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Background

Brain-Computer Interaction (BCI) is a rapidly developing field that primarily focuses on exploring the question: How can brain signals be used in human-computer interaction?
BCI introduces a new interaction technique to the conventional Human Computer Interaction (HCI) techniques.  It is interesting to explore the most appropriate and effective uses of this new technique. Research opportunities lie in three general areas: technical considerations, design considerations and practical/ethical considerations.

The technical aspect deals with how best to interface the brain with a computer.  Currently, mainstream BCI uses an electrode cap fitted to a user’s head, which is attached to an EEG machine.  One open question is, for each specific application, what is the best and minimal electrode configuration needed to obtain the needed data?

The design aspect focuses on determining exactly what type of applications can benefit most from Brain Computer Interaction: how can we exploit the power of brain signals while avoiding the element of uncertainty in brain signal analysis?

Practical/Ethical concerns deal with the extent to which brain signal processing has advanced.  Exactly how much data can we infer from these signals? Currently the analysis of brain signals is not yet sophisticated enough to be able to directly map signals to specific thoughts.  But before we achieve this precise understanding of the brain, society needs to address the issue of assigning accountability to people’s unintentional thoughts, since it may be possible to manipulate thoughts into actions through a machine.

Proposal

For the spring semester of 2003, I propose to modify current applications to better adapt to Professor Paul Sajda’s BCI research.  The goal of this project is to provide tools that will facilitate analysis of the correspondence between brain signals and physical actions of a human using a software application.

An example of one such application is “Warship Commander”.  Warship Commander is an interactive battle game authored by DARPA in which the user must identify and shoot at enemy planes before the enemy planes destroy the user.

This game software allows researchers to monitor EEG data in sync with any action on the User Interface.  EEG data from each electrode is written to an output channel.  This software will write data corresponding to user-initiated events on the UI, in the form of an electrical signal, to a “null” electrode channel (referred to as the ‘event channel’).  This channel is not attached to the user’s brain, but its information can be displayed, stored and analyzed in the same manner as the electrical signals emitted from the brain.  The event channel and the electrode channels can be viewed on the same time frame, allowing for convenient comparison of events and brain signals.

This project involves three specific research areas:

First, because of the reaction-action latency inherent to the operation of event-driven software, the event and brain signals do not have an exact 1:1 time correspondence.  The reaction-action latency is the time after the user receives a cue to react and before the user performs an action on the interface.  Specifically it involves the time needed to formulate the appropriate action and the time it takes to physically execute the action.  For example, a cue to react may be a visual indication that the oncoming plane is an enemy plane; the user must then decide that the appropriate action is to shoot the oncoming plane, and the remaining time before action execution is the time to hone the input device, time to point to the target, etc.  A variable that will increase the complexity of calculating this latency is the amount of time the user takes to recognize the reaction cue.  Reaction times will vary based on the cue type.  Different types of cues include auditory feedback, visual feedback, and display modulation, each of which has different stimulus response times.  These complexities must be resolved before accurate analysis of the correspondence between brain signals and actions can be performed.

Second, it is unnecessarily difficult to find specific data segments because every single event on the UI is associated with a delta in the event signal.  It would be useful to create a filter that augments the “significant” event signals and minimize the un-important ones.  For example, the button click that means “shoot the oncoming plane” may be more significant to monitor than the mouse click which means “position the gun to the right.”

Lastly, there is no feedback loop.  Once the event data is written to the EEG port, the association between the brain and the application ends.  Thus, the application is not interactive with the brain because it provides no real-time control capabilities.  In order to complete the feedback loop, once EEG signal data is obtained and analyzed, it can be used to modulate the application parameters. (For example, if the signal data indicates the user is confused, the number of attacking planes could be reduced)  

During the upcoming semester, I hope to solve the two software problems by writing new code that can work with legacy code of current applications, and use the new solutions to research the latency questions by running EEG experiments with the modified software.

Conclusion

My main motivation in undertaking this project is to gain a better understanding of the issues involved with Brain-Computer Interaction.  I hope that this will serve as a foundation to further explore the Human-Computer Interaction aspects related to Brain-Computer Interaction.  This project has the potential to lead into larger-scale projects, such as creating an entirely new BCI application.

I have chosen this project as a starting point because it is reasonable for the given time frame, will produce tangible results, and perhaps most importantly is immediately relevant and needed. 

