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ABSTRACT

In this paper we proposed FSFN (Filter bank sub-band energy subtraction based CLSFN) method to
improve the recognition performance of the existing CLSFN (Cepstral distance and Log-energy based Silence
Feature Normalization). The proposed FSFN reduces the energy of noise components in filter bank sub-band
domain when extracting the features from speech data. This leads to extract the enhanced cepstral features and
thus improves the accuracy of speechfsilence classification using the enhanced cepstral features. Therefore, it
can be expected to get improved performance comparing with the existing CLSFN.. Experimental results
conducted on Aurora 2.0 DB showed that our proposed FSFN method improves the averaged word accuracy
of 2% comparing with the conventional CLSFN method, and FSFN combined with CMVN (Cepstral Mean
and Variance Normalization) also showed the best recognition performance comparing with others.

.M E Aol w4 AFHes ¥4d &k 22y A

$0] EAlshs 0 BT e XE wE

SR A7 FIAE At Ae Sig A o] AAZ o2 Rofell A-go] AHHL A X3}
= 7le F9 stz € 4 ek A9 s 2 e Aol webd ¥ d7AlEe] A3
71€E o8] S8kl S8 A¥ Asel e ¥ sollxe] SIS Aeg wole Wl TER =




N CEER L kS

24 54 A7 P 4%

HE sl gtk
LA A2Re Ae Aske FE e 49
QA #A39). B-UA]| (mismatch)ol|X] ZFct ol

ok

T ELAE Sol7] S35l thekdt AL whgEel Al
¥R gl dl ZA gt Aol Al 7] wale s
vz 4= gtk A #Rls 843 (speech enhance-
ment) R, F WA= EA3A} (feature enhance-
ment) W, Al WAl 2dRAKmodel compen-
sation) H}Ao]ci!,

439 A Heple 2 F2 Fal 7k A
£E# EA(4: MFCCs: Mel-Frequency Cepstral
Coefficients)# olLdz] 7|uke] 23 ofLfx] (log-
energy) BA22 Wby 4 lck. ¥ RS 54 34

o e AT2A 27 oix) B4 AT ) o
A a7age 2o

7188 23 oA As eSS AR,
ERN (log-Energy dynamic Range Normalization)"”,
SFN-1 (Silence Feature Normalization-D)"”, SFN-II
(Silence Feature Normalization-ID"¥ 5-¢] ule] &
9 LA e Sk S o e
27 oA 59 PuTE ol8se] SYFE EF

2 0L, B SNRAHE 398 452 wol
2 glerk, Fe SNROATE 22 ohix|e] el
Dol Agol A3 A== FAge] slck

o]& sEs] §lslel MAEE o)A APl
’Q/\EEJ Aot 21 JAAE A¥SI SI5FSE

FiRehe W Al & ARLEe] Akt
CLSFN (Cepstral distance and Log-energy based
Silence Feature Normalization) H'H-2 3129 A~
By 54 x| gkl $Axr Atk S4d)
7k 3L 9lom, §3] o] 54 SNRe| HEE
& A vepdoh wet AAEF Azel 2
a1 qRE é"ﬂ‘s}"‘:‘ TS E5l AR 7
4, 53] 42 SNRolX SA4/58 £/ A=}
o) HA-]E]O—] Autdog 943 QAL dg
T ek

%A% CLSFN Hbo] Y& SNRoX & HAAE
B ARE o83l A ES e AgRE o=
Ax AAF = o, BAEA AR, AL A
(¢ll: Aurora 2.0 DB Set C HIZE dlol8]) 59} 37
e FHEE D) T A2ERH B R0
BARte] Folsle] A2ER Arje] o] Hoix
© @io] AEle] Al A7} alsdch

34, 1. Chen™7} D. Yu"'oll 2J51 e W)= A
B W= (filter bank sub-band) 3ol A FH-52] olu]

]

