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1 Introduction and list of participants

In June, 2001, in Brussels, about twenty scientists working in  thefields of bionics (biologists and IT researchers), as well as a few science policy managers, from both sides of the Atlantic, gathered to define a joint research agenda which could define a joint research program. This program, for discovering and implementing new ideas, methods, and devices, in the field of BIONICS will be beneficial for millions of people suffering of different handicaps and diseases, would ease the life for millions of families and workers, and would create a new industry in the 21st century. This has been a response to a former initiative of the government of the United States and the European Commission. 

BIONICS has been understood as a common notion for bio-inspired information technology, including, typically three types of systems, namely, 

· bio-morphic (e.g. neuromorphic) and bio-inspired electronic/optic devices, 

· autonomous artificial sensor-processor-activator prostheses and various devices built into the human body, and 
· living-artificial interactive symbioses, e.g. brain-controlled devices or robots.

In spite of some restrictive use of the name of bionics in popular culture, as well as the unfulfilled promises in the fields of neural networks, artificial intelligence, soft computing and other “oversold” areas, it was agreed that the name bionics defined above is a right one for the emergent technology described also as bio-inspired information technology (some people suggesti info-bionics). There are many programs at several funding agencies that support some parts of this field under many other names.

There are several driving forces behind this technology, some of them are as follows:

· Recent advances in technology

· advanced micro sensor and MEMS technology (“the sensor revolution”, including micro sensors and actuators)

· low power computing and communication devices

· new computing paradigms

· advanced neuro-interfacing, biocompatible materials

· New discoveries in neurosciences 

· functional understanding of critical brain functions (e.g.,retina, LGN, tactile sensing)

· better understanding the plasticity of the brain

· biocompatible interface mechanisms

· Social needs and implications related to  
· aging population, 
· security risks at home and public places, as well as
·  in industry and in the environment 
It is also recognized that the devices, goods, and services in bionics will soon lead to the emergence of a new multi-billion dollar/euro industry.

To promote the early success and leadership in this new industry, a pre-competitive transatlantic collaboration is planned. Some of the main reasons are:

· There exist already many very active, pioneering, collaborative work, they need a boost in promotion to reach a critical mass.

· A multitude of new ideas is emerging and the synergy of the different cultural backgrounds could be highly beneficial.

· There is a need for some quasi-standards as soon as possible, and the easiest way is to set them in the research phase.

· An organized exchange of doctoral students is needed with a mutually acknowledged credit system, they could benefit from a medium-term-stay (e.g., 2-3 semesters) and return to their home Laboratories acquiring credits.

· The area is a genuine multi-disciplinary field where the lack of well -trained and innovative scientists and engineers is a major bottleneck.

The Workshop had been prepared before the meeting in Brussels. The four areas are selected and described. The participants prepared their short summaries and the Chair and the Reporter in each session had been selected. All participants attended all sessions with an active discussion. The summaries of each session discussions leading to a better definition of the related areas are summarized in this Report.

In addition to the presentations and discussions about the content of a later joint call for proposals, several key action items emerged from the discussions during the workshop. These are summarized, as well.

In the appendices we give the data and the summary of contributions, as well as the CVs of the participants.

We are indebted to the enthusiasm and foresight of the leading science policy managers at both institutions (NSF and IST/FET) as well as the administrative organizers of the Workshop at ERCIM.
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 2 Executive summary

BIONICS

Bio- inspired information  technologies

-a transatlantic research program

In June 2001, in Brussels, about twenty scientists working on both fields of bionics (biologists and IT researchers), as well as the relevant science policy managers, from both sides of the Atlantic, gathered to define a joint research agenda which could lead to a joint research program. When implemented, this program aimed at discovering and implementing new ideas, methods, and devices will be beneficial for millions of people suffering from different handicaps and diseases, would ease the life for millions of families and workers, and would create a new industry of the 21st century. 

