  perspective motivates the comprehensive nature of the system, which integrates multiple data acquisition devices, interface technologies, advanced analytical techniques, and multi-sensory rendering capabilities. Emphasis is placed on machine-resident intelligence embedded at several levels. 

constantly seeking to improve the measurement of human performance

measure    dynamics, surface EOG and EMG sensors for eye movement and muscle contraction,  

  modular design (for distributed processing and adaptability), integration of several data input devices into a single platform within a common interface protocol, implementation of machine-resident intelligence (neural nets, fuzzy logic) on several levels, and creation of a development environment driven by clinical needs.  

Data Input 

A necessary feature   is the integration of a variety of data input devices into a single system to include EEG, EMG, EOG, ECG, dynamic bend sensors, pressure sensors, audio and video digitizers, etc. 

The resulting capacity for data fusion allows for meaningful correlations to be made across various performance modalities. 

The devices and their hardware boards connect to an external module, and a high speed bus will route the data both to a central multi-tasking 

implement a custom configuration of input device parameters, interface functionality, and relevant records based on the device(s) connected and the identity of the operator(s) and   currently at the system. 

Data Management 

The maintenance of   record integrity is a significant issue. Such integrity is achieved through security protocols, standardized data formats, error handling, and semi-automated database archiving. The data management subsystem tasks also include linking the device data with the n record and specifying sensor-specific data formats and structures. 

Interactive Modalities/Methodologies 

The user interface will be based on new theories of human-computer interaction methodologies , computer-supported cooperative work, and adaptive task analysis 

The system will monitor a user's actions, 

Data Analysis 

  comparative evaluation of a   progressing or digressing state. The nature of the change in this state may often be quite subtle, even imperceptible using traditional techniques. 

Given that the data acquisition subsystem can detect these changes, the data analysis subsystem is designed to enhance them in ways that may then be rendered 

analysis tools will be capable of processing multiple data sets in a variety of ways, including graphical analysis (phase portraits, compressed arrays, recurrence maps, etc.) and sound editing (mixing, filtering). Automated detection of trends and correlations using fuzzy logic may be performed in the background or in a post-processing mode. 

The user may then be alerted by the system if it detects areas worthy of further investigation. Such a feature should expedite the creation of a taxonomy of lesion-specific impairments. 

User Classification 

data acquisition, data management, basic analysis

  the primary users of the system, are responsible for    more comprehensive data analysis 

Researchers will focus on the data analysis but their use of the system will be unconstrained.

 They will explore and develop custom analytical techniques.    features of the system, usually in a supervised setting. 

Data Rendering Modalities 

With multi-sensor data acquisition and advanced analytical characterization, 

 complex relationships by integrating modalities.  
to provide an open hardware platform and modular infrastructure which will expedite the implementation of new technologies into the system

explore new methods of interaction and analysis., with a powerful tool for characterizing the complex nature of normal and impaired human performance. 

technologies which support an experiential interaction with in a computationally sustained environment.   a fundamentally new way for humans and computers to interact.  

  Advanced human-computer interface technology that has been developed as natural user interfaces for interaction with 

The utility of these devices has already been demonstrated as augmentative communication devices, as environmental controllers, as therapeutic tools in rehabilitation and as tools for quantitative assessment for diagnostic evaluation.  

  heuristics and intuition. 

 The ever increasing ability of technology to quantitate complex physiological parameters 

able to assimilate all the available information 

 technology is primarily interface technology that renders computer information onto multiple human sensory systems to give a sustained perceptual effect (i.e., a sensation with a context) while monitoring human response in the form of gestures, speech, eye movements, brain waves and other inputs. 

This interface also allows for a natural interaction with abstract data sets providing an integrated experiential encounter with information. 

This new technology provides us with the capacity to move into a new paradigm, a paradigm where the physiological integration   of   relevant information provides an enhanced capability to discriminate between classes of complex dynamic interactions involved in psycho-physiological processes.  

    A good working knowledge of sensory physiology and perceptual psychophysics can help us optimize our future interactions with the computer. 

    spatialize   

The convergence of communication and computational technologies has created informatic systems which may be applied to social and cultural problems. When used appropriately, informatic systems have demonstrated the capacity to enhance the quality of life and to facilitate wellness of being through their applications in areas such as health care and education. Interaction between informatic systems and systems which they influence can be qualitatively and quantitatively modeled by generalized theories of adaptive complex dynamical systems. Interventional Informatics is the proactive utilization of informatic systems as complex adaptive systems to alter the course or outcome of a particular behavior. 

Interventional Informatics 

We live in the information age. Our lives are continually influenced by new applications of information technology. Informatic systems impact society at all levels, from personal and interpersonal dynamics, to global systems of immense complexity. Informatic systems have become so complex that their implementation causes certain unexpected and often undesirable behaviors to emerge in the individuals or groups involved. This often evokes a shortsighted linear reactive response in an attempt to gain some predictability, though this usually results in a worse state than before (take the public education and health care systems, for example). There appears to be a fundamental lack of understanding of these systems when they go beyond a certain level of complexity. Is there a way to resolve this? 

