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The CRNR houses an ongoing interdisciplinary effort to conceptually and technologically escalate the work of both the Northeast Parallel 


Architectures Center (NPAC) and the Institute for Interventional Informatics (I3). 





The Northeast Parallel Architectures Center (NPAC) is an advanced computing center at Syracuse University in Syracuse, New York. Directed by Geoffrey Fox, NPAC specializes in High Performance Computing and


Communications (HPCC), parallel processing, distributed computing, computational science, education, and technology transfer through the InfoMall program.





The Institute for Interventional Informatics (I3) is a non-profit organization committed to the pro-social utilization of information technologies to improve quality of life. I3 Director Dr. David Warner graduated from Loma Linda University School of Medicine in June 1995.  Also a Ph.D candidate in neurophysiology and medical informatics, Dr. Warner has been centrally concerned with human expression.  In particular, how does/may the mind  manifest itself through its body’s biological systems.  Neural, ocular and muscular tissue all generate electrical fields.  These dynamic fields are controlled willfuly through our physical and/or cognitive movements.  In medical school,  Dr. Warner noticed the potential for measuring these electro-physiological events and simultaneously using them as computer inputs: “Its a new kind of thinking-you can use your biological system as the controller.” An “interventional informatic,” then, is an informational mechanism inserted into a human system’s existent set of coping strategies which bolsters a persons power over their own life.  Appropriately, the human system with which I3’s work into physiological human-computer interfaces was initiated was the quadreplegic.  Unable to access an informatic system through conventional methods (i.e., mouse, keyboard), I3’s solution of the problem caused a paradigm shift evolving now at NPAC.





I3 has been involved in Medicine, Communication, education, wellness recretion





This document stands as an overview of this and sister projects at CRNR.





With this project individuals will be able to create new educational opportunities, employment opportunities and increase their socialization through their cultural integration into the information society.  





I3 Track Record and Contacts.


Rock ‘n Roll scientists who came cared and cured





List of associated organizations


Partners for pulsar - the local cluster


Npac


Already developing the software


Ecu


Large telemedicine site to validate


Ski


Big rehab center already have been using prototypes for a year


Hit


Top human interface technology lab 


Sdsu


Disabled program


Su


Bioengineering and computer science resources


Ucsd


School of medicine





Pulsars success will make web-based services accissible to the public domain of need.








PULSAR PROJECT


A Pulsating Beacon of Intelligence Illuminating the Web








Mission:


To improve quality of life through the intelligent and socially responsible applications of information technologies.





PULSAR is a superstructure for everything done at CRNR.  Beyond issues of technological development, accessibility etc., there is the urgent sense in which all technocracy is really a social process; computer system evolution is really just an evolution in how humans may express their minds to one another. Yet, the memes which have thus far sculpted technological culture are often less than socially neutral. The rather hardened cognitive and emotional patterns of corporatism severely encumber the progress we seek to achieve.  By relinquishing this approach to development, PULSAR endeavors to demonstrate through its inventions and its sharing of them that the advantages of socially integrative applications dwarf the localized and ephemeral bloat of owning a new operating system, for example.  


Off-the-shelf technology is a fundamental aspect of the PULSAR philosophy.  This massively reduces costs for end-user.


How will we propagate the memes





Conferences


Siggraph launch


Comdex 


Ces


Mmvr5  big roll out demo/stunt event


Imagina  international pulse


Big presence at e3





Still in its infancy, PULSAR supports five works in progress:


 Neat Tools


NeatTools Overview


NeatTools is a visual programming language that creates programs for data collection, gesture recognition, control of external devices, virtual world control, and perceptual modulation. Some of the functionality is ported from Neat Software developed for Dr. Dave Warner at the Institute for Interventional Informatics from 1993 to 1995. 





The visual interface is similar to AVS. Different modules are selected, placed in a work area, and connected by lines. The connections indicate a data flow from one module to another. The line color indicates the type of data flowing. 