This innovative program would largely capitalize on novel opportunities

· Recent advances in technology

· advanced micro sensor and MEMS (MOEMS) technology

· low power computing and communication devices

· new computing paradigms (AnaLogic Cellular Computers, etc)

· advanced bio/neuro-interfacing

· New discoveries in Neurosciences, among others:

· functional understanding of critical brain functions (e.g. retina, LGN, tactile sensing)

· better understanding the plasticity of the brain

· bio-compatible interface mechanisms

· Social needs and implications related to  
· an aging population in OECD countries, 
· security risks at home and public places, as well as
·  in industry and in the environment 
The Vision

A new industry will emerge serving unprecedented human needs, resulting in

· Brain controlled robots and motor prostheses (human and industrial use)

· Life-like Perception/action devices for household, industrial, transportation, medical use (home and community security, telemedicine, home-care, life-like robots/valets, etc.)
· OEM bionic parts to be embedded in many other goods and services
Implementation of the transatlantic research network
· Network of task specific testbed Laboratories 

· d0 neural/bio interfaces for generating and sensing neural signals
· Bio-morphic and bio-inspired sensors/activators/communicators

· prototype analogic sensing/processing/action computers (analogic: a combination of analog spatial-temporal dynamics and logic)

· Network for prototype brain controlled and neuromorphic  robots

· Network for application specific methodologies for prosthetic devices 

It was agreed that unless we construct, support, organize laboratories or small laboratory networks which will house functional neuroanatomists, psychophysicists, modelers, neurophysiologists, information technologists, VLSI designers, and people familiar with the new analogic cellular (CNN) computing principles and software, working side by side, we     cannot make a real breakthrough.

The main areas of activities are summarized in the next chart. We have selected four core areas of activity and defined eight supporting subject areas.
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3 The program of the Workshop and the reports of the four sessions

The program of the Workshop   was divided into four Sessions. Each SESSION, with a Chair and Reporter was introduced by presentations of the scientists assigned to this program, and all presentations were  discussed by all the participants of the Workshop. Finally, the major goals of the program were discussed and agreed upon.

The program of the Workshop is shown next:

Day 1:  19. June, 2001

9h00-9h45  
Opening session 

Welcome by Tamás Roska (SZTAKI), Chairman 

· Simon Bensasson (FET head of Unit)

· Carl Smith  (EIA division, NSF)

· Remi Ronchaud  (ERCIM, EU/NSF co-ordinator)

9h45-12h15
Session A - Sensing, interfaces, and sensors 

Chair: R. Norman, Reporter: S.Picaud

Presenters: C.Bessant, A.Engel, M.Grattarola, S Picaud, P. De Maziere (M.Van Hulle), 

· Bioelectronic, biomechanical and biochemical sensing, as well as brain imaging

· Electronic, mechanical, thermal, chemical and other interfaces to living tissues

· Content and context dependent sensing and sensors, Plasticity

12h15-12h45 
Session Conclusion Discussion

14h00-17h00 
Session B -Human-machine interaction with autonomous sensors - prostheses

Chair: R. Eckmiller, Reporter: R. Tetzlaff

Presenters: D.Kipke, K.Lehnertz, P.Rousche, R.Tetzlaff, G.Dorfner, A.Dittmar

· Vision, hearing, tactile and other prostheses

· Implanted alarm devices and acting mechanisms 

· Human interactive command without keyboard

· Human aspects

17h00-17h30 
Session conclusion discussion

17h30-18h00  
Day 1 Conclusion discussion

Day 2: 20. June, , 2001

9h00-12h00 
Session C - Bio Systems 

Chair: J. Hámori, Reporter: A.Moschovakis

Presenters: J.Hámori, A.Moschovakis, L.Fortuna, V.Gál, T. Roska

· Motor Control

· Sensor-motor integration

· Integrated sensing-processing-acting and learning devices and technologies

· Ethical issues

12h00-12h30 
Session conclusion discussion

14h00-17h00 
Session D - Bionic devices 

Chair: F. Werblin, Reporter: D. Scribner

Presenters: F.Werblin, N.Francescini, G.Indiveri, Á.Rodríguez-Vázquez, Ch.Toumazou, D.Scribner

