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Worldwide Wearable Devices End-User Spending by Type

Smartwatch Wristband Ear-worn Head-mouted display Smart clothing Smart patches Total

Gartner (January 2021)

Safe Privacy 
preserving

Comfortable

Accurate Long 
battery life

Real-time 
response

Enormous market increase!

Requirements
Remote 

processing

Smart edge 
computing

ADS1298
• Up to 8 ExG channels
• 24-bit of resolution
• 0.5 to 32 – Ksps.
• PGA up to 12x.
• Dry active/Gel electrodes

compatible.

PCB implementation

Usage example (Patch-like encase)

PULP SoC
e.g. Mr. Wolf:
• 8 RISC-V cluster processors.
• Voltage range (0.8V-1.1V).
• 40nm LP CMOS.
• 64kB/512kB L1/L2 memory.

nRF52832
• ARM Cortex-M4.
• 64 MHz.
• Bluetooth 5 capable.
• NFC-A.
• 512/64 KB Flash/RAM.

Peak Perf à 1GFLOP/s
En.Eff. à 15MMAC/s/mW

and 9MFMAC/s/mW Headband

In-ear

Developed Applications

𝑁! Number of samples
𝑁"# Number of EEG channels
𝑁"$ Number of classes
𝑁% Temporal filter size
𝑁& Number of filters

86.32% 2-class accuracy on BCI Competition IV-2a dataset.
Memory requirement: <50kB; Energy consumption: <60µJ/inference on PULP 
Vega; Runtime: <5ms/inference.

MI-BMInet [4]
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Miniaturized 
and non-

stigmatizing!

ExG-glasses

Epileptic seizures detection

Head-worn devices (e.g. Apple Vision Pro)

Custom EOG 
and EEG
electrodes

Flex-rigid 
PCB to 

interface 
electrodes

BioGAP for 
acquisition and 

processing

Motor Movement/Imagery Brain-Machine Interfaces
“left hand”

Stimuli

BioGAP
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CL: utilizes old data / parameters to memorize the past
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Data-based CL method: ER
Weights-based CL methods: LwF, EWC
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~17% increase~10% increase

Baseline: TL

Transfer Learning & Continual Learning

EOG 9 classes 
> 95% accuracy

Eye Tracking

Sensor fusion for epileptic seizures detection

Power trace of BrainFuseNet implemented on GAP9

Seizure detection results on the PEDESITE dataset
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Demo videos

https://efcl.ethz.ch/Media/p
roject-videos---demos.html

https://efcl.ethz.ch/Media/project-videos---demos.html
https://efcl.ethz.ch/Media/project-videos---demos.html