The software consists of JavaScript, Java, and native C code. JavaScript is used for buttons and forms. Java is used for the AVS-like graphical user interface, and for JavaScript/Java/C code generation. Native C code is used for accessing hardware devices, and to bypass Java/Netscape security checks. 





The NeatTools environment is extensible. New modules can be added by running tools which specifycharacteristics of the module. Code generators then provide all code required for fitting the module into the environment.


 


 Smart Desk


 Pulsar


 Grok Box


Evaluating the approach


Drive the need for higher through put


characterized by an ever increasing array of heterogeneous sensors and sensing modalities. This mixture of potentially vital but mostly obscure data, in it’s native form, exceeds the human limits of  integrative sensibility. This problem has been, and is being, addressed by an equally heterogeneous array of methods ranging from new AI “tricks” to graphical techniques and virtual reality interface systems. These approaches have met with varying levels of success. 








Observation:





While reviewing the current projects dealing with this problem it became apparent that most solutions, or attempted solutions, attempted to solve the problem by focusing on the technology.  The projects that did address the human factors aspects of the problem appeared to be an attempt to develop better “Reality Renderers”.








Proposal:





We propose to take an approach that appears to have great potential is to aid in the overall solution of this “sensor/sensory” overload. That  is to develop an interactive environment that explores new ways to render complex information to the user by optimizing the interface system to match the human nervous systems ability to transduce-transmit and render to consciousness the necessary information. Such a system will be based on the human user’s neural information processing which directly supports perception.  A perceptualization environment could be built which optimizes the humans ability to discriminate and iterative refine emergent patterns from any variety of sensor data.





Description of the system:





The perceptualization environment, “GROK-BOX” will integrate several vital components of an interactive information environment.  Key elements include multi-sensory rendering systems, advanced human input devices and an array of computational techniques which transform the diverse data types into perceptible patterns that enhance human capacity to perceive meaningful signals in the” sea of noise”. A comprehensive set of visual, aural, tactile, proprioceptive, somatosensory and olfactory rendering devices will be integrated into the system to give the user an integrative experiential interaction with the complex data types. The system will also integrate several unique input systems which allow the user to have a multiplicity of interaction options in which to communicate the perceived significance to the system for further enhancement.








Really Cool Stuff:





The Grok-Box will be a  vehicle to explore a wide varityt of natural and un-natural perceptualization techniques.








Unifying each of these projects technically and socially is the backbone of the WWW.  Both academic and private scetor research and Web hub for intelligent systems and disabled resources. 


As the work began with quadreplegic users, the interface designs are currently tailored to the abilitities of such users.  The aim of the research is ultimately the idea that CRNR is conceiving of and developing systems whereby a machine becomes able to recognize any user’s ability profile and reconfigure its interface appropriateley.  Data fusion of sensor data with user interaction parameters allow meaningful corelations of performance modalitites.  Cognitively induce modulation of some of the natural rhythms.  Consistent in an individual but different between individuals.  Psycho-social-behavioral nature of individuals factor into assessment of their cognitive function. Interface is mapping onto the body.   Here we are speaking about AI powered machine adaptive resonance.    





Technologies as extenders and adapters of capability, and ways of thought and communication that foster inclusiveness.





Goals:


Create a Web-based system that enables a disabled person to: do art, play music, navigate around the Web, communicate, control telerobots, experience telepresence and ultimately do real valuable work.  To make accessible intelligent systems of interactive information technology.  Develop a Web services network for disabled individuals: social impact justifies investment by enabling the greatest number of disabled individuals to expressively interact with the world.

















In addition, we hope it may be generic enough to act as a standard for other similar applications.  Smartdesk is one such generic application.   


