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Driver Drowsiness using DMS

Steering Angle
Throttle Position
Brake Position
Braking Intensity
Vehicle Heading
Acceleration

Velocity

Headway Distance
Speed Limit Detection
Over/Under Speeding
TLC

Lane Detection

LD

Jerk
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Physiological Measures

Skin Conductivity
Respiratory Activity

Heart Activity
Brain Activity

Audio
Visual

Vibration

Break/Rest Reminder
Device Lockout
Adaptive Cruise Control
Collision Avoidance
Lane Keeping Assistance

Gaze Direction
Eye Movements
Eye Blinks

Eye
Tightening/Closure
Yawning

Head Movements

A. S. Aghaei et al., "Smart Driver Monitoring: When Signal
Processing Meets Human Factors: In the driver's seat,"
in IEEE Signal Processing Magazine, Nov. 2016
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Heart Rate Variability

EIeCtrocardiography (ECG) iS the Inter-beat Interval or RR Interval
record of the electrical activity of

the heart.
Heart Rate Variability (HRV) is — . . :
the physiological phenomenon of o VY

the variation in the time interval
between consecutive heartbeats.
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CardioWheel

Cardi®wheel is an advanced driver assistance system (ADAS) that assesses driver’s status and
driving pattern through the combination of ECG and Steering Wheel Angle (SWA) Analysis.
Interacts and alerts the driver whenever drowsiness is detected, based on KSS scale.

Steering Wheel

Smart Conductive Leather or other Conductive
material

Cardiowheel Device

Patented eletronics for signal acquisiton and
processing
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Data Acquisition
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Wearable alternative
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Missing Inter-Beat Intervals

Motion artifacts
Sensor displacement
Inconsistent skin contact
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ML based Drowsiness Detection

Input: ECG or PPG or other signal, Ground Truth: KSS
Pre-processing: Filtering, Artifact removal, R-peak detection
Feature extraction: Time domain, Frequency domain, Non linear domain

Feature based models: Support Vector Machine, Random Forest,
Gradient Boosting
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Missing Data Handling Workflow

Pre-processing

Frequency domain *
800
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Missing Data Simulation Feature Extraction
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Missing Data Handling Workflow

Pre-processing
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Karolinska Sleepiness Scale

Extremely Alert
Very Alert
Alert

Rather Alert

ALERT

O 00 N O U A W N B

Neither Alert nor Sleepy
Some Signs of Sleepiness
Sleepy, but no effort to keep awake

Sleepy, some efforts to keep awake

DROWSY

Sleepy, great effort to keep awake, fighting sleep
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Binary KSS distribution per session

Binary KSS
0 - Alert
50 1 - Drowsy

Number of Segments
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Distribution Analysis

Segment IBI Distribution Before and After 30% IBlI Removal

[ Original IBIs
[ IBIs After 30% Removal
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Distribution Analysis

KL Divergence Across Sessions
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tSNE Analysis

tSNE plot across all Participants tSNE plot for Participant 1 tSNE plot for Participant 5

Alert Alert Alert
Drowsy Drowsy Drowsy
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tSNE Analysis

tSNE plot across all Participants tSNE plot for Participant 1 tSNE plot for Participant 5
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Results

