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Highlights

Target sound extraction (TSE) on multichannel audio
= Multichannel Target Extraction using Directional Clue .

= Centered on Spectral Pairwise INteraction (SPIN) input feature
& Spherical harmonics (SH)-based directional clue

SoundCompass Framework

Subband-wise clue fusion

Frequency-overlapping subband processing tailored to frequency-varying
nature of spatial features to enable fine-grained spatial conditioning

Spectral Pairwise INteraction (SPIN) input feature

Pairwise multiplication of cos/sin components derived from the phase of =
multichannel complex short-time Fourier transform (STFT) across channels

= Comprehensive and stable spatial modeling via learnable correlations

Multichannel SPIN(t, f) = Pt,fPIf where P; s = stack o<m<m (cos(éXm(t, f)),sin(£X,,(t, f)))
Target o

Spherical harmonics (SH)-based direction-of-arrival (DoA) clue
j F = Continuous directional representation without discretization and coordinate
separation unlike one-hot and cyc-pos embeddings
(Re(Y,"(6,9)), Im (Y, (6, 9)))
where Y, (0, ¢) =

Iterative refinement with temporal clue

Recursive injection of target temporal activation from the sound event
detection (SED) decoder to overcome initial temporal uncertainty

Target

Multichannel Direction

Mixture

Loss functions

= A linear combination of SNR and SI-SNR loss (9:1) for audio decoder
& binary cross entropy (BCE) loss for SED decoder

epoA = stack o<n<n

—n<m<n
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Limitations of input feature selection

= Relying on hand-crafted spatial features
(e.g., inter-channel level/phase difference (ILD/IPD))

= Suboptimal in capturing essential spatial information
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<Overall Architecture>

Directional Clue
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Directional Clue Encoding & Fusion
Microphone-position-dependent representations (e.g., TPD)
Discrete encodings ignoring angular continuity and periodicity

Target-activity-dependent fusion via temporal broadcasting of
one-hot or cyclic positional (cyc-pos) embeddings
one-hot

((2M)2><T><K><fk) (DxTxKxfk)

<Fusion Module>
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M2M-TSE Experimental Results

(ICASSP 2025)
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Performance comparisons across models and structural variations of SoundCompass
= Demonstrating effective and efficient DoA-based TSE framework and importance of each component

SI-SNRi change with respect to the clue direction

= Robust discrimination of spatially and temporally
overlapping sources in complex acoustic scenes
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Extraction in a cuboid room of size (X, Y, Z) =

Auditory Scene Analysis V2 (ASA2) dataset

= Synthetic mixtures of 16 kHz audio, including 2-5 foreground
sources from 13 audio classes and one background noise

@ Signal quality evaluation

= Target signal isolation and noise
suppression performance

= SNR and SI-SNR improvements
compared to the mixture

2 Spatial consistency evaluation

= Evaluation of inter-channel
relationship preservation

Mean absolute error between GT
and estimation of ILD, IPD, and
ITD via GCC-PHAT across all

microphone pairs

(X, Y, 2):([5, 8] m, [5, 8] m, [3, 4] m)
RT60: [0.2, 0.6] s/ SNR: [6, 30] dB
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remove an interaction in SPIN
** gc-norm: 20 (above), 5 (this row)

replace SH to cyc-pos (6, ¢)
remove a band-split structure

add an SED decoder
refine iteratively (x2)
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t-SNE trajectories of the FiLM scale (y) parameters

= Continuous topology of subband-specific latent patterns for target angle change
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