********************************************************************


Neat Tools is the working ideal of its Predecessor, Neat Software.  Neat Tools succeeds in being the first Web-based design of the gesture control software began by Neat.  While a medical and Ph.D student Dr. Warner’s research into technologies applied to medicine he and his collegues conceived of and began development of what was called the “neuro-rehabilitation work station.”  Because the research was conducted in a medical context the original thought was clinically centered.  With Pulsar, the goal of making the technology generically applicable for all who might benefit rather than specific cases is quickly being achieved. In order to calibrate TNG 1 data with a graphical rendering Neat software yields


both an EEG like trace as well as binary gesture state vectors. The incoming signals are thus transformed into a visual portrayal of user activity. Margins of user physiological signal output are set accordingly.  





Assessing and accordingly augmenting human performance is the principle of what we’re doing.  The purpose is to develop and apply Enabling technologies.  Very importantly, this includes human-computer interface technologies for medicine.  Origin:  quantitative assessment of neurological disorders with glove, EEG and MRI.  Wellness paradigm from the positive result of improved quality of life resulting in reduced health care costs.  


Rehabilitation:  application of technologies to the needs of the [severely] disabled.  In the context of clinical neurology this means quantitative assessment etc. yielding more potent and efficient treatments.  In the context of the disabled user it refers to advanced sensors and input devices (e.g., emg electrodes) which empower and thus improve quality of life-the central philosophical motivation CRNR. 


Education: VR systems and interactive multimedia enhance the presentation and manipulation of information.  


Medical Informatics:  VR systems and local-and wide area networks can help physicicans acquire, access and manipulate data 


Basic Medical Research: same as part one of rehab





	interface (hardware/software0


	data analysis


	expert systems (machine resident intelligence)





In rehab


	This technology if properly applied massively enhances the goals of rehabilitative medicine: measurement of improve the measurement of human performance and the assessment of therapeutic efficacy. Diagnostics and measurement. This work can also be generalized to multiple health-care markets.  As the model the NRW 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:  An AI system like “Angel” neural networks to moniter patient/therapist interaction, identify data trends and patterns and once again adapt the system to the user based on all of the above. For example, linking input device data with the patient’s records and specifying sensor-specific data formats and structures.  The system thus adapts (adaptive resonance).  The information which emerges in such interaction will be available to participating physicians, therapists, patients and scientists.  





Very important from a rehabiliative point of view is motivation.  Users are psychologically engaged by the ongoing dynamic and changing feedback they get from the computer; this induces firther participation etc.  





To go forward we must identify and aquire rapid prototyping tools (code generators, graphical user interface libraries, and general case tools) and data bases. , our efforts to make these transfers permanent have been impeded by the lack of standard platforms, interfaces, inaccessible file formats, industrial inertia geared toward building bombs and missles…


creation of a development env


modular design( for dist processing and adaptability)


Integration of several data_input devices into one platform within a common interface protocol.


machine resident intelligence


USE DIAGRAM IN VR SPECIAL REPORT WINDOW TO CLOSE





integration of a variety of input devices into a singly system (unified platform)


data fusion (give some historical examples etc eeg/mri) allows for meaningful correlations across various performance modalities (examples from Eyal) “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 server and to the rendering subsystem for immediate feedback.  The server should be intelligent enough to automatically 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 patient(s) currently at the system  Morph to serve!  User specific real time tayloring prior to use.”





Record security The maintenance of medical 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 patient record and specifying sensor-specific data formats and structures.





Adaptive resonance to optimise performance.


Adaptable on line help with text, graphics, and animation.





Data analysis subsystem 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 to optimize the operator's sensory modalities





Five classes of user 


Therapists (most extensive users of all functions)


Technicians (set up/aquisition)


Physicians (analysis)


Researchers (data analysis/general as needed)


Patients (biocybernetic interaction)








	The NRW will implement multi-sensory rendering by combining recently developed 3D sound and tactile feedback systems with advanced visualization technologies.  The NRW will enhance perception of complex relationships by integrating visual, binaural, and tactile modalities.  The rendering subsystem has a near real-time biofeedback mode for use in a therapeutic paradigm and a data perceptualization mode for use in an analytical paradigm.  Outputs from sensing devices and analytical operations are parsed and routed to the combination of rendering modalities best suited to render that information.





