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Abstract

This paper deals with the adaptation of classification model in the binary mask approach to suppress noise in the noisy
environment. The binary mask estimation approach is known to improve speech intelligibility of noisy speech. However, the same
type of noisy data for the test data should be included in the training data for building the classification model of binary mask
estimation. The eigenvoice adaptation is applied to the noise-independent classification model and the adapted model is used as
noise-dependent model. The results are reported in Hit rates and False alarm rates. The experimental results confirmed that the
accuracy of classification is improved as the number of adaptation sentences increases.

Keyword : Noise reduction, Binary mask estimation, Environment adaptation

. M2
a) T A 71383(School of Electrical Engineering, Soongsil
University)
% Corresponding Author : 77]¥)(Gibak Kim) & #7gNA A w39 & ]% 7HH 3] SIst &

E-mail: imkgb27@ssu.ac.kr S
Tel: +82-2-828-7266 -
ORCID: http://orcid.org/0000-0001-5114-4117 S 7H
=
x

B ASE AASt o4
2 drEel WREE 95l S AU
]x

- Manuscript received October 17, 2014 Revised November 26, 2014 o o
A w2 7IHE e

Accepted December 2, 2014



A7) : EigenvoiceE o83 o whaa #F 2d A3 WY 165

(Gibak Kim : Eigenvoice Adaptation of Classification Model for Bmary Mask Estimation)

o] 19l &4 ALl PYErE NMsE A7} Aek
HAHL At W E g 258 A7-FI
Jog l‘%ﬁﬂ’é}"q ZF AT GYel 54 A

o
b
ok
o |
o,
=]
=
)
m{m
-lN
01-
o
N
e
o
X
fr F
M
:1m
o = 4 NTM =
Mo W M .~ oo
PRI g
o

L o o

2
41 FPE
Qo
Lct!
N 2
S
o L
27
>~ 9
T
rE o ok
LY
El; =
tlo
rkg tz
2 e
o
3
i‘iﬁ %
N 3o 2
mlo ok
E1>
©

&
&

r o v
Moo
T o

[4_1
u

i)

fu o

4

>

12

[-'O
Q2 Ar oo
@‘ b

RN )

ok L
rf
|
>
kl
ol
&
>
o
i
o

=)
[>
H
e == do o b oo du T

fd
1,
oo rle
N
%
s
2
(ot
ol
b
i)
tjo
o &
ol
Kl
ea

Yo
2] A& eigenvoice 7|HS AE-g)
Eigenvoice 7|¥-& & 212 W o2 A|9HH eigenface
= guFE 24 A5 A AT AL A
= o] Wol& Wish= 7IAMEE 24kl Asstalst
ahe sl Wa) 7| AME AR 71EAE F4ste] 8)
Ao Aed o8 RS 231wt} B =r)
e eigenvoiceS 0183 AL AL GBS NS F
LS AN A o]A mfAT FAHE 93 EF 7Y F-Ld
AL R 1A} 3} o)A vpAIE “0 T “17F TR
% H«l 7He-AIQE £3 melo] Waslt) WA, o) 7
Aol HAED HolHEREH Fg 34 &
PR
[e)

O mlo U
r}"" l‘k.oi

Q Ras gt oA BAEE s
7219 23 2El S eigenvoice EE]ES H-8351e] A)
2 5 Al da) H-eA 2

Algtste e Ae HES A8 A= = S0
el 1072] EA4ol A RE 507071A19) 3-8 AREale]
gE duo|Esta, o]X wia3 B{71E 28 A

