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An evaluation of the implementation of EU regulations on this issue, notably 
Commission Implementing Regulation (EU) 2017/373, which imposed on air 
traffic service providers specific requirements linked to ATCOs stress, fatigue 
and rostering systems as part of their safety management systems

Scientific research and data collection on ATCO fatigue causes and impacts 
through fatigue science methodologies

An assessment of the possible impact of the introduction of new technologies 
on the ATCOs’ workload and fatigue

BACKGROUND OF THE STUDY

In December 2022, EASA commissioned a research study on the impact analysis, 
prevention, and management of ATCOs fatigue in the European Union. The 

study, lead by NLR, was conducted in a scientific and objective manner, supported 
by data collection and various research methods. 

The study included three tasks: 

Objective fatigue and performance measurements in five European ATSPs - EASA ATCO fatigue study 3
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Data Collection 
(Objective)

Using objectives measurements -
Continuous eye tracking and a 

pre- and post-duty performance 
during shifts involving 5 ATSPs 

and 20 ATCOs.

Data Collection 
(Subjective)

On fatigue and sleep for at least 
10 days involving 6 ATSPs and 

216 ATCOs.

Roster Analysis

Involving 16 ATSPs and
24 actual rosters.

Validate subjective measurementsMethodology

http://www.slido.com/
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Approach of objective measurements

• Objectives of the ATCO fatigue study

– Validate subjective fatigue measurements

– Determine the feasibility of objective measurement 
equipment to measure fatigue, in real-time, during the ATC 
operation

• 4 volunteering ATCOs within each participating ATSP

• Measurement of objective fatigue during main hotspots (as 
determined in roster analysis)

– Continuous eye tracking during entire shift

– Subjective workload ratings (RSME and ISA, hourly)

– Subjective fatigue ratings (KSS and SP, hourly)
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Objective measurements – Eye tracking

Data was collected during the shift(s) that were 
determined to be the main fatigue hotspots for each ATSP  

Remote eye tracking

• SmartEye Pro & SmartEye Aurora 

• Per ATCO during entire shift (6-8 hours) to validate 
feasibility and subjective fatigue measurement. 

• Resources and practical/operational conditions limited 
sample to 4 ATCOs per ATSP.
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This study resulted in a detailed dataset with both objective and 
subjective data on ATCO workload and fatigue

ATCO fatigue 
dataset

Null hypothesis 
significance 

testing*

Machine 
Learning 

classification

* Study on the Analysis, Prevention and Management of Air Traffic Controller Fatigue, via EASA Website
* Marsman, L.A. et al. (2024). Results and implications of objective fatigue and performance measurements in five European Air Traffic Service Providers. (EAAP pre-print)   

https://www.easa.europa.eu/sites/default/files/dfu/ATCO_Fatigue_Study_Final_report_D4C1_-_V4.1_final_21_May_2024.pdf
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“To what extent can eye-tracking features accurately classify operator fatigue and 

workload in selected European ATCOs by applying Machine Learning 

classification?”

Research question:

Sub-questions:

"Which Machine Learning models perform best in classifying fatigue vs. workload?" 

“Do different features have different importance in fatigue vs. workload?” 



Fatigue scales Workload scales
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Subjective measures for ‘ground truth’

Karolinska Sleepiness Scale (KSS)

Samn-Perelli Scale (SP)

Rating Scale Mental Effort (RSME)

Instantaneous Self-Assessment (ISA)

Steps: 

- Ob- and subjective measures

- ± Every hour 

- Answers truth for binary 

classification

- 0 = low, 1 =  high 

- Determine cut-off



Median-based Literature-based
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Methodology: two labelling strategies

If KSS > 4 classified as 1, high fatigue

If SP > 4 classified as 1, high fatigue

If RSME ≥ 31 classified as 1, high workload

If ISA ≥ 2 classified as 1, high workload 

If KSS ≥ 7 classified as 1, high fatigue

If SP ≥ 5, classified as 1, high fatigue

If RSME ≥ 50 classified as 1, high workload

If ISA ≥ 3 classified as 1, high workload 
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Visualisation 

Fig. 1: Data distribution of the KSS and the SP
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Eye-tracking features for classification

• Blink Duration in seconds

• Blink Frequency in blinks per minute

• PERCLOS 60, 70 & 80 (PERcentage of eye CLOSure)

• Cat or dog? 
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Table 1. Fatigue models comparing metrics Median vs Literature Split:

Results classification

Table 2. Workload models comparing metrics Median vs Literature Split:

Class imbalance: 
- F1 & MCC



Results feature importance

Fatigue Workload
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Fig. 2: Feature importance plots for fatigue vs. workload
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• 92% accuracy

• Different models for fatigue and workload

• Different features important

1. Class imbalance

2. Multi-class classification: low, med, high

3. PERCLOS

4. Report fatigue & workload

Discussion & Conclusion

Fig. 3: Visualisation class imbalance
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• Validation experiment

• Training shifts of 45 min, continuous eye-tracking

• Labels asked before, during and after

Next steps...



Thank you for your attention!

+31 6 83999143

Michelle.bont@nlr.nl
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