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UC5.1c: SNN Hilbert sound source localization for microphone arrays
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Overview & Setup
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Ultra-low-resource sound source localization and beamforming for multi-microphone arrays
Novel Hilbert Transform-based technique for beamforming and event encoding
State-of-the-art performance, state-of-the-art power consumption
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Hardware

 ASIC 1.3 (Xylo) is a mixed-signal SNN processor for audio inference applications
* Platform 4.1b (rght) is a development platform for ASIC 1.3. PC-hosted USB powered board.

e TSMC 40LP technology. Mixed-signal asynchronous audio front-end; digital synchronous SNN core.

0°Zn aQyvos
CHCD CEHeD :
999, 290

N~
[l
0864 hhnzDD

> :-. : Ii'u-'r’l-‘l-.l-‘l
EEREE [ LR
{ - @ 3) s )

Direction of Arrival estimation approach Overview Wideband
* Novel Short-Time Hilbert Transform (STHT) for phase estimation e channel audi Hilbert analytic Beamforming  Power estimation
* Novel zero-crossing spike encoding from analytical signal (RZCC) transform  signals weights over DoA
* Spiking Neural Network (SNN) crafted to perform low-pass filtering,
beamforming and DoA estimation
Haghighatshoar & Muir 2024 arXiv:2402.11748 e
Power estimation
ReS U ItS Xylo architecture 3.15-5.72 mW
MUSIC (FFT only)~2  18.37-149 mW
SNN localization performance
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Results and Impact Progress beyond SOA Lessons learnea
: Beamforming and localization with : SotA for SNN source localization, 10x * Hilbert Transform approach gives good
Hilbert / SNN implementation lower mean error3. Similar error as for wideband phase estimations, leading to
: STHT and RZCC extracts phase MUSIC* super-resolution method good beam shape and good accuracy in
information from wideband signals : SotA power estimation for source localization
- Hilbert beamforming approach gives beamforming, compared with low-power * First-principles approach can be
equal high performance on narrowband MUSIC/FFT implementations?- 2 rewarding for SNN applications, when
and wideband signals taking advantage of dynamic properties
» Several patents filed for beamforming References of spiking neurons
and DoA estimation approach ' Tang & Chen 2019. Appl. Sci.

2 Hazarika Ahamed & Nemade 2022. Elec. Lett.
3Pan et al. 2021. IEEE Trans. Audio Speech Lang. Proc.
4 Schmidt 1986. IEEE Trans. Ant. Prop.
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