The goals of the NRW are twofold; 1) to provide an open hardware platform and modular infrastructure which will expedite the implementation of new technologies into the clinic, 2) to augment clinical therapy with new methods of interaction and analysis.  Success should result in providing neurorehabilitation, and the medical community in general, with a powerful tool for characterizing the complex nature of normal and impaired human performance.  Gross and subtle changes in function will be monitered by the data acquisition devices.  








At the moment, NEAT must be calibrated by the user.  Calibration sensitizes the computer to the movements of a specific user.  The goal here, and one which permeates all the projects of Pulsar is that such calibrations will be handled by the “artificially intelligent” computer.  Hence, the user needs only to put on the interface and in a short period of time the computer will have adjusted itself to its user.     This effectively sets margins within the computer to





NEAT TOOLS


Design and Implementation of an Expressional Interface with Sensor Devices and Web-Based Software.


 


Neat Tools is the first instance of a universal platform application of a disabled user technology like NEAT.  Neat Tools began as a refinement of an older version of gesture recognition software called BEC (bio-enviornmental software).  Conceived and developed by I3 in 1992, BEC was the first software developed to allow facial EMG signals to become computer commands. In order to render Ashley's detected facial muscular signals to a screen, BIOMUSE and TNG 1 would require software to communicate with the primary computational system­the 386 PC. I3 programmer, Jo Johansen, first wrote Bio-Environmental Control (BEC) software to establish the connection between gesture EMG signals and specific computer responses. These would then control the behavior of specific graphical software a user actually interacts with. Neat Software, also written by Johansen, eventually substituted BEC and continues to evolve as the primary hardware to software communication for I3. In order to calibrate TNG 1 data with a graphical rendering Neat software yields both an EEG like trace as well as binary gesture state vectors. The incoming signals are thus transformed into a visual portrayal of user activity. Margins of user physiological signal output are set accordingly.  In this way the gesture input is calibrated to control a video game character (e.g., Pac Man, Super Mario Bros) or a remote control vehicle [photos].  


One of the earliest goals for I3 was Integration of several data input devices into one platform within a common interface protocol.  Neat Tools accomplishes this goal (initial hardware for reconfiguring human-computer interface).  Written in Java, Neat Tools is a full-fledged Web platformed piece.  The original goal of the NRW is finally coming into fruition.  THNG 2, as a multiple channel signal transducer, provides for several types of input which all come together:  data collection, gesture recognition, control of external devices, virtual world control, and perceptual modulation.  


Disabled user specific input mechanisms (i.e., sensors)


Development of an expressional interface using Neat software and input devices etc. NeatTools Overview


NeatTools is a visual programming language that creates programs for data collection, gesture recognition, control of external devices, virtual world control, and perceptual modulation. Some of the functionality is ported from Neat Software developed for Dr. Dave Warner at the Institute for Interventional Informatics from 1993 to 1995. 





The visual interface is similar to AVS. Different modules are selected, placed in a work area, and connected by lines. The connections indicate a data flow from one module to another. The line color indicates the type of data flowing. 





The software consists of JavaScript, Java, and native C code. JavaScript is used for buttons and forms. Java is used for the AVS-like graphical user interface, and for JavaScript/Java/C code generation. Native C code is used for accessing hardware devices, and to bypass Java/Netscape security checks. 





The NeatTools environment is extensible. New modules can be added by running tools which specifycharacteristics of the module. Code generators then provide all code required for fitting the module into the environment.





Pressure, light and magnetic sensors


There are two main types of hardware designed in association with the


Neat software: one measuring


voltage specialized for myoelectric signals (Thing1,TNG1) and the other


measuring variable resistance from sensors (Thing2,TNG2).