A& 248 AAL A5 el U B 24
54 gebrlels £ 5 ok § SHoETEH
54 e 223 9, A %‘Ei KERSLRU
= godelA 35} UAE FHsle] vl AAR
F oy A=Y S4L 23Uk weh 33
3 AXEYH EAL o83l ArEH ATE 74]/\}
B olF TS Rl AT A SRS

RSl RS PR S IS BT ohfe, o

W 71l CLSEN o) AR A5 o1 55
& A % slek

¢ =5l CLSFNS| 2AGE A2s] 519
e w3z Mu W A ofuix] 2zt W
CLSFN H}¥, = FSFN (Filter bank sub-band energy
subtraction based CLSEN) ¥PH-& ekl 1of o
g GEAS Z3)7)2 gl

B =7 AL o 2k 2364 ARl
old adiollA AMPE F5 A AWst v
(CLSEN)el| tHaliA] avisha, 33l e & =l
Aekshe de] wim AMB W= ouA] 234 7]ER
CLSFN (FSFN) HPHel] diel] afiet. 47dollx] 214
AL Fa) Ak W] FEAdS A F iR
22 53N AEE derh

II. Cepstral Distance and Log-Energy
Based Silence Feature Normalization

CLSFN"! HW% ~e38 e} 2 RS

Agsl] B E IR T F S5 AN
opA] wi-¢- 2 %k—i Atst sted, 244 ‘94 ey
34734 olA] 7o) BelAE FoFug
o] AN e ATlE whelct 017‘5} o] ®t
e Tf“ | He AzEY Azl 4 29 JIER, 2
a °1M21 2 o9 rlEsks 7 jf" ol& A3t
8 BAS AqEshe HHE R i

- s 22l % O9f 71z

$3e) Azt 287 AE AL 54 A

2 A ()& o143l ek ofr1A N £ A
4 2g77te) Zele) 45 Jehle, ol A
seqde) osl A% A2ER 54 Heelch
(N, =30)

o=+ 2alnl 0))

605



SHEEAIE 8 =54 *1007 Vol.35 No. 7

nilAf Eeqlol izt g4} Ak Bg-rke] Wt
A2 wejele] f-8eiv]el (euclidean) 2] dln]
£ A )% ol83ld 7 F 9tk 7|4 p AX
E3 54 We9) 25E ouigkl

dln] = f (¢ln)—)? @

o8- 4] 33 2] =t]el (median) HEiHE 3}
o] Arey Held 259 (smoothing) ¥t} o374
ge] Zo] (length)x 2%+10]0, k= 58 AdAgh}

&[n]=med1km(d[i“]'=n—k,...,n+k) 3)

SAESS] ERE AT A2EF Aldl d@ 7
FHE ) A @& o838l AL & 4 itk

Ne

= Z dln]  (Np=30) @)

© 27 offx} & e JIERL

E2 ool A3 71E3E 8] $lske] WA

A (58 o83l YeFE& ek 71X loghin]& n
A ZHgle] 2 oA E, logZinl eI &
3 & vepdh

logEln] = %(logE{n +1] ~logEn—1}) 5)

weba 2 dfiAlel digk A1 ()2 A (6%
o431 7%}*?‘% T 9len, o714 N2 $A ol

o ZA 5 viepdo
T,=+ 2:] log £fn] ©®)

AFH oz AXER A=lst 23 xS AP}
o 549 23 iz BAE A N 2] A7}
gt

IF(dlt] >1.2T,) /1225
IF (logBln] > T) //2748-%
logfi‘{n] =logFin}
LSE

IF(dlt] >3T;) //33H-F @)
logFln) = logEin]
ELSE

logZin] = log(e) +4
ELSE

logf’?[n] =log(e) +6

606

%, AxEy] AL 71T 275)4 ulasled, =t
%k%& —*%7}° “°—-i Fatz, £ 3 2
ke 12 258 3k
th 13 & 4 Ao} 2377l s,
23 RE olgste] 23 ¥FE FPsH, 1 F
ol 21 oA kel 7155 (1) et Aot H82
2 35 Bkl diEle 2 A=l AIER
BL)E o431 33 $4/5% EH-E U 5
23} BFolA Bgkez 0 BRI ASE nst
7] $1& 2delk o71A, o= A 107°0) 2, 6
3k 0, FARE 1070 ol 2R - ofRddch