· Representation of real-world stimuli in biological systems  

· Complex systems – Bio-inspired/ neuromorphic, spatial-temporal computing models with possible programmability
· VLSI implementations and Bionic Eye, Ear, Nose, Skin and other bionic devices

 17h00-17h30
Session conclusion discussion

17h30-18h00  
Day 2 Conclusion discussion

Day 3 :21.  June, 2001    

9h00-12h00 
Session E  - Assessment of Near Future Directions 

Chair: T. Roska  and F. Werblin

The main conclusions of Sessions A-D were assessed and discussed to provide the final results of the workshop (final report), which are meant to serve as a basis for future programs and collaboration between the EU and the NSF. These results will also be circulated in the scientific community for discussion and comments

12h00-13h00
Round Table (T. Roska Chairman)

- Simon Bensasson (European Commission)

- Carl Smith (National Science foundation)

- Jean-Eric Pin (ERCIM)

- Pekka Karp (European Commission)

The summaries of the four sessions are as follows

3.1 Sensing, interfaces and sensors

Session’s major research questions:


Sensory information processing and integration are currently investigated by invasive and non-invasive techniques  such asmulti-electrode recording and neuro-imaging. These studies indicate that brain functions rely on coherent activation of different neurones within a given neuronal structure and even among different brain areas. Analysing or modelling the massive amount of data (images or multi-recording) is a complex task because computers cannot process calculations in parallel like sensory neuronal networks. 


Interfaces containing electrodes of different geometries have been developed to record or stimulate cortical neurones or nerve fibres. These interfaces need, however, to be improved especially regarding their long-term stability and bio-compatibility. For improvements like this, in vitro systems provide a powerful alternative approach to the use of animals. Cell culture of adult retinal neurones could, for instance, be used to screen bio-compatible compounds. These in vitro models could also be used to design stimulating protocols for the different neuronal populations found in the central nervous systems: spiking or graded potential neurones. Finally, in vitro neural networks like this  could also be designed to integrate complex tasks.

Animals display a great variety of sensory systems that easily outperform existing sensors generated by human beings.. Biosensors designed to follow principles of biological sensory physiology or using biological compound (enzyme, antibodies) have proved commercially successful for glucose test in diabetic people or for chemical discrimination. An artificial tongue and nose were, for example, created but these elements do not have the exquisite sensitivity of our senses nor do they have the same level of miniaturisation. New polymer structures are currently developed to enlarge the chemical sensitivity which can also be obtained from antibodies or enzymes. 

Session recommendation


The result of the data analysis could provide basis for a therapeutic decision such as local surgery, pharmacological treatment or brain prostheses. Prostheses were validated in sensory systems by the development of cochlear implants for auditory deficits. Their development for other sensory systems requires the development of adapted model for sensory system integration in order to generate adequate pattern of stimulations. Therefore, to further understand sensory information processing, normal or pathologic brain functions and design sensory prostheses, it appears crucial to develop new tools for real-time data analysis and modelling.


As discussed above, interfaces are required to connect biological neural cells to artificial systems to both read and write to the nervous systems. In prostheses, for instance, interfaces can transfer the adequate stimulation to the biological neural networks. Conversely, interfaces can also collect useful information from the biological neural networks. Experiments in vivo have demonstrated the great potential of these interfaces to stimulate motor responses or behavioural decisions. They showed, however, that specific designs of electrode arrays need to be generated depending on the tissue configuration. They also underlined problems regarding bio-compatibility and long-term stability. Since screening for bio-compatible products may be difficult to achieve in vivo, alternative strategies should be developed using in vitro neuronal models. As for tissue grafting, the interface should not trigger any rejection reaction or cell degeneration. Furthermore, cell stimulation should not induce any chemical or physical reactions. In addition, different stimulation protocols have to be designed specifically for the different types of neurones occurring in the central nervous system, spiking and graded potential neurones. Finally, strategies should be developed to significantly increase long-term contact between neurones and electrodes. Therefore, while interfaces are validated in vivo, in vitro models should be developed to improve their bio-compatibility and long-term stability.