=& (Hi)H} 2A4EE (False Alarm)e ]J%‘:}. Ay A
JJr ARbshe= WS A &8t HE&

R

ﬂll

eigenvoice ¥ILE|FE ©] :
ojx miA= E7 el EF AP AT = 4ol AANG

=

Il. 27 2% 7[8te]| o|Fl OotA3 FH

n‘.}‘_,
dlo
ri
ox

oA =

o
=]
il 2 fiotol oA 2 YL 38

A S
ri Jlm Hq:
ol

Ml o
2
X
S~
—E N
_oﬁ N
rlr
Jlm
o,
_L
r1r f

Tchorz2} Kollmeier”}
HAE 2% nﬂi 27 %* (AMS)g 7122 3

I den FAZH 54 WE FE3Ee 29 13 2ol
A F Ao o] riazo) BFE YA Hlo]
2|} (Bayesian) #7715 AR&-SFATE S, mR=A <070l &
ok gE 2y npad “1rd dgshe dE RdS
A3k, Bl2E 349 54 WE7F FoRs v, vpaa
“0”ol] 3MFe A% (a posteriori) FEF} nf2= <170l T
S ALS gES 47 Fete] AR Blaste] o)X w3 E
gt 7 olXl vpaF e S RdEE JR-AIRE £9
4 (Gaussian Mixture Model: GMM)2 AH8-3lit}. st
Aol A o] w20l thigh g o] )\ 9F A 0] &
3 U, ZF AE 29 m, T g noll tigt o]
1 vf=3 [(m,n )& the 2ol 93] F4=t

(

>

ofy Hj N

r_.VL ru

2] E\>

o) = {o, if POo(m.n) > PO lo(m.n)
1, otherwise

P()\0|g(m,n)) = P](;%E);mr;;l))) - P(/\OJ)JED;(n(lZ;)l)\O) @




= GMMOE S5H mdd] SHuE S
AT P(Ao)~ shgdlolE| 25 E 78

AA LHJ%H ﬂ% H/ﬂh 7]%i 1 13
t1517] wig)

E
o fx
v}
=) 4

4 ms (48 samples), Hanning window applied |

Input waveform (sampling rate = 12kHz)

8

0.25 ms (3 samples) — sampling rate = 4kHz

125 point FFT (80 zeros padded)

B4 (128/2) channels
I F

A
| 25 mel filter banks (25 x B4 matrix)

25 channels

v
| 32 ms (128 erwelopes), Hanning window applied

For each channel

16 ms

| 256 point FFT (128 zeros padded)

128 channels

15 filter banks (15 x 128 matrix)

{ 15 channals Maodulation frequency — O~400Hz

Amplitude Modulation Spectrogram

a2 1. TE Hx AHERT0] 5 1Y
Fig. 1. Extraction of amplitude modulation spectrogram

; (=)
st Bl Mz

lll. EigenvoiceE 0[|&
1. 2t HE2

2[5t eigenvoice

a7 29 32} A58 91 eigenvoice

FAT> WA, rAe) B4 % v shle) a4

=0
REREEED

< 7T 74 3 4 RdERY 2l g
o|Ec] a3t HE HrHE 2ehs FIHEE 7=
sttt 2% RN 799 El= PCA (Principal Compo-
nent Analysis)E 283l R7}9 eigenvectors: ¥ 1
Zol| A eigenvalueZ} 2 A/NH-S AEisith. R 9
B A3 PCAE F&54 A& K79 eigenvectors<
22 Z& eigenvoicedt F-Et} A2 Aol tis] =
= A7l feiMe HA At tig HHEHE ei-
genvoice=2| AY 715 2oz +& & k. 7gsh
o 1 o TeAlES 785 wHHEHERY A} 3
< 29 gprgE Feith oA XAEA] &
< e A 59 249 ger|EE ARS-gth

Hoh A2 W8-S o2 2ok Y EHE v 4
I} o] K7W eigenvoiceE 9] XY 715 2o 2 wHsITh

p=e(0)+ Y w(k)e(k) @

714 e(0)= RS 32 T4 RAZRE F2H 7
HHE 9] Hitol|al, e(k)e= kA eigenvoice©] Ty M7H
o 7hpAIQE BE Fitgks dulolEshks 9=, 7He A
£ FA3}7] 98]l MLED (Maximum Likelihood Eigen-
Decomposition) o] AH-Eth 7F-AIoF £ mdl o] F
B4 929 £F HAE 34 59 2l gL o
2 AMgET) 2t F3 e, h9Alet £ 2 (3
) 28 93 7708 AAL HolH (o0,..04) 7 FAR
= Uﬂ]’ 7]’%i] W(: [wl...w[(] )% % 8 }\] (3)37’]' 2
2 A2 FYHYEE Hulo]Edt). ML (Maximum
Likelihood) "WHO 2 7}52] W, E F4s17] HAsix<e o
w3 2 BEIE QF A

