Establishing a gold standard for drivers microsleep detection
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Purpose: Detection of microsleep Pa
Aim: detection of evidently scored microsleep events against clear episodes
of fatigue driving through analysis of spontaneous biosignals
database: up to now we have 45,957 electrophysiological and video recordings
utilizing advanced Soft Computing methods
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Laboratory: Real Car
- 3D, fully dark, climate controlled

EEG: 16-ch. AC-amplifier, sampling rate: 256 s
EOG: 2-ch. DC-amplifier, sampling rate: 1000 s
Eyetracking: binocular, 6-ch., sampling rate: 250 s

Video: 3-ch., framerate: 25, infrared region

other: ECG, EMG, EDA, Respiration.

questionnaires: KSS, Thayer, Microsleep Awareness (online
ESS, Samn-Perelli, PSQI, etc. (offline)
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Feature Weighting =

rather alert
neither alert nor sleepy
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some signs of sleepiness
sleepy, but no effort to keep awake
sleepy, some effort to keep awake
very sleepy, great effort to keep awake
extremely sleepy, can't stay awake
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Matlab: Genetic Algorithm Toolbox 34 x Pentium-4 3.2 GHz

Generations: 200
Population size: 170
Gen expression: 531 (double vector)
(7 EEG + 2EOG) x (35 PSD + 24 DVV)
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Neurons: 200
[terations: 20,000
Five-Fold-CrossVal: 7
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Genetic Algorithm CS-System

~ DVV diagram ~ DVV scatter diagram
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Signal Processing

-Methods i T
Feature extraction in e — W1 il bl
o Time domain o Frequency domain

o Waveletdomain o State space

Soft Computing methods

o NeuralNetworks - Support Vector Machines
o Genetic Algorithms
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—¥— curve 1: NMSE extremely sleepy
curve 2: NMSE extremely sleepy + eyelid closure

—t— curve 3: NMSE beginning of a session

—&— curve 4: NMSE beginning of first session + eyelid closure
Kurve 5: NMSE beginning of first session
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Experiments: Overnight Driving Simulation Tasks
- Overnightdriving: 7 x40 min
Up to now all-in-all 665 driving sessions
Database containing
21,544 evidently scored microsleep ...
24,413 evidently scored non-microsleep ...
Visual scoring: 3 independent scorers
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Case Studies:

- Detectabillity

- Prognosis ability
- Individualization

Method

Parameter values

Etpam [%0]

ETEST [%]

LVQl

#neurons =500

102+0.2

15.7+0.3

LVQ2.1

#neurons =350

9.6 +0.1

155+04

LVQ3

#neurons =350

103 +£0.1

156 +04

OLVQl

#neurons =500

93+02

157+ 04

RLVQ

#neurons =500; n,=0.01

158 +04

195 +£04

DSLVQ

#neurons =250; 1,=0.05

85+02

15 50

GLVQ

#neurons =400

9.6 £0.1

155+04

GRLVQ

#neurons =350; N,=0.01

G302

143 +£04

GA-OLVQI

#generat. =200, #popul. =128

8.8+02

12904

SVM linear kernel

C=1027

155 +0.1

169 +£0.2

SVM polynomial k.

C=107%, d=2

71+£0.1

147 +0.3

SVM sigmoid k.

C=10"4% ¢=102% & =-1.6

79 +0.1

120+03

SVM Gaussian k.

C=10"031: » =1021

0.1 £0.0

10.1 £0.4

LDA

156 £0.1

174 £0.3

1-NIN

0.0+0.0

2001 =105

k-NN

k=11

11.6 £0.1

147 £ 0.2

EBP

fineurons =8 (hidden layer)

123 +1.1

18.1 £0.7
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—— sUbject 3: test error
---+--subject 3: training error
—&—subject 2: test error
---+--subject 2: training error '
—e—subject 1: test error
--+--gubject 1: training error
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—&—subject 5: test error
---+--subject 5: training error
| —®—subject 4: test error
---+--gubject 4. training error
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