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Foreword

The author of this report, Professor Nicholas Bottka, is a senior scientist who was born in Europe and studied, taught  and pursued scientific research in Germany and the United States for the past 38 years.  He is a former Humboldt Fellow and served the USA government in London as a senior advisor on European scientific research matters. He is currently a visiting professor at the University of Virginia, USA, engaged in research related to Micro Electro Mechanical System (MEMS) development. The report below covers his activities at MTA-SZTAKI (Hungarian Academy of Sciences, Computer and Automation Research Institute, one of the EU Centers of Excellence in Hungary), during the period from 1 May to 20 July 2002. 

Technical Objective for the MTA-SZTAKI Visit

The objective of this scientific collaboration with Prof. Tamas Roska and his research group at MTA-SZTAKI was as follows:

(1) To define current scientific and engineering challenges in the field of remote tactile sensing/imaging as it relates to Cellular Neural/Nonlinear Network (CNN) processing and the latest developments in MEMS technology, 

(2) To formulate a concrete research plan in developing a "smart sensor(s)" chip that would be able to fuse visual and tactile images encountered in various medical and industrial applications.

(3) A collateral objective to strengthen scientific ties with various individuals at SZTAKI and with members of other MTA institutions interested in the tactile research topic under consideration. 

(4) Last but not least, there was a pleasurable side to the visit, namely, to experience the various aspects of cultural, intellectual and every day life of Hungary. 

Technical Accomplishment

Much of the collected background material needed to address the research topic was done prior to coming to Hungary.  Soon after coming to the institute it became apparent that much more literature search was necessary to determine the outer boundaries and ramifications of the tactile sensing/display research field.  There are many disciplines that deal with similar problems, e.g. tele-medicine, robotics, virtual reality, MEMS, sensor and actuator developers, etc. Each one of these groups publishes their results in their respective journals. Much of the interesting research results undertaken by the various specialists are not cross-referenced and are in many instances hidden from each other. It was therefore imperative for us to find out what is the state-of-the-art and who are the leaders in this field in the various disciplines.

Once the boundaries of knowledge became clear, we were able to discover needs and possibilities, especially  in the field of tactile display and tactile image processing. 

Based on these findings we initiated the following two research initiatives:

(1) The institute will invest in a tactile sensor system consisting of 16x16 pixel elements which is currently available in the US and will modify it in such a manner that the pixel level signals can be manipulated (processed) with SZTAKI developed CNN software. In technical jargon, we plan to "embed" relevant portions of this system in our own CNN algorithm. The exciting part of this research is the possibility of "fusing" and manipulating two different sets of sensing images (visual and tactile) within the same processing system. This is a new direction in multi sensor research that is unique and promises to lead to new fundamental discoveries in visual and tactile sensing.

(2) The more challenging, but just as intriguing initiative will be to design a tactile display platform ergonomically fitting to the human dermis which will be capable of stimulating the sensation of touch in a dynamic way. Tactile display technology is in its infancy because of the difficulty to design a system that can perform all the functions usually associated with the human dermis. The four eferon nerve endings in the finger have different spatial and temporal responses. How to stimulate them with an artificial tactile platform is a challenge. We propose to feed the actuator elements of the tactile display with a "wave" of tactile images generated by a computer. This dynamic frame approach will not demand large contact force to activate the fast receptors.

The ultimate aim of the research is to develop a tactile transducer that can convert and transmit finger applied stress on a pad to a remote stress/actuator that "feels" the contact force of a remote object. The remote object is "sensed" then processed and transmitted back to the operator by stimulating the finger to convey the felt resistance of the remote object. To accomplish this goal it will require the collaboration among the various research institutions in Hungary, Europe, and the US.

Recommendations

The author feels privileged to have had the opportunity to interact with so many outstanding scholars at SZTAKI.  There is no doubt that such an interaction was of great benefit to the author - and hopefully also to the scientists at MTA.  

The author would like to voice some constructive critique.

