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Introduction

• Air traffic controllers: monitoring radar systems, communicating with pilots, 
and determining aircraft’s location, altitude, and speed, among other tasks.

• Mental fatigue: drastically reduce operators’ situation awareness and slow 
down reaction time

Previous Methods

• rated by subjective measures

• monitoring the operators’ eye movements, electroencephalogram (EEG), 
heart rate,  among others.

• RNN and LSTM



Introduction

• EEG：脑电图
• EMG：肌电图
• ECG：心电图
• EDA：皮肤电反应
• Respiration：呼吸频率
• GSR：皮肤电反应
• SKT：皮肤温度
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Method

• Signal preprocessing
• EEG Signals: different frequency bands (delta, 

theta, alpha, beta)
• Eye Movements: gaze positions and speed

• 1D CNN module
• extracting features

• LSTM module
•  processes the temporal dependencies

• Attention mechanism
• focus on the more fatigue-related signals

• Fatigue classification
• alert, moderate fatigue or Intensive fatigue state



Fatigue-inducing experiment design

• Familiarization Phase
• participants achieve 90% accuracy in ATC tasks

• Fatigue Measurement 
• Samn-Perelli scale  to assess their subjective 

fatigue levels

• Cognitive Tasks
• evaluate the impact of fatigue on cognitive 

performance (reaction time and accuracy rate)
• 2-back test (working  memory)
• Stroop test (thinking)
• Deary-Liewald test (visual concentration)

• Task Execution Phase
• perform air traffic control tasks  one hour 

(monitoring radar screens and guiding aircraft in 
and out of the airport)

• monotonous and repetitive



Experiments

• Evaluation metrics and baselines
• accuracy (Acc), precision (Pr), recall (Re), F1 score
• Logistic Regression
• Random Forest
• SVM
• LSTM
• CNN-LSTM
• RecMF
• 5-fold cross-validation
• different window sizes (1s, 3s, 5s)
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