Recently, some bio-sensors have been designed as sensory systems with an array of sensors coupled to an artificial neural network for pattern recognition. Analysing and modelling sensory systems as described above should, therefore, allow a significant increase the complexity and efficiency of bio-sensors like this. Bio-sensors can match and even go beyond the diversity of animal senses. For instance, in chemical sense, the principal challenge is to develop new sensors with a wider range of sensitivity, a greater individual selectivity, a better stability and resilience to interference. Chemical bio-sensors like this can either rely on biological molecules or artificial structures provided they are coupled with an adequate transducer. Furthermore, to keep these bio-sensors adapted for industrial or medical applications, miniaturisation of existing and newly developed bio-sensors, their transducers and the corresponding neural network is required. Therefore, the challenges of bio-sensors technology is to significantly increase both their diversity and their miniaturisation.

3.2 Human-machine interaction with autonomous sensors and various prostheses

Scenario and recommendations

Neural prostheses, in general, and Retina implants, in particular are becoming a major challenge in the next decade. The architecture of systems like this realized by spatial-temporal filter/computer architectures is among the key questions and tasks. Thereby, adaptive neural networks can be considered for multidimensional signal processing problems, e. g., in the case of a learning retina encoder. An interdisciplinary collaboration is important for the system development and realization.

Possible themes are:

Learning Neural Prostheses

Learning Bio Sensors

Novel Human Sensory Systems

Some of the major challenges in this field are:

· the development of permanent, two-way interfaces to selected neural circuits, adaptive communications systems and novel distributed system architectures.

· the realization of 3-dimensional smart, stable long term brain interfaces

· the optimization and development of a miniaturized analysis system is the aim of a interdisciplinary research collaboration.

· prevention and forecasting of epileptic seizures, the design and the realization of electrodes and a programmable analogic CNN computer chip implementation, connected in real-time to the human brain in epilepsy. This sensing-computing-control system could also be useful in many other applications.

· understanding and learning the principles and mechanisms of nature, in many species, for the realization of new biomedical devices.

3.3 Bionic systems and brain controlled automata


The major tasks and challenges in this field are as follows

· to understand the structural complexity and the processing mechanisms of the brain

The shear enormity of constituents and possible states of the brain is emphasized as well as its ability to adapt with use and in response to novelty with particular emphasis to the somatosensory system. The lack of detailed knowledge about sensorimotor integration, i.e., the transfer of information from the sensorial to motor controllers is highlighted. The detailed understanding of the mechanisms by which the cerebellum as a learning machine is capable of making predictions necessary for movement is a major challenge to uncover and to understand the details

· the isomorphism between the structure of the brain and the structure of its output (be it thinking or behavior)

A brain can be described as a composite of dedicated processors each one of which deals with a problem of some biological importance to the animal it belongs to. The distinction is important between the simple ones connecting sensorial to motoneurons, also called reflex arcs, and the more complex ones operating on signals internal to the brain which are called association areas. The fact that the job they do usually employs some biological innovation trick (often a structural or functional trick) is emphasized. A key structural and functional direction is described as an aggregate of locally smart, simple processors from which emerges a more complex processor. A list of the methodological approaches necessary to ensure that these and the additional circuits which comprise the brain are fully understood, is as follows:

1) Psychophysics, i.e, the quantitative treatment of brain output and the formulation of laws that apply to it. An example was provided regarding the position sensitivity of saccades evoked in response to the electrical stimulation of the superior colliculus. Although driven by concerns about the functioning of the superior colliculus this research has important implications for the debate raging about the relationship between amplitude versus position control theories. A major challenge for the future will be to extend this work to brain outputs that do not lead to overt behavior.

