTON MICROSCOPY 

BALÁZS RÓZSA, Associate Professor; BALÁZS CHIOVINI, Supervisor; GERGELY SZALAY, 

Supervisor; GERGELY KATONA, Supervisor 

Graduate students: BALÁZS PÁLFI, ZOLTÁN SZADAI, MIKLÓS MADARÁSZ, LINDA JUDÁK, 

TAMÁS LAKNER, GÁBOR JUHÁSZ, JANKA HATVANI 

MISSION STATEMENT 

To further understand the computational 

mechanism of the brain we need complex 

techniques to be able to measure from large 

population of neurons, but also with great details 

and subcellular resolution. The main goal of our 

group is to adopt and develop novel imaging 

techniques for scientific researches which make 

this quest attainable. With our novel developments 

it became possible to follow the activity of the 

entire dendritic tree of a neuron in three 

dimensions or to record hundreds of cell 

simultaneously in an intact neuronal network 

(Katona et al. 2012 Nature Methods, Katona et al. 

2011 PNAS). For example our 3D acousto-optical 

microscope provides over 1,000,000-fold higher 

measurement speed as compared to the 

commercially available laser scanning methods 

(Katona et al. 2012 Nature Methods). Using these 

techniques in hand, we can address biological 

questions that could be only addressed with these 

novel tools. We are interested in better understand 

the role of the integration on a single neuron interacting with a large network. For example we 

are studying the dendritic integration on a single neuron during sharp wave ripple oscillation 

(Chiovini et al. 2014 Neuron). A larger scale project is to find out the role of a single neuron 

within different network ensembles during learning tasks performed by the animal. 

Specifically we are investigating of the neuronal level coding of the visual cortex during 

different visual stimulation and behavioral paradigms. The Two-Photon Imaging Laboratgory 

is closely collaborating with research at the Institue of Experimental Medicine and also with 

the multidisciplinary research team of Femtonics Ltd. 

3D TWO-PHOTON IMAGING 

To understand the fast computational mechanisms of the brain, one needs to be able to 

perform rapid measurements at several sites along a single neuron as well as to image large 

populations of neurons. Traditional two-dimensional measurements are severely limited for 

AO z-focusing 

dispersion
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Ti:S laser

AO x,y 

scanning

PMT

PMT
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Point-by-point
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B

Fig. 1 A: Block diagram of two-photon 

3D Acuosto-optic microscope light path 

for fast z and lateral scanning. B: Point-

by-point continous 3D trajectory 

scanning of dendritic segments. 

Examples of Ca2+ responses: point by 

point (top left) and continous trajectory 

scanning modes (bottom) (Source: 

Katona G. et al. 2012).   
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such kinds of endeavors since neurons are located in three dimensions. To overcome this 

problem, we have developed new solutions to perform three-dimensional functional imaging 

with large scanning ranges along the z direction (Katona et al. 2012 Nature Methods, Katona 

et al. 2011 PNAS). With our three-dimensional microscopes we are able to maintain point or 

trajectory scanning which in combination with the ~800 µm penetration depth of two-photon 

technology makes our methodology very convenient for in vivo measurements of neuronal 

populations, too. 
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Fig. 2 High-speed 3D calcium imaging of spontaneous neuronal network activity in vivo (a) (Top) 

Sketch of in vivo experimental arrangement. (Bottom) Staining by bolus loading (OGB-1-AM and SR-

101) in mouse V1. Five representative planes at different depths imaged with 3D AO scanning. Scale 

bar, 100 µm. Depths are measured relative to the pia. (b) Example of an image plane at 200 µm depth 

showing neurons (green) and glial cells (magenta and white). Scale bar, 100 µm. (c) Image and 

intensity profiles of a pre-selected bright glial cell used to establish the measurement coordinate 

system. (d, Bottom) 35 µm z-projection of the region marked in b. (d, Top), neuronal somata detected 

with the aid of an algorithm in a subvolume (shown with projections, neurons in white and glial cells 

in black). Scale bar, 50 µm. (e) Maximal intensity side- and z-projections of the entire z-stack 

(400×400×500 µm3) with autodetected cell locations (spheres) color-coded in relation to depth. The 

set detection threshold yields 532 neurons. (f) Spontaneous neuronal network activity measured in the 

532 cells in e. Left, Example of a raw trace in which each line corresponds to a cell. Spatially 

normalized traces (middle) and corresponding Ca2+ transients (right). (Source: Katona G. et al. 2012) 

IN VIVO MEASUREMENT OF NETWORK ACTIVITY 

Population activity has long been studied in the visual cortex. We conduct in vivo two-photon 

imaging of cell assemblies in the V1 area by using bolus loading and genetic approaches. 
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Neuronal network responses are recorded during different visual stimuli. In addition, active 

cells are selected based on the previously recorded somatic activity and their dendritic 

responses are followed along with the network activity in three dimensions by using whole-

cell patch clamp techniques.  

TWO-PHOTON UNCAGING 

Two-photon uncaging takes advantage of the high spatial and temporal resolution of two-

photon excitation to study dendritic integration, a postsynaptic mechanism. Used in 

combination with two-photon imaging, two-photon uncaging provides an opportunity to study 

the long-term structural and functional consequences of stimulation of structures such as 

dendritic spikes and dendritic spines. Besides performing experiments we develop new caging 

compounds and use these for our new measurements.  

IN VITRO 2D TWO-PHOTON MEASUREMENT OF NETWORK ACTIVITY (PPKE) 

It is thought that sharp wave-ripples (SPW-R) activity is involved in the process of memory 

consolidation. We investigate spontaneous single cell neuronal activities during SPW-R in the 

hippocampus CA3 region under in vitro conditions. Fast spiking (FS), PV+ basket cells (BCs) 

as the clockworks for neuronal oscillations are important elements of hippocampal neuronal 

networks. Thus, we focus on PV+ interneurons to reveal the dendritic calcium dynamics 

during SPW-R. Recently we have extended our interest of these measurements with the 

principal, pyramidal neurons to the better understand of the spontaneous neuronal network 

activity.  

To achieve this, we combine two-photon microscopy, local field electrophysiology, single 

cell electrophysiology, and dendritic patch clamp recordings. To measure the pharmacological 

background of calcium dynamics in single cell dendrites, we use focal synaptic stimulation 

and two-photon uncaging of novel, own developed glutamate and GABA caged compounds. 

Fig. 3 1) Experimental arrangement to generate spontaneous network activity in in vitro conditions. 

2) Simultaneous two-photon calcium imaging, whole cell patch clamp recording and local field 

potential recording in in vitro measurement. 3) Two-photon uncaging and calcium imaging. (Source: 

Chiovini B et al. 2010 Neurochem Res.) 

1)  

3) 

2) 
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11. PROGRAMMABLE OPTICS 

SZABOLCS TŐKÉS, Associate Professor; KRISTÓF IVÁN, Associate Professor 

Graduate students: MÁRTON KISS, PÉTER LAKATOS 

WHAT IS PROGRAMMABLE OPTICS? 

We are working in three aspects of programmable optics: 

1. The first way is building embedded programmable optical/electro-optical processor 

systems. This research is peaking in programmable optical cellular wave 

computing. 

2. Our second way is building equipment to digitally capture complex wave-fields, 

which are holograms and reconstruct the wave-field and 3D objects by wave 

propagating algorithms. We use highly parallel GPUs to produce real-time 3D 

reconstructions. Its main applications are in biological digital holographic 

microscopy (DHM). 

a. We conduct research on compressed sensing digital holography. 

b. Diffractive optical tomography is an extension of the DHM technology. 

c. It is promising that infrared DHMs can look inside human tissues. 

3. The third approach is combining fluorescence microscopy with the DHM 

technology, including femtosecond techniques. 

 

All of these researches are complex interdisciplinary works requiring cooperation of several 

scientists and experts of different disciplines. Such fields are optics/electro-optics, electronics, 

mechanical/mechatronic engineering, computational/information technology, biological, 

medical ones. 

The students and doctoral students of Pázmány and Semmelweis Universities are active 

participants of these projects. We work in cooperation with the Computer and Automation 

Research Institute of the Hungarian Academy of Sciences (MTA SZTAKI, 

http://www.analogic.sztaki.hu/indexDHM.html). We strive to find and solve cutting edge 

scientific and industrial problems. So far we are outstandingly successful in fluid imaging by 

DHMs. It already has industrial applications in the water industry, but its bio-medical and 

pharmacological applications are promising as well.  

As it is commonly known, light-wave optical microscopy is a striking revival. Sub-

wavelength super resolution, volumetric imaging, fluorescence imaging are developing in 

great steps forward. Optical coherence tomographic (OCT) microscopy has already find wide 

applications in medical diagnosis. 
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Some demonstrative images represent the programmable optics field's results: 

Fig. 1 Laptop-POAC: optical implementation of CNN-UM 

Fig. 2 Multi color digital holographic microscope for monitoring microbiological water quality
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12. MOVEMENT REHABILITATION 

JÓZSEF LACZKÓ, Associate Professor; PÉTER SZOLGAY, Professor 

Graduate students: BENCE BORBÉLY, ZSOLT GYÖRFFI, ÁDÁM VÁLY 

MEDICAL REHABILITATION ACTIVITY OF THE LABORATORY 

Research in the Movement Rehabilitation Laboratory deals with the questions how the 

nervous system interacts with parts of the body and the environment to produce well 

coordinated movements like reaching an object or transporting an object held in the hand. 

