
The Aegis command and control simulated environment is a combat 
system with advanced, automati c detect-and-track, multi -functi on 
phased array radar.  The Aegis task involved monitoring multi ple 
data sources (i.e., missile-tracks, alerts, queries, resources), 
detecti ng required acti ons, responding appropriately, and ensuring 
system status remains within desired parameters.  

The B-Alert measures of workload were evaluated while individuals 
acted as identi fi cati on supervisors during the Aegis command and 
control simulati on.  Periods with high or extreme EEG-workload 
occupied between 25-30% of the scenario total ti me and provided 
a detecti on effi  ciency approaching 100% for selecti on-identi fi cati on 
and alert events, 77% for hooking-tracking and 70% for queries.  
High or extreme workload was identi fi ed in less than 5% of the ti me 
that wasn’t occupied by high-diffi  culty events.

This man-machine integrati on demonstrates the potenti al for 
uti lizing physiological monitoring for the real-ti me assessment of 
operator status.  Intelligent feedback or closed-loop systems can facilitate acti ve interventi on to ensure the 
operator remains uninterrupted during high/extreme workload periods or to increase the cogniti ve demand 
level when periods of low workload are detected.
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Impact of Closed-Loop Drowsiness Feedback on Driving Performance

In this applicati on, real-ti me EEG classifi cati ons of engagement and drowsiness were 
used to trigger feedback in a closed-loop ti me/performance-locked driving simulator 
training session.  In a randomized cross-over design, parti ally sleep-deprived subjects 
performed four driving simulator scenarios over an eight-hour evening period.  
During two of the sessions, audio feedback was initi ated when EEG metrics of 
extreme drowsiness were detected with the intensity and durati on of the feedback 
modulated to match changes in the EEG.  Six unique sounds were selected for the 
alarms; the feedback sounds became more urgent each ti me the alarm was triggered.   
Performance was monitored during the other two sessions without feedback. 

When feedback was provided subjects showed stati sti cally signifi cant improvements in reacti on ti mes and 
correct responses to the driving simulator divided att enti on task.  Although there was substanti al variability 
in driving performance resulti ng from sleep deprivati on, the number of drift s and veers and total accidents 
showed signifi cant reducti ons when parti cipants were most fati gued and feedback was provided. Most 
parti cipants reported that the feedback alarms were benefi cial in helping them maintain alertness.  

Real-ti me closed-loop feedback based on EEG-indices holds the potenti al for a number of training or safety 
applicati ons.  Vibro-sensory motors are currently being explored as a means to provide tacti le feedback, a novel 
alternati ve to audio or visual feedback that can be generated in a confi denti al, non-cogniti ve distracti ng manner.
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