2) Functional Anatomy, necessary to understand structural principles of the brain. An example was provided regarding the spatial extent of activation in the deeper layers of the superior colliculus of a monkey executing saccades of particular metrics. Although driven by concerns about the existence of moving waves coding dynamic movement variables this research has important implications for the representation of the world in neural space. A major challenge for the future will be to extend this work to arbitrary neural maps covering brain areas with complex geometries.

3) Neurophysiology, necessary to understand the signals processed in the brain. An example was provided regarding the discharge pattern of a single cells intracellularly recorded in the alert animal to emphasize the effort that must be invested to understand the neural codes used to represent external physical variables. A major challenge for the future will be to go beyond extracellular recording. It is important to record behaviorally relevant brain signals intracellularly so that we can read excitation, inhibition and there no ambiguity as to who talks to whom inside the brain.

4) Computational Neuroscience, including models from Robotics, Artificial Intelligence, Spatial-temporal computing, etc., which provide the theoretical framework within which experimental questions are asked, highlight the mechanical, geometric and control issues that the brain must come to grips with, generate models which help test the adequacy of scientific explanations and engineering applications.

· application areas where the cellular nonlinear/neural network (CNN) paradigm has played and will play a crucial role,  two special areas are as follows:

1) The use of CNN Technology to implement biologically inspired central pattern generators giving rise to forward propulsion. Reaction-Diffusion CNNs generating Turing patterns are of key importance as well as their  stored programmable hardware/software implementation in analogic topographic microprocessors including microcontrollers, allowing the real time control of the forward propulsion of some bio-robots. Examples as walking hexapods and swimming lamprey-like robots are already operational, their more advanced versions are to be developed. The possibility to use these applications in industrial automation, as well as in making household appliances are foreseen.

2) Initial successful experiments using analogic CNN microprocessors for DNA Chip evaluation forecast the proliferation of the use of real-time automatic analysis of DNA-chips based on the analogue and parallel processing of the information they contain.

· to understand the mechanisms and their implementation of a synapse with intrinsic plasticity

Analogic CNN microprocessors might make it in a programmable way. The major challenges: How to make intrinsic, autonomously regulated plasticity? Should any sort of plasticity be implemented in silicon devices?  If so, what sort of plasticity should we need? How to implement the wide ranges of dynamics in signal value and time constants (e.g. 20 ms - hours, days and years)? 

· A core problem is the architecture and implementation of spatial-temporal stored programmable microprocessors which can directly handle analog signal arrays and adapt to the changing needs

We also want to include sensory arrays and controlling-acting mechanisms. These new types of sensor-computers are to be endowed with the following features.

1) Operation on 2-D analog signal flow.

2) Ability to combine analog spatial-temporal dynamics and logical operations   

3) Learning and plasticity

4) Wide dynamic range and time-scale range of operation. 

5) The ability to form long-term hybrids with biological systems.

6) Low power consumption.

The structure and properties of analogic cellular CNN computers seem to be a major candidate in this endeavor, its further development, as well as other directions will also be researched. 

Summary of  Major research challenges:

 1) Understanding the processes underlying decision making in brains and machines.

 2) Understanding how the brain represents the world.

 3) Engineering autonomous machines (including their endowment with biologically inspired means of forward propulsion).

 4) Understanding sensory-motor integration.

 5) Understanding the adaptability and plasticity of brains and machines.

 6) Engineering a new breed of computer architecture processing directly an array of analog signals and a signal flow; such as AnaLogic CNN computers, for use in various applications, research in additional capabilities and other directions and applications, including decision making.

