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Abstract 
A combination of linear and nonlinear methods for feature fusion is introduced and the performance of 
this methodology is illustrated on a real-world problem: the detection of sudden and non-anticipated 
lapses of attention in car drivers due to drowsiness. To achieve this, signals coming from heteroge-
neous sources are processed, namely the brain electric activity, variation in the pupil size, and eye and 
eyelid movements. For all the signals considered, the features are extracted both in the spectral domain 
and in state space. Linear features are obtained by the modified periodogram, whereas the nonlinear 
features are based on the recently introduced method of Delay Vector Variance (DVV). The decision 
process based on such fused features is achieved by Support Vector Machines (SVM) and Learning 
Vector Quantization (LVQ) neural networks. For the latter also methods of metrics adaptation in the 
input space are applied. The parameters of all utilized algorithms are optimized empirically in order to 
gain maximal classification accuracy. It is also shown that metrics adaptation by weighting the input 
features can improve the classification accuracy, but only to a limited extent. Limited improvements 
are also obtained when fusing features of selected signals, but highest improvements are gained by 
fusion of features of all available signals. In this case test errors are reduced down to 9 % in the mean, 
which clearly illustrates the potential of our methodology to establish a reference standard of drowsi-
ness and microsleep detection devices for future online driver monitoring. 
 