A Suggested Solution dynamic relationship between information technology and society

  Interventional Informatics (II) to describe the pre-emptive, proactive, or preventive use of relatively small amounts of information and information technologies at critically sensitive points on a system's information state trajectory. 

Theoretical Foundation     We are now at the point where we can benefit from applying principles of complex adaptive dynamical systems to  systems like   communications  

 qualitative similarity in the dynamics of seemingly different systems

the behavior of many complex spatially-distributed dynamical systems appear to provide a metaphorical basis for some powerful interdisciplinary languaging tools

Social Systems and Their Respective Levels of Complexity 

It is useful to distinguish levels of social complexity at which information technology's importance manifests

it is also useful to consider a common non-intimate interpersonal system which manifests in different contexts but exhibits similar behaviors. 

It consists of one person who is being assessed and the other doing the assessment. 

are reasonably simple examples of complex adaptive systems whose behavior differs in detail, but are quite similar in how information technology may be beneficially applied. 

By integrating off-the-shelf computer and data acquisition technologies with custom interactive software and hardware, we have created a system in which an individual may control their environment through their body's bioelectric signals , such as their muscles, eyes, and brain. Figure 1 represents a system in which a user may use their ability to control these signals  

 informational basis of a cognitive cybernetic loop

Ability 

. These gestures suggest the term cyberlinguistics, and they may be looked upon as a sort of 'cyberpidgin'; a collection of functional but grammarless phrases useful in commonly occurring interactions. It is possible, even likely, that these pidgins may develop into Creoles and ultimately full-blown languages as the need evolves. This suggests the potential for information technology as a foundation for some remarkably unique languaging tools. The task is to develop the cyberlinguistic navigational heuristics to use them. The successful operation of the   a critical point to enhance a user's expressive capacity. 

  these navigational skills may be used in a much more abstract way   

Modeling Complex Adaptive Behaviors 

There are several properties of complex dynamical systems which may be useful in modeling the effect of information on society 

or the number of gestures available simultaneously for her to manipulate might serve as control parameters in that system. As we vary these control parameters, the complexity of the systems evolves, and we expect to observe rapid, distinct, and highly nonlinear transitions in their behavior. Evidence supporting this has been observed 

some intentionally controlled limitation of their capacity to interact with their world.  

  Our relentless need to communicate, combined with an understanding of these technologies, as well as a recognition of the abilities and critical state of relevant social systems, should result in a dramatic increase in expressive capacity for society at all levels, all towards making the world a better place

A Biologically Responsive Interactive Interface: "Adventures In The Next Paradigm Of Human Computer Interaction" (

amounts of information is continually increasing. Current attempts to develop new human-computer interface technologies have given us devices such as gloves, motion trackers, 3-D sound and graphics. Such devices greatly enhance our ability to interact with this increasing flow of information. Interactive interface technologies emerging from the next paradigm of human-computer interaction are directly sensing bio-electric signals (from eye, muscle and brain activity) as inputs and rendering information in ways that take advantage of psycho-physiologic signal processing of the human nervous system (perceptual psychophysics). The next paradigm of human-computer interface will optimize the technology to the physiology -- a biologically responsive interactive interface. 

BIOCYBERNETICS: Interactive Information Technology 

Interactive information technology is any technology which augments our ability to create / express / retrieve / analyze / process / communicate / experience information in an interactive mode. 

 interface technology is based on new theories of human-computer interaction which are physiologically and cognitively oriented. This emerging paradigm of human computer interaction incorporates natural user interface devices which measure multiple physiological parameters simultaneously and use them as inputs. 

Biologically optimized interactive information technology has the potential to facilitate effective communication. 

This increase in effectiveness will impact both human-computer and human-human communication, "enhanced expressivity". 

impacted in multiple ways by advances in technologies that enhance human-computer interaction. 

Optimizing the human computer interface will rely on the knowledge base of physiology and neuroscience,  Physiologically Oriented Interface Design 

Knowledge of sensory physiology is being used to optimize our interactions with the computer. 

by using the natural bioelectric energy as a signal source for input; electroencephalography, electroocculography, and electromyography (brain, eye and muscle) we can generate highly interactive systems in which these biological signals initiate specific events. Such a real-time analysis enables multi-modal feedback and closed-loop interactions. 

Interactive interface technology renders content specific information onto multiple human sensory systems giving a sustained perceptual effect, while monitoring human response, in the form of physiometric gestures, speech, eye movements and various other inputs. Such quantitative measurement of activity during purposeful tasks allows us to quantitatively characterize individual cognitive styles. This capability promises to be a powerful tool for characterizing the complex nature of normal and impaired human performance. The systems of the future will monitor a user's actions, learn from them, and adapt by varying aspects of the system's configuration to optimize performance. By immersion of external senses and iterative interaction with biosignal triggered events complex tasks are more readily achieved. 

  exciting opportunity to facilitate the rapid exchange of relevant information thereby increasing the individual productivity of persons involved in the information industry. Areas such as computer-supported cooperative work and adaptive task 

The psycho-social implications of this technologically mediated human-computer and human-human communication are quite profound. 

  in the design of environmental systems which support experiential interaction with information systems in such a way as to help maintain a state of general good health. 