This hardware was designed to be versatile so as to accept a wide array


of


sensory inputs and cost efficient so as to be easy to use and easy to


make. The software allows for easy manageability of data coming in from


various input devices. The incoming signals are transformed into a visual


portrayal of the user responses. This feature is useful insofar that the


user can correlate his motions to the changes in his cyber environment.


The input devices used with NeatTools are external devices that are


modified specifically for the


the user so as to employ whatever controllable actions he can make. Such


input devices vary from


commercial joysticks to the "Thing" devices, which were developed for


NeatTools application. The Thing 1


(TNG1) device, for example, is a 4 channel EMG signal detector, developed


at the Institute


for Interventional Informatics  . TNG1 utilizes the


mechanisms of muscle contraction by the changes in the potential


difference of the muscle tissues.


These potential differences can


be picked up by the EMG electrodes which are then connected to TNG1 and


NeatTools. In turn, up to four


different channels can be initiated by NeatTools to give a visual display


of the muscle movements in the


user. These channels can then be converted by the computer into commands


for a set number of rules, a


program, and/or communication via text and possible audio generation.


 


In the case of Eyal Sherman, the task of increasing the number of


channels increases in


difficulty not so much due to any limitations of the NeatTools program,


but rather the limitations of


Eyal himself. The workable area of the user is focused on the facial


gestures which Eyal has


sole control over. The method of exploiting the few accesible biological


channels


that he has is centered then, to


the available input devices that can be made around and on his facial


muscles so as to obtain input


data. Such devices are discussed belo


 


  Eyal Sherman


Currently, the efforts of the project have been focus on the case of Eyal


Sherman , a 14 year old quadraplegic who is able to control only


his facial muscles. The preliminary


work was done with electromyography (EMG) to sense potential differences


resulting from


various muscle movements. Previously, EMG has been successfully


implemented to obtain signals on the computer and to navigate a remote


controlled vehicle, simply by making facial gestures.


In the course of this project, various other sensors were used including


pressure, light and magnetic sensors, all of which will be described and


compared in later sections





Eyal began with EMG 





usable channels of input (e.g., cheeks, forhead, eyes, neocortex etc)





Neat Tools are a Java-based graphical enviornment for processing data coleected from various input devices.  Currently up to 16 channels can be designated to various input output mechanisms on NTs and such advantageous displays include the multichannel oscilloscope-type array which can be used to train the user to activate particular channels (?????)





Cheeks(EMG(THNG 1(Neat Tools





Sensors: 


Self adhesive electromyographic electrodes


Cadmium-Sulfide photocells Cadmium-Sulfide photocells


Cadmium-sulfide (CdS) photocells (Radio Shack cat.  276-1657) were used


with 22K ohm resistors to make photosensors which decreased resistivity (increased conductance) with an increase of light on the


photocell. These sensors were used with TNG2, measuring voltage, by


positioning the photocells on Eyals face.


 





Hall Effect Transducer (HET) MagneticBy using a Hall Effect Tansducer (HET) which detects changes in a magnetic field,


facial motion could be recognized by placiing a rare earth magnet on the


appropriate facial area(s)muscle and noting movement with a HET probe . This sensor are very  sensitive to minute changes in the magnetic field and were easily adapted to the NeatTools interface, again by TNG2.


Velostat By utilizing Velostat, which is an antistatic plastic packaging material that changes resistance with changes in pressure, signals from pressure exerted by the chin were exploited via TNG2. Sandwiching Velostat between two layers of copper gave a resistance differential when the user opened his jaw thereby applying pressure to the chinstrap. This model needs further modification in strapping it securely to the head and positioning it firmly onto one location on the chin.


Design of Web-Based NeatTools


NeatTools software is a Web-based interface system which


augments our ability to create, express, retrieve, analyze, process,


communicate, and experience informatio