Random Missing Data

Sequential Missing Data

Metric Baseline
S . ° 15% % 15% %
%* 10-f0 I d C ross-va | |d at | O n Accuracy 7120 + 30 7010 + 2.8 6955 24 70.13 + 25 7071 + 23
Precision 71.41 + 3.1 7039 + 29 ove + 24 70324+ 26 7093 + 24
Recall T1.20 + 3.0 TO0 + 2.8 ovsh + 24 7013+ 25 71+ 23
Fl-score 71.13 + 3.0 U8 + 2.8 oual + 24 7005 + 25 62 + 23
MOCC 4200 + 6.2 4048 + 5.8 44 + 49 4044 + 5.1 4165 + 47
Accuracy THIT + 2.6 TT38 + 23 426+ 16 7738+ 16 75.90 + 2.0
Precision THED + 25 7747 + 22 T438+ 14 7744+ 16 7597 + 2.0
Recall T8TT + 2.6 7738 + 23 426+ 16 7738+ 1.6 T5.90 + 2.0
Fl-score T8.70 + 2.0 7735 + 23 7422+ 1.7 7737+ 1.6 T5.89 + 2.0
MOCC 3757 + 52 5485 + 45 4804 + 3.1 5482 + 32 5188+ 4.1
Accuracy 7382+ 19 7400 + 2.5 72760+ 20 7440+ 25 72760 + 2.0
Precision 7593 + 2.0 7477+ 24 T28H6+ 20 7449 4+ 25 T286 + 2.0
Recall 7382+ 19 7466 + 25 7276+ 20 7440+ 25 7276 + 2.0
Fl-score 7379+ 19 7463 + 25 7272+ 20 7437+ 25 7272+ 20
MOCC 3175+ 39 4944 + 49 4562 + 40 4889 + 5.1 4746 + 4.1
. . Random Missing Data Sequential Missing Data
. Mt Hiaseling 5% . 0% sﬁg% gsu%
& Accurac 35601 + 179 5526+ 1749 5432 + 183 5449 + 181 5585 + 172
‘0‘ Le ave O n e S u bJ eCt O ut I:"re,r::ia‘:iﬂl:lIII 7114 + 124 ORTT + 188 6622 + 2.5 TNEY + 122 7122 + 121
Recall 3561 + 1749 5526+ 1749 5432 + 183 5449 + 181 3585 + 172
I : d : Fl-score 5225 + 205 5180+ 210 5062 + 213 5127 + 206 5308 + 193
C rOSS_Va I at I O n MOCC 1445 + 2001 1444 + 2003 13.04 + 203 1291 + 188 1434 + 189
Accuracy Ah2E T 17.7 5605 + 168 3390 + 165 A0ET + 164 3739 + 163
Precision oR0d + 126 0948 + 11.6 6825 + 11.7 6875 + 121 6938 + 11.6
Recall SHh2% + 177 56,05 + 168 5390 + 165 081 + 164 3739 + 163
Fl-score 5463 + 2007 5447 + 194 5210+ 194 5598 + 183 5654 + 184
MOCC 1506 + 21.5 1530 &+ 19.7 1105 + 187 1513 + 20.1 1532 +19.7
Accuracy SAEE T 179 53567 £ 168 53T E 100 5230+ 162 5501 + 164
Precision T6T + 107 7154 £ 11.8 OHEE + 128 6l + 124 7021 + 122
Recall 5488 + 179 5567 + 168 5387 + 160 53230 + 162 3501 + 164
Fl-score 5172 £ 219 5349+ 198 5173 + 1846 4939 + 203 5340 + 193
MOCC 1421 + 2001 1522 + 199 1092 + 194 1279 + 181 1335 + 2000
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Results

Metric

Baseline

Random Missing Data

Sequential Missing Data

S . ° 15% % 15% %
%* 10-f0 I d Cross-vd | |d at 10N Accuracy (7120 T 30D 7010 + 2.8 6955 + 24 70.13 + 25 7071 + 23
Precision 71.4 3.1 7039 + 29 ove + 24 70324+ 26 7093 + 24
Recall T1.20 + 3.0 TO0 + 2.8 ovsh + 24 7013+ 25 71+ 23
Fl-score 71.13 + 3.0 U8 + 2.8 oual + 24 7005 + 25 62 + 23
MOCC 4200 + 6.2 4048 + 5.8 44 + 49 4044 + 5.1 4165 + 47
Accuracy THIT + 2.6 TT38 + 23 426+ 16 7738+ 16 75.90 + 2.0
Precision THED + 25 7747 + 22 T438+ 14 7744+ 16 7597 + 2.0
Recall T8TT + 2.6 7738 + 23 426+ 16 7738+ 1.6 T5.90 + 2.0
Fl-score T8.70 + 2.0 7735 + 23 7422+ 1.7 7737+ 1.6 T5.89 + 2.0
MOCC 3757 + 52 5485 + 45 4804 + 3.1 5482 + 32 5188+ 4.1
Accuracy 7382+ 19 7400 + 2.5 72760+ 20 7440+ 25 72760 + 2.0
Precision 7593 + 2.0 7477+ 24 T28H6+ 20 7449 4+ 25 T286 + 2.0
Recall 7382+ 19 7466 + 25 7276+ 20 7440+ 25 7276 + 2.0
Fl-score 7379+ 19 7463 + 25 7272+ 20 7437+ 25 7272+ 20
MOCC 3175+ 39 4944 + 49 4562 + 40 4889 + 5.1 4746 + 4.1
. . Random Missing Data Sequential Missing Data
. Mt Hiaseling 5% . 0% sﬁg% gsu%
& Accurac 561 + 179 5526+ 1749 5432 + 183 5449 + 181 5585 + 172
‘0‘ Le ave O n e S u bJ e Ct O ut I"re,l::ia‘:icll:II|I 71 4 ORTT + 188 6622 + 2.5 TNEY + 122 7122 + 121
Recall 3561 + 1749 5526+ 1749 5432 + 183 5449 + 181 3585 + 172
I : d : Fl-score 5225 + 205 5180+ 210 5062 + 213 5127 + 206 5308 + 193
C rOSS_Va I at I O n MOCC 1445 + 2001 1444 + 2003 13.04 + 203 1291 + 188 1434 + 189
Accuracy Ah2E T 17.7 5605 + 168 3390 + 165 A0ET + 164 3739 + 163
Precision oR0d + 126 0948 + 11.6 6825 + 11.7 6875 + 121 6938 + 11.6
Recall SHh2% + 177 56,05 + 168 5390 + 165 081 + 164 3739 + 163
Fl-score 5463 + 2007 5447 + 194 5210+ 194 5598 + 183 5654 + 184
MOCC 1506 + 21.5 1530 &+ 19.7 1105 + 187 1513 + 20.1 1532 +19.7
Accuracy SAEE T 179 53567 £ 168 53T E 100 5230+ 162 5501 + 164
Precision T6T + 107 7154 £ 11.8 OHEE + 128 6l + 124 7021 + 122
Recall 5488 + 179 5567 + 168 5387 + 160 53230 + 162 3501 + 164
Fl-score 5172 £ 219 5349+ 198 5173 + 1846 4939 + 203 5340 + 193
MOCC 1421 + 2001 1522 + 199 1092 + 194 1279 + 181 1335 + 2000
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Results

