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Abstract

Speech enhancement (SE) that reduces the noise effect plays an important role in the
current widespread audio applications such as speech recognition, speech-based
information retrieval and voice control. Among the various speech enhancement
techniques, denoising auto-encoder (DAE) employs the well-known deep learning
process to learn the transformation from noisy data to the respective clean noise-free
counterpart, and it has been shown to be very effective in reducing the noise component
as well as introducing little speech distortion. In this paper, we primarily investigate the
influence of the training data with different signal-to-noise ratios (SNRs) for DAE in

the corresponding SE capability.

The major finding from our evaluation experiment is that the DAE trained via high-
SNR data provides significantly better improvement in speech quality for the noisy
testing data over a wide range of noise levels, when compared with the DAE trained
via either of multi-SNR data and matched-SNR data. This result somewhat disagrees
with the common and instinctive sense that the model created with multi-SNR training
data behaves well on average for the testing data at an arbitrary noise level, and the
matched-condition model should give the optimal performance. However, we give the
possible explanations about the above finding, and explore some advantages of using
simply high-SNR training data to prepare the DAE for speech enhancement. These
advantages include a smaller amount of training data being required, a simpler DAE
structure with fewer hidden layers and higher adaptability to other noisy situations.
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9 FeHERFELE -
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2~ [ERERE D 1 £ 6JE
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(frame) 1y £ 8 (logarithmic spectrum) - H BAGKIL Ryahi s 2 Jahs I S HEEHST
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(P9) ~ Perceptual Estimation of Speech Quality (PESQ)
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s H—5HE 2 PESQ » Bl DAE — R E H A ERVRZ Fah5 - PESQ {E/1MR-0.5 &

4.5 2] s E R EE T MR L E S HyeZ5 s  JRRIEE S B -

9~ EEaE KL

1EEE s+ > A T Mandarin hearing in noise test (MHINT) BRI
F(subset) [13] > 73 BIHUE 360 4] K 120 F1F R aasll SREDHIEEERE - H 00
B [FRF - B IR S [ - R R LL (SNR) AR ERHGE
H o dREERITEREELL Y -12 & 12dB 2R - 6% 3 dB ~ 3 9 il i HIEEER
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HEEE B AAERUCHD © 5940 FAMIPTE RAEER} » HEURAER Ky 16 kHz o (i FA0
PRI B A AU R TS Fy 512 4 » IRIMFF BRI Ry 257 4 -
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AR AL FRE LAY EC B AT 2R AT 2 -
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(—) ~ SRR L F SREE R LR
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e —HVEER > I LA LU RS

1~ BEERAE(E - 4608 DAE feBHYHIEEER) > 2 PESQ /8 —E g LIt Rl
£ FREEHEEL I SREE R AT SHY DAE » ISR RET & — i i B (mapping)
HEAYEE » JRRIEAE B ER R H YR P D S A SR B R ST A
TEAHEIIRERRY © St T DAER (o AR R (T EEEEE (25 17-12 dB, -9 dB -
-6 dB EFELEAVHIISREETR ) Z DAE % afikEL -10 dB ZHIEAEERIHYRE S 58
{EEEFARE AR - BIEEHATE Y HAL DAE 5 - SEfELE-10 dB Z IR
e pa AEAE T ULHC (match) Y& -

2 ~ HAEHAELE 0 dB B2 5 dB AVMIEAEER] - 2EfFEERY DAE (B ERaRELRY
DAE » $7A5HaEEL -10dB 82 -5dB AT HEREER} - 2 3R5EEERT DAE HEHME
AR DAE - 2RI - SR EREEEE 10 dB B 15 dB HHIEREER - 2 ERgEL
9 DAE AR REFRTHHEE S S ~ 15501 PESQ LEEL#E({H (baseline)E1K - AT,
b FSREE R A RE (a8 DAE —EREFE HMETa gL 2 5B & Y
%f o

3 ~ g EEI SR TS DAE {E(KEREEER(-10 dB, -5 dB)AHIERSER! A &R
rn B RIS IR o [FIF - S ALY DAE 8P AE A sEEEL A HIEAEERE L& AR
F27F PESQ 4780 (B T 5RAELEL 15 dB BYsBRIN) - i fE fHRs E sl LEE ISR Y
DAE - o] A8 LA i R bE 2 RaE gy &2 - BAE2SE Minje Kim
HOURRL2) P 2RV E ST, - e —EERAER - IRMTALUT R

(1) IR HAEFEEE BRI S > Sl EE B R R S 2 2 Y PR R
/I IR - e EEEE Y DAE EEEMEHEELHY DAE FE3/lI6R B8 R 5 ELAS
fife -

(2) B TRALIERRE S WAT i SR 1 B R R B R 57 05456 = 1Y+ # (speech
distortion)f£% > S EHFECLHY DAE FFY S E AR S st L bR 2 iR 2
Rz > AR A A SR EMEEE S TP RN - 2 aE 2 1y T8
TR ELLH A DAE 2RAV(E -