Hl. Filter Bank Sub-Band Energy
Subtraction Based CLSFN

Yk o %»%(Ela A2 ALEYH BA BE
o] ke H 724 B} 2R & 7R3 7]
£} CLSFN BJ & gt EAlol A3, A2E
o Aele} 2 oUAE A 45 R
off AMg3le] R AREE AT whiel)

£3], CLSFN %ﬂéﬂw AxER A=lE )43}
o] ¥ SNRelM 84/58 7] Ag=E o=
= A alaiu} e, ek’ Ak, Ad
92 (ll: Aurora 2.0 DBoA] Set C HIAE HolE])
59 e Bg(Es AT AxEl &
A BE] $ARe] #A Fvslng AXER A
9] o] "ojx FAlHo] WAEsich

o1& #Adslr] Sl8l, B =RolxE ge] Wiz A8
Wi ofifz] 2zt 7|uke] CLSFN ¥hl, & FSFEN
(Filter bank sub-band energy subtraction based
CLSFN) #h-& Aijkslsick 23 18 ARkBle
FSFN ] £Z dlolojaali ez gk &
A $AAZ 2 RE Fo HE FFDS ¢33 &
] ¥z B e Joelx] g A iAlE
S5l 013 d Alzaye g F 2o
(logarithm) H3} DCT (Discrete Cosine Transform)
e A2 el YR AAEY RS S
£33k ohge o] A digt AXEFH Az

218 1. FSEN HBg9] BE rlojolmel



wF A evR] 233E o83 5§ 5 A while A B4

(cepstral distance)E |/ F-& H-Fel o83kt
2 SAIES £F AEEE AT 4 ol B
ohel, B8 54 Al QAT A A

A 5 Qlek 18} Ak wilel] s £xRlez A4

ki

* Filter Bank Sub-Band Energy Subtraction®”

# =l E BE Wa AR BE Fdedx 3
e QIAE 2] 13t A (8)& o83ttt

. X . o @
Ffs(i’t)Z{Ey(s,t)"a*Eg(est) 56> 125 B )
B*By{i,t) otherwise

®
A7 By lit), Bylit) B Bt 27 oA
4, oA Ze vz Au el 91 o] g
A AR oAl 243k E A Azte) 23k
& ePditl o, B+ over-estimation factor, spectral
flooring SelvlelE 2jwidch (a=30, =0.1)

* Sub-Band Minimum Power Estimation®?

AE Aseld] AhE AR ouiR] e s
AL gt 2

A, A 9)F o183t 7 ZHlel disled 7 A
B izl &4 ofux] g 13} AR HE 2949
(smoothing)& ¥t} o & &5 elvleiold 092
cekied

Pt} = o Plit—1)+ (1~ ) E,(4,t) 9)

7t ZYe) 7 A8 e diE Ha olhix] 3he

A7) 13led, Al (10), 1)F 2] WA W4 2]

3HE wdch A9 A9 (Rl L=20frames) ¢

A A (12), (13)& o183l & Zede] 7 An

BEO] Hz o] g (2, 16T Hdx PA) o
A T (B, ) T

P, (6,0) = P(i,0) (10)

P, (i,0) = P(;0) (11)

B, Gt)=min{P,; (it-1), Pli,t)} 12

P, lit) =min{P, (;,t—1), P(i,t)} (13)

A YR BE ZHYE o 4 F o8 A

A delelE ) Aaked, 4] (14), (158 o143}
of T We 2713HE ST} 5, WA =
Q47 A e B ZAY) Ha A oA R
(P, )22 8T

Pmin (z,t)=mm{Ptmp(z,t—-1),P(z,t}} (14)

