Proposal and Statement of Work

For NHRC, Spawar, San Diego

From Erik Viirre M.D. Ph.D. and Mindtel LLC

Eyetracking and Display Development

With Applications.

June 1, 1999

Summary

This project is part of a larger program called “XXXXXXXXXXXXXXXXX”. This program is intended to develop workstations for US Navy crews that will allow surveillance and interaction with multiple computer monitored systems. In the project, several items will be developed. 1.) An eyetracking hardware and software platform will be developed that will PC system based that will allow integration of eyetracking into various software items. 2.) A “lookup” display will be developed that will have integrated eyetracking and head tracking components. 3.) The project personnel will work with NHRC staff to integrate the hardware and software into the larger demonstration project. This will include development of demonstration tasks and interaction with the program staff to make the technology functional.

Eye Tracking

Various methods of measuring the position of the eye in the head are available. The most modern and non-invasive system is called video-oculography (VOG). This technology uses a micro CCD camera to electronically capture a view of the eye and the pupil. VOG then uses image recognition technology to “capture” the pupil. As the eye turns in the head, the pupil image will move with respect to the overall image. By calibration, the eye’s angular position relative to the head can be calculated. If the head’s position and orientation are known, then gaze direction, or the direction of eye in space can then be calculated. The gaze direction can be used to determine what objects the eye is viewing.

In planning meetings with the NHRC staff, options for eyetracking were considered. Functional needs, system flexibility and initial and scaling up costs were reviewed. THe decision was made to do custom development of a video-oculography system that is based on the Labview technology from National Instruments. A simple eyetracking system based on the Labview video capture card and IMAQ software has been developed by Graftek America. The software kernel developed by Graftek is available for purchase. Software development support is also available from Graftek. The Labview system from National Instruments will allow development of the required integration software to pass the eyetracking information onto the crew monitoring tasks. The Labview technology will also allow head position and orientation to be integrated into the system to allow the calculation of gaze direction. 

Look-up Display (LUD)

The systems monitoring station demonstration has a proposed Look-up display. The LUD will have a LCD monitor based display system. The design objective is to have a display that the user can look up into for information. The display will not occlude the user’s straight-ahead vision. Further, the look-up display may serve as the superstructure for mounting the eyetracking CCD cameras, infrared mirrors and illumination sources. An initial conception of the whole system is a baseball cap style headgear with the display and eye cameras integrated into the brow of the cap (see below).
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A group of industrial designers will be required to fabricate the components and assemble them. A variety of components will need to be reviewed, including the LCD panel source and the CCD cameras.

Eyetracking task development.

A variety of uses for the eyetracking systems can be developed. We can monitor general oculomotor behaviour as a method of user monitoring for work load and attention measures. We can determine what tasks the user is attending to in general. For example, we can ask if the user is paying attention to the tasks straight in front of them to the exclusion of other important tasks in the side mounted or look-up display. Finally, we can use the eyetracking system as a method of software interaction. Fixing gaze direction or head direction on the display could be used as a task selection technique. Further, tracking of objects in complex visual scenes with changing light conditions can be extremely well done by the human visual system, but is poorly done by automated systems. The human can select and track and object and direct the eyetracker for object selection.

Part of the overall goal of the workstation development program will be to create task demonstrations that show the ability of a crew station member to increase the number of systems they can monitor. Also, it will be possible to quantify and  statistically demonstrate the crew’s performance with these systems.

It should be noted that even video-based eyetracking has inherent limitations. These systems require careful calibration that can be affected by shifting of the head-gear. Selection of users will be necessary because factors such as iris colour and eyelashes can affect how well the eyetracking functions.   

Statement of Work

Eyetracking Development

The basic eyetracking system will be needed for integration with the head tracker and higher applications by 1/2000. This means that the Labview software, video capture cards and host computer will have to be acquired immediately. We will assume the project will start 7/1/99. We will also need to acquire the Graftek eyetracking kernel and documentation. The project managers and developers will have to meet to outline the system configuration for ultimate use. Issues for integration will include:


Location and residence of the eyetracking system. Will it be located on a separate computer and connected via ethernet to the other systems? What software will be required for the integration.


Which developers will be responsible for what components?  Components will include:


Pupil tracking, 

corneal reflection tracking, 

calibration routines, 

Integration with head tracking,

Integration with monitoring routines.


Timeline


The planning should be completed by the first month of the development. This will allow time to acquire the hardware and software for development. The eyetracker developer will have to review the Graftek components and determine what will need to be upgraded and added. (month 2). The corneal reflection tracking routines will have to be developed (month 3). Then the head tracking developer will need to work with the eyetracking developer to develop the gaze tracking routines (month 4). In months 5 and 6, the final usability testing will be done.

Look-up Display Development

For the LUD development, there will need to be a review of the available LCD display systems. This will include the new Sony HMD system which our initial review suggests will be the appropriate one
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We will also have to acquire the micro CCD camera, IR LEDs cameras for the eyetracking system. These components will then be modified and assembled by an industrial designer.


Timeline: Like the eyetracking systems, the LUD with eyetracking cameras should be available by 1/1/2000. A design review for the NHRC team will occur after three months of development.

Task Integration

In conjunction with the program staff, a review of potential tasks with a final selection should be made in the first 2 months. Then detailed descriptions of the tasks, including the required data for integration with the gaze tracking will be done in the next 2 months. NHRC developers in conjunction with Dr. Viirre, will  then work on the development for the final demonstration in 5/00. 

