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Overview

Objectives

. Combination of multiple front ends
. Use of BLSTM acoustic model
. Optimization for results on real data
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Front ends

MVDR beamformer

[Run(K) + e diag(|IX (k, )?)] " d(k)
d(K)" [Run(K) + € diag(1X (k, ))]2)] " d (k)

« Estimation based on Time-Frequency masks for speech+noise & noise components

WMVDR(ka /) —

« Noise and speech spatial correlation matrices are computed from the signals using the estimated

masks
Estimation of d(k) Estimation of R, (k)
As the principal component of the « 6-channel track: From the estimated
speech spatial correlation matrix TF-masks of the noise component

« 2-channel track: From 400 ms to 800
ms of context immediately before the
utterance
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Front ends

Superdirective beamformer

« Conventional superdirective beamformer based on time-delays

[F(k) +el] td(k, 1)

wsplk, ) =
DU = D PR + el S d(k )
Estimation of d(k) Estimation of (k)
Assumed to be spherically isotropic diffuse:
d(k, 1) = [e2 () ... e=2rfu()] (k) = sinc (27de,’j>
C

Time-delays estimated using the SRP-PHAT
localization method of the baseline system
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Front ends

BLSTM supported GEV beamformer

GEV

BAN

* Orstm My
bxx
s | median 3 cov( ) b——
Y D=6
Neural
Network M
D=6 > O
L\ | median cov( ) >
D=6

8BANWGEV

« GEV beamformer optimizes SNR for each frequency:

wem () d"®yx()d
= argmax
GEVAT) = A8 I (F)d

« Independent of sensor array geometry & speaker location
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Back ends

Wide residual acoustic model (WRN)

l Bx3x80xT

Conv2d

l Bx16x40xT

ResBlock (1, 80, 3)

TxBx320

BLSTM

l Bx80x40xT

ELU+Linear

BLSTM

ResBlock (2, 160, 3)

l Bx160x20xT

ResBlock (2, 320, 3)

Bx320x10xT

Bx320x10xT

TxBx1024

|
lTxBx512
i

ropout + Linear

TxBx1024

TxBx1024

ELU + Linear

l TxBx2042
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Back ends

BLSTM acoustic model (RASR)

Set A (wp| MFCC |mp| LDA |eom————) | VR | =

Speaker
Adapted
Alignment] o, | BSLT 5 BLSTM layer
Set A Acoustic Model « 600 units per layer
= 1 « Dropout,
setB |wp| MFcC |mp| LDA |mp| oMM |mp|Alignment L2-Regularization
System et B . .
3 » Gradient noise,
gli?rément = | Speaker NADAM
€ Independant
BLSTM
SetC |wp| MFCC |wp| LDA |—— s s— | ) O <tic Model
« Set A: Channel 1,3-6 + optinal extension
« Set B: Quasi clean data
« Set C: Channel 1,3-6
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Back ends

BLSTM acoustic model (RASR)

Speaker « 5 BLSTM layer
Adapted « 600 units per layer
BSLTM RNN-LM SA
LDA  |mp| CMLLR (| pcoystic (P rescoring = transcription| ° Dropout, o
1 Model L2-Regularization
Test set|mp[ MFCC » Gradient noise,
NADAM
l’ Speaker
Independant RNN-LM Sl
LDA | mp BLSTM =»> rescoring =»> transcription
Acoustic Model
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Back ends

Performance in various stages of BLSTM backend

System Dev Test
Front | Back | Speaker | RNN-LM i | o
end end | adaptation | rescoring reat|simuy real ) simu
Kaldi X X 5.75/6.7611.49/10.89
Baseline
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Back ends

Performance in various stages of BLSTM backend

System Dev Test
Front | Back | Speaker | RNN-LM . .
. . real [simu| real |simu
end end | adaptation | rescoring
Kaldi X X 5.75/6.7611.49/10.89
7.80/8.71]11.81/13.89
Baseline RASR
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Back ends

Performance in various stages of BLSTM backend

System Dev Test
Front | Back | Speaker | RNN-LM . .
. . real [simu| real |simu
end end | adaptation | rescoring
Kaldi X X 5.75/6.7611.49/10.89
7.80/8.71]11.81/13.89
Baseline RASR X 5.87/6.43| 9.35 |10.55

&
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Back ends

Performance in various stages of BLSTM backend

System Dev Test

Front | Back | Speaker | RNN-LM . .
. . real |simu| real | simu

end end | adaptation | rescoring

Kaldi X X 5.75/6.76/11.49/10.89
7.80/8.71/11.81/13.89
Baseline X 5.8716.43| 9.35 |10.55
RASR X 6.22/8.10| 9.69 |11.70
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Back ends