   The capacity to operate interactive educational multimedia systems will open a whole new area where human expressivity can be optimized in applications that customize an educational environment to the capabilities of an individual. 

Interfaces to control stimulation can adaptively utilize any biosignal.

Micro scope of the mind

Data fusion of sensor data with user interaction parameters will allow meaningful correlation's to be made across various performance modalities. A goal of this application is to seek to identify a qualitative difference between the two performance/behavior states and then investigate various methods of quantifying that difference in a way that can be generalized. 

It is postulated a difference will be seen in the modulation of some of the natural rhythms. It is also postulated that a cognitively induced modification would be consistent in an individual but would most likely be different between individuals. The psycho-social-behavioral nature of individuals factors into initial assessment of their cognitive function. Other indicators of cognitive function are short-intermediate-long term memory, sound judgment and the ability to identify similarities in related objects. Performance of these cognitive functions is a strong indicator of the biologic health of the brain. Poor performance is highly correlated with organic brain dysfunction. 

   These operational descriptions help elucidate the discrete areas where improved technologies, as they become available, and methods of decision support, as they are refined, can be implemented. An intelligent   system must be able to be refined at the component level without redesigning the entire system. That is to say that it must be designed to be scaleable, extensible, interoperable and modular at a fundamental level. 
a wide variety if input devices to aid in the acquisition of relevant information/data from the  vital signs indicators    

 facilitating connectivity, data  

Other considerations include ensuring a flexible configuration, allowing for far-end-control of diagnostic devices and ensuring that there is an open architecture that allows for the adaptation of new devices without the redesign of the whole system. 

  scaleable and extensible, therefore it can meet the custom medical knowledge access needs of a wide variety of users.

  EMG-like sensors across muscle surfaces, foot activated pressure sensors, voice recognition systems, and hand held devices allow user input.  
Plan   patterns from any variety of sensor data. 

Description of the System 

advanced human input devices   

: Demonstration of the functional integration of relevant human-to-computer input devices into the system.  

 an integrated system of human to computer input devices 

Evaluation of the effectiveness 

as a system capable of supporting mission critical support. 
 

We propose to develop and integrate a set of advanced human-to-computer input devices into a single interface system. 

This integration of data input devices into a single system will include EEG, EMG, EOG, (bioelectric signals from brain, muscle and eye), dynamic bend sensors, pressure sensors, audio and video digitizers, and other devices as they are relevant. 

We will develop methods for data fusion to enable meaningful correlations across various input modalities. 

The devices will be connected to an external module which will route the data both to a central multitasking server and to the rendering subsystem for immediate feedback. 

The server will implement a custom configuration of input-device parameters, interface functionality, and relevant records based on the device(s) connected and the identity of the operator(s) currently on the system. 

   technologies can allow for simultaneous   multiple independent and dynamic data sets that can be integrated physiologically into a single  state. 

while monitoring human response in the form of physiometric gestures, speech, eye movements, and various other inputs. We will refine quantitative measurement of activity during purposeful tasks. 

We will implement a data analysis subsystem designed to enhance the ways that relevant data may then be rendered optimally to the operator’ 

Optionally multiple data sets in a variety of ways, including graphical analysis (phase portraits, compressed arrays, recurrence maps, etc.) and sound editing (mixing, filtering). 

Automated detection of trends and correlations using fuzzy logic may be performed in the background or in a post-processing mode. 

The system will be designed so that the user may then be alerted by the system if it detects areas worthy of further investigation 

We will design an experimental protocol to evaluate the   for providing mission critical support. 

We will interact with the appropriate agencies to ensure the specific requirements of this task to meet mission critical objectives are met. 

We will generate an ongoing reporting and demonstration of the developing functionality of the system.  

engages in interdisciplinary research, development, education and technology transfer 

Advanced instrumentation for the acquisition and analysis of relevant biological signals. 

· Advanced information systems which augment the general flow of information and provide decision support 

· : A instrumented learning environment which allows for dynamic tracking of a "learner’s" navigational trajectory through a Web-based content delivery system. 

These projects enable individuals to create new educational opportunities, employment opportunities and increase their socialization through their cultural integration into the information society. Integrating interactive Web based systems empowers disabled users to become more involved in their world. 

  Intermental Network as the   the linkage of human minds coherently and synchronously to tackle a single problem together. 

This network can be used on its own or as part of a distributed system with other 

design a system architecture and build a prototype system where individual bodies will be 

This integration will use novel collaboration software, 

Web technologies, which ensure extensibility and ease of integration of new subsystems. 

We will stress performance, flexibility, scaling and 

The interface will be flexibly linked to the net with the visual network-based software system NeatTools that supports general filters.