How practice, learning or fatigue does effect movement execution? How the central nervous 

system chooses particular solutions for a motor task that has theoretically an infinity of 

different solutions. Based on measured movements, we aim to reveal the contributions of 

muscle properties, limb geometry and neural activation in the control of limb movements. 

Applying an ultrasound based movement analyzing system (ZEBRIS, Ivry, Germany) we 

record kinematic parameters of human movements. We place ultrasound emitting markers on 

anatomical landmarks of the body and record their position as function of time during human 

movements. Simultaneously we record muscle activities applying surface electromyograms 

(EMG) and we study muscle synergies. 

Fig. 1 Investigating object moving arm motion with altered load in the hand (movement recording: 

muscle activity – movement kinematics) 

We measure and analyze multi-joint movements in able-bodied individuals and our aim is 

to apply our research in medical rehabilitation for people with movement disorders. 

The goal of our research in the laboratory is to use biomedical engineering methods and 

biomechanics to investigate and understand how humans use and control their movements. 

The main motivation is to improve motor functions (e.g. limb movements) of people who live 

with movement disorders or disabilities. Beside this basic research our aim is to reactivate 

paralyzed muscles and to restore lost motor functions for people who suffered accidents or 

neurological disorders as stroke, spinal cord jury or other neural based movement 

Movement recording: (Muscle activity – Movement Kinematics)

I.I. Investigating object moving arm motion with altered load in the Investigating object moving arm motion with altered load in the hand.hand.
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dysfunctions. 

Based on measured and averaged kinematic parameters and muscle activities 

(Electromyograms) of able bodied people we define muscle activity patterns that can be 

applied for controlling functional electrical muscle stimulation (FES) for people with 

paralysed limbs. FES is a technique to generate muscle activities by transferring electrical 

signals to muscles via electrodes to evoke limb movements. In cooperation with the National 

Institute for Medical Rehabilitation and the Semmelweis University, we trained 20 spinal cord 

injured patients whose lower limbs were paralysed to perform cycling movements on a 

recumbent bike (ergometer) using their own muscles. Otherwise these people would not be 

able to generate active muscle forces. 

A general interest of the laboratory is man-machine interface. This includes functional 

electrical stimulation but also motor control research that uses bioelectrical signals to control 

movements of body parts or external objects. We study how information can be changed 

between the human body and artificial instruments.  Our research can be applied in 

neuromorphic control of prosthetic devices designed either for paralysed patients 

(neuroprostheses) or for amputees (artificial limbs).  We work on applications that may adapt 

to their users. 

 

 

 
Fig. 2 Training set up as paralyzed patients 

are cycling on an ergometer in the National 

Institute for Medical Rehabilitation using an 8 

channel electrical stimulator device developed 

at the Pázmány Péter Catholic University. 
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Crank angle sensor 
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[3] Tibold R, Laczko J. The effect of load on torques in point-to-point arm movements: a 3D model. 
Journal of Motor Behavior. Vol. 44 No.5. pp. 341-350, 2012 

[4] Laczko J., Borbely B, Fazekas G, Takacs J. The influence of movement speed on variances of 
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International Journal of Rehabilitation Res., 32. 53-63, 2009  
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driven cycling by proper synchronization of the muscles. Clinical Neuroscience / Ideggyogy 
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Intnl. Functional Electrical Stimulation Society. pp. 448-451, 2012 

[9] Laczkó J Modeling of Human movements, Neuroprostheses. Clinical Neuroscience / Ideggyogy 
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[11] Laczkó J., Katona P., Klauber A. Rehabilitációs Eszközök Bénult Végtagok Funkcionális 
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13. ULTRASOUND BIONIC TECHNOLOGIES 

MIKLÓS GYÖNGY, Associate Professor 

LABORATORY OVERVIEW 

The activities of the laboratory are primarily motivated by the current ability and future 

potential of ultrasound technology to help in the early diagnosis of cancer. The scope of the 

research is wide in the sense that fundamental as well as applied research is being conducted, 

the aim always being that these ends be integrated with each other. On the fundamental end of 

the spectrum, the question of how ultrasound images arise is studied. This activity is 

summarised in the next section of the document. One of the possible fruits of this research is 

the understanding of how the microstructure of various pathologies such as skin cancer is 

mapped to certain quantitative parameters and qualitative features on ultrasound images. This 

leads to research about how skin cancer can be diagnosed using ultrasound and what devices 

are suitable for this. Since this research is carried out in collaboration with the Department of 

Dermatology, a summary of this research can be found towards the end of this book, under 

the title “Ultrasound Technology in Dermatology” (pp. 76). 

MODELLING OF ULTRASOUND IMAGE FORMATION 

Although many models exist for describing the formation of ultrasound images, the validation 

of these models is lacking in the literature. The laboratory has conducted research that 

suggests that based on histology slides, the first-order statitistics of different ultrasound tissue 

types can be predicted [1]. More recently, it has shown that the ultrasound image produced by 

distributions of inanimate scatterers can be correctly predicted (Figure 1, [3]). 

Fig. 1 Comparison of simulated (left) and experimentally obtained (right) ultrasound images of a 

distribution of 49-μm-diameter polystyrene microspheres. Note that – despite the presence of noise in 

the experimentally obtained image – the features of both images show substantial agreement with each 

other. This agreement is particularly interesting in the case of the speckle pattern seen in the bottom 

half of the images that is produced by a high concentration of interfering scatterers. Work with Ákos 

Makra [3]. 

The research of ultrasound scattering by inanimate scatterers helps two strands of research. 

Firstly, it is related to the aforementioned research of modelling scattering by tissue samples. 

This is helped by the recent construction of an acoustic microscope in our laboratory. 

Secondly, it allows the development of cost-effective and durable ultrasound phantoms that 

 

2 mm 
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can be used to calibrate ultrasound imaging systems (Figure 2). 

Fig. 2 Comparison of photograph of PVC-based phantom (left) and resulting ultrasound image 

(right). The PVC phantom is loaded with graphite, which provides both optical and acoustic contrast. 

Note that the graphite forms a dense ring shape where the concentration of graphite is so high that the 

acoustic impedance distribution is relatively homogeneous, producing relatively low backscatter. In 

contrast, the area inside the ring is sufficiently heterogenous to provide high ultrasound backscatter. 

Work with Krisztián Füzesi. 

PUBLICATIONS 

[1] M Gyöngy, L Balogh, K Szalai, I Kallo, Histology-based simulations of ultrasound imaging: 
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and true scatterer density, Ultrasonics 56, 370-380 (2014) 

[3] M Gyöngy, Á Makra, Experimental Validation of a Convolution-Based Ultrasound Image Formation 
Model using a Planar Arrangement of Micrometer-Scale Scatterers, IEEE Transactions on UFFC 
(under review) 

[4] J P Kemmerer, M L Oelze, M Gyöngy, Modeling of physically large weak scatterers in the beam of 
a single-element transducer, Journal of the Acoustical Society of America (under review)
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Fig. 1 Microfluidic flow 

focusing device for cytometry 

14. MICROFLUIDICS AND POLYMER OPTOELECTRONIC 

TECHNOLOGIES 

KRISTÓF IVÁN, Associate Professor; ANDRÁS J. LAKI, Postdoc 

Graduate students: ESZTER TÓTH, GERGELY HUSZKA, NÓRA MARKIA, TAMÁS PARDY 

RESEARCH TOPICS 

 Microfluidic device development, simulation and characterization for Lab-on-a-chip 

diagnostic purposes.  

 Stand-alone microfluidic devices for sample preparation for disease diagnostics.  

 Flow cytometric analysis of fluids and acoustic particle separators.  

 3D printing and novel thin-film polymer based rapid prototyping methods for 

diagnostic device manufacturing.  

 Analysis and application of degas-driven flow for stand-alone portable diagnostic tests 

[1]. 

 Development of low-cost optical detection methods applicable for portable disease 

diagnostic polymer devices. 

Ongoing research with applications of flow cytometry using 

hydrodynamic focusing of sample blood and analysis with high-

fps camera computer system (EyeRIS) [2]. Application of this 

system for nematode filtering and counting for veterinary 

diagnostic process enhancement [3]. 

Strong collaboration with Hungarian MEMS fabrication facility 

of the HAS Research Centre for Natural Sciences on advanced 

microfluidic mixer structures for bioanalytical systems fully 

utilizing classical PDMS-glass based microfluidic device 

fabrication methods. Modeling, optimization, realization and 

characterization of herring-bone structures for enhanced 

mixing efficiency. 

Acoustofluidic sample preparation methods 

applicable in soft structures. Blood cell filtering for 

plasma separation and biomarker detection. 

Separation of blood cells are based on their inherent 

acoustic compressibility which exerts a force on the 

cells/particles to move towards the acoustic nodal 

surfaces. Device simulation, realization and 

characterization for separation efficiency. 

Fabrication process development and device 

characterization for thin-film layered microstructures 

for low-cost, self-powered biomedical diagnostic 

devices with integrated sample preparation. 

Fig. 2 Acoustofluidic separator device for 

plasma extraction and biomarker 

detection 
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Fig. 3 Characterization of layered microstructures for biomedical sample preparation 

Development of low-cost laser diode and smartphone based detection schemes for biomarker 

analysis purposes to be used with self-powered layered-polymer based microfluidic chips. 

PUBLICATIONS 

[1] J. R. Waldeisen, D. Mitra, J. Chen, K. Ivan, and Luke P. Lee. Understanding degas-driven flow in 
microfluidic devices, Lab on a Chip, submitted for publication. 