P, (it) = Plit) 15

9 Spge waspd 7 Zege] 7t Ax ee)
Bz oA e 24T 5 Qow, 2 ke Wil
zejge) 2} An Wee] $430) 52 WA 9]

sl A (16)& Akt

9= Pﬁi’(z’)t} 16)

oprleto g A (16)¢] AHE wiEleg A 1ng
olg-3lo] Al Zaqloll ek A AdEe ohdx] gk
& 24} = ggre] 108 =9, A 4B W=
o} 240} T3} g1e-2 ovisinz A Z#H Yl
Al Ed AR oo A% AR oA k& 29
2 AMERE ub, ahor Ahg AR EafshE Al
2 sl A =z T AhE =] A oy
A &4 gt G4 ZH3)e) FY A8 ee] i of
Uz gt dgdeled Ak ohix] ghg oAl 43k

Be(it)= Elut—1) if 9> 10
wnt) = a Bylit = 1)+ (1= o) By(irt) otherwz’se( )

2 EAL o)g3led 2.1 A=E CLS
A AxE Fdshd 24 shd ¥ck

2
o
ixd
do

V. &8 3 2

41 &Y =24

A 2 3718 $13}e] Aurora 2.0 DB E A}
4319t} Aurora 2.0 DBell= 271X]9] F38H70] g}
=d|, 8440718 clean HAoZE FAE  clean-
condition®} F-UZF 23S 20719] A-&EA ol e
Z}y 4227%9) Ao g ARl multi-conditiono] gich
AH&-8174-& 45-%2] 5 (subway, babble, car, exhi-

607



FF-EAIEE)=F2] *1007 Vol.35 No. 7

bition)s} Z47ke] 5FF2] A& #¥ (clean, 20dB,
15dB, 10dB, 5dB)Z 7/3=°] Sick HAE dlole=
371219 subset@ FAEe] 9o, FElol|A] o] 8]t
455 A& T Set A9} FZA o] 87| o
< A2 4579 AL (restaurant, street, airport,
station)2- 53} Set B, 22|37 Set A%} Set Bol|
el 2£5F9] AL (subway, street)oll FeIztA ) o}
£ AdS4e I Set CY F 105F o
-5dBollA] clean 7FA] 77FA|9] FHg- MR FA = o]
ek
712 IA7]= Aurora2-HTKE AHS3Iic). o]
2L one, two, three, four, five, six, seven, eight,
nine, zero, oh? 11712 A=y, 7t o] e
3 EY5 (mixture), 16 A (state)E 2= CHMM
(Continuous Hidden Markov Models) 2.2 FA=4]
o} A Alzdloll= 11709 ©o] = 9o 2709 &
€ 29 (silence model)e] F3=|e] gl=d], ZHzt 3
Aefe} 1 Alele]l CHMM 22 At &4 sle)
wlel= 124} MFCCs$} 13} 21 olluiR], =)z bz}
9] delta ¥ delta-delta A= IR} £ 3932 T4
ook aele ¥4 =Y Z)e 25msold,
10ms¥ olF3slA §A selulel g FZ3lgich

E =Fo4= clean-conditionollA] A&-& 343}
o, A% H7llAE 20dBAA -5dB7HAS] HF
o] AFE (word accuracy)E H]zslsich

42 A g

# 1 Baseline, 7159 21 <lv)R] A3} uh
(ERN, SFN-I/II, CLSFN) 2 Algk ubel] oigt Ha
o] AFEE el A olct 71&9 21 Hiv=R]
Z5F3} il Baselineoll Bl3] Set A, Boll4] 2lA] Al
o A3 g AL g ¥ 5 QUek S| Set
C} 722 Ad o] EAlsks AN E 71& W
el g3y} A9 gl AoE Jehirt ol 7|&
o] 21 o)X EARNE AMSsle $A5SS
FR819em AL Ful 84S wEslFA £
317 WEo2 BAMEc

E 1. 23 dvix] Aarst il dig A4 A nlx

A 2] o)A ATl AlQIRt CLSEN W
Set A, BollH 958 QA4S A& 4 UE ¥
gk ol Set CollX X 7]& whiol vl o= A=
e QXA S-S S 4 gle] V1] B2 oA