We have identified three application areas that will drive requirements for our system architecture and are the basis of our prototype implementation. These areas are Special Operations, Battlefield Medical Intelligence and Crisis Management. Each of these offers tactical opportunities to use the linked minds to aid split second decisions. 

a system architecture and prototype implementation.

 Options allow integration with realistic distributed computer networks and significant application demonstrations.

The proposal team brings a very strong and perhaps unrivalled integration of talents to this interdisciplinary project. 

effective innovative human-computer interfaces and designed and built the software NeatTools that allows them to rapidly prototype new approaches. 

We have expertise in the key motivating applications and will add the necessary collaborators 

will link entities 

we consider the conventional computer network as an aid to the parallel synchronous interactive Intermental network of linked minds. 

We use the term "mind" to mean "consciously experienced perceptual state-space". 

Thus the concept of "linked minds" of the Intermental network will refer to the capability of the network to modulate a coherent (phase consistent) co-perceptualization across an number of individual "minds" for the purpose of synthesizing a collective intelligence which will influence future iterations of a computational process. 

This Intermental linkage will allow the individual users to perceive the collective response dynamics of other minds while these minds reach states based on the knowledge of 

synthesis of a group perceptual state. 

This gives rise to a form of quasi-self awareness, where the computational properties of individual units are influenced by the state of the whole system. 

We believe that this experience of co-perceptual processes will lead to the emergence of new computational capacity not currently possible with current asynchronous networks linking incoherent (sequential) minds.

extends the familiar concept of a shared virtual environment where users respond to a changing system without direct knowledge of the thought processes (perceptual states) of other users. 

Rather than perceiving the other participants' perceptual states indirectly through their action on the physical environment, an Intermental network provides to each user direct awareness of the probable perceptual states of the other players at any moment.
 we will just use the applications to drive requirements for our architecture studies and our skeleton implementations.

can be impacted in both ways. net can enhance split second decisions by providing an instantaneous awareness of the group perceptual state. 

Integrating this over time, members of the Intermental net are continually aware of the evolving perceptual state of others addressing the same problem and this can lead to better strategic decisions.

Special operations environments present a highly challenging situational scenario to the project of gathering, processing and depicting time-critical information. Present age operations are especially harrowing to military personnel due to the insidiously stealth nature of modern threats. 

 We are currently developing a single, multimodally integrated interface system for the 

massive quantities of critical information 

It is also our intention to provide a powerful resource 

 by an intelligent integrative system 

 will develop new approaches to HCI using the human body as an essential component of the interface to the human mind.

 It is anticipated that will yield important information about the phenomenological aspects of integrating physiological systems with traditional computational systems. 

The research, prototyping, development and demonstration of technologies to support 

NeatTools software, which is a general cross-platform multi-threaded real-time data flow system for the flexible visual programming of networked or linked modules. It allows us to rapidly link peripherals, filter modules and diagnostic displays in a way that allow us to easily customize the different sensory components of the HCI. The NeatTools programming model has its roots in the formal Input/Output automaton model. In NeatTools, module abstraction is offered as a set of class methods to inter-module communication. Functional components (implemented as class objects) of a concurrent system are written as encapsulated modules that act upon local data structures or objects inside object class, some of which may be broadcast for external use. Relationships among modules are specified by logical connections among their broadcast data structures. Whenever a module has updated data and wishes to broadcast the change and make it visible to other connected modules, it should implicitly call an output service function which will broadcast the target data structure according to configuration of logical connections. Upon receiving the message event, the connected modules execute its action engine according the remote data structure. Thus, output is essentially a byproduct of computation, and input is handled passively, treated as an instigator of computation. This approach simplifies module programming by cleanly separating computation from communication. Software modules written using module abstraction do not establish or effect communication, but instead are concerned only with the details of the local computation. Communication is declared separately as logical relationships among the state components of different modules.

NeatTools is written in C++ for performance but can migrate to Java if appropriate when this language has sufficient performance. NeatTools has built-in linkage to the web and so it can be integrated with the overall web technology-based system software that we will build for the Intermental network.

the intentional utilization of information and information technology to alter the outcome of a dynamic process, 

might even be thought of as a kind of prototyping of the next generation society resource. 

That is, as the structure and function of information systems and communication technologies become more perfected in their purposes of creating communication pathways between persons and groups they are actually going to be more and more like in their character to the physiological bases for communication within living systems. 

Further, as more is learned about the neurological bases of thought, language and communication, the more and more neurobiological in character will become the information technologies created to allow communications between human beings. 

The interface boundary between the human and the technology will become increasingly seamless to the point where it is virtually non-existent in some cases. 

In short, the intermental network represents real progress in social and systemic thinking about how to significantly change the face of current problems with multimedia communications technology. 

