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Challenge Solution
= Mental fatigue during GOA2 » Smart Train Driver Garment
» Ironies of Automation " Electrocardiogram

Electroenzephalogram
Skin conductance
Blinking

Breathing
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Study Setup

DLR
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Study Design Measurements A#y
DLR

» Psychophysiological sensors

15min drive = Mistakes in n-back

» To exclude participants with less than
80% up to 3-back

* Missed SIFAS
» Self-reported mental fatigue

1h n-back task

(mental fatigue
induction)
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15min drive
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Hypotheses in comparison of drive 2to 1

» Electrocardiogram: Lower Heart Rate

» Electroencephalogram: Increased
frontal Theta Power

= Skin conductance: Decrease in SRC
peaks

= Blinking: Longer & less frequent blinks
» Breathing: slower breathing rate

» Higher self-reported fatigue

» More missed SIFAS
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n-back correctness ‘#7
DLR

Fatigue Task Correctness Comparison
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- Exclude participant 13, maybe 2
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Karolinska Sleepiness Scale
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Missed SIFASs

DLR

Drive 1
[ Drive 2
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More missed SIFAS
* In drive 1: 8 participants
* In drive 2: 2 participants <+—
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Blink Duration A#y
DLR
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Longer blink duration
= In drive 1: 4 participants
* In drive 2: 5 participants +—
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Blink Rate A#y
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Normalized Blink Rate Comparison
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Bars = standard deviation

Lower blink rate
= In drive 1: 4 participants
* In drive 2: 4 participants +—
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Respiration Rate A#y
DLR

Drive 1
Drive 3

2.04

1.5

1.01

0.51

0.0

normalized respiration rate

-1.0

—-1.5

1 2 6 7 9 10 11 12 13 14
participant
Bars = standard deviation

Lower respiration rate
* In drive 1: 3 participants
* In drive 2: 7 participants <«—
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Skin conductance A#y
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Less SCR peaks
* In drive 1: 5 participants
* In drive 2: 5 participants +—
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Heart rate 4#7
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Lower heart rate
* In drive 1: 2 participants
* In drive 2: 11 participants <«—
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EEG 4,
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Lower frontal theta
* In drive 1: 7 participants
* In drive 2: 7 participants +—
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comfort
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Sensoren; 1:nicht komfortabel; 5: sehr komfortabel

Wie Wirden Sie die Erfahrung mit allen _
Sensoren ingesamt bewerten?

Wie beurteilen Sie den Tragekomfort der _

Brille? ]
Wie beurteilen Sie den Komfort des _ -
EKG-Gurts (Brustgurt)?
c
-9 Wie beurteilen Sie den Komfort des
8 EDA-Messgerats (um Ihr Handgelenk -
= geschnallt)?
e]
Wie beurteilen Sie den Komfort des _ —
Atemgurts (Brustgurt)?
Wie beurteilen Sie den Komfort des EEG _ e —
(kopf-getragen)
Wie beurteilen Sie den den allgemeinen _
Komfort der Sensoren?
1 2 3 4 5

value
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Outlook

= 5 participants during real train
driving
= Exactly the same study design &
Sensors

» Testbed of SRCC and Erzgebirsbahn

» more sophisticated’ processing, e.g.
frequency-domain analysis of skin
conductance and heart rate

= \Workshop with train operator
companies

» Most promising: combination of ECG
and EEG

Dr. Esther Bosch, DLR-TS, 19.02.2025, esther.bosch@dIr.de

https://www.olbernhau.de/anreise-mit-der-erzgebirgsbahn