[2] A. Laki, I. Rattalino, F. Corinto, K. Ivan, D. Demarchi, and P. Civera, An integrated LOC 
hydrodynamic focuser with a CNN-based camera system for cell counting application, 2011 
BioCAS Conference, pp. 301–304. 

[3] A. J. Laki, K. Iván, Z. Fekete, P. Fürjes and Pierluigi Civera. Filtration of Intravenous 
Cardiopulmonary Parasitic Nematodes Using a Cross-Flow Microfluidic Separator, EMBL 
Conference on Microfluidics 2012 

[4] M. Lei, B. Ziaie, E. Nuxoll, K. Iván, Z. Noszticzius, and R. A. Siegel. Integration of Hydrogels with 
Hard and Soft Microstructures, Journal of Nanoscience and Nanotechnology, vol. 7, no. 3, pp. 
780–789, 2007 
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15. EXPERIMENTAL MATHEMATICS 

BARNABÁS GARAY, Professor; MIKLÓS KOLLER, Assistant Professor; MIKLÓS RUSZINKÓ, 

Professor 

MATHEMATICAL ANALYSIS AND COMPUTATION 

In collaboration with Mauro Forti and Luca Pancioni (both of Siena University), Barnabás 

Garay and Miklós Koller started an extensive research in explaining the emergence of long 

transient oscillations, i.e., of metastable patterns of periodic orbits in one--dimensional 

cellular neural networks with periodic boundary conditions and two--sided nearest--neighbor 

interconnections [6], [7], [8]. Oscillations of this type were observed in electrical circuit 

experiments performed in Siena and in Budapest. 

 

 

Fig. 1  Case N=16. The metastable periodic rotating wave as shown on the oscilloscope. (Inner state 

in blue, output in red.) The circuit experiments were made in the bistable parameter region.The 

oscillation collapses after 74 wave periods and settles down suddenly to an asymptotically stable 

equilibrium. 

The phenomenon is robust with respect to the non-idealities of the circuit implementation. 

The underlying mathematical model is the coupled system of differential equations 

   
where the activation function is chosen for ,  is the time 

constant, and the variables  and  are identified with  and , respectively. For a 

large domain of real parameters , the duration of the transient phase (as a function of ) 

is exponentially long. Experimental and numerical findings were confirmed by analytic 

estimates on the Floquet eigenvalues of the periodic rotating wave with maximal symmetry. 

Metastable and multistable behavior (which, for other parameter regions, is also present in 

the simple system of equations above) have an important role in Kelso’s coordination 

dynamics modeling cognitive and decisional tasks performed by neurons and neural networks. 

 

Barnabás Garay coauthored several papers on computer-assisted proofs including the one 

for chaos in the classical forced damped pendulum equation   

[9] and Vallis’ conceptual model for El Niño, a variant of the Lorenz system without 

symmetry - a joint work with PhD student Balázs Indig, submitted. His research interest 
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includes dynamics on general networks as well [10]. 

COMBINATORICS AND COMPUTATION 

With their six joint papers in distinguished international journals, Miklós Ruszinkó is a regular 

collaborator of the 2012 Abel Prize winner, Endre Szemerédi. In all of these papers including 

[1], [2], a method called Szemerédi's Regularity Lemma has been used. For the first view, 

because of the enormous combinatorial bounds, this approach seems to be entirely `out of the 

world’. On the other hand recent models in brain research suggest that maybe this approach 

can be useful in more applied topics as well. 

One of the hot topics using methods from discrete mathematics is coding theory. During 

our research we improved several bounds on parameters of certain codes frequently used. 

Maybe our most important results in this area are those we got on bounds on codes for 

multiple access communication channels. Multiple access channel models usually assume a 

large number of non-cooperating users trying to get an access to the limited resources of a 

given channel [3]. Even more applied research is going on FPGAs [4], [5]. The attempt is to 

accelerate unstructured finite volume computations on FPGAs. The novelty in our 

investigations, with a larger group around Péter Szolgay, is that we are trying to combine 

algebraic non-elementary clustering methods to achieve a better computational performance.  

PUBLICATIONS 

[1] A. Gyárfás, M. Ruszinkó, G. Sárközy, E. Szemerédi. Partitioning, three-color Ramsey numbers for 
paths, Combinatorica 27:35-69, 2007 

[2] A. Gyárfás, M. Ruszinkó, G. Sárközy, E. Szemerédi.  Partitioning 3-colored complete graphs into 
three monochromatic cycles, Electr. J. Combinatorics 18:1-16, 2011 

[3] A. Hiba, Z. Nagy, M. Ruszinkó, Memory access optimization for computations on unstructured 
meshes, 13th Int. Workshop on Cellular Nanoscale Networks and their Applications (CNNA), pp.1-
5 (electronic), Turin, Aug. 2012  

[4] Z. Nagy, C. Nemes, A. Hiba, Á. Csík, A. Kiss, M. Ruszinkó, P. Szolgay, Accelarating unstructured 
finite volume computations on field-programmable gate arrays, Concurrency and Computation: 
Practice and Experience 26:615-643, 2014       

[5] A. Hiba, Z. Nagy, M. Ruszinkó, P. Szolgay. Data locality-based mesh-partitioning methods for 
data-flow machines, 14th Int. Workshop on Cellular Nanoscale Networks and their Applications 
(CNNA), pp.1-6 (electronic), Notre Dame, July 2014     

[6] M. Forti, B. M. Garay, M. Koller, L.Pancioni. An experimental study on long transient oscillations in 
cooperative CNN rings, 13th Int. Workshop on Cellular Nanoscale Networks and their Applications 
(CNNA), pp.1-6 (electronic), Turin, Aug. 2012 

[7] M. DiMarco, M. Forti, B. M. Garay, M. Koller, L.Pancioni. Multiple metastable rotating waves and 
long transients in cooperative CNN rings, 2013 European Conf. on Circuit Theory and Design 
(ECCDT), pp.1-4 (electronic), Dresden, Sept. 2013 

[8] M. Forti, B. M. Garay, M. Koller, L.Pancioni. Long transient oscillations in a class of cooperative 
cellular neural networks, Int. J. Circuit Theory Appl. 42: (online version appeared) 2014   

[9] B. Bánhelyi, T. Csendes, B. M. Garay, L. Hatvani. A computer-assisted proof of Sigma 3-chaos in 
the forced damped pendulum equation, SIAM J. Appl. Dyn. Syst. 7:843-867, 2008 

[10] B. M. Garay, A. Simonovits, J. Tóth. Local interaction in tax evasion, Economics Letters 115:412-
415, 2012 
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16. SOFTWARE DEFINED ELECTRONICS AND VIRTUAL 

INSTRUMENTATION 

GÉZA KOLUMBÁN, Professor 

Graduate students: TAMÁS KRÉBESZ, CSABA JÓZSA 

ACTIVITY OF THE SDE-VI LAB, A BRIEF DESCRIPTION 

Recent research topics of the Software Defined Electronics (SDE) and Virtual 

Instrumentation (VI) laboratory: 

 Reconfigurable physical layers 

o Elaboration of CS-GCSK/GCS-DCSK modulation schemes 

o Derivation of analytical expression for the BER performance of these new 

modulation schemes 

o Elaboration of a step-by-step method for the derivation of detection algorithms 

assuring optimum solution for different applications 

 Application-oriented protocols for PHY layer 

o Elaboration of UWB FM-DCSK protocol which improves by an order the 

coverage of the already published Gaussian UWB Impulse Radio (IR) 

o Elaboration of  UWB Chirp IR TR protocol which improves by an order the 

coverage of Gaussian UWB IR but which preserves the channel dispersion 

suppression capability of Gaussian one 

 SDE conform BaseBand (BB) WND models 

o Elaboration of a step-by-step method for the derivation of equivalent BB 

models of WLAN and BioMed devices 

o By integration of BB simulators into the SDE platform we have elaborated a 

software defined research platforms for the generation and analysis of real 

physical signals (see photo below) 

 Detection algorithms on GP-GPU platform suitable for WLAN applications 

o We have shown that with appropriate parallel algorithms the GP-GPU 

platforms can be used to implement detectors 

o Elaboration of PSD algorithm which implements the ML detection on GP-GPU 

platform 
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Fig. 1 Photo of the PXI based SDE research and development platform installed in the SDE-VI lab. 

The “Embedded Controller” that is responsible for running the application software and controlling 

the modular units, the “Rx” unit that performs the transformation between the RF and baseband 

domains, and the “Tx” unit that performs the inverse transformation, are in the same PXI chassis. The 

“LabVIEW Front Panel” that appears on the PC monitor shows the graphical user interface of the 

software that is run by the “Embedded Controller”. The real physical signals generated by software 

are measured by a Rohde & Schwarz spectrum analyser. 

INTERNATIONAL RECOGNITION OF OUR LABORATORY 

Our SDE-VI Lab has been playing a leading role worldwide in the research of software 

defined electronics. This leading role had been recognized by IEEE CAS Society and we were 

asked to write a tutorial on SDE for the IEEE CAS Magazine in 2012. See item [9] in the 

publications list.  Our contribution to this area has attracted the attention of the scientific 

community even more. As a consequence Prof. Kolumbán has been elected as a speaker in the 

2013-2014 Distinguished Lecturer Program (DLP) by the IEEE-CAS. 

DLP LECTURES DELIVERED BY PROF. KOLUMBÁN IN CHRONOLOGICAL 

ORDER: 

2013: 

1. "Software Defined Electronics: A New Research Field for the IEEE CAS Society," 

Guangdong University of Technology, April 09, 2013, Guangzhou, P.R. China. 