The communications infrastructure becomes a kind of nervous system for a newly emerging social body, a "Homo cyberiens".
Command and Control is the military description of a general real time decision (or judgment) support environment involving a complex set of people, datasets, and computational resources. A critical characteristic is the need to make the ``best possible,'' as opposed to ``optimal,'' choice. In a civilian context

to enable the development of a large-scale coordinated National Inter-Agency Response System.  

s. Firstly we will learn from it to design new approaches to the linkage of minds and secondly we will use it in integrating the distributed computer system to a Intermental network of minds. 

. This uses the novel visual-programming environment NeatTools to rapidly build and experiment with the network of filters and peripherals, which form the interface. 

expressions for an "optimal result".

Firstly it links multiple minds together and, using a generalization of the  system shares the different objects in the net. 

This includes the results of the computer processing but also the perceptions and expressions of each mind. 

This ability of each individual to see the input data and output expressions of others already provides an interesting coherent system of the type proposed. 

The decisions of individuals can and will be modified by seeing the "thoughts" of others in real time. 

Thus already this system illustrates the key coherent simultaneous linkage of minds 

NeatTools software that forms the basic programmable and interactive individual link of a mind to the Intermental net. 

A detailed Intermental systems architecture that expands on the conceptual design given in the figure and described above. 

An illustrative prototype system that can be applied
Above we have listed the ideas and existing hardware and software which we believe can be used to significantly develop the concept   and deliver a system architecture and prototype implementation. 

encompasses the human-computer interface issues - researching the hardware and software options and system integration as well as the human cognitive ability to 
We will generate and maintain a web site for the all components of the Intermental network. 

This web site will be designed to evolve as our research progresses and serve as a communication tool for disseminating knowledge about problems identified and insights gained in HCI, Collaboration, and application issues as they relate 

 will outline the methodology used and knowledge gained in the following HCI areas: neurophysiological restraints and limits of the computer to human linkages;

; psychomotor function for simultaneous interaction with multiple human to computer devices. 

We will generate and distribute an HCI requirements list which will guide the integrative development of a collaborative, distributive system

We will develop a realistic and comprehensive plan to research, identify, test and evaluate critical issues of the human-computer interface as it relates to 

This plan will be guided by the overall intent to understand and exploit the various aspects of the physiological and cognitive phenomena of human-computer interaction within the Intermental network. 

The plan shall include defining the research areas and methodology required to gain necessary knowledge in the following areas:

neurophysiological restraints and limits of the computer to human linkages 

psycho-motor function for simultaneous interaction with multiple human to computer devices

We will research neurophysiological capabilities and functional limits of the human user interfacing with multi

Research will be focused on actual usability in order to better understand how best to integrate a comprehensive set devices into the interactive system. 

We will research and evaluate methods and limits of integrating multiple data input devices into a single system. 

Our research will develop evaluation methods for such inputs as, bioelectric signal detectors, dynamic bend sensors, pressure sensors, audio and video digitizers and other devices. 

We will also assess the limits of usability of traditional input devices such as mouse, joystick and keyboards to determine when interface complexity precludes their use as primary inputs. 

We will research and evaluate the users' ability to integrate several input systems so as to have a multiplicity of simultaneous interaction options. 

We will research the capacity for filtering and combining data streams from the various 
We shall research and evaluate the systems, architecture, and design issues of both general collaborative technologies and the specific  system, as they are 

issues of scaling, 

as well as the ability to link diverse heterogeneous systems 
This will lead to design of interfaces to allow flexible integration of the base collaboration system, 

These interfaces will be designed to meet application requirements of task 

will include "place-holders" for all critical system functionality but not include detailed application specific modules. 

designed so that it can be extended to the optional demonstration for a specific application.

application areas, which we can use to drive the architecture and motivate an Intermental net.

 In particular we will study education and training where Intermental technology could lead to new ways of linking 

present the architecture in a way so that future research and development activities can be planned. 

The system architecture includes a prototype software system as task 3.

will examine functionality, performance, fault tolerance and architectures that will best support both today's systems and future scaling to millions or billions of linked minds.

2) Development of a realistic research plan outlining the research areas and methodology required to gain necessary knowledge relevant to the development of the Intermental network
1) Establishment of the resources, (equipment location and personal) to perform the necessary research on the major human computer interaction and collaborative systems efforts as they relate to the Intermental network. 

develop the matrix architecture that will allow all bio/info/micro systems to connect to a network through which human communication is facilitated.  

demonstrate an integrative interface matrix which couples the emerging bio-sensors and micro informatic technologies to the human nervous 

human neurophysiology allows for exploitation of predictable adaptive capabilities. The assertion is that the information flow between external sources and direct experience is biased/restrained/constrained/limited/enhanced/facilitated in understandable and predictable ways by the physiological mechanisms of human information processing.

  

processing based on the capacity of these Neurophysiological structures to process information will help our efforts to enhance 

we can generate highly interactive systems in which these biological signals initiate specific events. 

 

This research effort is concerned with developing a "reference architecture" (a formalized conceptual framework for thinking and technology development) for designing Physio-informatically robust interactive human computer interface systems to the bio-info-com systems. 

