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Multichannel Spatiotemporal Features

» Target-dependent Phase Difference (TPD) & Cosine
directional function (CDF) |2]:

211 f
TPD,, ,,(f) = oy fsd,cos@p,cos0,

CDF,. , (t,f) =cos(IPD,, , (t, f) = TPD,. , (f))
» Sine directional function (SDF):

SDF,, ,,(t, f) = sin(IPD,,, , (t, f) = TPD,. . (f))

» AShort-Time Fourier Transform(STFT):
ASTFT,, ,, =Y, (&, f) =Y, (L, f)

» Spatial Correlation(SC):
SCp.p, ) =Y, (£, f) kY5 (L, f)
» Normalized Spatial Correlation (NSC):
SCpyp, (1)
SCpy.p, (t, ) * SCp, p, (L, f)

» Target speaker extraction (TSE) using direction of

arrival (DOA) has a wide range of applications. Due

to the inherent phase uncertainty, existing TSE
methods often suffer from speaker confusion within
specific frequency bands. Imprecise DOA clues can
also deteriorate the TSE performance.

» In this work, we propose several new multichannel
spatiotemporal features. The narrow-band Conformer
[1] model is applied in combination with the designed
features for TSE. We apply knowledge distillation to
improve the model robustness against DOA
mismatches.

NSCy, p, (L, f) =

Experiments and Results

Dataset: We consider a single interfering speaker, (1.e., I = 1),
and employ a circular array consisting of M = 6 microphone with
a radius of 5 cm. The dataset configuration keeps fully the same
as the fixed microphone geometry used for FaSNet-TAC [3].

Table 1: The TSE performance of different feature combinations in terms of SI-SNR1 (in dB) and PESQ scores (last two columns).

"~ Freeze

L Speaker angle(°) Overlap ratio(%)
Feature Combination =15 545 4590 S90 =35 3550 5075 T Average | WB-PESQ | NB-PESQ
Mixture -5.35 -537 -561 -548 | -5.61 -5.25 -5.6 54 -5.47 1.29 1.66
| . CDF(1-fold) 0.88 14.11 1650 1822 | 16.54 1434 12.38 10.48 13.43 2.83 3.27
CQHVld CDF(6-fold) 5.76 15.16 16.69 17.76 | 17.62 15.16 13.54 11.91 14.56 2.88 3.34
CDF(1-fold)+IPD 1049 1792 19.06 20.19 | 21.06 18.63 1574 14.45 17.46 3.20 3.60
I ILD 6.87 1533 16.64 17.56 | 1791 1538 13.80 11.90 14.75 2.86 3.34
SC 10.13  17.82 19.12 20.21 | 21.25 1823 1599 14.13 17.40 3.21 3.60
Feature extractor Feature extractor NSC 10.77 18.19 19.19 20.30 | 2096 18.68 1628 14.74 17.66 3.23 3.62
+ IPD 10.52 1829 1943 2047 | 21.21 1857 16.51 14.77 17.76 3.26 3.65
E IPD+ILD 1041 17.03 17.82 18.72 | 20.22 17.25 15.12 13.38 16.49 3.13 3.56
O IPD+SC 11.10 1840 19.50 20.61 | 21.17 18.84 16.61 15.18 17.95 3.28 3.66
E IPD+NSC 10.58 18.75 19.85 2095 | 21.74 19.08 16.59 15.18 18.14 3.29 3.67
O IPD+SC+NSC 11.50 18.78 19.84 2091 | 21.83 19.30 1695 15.13 18.30 3.30 3.68
IPD+SDF(6-fold) 10.37  19.27 2036 21.39 | 22.16 19.06 17.16 15.69 18.52 3.38 3.73
IPD+ASTFT 11.72 1886 1998 21.03 | 21.82 1944 17.00 15.48 18.43 3.34 3.70
E-DOA T-DOA IPD+SDF(6-fold)+ ASTFT | 12.23 19.15 20.18 21.29 | 22.04 19.61 17.31 15.96 18.73 3.35 3.70

M channels

Table 2: The performance in SI-SNR1 with DOA mis-matches, where columns and rows denote training and testing conditions, respectively.

Figure 1. The paradigm ot the proposed DOA-assisted TSE model .. true DOA [-5°,5°] [-10°,10°] [-15°,15°]
propl prop2  baseline TAC DT KD DT KD DT KD
Visuahization: Each cluster of lines denotes a distinct tuwebDoA | 1873 1830 1746  11.17 18.58 18.63 18.00 1831 17.24 18.27
. . [-5°,5°] | 17.88 1751 1667 1060 | 1801 18.11 17.59 18.02 16.99 17.97
speaker, and we can theoretically prove that each line |55 107 1558 1527 1368 579 | 1606 1620 | 1653 1675 | 1631 1679
. o : [15°,15°] | 1249 1268 1204 593 13.91 13.60 14.74 14.76 15.28 15.33
corresponds to a specific frequency bin, where the Average | 1617 1594 1521 9.12 16.64 16.64 16.72 16.96 16.46 17.09

frequency-dependent slope 1s related to the time
difference of arrival (TDOA).

Conclusion

» The combination of CDF(6-fold)+IPD+SDF(6-fold)+ASTFT
achieves the best performance.
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» The application of knowledge distillation shows a more clear
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superiority over other methods in the existence of large DOA
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mis-matches.
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» The proposed spatiotemporal features are compatible with the

Figure 2. ASTFT across different microphone pairs (with a DOA gap of 67°). existing IPD and CDF.
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