2. "Software Defined Electronics: A Revolutionary Paradigm for RF Radio and 

Measurement Systems," A day-long short course organized by IEEE UK&RI Solid 

State Circuits Chapter, Tyndall National Institute, May 09, 2013, Cork, Ireland. 

3. "Software Defined Electronics: A Revolutionary Design Paradigm for Automated 

Calibration and Test Systems," Beijing Jiaotong University, May 12, 2013, Beijing, 

P.R. China. 

4. "Software Defined Electronics: A New Approach for Design and Implementation of 

Future Communications Systems," Short course at EAMTA, Facultad Regional 

Buenos Aires - Universidad Tecnológica Nacional, August 12 and 14, 2013, Buenos 

Aires, Argentina. 

5. "Implementation of SDE-Based Universal RF Testbed and Derivation of Baseband 
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Equivalents," CAMTA Day, Facultad Regional Buenos Aires - Universidad 

Tecnológica Nacional, Buenos Aires, August 15, 2013 Buenos Aires, Argentina. 

6. "Software Defined Electronics: A New Research Field for CAS Society," Tokushima 

University, December 04, 2013, Tokushima, Japan. 

7. "Software Defined Electronics: A New Research Field for CAS Society," Meiji 

University, December 11, 2013, Tokyo, Japan. 

8. "New Approach for Design and Implementation of Future Communications Systems," 

Tokyo University of Science, December 13, 2013, Tokyo, Japan. 

2014: 

1. "SDE: A Revolutionary New Approach for Design and Implementation of Future 

Communications Systems," Keynote talk at IEEE Intl. Symp. on Computer, Consumer 

and Control (IS3C), June 10, 2014, Taichung, Taiwan. 

2. "Software Defined Electronics: A New Research Field for Circuits and Systems 

Society," Keynote talk at 12th IEEE NEWCAS Conference, June 24, 2014, Trois-

Rivieres, Canada. 

3. "Software Defined Electronics (SDE): A New Approach for Design and 

Implementation of Future Communications Systems," Short course at Universidade do 

Estado do Rio de Janeiro (UERJ), August 15, 2014, Rio de Janeiro, Brazil. 

4. "Software Defined Electronics: A Revolutionary Change in Design Paradigm of RF 

Radio and Measurement Systems," Tutorial at International Telecommunications 

Symposium (ITS), August 17, 2014, Sa&otilde; Paulo, Brazil. 

5. "Software Defined Electronics (SDE): A Revolutionary Change in Design Paradigm 

of Radio and RF Measurement Systems," Short course at Inha University, September 

23, 2014, Incheon, Korea. 

6. "Software Defined Electronics (SDE): A Revolutionary Change in Design Paradigm 

of RF Radio and Measurement Systems," Plenary talk at 14th Intl. Symp. on 

Communications and Information Technologies, September 24, 2014, Incheon, Korea. 

7. "Software Defined Electronics: A Revolutionary New Paradigm for the Research and 

Design of Future Communications and Measurement Systems," Seminar at City 

University of Hong Kong and The Hong Kong Polytechnic University, October 10, 

2014, Hong Kong. 

8. "Software-Defined Electronics: A New Research Field for CAS Society," Half-day 

tutorial at NORCHIP 2014, October 27, 2014, Tampere, Finnland. 

9. "New Approach for Design and Implementation of Future Communications Systems," 

Keynote speech at Intl. Symp. on System-on-Chip (SoC), October 28, 2014, Tampere, 

Finnland. 

PUBLICATIONS 

[1] Csaba Máté Józsa, Géza Kolumbán, Antonio M Vidal, Francisco J Martínez-Zaldívar, Alberto 
González: Parallel Sphere Detector algorithm providing optimal MIMO detection on massively 
parallel architectures, Elsevier, DSP 2014 (accepted) 

[2] Géza Kolumbán, Tamás Krébesz, Chi K Tse, Francis C M Lau: Turn your baseband Matlab 
simulator into a fully functional, 2.4-GHz, operating FM-DCSK transceiver using SDE platform, In: 
Proceedings of the European Conference on the Circuit Theory and Design 2013 
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[3] Géza Kolumbán, Tamás Krébesz, Chi K. Tse, and Francis C.M. Lau: Basics of Communications 
Using Chaos, Chaotic Signals in Digital Communications -Electrical Engineering & Applied Signal 
Processing Series, October 25, 2013 by CRC Press 

[4] Tamás Krébesz, Géza Kolumbán, Francis C M Lau, Chi K Tse: Application of universal software 
defined PXI platform for the performance evaluation of FM-DCSK communications system, 
Proceedings of the European Conference on the Circuit Theory and Design 2013 

[5] Weikai Xu, Lin Wang, Géza Kolumbán: A New Data Rate Adaption Communications Scheme for 
Code-Shifted Differential Chaos Shift Keying Modulation, International Journal of Bifurcations and 
Chaos,No.7,Vol.22 

[6] Géza Kolumbán, Tamás Krébesz, Chi K. Tse, Francis C M Lau: Improving the coverage of ultra 
wideband impulse radio by pulse compression, In Proc. 2012 IEEE International Symposium on 
Circuits and Systems 

[7] Géza Kolumbán, Tamás Krébesz, Chi K. Tse, Francis C M Lau: Implementation of FM-DCSK 
modulation scheme on USRP platform based on complex envelope, In Proc. 2012 International 
Symposium on Nonlinear Theory and its Applications 

[8] Géza Kolumbán, Tamás Krébesz, Francis C M Lau, Chi K. Tse: Performance Comparison of UWB 
Chirp IR TR and UWB FM-DCSK TR Systems Implemented with Autocorrelation Receiver, In 
Proc. 2012 International Symposium on Nonlinear Theory and its Applications 

[9] Géza Kolumbán, Tamás Krébesz, Francis C M Lau: Theory and Application of Software Defined 
Electronics: Design Concepts for the Next Generation of Telecommunications and Measurement 
Systems, IEEE CIRCUITS AND SYSTEMS MAGAZINE (ISSN: 1531-636X) 12:(2) pp. 8-34. 

[10] Tamás Krébesz, Géza Kolumbán, Csaba Máté Józsa: Ultra-Wideband Impulse Radio Based on 
Pulse Compression Technique, In Proc. 20th European Conference on Circuit Theory and Design 
(ECCTD 2011) 

[11] W. K. Xu, L. Wang, Géza Kolumbán: A Novel Differential Chaos Shift Keying Modulation Scheme, 
International Journal of Bifurcation and Chaos 

[12] Tamás Krébesz, Géza Kolumbán, Csaba Máté Józsa: Exploiting pulse compression to generate 
an IEEE 802.15.4a-compliant UWB IR pulse with increased energy per bit, In Proc. 2011 IEEE 
International Conference on Ultra-Wideband (ICUWB) 

[13] Tamás Krébesz, Csaba Máté Józsa, Géza Kolumbán: New Carrier Generation Techniques and 
Their Influence on Bit Energy in UWB Radio, In Proc. 20th European Conference on Circuit 
Theory and Design (ECCTD 2011)  
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17. ARTIFICIAL INTELLIGENCE AND SPATIAL-TEMPORAL 

SEMANTICS 

KRISTÓF KARACS, Associate Professor 

Graduate students: MIHÁLY RADVÁNYI, ATTILA STUBENDEK, ANNA HORVÁTH, GÁBOR 

ORBÁN 

FOCUS OF THE LABORATORY 

The lab mainly deals with intelligence problems related to sensory processing. As sensors 

have become miniaturized and ubiquitous in modern information technology, remotely 

processing all acquired data is not feasible any more. Remote does not necessarily refer to the 

cloud, but in this sense another processor, or even the other side of the same topographic 

processor, may also count as a remote location. Local processing requires appropriate 

knowledge and architectural organization. A key principle we developed is semantic 

embedding that refers to the process of injecting background information into the hierarchical 

recognition process at appropriate levels. 

RESEARCH TOPICS 

I. Scene understanding of 3D scenes 

We consider 2D image flows containing the projection of 3D environments with other related 

information from other modalities. Specific scenes are described using a multimodal semantic 

language including spatiotemporal events, signatures of canonical views of typical objects, as 

well as spatial relationships of the objects and/or events. Semantic embedding during the 

recognition process is built on the knowledge in this representation. 

The most important applications are autonomous local navigation and orientation tasks, 

either for personal or robot navigation. We developed a mobile framework for cell phones 

that serves as a basis for a guide helping blind and visually impaired people in their daily 

tasks. 
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II. Visual learning 

Recognizing objects in a visual environment is a nontrivial task mainly because of the huge 

number of looks (imprints) how an object can be perceived from different viewpoints under 

various lighting conditions. Visual learning aims to find characteristic signatures (features and 

feature groups) that are invariant to rotation across multiple scales and adaptive clustering 

methods that are able to identify which signatures belong to the same, and which ones to 

different semantic categories. 

 

III. Offline handwriting recognition 

Recognition of handwritten cursive scripts is a much more difficult task than optical character 

recognition. The latter already has widespread commercial solutions, but the former is still an 

actively researched area. The main difference between the two fields is besides the fact that 

letter shapes greatly depend on individual writers is that touching characters pose a much 

more complex recognition scheme due to their ambiguous separation borders. 

Semantic embedding is realized through a holistic word recognition technique that detects 

features on the word level without binding them to characters and a special linguistic engine 

that can find all proper linguistic forms that match a given holistic description. 

