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by Facebook Team, is built on the Wave-U-
Net and consists of convolutional layer
encoding and decoding blocks with an
LSTM layer in between. Although
DEMUCS processes the input speech
utterance purely in the time (wave) domain,
the applied loss function consists of wave-
domain L1 distance and multi-scale short-
time-Fourier-transform (STFT) loss. That
is, both time- and frequency-domain
features are taken into consideration in the
learning of DEMUCS.

In this study, we present revising the STFT
loss in DEMUCS by employing the
compressed magnitude spectrogram. The
compression is done by either the power-
law operation with a positive exponent less
than one, or the logarithmic operation.

We evaluate the presented novel
framework on the VoiceBank-DEMAND
database and task. The preliminary
experimental ~ results  suggest that
DEMUCS containing the power-law
compressed magnitude spectral loss
outperforms the original DEMUCS by
providing the test utterances with higher
objective quality and intelligibility scores
(PESQ and STOI). Relatively, the
logarithm compressed magnitude spectral
loss does not benefit DEMUCS. Therefore,
we reveal that DEMUCS can be further
improved by properly revising the STFT
terms of its loss function.

R o Msts : B384 > DEMUCS ~ 4a 0% 3 3 43
WMo BRE B BBIAEIE K - HEUAEERE
BB d B H o ANEE RS

Keywords: speech enhancement, DEMUCS, STFT, loss
function, compressed spectral loss, logarithmic spectral
distance, PESQ, STOI

Abstract

This study aims to improve a highly
effective speech enhancement technique,
DEMUCS, by revising the respective loss
function in learning. DEMUCS, developed
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(spectral subtraction) (Boll, 1979) - # 497& % 7%
(Wiener filter) (Scalart and Filho, 1996) ~ & 2
& 3% JE£(Kalman filter) (Dionelis and Brookes,
2018)% » A T RRIE LRV EE » BIATH
B MIREF8E - RATHMEERER
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B MR T RRETRE -
MR B N R R A & 4 #8(deep neural
network, DNN) (Goodfellow et al., 2016; Hinton
et al, 2012) 383 R #4769 & B & > AR
DNN &)3% & 3Rt B fhr o 4o o 12 A& &) 30 7R 7 75
R BHEAFEBEMRNGE T ayRibacd
FEN GBI R FE TR o — R
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BF 48 3% (time-frequency domain, T-F domain)ik
Fo 3% %] 3% (end-to-end)#y BF Bk (time domain)ik
(Luo and Mesgarani, 2019; Yin et al., 2020) -
$a A ay 7]‘/2%5:3: ] 64 5 335 & REF B é’]
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# 8% 44 (short-time Fourier transform, STFT) %} #
AE 5 A 32 85 42 [B (spectrogram) » 7 4% B 58 3%
(T-F)45 44 - 42 %135 2k T-F 458000 240K 5k %5816
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BT EHES B DEMUCS % (Defossez et al., 2019;
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Defossez et al., 2020) ( 2% : Deep Extractor for
Music Sources with extra unlabeled data remixed )
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# 1112 A VoiceBank-DEMAND 3% 3k} & (V-
Botinhao et al., 2016; Thiemann et al., 2013) 2R %
& &R ATR G I R Bk EY
DEMUCS #£ A i 4TI 4R $L8] 3K > ATHE A Z 4
R TAEME G fo s B R B VoiceBank(V-
Botinhao et al., 2016) ## DEMAND (Thiemann et
al, 2013)35# & - D4R 15 7 28ME3BH P Ak
ey 11,572 1838 4) » £ P 5 10 #5430~ 31
#LL(SNR) %1 4 0,5, 10 2 15 dB > B3R £ A
a8 2B3EH AT A ALY 824 1835 4) « B
RERFIZ % 5 A HAELONR) S 3] %
25.7.5.12.5 82 17.5dB » $boh + KA o
ok 742 1835 6 1F BB -

FArIER A gk (Defossez et al., 2020)fr /)48 2 B
B 2 1 (causal)#y DEMUCS 224 » £ % 4% %
i (epoch)zx & 300 » s 3% A 32 » A2 H3%
Eon AU =4, S =4, K =8, L =
5B H = 48 - {REA(5)-(8) » &4 %34k
HE 2R F48 & ok H 2 DEMUCS #A! - f23]
HE - AR FERES S E 4542 PESQ (Rix
etal., 2001)Fv 9] 23& M 45 4% STOI (Taal etal.,2011)
R4S R 6938 F - PESQ 4/ #-0.5 2

45z F » STOL p# A7 082 1 2R » =F %5
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HAAE HE A SE 3L 58 R 45 e 2 DEMUCS
A REEHEEFERFran %% 0.1,03,
058 0.7 A5 B TREALRERGEE
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DEMUCS # & - & A e RE H B H 3 HH
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% 3.006 #2 0949 A iE - B AR
DEMUCS # 2.923 £ 0.947 » 3% $1 sC k[ 13]
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Z 0.1 8% > 2K PESQ % £ > 23 &
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3. FRRMEr=118 ARBEHEHELE
RMm% KX > BER&ERE T HRWMAE
DEMUCS #} & &y PESQ 4 # F § - Bt »
ERBEBENBARAIBL &L
DEMUCS -

— - = T T — T
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245 loglp & #R MRS E R G - 1 Tima )
PESQ $ STOI &) 45>t %88 B8 % £ » A7 loglp (b) noisy

HMBERBERT ARG R sl 28
SLE B R WERSBRMALESN » TH
e R B A% E R loglp H#eF » £XQ)EHR
GHFAE R EIBAER TRk log &~ B
AE $H AR 3 98 JE 38 R LR 45 M AR R a9 48
REREEN » ERRAOFRAE » HAVH
HbrmE— SR LR T A -

PESQ STOI ‘
R E e ( P % ) 1.970 0.921 02 04 06 r?&:(s) 1.0 1.2 1.4
J& 4 DEMUCS (r = 1) 2.923 0.947
= 2. .94 nhan riginal DEM
ERER T 0.1 33(8;2 3342 (c) enhanced by origina ucs
e r=0.3 . 5
2% r=0.5 2.979 0.948
DEJUzcs r=0.7 2.974 0.947
r=1.1 2.910%* 0.947
12/ loglp B R 453 . .
3% & 2 DEMUCS 2.735 0.943

* 1: B4 DEMUCS #2 &5 R4 4R % E 2
DEMUCS 7% #} J& &4 PESQ #2 STOI &

PR T 3B E a4t e A8 MR AE SRS B
B 3% & B¥4A [B (magnitude spectrogram) ik B 35

02 04 06 08 1.0 12 14 1

& HiEE Lo g s o B =(@)-NEHE T — TimG)
VoiceBank #%3% & f& &4 3 5L ATAT 09 38 B B (d) enhanced by DEMUCS with power r = 0.3
SAE > Bk B =(a)(b) 5 7 #E 3 F IR BT L
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