A3 wpel paAdel FAE jAdshed] AAER

A FEF =405 Ao B2 =80 HAeE 2
h=1

B =Tl ARkt FSEN HF-2- APl 7]oisidd
713} 7¥o] CLSFN "ol u]3] Set A, BellA] F44
ol As3RAke UeliE ¥tk ophal, Set Collrf <
5% A5, ZA B Dol AEelA o 2%2)
AEIALE o], Ak oz S 43S Eal &
T Utk 2 olfE e wia AH Bz kg
AR RS 27Fsteg MY Aredy EAL
2L £ glslen, weby $AES Eiel diet A
23 72)e] ¥ s 3 siAdEl, HF A
5 el 7199 Aoz Hnigich

E 20Me AxEF A9s W (CMVN:
Cepstral Mean and Variance Normalization)'! 2
a9t 2 2] Ars v A Al g
A A=E Jehligich 24, CMVN e & 19
23 A AFs WP ED vias R, 27 ol
2 At} uP S F2 Set A, BollA 77 A%
£, CMVNZ Set CollA] v]ad 93 A%5-& e}
Ul 9Jgdek o) AL Set €O AT 29S U3l
=] glojAl 7]12e) 21 oflx] A3t uhe] Hek
ks AL 2vlgd

21 diR] A9 ArEd AL A2 534
ol FAIE 7T 9low, dubd oz o] F EAld
W At w0 A4 A9 3 QA
AA5E A& 5 otk weEA F 7R wke A3
R A4 QY Axe Al A9 CMVN
3} 23 oA A st ubgES A7t vlasise 3
<, Al vls) oF 11~15%, FAkell Bl8] 5~7%) A
o] FAEULE Bl & 4 il

E3], & =74 ekt FSFN i CMVNS
A% & 7%, & FSFN-CMVN 7]e} ubel] v

E 2. A3 Wl o3t oA A ula

Method Set A Set B Set C Avg. Method Set A Set B Set C Avg.
Baseline 5244 47.73 57.03 5240 CMVN 5374 53.61 58.59 5531
ERN 62.68 59.09 57.58 59.78 ERN-CMVN 66.79 66.76 67.52 67.02
SFN-I 62.25 63.95 53.10 59.76 SFN-I-CMVN 67.45 68.27 63.54 66.42
SFN-I 63.09 65.27 53.07 60.48 SFN-I-CMVN 67.78 68.19 62.84 66.27
CLSFN 65.85 65.66 58.46 6333 CLSFN-CMVN 69.95 69.67 69.54 69.72
FSFN 66.53 66.49 63.04 65.35 FSFN-CMVN 70.60 7111 68.03 69.92

608




/2 WA A AzRs ol4¥ F5 54 A+ B9 As

A $43 AASE Yeich AT CLSEN-
CMVN#H 78S 7%, Set AS} BelA Aol
siglont, Set Collile Agske] ozt ol
£ W4 stk 7 o) FSENole] e
W A8 WE o) P& NS A7k CMYN
dle] AAERS) HARE ABhez, v st
& e deAw $49 H3 Aasd 54 wet
HiEE BIEENE R LR IERE R B
e} Wz AR B Jdelde] e 4EE E o
el 24 U Azke AP Bk e Ao
Bislsd, ool ot AT BF ATl A% R
2 ARoley.