PUBLICATIONS 

[1]  B. Varga, K. Karacs. Towards a Balanced Trade-off Between Speed and Accuracy in 
Unsupervised Data-Driven Image Segmentation, Machine Vision and Applications, Springer, 
DOI: 10.1007/s00138-013-0503-3, to appear, 2013  

[2]  B. Varga, K. Karacs. High Resolution Image Segmentation using Fully Parallel Mean Shift, 
EURASIP Journal on Advances in Signal Processing, Special Issue on Multispectral and 
Hyperspectral Image and Video Processing, Springer, vol. 2011:111, DOI:10.1186/1687-6180-
2011-111, 2011 

[3]  Z. Solymár, A. Stubendek, M. Radványi, K. Karacs. Banknote Recognition for Visually Impaired, 
in Proc. of the 20th European Conference on Circuit Theory and Design (ECCTD 2011), 
Linköping, Sweden, 2011 

[4]  M. Radványi, K. Karacs. Navigation through Crosswalks with the Bionic Eyeglass, in Proc. of 3rd 
International Symposium on Applied Sciences in Biomedical and Communication Technologies 
(ISABEL 2010), Rome, Italy, 2010 

[5]  K. Karacs, Gy. Cserey, Á. Zarándy, P. Szolgay, Cs. Rekeczky, L. Kék, V. Szabó, G. E. Pazienza 
and T. Roska, Eds. Software Library for Cellular Wave Computing Engines. [Online] Available: 
http://cnn-technology.itk.ppke.hu/Template_library_v3.1.pdf, Jan. 2010 

[6]  K. Karacs, G. Prószéky, and T. Roska CNN algorithms with spatial semantic embedding for 
handwritten text recognition, International Journal of Circuit Theory and Applications, vol. 37, no. 
10, pp. 1019–1050, 2009 
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18. SENSING-ACTUATING ROBOTICS 

GYÖRGY CSEREY, Associate Professor 

Graduate students: SÁNDOR FÖLDI, NORBERT SÁRKÁNY 

LATEST RESULTS 

This approach presents a new and low cost 3D optical 

compliant tactile sensor that is capable of measuring a 

threeaxial directional force component as well as an 

incipient slip. The tactile sensor is composed of a hollow 

compliant convex surface made of silicon rubber placed 

on a three photodiode and an infra LED based sensor 

array arranged in a reflective configuration. Any force 

applied onto the convex surface will cause a deformation 

that will change the reflected amount of light to the 

photodiodes causing their output to change according to 

the applied force vector. Due to the optical method of 

measurement, the proposed sensor offers a highly 

dynamic sensory range, low noise, and high speed operation (kHz range). Experimental 

results demonstrate accurate contact point, force magnitude and force incidence angle 

detection. 

The principle of pulse diagnosis is that the 

vascular system is connected to all inner 

organs and, by this, carries information about 

them. This information can be read from the 

propagation of pulse wave, the so called 

pulse characteristic. This pulse wave is 

usually measured on the radial artery. With 

the help of this method some cardiovascular 

and inner organ diseases could be diagnosed 

by only one examination. The basics of this 

method were introduced in the Traditional 

Chinese Medicine. The main disadvantages 

of the traditional method are the following: 

it’s really hard to learn, and it’s also 

subjective, the accuracy of diagnosis 

depends on the qualifications and 

concentration state of the practitioner. This is 

why an objective, automatized 

pulsediagnostic system is required. In our 

laboratory we try to develop an automatized 

pulse diagnostic system based on our 3D 

tactile sensors, which was also developed 

here. Using this sensor, the pulse waveform 

can be measured non-invasively, without pain and side effects on the radial artery at the wrist. 

We have a clinical TUKEB license to make our measurements, record information of 

participants and publish our results. 
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Capsule endoscopy is a completely painless, 

non-invasive procedure, which gives the doctor 

images, similar in quality to those of 

conventional endoscopic techniques, of the 

gastrointestinal tract, including the esophagus 

and the whole small and large intestine. During 

development a 3D printed model of the intestine, 

obtained from a CT scan, was used in a robotics 

environment as a trajectory for the capsule to be 

led along by an automated algorithm. Our 

purpose was to improve and to automate the 

movement mechanism of the capsule, so that it 

could be moved to its appointed position and 

tilted by a given angle (with the speed of conventional endoscopic techniques). In our case the 

whole intestinal tract is monitored during a given trajectory, further on the capsule is expected 

to be able to examine selected regions in more detail, if needed. One of our long-term aims is 

to enable the user to control the capsule with the device from another room in real time via a 

robotic hand.  

This work presents a design of an anthropomorphic 

biomechatronic hand, focusing on the design of the fingers and 

its bio-inspired flexor-extensor like low-level control. The 

kinematic description, the detailed explanation and 

presentation of the 3D CAD design are included. The 

description of the applied 3D tactile and magnetic sensors is 

also detailed in the article. Matlab simulation results and also 

the first experiments of the hardware prototype gave promising 

results and show that the approach can be an effective solution 

for the need of a hand-like actuator in robotics. 

 

PUBLICATIONS 

[1] Gábor János Tornai, György Cserey: Initial condition for efficient mapping of level set algorithms 
on many-core architectures, EURASIP Journal on Advances in Signal Processing 2014: (30) pp. 
1-11. Paper 10.1186/1687-6180-2014-30. 

[2] József Veres, György Cserey, Gábor Szederkényi: Bio-inspired backlash reduction of a low-cost 
robotic joint using closed-loop-commutated stepper motors, Robotica 31: (5) pp. 789-796.2013. 

[3] Gábor János Tornai, György Cserey, Ion Pappas: Fast DRR generation for 2D to 3D registration 
on GPUs, Medical Physics 39: (8) pp. 4795-4799. 2012.  

[4] Miklós Koller, György Cserey: Spatial-temporal active wave computing using infrared proximity 
array, International Journal of Circuit Theory and Applications 40: (12) pp. 1209-1218 2012. 

[5] Ákos Tar, György Cserey: Object Outline and Surface-Trace Detection Using Infrared Proximity 
Array, IEEE Sensors Journal 11: (10) pp. 2486-2493. 2011. 
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19. MOBILE SENSING NETWORKS 

ANDRÁS OLÁH, Associate Professor; KÁLMÁN TORNAI, Assistant Professor; ISTVÁN REGULY, 

Postdoc 

Graduate students: DÁVID TISZA 

INFRASTRUCTURE OF THE WIRELESS SENSOR NETWORKS LABORATORY 

USRP sw radios, Xbow Mica development kits, TI CC2420 development kits, Amber 

AMB8423 wireless target boards, sensors 

ACTIVITIES 

One of the central issues in the development Wireless Sensor Networks (WSNs) is to devise 

new protocols under the constraint of limited resources (e.g. energy, size, available 

bandwidth, computational power…etc.). The most important characteristics of WSN are as 

follows:  

 since the sensors are installed over a large area, a direct link between the 

information source and destination does not exist, hence the communication 

protocols to be developed have to support reliable multi-hop operation; 

 sensor nodes needs only a low data rate (LR) communications link where some 

latency time is tolerated; 

 channel conditions including both the propagation conditions and inner and 

outer radio interference (coexistent wireless system) are varying continuously; 

 ultra low power consumption: using the same AAA battery, one node should 

operate for at least a few years, since regular maintenance (including battery 

changing) would make the system impractical. 

 

As opposed to traditional networking protocols, these limitations pose new challenges to 

algorithmic protocol design. A great deal of researches has been pursued into developing 

novel communication protocols and distributed signal processing algorithm. 

In our earlier research, we have developed several novel routing and MAC protocols which 

significantly increased the lifespan of the WSN under constraint of reliable packet reception at 

the BS (e.g. correct packet arrival at the BS is guaranteed by a given probability). These 

protocols were adapted and implemented in our test network. 
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Fig. 1 The AMB8423 development kit 

 

Our WSN group has a seven-year experience in research and development. The corresponding 

projects, education activities are as follows: 

 Development and Implementation of Wireless Indoor Climate Monitoring 

System (completed project with EnerG Kft. sponsored by Hungarian Scientific 

Research Fund) 

 Signal processing and wireless device design and prototyping for analog 

sensors (currently running project for Research Institute for Technical Physics 

and Materials Science (MFA) of the Hungarian Academy of Sciences) 

 In the recent years we have published book chapters, journal papers and 

conference papers in the field. 

 In this area 4 PhD were awarded and 2 PhD students are just before the thesis 

defense and more than 15 BSc and MSc students were working on the field.  

 Recently we have developed a WSN based survivor detection system which is 

going to be implemented in AMB8423 wireless boards.  
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20. MICROELECTRONIC SYSTEMS AND INTEGRATED CIRCUITS 

FERENC KOVÁCS, Professor; PÉTER FÖLDESY, Associate Professor 

Graduate students: ZOLTÁN KÁRÁSZ, DOMONKOS GERGELYI, LÁSZLÓ KOZÁK, ANNA 

MEDGYESI, ÁDÁM LUTZ 

FOCUS OF THE GROUP 

 Application of advanced microelectronic technologies to sense, measure, and 

process physical and biological electrical phenomenon. 

 Microwave and Terahertz range sensing and imaging 

 Integrated circuit Neural interfaces 

 

The group has a long time experience in deep submicron integrated circuit (IC) design. We 

conduct research in a field, in which the physical quantities are hardly measurable with off-

the-shelf components. Hence, the need for custom designed integrated circuits is unavoidable. 

Our group is the only academic team in Hungary with daily routine of using advanced IC 

technologies. 

We have participated in several international grants targeting integrated vision systems. 