Metric

Baseline

Random Missing Data

Sequential Missing Data

S . ° 15% % 15% %
%* 10-f0 I d Cross-vd | |d at 10N Accuracy (1120 T 3D GQUI0 T 2.8 @955 + 2D G013 + 2.9 0Tl + 2.
Precision 71.4 3.1 703 249 i 24 T 2.6 FL 24
Recall T1.20 + 3.0 TO0 + 2.8 ovsh + 24 7013+ 25 71+ 23
Fl-score 71.13 + 3.0 U8 + 2.8 oual + 24 7005 + 25 62 + 23
MOCC 4200 + 6.2 4048 + 5.8 44 + 49 4044 + 5.1 4165 + 47
Accuracy THIT + 2.6 TT38 + 23 426+ 16 7738+ 16 75.90 + 2.0
Precision THED + 25 7747 + 22 T438+ 14 7744+ 16 7597 + 2.0
Recall T8TT + 2.6 7738 + 23 426+ 16 7738+ 1.6 T5.90 + 2.0
Fl-score T8.70 + 2.0 7735 + 23 7422+ 1.7 7737+ 1.6 T5.89 + 2.0
MOCC 3757 + 52 5485 + 45 4804 + 3.1 5482 + 32 5188+ 4.1
Accuracy 7382+ 19 7400 + 2.5 72760+ 20 7440+ 25 72760 + 2.0
Precision 7593 + 2.0 7477+ 24 T28H6+ 20 7449 4+ 25 T286 + 2.0
Recall 7382+ 19 7466 + 25 7276+ 20 7440+ 25 7276 + 2.0
Fl-score 7379+ 19 7463 + 25 7272+ 20 7437+ 25 7272+ 20
MOCC 3175+ 39 4944 + 49 4562 + 40 4889 + 5.1 4746 + 4.1
. . Random Missing Data Sequential Missing Data
. Mt Hiaseling 5% > 0% sﬁg% gsu%
& Accurac 561 + 179 226+ 179 32 + 183 5449 + 18, 85 + 17,
‘0‘ Le ave O n e S u bJ e Ct O ut I"re,l::ia‘:icll:II|I 71 4 (i3 K] . .5 T 2 7 .1
Recall 3561 + 1749 5526+ 1749 5432 + 183 5449 + 181 3585 + 172
I : d : Fl-score 5225 + 205 5180+ 210 5062 + 213 5127 + 206 5308 + 193
C rOSS_Va I at I O n MOCC 1445 + 2001 1444 + 2003 13.04 + 203 1291 + 188 1434 + 189
Accuracy Ah2E T 17.7 5605 + 168 3390 + 165 A0ET + 164 3739 + 163
Precision oR0d + 126 0948 + 11.6 6825 + 11.7 6875 + 121 6938 + 11.6
Recall SHh2% + 177 56,05 + 168 5390 + 165 081 + 164 3739 + 163
Fl-score 5463 + 2007 5447 + 194 5210+ 194 5598 + 183 5654 + 184
MOCC 1506 + 21.5 1530 &+ 19.7 1105 + 187 1513 + 20.1 1532 +19.7
Accuracy SAEE T 179 53567 £ 168 53T E 100 5230+ 162 5501 + 164
Precision T6T + 107 7154 £ 11.8 OHEE + 128 6l + 124 7021 + 122
Recall 5488 + 179 5567 + 168 5387 + 160 53230 + 162 3501 + 164
Fl-score 5172 £ 219 5349+ 198 5173 + 1846 4939 + 203 5340 + 193
MOCC 1421 + 2001 1522 + 199 1092 + 194 1279 + 181 1335 + 2000
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Results