(a) It was noticed that there is some reticence on part of Hungarian scientists in Budapest to collaborate with each other. That is a luxury ill afforded under the current circumstances. International collaboration is essential, but local pooling of resources and know-how is just as important. The onus of change lies with the senior scientists. They must create a research environment where not just individual excellence, but also teamwork is encouraged. In particular, the author would recommend that junior researchers from the various MTA institutes who investigate tactile related problems do get together periodically to "brain storm" and to share with their colleagues their latest findings. The senior members could participate as advisors to make sure that there is to be some "reality check" regarding the R&D plan

(b) International, not just European, visitor scientist programs should be fostered by the Hungarian scientific community. There was a time when it was essential for Hungarian scientists to go abroad and establish links to prestigious institutions. That is still necessary today, specially for recent post doctoral fellows. However, Hungarian scientific institutions should realize that it is just as important to attract senior scholars from abroad to work in Hungary. This is not just a matter of courtesy, but of utmost necessity for the health of Hungarian science. There should be a formalized program to achieve this on the model, for example, of a Humboldt Fellowship in Germany. This could be done on a smaller scale and would require some planning as to financing, local housing, etc. Sometimes the mundane details of living and working in a host country discourage scholars from coming to Hungary.

(c) Regarding the EU visiting scientist program: The Hungarian institutions should provide the visitor with all the contractual paperwork prior to and not after his or her entry in the country.  

( d) Better English skills must be fostered among the young scientists. More scientific exchange visits from abroad would help solve this problem.  

Hungarian Cultural Experiences

Living in Hungary for almost three months can be summarized with one word: wonderful. The author and his wife have been literally "immersed" in Hungarian life since day one. Although there may still be many shortcomings in everyday life, those pale in comparison to the wealth of positive experiences. Hungary was nice to us and we have experienced only kindness and warmth on part of the Magyar people. Here are some vignettes regarding culture:

Language

The Magyar language is difficult for the foreign visitor. A rudimentary knowledge is essential, specially outside Budapest. In Budapest many of the young speak English; the older generation speaks German. The Hungarians do, however, appreciate those foreigners (like us) who try to use that tongue twisting Magyar "nyelv".

Music

We have enjoyed many musical performances in Hungary and conversed with some of the musicians.  We were impressed by the high caliber of the performances.  We learned that Budapest alone has, not one, but 10 Baroque ensembles and one can go to concerts each day of the week most of the year. This may not be surprising considering that Hungary has such a rich history of great composers and musicians. 

Folk Art and Country Life

We traveled and lodged in many cities and villages during our stay in Hungary. We had the feeling that each city or village outside Budapest wanted to prove that they are just as "pretty" if not "prettier" than the capital. There was a sense of pride on part of the citizens and there was hardly a place that did not have a local museum to highlight the history or folk art of the town. Many of the villages had "cultural houses" where local men and women crafted wood, ceramics, and beautiful embroideries.

Past and Future

Hungarian people have a tumultuous history; past hardships are still etched on the character of the nation. Those of the older generation have a difficult time adapting to the rapid changes taking place in the country. Surprisingly in spite of the many hardships they still lead a dignified life. On the other hand, the new generation is looking towards a brighter future and is working very hard to "fit" within the greater Europe, i.e. to merge with the EU. Most people outside the country do not realize that almost 1/3 of the Hungarian speaking population lives outside the current border of Hungary. These Hungarians represent significant minorities in neighboring Romania, Slovakia, Ukraine, and Serbia. Nationalistic feelings are strong on all sides. Ignorance, intolerance, and xenophobia are hidden dangers for a brighter future. Perhaps the antidote to such potential calamity lies within acceptance in the EU. 
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Presentations

Colloquium talks titled "MEMS Quo Vadis?" and "Tactile Sensing and CNN" presented at SZTAKI and Veszprem University. These presentations can be found in the following MS Power Point files (included as attachments):

"MEMS-1.ppt" and "sens&actnew.ppt"
Additional scientific visits made to MTA-MFA (Research Institute for Technical Physics and Material Science).