A‘)\ E Z’YWL

m=1t=

ot p’m C l(otiufr\n) (4>

o714



2719 . EigenvoiceE ©]&3F o] vlxz BF 2d S Wy 167
(Gibak Kim : Eigenvoice Adaptation of Classification Model for Bmary Mask Estimation)

o, 5, (1) ofﬂ mA EY AL U A o & AR I AMS SPAE K5
EO]]I] "Lm’ m th&H 7}‘7‘}\]0}—"] J:‘__”L‘Tq' %T":}/\ Tr‘li]ﬂ]EiA B Jo 38XMO] Q\jr R7H‘4 Dj—ﬁoﬂ EHOH

o‘;":‘

. e 1) R B B e AR, ) R
38 Jeldth A\ )\ 4 27 2l AAE mde 87 YolHE 25 sl HolAlA S Be 37 =2
HEAE, A @ Tl QB S s W Lo

]—‘— H]—/\]o] u]_i MLEDH]—]:HQ]];].

1) ”R7je 32 374 £ ZdZHH eigenvoiceE &

3}7] $18] PCA (Principal Component Analysis)E |

Eigenvoice!) WS o]&-3lo] A28 72 270l A o] £3to] K719 eigenvoiceS | €3}
A waa B S ASske AHS vt 2o o)zl 2) MEE 5 8014 dHlelB7t 354, MLED
ntagE 0 e 19 e VR ERE vpaz <07 viaz (Maximum Likelihood Eigen-Decomposition) 2.
“179] FFel= mdo] Basith WA, RN L A9 = cigenvoices Y 7teAES FHTT
sl mh= <073 mR= <170 Eﬂﬂs}* 5 8 5 3) olFA F8H 7sAE 7IEd F4H eigenvoice
TREAIRE S Bl AR oA *g RN =2 £ o] &3t e 878 T& Rl AR HdE
< ol&st RS R EE et A 3& TE R & GUlolES

Qe MY FHARES: ZHE RIS £ el AMgE} 4) AElo| e 7R9AE HHEY S 87 5 Rd=
o, 7M-AREE Y] B ES B AAsl frouE g e T 7 SR 483 7Rt EF TMEAE
Offline training Orline adaptation

Data from a new speaker +
eigenvoices
+ speaker-independent model

!

Estimate K weights:
wil), w(2), ... .. w(E&)

.

Construct a super-vector for
the new speaker:

e(0+w(l)e(L)+. .. +w(K)e(K)

Adapted model

Train R spealcer-dependent
models + 1 speaker-
independent model

.

Get R super-vectors from
speaker-dependent models

—

Apply PCAto get R
eigenvectors (eigenvoices):

e(0).e(1),...e(R-1)

I

K+1 eigenvoices: !

e(0). e(1)....e(K)

Lo

J&l 2. EigenvoiceE 08¢t 22 M8 oY
Fig. 2. Block diagram for eigenvoice model adaptation

1) Eigenvoice® 34} ¥lo] EAE tixdle wHYEHES A ]{— gojojt}. &
KX

RO T gl AR E W6 ee) ol tad b 2
A-go| A8 wl, eigenvoice™ A Ho|7t ofyEt Fg 34 Wo] B4 X

R AHIESS e sl



168 Wsahsl=EA #1204 A1, 20159 1€ (JBE Vol. 20, No. 1, January 2015)

Wz ApLE.

