Jointly Tracking and Separating Speech Sources Using
Multiple Features and the Generalized Labeled Multi-
Bernoulli Framework
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The “cocktail party” problem
Concurrent speakers (how many)
Moving speakers (where)

Speech extraction (what is said)
Speaker identity (who said what)
Interference (what not)

Association over time (which to which)
etc.



Multi-feature extraction
Speaker localization (concurrent, moving speakers)
Speech separation (multiple speakers)
Speaker identification (pitch estimation)

Joint online tracking

Bayes RFS multi-object tracking for multi-speaker and
multi-feature

etc.



Proof-of-concept
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Speaker localization
Subspace methods (MUSIC, ESPRIT, etc.)
Steered-response beamformers
TDOA based techniques
MCC-PHAT
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Speech Separation
BSS, TFM, etc.
Wideband Beamformer (WLS, filter-and-sum)
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Multi-feature Extraction




Background
Random Finite Set (RFS)
Bayes rule, Chapman-Kolmogorov equation
Conjugate prior -
GLMB [0
Hypothesis and Probability density
Distinct label indicator
Label set, association map ne(X) = [ S POm(05X
Projection function
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Multi-feature GLMB Recursion: Update
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Multi-object Multi-feature likelihood function
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Multi-feature GLMB Recursion: Prediction
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Multi-object Multi-feature state transition function
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Test Scenario
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Test Scenario
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Test Scenario
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Test Scenario
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Test results - PEASS for speech signals

Method Speaker | OPS TPS IPS APS
or ; 1 4875 | 57.03 | 71.19 | 49.11
OpOse 2 32.69 | 29.35 | 72.06 | 35.61

3 36.02 | 35.73 | 65.65 | 37.71

<1,2> | 18.66 | 45.84 | 4321 | 24.33

IS 3 25.00 | 6.10 | 83.97 | 3.50
<1,2> | 1873 | 38.82 | 1638 | 50.43

DIBIEI 3 2497 | 51.16 | 32.40 | 4432




Reverberation and noise
Robust feature extraction methods
E.g. pitch, location, sound extraction

Other tracking techniques
E.g. track-before-detect, compare MHT, JPDA, etc.
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Thanks to the reviewers’ helpful comments.
Thank you all for attending.

What’s the main idea of this work?

Using the multi-feature GLMB framework, to jointly separate
and track multiple features of speakers.

Is the localization (MCC-PHAT) reverberation
robust?
The short answer is yes.

Other questions?