One of the most promising directions is the usage of 3D technology to merge image sensing, 

multi processor image analysis, and high level target recognition and identification in a single 

IC. The used 3D SOI technology is provided by the MIT Lincoln Laboratory and supported 

by the Office of Navy Research to form an integrated three layer compact vision system for 

UAV (unmanned aerial vehicle) surveillance and reconnaissance. 

Through cooperation with MTA Research Centre for Natural Sciences and Institute of 

Microelectronics of Seville, Spain we are developing a complex, multi channel neural sensor 

interface using very low noise BiCMOS technology. Flexible deep brain electrodes with 

electrically selectable sensors and integrated amplifiers open new possibilities in 

understanding low frequency behavior of the brain, long term memory, and adaptation 

processes. 

 

Fig. 1  Brain electrodes with multiple contacts. 

We also work with very high frequency electromagnetic waves. In the recent decade, the so 

called Terahertz (>300 GHz) waves come into the center of attention as the last unutilized 

region of the electromagnetic spectrum. This radiation is not ionizing, hence, in principle does 
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not harm living tissues, meanwhile provides information of material, moisture, biomarker 

content undetectable by other non invasive methods. We are a leading group in highly 

integrated CMOS sub-THz imagers. 

    

Fig. 2  Different stages of development of a sub-THz imager: design, microphoto, and complete IC. 

Beside theoretical work and consequent development, we focus as well on real life THz 

applications, such as skin cancer diagnostics in cooperation with Semmelweis University. 

  

Fig. 3  Experimental skin scanner and in vitro sample images captured at 460 GHz. 

PUBLICATIONS 

[1] P. Földesy. Terahertz single-shot quadrature phase-shifting interferometry, Optics Letters, Vol. 37, 
Issue 19, pp. 4044-4046, 2012 

[2] P. Földesy, Z. Fekete, T. Pardy, D. Gergelyi. Terahertz Spatial Light Modulator with Digital 
Microfluidic Array, 26th Eurosensors Conference, September 9-12, 2012, Kraków, DOI: 10.1016-
j.proeng.2012.09.307  

[3] P. Földesy, A. Zarandy. Integrated CMOS sub-THz imager array, 13th International Workshop on 
Cellular Nanoscale Networks and their Applications (CNNA), pp. 1–4, August 29-31, Turin, Italy, 
2012 

[4] P. Földesy, Á. Zarándy, Cs. Rekeczky. Configurable 3D-integrated focal-plane cellular sensor–
processor array architecture, International Journal of Circuit Theory and Applications, Vol. 36 (5-
6), pp. 573-588, 2008 

[5] P. Földesy, Á. Zarándy, Cs. Rekeczky, T. Roska. Digital implementation of cellular sensor-
computers, International journal of circuit theory and applications, Vol. 34 (4), pp. 409-428, 2006 



 

 
 

63 
 

  

21. PROGRAMMING LANGUAGES AND SOFTWARE TECHNOLOGY 

JUDIT NYÉKYNÉ GAIZLER, Associate Professor; ISTVÁN VETŐ, Associate Professor; GERGELY 

FELDHOFFER, Assistant Professor 

PROGRAMMING LANGUAGES 

The importance of reliability of the programs has come to the centre of interest with the 

development of large systems. The aim is to write "correct" programs which exactly perform 

their tasks, as defined by the requirements of the specification.  

A theory, i.e. a methodology which supports the programmer perform his practical work to 

be well-considered is very important. Abstraction - as a technique of thinking - is substantial 

in the education of professional programmers of the future. In the same time, we have to agree 

with Bertrand Meyer that the “language independent methodology” is “as useful as a bird 

without wings”, and: “In software perhaps more than anywhere else, thought is inseparable 

from its expression. To obtain good software, a good notation is not sufficient; but it is 

certainly necessary.” That’s the reason why we try to balance in our teaching already at BSc 

level between methodology and tools – programming languages, environments, etc.  

Algorithm and software correctness are often discussed and educated separately. We look 

for ways to blend concepts as weakest precondition into the use of debuggers and static 

analyzers. Usual solutions like precondition assertion by logic-error exceptions and its 

analysis by debugger are part of our MSc education program. 

GPU SUPPORT IN COMPILERS 

There are quite a number of research and development projects on GPU programming in these 

years since the raw computational power of GPUs is in general higher than CPU by a 

magnitude. Most of the publications in this topic used to describe the application of a given 

algorithm to GPU architecture. The problem of algorithm application to a given architecture 

contains multiple layers of abstraction. The higher level of abstraction used to describe the 

parallelization scheme, and the lower level is the actual GPU code which determines the 

memory mapping (coalescing), the use of shared memory, CPU-GPU transfer, etc. Solutions 

of lower level abstraction tasks are often commonly known as best practice on the given 

problem. This situation is similar to low level CPU programming techniques, which are today 

highly automated in optimizers used by compilers. Our concept is to introduce a compiler 

which is capable to generate GPU enabled code from standard high level programming 

language. 

A GPU enabled compiler should generate GPU code, such as OpenCL, which is a high 

level programming language. It should take care of memory transfer and representation. We 

succeed to create a proof-of-concept compiler plugin which is capable of these features, and is 

integrated into GCC. The higher level of abstraction is encoded here as a lambda function 

which is a C++ feature in the latest standard. The programmer has to use a custom template 

function library to access the GPU features in this version. Each template function represents 

a high level parallelization scheme, such as for_each() or cumulate(). The supported features 

inside the lambda function include (non-recursive) function call, operator overloading, and 

many more. Examples of not supported features are the recursion, polymorphism and pointer 
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aliasing based tricks. 

SOFTWARE TECHNOLOGY 

The category of Software Technology includes different disciplines, related to each other, but 

having its own specialties. The staff of PPCU Faculty of IT carries on numerous theoretical 

works on the fields of sciences concerned by the following subjects, included in the education 

program at our Faculty: 

 

Basics of software technology: requirements engineering, 

software development processes and methodologies, 

project planning, basic questions of software quality and 

standards. 

 

 

 

Software design and evaluation: methods and tools for 

software design and implementation, OO analysis and 

design, modeling tools and practices, agile software 

development methodology (Extreme 

Programming, SCRUM, etc.), software reengineering, 

configuration management, as well as evaluation 

of software systems. 

 

Integration of information systems: disciplines of 

integrated information systems, models and architectures, 

classes and handling of heterogeneity, the goals of 

integration, systems integration strategies, types of 

integration, middleware and integration standards, 

integration architectures, like SOA. 

 

Design patterns: Types and role of the classical OO design 

patterns in Java and C++, architectural patterns in software 

development. 

 

Our activity is extended to study the architecture, structure 

and functions of complex data processing application systems, like ERP, CMS and different 

types of eBusiness software. We are also dealing with the standards and tools of Business 

Process Modeling. 

 

PUBLICATIONS 

[1] A. Rák, G. Feldhoffer, G. B. Soós, and Gy. Cserey. Standard C++ Compiling to GPU with 
Lambda Functions, In Proceedings of 2010 International Symposium on Nonlinear Theory and its 
Applications (NOLTA 2010), Krakow, Poland, 2010
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22. DATA MANAGEMENT, DATA MINING AND MEDIA 

TECHNOLOGIES FOR COMMUNITIES 

GERGELY LUKÁCS, Associate Professor; GYÖRGY TAKÁCS, Professor 

Graduate students: MÁTYÁS JANI, MÁRTON HUNYADY 

We are working on laying the foundations for small community media using the latest 

available technologies such as smartphones, the mobile internet, big data and data mining. 

The primary goal is strengthening viable communities, supporting their self-organization on a 

practical level and promoting community members' mental health.  Multidisciplinary 

cooperation with media experts, sociologists and psychologists as well as close cooperation 

with several communities allow us to concentrate on the technical issues while also focusing 

on our   primary goal. 

Technically, the following areas are covered: 

i. Audio data, i.e. speech and music play a central role in our approach. New 

challenges, such as mixed speech and music playlist generation are to be met 

(pure music playlist generation has been extensively handled over the past few 

years in the IEEE and ACM literature). There is also cooperation with the 

human language technology group. 

ii. Database management and data mining approaches are required both for (a) 

analysing media content, (b) customizing the data based on individual profiles 

and on actual context information utilizing value-based (or dual goal) and 

serial recommender systems, (c) analysing usage patterns, (d) investigating 

data on personal connections and travel trajectories. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Data sources/forms related to audio media for communities 

 

 
 

(c) Mixed speech-music playlist 

 

 

 
 

(b) Trajectory data on persons' journeys 

 

 
 

(a) Social network data 

 

 
 

(d) Sensor data 
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PUBLICATIONS: 

[1] M. Jani, G. Lukács, and Gy. Takács, “Experimental Investigation of Transitions for Mixed Speech 
and Music Playlist Generation,” in Proceedings of ACM International Conference on Multimedia 
Retrieval, Glasgow, United Kingdom, 2014, pp. 392–398. 

[2] M. Jani, Gy. Takács, and G. Lukács, “Evaluation of Speech Music Transitions in Radio Programs 
Based on Acoustic Features,” in Proceedings of 11th International Workshop on Content-Based 
Multimedia Indexing (CBMI), Veszprém, Hungary, 2013, pp. 97–102. 

[3] G. Lukács, M. Jani, and Gy. Takács, “Acoustic feature mining for mixed speech and music playlist 
generation,” in Proceedings of ELMAR, 2013 55th International Symposium, 2013, pp. 275–278. 