£
=
fru
Ho
L
oo
rieb
o
*
}-El

1. &9 &
e ATS AT Aol AR 282 [EEER H|o]
Euo] =2 A) gojz T glar, Jof dojrle] o
2~

3 T E AL 25kHz MEY FuFEE 533519 12kHzE
TR AEFatainh 7H-AIRE £ 2o AREgE 7HeA
et (M= 640lth A e 74 2l BAEES Sl
34717 505 ARSI, HIZEES flsiMe 2l A4
of] Fed3}A] 92 Babble 72, factory 3, speech-shaped
FE& A3t Babble 52 | 242t 107 0] 54
o AN bg& 4L de e 558t A Aes
A]»Quo}gh factory < %N OISEX ] o] g1 o] 2Ple] A
2331921, speech-shaped 722 IEEEE74 H|o]E]H)
o|29 A= HiF /\,ﬂg zt= stationary Z+8-0]
gk 3ol 10 78 Wl o] Holse] 23] it (2-3
o] o)), sk dHolHZE 200702 48 AHE-3}
, A% o) g #] (SNR) -5dB, 0dB, 5dB 52
of ARSI HIZEES $3lME= - 5dB 10719
H-akqAnh HI2ES 98] &3 HolHe =Y
el AHEE HlolEl o= HAA] Feth 28 16A
35 32ms YEF-E o] 83l 16ms¥ ©]F3hH
2 By, FurdgogZE meliAd

o
ki

SR
2

o o_}‘_, EIIO [O
tlo wlo mo &

>

2
A of
o,
rz L

N > Rk 2
12
lo

1o, of
el
o,
o
iy
il
o
oo
QL
s
e
:‘.){é
_o|L
2
i)

=

Alteh= WS ksl f8, Fe 78 Hel AR
7 g9} 2t 7390l didl eigenvoice2] 714 K)E W37
R wiae] AHEE (Hit) LHFE (FA)S ARSI

s 45t 7S 4
% of AHE-H 3 429} eigenvoiced] 7H5ol WE
3o YRSl Al 71 s 83 B A=

Babble

EE K=1

;:{ = K=2

= 1 K=3

' K=4

ey S K=5
NA 10 20 30 40 50
Number of adaptation sentences

Factory

K=1

= K=2

= I K=3

s
; K=4
w Y K=5
=
Number of adaptation sentences
Speech-shaped

K=1

E= K=2

1 K=3

K=4

Eg K=5

Hit - FA (%)

0o
NA 10 20 30 40
Number of adaptation sentences

12! 3. EigenvoiceE 0|2¢ P& ME Zn} (HHES - QLUES: Hit -
FA, NA: No Adaptation)

Fig. 3. Performance of eigenvoice model adaptation

) 347HA A

2 U532 2th Airplane cabin in flight, Alarm (burglar alarm), Applause (in theater), Boat engine room, Car ventilation fan, Car wash,

Cooker hood, Crowd at airport, Crowd at convention, Crowd outdoor, Dragster idle, Drum dryer, Electricity transformer, Extractor fan, Fan heater,
Food mixer, Hair cutter, Hair dryer, Hand dryer, Helicopter idle, Helicopter hovering, Lawn mower, Motorcycle 1, Motorcycle 2, Nose trimmer,
Outdoor 1, Outdoor 2, Rain, Restaurant, Shaver, Slot machine, Traffic, horn, Vacuum, Washing machine



rr

& f 874 ASS 3] Aol sl 20% HelEA
3] W AITF usith. A8l ARE 23] Sk
o whe} d5o] FIEU 2070 FouXREE A

71E Aol e, e B4 H5H A o)

&
+ AL 7ol U B 2d H-5-S #3114 eigenvoice

=] [¢]

A3 WEe HgAAT. o §S 87 HolHE o
e
=

A5 F4E Wl v} eigenvoice At H-E WS A
8ot 5 84 59 EF Bds ASAHLEA oi
vtaE R s FIANE F AT B Al did
FEo 7 e Ak 2SS A8ste HH9 4T
< 235k 2l A5 tid d7E AP dAelrt

Z 11 2 3 (References)

[1] Y. Hu and P. C. Loizou, “Subjective comparison and evaluation of
speech enhancement algorithms,” Speech communication, vol. 49, no.
7, pp. 588 - 601, Jul. 2007.

[2] Y. Hu and P. Loizou, “Evaluation of objective quality measures for
speech enhancement,” IEEE Transactions on Speech and Audio
Processing, vol. 16, no. 1, pp. 229 - 238, 2008.

