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Introduction
What’s the problem?
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Slow Wave Sleep Decreases with Age and Sleep 
Disorders

• Average SWS = 4.4% ± 7.3% of total sleep time

• Younger (<55): ~9.1% SWS

• Older (≥55): ~2.1% SWS

• Sleep apnea patients:

• ~3.7% SWS vs ~9.1% in healthy individuals

• Reduced SWS is associated with:
• Memory impairment, Diabetes risk, Hypertension, Psychiatric disorders, Immune 

dysfunction
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Objective
How will we address this problem?
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An EEG-Based Audio 
Stimulation Device
Closed-loop sleep stimulation system that: 
• Acquires EEG via OpenBCI/Cyton,

• Performs accurate SWS classification

• delivers phase-aligned pink noise 

stimulation 

• Low latency, safe output, and reliable 
overnight operation.
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Figure 1. Closed-Loop Auditory Stimulation In-Phase with SO Up

States Continues Oscillations



Initial & Final Design
What changed?
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Lorem Ipsum Dolor Sit Amet
Consectetur Adipiscing

Lorem ipsum dolor sit amet, consectetur adipiscing

elit, sed do eiusmod tempor incididunt ut labore et 

dolore magna aliqua. Ut enim ad minim veniam, 

quis nostrud exercitation ullamco laboris nisi ut

aliquip ex ea commodo consequat. Duis aute irure
dolor in reprehenderit in voluptate velit esse cillum

dolore eu fugiat nulla pariatur. Excepteur sint

occaecat cupidatat non proident, sunt in culpa qui 

officia deserunt mollit anim id est laborum.

Initial Design
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Figure 2. Initial Block Diagram Figure 3. OpenBCI Cyton Board



Lorem Ipsum Dolor Sit Amet
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Lorem ipsum dolor sit amet, consectetur adipiscing

elit, sed do eiusmod tempor incididunt ut labore et 

dolore magna aliqua. Ut enim ad minim veniam, 

quis nostrud exercitation ullamco laboris nisi ut

aliquip ex ea commodo consequat. Duis aute irure
dolor in reprehenderit in voluptate velit esse cillum

dolore eu fugiat nulla pariatur. Excepteur sint

occaecat cupidatat non proident, sunt in culpa qui 

officia deserunt mollit anim id est laborum.

Final Design
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Figure 4. Final Block Diagram Figure 3. OpenBCI Cyton Board



Project Build & Functionality
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Lorem Ipsum Dolor Sit Amet
Consectetur Adipiscing
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quis nostrud exercitation ullamco laboris nisi ut

aliquip ex ea commodo consequat. Duis aute irure
dolor in reprehenderit in voluptate velit esse cillum

dolore eu fugiat nulla pariatur. Excepteur sint

occaecat cupidatat non proident, sunt in culpa qui 
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Signal Processing Subsystem - Design
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Figure 5. Software Block Diagram Figure 6. Zero-crossing point-based feature vector



Audio Subsystem - Design
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Figure 7. PCB with ESP32 microcontroller & audio subsystem



Testing Functionality
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Figure 8. Testing Results for MLP Model Figure 9. Video of Signal Processing & Audio Functionality 



Requirements & Verification
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Requirements
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Requirements
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Figure 10. Predicted peaks based on real-time 

trough detection and slow-wave oscillation 
frequency for phase-alignment



Conclusion
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Conclusion
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Thank You!

Questions?

Contact Information
sguru2@Illinois.edu

jludeke2@illinois.edu

bakryha2@illinois.edu
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Appendices
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logreg

Balanced Accuracy: 0.9371227867399514

Confusion Matrix:

[[6737  799]

[  19  944]]
precision    recall  f1-score   support

0     0.9972    0.8940    0.9428      7536

1     0.5416    0.9803    0.6977       963

accuracy                         0.9038      8499

macro avg     0.7694    0.9371    0.8202      8499

weighted avg     0.9456    0.9038    0.9150      8499

==================================================
mlp

Balanced Accuracy: 0.9281829358228995

Confusion Matrix:

[[7197  339]

[  95  868]]
precision    recall  f1-score   support

0     0.9870    0.9550    0.9707      7536

1     0.7191    0.9013    0.8000       963

accuracy                         0.9489      8499

macro avg     0.8531    0.9282    0.8854      8499

weighted avg     0.9566    0.9489    0.9514      8499

==================================================
rf

Balanced Accuracy: 0.9363813818282835

Confusion Matrix:

[[6718  818]

[  18  945]]
precision    recall  f1-score   support

0     0.9973    0.8915    0.9414      7536

1     0.5360    0.9813    0.6933       963

accuracy                         0.9016      8499

macro avg     0.7667    0.9364    0.8174      8499

weighted avg     0.9451    0.9016    0.9133      8499

==================================================

Appendix A: SWS Detection Algorithm Visualization and Performance Metrics
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Appendix B: SWS Detection Algorithm Visualization
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Appendix C: Final Schematic
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Appendix D: Initial Schematic
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