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Why Dealing with Microsleep Detection?



Example Microsleep Events

Microsleep events (MS)

Temporary episode of sleep; Short and 

unintended attention lapses during driving; 

individual fails to respond to some arbitrary 

sensory input and becomes unconscious

Behavioral MSs Signs: 

Slow Eye Lid Droops. slow eyelid-closure, and

head nodding, Duration 300 ms-30 sec; 
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Advantages Microsleep Prediction

Advantages: 

Strong accident relavance

Rather clear behavioral event. 

Disadvantages:

Experimental effort: Long sleep deprivation, 

monotoneous tasks
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Microsleep EEG = Eyes Closed Alpha Bands? 
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Microsleep EEG = Sleep Stage 1, Theta Waves?

MS are often classified as a shift in (EEG) during which 4–7 Hz Theta Wave activity replaces the

waking 8–13 Hz Alpha Wave background rhythm
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Open Question: MS Detection and Prediction
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Our Approach: Brute Force (Getting Better, Not Wiser)
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MS Events vs. Sustained Attention (SA)

 Periods of time where the driver is indeed

drowsy, but still able to keep the car in lane, 

were used as counterexamples and were

labelled as sustained attention (SA)

 1.484 MS Events

 1.940 Sustained Attention Events 

Sleep Deprivation MS Lab Study I: Experimental Protocol 

Protocol Subjects

 16 subjects (12m +  4f); Age: 24.4 ± 3.1; PSQI: 

3.8 ± 1.6

 Restrictions: wake-up time: 6:00 – 8:00, time to

bed: 22:00 – 1:00, monitored by wrist actimetry, 

subjects refrained from naps during the day

before driving

 Experiments: 22:30 - 7:30 (8 driving sessions

of 40 min duration)
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Ground Truth and Definition of MS  

Exclusion and Definition of MS

 Behavioral MS events evaluated by an expert 

supervisor. 

 Evaluations based on visual inspections of 

video material, of lane deviation time series 

and of EOG.

 Vague or very short-lasting signs of MS (<0.3 

s) excluded. 

 The duration of behavioral signs of MS ranged 

between 0.3 and 6 s.

Visual Inspection Criteria

 MSs manifest as droopy eyes, slow eyelid-

closure, and head nodding

NOT APPLIED: EEG based Definition Alpha to

Theta Band 



Static Driving Simulator

SeitenansichtInnenansicht

Projektoransicht
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Feature Extraction: Brute Force Fine EEG Spectral Bands

Feature Set 1: PSD (Power Spectral Densities)

Averaging: within small frequency bands 

0.1 Hz ... (1 Hz) ... 23.1 Hz  (empirically found); 

Scaling:  logarithmically 

161 PSD features

(23 spectral bands x  7 EEG channels (Fp1, Fp2, 

C3, Cz, C4, O1, O2); 

Feature Set 2: Choi-Williams distribution

(CWD)

648 CWD features per EEG segment. 
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EEG Feature Extraction: Set 1 PSD
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EEG Feature Extraction: Set 2 CWD
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EEG Feature Extraction: Set 2 CWD
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EEG Feature Extraction
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EEG Feature Extraction: Set 2 CWD
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EEG Feature Extraction: Set 2 CWD
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Supervised Machine Learning: Classification Algorithm
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MS: Time-on-Task, Time-of-Day Effects
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Prediction vs Detection Results: SVM Classification

Detection

Prediction
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Classification  Accuracy
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Sleep Deprivation MS Test Track Study II

Participants

We conducted a sleep deprivation study with 151 

male participants. The subjects under sleep 

deprived conditions slept less than 2 hours prior 

the recording session.  4 h Driving on test track
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CamCar and High Security Test Track Facilities



Candidates for MS Detection: Breathing Pattern, BP, ECG

Heinze, C., Trutschel, U., Schnupp, T., Sommer, D., Schenka, A., Krajewski, J. & Golz, M. (2009). Operator fatigue estimation using heart rate measures. World 

Congress on Medical Physics and Biomedical Engineering, IFMBE Proceedings, 25 (9), 930-934. 



Candidates for MS Detection: Video-based PPG Heart Rate 

Pursche, T., Krajewski, J., & Möller, R. (2012). Video-based heart rate measurement from human faces. IEEE International Conference on Consumer 

Electronics, 29, 544 – 545. 



Candidates for MS Detection: Facial Thermal Imaging

Puri, C., Olson, L., Pavlidis, I., Levine, J., & Starren, J. (2005). StressCam: non-contact 

measurement of users' emotional states through thermal imaging. In CHI'05 extended 

abstracts on Human factors in computing systems (pp. 1725-1728). ACM.
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Summary
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