
Using simulated binaural room impulse 

response

Different modes based on models complexity

Assumes number of sources is known

Incorporates a ‘garbage’ source for reverberation

Parameters of the Gaussian distributions estimated      

by maximizing the log-likelihood

1. Initialized by frequency-independent parameters 

to avoid permutation problem

2. Refined iteratively using EM until convergence :

M-step: considers T-F regions dominated by 

each source

E-step: re-estimates T-F areas assigned to each 

source based on the new parameters to give 

the soft mask

PROPOSED METHOD

Two recorded signals (left & right) mapped to time-

frequency domain using STFT

Source models initialized and re-estimated using 

ILDs, IPDs & observation vector at each T-F unit

Posterior probabilities combined  (independently) to 

determine source occupation of each T-F unit
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INTRODUCTION

 Sound source segregation is needed for better ASR 

and hearing aids performance

 Computational auditory scene analysis (CASA) 

approaches degrade at closely spaced sources [1]

 Blind source separation (BSS) techniques fail in high 

reverberations [2]

ABSTRACT
A new method for reverberant speech separation. It

models inter-aural phase difference (IPD), inter-aural level

difference (ILD) and bin-wise mixing vectors by Gaussian

mixture model (GMM) for each source, estimated by

expectation maximization (EM). Each model is evaluated

at every time-frequency (T-F) unit to find the dominant

source, and hence its mask.

CONCLUSION

• Average 0.9 dB improvement for simpler 

modes (based on subset of cues)

• Considerable improvement for smaller 

angular separation which is desirable

• Best performance mode ΘG
11 (T60 =0.3s)

• Future work will investigate under-

determined cases for mixture with more 

sources

EXPERIMENTAL EVALUATION
2-s utterances selected from TIMIT

15 random mixtures per test

Target source at 0o azimuth

Interferer at 30o , 60o & 75o

performance evaluated by

Signal-To-Distortion Ratio (SDR)

References: [1] M. I. Mandel, R. J. Weiss, and D. P. W. Ellis, “Model-based expectation-maximization source separation and localization,”

IEEETrans. on Audio,Speech,& LanguageProcessing,vol. 18, no. 2, pp. 382ς394, 2010.
[2] H. Sawada, S. Araki, and S. Makino, “A two-stage frequency-domain blind source separation method for underdetermined convolutive
mixtures,” in IEEEWorkshopon Applicationsof SignalProcessingto AudioandAcoustics,2007.
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modes T60 =0.3 s, θ=75o T60 =0.3 s, θ=60o T60 =0.45 s, θ=60o

Θild,ipd
binaural bina+bss binaural bina+bss binaural bina+bss

Θ00 6.09 6.64 4.91 5.86 2.00 2.83

Θ01 5.78 6.69 4.71 5.90 1.88 2.85

Θ10 6.12 6.51 5.38 6.12 2.43 3.09

ΘG
11 6.40 6.80 6.02 6.58 2.96 3.59

ΘG
ΩΩ 6.53 6.79 6.20 6.40 3.29 3.64
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