v.d 8

CLSFN W2 A~ER] f-2ejvjel Agjel 21
AR E Al $4FS-S Bl 80 2
vzl EAE g 2R Zhog Aqrslshe whio)
th £ =Follis 7122 CLSEN e alxlAeg
A7) H3ted, ] wim B e dgex] 2}
£ Aabske wEs CLSFN Adshe W, &
FSFN (Filter bank sub-band energy subtraction
based CLSFN)& Algtsigde). o] ubi e A e &
AL A 5 9ls Wk o, o] EAo) tigt
ALER Al E o83 S4B (EE D) 79
FHEE JAAE 5 gle] V18] 58 B A3t
W AAI5E A2 4= St} Aurora 2.0 DBE
o]43t A4}, Agkd FSEN HbHe 7|&9]
CLSFN ¥he|| vlsh 4 o] Agwr} o 2% ¢
Helom, CMVNTHe] A E 7|& 2E ubyod)
vla 7 g QA Vel

fSgng. |

Ho

(1) K.S. Yao, E. Visser, OW. Kwon and T.W.
Lee, “A Speech Processing Front-End with
Eigenspace Normalization for Robust Speech
Recognition in Noisy Automobile Environ-
ments,”
2003.

(2) W.Z. Zhu and D.O. Shaughnessy, “Log
Energy Dynamic Range Normalization for
Robust for Robust Speech Recognition,”
Proc. ICASSP, Vol.1, pp.245-248, 2005.

(3) C.-F. Tai and J.-W. Hung, “Silence Energy

Proc. Eurospeech, pp.9-12, Sep.

(4]

(6]

(7]

(9]

(10)

(11)

Normalization for Robust Speech Recog-
nition in Additive Noise Environments,”
Proc. ICSLP, pp.2558-2561, Sep. 2006.
C.-C. Wang, C.-A. Pan and J.-W. Hung,
“Silence Feature Normalization for Robust
Speech Recognition in Additive Noise
Environments,” -Proc. ICSLP, pp.1028-1031,
Sep. 2008.

A3, A, 73 AAMNE H7 A
2EF 7gjst 23 oA sk 55 SA
A3} S FEER), Vol29, Nod, pp.
278-285, 2010.

J. Chen, KXK. Paliwal and S. Nakamura,
“Sub-Band Based Additive Noise Removal
for Robust Speech Recognition,” Proc. Euro-
speech, pp. 571-574, 2001.

D. Yu, L. Deng, J. Droppo, J. Wu, Y.
Gong and A. Acero, “A Minimum Mean
Square Error Noise Reduction Algorithm on
Mel Frequency Cepstra for Robust Speech
Recognition,” Proc. ICASSP, Las Vegas,
USA, 2008.

GI Cohen and B. Berdugo,
Estimation by Minima Controlled Recursive

“Noise

Averaging for Robust Speech Enhancement,”
IEEE Signal Process. Lett., Vol.9, No.l, pp.
12-15, Jan. 2002.

R. Martin, “Spectral Subtraction Based on
Minimum Statistics,” Proc. 7th EUSIPCO9%4,
pp.1182-1185, 1994.

H.-G Hirsch and D. Pearce, “The Aurora
Experimental Framework for The Perfor-
mance Evaluation of Speech Recognition
Systems Under Noisy Conditions,” ISCA
ITRW ASR, France, Sep. 2000.

O. Viikki and K. Laurila, “Cepstral Domain
Segmental Feature Vector Normalization for
Noise Robust Speech Recognition,” Speech
Communication, Vol.25, pp.133-147, 1998.

609



gHst2A) 88 = F2] 1007 Vol.35 No. 7

MEZ (Guanghu Shen) bk

2002 84 (b ohddiEkw A}
et $3tw88st o3}

2005 8Y ddistw Yr %
AFe FEAAL

2005 9¥~FA Fdnistz

h ARZAZE 3 A

<ol AeAE, $4
A, gE Als e

#H = Y (Sook-Nam Choi) 34

19953 8Y o ddistw A
g} FEAL

2007+ 8% “‘a‘tﬂ%}ﬁ A7 1A
ABAEE W83 A}

2008 9Y~"A gdeiEtn
LR s o “-}AMX*

<R FEAA, SXUA

610

3 # & (Hyun-Yeol Chung) 2139

1989 (H) 5wt AHx
33} At

198913 ~3A) <ot It
g A gAgss 2

2006119 ~200613129 =
<33 il%

<#iol B4

Al £ 4 DSP —6~%~E~°F

391, Bl