[3] Y. Huand P. C. Loizou, “A comparative intelligibility study of sin-
gle-microphone noise reduction algorithms.” The Journal of the

2719 : EigenvoiceS ©]&3 o] nlaz BF 2d 23 WP 169
(Gibak Kim : Eigenvoice Adaptation of Classification Model for Binary Mask Estimation)

[10]

(1]

[12]

[13]

[14]

[15]

Acoustical Society of America, vol. 122, no. 3, p. 1777, Sep. 2007.
D. S. Brungart, P. S. Chang, B. D. Simpson, and D. Wang, “Isolating
the energetic component of speech-on-speech masking with ideal
time-frequency segregation,” The Journal of the Acoustical Society of
America, vol. 120, no. 6, p. 4007, 2006.

N. Li and P. C. Loizou, “Factors influencing intelligibility of ideal bi-
nary-masked speech: implications for noise reduction.,” The Journal of
the Acoustical Society of America, vol. 123, no. 3, pp. 1673 - 82, Mar.
2008.

G. Kim, Y. Lu, Y. Hu, P. C. Loizou, “An algorithm that improves
speech intelligibility in noise,” Journal of Acoustical Society of
America, September 2009.

R. Kuhn, J. Junqua, P. Nguyen, N. Niedzielski, "Rapid Speaker
Adaptation in Eigenvoice Space," IEEE Trans. Speech and Audio
Proc., vol. 8, no. 6, pp. 695-707, November 2000.

J. Tchorz and B. Kollmeier, “Estimation of the signal-to-noise ratio
with amplitude modulation spectrograms,” Speech Communication,
vol. 38, n0. 1 -2, pp. 1 - 17, Sep. 2002.

J. Tchorz and B. Kollmeier, “SNR estimation based on amplitude mod-
ulation analysis with applications to noise suppression,” IEEE Trans.
on Speech and Audio Processing, vol. 11, no. 3, pp. 184 - 192, May
2003.

M. Kleinschmidt and V. Hohmann, “Sub-band SNR estimation using
auditory feature processing,” Speech Communication, vol. 39, no. 1 -
2, pp. 47 - 63, Jan. 2003.

Gibak Kim, “A Post-processing for Binary Mask Estimation Toward
Improving Speech Intelligibility in Noise,” JBE, Vol. 18, No.2,
pp.311-318, March, 2013.

N. Iwahashi, A. Kawasaki, “Speaker Adaptation in noisy environments
based on parameter estimation using uncertain data,” In Proc. Intl.
Conf. on Spoken Language Processing, Vol. 4, pp. 528-531, October
2000.

M. Kirby and L. Sirovich, “Application of the Karhunen - Loéve pro-
cedure for the characterization of human faces,” IEEE Trans. Pattern
Analysis and Machine Intelligence, Vol. 12, No. 1, pp. 103 - 108,
January 1990..

IEEE, “IEEE recommended practice for speech quality measure-
ments",” IEEE Trans. Audio Electroacoust., vol. 17, pp. 225-246,
1969.

A. Varga and H. J. M. Steeneken, "Assessment for automatic speech
recognition: II. NOISEX-92: A database and an experiment to study the
effect of additive noise on speech recognition systems," Speech
Commun., vol. 12, pp. 247-251, 1993.



170 H3ste)=82] #2038 A1E, 20159 149 (JBE Vol. 20, No. 1, January 2015)

IS IPN )|
2 7|
- 19944 : M2CHstn MAFEStD) SHA}
- 19964 : AM2CHstm MA|Zstnt AMA}
- 20074 : AM2CHstn M7 |ZHEE2EHE At

- 19964 ~ 20004 : LGHAP |29 o178l

- 200014 ~ 20034 : (F)Ho|Af o] Mol

- 20084 ~ 20104 : Univ. of Texas at Dallas, Research Associate

- 20104 ~ 20114 : CHPCHEN L MALSEIE HAZAL

- 20114 ~ SAY ;- SAcfstn MI|SER s

- ORCID : http://orcid.org/0000-0001-5114-4117

- FERAE0L: SYMSHE|, FaSAE|, HE|ZEMSAHE], ofz|olAlSAz|