Session recommendations:

 1) There is a need to support traditional disciplines such as psychophysics, neuroanatomy, neurophysiology and comparative biology to study the various biological solutions to a given processing item. Unless a knowledge-base like this  is cultivated, technology won't have much of an archetype to emulate.

 2) There is a need to establish interdisciplinary groups of scientists trained in robotics, neuroanatomy, electrical and biomedical engineering, neurophysiology, mathematics, comparative biology, etc. The scientists should be located in a way as to interact on an everyday basis and the teams should have a critical mass such as to be productive both within and across disciplinary boundaries. Encouraging the collaboration of American and European scientists could contribute in this regard.

3.4 Bionic and bio-inspired device technologies

Scenario and recommendations

Biological models of the vertebrate, insect and mammalian visual systems have lead to bio-inspired algorithms. A device that can implement these algorithms in real-time is based on the CNN paradigm. More work is needed to describe the full language of the retina.

Many man-made electro-optical materials and devices have been inspired by biological systems. The motion detection system of the fly is a good example of a useful optoelectronic system for robot piloting and navigation. The rest of the insect world represents a huge data -base for future bio-inspired micro sensor-processor-actuator units.

Many limitations are understood to VLSI’s future growth. For one problem, the fault tolerancy, biology has learnt how to overcome this using loosely coupled, faulty elements. Additional challenges will be sensory fusion, learning systems, and system integration.

Mimicking biology with silicon is very hard. The real niche for bio-inspired systems is at the interface between the digital and analog world, particularly in the areas of wireless tele-communication and PDA’s where power dissipation is critical for implementing powerful signal processing applications like speech recognition.

Current digital trends are toward full integration on a single chip. However, many systems with high dimensional input data need the massive processing of analog signal arrays. The AnaLogic CNN Computers could handle this problem, as an interesting vehicle for integration all the various signal processing and decision making tasks. System level demonstrations are the imminent challenges. The inclusion of the complete system on a single chip, as well as the creation of a standard software base and languages are some major other challenges.

New nano-scale electronic interfaces will offer great improvements in ultra-low-power bionic devices for prosthesis and scientific studies of neural tissue. Future advances in microelectronics and analog processing will allow dramatic reductions in cost and size. Advanced imaging sensors can benefit greatly from new bio-inspired algorithms.


The CVs and Abstracts, as well as the Presentations of the participating scientists are in the Appendices

4 The proposed program

The proposed program is shown schematically on page 8. It contains a core program of enabling technologies and prototype applications in human beings, as well as a few component programs to carry out research in selected mission critical areas.

The core of the program with four focus areas:

· 1) Biological Computing and Communication Models

Bio-morphic functional models are to be developed to understand specific sensing/processing/motor mechanisms. The goal is to find system level solutions. Out of the many existing models the candidates are to be selected and/or understood which have a chance to be implemented via some programmable prototype devices. 

· 2) Bio/Neural interface testbeds

For various typical functional settings, interface testbeds are to be developed for testing the living – artificial interfaces. One testbed interface like this has been identified during the Workshop, a neural-electronic interface, mainly devoted to visual applications. Prototype testbeds like this could make the comparison and classification of future bionics devices possible.. In this way, different research groups and companies could test their future devices on the same testbed, allowing them to meet soon emerging international standards. These testbeds would also be used to test bio compatibility of different materials using different packaging technologies.

· 3) Programmable AnaLogic spatial-temporal computing and signal processing devices 

Practically, all the bionic devices are operating on analog signals. Many special purpose electronic signal processing devices, mainly CMOS VLSI chips, have been developed during the recent years. There is, however, a pressing need to use a fairly standard, programmable computing device with spatial-temporal interfaces to analog sensory and/or activating arrays. The AnaLogic Cellular (CNN) Computer architecture, including analogic software, has been identified as one important candidate, it is the result of a genuine transatlantic research collaboration. Communication interfaces and protocols, implemented also by analog circuits on the chips, have been identified as key aspects to be developed. New efficient methods are required to analyze and processing multidimensional signals (including thousands of signals).

