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Driver Drowsiness Monitoring
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QRS Complex

* Autonomous Nervous System (ANS) controls the heart and comprises:
* Sympathetic Nervous System: “fight or flight” system

RR interval (distance between R-waves)

* Parasympathetic Nervous System: “feed and breed” system
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Corrected QT duration formen: <045 s
Corrected QT duration for women: <047 s
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The reference level for measuring ST
segment deviation (depression, elevation)

is the PR segment, which is the baseline
(isoelectric line) of the ECG.
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The Physiological Perspective - ECG

RR’

RR

R-peak detection and Inter-Beat Interval (IBIs) or RR interval extraction

* Pan-Tompkins algorithm PPG
* Heart Rate Variability (HRV) describes variations of both instantaneous
heart rate and intervals between two consecutive R peaks. Fe
Time domain
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* Time domain features: SDNN, RMSSD, SDSD, etc. T T e T T g we £
* Frequency domain features: LF, HF, LF/HF, etc. Frequency domain °1 ’
* Non Linear domain features: Poincare plot parameters, entropy-
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The Physiological Perspective - EEG

6: Slow delta waves (1 to 3 Hz) are present during transition period

between drowsiness and sleep. Em':d' A et A |
* 0O: Theta waves (4 to 7 Hz) that are associated with low levels of both MWWWNWMWWW[WMWMW |
alertness and information processing during drowsiness and sleep. Relaxed
* o: Alpha waves (8 to 13 Hz) are related to an increase of eye closure. Drowsy
Alpha waves are usually associated with more relaxation states, also callec WWWI
as “relaxed wakefulness”. Asleep
* [: Fast beta waves (14 to 30 Hz) are associated with moments of higher
alertness and excitement. I
Deep sleep
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» Differential Entropy (DE):
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where the time series X obeys the Gaussian distribution N (u, 02)
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The Physiological Perspective - EOG

* Different categories of eye movements based on their velocity.

* Several eye movements can be assessed by electrooculogram
(EOG with vertical and/or horizontal channels), since it measures
the electrical field generated between the cornea and the retina

that reflects the orientation of the eyes.

* |n fatigue situations, eye movements become slower and eye
blinking becomes smaller but also faster, since drivers want to
obviously fight against involuntary eye closure by opening their
eyes.

Tg + TcLo
TB + TF + TS + TCLO

 PERCLOS =

where Tg, Tr, Ts represent the blink, fixation and saccade times,
respectively. Tc; o represents the duration of eye closure.
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Eye movements
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The Visual Perspective — Naturalistic Video Analysis

Transition from internal physiological states to external behavioral
manifestations

Cross-Modal Drowsiness
Detection and Validation

Leveraging large-scale video-based Naturalistic Driving Database (NDD)

Capturing under real-world environmental variability: lighting, occlusion,
head pose.

Focusing on non-intrusive extraction of ocular and facial markers.

Visual data can act as observable confirmation for drowsiness.
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Vision based Drowsiness Monitoring-3D Facemesh

* Lightweight Residual CNN architecture optimized for real-time inference End-to-end model

e Attention Mesh mechanism performs direct 3D coordinate regression. &

n
k k
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P — 3D vector (z,y, z) for the k™ landmark
pred — predicted, gt — ground truth

* Predicts (n)- 3D landmarks (x, y, z) bypassing 2D heatmaps.

* 3D geometry estimation ensures consistency during extreme head
rotations.

Improved 3D
landmark accuracy

2D heatmap
errors
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Signal Processing & Adaptive Baselines

* Physics-based signal generation transforming raw
landmarks into Eye/Mouth Aspect Ratios

o o " H] B P,
EAR — lp2 — pel| + [lps —ps|| .. ‘ v i
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* Adaptive 5-minute moving baseline normalizes inter—
driver variability.

» Signal Peak Detection on EAR/MAR and "Min-Then-
Max" search algorithm delimits blink duration

 Amplitude-Velocity Ratio (AVR) calculates true blink

reopening phases.

EARO en EARC ose
AVR = P Losed

Vreopening

Upeopening ‘Max velocity during the eyelid opening phase

* Generates high-dimensional vector to track PERCLOS,
Yawn Density, Microsleeps etc

Score & PERCLOS
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Vehicle Kinematics Supporting Detection

* Vehicle kinematics serve as supporting detection and Awake 1] Moderately Drowsy
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Synergy and Multimodal Future

* Fusing Physiological + Visual + Kinematic signals for holistic

safety
b — B~
* Physiology can detect early onset LS .S f A 0
e Vision detects and confirms drowsiness state; @ = / Al 4a
e Kinematics supports drowsiness driving context =, - S Drowsiness Score
. . . . / odels
e Best Integration strategies: Fusion Architectures and e
Ensemble Learning
J‘f"\«“ —_—
* Fusion combines features for deep representation .
learning & = md - &
* Ensembles weight independent models for ~ rowcines Score
o D )
robustness. ="

Neural Network

* Multimodal sensing provides better detection reliability in
all environments
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