Performance in various stages of BLSTM backend

System Dev Test

Front | Back | Speaker | RNN-LM . .
. . real [simu| real |simu

end end | adaptation | rescoring

Kaldi X X 5.75/6.76/11.49/10.89
7.80/8.71/11.81/13.89
Baseline X 5.8716.43| 9.35 |10.55
RASR X 6.22/8.10| 9.69 [11.70
X X 4.34/5.65| 6.83 | 8.16
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Back ends

Performance of different front ends

System Dev Test
Front Back . .
end end real |[simu| real | simu
Baseline 5.75/6.76/11.49/10.89
Kaldi
Baseline 4.34/565| 6.83 | 8.16
RASR
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Back ends

Performance of different front ends

System Dev Test
Front Back . .
real |[simu| real | simu
end end
Baseline 5.75/6.76/11.49/10.89
Superdirective . |5.4716.34|11.47/10.42
Kaldi
Baseline 4.34/565| 6.83 | 8.16
Superdirective RASR 3.89/5.14| 6.59 | 7.99
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N'-/

11 OF 17 >
Rm Computer Science, Electrical Ve s
Engineering and Mathematics FDR I H
icati ineeri R

Institute of Computer Science




Back ends

Performance of different front ends

System Dev Test

Front Back . .
real [simu| real | simu

end end
Baseline 5.75/6.76/11.49/10.89
Superdirective Kaldi 5.47/6.34|11.47/10.42
MVDR 4.63/5.44| 8.73 | 8.62
Baseline 434565 6.83 | 8.16
Superdirective RASR 3.89/5.14| 6.59 | 7.99
MVDR 3.90/5.23| 5.65 | 8.36
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Back ends

Performance of different front ends

System Dev Test

Front Back . .
real [simu| real | simu

end end

Baseline 5.75/6.76/11.49/10.89
Superdirective Kaldi 5.47/6.34|11.47/10.42
MVDR 4.63/5.44| 8.73 | 8.62
GEV 3.7013.72| 5.76 | 4.24
Baseline 4.3415.65| 6.83 | 8.16
Superdirective RASR 3.89/5.14| 6.59 | 7.99
MVDR 3.90/5.23| 5.65 | 8.36
GEV 3.27/3.41 4.02 | 3.93
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Back ends

Variation of training set for speaker adapted RASR model

System Dev Test
Front Trainingset . :
. real |simu| real |simu
end extension
Baseline - 4.34/5.65(6.83/8.16
Baseline 4.11/5.77/6.82|8.53
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Back ends

Variation of training set for speaker adapted RASR model

System Dev Test
Front Trainingset . :
; real |simu| real |simu
end extension

- 4.3415.65/6.83/8.16
Baseline 14.11/5.77/6.82|8.53

- 3.89/5.1416.59/7.99
Superdirective|3.74/5.036.52|7.84

Baseline

Superdirective
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Back ends

Variation of training set for speaker adapted RASR model

System Dev Test

Front Trainingset . .
. real [simu| real simu

end extension
Baseline - 4.3415.65/6.83/8.16
Baseline [4.11/5.77/6.82/8.53
Superdirective - 3.89/5.1416.59/7.99
Superdirective|3.74/5.036.52|7.84
- 3.90/5.23/5.65/8.36
MVDR MVDR 3.57/4.73/5.58/6.28
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Back ends

Variation of training set for speaker adapted RASR model

System Dev Test

Front Trainingset . :
. real |simu| real |simu

end extension
Baseline - 4.34/5.656.83/8.16
Baseline |4.11/5.7716.82|8.53
Superdirective . 3.89/5.146.59|7.99
Superdirective|3.74/5.036.52|7.84
. 3.90/5.23/5.65/8.36
MVDR MVDR 3.57/4.73/5.58/6.28
- 3.27|3.414.02/3.93
GEV GEV 3.05|2.79|3.77|2.67
@ | R"WTH el FORTH

Institute of Computer Science




System combination

Combination of multiple beamformers and fixed back end (RASR)

System Dev Test
ID Front Back Training set real |simu| real |simu
end end

1 |Baseline CH1,3-6+Baseline 4.11/5.77|6.82/8.53
2 |Superdirective RASR CH1,3-6+Superdirective|3.74/5.03 |6.52| 7.84
3 IMVDR CH1,3-6+MVDR 3.57/4.7315.58|6.28
4 |GEV CH1,3-6 3.2713.41/4.02/3.93

System weights Dev Test

4 | 3 | 2 | 1 |real|simulreal|simu
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System combination

Combination of multiple beamformers and fixed back end (RASR)