(3) TEteErEE BN AEARE BB A S E R AGEA ZE A WE ¢ (2= (H (bias)E15E
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Sifi(variance) - ¥ S HEEELLAVHIEESE > S FTEHAYSTE DAE K
HHEAYE R TR REUHAT - (Him AL DAE BB R 2= ERRAER]
MERZELEAD DAE ZREV/N » BN Ryl fEle DAE B2y 2 Sl RErEsE
HREZ R EERE (% - PEZZRE S AR -

T IR SREE R DAE fE S8 SR AELE 2GR RE ERysa e R

(PESQ 7380
SafEbt | (RERGELE | heRdEbh | mERELh
FAEE DAE DAE DAE DAE
(-12t0 12 dB)|(-12 to -6 dB) | (-3t0o 3dB) | (6 to 12 dB)

-10dB 1.27 1.36 1.28 1.40 1.30

| -5dB 1.54 1.69 1.48* 1.74 1.73
=t | 0dB 1.86 1.98 1.55* 1.97 2.31
& | 5dB 2.20 2.22 1.57* 2.11* 2.59
| 10dB 2.56 2.33* 1.57* 2.14* 2.76
15dB 2.90 2.38* 1.55* 2.16* 2.82*%

()~ R T

{f DAE 2f8ACE I T A bR BRC E 1y #a T E 7 100,300,500, 1000, 3000
FiFE  MANATATIL - SsRaEELERSREERHY DAE W 2 54 RHse - RIbiEi
PRA B B e S LR BRI E . DAE - T FE sy B iy — -

[ = B P 53 1) B S [Elh4E T e . DAE {33 EE 10 dB B2 0 dB JIAERIATRE
HIR(LASR - WATREIECE B SR Ot E ¥ DAE SRErY & - (ERRE 1 &
HAE TR Ry 500 B > HIE 2 PESQ fHRvfes » JREIA S EATRE T 58 R
AE o B IIHCOTBER ARSI PESQ (H > EHETTEE S ZE 3000 B -
DAE aE & 2 GREE - Hp RN ERIKHER A e BEGEER G
(overfitting) AURILHE -
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SNR=10dB

v

baseline 100 300 500 1000 3000

number of neurons in hidden layer

B = ~ = ENVHECLI SR SR B — e g e 500 {1 TRCE . DAE {EA [FI L
TLEEROE MHEEEE 10 dB HEAGERIEVRE S s baE R - BUE R PESQ 778 -

SNR=0dB

baseline 100 300 500 1000 3000

number of neurons in hidden layer

[0 ~ e EtUREEERN [ REE e — [ ek B 500 (1 TRCE 2 DAE FEA [ ik
TLEERCE N EERELE 0 dB EAEERIYEEZ R (baE R - BUE R PESQ 41EL -

(=) ~ FEE

HAHE S AT & A S B DAE SEERTRE  [B/g R E R 1 £ 6 -

W[E B TR AACE  FAMEIE (8 A = LR ReB e A A [F]
el <[ DAE s/l SREEkl > [ERF T Ay B R EE Fy 500 - HATERAEEL 10 dB il
5 dB AV IR B BRas S ] T B SRR o

E T T U ZE ] S EREEEE 10 dB AHIERGER] - SRayss R 2 IR IS
JE e E Ry 1R > [F]IF DAE YA RE & e & 2 el B i e - A=
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FERE7N - BIFREGREEE 5 dB BYREAGER! > PR @ % 1 £ 3 7Y DAE - HAUHEHD
TR > AERS R G B IIE] 4 £ 6 B A R - IERAVER FTRE AR B IR
{1 DAE {2 FHRVERENKE (activation function) fy sigmoid ~ Foffgy et — P& h
4 o N ECPERER I E - (8 % By B A S R = i Eh e AE

H e bE & bt iy s - e 245 -

FEEARER - TV EERGE RIS - —(EHENEE (shallow) HY DAE #EALLAE
DAE B4FHVRTAE - I — &R AT e S EBasi R 1215 EHERES - B
ANEAM o] ASE PG T AR . DAE ZE 8 5T 4P AYaE & R LARRE -

SNR=10dB
2.66
2.63 2.63
2.61
2.59
2.56
2.48
baseline 1 2 3 4 5 6

number of hidden layers

BT~ EEfREEEEI SRR 500 (B O ThCE Z DAE fEA[FIFRE A ERE ~
HIRHELE 10 dB HEAGERIVRE SR baE R - BUE R PESQ 778 -

SNR=0dB
2.25 2.26 2.27 2.24 2.24 2.16
1.86
baseline 1 2 3 4 5 6

number of hidden layers

E
>

» EaEEEFISREE R 500 (E i TTRCE 2 DAE fEA [FIRE5R A ERE T
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HIERFEEL 0 dB EEERIAVRE S SR BEER  BUE R PESQ 704 -

i~ S

fEER S o FFIBRET T TR B Bi4RtSes(DAEMER FECEMHAA T » HifE
s LHYSRE - P38 St UREEE )| SR EE s B A T URE LR SREE SR EL > P ERY
DAE fe¥#e DA S R ENREERERIR - HIh FlS iR ISREE 225 2 DAE
A BA/ VRN BRSO EEET ] Rt EE R K -
FEARRIN TAE L B TR E RN EE S A 0 L3 MR AR - B
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FCE SR R LRI & > PN FEIRVREIR L ~ A FERVREEREEE -
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