The purpose of the reference architecture will be to provide insight into the various components of the system in the context of how they might affect the flow of information as information is passed through them. 

. The intent of developing this reference architecture is to map the information flow  during/caused by the intentional /volitional interaction with information between a conscious human and a bio-info-com system.

 An exchange of information between the an experienced perceptual state and an external physical state is mediated by a biologic / physiologic information transporter system .

 

We will assume that interface systems that support Human com-system interaction can be modeled and developed as systems where information flows between various components of the system in a specific manner. 

Emergent technology for coupling biologic systems to informatic systems is enhanced by knowledge/acknowledgement of physioinformatics restraints/constraints/capacities in the design and iterative refinement of the physicality/functionality of the technology. 

We propose to develop an Anthrotronic interface to informatic systems which are either biologically/physiologically based (primarily neurologic i.e. neuro informatic) information systems and/or informatic systems which are designed to support interaction (dynamic exchange of information) with such systems. 

The intent of this work is to develop a systems based, physiologically robust, technology matrix that will exploit the various technologies being developed for the Bio-Info-Micro program.

 

The basis for this work comes from the researchers extensive experience in developing interface technologies for persons with severe disabilities and from the DARPA programs for instrumenting  humans for controlling distributed robotics. 

 

 pioneering new methods of physiologically based human-computer interaction. 

efforts have focused on advanced instrumentation and new methods of analysis which can be applied to evaluating various aspects of human function as it relates to human-computer interaction, this effort was to identify methods and techniques which optimize information flow between humans and computers. 

work has indicated an optimal mapping of interactive interface technologies to the human nervous system's capacity to transduce, assimilate and respond intelligently to information in an integrative-multisensory interaction will fundamentally change the way that humans interact with information systems. 

Application areas for this work include quantitative assessment of human performance, augmentative communication systems, environmental controls f

Specific areas of interest are: advanced instrumentation for the acquisition and analysis of medically relevant biological signals;

 intelligent  informatic systems which augment both the general flow of information and provide decision support 

and advanced training technologies which will adaptively optimize interactive educational systems to the capacity of the user. Selected Publications are: 

dynamical analysis to physiological signals and show that it is possible to characterize abnormal electrophysiological rhythms as low dimensional attractors.

objectively and quantitatively measure  

OPTIMIZING “MIND IN THE LOOP” INTELLIGENCE

 

This environment is a unified interface system comprised of a core infrastructure and experimental methodology which optimizes the integration of human intelligence through 

MindTel has developed powerful and generic hardware/software solutions to handle core functional elements of this communications environment. 

What we are proposing is far outside the normative realm of how to construct interfaces and represent information.  Thinking in these ways will require potential users to understand the challenge which confronts them in this time of intelligence gathering. 
aid any process of high quantity, high performance interaction with information based on a desire for both a flexibility of functionality 

intensive information requirements and pressures the Office will experience in the 21st century. 

 

Our goal is to make smart people smarter by fitting them with the most powerful and forward thinking technology by which their interaction with mission-critical information may be profoundly enhanced.  

The Idea is to address these key features of the human interaction with information to mitigate the growing challenge for those required to interact with large volumes of diverse information with a view towards intelligent, and at times rapid, decision making  

 

Our goal then addresses the challenges and technologies for human-information interaction  in the context of how the brain is best disposed to receive and express that information.   

This will lead to a system that will alter not only the representations of information, but also states of neurophysiology so as to alter perceptual states of the mind.  

an interactive information fusion environment 

 

Refine and implement methods for creating renderings of information across the different senses which take advantage of the specific features of multi-sensory physiology to access/accent overt and hidden information. 

 

Develop and exploit techniques 

· modes of inquiry which take into account the neurocognitive state of the user 

Develop experimental methods for exploring 

The  Concept  of ‘State-specific sciences’ refers to the idea that states of the brain affect states of mind (i.e., perception and cognition).  

  Therefore, it is reasonable to assume that alterations in brain state will bring out some correlative alterations in perceptual cognitive state.   

To this end we have developed the  conceptual and methodological framework  of “perceptual state space modulation,” for psychophysiologically altering our perceptual cognitive states, at calculated points during the design and execution of experimental process may open us to entire realms of information which would have remained totally invisible to us.

 Leveraging off recent developments in cognitive neuroscience 

Summary

All of this aims at the goal of massively enhancing the human interaction with information so that the best decisions can be made which affect lives, resources, and relationships between government and support entities.  

There is no mystery that what we are proposing is far outside the present discussion of interface development.  

  working plan of research and development efforts has been created. 

A complete operational prototype is the final deliverable (along with all the necessary reports

 

general systems reference architecture for Physio-informatic systems
Physio-informatics is a new systems model for linking human physiologic systems to information systems in the most general way. This general systems model has been derived through an ever evolving series of experiments and explorations. 
 