System Dev Test
ID Front Back Training set real [simu| real |simu
end end
1 |Baseline CH1,3-6+Baseline 4.11/5.77|6.82/8.53
2 |Superdirective RASR CH1,3-6+Superdirective|3.74/5.03 |6.52| 7.84
3 MVDR CH1,3-6-+-MVDR 3.57/4.73/5.58/6.28
4 |GEV CH1,3-6 3.27/3.4114.02/3.93
System weights Dev Test
4 3 2 1 | real |simu] real |simu
0.50/0.50 2.75/3.13/3.57/3.56
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System combination

Combination of multiple beamformers and fixed back end (RASR)

System Dev Test
ID Front Back Training set real |simu| real |simu
end end
1 |Baseline CH1,3-6+Baseline 411/5.77/6.82/8.53
2 |Superdirective RASR CH1,3-6+Superdirective|3.74/5.03 |6.52| 7.84
3 IMVDR CH1,3-6+MVDR 3.57/4.7315.58|6.28
4 |GEV CH1,3-6 3.2713.41/4.02/3.93
System weights Dev Test
4 | 3 | 2 | 1 |real|simulreal|simu
0.50/0.50 2.75|3.1313.57|3.56

0.33]0.33]0.33 2.7013.183.55|3.77
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System combination

Combination of multiple beamformers and fixed back end (RASR)

System Dev Test
ID Front Back Training set real |simu| real |simu
end end
1 |Baseline CH1,3-6+Baseline 411/5.77/6.82/8.53
2 |Superdirective RASR CH1,3-6+Superdirective|3.74/5.03 |6.52| 7.84
3 IMVDR CH1,3-6+MVDR 3.57/4.7315.58|6.28
4 |GEV CH1,3-6 3.2713.41/4.02/3.93
System weights Dev Test
4 | 3 | 2 | 1 |real|simulreal|simu
0.50/0.50 2.75|3.1313.57|3.56

0.33]0.33]0.33 2.7013.183.55|3.77
0.40/0.25/0.25/0.10/2.613.07 |3.40| 3.46
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System combination

System combination of submitted system

System Dev Test
ID Front Back Training set real |simu| real |simu
end end
1 |Baseline CH1,3-6+Baseline 4.11/5.77|6.82|8.53
2 |Superdirective RASR CH1,3-6+Superdirective |3.74/5.03 |6.52| 7.84
3 IMVDR CH1,3-6--MVDR 3.57/4.73/5.58/6.28
4 |GEV CH1,3-6 3.2713.414.02/3.93
5 IGEV WRN |CH1-6 2.7312.3413.48/2.76
System weights Dev Test

5 4 3 2 1 |real |[simu| real |simu
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System combination

System combination of submitted system

System Dev Test
ID Front Back Training set real [simu| real |simu
end end
1 |Baseline CH1,3-6+Baseline 4.11/5.77|6.82|8.53
2 |Superdirective RASR CH1,3-6+Superdirective |3.74/5.03 |6.52| 7.84
3 IMVDR CH1,3-6-+-MVDR 3.57/4.73/5.58/6.28
4 |GEV CH1,3-6 3.27/3.4114.02/3.93
5 |GEV WRN |CH1-6 2.73/2.34|3.482.76
System weights Dev Test
5 4 3 2 1 | real |[simu] real [simu
0.45/0.55 2.4812.4713.12/2.90
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System combination

System combination of submitted system

System Dev Test
Front Back . . .
ID Training set real [simu| real |simu
end end
1 |Baseline CH1,3-6+Baseline 4.11/5.77|6.82|8.53
2 |Superdirective RASR CH1,3-6+Superdirective |3.74/5.03 |6.52| 7.84
3 IMVDR CH1,3-6-+-MVDR 3.57/4.73/5.58/6.28
4 |GEV CH1,3-6 3.27/3.4114.02/3.93
5 |GEV WRN |CH1-6 2.73/2.34|3.482.76
System weights Dev Test
5 4 3 2 1 | real |[simu] real [simu
0.45/0.55 2.4812.4713.12/2.90
0.43/0.33/0.34 2.2512.3012.98/2.61
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System combination

System combination of submitted system

System Dev Test
1D Front Back Training set real [simu| real simu
end end
1 |Baseline CH1,3-6+Baseline 4.11/5.77|6.82|8.53
2 |Superdirective RASR CH1,3-6+Superdirective |3.74/5.03 |6.52| 7.84
3 IMVDR CH1,3-6+MVDR 3.57/4.73/5.58/6.28
4 |GEV CH1,3-6 3.27/3.414.02/3.93
5 |GEV WRN |CH1-6 2.73/2.3413.48/2.76
System weights Dev Test
514 3| 2 1 |real |simu] real simu
0.45/0.55 2.4812.4713.12/2.90
0.43/0.33/0.34 2.2512.30/2.98/2.61
0.35/0.20/0.20/0.25 2.19/2.34/2.91/2.68
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System combination

