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Clinical Uses

Assistive Movement and Communication

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




Many More Uses

Ehe New York Eimes Brain Implants Allow Paralyzed Man F DA'aP P roved Devices for
A ‘Pacemaker for the Brain’: No to Walk Using His 7710ughts EPllePS)’ Parki nson’s M U Itl Ple
’ ’

Treatment Helped Her Depression —

Until This intentions of lyzed patient to his physical t S I I D i

e fr e . . mnrenfions or a paralyZed patent to nis physical mMoveImernts. C e ros I S’ ysto n Ia
ly of individualized brain stimulation to treat

severe depression. Sarah’s case raises the possibility the method

N m 5
may help people who don'’t respond to other therapies. ; x - i y
-
) HEALTHCARE

Brain Implants With The

Potential To Restore Vision To
The Blind

William A. Haseltine Contributor ® m

Nov 5, 2021, 12:24pm EDT

In a new study, researchers describe a device that connects the
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A magnetic resonance image of an epileptic brain. Scientists have tested a brain
implant on people with epilepsy that aided memory. Bsip/UIG, via Getty Images
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Neural
Interface

Less than |°C

Surgically
Implanted

Power within
Tens of mW




Data Volume

1200 -

1000 -

800 A

600 -

Data Rate (MB/s)

400 -

200 -

1970 1980 1990 2000 2010 2020 2030 2040
Year

Data Credits: lan Stevenson




Data Volume

1200 -

1000 - Reading from Many Locations

800 A

600 1 High Sampling Rates

Data Rate (MB/s)

400 -

200 -

1970 1980 1990 2000 2010 2020 2030 2040
Year

Data Credits: lan Stevenson




Benefits of Data Volume

Difference between Coarse-grained vs. Fine-grained Movements

The BrainGate Collaboration, Brown University, Mass General



System Requirements

High Data Rates

Power within Tens of mW

Real-Time Processing




Wired Options




Wireless Options
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On-Device Processing
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On-Device Storage
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On-Device Storage
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Existing Systems
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Existing Systems
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Long-Term Vision
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Fixed Data Rate
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Cannot Rely on SRAM

Spectral Analysis

Fast Fourier Transform (FFT)

Discrete Wavelet Transform (DWT)

Butterworth Bandpass Filter (BBF)

Similarity Measures

Dynamic Time Warping (DTW)

Cross Correlation (XCOR)
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We Propose Swapping
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BBF Example
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ldeal System
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Personalized Treatment
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Existing System
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Existing System
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Adding SRAM
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Promise of Swapping

30000 Supported Configurations
Butterworth 20000 —— Fixed Data Rate (46 Mbps)
Bandpass Filter
15000
[
SRAM T 10000 -
W ]
o 7500 7
2 |
| i 5000
b
o 3000
O00| [000] [Oo0| [Ooog
0O00| |[Doo| | oDoo| |[ooo =
SelleEsliemgeRn)| g
= 1500
[15]
NVM n
1000 -
OO0O| [O000| [OooO| [Ooog 750 7
OOO| |ODDD| | ooO| |[ooo ]
OOO| |ODD| | oDoO| |[ooo
OO0 000|000 000 500

bx © O 2 A0 O O
‘7‘3\ cg:: B ke %% bx

Locations (log scale)




RN NN
oo NN
RN NN
NN RN
NN oo
RN W RN
NN N RN
RN NN
oot 1ol
oot RN
NN NN
NN 1ol
S

>N
@) O
= -
o 3
ﬁ O
cC
— o)
a8

Constraints for Swapping
Butterworth
Bandpass Filter
SRAM




Shaping Coverage
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Shaping Coverage (Bandwidth)
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Shaping Coverage (Latency)
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Promise of Swapping
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Takeaways

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

* Translate theory to practice
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