The conceptual, theoretical and analytical basis for establishing a general systems based  reference architecture for Physio-informatic systems necessarily crosses many disciplines. It must be emphasized  from the onset that the following discussion of the derivation and  development of a general model (aka.. reference architecture ) for describing “meaningful”  information flow between humans and informatic systems is a broad topic area which covers many scientific disciplines, engineering techniques and a continually expanding array of technologies

the intent of this effort is to establish a general conceptual framework (a reference architecture) which can be used as a guiding heuristic tool when confronted with the challenge of designing and developing interactive interface systems for human computer interaction. Specifically one which extends perceptual dimensionality and facilitates enhanced expressivity.  
 
Physioinformatics

 

 “ physio-informatics” will denote informatic systems which are either biologically/physiologically based (primarily neurologic i.e. neuro informatic) information systems and/or informatic systems which are designed to support interaction (dynamic exchange of information) with such systems 
develop a systems model for interactive human-computer interface systems which is thought to be more representative of reality than traditional 

 the development of a physiologic based reference architecture for designing and developing interactive human computer interface systems to match the human nervous system's ability to transduce, transmit, and render to consciousness the necessary information to interact intelligently with information.
 
 

The capacity of computers to receive, process, and transmit massive amounts of information is continually increasing. 

Interactive interface technologies emerging from the next paradigm of human-computer interaction are directly sensing bio-electric signals (from eye, muscle and brain activity) as inputs 

take advantage of psycho-physiologic signal processing of the human nervous system (perceptual psychophysics). 

The next paradigm of human-computer interface will optimize the technology to the physiology -- a biologically responsive interactive interface. 
 
INTERACTIVE INFORMATION TECHNOLOGY 

Interactive information technology is any technology which augments our ability to create / express / retrieve / analyze / process / communicate / experience information in an interactive mode. 

. The next paradigm of interface technology is based on new theories of human-computer interaction, which are physiologically and cognitively oriented. 

This emerging paradigm of human computer interaction incorporates 

natural user interface devices which measure multiple physiological parameters simultaneously and use them as inputs. 

Biologically optimized interactive information technology has the potential to facilitate effective communication. 

This increase in effectiveness will impact both human-computer and human-human communication, "enhanced expressivity". 
, while monitoring human response, in the form of physiometric gestures, speech, eye movements and various other inputs.  

Such quantitative measurement of activity during purposeful tasks allows us to quantitatively characterize individual cognitive styles. 

This capability promises to be a powerful tool for characterizing the complex nature of normal and impaired human performance. 

The systems of the future will monitor a user's actions, learn from them, and adapt by varying aspects of the system's configuration to optimize performance. 

opportunity to facilitate the rapid exchange of relevant information thereby increasing the individual productivity of persons involved 

 Areas such as computer-supported cooperative work, knowledge engineering, expert systems, interactive attentional training, and adaptive task 

The psycho-social implications of this technologically mediated human-computer and human-human communication are quite profound.  

 may be a profound step forward in modern social development. 

   began to rethink the concept of how humans and computers would be able to communicate more effectively. (in this context the term “communicate” is used to mean the ability to intentionally exchange meaningful information). 

dealt with the physicality of the environment 

interactive human computer systems 

 track the movements and position of the human 

Optimizing the human computer interface will rely on the knowledge base of physiology and neuroscience, that is, the more we know about the way we acquire information physiologically the more we know the optimum way for a human to interact with intelligent information systems

make the body an integral part of the information system, "a sensorial combinetric integrator". 

state space parameters in which information can best be rendered. 

Models of information processing based on the capacity of these neurophysiological structures to process information will help our efforts to 

using the natural bioelectric energy as a signal source for input; electroencephalography, electroocculography, and electromyography (brain, eye and muscle) we can generate highly interactive systems in which these biological signals initiate specific events. 

Such a real-time analysis enables multi-modal feedback and closed-loop interactions. 
 

concerned with developing a “reference architecture” (a formalized conceptual framework for thinking) for designing physiologically robust interactive human computer interface systems. 

The purpose of the reference architecture will be to provide insight into the various components of the system in the context of how they might affect the flow of information as information is passed through them 

The primary focus will be to consider the flow of information between the human and the computer in a sustained, iterative, experiential interaction 

the intent of developing this reference architecture is to map the information flow during/caused by the intentional /volitional interaction with information between a conscious human and a computer system 

An exchange of information between the an experienced perceptual state and an external physical state is mediated by a biologic / physiologic information transporter system 

This system is multi modal – multi scale 

Theoretical position – 

Information can be mapped and represented as a specific state space parameter set.

 
Universe of discourse “Mind happens at an anthroscopic scale.”

The phenomena of interest, (perception and expression), occurs at the anthroscopic scale.
The anthroscopic scale, the natural scale of perceptibility and expressivity of an individual human, is “From meters to millimeters, from decades to deci-seconds.”
 
Assumptions 

Time is perceived as a unidirectional vector.

The nervous system is the primary information infrastructure for humans.
The nervous system supports the transduction transmission representation and response to information in the environment. 
  

 Basic principles. 

Human perception and expression is mediated, for the most part, by the nervous system.
 
