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Objective: The purpose of this study is to analyze characteristics of flight performance
and heart rate variability features and develop cognitive workload classification model
in order to detect cognitive workload levels of pilots.

Background: Pilots can experience high cognitive workload conditions by performing
various tasks simultaneously during air operation mission. Accurate detection of the
cognitive workload state is required to improve the survivability of pilots and ensure
flight safety.

Method: Five student pilots in 20s performed dual task consisting of simulated flight
task with baseline task and three levels of N-back task (0-back, 1-back, 2-back). Three
flight performance features (standard deviation of altitude, heading, airspeed) and
two heart rate variability features (standard deviation of NN (SDNN), Low Frequency
to High Frequency ratio (LF/HF)) were measured from the flight simulation experiment
with photoplethysmogram (PPG) sensor. Cognitive workload classification model was
developed by pre-processing input features and output classes, applying five classifiers
(Decision tree (DT), Support vector machine (SVM), K-nearest neighbor (KNN), Bayesian,
Ensemble), and validating the model performance.

Results: High cognitive workload level (2-back) was 327%, 161%, and 1.2% higher
than baseline in terms of standard deviation of altitude, standard deviation of airspeed,
and LF/HF respectively. DT, SVM, KNN, Bayesian, and Ensemble classifier performance
was 94.4%, 91.1%, 96.6%, 93.3%, and 96.6% with two output classes, 62%, 51.4%,
64.6%, 57.1%, and 64.6% with three output classes, 36.3%, 36%, 48%, 36.3%, and
49% with four output classes respectively.

Conclusion: The best classifier performance for detecting cognitive workload levels
of pilots was acquired from an ensemble classifier with two output classes (baseline,
2-back) with an accuracy of 96.6%.

Application: The cognitive workload classification model using the ensemble classifier
in this study can contribute to the development of a system capable of providing
warning signal in real time under pilot's cognitive overload situation.

Keywords: Cognitive workload, Flight performance, Heart rate variability, Ensemble
classifier
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Figure 1. Pilot's mission environment
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2.4 Experimental procedure
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2.5 Data analysis
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3. Results
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Figure 4. Comparison of flight performance and heart rate variability by pilot's cognitive workload levels (Alphabet shows statistical
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3.2 Development of classification model for cognitive workload levels
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