[4] Pepi Burgos, Mátyás Jani, Catia Cucchiarini, Roeland van Hout, and Helmer Strik, “Dutch Vowel 
Production by Spanish Learners: Duration and Spectral Features,” in INTERSPEECH-2014, 
Singapore, 2014, pp. 529–533. 

[5] G. Lukacs, D. B. Pethesné, and B. Madocsai, “Impact of Personalized Audio Social Media on 
Social Networks,” in XXXIII. Sunbelt Social Networks Conference of the International Network for 
Social Network Analysis Abstract Proceedings, Hamburg, Germany, 2013, p. 210. 
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JOINT CENTERS WITH THE SEMMELWEIS UNIVERSITY 

 

A. HUNGARIAN BIONIC VISION CENTER 

B. CENTER OF NEUROMODULATION 
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A. HUNGARIAN BIONIC VISION CENTER 

Directors:  KRISTÓF KARACS PHD, Associate Professor; ÁKOS KUSNYERIK PHD 

Advisers: JÁNOS NÉMETH MD, DSC, Professor, ILDIKÓ SÜVEGES MD, DSC, Professor, 

BOTOND ROSKA PHD, Head of Laboratory, Friedrich Miescher Institute, Basel, ÁKOS 

ZARÁNDY DSC, Professor 

Graduate students. MIHÁLY RADVÁNYI, ATTILA STUBENDEK 

 

The goal of the Hungarian Bionic Vision Center is to 

restore vision of visually impaired patients to the 

maximum extent and to improve the quality of their lives 

through using medical and technological aids. We run 

programs to study promising medical and engineering 

technologies under active research. 

CURRENTLY ACTIVE PROGRAMS 

I. Research, development and testing of universal electronic devices for visually 

impaired people 

II. Taking part in international clinical studies for retinal implants and establishing 

these practices in Hungary (control, preoperative and postoperative follow up) 

III. Optogenetic techniques 

 

The main focus of Program I is the development and testing of the bionic eyeglass in 

cooperation with organizations representing visually impaired people. In the framework of 

Program II we mostly deal with subretinal implants. Program III concentrates on the very 

promising research in optogenetics. 

The operation of the center is based on the cooperation between the Dept. of 

Ophthalmology of the Semmelweis University and the Jedlik Laboratories at the Faculty of 

Information Technology of the Pázmány Péter Catholic University. The center is scientifically 

supervised by Prof. János Németh, director of the Dept. of Ophthalmology, and Prof. Tamás 

Roska, founding dean of the Faculty of Information Technology. We put a strong emphasis on 

partnership with blind organisations. Our most important partner is the IT for visually 

impaired foundation. 
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B. CENTER OF NEUROMODULATION 

Directors:  LORÁND ERŐSS MD, PHD, Associate Professor, neurosurgeon, neurologist, fellow 

of interventional pain practice; DANIEL BERECZKY MD, PHD, DSC, Professor 

Senior clinicians in the different treatment groups of the center: 

Epilepsy Surgery Program: DR. DÁNIEL FABÓ; PROF. DR. PÉTER HALÁSZ; DR.LORÁND ERŐSS  

Pain Program: DR. EDIT RÁCZ; DR.LORÁND ERŐSS 

Deep Brain Stimulation Program for movement disorders: DR. ANNAMÁRIA TAKÁCS; DR. 

ANITA KAMONDI; DR. MAGDOLNA BOKOR; DR. GERTRÚD TAMÁS; DR. LORÁND ERŐSS 

Intrathecal Drug Delivery Program: DR.LORÁND ERŐSS; DR. LÁSZLÓ ENTZ 

Psychologists: DR. NOÉMI CSÁSZÁR; CSABA BORBÉLY 

Psychiatrist: DR. ÉVA CSIBRI 

Neuromodulation nurses: KATALIN KIRÁLY; BARBARA KOVÁCS 

Senior researchers: DR. ISTVÁN ULBERT; DR.GYÖRGY KARMOS; DR. LUCIA WITTNER 

PhD student: DR. LÁSZLÓ ENTZ  

 

In biotechnological context neuromodulation is a field of science, medicine and 

bioengineering that encompasses implantable and non-implantable technologies, electrical 

and chemical with the aim to improve the quality of life for humans suffering from 

neurological disorders.  

The reason of initiation of the first neuromodulation center in Hungary was to create an 

interdisciplinary hub where clinical medicine, research and medical and infobionic education 

meets in the field of neuromodulation. In the center, research can have direct influence on 

medical practice and education on the graduate and postgraduate level in medical school and 

in information technology.  

This will be a place for technology of the neural interface for doctors, bioengineers and the 

neuromodulation industry. 

Our aim is to be a center of excellence in neuromodulation for a broad spectrum of patients 

with different neurological disorders in Hungary and in the Central European region: 

 to support the clinical work of physicians in neuromodulation to create a center 

of excellence, 

 to introduce neuromodulation in the medical and bionic education at graduate 

level, 

 to promote animal research in neuromodulation and clinical investigations in 

the field of neuromodulation, 

 to develop existing and new neuromodulation devices, 

 to give the opportunity to join international multicenter clinical trials and 

initiate external research sites for neuromodulation companies, 

 to support incubate spin-off and start-up companies in the field of 

neuromodulation. 
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The center was initiated by Loránd Erőss and founded by Professor Tamás Roska from the 

Pázmány Péter Catholic University and Professor Miklós Réthelyi, Minister of National 

Resources. The members of the Advisory Board are Gabor Racz the founder of the 

International Pain Center at Texas Tech University Health Sciences Center, the Dean of the 

Pázmány Péter Catholic University, Faculty of Information Technology, the Professor of 

neurology and the Professor of neurosurgery from Semmelweis University. In the supervisory 

board there are Hungarian and foreign specialists in the field of neuromodulation. The 

director of the center is Loránd Erőss.  

The center incorporate the Pázmány Péter Catholic University, Faculty of Information 

Technology, the National Institute of Clinical Neurosciences, Functional Neurosurgical 

Department and the Semmelweis Medical University, Institute of Neurology, Department of 

Movement Disorders 

This is the youngest collaborative center of the Pázmány Péter Catholic University, Faculty 

of Information Technology. The first research and development project is “Remote 

telemetrical programming of neuromodulation devices”. The Neuromodulation Center is 

expanding the remote telemetrical programming of various IPGs and implantable pumps. 

With help of this new platform and device, the service can be provided regardless the physical 

location of the patient or the physician. It is important in cases of movement impaired, 

elderly, or very poor patients who cannot afford to travel for regular clinical controls or in 

cases of emergencies like pump EOL. 

The neuromodulation activity in clinical practice started in 1999 implanting the first ITB 

pump. 2004 a regular neuromodulation program was introduced and in 2010 the first 

Functional Neurosurgical Department of Hungary was founded by dr Erőss. In the last 8 years 

since the neuromodulation program is active in the National Institute of Clinical 

Neurosciences 120 patient got intrathecal pumps for spasticity and pain, 77 patients went 

through SCS tests for chronic pain syndromes. The center introduced first in Hungary several 

new techniques like motor cortex stimulation for thalamic in 2008, and the first Gasserian 

ganglion stimulator for neuropathic facial pain and a retrograde C1 surgical lead was 

implanted here for drug resistant atypical facial pain. The Neuromodulation Center is 

increasing its activity in Deep Brain Stimulation in different movement disorders, since 2004 

vagus nerve stimulation and from 2012 DBS in epilepsy. 

At present this is the only Neuromodulation Center in Hungary which incorporated a 

Functional Neurosurgical Department and has a background of bionic research and takes part 

of the combined graduate and postgraduate medical and bionic education. 
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Fig. 1 Intraoperative electrophysiological recording, during Deep Brain Stimulator implantation in a 

Parkinson’s disease patient (Institute of Clinical Neurosciences, Budapest) 

 

 

Fig. 2 Strip electrode implantation in epilepsy surgery (National Institute of Clinical Neurosciences) 
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VARIOUS JOINT RESEARCH PROJECTS WITH THE SEMMELWEIS 

UNIVERSITY 

I. ON-LINE PERSONALIZED GENETIC ANALYSIS FOR 

TUMORS  

II. OPTICALLY CONTROLLED SELF ORGANIZING 

AMYLOID NETWORK 

III. ULTRASOUND IN DERMATOLOGY 

IV. DIGICON (DIGITAL MEDICAL CONSULTATION) 
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I. ON-LINE PERSONALIZED GENETIC ANALYSIS FOR TUMORS 

SÁNDOR PONGOR, Professor; BALÁZS GYŐRFFY, Associate Professor 

Graduate student: BALÁZS OLÁH 

MEDICAL DATA MINING, DATA-DRIVEN HYPOTHESIS GENERATION IN CANCER 

RESEARCH 

Research in life sciences is only possible today with access to online literature databases. 

Extracting information useful for medical researchers and practitioners is possible now with 

the methods of parallel data mining, simultaneously applied to medical publications and 

molecular databases. Hypothesis generation refers to generating surprising, non-trivial 

suppositions and explanations based on information extracted from textual resources. From a 

data-mining perspective, text-based hypothesis generation is a case of link discovery, i.e. a 

hypothesis can be considered as an undiscovered relation between pre-existing knowledge 

items. Early success stories include the discovery of therapies for Raynaud’s disease and 

migraine. In the genomics era, hypotheses are often formulated as relations involving 

molecular entities, such as genes, proteins, drugs, metabolites, etc., so the use of textual 

resources needs to be combined with molecular databases, and often, with new experimental 

data generated by the user. A typical example of application is finding undiscovered links and 

synergisms between approved pharmaceuticals, as drug combinations can reach the 

applications phase much faster than novel drugs. A promising area is the study of synergisms 

that may exist between generic and targeted therapeutic agents or the design of cocktail 

therapies for complex diseases. 