Hypothesis

An understanding of the human neuro physiology allows for exploitation of predictable adaptive capabilities. The assertion is that the information flow between external sources and direct experience is biased/restrained/constrained/limited/enhanced/facilitated in understandable and predictable ways by the physiological mechanisms of human information processing. 
 
Physio info metrics --- the quantitative measure of the information carrying capacity of a physiologic system. 
 
Physiologically mediated information is exchanged between external environment and experiential awareness. The fundamental nature of the nervous system (neuro info matrix) determines its operational capacity. Both the physicality and the physiology contribute to the set of bio-physical restraints. The physicality of the nervous system constrains the perception of space, time, mass and energy. Physiology of the human nervous system restrains perception by computational limits of the system. 

 That is to say that nervous system is the biologic structure that is considered most likely to be responsible for mediating information flow within the human body
Operational Philosophy

-Action directed goals in the pursuit of new knowledge 

General Systems Theory

General systems theory is a useful framework for developing complex models for investigating complex systems, like those of Physio-Informatics, is in as far as it has certain concepts of systems models and principles such as hierarchical order, progressive differentiation  and feedback that can be defined and characterized and elaborated on with set and graph theory which state explicitly conditions for membership and orders of relationship.  
 
The “open systems” 

biological systems necessarily must be considered as being open systems where both information and energy is in continuous flow between the system and the environment. 

Information

is “difference”. A difference can be interpreted as either an ontological fact or as an abstract matter

Cybernetics

Also of significant importance is theory of Cybernetics, the theoretical model of feedback governed systems whose present state influences in some way the probabilities of any future state occurring in the system. 

Definitions

A state of any system is defined by the set values which describe the condition of the system in any given point in time 

 
In an open system is can be asserted that the “evolution of the states in time” i.e. the “state space trajectory” can be considered to be influenced by both the current state of the system (internal factors) and the processes of the environment (external factors) which are acting on the system. 
 

a notational system which has as its prime focus the  flux and flow of information between a perceiving human being an the environment. 
-A superior descriptive process
-A powerful system of methods and models
-A superior conceptual  frame work within which to map info flux
-Derivational pathways from first principles to operational systems
-Intrinsic heuristics

Theoretical construct 
A descriptive mathematical model that can map the transformation of information as it is exchanged between various components of the interactive human-computer interface system is presented below.

This model which most generalizes the phenomenological aspects has a notational system which exploits interdisciplinary interaction and a languaging system which can classify emerging observations.
This formal descriptive notational system will enable the creation of“ most probable maps” of information flow between humans and their environment.
 
The nature of diversity encountered when dealing with individuals with various disabilities or interface needs became evident as the experimental nature of these systems begin to extend to larger and larger numbers.
 
Given the variability of the capacity of the human information processing it was determined that a very modular, component based system was necessary. 

The ability to address individual data channels which contained the  information coming from or going to the individuals was seen as the most fundamental issue to be addressed
What is NeatTools? 
NeatTools is a powerful visual programming environment that allows users with disabilities to control and communicate with a computer. It operates in conjunction with hardware devices created specially for this purpose. 

The group researched ways that a human/computer combination might offer valuable diagnostic information, or might explain more about how the human brain functions. 

The group identified and experimented with the newest developments in technology  

Anthrotronics – Human Instrumentation Systems 
Anthrotronic systems designed for interactive information exchange continue to evolve 
Applying first principles of physio info metrics facilitates design innovation for operational refinement of the evolving interface system, thus enabling the demonstration of an integrated system of human to computer input devices 

Psycho-physiologic capacity for optimal cognitive function within an extended perceptual environment, Psycho-motor function for simultaneous interaction with multiple human to computer devices, 

Functional integration of relevant human-to-computer input devices into the system, 

. Focus will be to develop a more generalized capacity to address the interface issues of human-computer interaction requirements.  

Physiologically Oriented Interface Design: the next paradigm of human-computer interface will optimize the technology to the physiology -- a biologically responsive interactive interface. paradigm of interface technology is based on new theories of human-computer interaction which are physiologically and cognitively oriented. 
Research in human sensory physiology, 

The ability to achieve the integration of a set of advanced human-to-computer input devices into a single interface system and demonstrate data fusion to enable meaningful correlations across various input modalities will significantly enhance progress toward this end. 

Efforts have been to research, prototype, and demonstrate the implementation of a data analysis subsystem designed 

while monitoring human response in the form of physiometric gestures, speech, eye movements, and various other inputs, as well as providing for the measurement of same.
 

 --- assessed the limits of usability  

--- researched the capacity for filtering and combining data streams from the various human to computer input devices. 

--- researched the functional integration of relevant human-to-computer input devices into the system. 

--- researched an integrated system of human to computer input devices with the multisensory rendering systems. 
Quantitative human performance assessment 

The reference architecture presented has the necessary features to map the flow of information in an interactive human computer interface system. 

The reference architecture has the necessary complexity to be able to account for the physiological issues in an interactive human computer interface system.
 
