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EXTENDED ABSTRACT 
Monitoring pilots' cognitive and emotional workload during 

flight operations remains a critical challenge in applied signal 
processing and developing robust embedded electronic systems. 
While mobile brain-computer interfaces (BCIs) offer continuous 
neurophysiological monitoring, predictive models trained in 
pristine, simulator-based environments (e.g., NASA MATB-II) 
poorly generalize "in-the-wild". This degradation is primarily 
driven by massive environmental noise (e.g., high G-forces, 
micro-vibrations, electromagnetic interference) coupled with 
pronounced inter-subject physiological variance disrupting 
sensor reliability [1]-[3]. 

This study evaluates various machine learning paradigms – 
classical algorithms, deep convolutional neural networks 
(CNNs), and novel large-scale foundation models – for stress 
detection using multimodal sensor data from six pilots in an 
SZD-9 BIS "Bocian" glider cockpit. To overcome the 
unfeasibility of in-flight questionnaires, ground truth labels were 
generated via facial expression analysis using OpenFace [4] and 
FACS [5]. A novel hardware-software synchronization protocol 
utilizing inertial detection (IMU) of pilot head nods was 
implemented to synchronize the high-frequency EEG stream 
(recorded via an 8-channel Unicorn Hybrid Black amplifier) 
with visual behavioral labels, showcasing a practical approach 
to sensor fusion in highly dynamic environments. The cleaned, 
overlapping 5-second EEG epochs were subsequently evaluated 
using a subject-independent, Leave-One-Group-Out cross-
validation scheme to prevent data leakage. 

The results, detailed in Table I, expose critical bottlenecks in 
deploying BCI systems in real-world aviation. Classical 
machine learning models, often preferred for low-power 
embedded applications, demonstrated a strict performance 
ceiling, with the XGBoost algorithm [6] achieving a maximum 
ROC AUC of 0.654. Deep convolutional networks (EEGNet, 
TSception) pre-trained on massive simulator datasets failed 
entirely upon fine-tuning on the target glider dataset, with their 
predictive performance collapsing to chance levels. This 
provides vital empirical evidence of the Negative Transfer and 
Domain Shift phenomena caused by disparate sensor hardware 
topologies and real-world signal contamination.  

Conversely, the LaBraM foundation model [7] broke the 
classical performance ceiling, achieving an average ROC AUC 
of 0.730. However, evaluation revealed its extreme sensitivity to 
stochastic weight initialization and data segmentation, with 
cross-validation fold scores fluctuating drastically between 
0.492 (Fold 1) and 0.857 (Fold 5). This enormous variance 
perfectly encapsulates the Data Starvation phenomenon, proving 
that massive foundation models require significantly larger 
datasets for stability. Ultimately, generic, subject-independent 
BCI models are fundamentally insufficient for deployment in 
real-world electronic avionic systems, necessitating a paradigm 
shift toward subject-specific hardware calibration and temporal 
context modeling to ensure systemic reliability. 

TABLE I.   
CROSS-VALIDATION PERFORMANCE (ROC AUC) 

Method Architecture ROC AUC 

Machine Learning XGBoost 0.654 

Deep Transfer Learning TSception ~0.500 (Chance) 

Large Foundation Model LaBraM 0.730 (± 0.132) 
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