The emphasis of current cancer therapy is shifting from traditional chemotherapy to 

targeted drugs. Such therapies rest on two fundamental motives: i) the use of targeted 

pharmacons that act on one or a few molecular targets specific to tumor cells, and ii) 

identification of biomarkers suitable for the prediction of drug response. High throughput 

technologies provide massive amounts of data that can be processed from many viewpoints; 

the average research groups however lack the necessary and sometimes very extensive, 

bioinformatics repertoire. Our aim is to develop on-line facilities that are able to integrate 

high throughput data with a complex algorithmic procedure that allow identification of 

biomarkers or statistical targets. An additional goal is to create prediction systems that can 

help point of care diagnostics applications.  



Overview of Jedlik Laboratories 

 
 

78 
 

  

COLLABORATORS: 

Dr. Balázs Győrffy, Research Laboratory of Pediatrics and Nephrology, Hungarian Academy 
of Sciences, Semmelweis University, Budapest, Hungary 

Dr. Ingrid Petrič, Centre for Systems and Information Technologies, University of Nova 
Gorica, Slovenia 

PUBLICATIONS 
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[2] Csermely, P.; Agoston, V.; Pongor, S. The efficiency of multi-target drugs: the network approach 
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II. OPTICALLY CONTROLLED SELF ORGANIZING AMYLOID 

NETWORK 

MIKLÓS KELLERMAYER, Professor; SZABOLCS OSVÁTH, Associate Professor; KRISTÓF IVÁN, 

Associate Professor 

AMYLOID ARRAY FOR NANOELECTRONIC APPLICATIONS 

The general objective of our project is to investigate whether an amyloid-fibril based oriented 

network can be developed into a nanoelectronic array. The array, with its nanometer-scale 

dimensions, may, in principle, be utilized for novel electronic applications. Specifically, we 

plan to 1) develop a microchip (nanoarray) from oriented network of mutant amyloid beta 25-

35 (Aß25-35) fibrils organized on the surface of mica; 2) transform the amyloid fibrils into 

conductive nanowires via nano-gold labeling and silver enhancement; 3) assign optically 

modulated switches in the nanoarray by using recombinant photosynthetic reaction centers; 4) 

acquire high-resolution, spatially resolved conductivity map of the nanoelectronic array under 

optical modulation; 5) analyze conductivity data in terms of computational models. 

The professional, scientific and economic significance and importance of our project is 

enormous even by modest estimates. The significance stems on one hand from the particularly 

advantageous properties of the amyloid nano-network, and on the other hand from the great 

general interest in the development of nanoelectronic technologies. Because of the structural 

features of the amyloid network the spatial resolution is truly on the nanometer scale, which 

represents three orders of magnitude improvement over that of the current microarray 

technologies and nearly two orders of magnitude improvement over that of current silicon 

wafer technologies. Our project may lead to the development of novel computational 

methodologies. In addition, technologies such as super-resolution CCD, direct-readout 

analytical chips, and computational nanochips may eventually be achieved. 
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COLLABORATORS 

Arpad Karsai, Department of Neurobiology, Physiology, and Behavior, University of 
California-Davis, Davis, CA, USA 

Maria J. Saraiva, Institute for Molecular and Cell Biology, University of Porto, Porto, Portugal, 
Instituto de Ciências Biomédicas de Abel Salazar, University of Porto, Porto, Portugal 
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III. ULTRASOUND IN DERMATOLOGY 

SAROLTA KÁRPÁTI, Professor; MIKLÓS GYÖNGY, Associate Professor; KLÁRA SZALAY, 

Associate Professor 

GROUP OVERVIEW 

The working group is a joint venture between the Ultrasound Bionic Technologies laboratory 

of the Jedlik Laboratories (see pp. 42) and the Department of Dermatology at Semmelweis 

University. The group enables an interdisciplinary collaboration between clinical 

dermatologists with well-established experience in ultrasound-based diagnosis and bionic 

engineers with the knowledge of ultrasound biophysics. The aim of the group is to help 

develop an ultrasound imaging platform that can be used by dermatologists and other doctors 

to help them perform differential diagnosis on skin lesions. Such work has two main aspects, 

namely the research of appropriate differential diagnosis algorithms and the development of a 

suitable medical device on which these algorithms may run. These activities are considered in 

the corresponding sections below. 

DIFFERENTIAL DIAGNOSIS 

Skin lesions come in many forms, from benign nevi to malignant (but rarely fatal) basal cell 

carcinoma (BCC) to malignant  melanoma (MM) – even between these diagnoses, many 

subtypes and of course stages present themselves, which ultrasound imaging, given suitable 

expertise, can distinguish between [1]. The aim of our research is to try and represent the 

knowledge of an expert radiologist in a form that can be algorithmicised to enable computer-

aided diagnosis (CAD). Our previous research has shown that quantitative descriptors such as 

the Nakagami parameter may potentially be used to perform differential diagnosis between 

MM and BCC melanoma and basal cell carcinoma. However, the performance of the 

differential diagnosis algorithms is very sensitive to choosing the correct region of interest 

(ROI) and to low signal to noise ratio (SNR), therefore research is ongoing to find ways to 

create robust Nakagami estimators. 

In finding suitable algorithms to help differential diagnosis, the group took a step back and 

started looking at semi-quantitative scores of different ultrasound features, as provided by 

radiologists and medical practitioners of various levels of experience. The question is how 

these scores correlate with gold standard histology diagnoses. Based on these results, 

candidate scores may be selected that could be used by medical practitioners without 

radiology qualifications. Furthermore, the questions arises how the semi-quantitative scores 

can be translated into fully quantitative parameters (such as the Nakagami parameter) that can 

be calculated by (semi-)automatically using a computer, potentially enabling use of the 

differential diagnosis algorithms by non-professionals. 
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MEDICAL DEVICE DEVELOPMENT 

Although diagnostic ultrasound devices are abundant on the market and are often cost-

effective compared to diagnostic imaging modalities, relatively few have the capability to 

transmit and receive at frequencies high enough (over 15 MHz)  for dermatological 

applications. Moreover, even ultrasound systems or transducers specifically designed for 

dermatological investigation lack cost-effectiveness, portability and non-expert usability. For 

this reason, the Ultrasonic Bionic Technologies group of the Jedlik Laboratories (see pp. 42) 

has undertaken to develop a user-friendly ultrasound device specifically aimed for 

dermatological applications, with the aim of evaluating its effectiveness within the currently 

discussed working group. 

As a first step in this development, a single element transducer was designed and tested that 

enables high-resolution ultrasound images to be generated at depths sufficient for 

dermatological analysis (Figure 1). In collaboration with EVOPRO, we also developed a 

multi-element imaging platform that enables imaging using an annular array for optimal 

lateral resolution.  

 

 

 

 

 

 

 

 

Fig. 1 Comparison of ultrasound images of an agar-graphite phantom. Left: image taken using 

commercially available (5 MHz) ultrasound. Right: image taken using high frequency (17 MHz) 

ultrasound developed by the laboratory. Note the increased resolution at the cost of lower penetration 

depth. Work with Balázs Bajnok and Marcell Pólik. 
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IV. DIGICON (DIGITAL MEDICAL CONSULTATION) 

GÁBOR PRÓSZÉKY DSC, Professor, principal investigator; JÁNOS NÉMETH MD DSC, Professor 

Graduate students: GYÖRGY OROSZ, BORBÁLA SIKLÓSI, ATTILA NOVÁK, ISTVÁN ENDRÉDY, 

LÁSZLÓ LAKI, BALÁZS INDIG 

SHORT DESCRIPTION OF THE ACTIVITIES 

Every day vast amount of clinical documents are gathered in hospitals in different countries 

containing great amount of valuable hidden information. Although this information is 

available in textual format, there are a number of pre-processing stages that need to be 

employed before the valuable data is condensed to a frame-based knowledge for the purpose 

of automated DDS utilization. Clinical documents likely contain some errors of the following 

types therefore this pre-processing stage requests robust and complex natural language 

analysis tools: 

 typing errors: these errors occur during text input mainly by accidentally 

swapping letters, inserting extra letters, or just missing some 

 misuse of punctuation marks  

 non-standard spelling  

 medical terminology errors: These errors arise from non-standard use of 

special medical language that can be a mixture of the Latin and the local 

languages (e.g. tensio/tenzió/tenzio/tensió). 

 

The result of the pre-processing is a noise-reduced text, which still contains many 

ambiguities. Basic steps required for a normalized representation are: 

 resolving abbreviations 

 grammatical annotation (POS tagging, syntactic parsing) 

 named entity recognition: doctors, drugs, diseases, dates, scores and measures, 

treatments and other health concerns 

 explore semantic relations (synonyms, lexical semantics, etc.) 

 concept matching: mapping variable lexical and surface representations of the 

same concept to a unique identifier with the use of a knowledge base. 

 

After basic normalization, the resulting expanded data is to be stored in a uniform 

representation where the units of information are clearly separated. A higher level of 

structuring analyses the records on the line of each patient’s medical history. Since raw texts 

do not necessarily include information about it, the timeline will be recognized automatically. 

Both the patient’s medical history (describing a patient’s run in the medical history) and the 

history of a certain case is recognized and linked. The resulting structure, an intermediate 
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ontological representation (as it is shown by the sketch below) will be the same in each 

language ensuring possible interlingual connection for further processing and unified 

accessing. 
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