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Clinical Uses
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Assistive Movement and Communication

The BrainGate Collaboration, Brown University, Mass General Willet et al., Stanford University



Many More Uses
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FDA-approved Devices for 
Epilepsy, Parkinson’s, Multiple 

Sclerosis, Dystonia



Safety and Implantation
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Neural 
Interface

Surgically 
Implanted

Less than 1°C

Power within 
Tens of mW
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Reading from Many Locations

High Sampling Rates

Data Credits: Ian Stevenson



Benefits of Data Volume
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Difference between Coarse-grained vs. Fine-grained Movements

The BrainGate Collaboration, Brown University, Mass General



System Requirements
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Power within Tens of mW

High Data Rates

Real-Time Processing



Wired Options
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Wired



Wireless Options
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Wireless



Power Limits Bandwidth 

< 10 MB/s

Data Credits: Ian Stevenson10
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Existing Systems
NeuroPace RNS

1 MB Storage
~10 Kbps
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Existing Systems
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Data Credits: Ian Stevenson

Long-Term Vision
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Fixed Data Rate

17 Data Credits: Ian Stevenson

46 Mbps



Cannot Rely on SRAM
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Spectral Analysis
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Fast Fourier Transform (FFT)

Butterworth Bandpass Filter (BBF)

Discrete Wavelet Transform (DWT)

Cross Correlation (XCOR)

Dynamic Time Warping (DTW)

Spectral Analysis

Similarity Measures

15 mW Power Budget



We Propose Swapping
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Ideal System
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Personalized Treatment
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Butterworth 
Bandpass Filter 

SRAM

Frequency

Fixed Locations

Seizure Detection

Movement Intent



Existing System

24

Butterworth 
Bandpass Filter 

SRAM

Frequency

Fixed Locations



Existing System

24

Butterworth 
Bandpass Filter 

SRAM

Frequency

Fixed Locations



Adding SRAM
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Butterworth 
Bandpass Filter 

SRAM

Same Frequency

More Locations



Promise of Swapping
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Butterworth 
Bandpass Filter 

SRAM



Constraints for Swapping
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Butterworth 
Bandpass Filter 

SRAM

Latency

Bandwidth



Shaping Coverage
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Butterworth 
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Operating 
System

Runtime

Compile-Time

Entity

Orchestration
Virtual 

Memory

Scratchpad 
Scheduling

CompilerOur Work



Takeaways

34



Takeaways

34

• NVMs are the future of neural interfaces



Takeaways

34

• NVMs are the future of neural interfaces
• We propose swapping as a power optimization



Takeaways

34

• NVMs are the future of neural interfaces
• We propose swapping as a power optimization
• Exploring both algorithms and devices



Takeaways
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• NVMs are the future of neural interfaces
• We propose swapping as a power optimization
• Exploring both algorithms and devices
• Translate theory to practice



Questions?

muhammed.ugur@yale.edu
meugur.github.io
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