System combination of submitted system

System Dev Test
Front Back . . .
1D Training set real [simu| real simu
end end
1 |Baseline CH1,3-6+Baseline 4.11/5.77|6.82|8.53
2 |Superdirective RASR CH1,3-6+Superdirective |3.74/5.03 |6.52| 7.84
3 IMVDR CH1,3-6+MVDR 3.57/4.73/5.58/6.28
4 |GEV CH1,3-6 3.27/3.414.02/3.93
5 |GEV WRN |CH1-6 2.73/2.3413.48/2.76
System weights Dev Test
514 3| 2 1 |real |simu] real simu
0.45/0.55 2.4812.4713.12/2.90
0.43/0.33/0.34 2.2512.30(2.98/2.61
0.35/0.20/0.20/0.25 2.19/2.34/2.91/2.68
0.35/0.20/0.20/0.25/0.00/2.19/2.342.912.68
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System combination

Overview over submitted results

System Dev Test
Tr.
Front | Back . . .
Training set| real |simu| real | simu
end | end
- RASR|CH1,3-6 7.4219.86(12.02|15.22
Ich |- WRN |CH1-6 5.19/6.69| 9.34 |11.11
COM _1ch 5.14/7.40|9.29 12.36
2ch COM 2ch 3.02/4.04/5.32| 5.27
6ch COM _6¢ch 2.19/2.34/2.91 | 2.68
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Post evaluation - Sequence training

System Dev Test
ID Front Back Training set Seq!Je.nce real |simu| real |simu
end end training
1 |Baseline CH1,3-6+Baseline 4.11/5.77 6.82/8.53
2 |Superdirective CH1,3-6+4Superdirective 3.74/5.03|6.52|7.84
3 IMVDR RASR|CH1,3-6+MVDR 3.57/4.73|5.58|6.28
4 |GEV CH1,3-6 3.27/3.41|4.02|3.93
4.11GEV CH1,3-6+GEV 3.05|2.79(3.77|2.67
5 |GEV WRN |CH1-6 2.73/2.3413.48|2.76
System weights Dev Test

5 14 142 3 | 2 | 1 |real|simu|real|simu

0.35/0.20 0.20/0.25/0.00(2.19/2.342.91|2.68
1o of 17 : : ‘ir(}:\.s%.
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Post evaluation - Sequence training

System Dev Test
ID Front Back Training set Seq!Je.nce real [simu| real |simu
end end training
1 |Baseline CH1,3-6+4Baseline 4.11/5.7716.82|8.53
2 |Superdirective CH1,3-6+4Superdirective 3.74/5.03|6.52|7.84
3 IMVDR RASR|CH1,3-6+MVDR 3.57/4.73|5.58|6.28
4 |GEV CH1,3-6 3.27|3.41/4.02/3.93
4.1/GEV CH1,3-6+GEV 3.05|2.79(3.77|2.67
4.2|GEV CH1,3-6 X 2.77|3.11|3.43|3.30
5 |GEV WRN | CH1-6 2.73/2.34|3.48|2.76
System weights Dev Test

5 14 142 3 | 2 | 1 |real|simu|real|simu

0.35/0.20 0.20/0.25/0.00(2.19/2.342.91|2.68
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Post evaluation - Sequence training

System Dev Test
ID Front Back Training set Seq!Je.nce real |simu| real |simu
end end training
1 |Baseline CH1,3-6+Baseline 4.11/5.77 6.82/8.53
2 |Superdirective CH1,3-6+4Superdirective 3.74/5.03|6.52|7.84
3 IMVDR RASR|CH1,3-6+MVDR 3.57/4.73|5.58|6.28
4 |GEV CH1,3-6 3.27/3.41|4.02|3.93
4.1/GEV CH1,3-6+GEV 3.05|2.79(3.77|2.67
4.2|GEV CH1,3-6 X 2.77|3.11|3.43|3.30
5 |GEV WRN |CH1-6 2.73/2.3413.48|2.76
System weights Dev Test

5 14 142 3 | 2 | 1 |real|simu|real|simu

0.35/0.20 0.20/0.25/0.00(2.19/2.342.91|2.68

0.30 0.25/0.20/10.10/0.15/2.09|2.32 |2.71| 2.47
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Thank you for your attention

Any questions?
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ResBlock (S, C, N)

P T

Linear

Conv

Convolution 2D  Convolution 2D Convolution 2D

Filter: 3x3
Pad: 1
Stride: S,1

Linear

BatchNorm

BatchNorm

Filter: 1x1
Pad: 0
Stride: S,1

Filter: 3x3
Pad: 1
Stride: 1,1

Axis: 2, 3

Axis: 2