“»» 10-fold cross-validation

“» Leave one subject out
cross-validation

This project has received funding from the European
Union’s Horizon Europe research and innovation
programme under grant agreement No 101119590

Random Missing Data

Sequential Missing Data

Model  Metric Baseline 5% & 5% e
Accuracy 7120+ 30 70010 £ 28 0955+ 24 T3 £ 25 TOT £+ 23
Precision 7141 + 3.1 7039 +29 6090+ 24 70324206 7095+ 24

SVM Recall 20+ 30 7000 +2% 6956+24 70003 +25  TOT1 + 23
F1-score TII3+ 30 6998 +24% o940+24 7005+25 7062+ 23
MOC 42060+ 62 4048 £58 3944+ 49 4044+ 51 4165+ 47
Accuracy  THEIT 26 7738 £+ 23 T420+ 16 TR L 10 T30+ 20
Precision THBO+ 25 7747422 T43+ 14 7T+ 16 TIET+ 20

RF Recall TEIT+ 26 7738 +23 T4+ 16 TIIE L1600 T390+ 20
F1-score TETO 26 T735+23 7422+ 17 TIATH 16 T3EY £ 20
MOC 5T5T+£52 5485+ 45 4864+ 31 5482432 5188 + 4.1
Accuracy  T3E2+ 19 7406 £ 25 TZ76+ 20 7440+ 25 T270+ 20
Precision 7593 + 20 7477 4+24 TIR6+ 20 T449 425 TIHO+ 20

GB Recall T3824+ 19 T466+25 T206+20 74404+ 25 T2O6+ 20
F1-score 379+ 19 7463 +25 7272420 7437+ 25 TR 420
MOC 5175 £ 39 4944 4+ 49 4562 £ 40 48EY £+ 51 4740 + 4.1

. . Random Missing Data Sequential Missing Data

Model — Metric Basell 5%/ \ “ 5% 7\ sﬁg%/ \ g311%/ \
Accuracy 5501 179\ 55206 +/179 \ 3432 +/183 \ 5449 4181 5585 17.2
Precision 71.14 124\ 0877 188 \ 0622 4 205 \ 7089 4 122 \ 71.22 12.1

5VM Recall 55.61 1749 | 5526 1749 5432 183 5449 4 181 5585 17.2
Fl-score 5225)4+ 205 | 5180 4 210 |5062 £ 213 \5127 4 206 | 5308 193
MOC 14.45/+ 20.1 1444 - 2003|1304 = 203 1291 18.8  |1434 £ 189
Accuracy 3628+ 177 [360.05 I B3RO 165 G081 [+ 164 [3739[+ 163
Precision OROY + 126 | 6948 H 116 pE2S [ 11.7 LTS [ 1201 6938 |+ 11.6

RF Recall S28 4+ 177 |5605 H 168 B3OS0 H 1065 SOET [ 1644|5730+ 163
Fl-score 5463+ 207 [5447TH 194 F2ZI0H 194 B398+ 183 5654+ 184
MCC 15060+ 215 | 1530 H 197 1105 187 1513 201 1532+ 19.7
Accuracy  54BE|+ 179 [ 53567 i 168 [5357 lodr  [B230H 162 (551001 16.4
Precision TOT\+ 107 | T1.54 1.8 [OE.ER 128 [70060 § 124 (7021 12.2

GB Recall 5488 1749 | 53567 168 [ 5387 160 [5230 + 162 [ 5501 16.4
Fl-score 5172 ¥ 219/ 5349 K 198 [ 51.73 I8.6 ) 4939 & 2003 | 5340 « 193
MCC 1421 2001 1522 +\199 / 1092 +£\19.4 / 1279 H\18.1 1335 4\ 2000
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Conclusion

Missing IBI data does not significantly impact HRV-based drowsiness
detection models

HRV feature distributions remain stable even with increased data loss

Inter-individual variability is important!
Results suggest the need for personalized or adaptive models
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Future Work

Investigate and compare missing data handling techniques

Assess impact on frequency-domain & nonlinear HRV features

Improve model performance via hyperparameter tuning and feature
importance analysis

Incorporate temporal HRV dynamics across multiple time windows,
instead of single-segment analysis
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