· 4) Prototype prosthetic devices in humans

To test system level issues, some typical devices built into human being are to be selected and studied in every details. Cochlear implants could be an existing candidate, future retinal implants, as well as real-time epilepsy forecasting devices and built in medication devices are considered as typical case- studies. These case-studies are to be tested and studied at selected testbed laboratories on both sides of the Atlantic to develop a common reproducible standard at various areas of applications.

As soon as the Bionics Technology is matured and products hit the market, major ethical issues will emerge. Therefore, the ethical issue should be carefully studied during the program.

Eight Component programs (a non-exhausting list):

· A) Understanding neural processing – learning and plasticity

In this program specific details of different functionalities, as well as of different species will be studied to develop prototype techniques. These results will also serve as components in the system level models of the first focus area in the core program.

· B) Developing biomorphic sensors/actuators

Various technologies are foreseen, including living/artificial hybrid components. Real-time monitoring and forecasting is also included.

· C) Neural-silicon communication systems

Means, methods and implementation details, wired and wireless, signal and power transmission are all included. These results will also serve as components in the system level models of the third focus area in the core program

· D) Analogic hardware/software components 

These components are developed for typical computing and signal processing tasks. These components could also serve in the system level of the third focus area in the core program.

· E) Developing special neural prostheses

These tasks are ranging from simpler devices up to the most complex prostheses like the retinal implant. These results, once experimentally verified, would serve as components in the fourth focus area of the core program.

· F) Bio-inspired and brain controlled robots

One of the most fascinating areas with promising initial results. Both self -contained robots with a highlevel of fault tolerance and the brain –controlled robots are included.

· G) Bio inspired perception systems

Among other things, various sensor fusion devices, multi-modal surveillance systems, security systems are included

· H) Novel educational efforts

In this emerging discipline supported also by the sensor revolution, as a third wave in electronics industry after the PC and the internet technologies, novel educational efforts are needed on the graduate, as well as on the undergraduate level. In particular, we are proposing two programs. 

One is the support of transatlantic studies of doctoral students working in this field. Among other things , the credit transfer for a 1-3 –semester- long work at a partner participating laboratory is a crucial issue. 

The second area is the support of multidisciplinary studies in the undergraduate curriculum. Electronic and computer engineering students are to be “infected” by bio courses at their earlier semesters and special courses are needed in the upper division. Likewise, Bio students would learn the emerging novel signal processing and computing principles and techniques.

5 Vision and Proposed actions

The Vision

We envision within a decade, in a continuously developing fashionthat a new industry will emerge serving unprecedented human needs, resulting in

· Sensory and other prostheses (visual, auditory, tactile, smell, taste, motion, etc.), as well as self-contained medication, forecasting and therapeutic devices built into the human body

· Brain controlled robots and motor prostheses (human and industrial use)

· Life-like Perception/action devices for household, industrial, and medical use (home and community security, telemedicine, home-care, life-like robots/valets, etc.)
· OEM bionic parts to be embedded in many other goods and services
Most probably, in addition to human needs, the new innovations in micro sensing and acting devices, MEMS technologies and other related new concepts will accelerate the development of the new products envisioned. Our proposed transatlantic research program could serve to accelerate this development in a pre-competitive phase, as well as to lead to international standards and maintain the leadership of the participating parties.

We strongly urge the governmental level decision makers to act as quickly as possible in implementing this program. As early actions we propose as follows:

Implementation of the transatlantic research network

· To establish a Transatlantic Research Network of task-specific testbed Laboratories 

· neural/bio interfaces

· Bio-morphic and bio-inspired prototype sensors/activators/communicators

· prototype AnaLogic sensing/processing/action computers

· A Network for prototype brain controlled, neuromorphic or bio-inspired robots
· A Network for application specific methodologies for prosthetic devices 
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