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Abstract

Neural source separation enables the extraction of individual spike trains from
complex electrophysiological recordings. When applied to electromyographic
(EMG) signals, it provides a unique window into the motor output of the nervous
system by isolating the spiking activity of motor units (MUs). MU decomposi-
tion from EMG signals is currently the only scalable neural interfacing approach
available in behaving humans and has become foundational in motor neuroscience
and neuroprosthetics. However, unlike related domains such as spike sorting or
electroencephalography (EEG) analysis, the decomposition of EMG signals lacks
open benchmarks that reflect the diversity of muscles, movement contexts, and
noise sources encountered in practice. To address this gap, we introduce MUni-
verse, a modular simulation and benchmarking suite for decomposing EMG signals
into individual MU spiking activity. MUniverse provides: (1) a simulation stack
with a user-friendly interface to a state-of-the-art EMG generator; (2) a curated
library of datasets across synthetic, hybrid synthetic-real data with ground truth
spikes, and experimental EMG; (3) a set of internal and external decomposition
pipelines; and (4) a unified benchmark with well-defined tasks, standard evaluation
metrics, and baseline results from established decomposition pipelines. MUniverse
is designed for extensibility, reproducibility, and community use, and all datasets
are distributed with standardised metadata (Croissant, BIDS). By standardising
evaluation and enabling dataset simulation at scale, MUniverse aims to catalyze
progress on this long-standing neural signal processing problem.

1 Introduction

Modern neuroscience increasingly relies on source separation techniques that recover latent neural
signals from mixtures, aligning with core machine learning challenges of inverse problems and
representation learning. These neural (blind) source separation problems are ubiquitous across
neuroscience, from spike sorting in extracellular electrophysiological recordings to calcium imaging
demixing, and source localization in electroencephalography (EEG) and magnetoencephalography
recordings. Each instance requires sophisticated algorithms to invert ill-posed signal models and
uncover the underlying neural activity patterns. Electromyographic (EMG) recordings present a
particularly compelling case for machine learning researchers: each surface electrode captures a
convolutive mixture of motor unit (MU) action potentials propagating through biological tissues,
creating a natural testbed for advanced blind source separation (BSS) techniques.
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