General Approach

A general focus of MindTel’s activities has been the pioneering of new methods of physiologically based human-computer interaction. Specifically for Quantitative human performance assessment.

This capability promises to be a powerful tool for characterizing the complex nature of normal and impaired human performance enabling researchers to explore new methods of interaction and analysis Such quantitative measurement of activity during purposeful tasks allows us to quantitatively characterize individual cognitive styles.  

Data fusion of sensor data with user interaction parameters will allow meaningful correlation's to be made across various performance modalities. To this end we will embrace  modular design for the integration of several data input devices into a single platform within a common interface protocol

In order to refine quantitative measurement of activity during purposeful collaborative  tasks we propose to develop and integrate a set of advanced human-to-computer input devices into a single interface system and to provide an open hardware platform and modular infrastructure that will expedite the implementation of new technologies into the system. That system is designed to be scaleable, extensible, interoperable and modular at a fundamental component level. Specifically we are  developing a "reference architecture" (a formalized conceptual framework for thinking and technology development) for designing Physio-informatically robust interactive human computer interface systems. The reference architecture we are proposing has the necessary complexity to be able to account for the physiological issues in an interactive human computer interface system.

The experiential and experimental 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 and remote computer systems.. 

 

It is MindTel’s  understanding that the scope and level of effort of this project are to develop an initial operational 4 person collaborative system with the following functions/features/requirements :

Delivered prototype system is to have the following demonstratable initial functionality;

1- Realtime data acquisition from multiple simultaneous  sources

(bio sensors and interface devices -   initial set to be determined in design phase)

2 - Archival and timed stamped data storage of complete data set acquired

3 - Real time data analysis…(to be determined in the design phase)

4 - Display of individual and combined sensor and data analysis simultaneously from multiple participants

5 -  Voice activated operation of standard internet navigation and search operations 

6 - One hr of continuous operation

7 - Contractors availability to assist with experimentation as needed by Sandia

To ensure agreement of scope scale and context of development effort

 MindTel proposes the following  design of an integrated system with all hardware, software, sensors and overall functionality specified (the system)

   Integration of all components and functionality will commence as soon as the design is accepted  after integration and testing an  Operational system be delivered and demonstrated at Sandia’s lab

The initial goal is to have a fully operational system with all core components functional 

Fully operational implies the ability to collect and store an array of sensors monitoring each collaborators physiologic and interaction performance data during a one hour directed collaboration effort. Initial data streams include direct bio-physiologic data, data from other user activity monitoring devices and from traditional input devices. There is also the ability to stream specific data to a supervisor, observer or session monitor for near realtime analysis.

The “Quad Pod “  

An instrumented collaboration station equipped with networked computers and interface systems for tracking 4 simultaneous users (the Quad Squad) during directed collaborative activities.

Some specifics of the system  

 The system will be able to simultaneously track and record multiple data streams from four individuals in a group collaborative.

Each of the collaborative participants will have their own computer and interface system

The initial system is designed for use in a fixed setting doing a specified task

Four participants are seated in a common area (at a round table) engaged In a purposeful collaborative interaction

http://www.ideationsllc.com/projects/sandia2003/quadpod/quadpod-Pages/Image38.html
Each person has a computer and display for collaborative interaction

Each computer has a user monitoring system consisting of an array of interface options that can be used in combination to monitor user dynamics corresponding to task specific activities

A combination of natural , spontaneous bio signals and task specific actions are to be monitored 

Each interface system will capture/stream the following data from the user

The user interface consists of the physio sensors, electro mechanical sensors , microphone, face cam, mouse , keyboard, joystick

The four collaborators computers will stream data to a common server for time locked data storage, analysis and post processing. The initial capacity of the system will be to be able to record 1 hr of directed collaborative activities

The system must store a reasonably accurate record of all events from all users and the environmental monitors Realistic limits are 500-900msec

The collaboration station will have a “group” audio and video recording capability 

The time locked data from each of the four collaborators along with the video of the group session will be combined to create a master session record

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  record and specifying sensor-specific data formats and structures. 

The system will  allow a supervisor to monitor all data , with eventual realtime access to live streams

The system will be designed so that any data stream or any combination of data streams may be analyzed in near real time 

This collective combination of data streams contains sufficient dynamic information to provide insight to users state of being..

Initial Technical choices

To ensure core functionality of the overall system we will use familiar technology

Bio-signals are acquired by the procomp… 8 channels

Mix and match bio signals

http://www.thoughttechnology.com/
Procomp was chosen for its core functionality, and to ensure maximum safety 

Tng-4 will host the remaining sensors 

TNG-4 is a bi-directional interface controller designed by MindTel to interface multiple sensors and controllers 

http://www.pulsar.org/archive/ed/tng/TNG-4/TNG4_kit.html
Both the Procomp and TNG4 are electrically isolated and meet all commercial use safety standards.

In general this is a multi sensor multi modal  heterogeneous data fusion problem

The following parameters are the initial target data streams

Initial efforts will establish a multi Bio-sensor capacity with an initial set of 

direct physiological measurements (non invasive electro physiology)

Bio physiologic data include

Brain – EEG

Eye – EOG

Heart ECG

Breathing - Resp

Skin – GSR

Pulse – BVW 

Video of face and eyes of each participant will be tracked.

Expressive data

Face - cam

Voice mic

There will also  be a set of somatic sensing devices using Electro mechanical motion sensors for monitoring Motion,  and position, 

Somatic data

 Body Movement

Wrist

Head

Standard input devices

Mouse, keyboard, touchpad, and Microphone for voice commands and other sounds

All input from all devices will be recorded

 Future Research Considerations

The system is designed to be used on an ongoing basis and  emerging  support collaborative research protocols.

The system is designed to maximize flexibility for experimental utility  

The system is designed to be a research tool to enable the exploration of group collaborative dynamics

The system will be designed so that any data stream or any combination of data streams may be analyzed in near real time 

The system is designed so that observers can remotely monitor any activity

There will always be emerging technologies that are going to be added to the system

The object oriented nature of the software ensures maximum flexibility for including new sensors in the future

Initial hardware spec includes

5 computers


shuttle computer 

4 interface systems


procomp



physiologic function


tng4



physical interaction


mic



voice 


cam



face

1 A/V session recording system


audio – binaural? Ambient audio


Video – quad split? Group interactions

Initial software spec


Win 2000 pro



General operating system 


Neattools



For sensor integration and dataflow control

http://ackbar.mindtel.com/resources/neattools/

Collaborative game

To be determined by the Sandia team

