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Introduction
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Fig. 1. Three typical cases of R-SE: (a) angular region; (b) spherical region;
(c) conical region. The angle window of (a), radius of (b), and both angle window
and radius of (c) can be dynamically assigned per needed.
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Fig. 3. The formulation illustration of (a) 1D directional feature; (b) 3D directional feature and (c) 3D location feature. The
linear microphone array is viewed as example, without loss of generality. o denotes the geometric center of the microphone

array. m; and ms forms a microphone pair.
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(A) Feature extraction (B) Band split and feature aggregation (C) Band and sequence modellng
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Fig. 6. Flowchart of A-ReZero where the query region is an angular window.
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Fig.4. Sampling region indicators in an azimuth window by (a) fixed interval
or (b) fixed number.
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(B) Band split and subband processing
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Fig. 8. Flowchart of band split and subband processing module in C-ReZero
where the query region is a conical region r that can be viewed as the intersection

Fig. 3. Illustration of the distance embedding generator (DEG), which maps of an angular window ., and a spherical region r..

a distance d to a distance embedding E(d).



Experiments

TABLE II1
COMPARISON WITH ORACLE BEAMFORMING, ORACLE TARGET SPEECH SEPARATION METHODS AND OTHER SOTA SPEECH ENHANCEMENT METHODS

Decay (dB) SDR (dB) #param. | MACs

Method Oracle / Auxiliary information ‘ Causal ‘ 0=0 0=1 Q=2 ‘ STOI (%) ‘ PESQ ‘ M) (Gls)
Mixture | - - - | 000 963 | 704 | 118 | - | -
Oracle separation methods

B-SS-BSRNN | target source assignment, LBT v N/A 1092 1232 89.5 2.04 2.96 5.96
D-SE-BSRNN | target azimuth 6, v N/A 11.96 7.00 90.5 2.19 2.87 5.94
D-SE-BSRNN | target azimuth 6, with 15° error v N/A 11.85 6.76 89.9 213 2.87 5.94
Oracle beamforming methods

IRM-MVDR target IRM X >60 8.31 6.93 90.3 2.08 - -
CRM-MVDR | target complex spectrogram X >60 595 1243 81.5 1.41 - -
DAS target azimuth 6, v N/A 0.14 8.02 73.1 1.21 - -
Speech enhancement and extraction methods

SE-BSRNN - v N/A 4.67 5.19 71.6 1.59 13.6 18.2
P-SE-BSRNN | target speaker enrolment (>4s) v N/A 5.65 5.57 83.6 1.72 222 14.7
P-SE-BSRNN | target speaker enrolment (>4s) X N/A 8.18 7.49 82.6 1.87 23.6 234
A-ReZero target angular region ‘ v | 53.03 | 1248 13.88 ‘ 90.9 | 2.29 ‘ 3.00 ‘ 6.03

N/A: not applicable for this case.

Q: BARUEIAEALK

SDR: signal-to-distortion ratio ,{E 5k &Lt

STOI: short-term objective intelligibility ,55RT{E S O] & &
PESQ:perceptual evaluation of speech quality 1153 R E BRANTES
Decay : BEE T
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TABLE I

R-SE RESULTS OF DIFFERENT REGION SAMPLING STRATEGIES

. : Decay (dB) SDR (dB)

Region sampling 0=0 0=1 0=2 STOI (%) PESQ
Mixture - 0.0 9.63 70.4 1.18
Fixed interval = 10° | 49.44+£2.77 | 12.36£0.10 13.474£0.47 | 90.0+£0.7 | 2.2240.03
Fixed interval = 15° | 47.45+£1.36 | 12.78+=0.50 14.13+£0.20 | 91.2+0.2 | 2.27+0.02
Fixed interval = 20° | 45.06£1.95 | 12.38+£0.12 13.4640.83 | 90.3+£0.8 | 2.21£0.04
Fixed number = 2 4466196 | 12.32+0.12 13.8740.12 | 90.4+0.1 | 2.18%0.01
Fixed number = 3 48.69+£2.82 | 12.3940.21 13.8440.31 | 90.9+0.4 | 2.2840.05
Fixed number = 4 52.16+2.58 | 12.36+0.27 13.34+£0.33 | 90.4+0.5 | 2.24+0.03
Fixed number = 6 49.424+4.17 | 12.35+£0.10 13.87+0.30 | 90.9+0.3 | 2.25+0.01
Fixed number = 8 52.03+4.89 | 12.39+0.09 13.7440.18 | 90.9+0.2 | 2.28+0.01

The result of each confiouration is obtained bv reneatine the exneriment 3 times and exnressed as the mean+

TABLE I

R-SE RESULTS OF DIFFERENT REGION FEATURE AGGREGATION METHODS

Region aggregation Decg); {gdB) Q= ISDR (5 Q=2 STOI (%) PESQ
Mixture - 0.0 9.63 70.4 1.18
Concatenate 50.224+1.25 | 12.414+0.08 13.55+0.21 | 90.840.2 | 2.5740.03
Transform-and-Concatenate (TAC) | 44.624+5.35 | 11.24+£0.27 12.5840.42 | 90.64+0.4 | 2.4840.02
Transform-and-Average (TAA) 39.274+1.47 | 11.284+0.22 10.9940.29 | 90.0+0.6 | 2.304+0.13
RNN 52.03+4.89 | 12.3940.09 13.744+0.18 | 90.94+0.2 | 2.58+0.01
RNN-Loop 53.03+2.37 | 12.484+0.24 13.88+0.18 | 90.9+0.4 | 2.59+0.04

Number / 8 is used as the region sampling method.
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Method Q=0 Q=1 Q=2 STOI (%) | PESQ .
Mixture - 0.57 9.52 74.0 1.24
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Fig. 10.  Black line: The energy decay (@) = 0) or SDR () > 0) results with
respect to different query distances. Blue dotted line: The SDR of mixture signal
using ¢ = 1 target as reference signal. Red dotted line: The SDR of mixture

signal using ) = 2 target as reference signal.
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Fig. 12. (a) The 8-microphone circular microphone array with diameter of 5 cm. (b) The illustration of different query regions on the same utterance. (c) The
ground truth targets and ReZero outputs of different query regions.

TABLE VIII
CONFIGURATIONS OF DIFFERENT REGION QUERIES OF THE CONICAL REGION
QUERY EXAMPLE

ID ‘ Query type ‘ Query r, ‘ Query r; ‘ Q
1 angular [—270°,—110°] | - %
2 spherical - [0,0.5] 1
3 ring - 0,1.1] - [0,0.5] | 1
4 conical [—150°, —90°] [0, 1.5] 1
3 conical [90° 120"] [0,1.0] 1
6 conical [—130°, —60°] [0, 0.6] 0
7 conical | [~30°, 30°] [0,1.0] 0
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