








Optimal Binning of PLS Component Scores
(Bayesian Likelihood Estimator)

• Experimental epochs were chosen to 
be representative of the Alert, 
Normal, and Fatigued states

• Scores generated by the Kernel 
Partial Least Squares (KPLS) 
classifier during these epochs were 
used to define histogram-based 
probability density functions 
describing the likelihood that given a 
particular state one could observe a 
resulting score.

• Without prior information, the 
probability of being in a state A, N, or 
F given the score is proportional to 
the likelihood:

Approach

)|()|( FscorepscoreFp ∝



Optimal Binning of PLS Component Scores
(Bayesian Likelihood Estimator)

• The likelihood ratios were computed 
to indicate the relative probabilities of 
the subject’s state.  The red curve 
indicates

• If a state was more than 5 times more 
probable than the sum of the others, 
we assigned that state to the subject 
(see color bar).  Green regions 
indicate high alertness, blues 
indicates normal alertness, and red 
indicates fatigue in this 3 hour 
experiment.  Black regions are 
indeterminate.
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Autoregressive Probabilistic State Model
(Bayesian Likelihood Estimator)

• Experimental 13-s epochs were 
chosen to be representative of the 
Alert, Normal and Fatigue states for 
each S and for each EEG channel.

• Autoregressive models of order 8 
were fitted to each epoch for each 
channel

• Estimated frequencies in the Alpha 
band obtained from the models were 
isolated for each epoch.

• The frequency traces in the Alpha 
band for each epoch were used to 
define probability density functions 
describing the likelihood that given a 
particular state one could observe a 
resulting  trace.
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Results with Optimal Binning Algorithm



Results with Optimal Binning Model
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Results with Autoregressive Model

Each topo plot shows the accuracy of 
classification as a function of electrode location.



• EEG spectral features accurately reflect 
the development of mental fatigue

• A KPLS model extracts robust features that 
can serve to explore the temporal structure of fatigue

• Evidence from two studies supports state-like
transitions from alertness to fatigue over time (cf. Billings)

• An optimal binning method provided strong evidence for at least 
three states: high alertness, normal alertness, and fatigue

• An autoregressive method provided additional evidence for a 
three- vs. two-state model of mental fatigue  

• This has implications for on-line monitoring of fatigue, for 
example, an on-line fatigue detector for system operators

• I hope this talk has left you in one of the alert states!

Summary and Conclusions



QUASAR EEG Sensor Technologies

QUASAR Capacitive 
sensors (on skin EEG, 

EOG, ECG)

QUASAR Next Gen 
sensors (standoff 

detection)

QUASAR Hybrid 
sensors

(through hair)
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Development of an Integrated 
Neurocognitive Sensor Array

Through 
clothing ECG

On skin 
EOG

On skin 
EEG

Through hair 
EEG sensor

Algorithms to classify 
even in noisy 
environments
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