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In this paper, we propose a channel normalization method to improve the performance of CMS (cepstral
mean subtraction) which is widely adopted to normalize a channel variation for speech and speaker
recognition, CMS which estimates the channel effects by averaging long—term cepstrum has a weak point
that the estimated channel is biased by the formants of voiced speech which include a useful speech
information, The proposed Formant—broadened Cepstral Mean Subtraction (FBCMS) is based on the facts
that the formants can be found easily in log spectrum which is transformed from the cepstrum by fourier
transform and the formants correspond to the dominant poles of all—pole mode] which is usually modeled
vocal tract, The FBCMS evaluates only poles 1o be broadened from the log spectrum without polynomial
factorization and makes a formant—broadened cepstrum by broadening the bandwidths of formant poles,
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We can estimate the channel cepstrum effectively by averaging {ormant—broadened cepstral coefficients,
We performed the experiments to compare FRCMS with CMS, PFCMS using 4 simulated telephone zhannels,
In the experiment of channel estimation, we evaluated the distance cepstrum of real channel from the
cepstrum of estimated channel and found that we were able to get the mean cepstrum closer to the channel

cepstrum due to an softening the bias of mean cepstrum to speech. In the experiment of text—independent

speaker identification, we showed the result that the proposed method was superior than the conventional
CMS and comparable to the pole—filtered CMS, Consequently, we showed the proposed method was
efficiently able to normalize the channel variation based on the conventional CMS,

Keywords: Speaker recognition, Speech recognition, Channel noise removai, Channel mismatch normalization,

Cepstral normalization, CMS
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Fig. 1. The basic framework of Cepstral Mean Subtraction.



YAEHOSRE| HINE 27 AMENF 0|89 ZUE YU WAEY WP ey 363

o2 fE BE FHS P W AR a8k
H¥E 7HRaL Qi

%%—E—ﬁl’ﬂ% P yEE Ash gl AFg-E= OMS
S A1 918 PROMSOIA A2k 37 2
El%—l AAE ¢S o U A4k FEA S AR
EUE &) CMS (FBCMS; formant—broadened CMS)
of disfiA Adgict,

273l Ad st 7149 ol ARl i}l 2RE o

AYU2A (Homomorphic Deconvolution)of] th3] 4538}
1, AFAQ CMS YTt o8 A1 7] sl Al
QHEl PFOMSO]| 3 7Has] ArmEet, 33 ol X Aok
ZRE oo B CMSE B8k 4ol AR ¥
W7} 7|E M-S viwske Al i risstn 2
Adg g}, vpRlete B 57tojA A=) gro R o)
AR ARIRT,

I. e B 71

21, ¥9ET Ty

YutE oz g4 B 3REY XA WYojA
At B 238 Q) Wolo wet M2 #ske A
Az} o)o] wha) A o2 Aol Wakr] okAY uf-
JMI W8l 7] AE 2 M =o] ok, 3 =EY oz

A 5749 o]2|g B4 & o] 83td o7 A3t A
AZE 88 U= 24URieln $2EY e Yolz}
3= HAE AR Bejg d o2 T oA Qi) AER
A A3 E Hejskn Belsly] 9% Yubyel T2y 4]
29 2% 20] YERHATHI]. 2Pl R AR A A
il D.t AP A3 o 2] EYAE A n)02 S}

4 27138)% @Alo) o8l ofgA1%ith,

X(2)= log X{2) (1)

ola B4 27IRlEL log X(2) = loglX(2)| + jarg{ X(2))

52 HHEI, X(2)9 X(z)= 47 x[#] T x[2]19) 2

SR " 13 I
J;[n]—»{ Dl n] L

Hgolch, whef am]o] the 22 AT o[ #] 2 HY

9] AlAY B 4 2], F 430 AYEHolahd k&)
Zo| 388 4 Qi
[ #]=s[ n]* Al #] 3]

ofu) +i £ 4159 o}t HYSHoln wety

X(2)= log(X(2))

log {S(z) + H(x)} 3)
log (S(2)} + log (H(x))

N2+ A2

[T

E= AZF SolA oh&H Zo] BEE 4 T
A n)= sl n]+ kln] 4)

o2 A2 D= AURAE F ASE T g2
A7) He-, ol A A 2o 43kg B4
ALEGo[HIL B2, ol f#]-& 34 7] 1z,
W& 5799 Al2d e & Qo T3t A g4
23 71 il FE o FRALEY AE= A 0E
YLEY B9, F F2IA] (quefrency) FH o EE5}HA
o}, f2hA 7HE @8 ol 8% 2 ZEF (liftering)&
A A A= A s £E2T + Y dWH o
B2 ALEY S dPL S4E 2P A
54 AAEH O R ANGILT Qi Thek it HE2
T HLEH A3 FY FEMA 990 EAT B¢
A QA A ASE HASRE 4 gl olER 5
AL 2O AUEY FHo NS YEY = JWAEYH ¢
HollA 9] elze Y& Bl Ade 53E AASAY
BAE 4 ohe RS uldei10-12),

7 A AL DA AR TREY A A 9
3 AP B WAEY [ #)& Y A9 Ue Gt
& HA BE7 3(#)& A AYRA Pefo) Az
EUsHA ek, 5 A K290 g g ohg
2} o) vehd 5 ik

Linear System

OB 2. CIZURHE e E2ET AAL
Fig. 2. The system for homomorphic deconvolution.



364 EIREYRBN H21N 4R (2002

D:l(§[”])= vl =] )
V()= exp( V()

ol V(% Mk 22 s(mT 5,9 2 ol
DIIAARE D AAYI W Ao} B Fe)
N2YE FAT 4 9lom 34 94 EE 3 A4 5
o 53¢ AYske AL B 4 Utk BEA
o $U YAESHE AU Y2 A8 §
A o138l Aol ey Z2te) A5 Heja yAu
57 ATE A¥ XIS HEES Bk

2.2, Ar=Y 3F Y

CMSE CMN (cepstral mean normalization)ojet il &
Bh A7} FHell A FERAL JHE v A Aol
HALEY dHofl s 7MIAQ] et ke HE ol%
3o, YAEY FHAA A BHE A7E8N= Aol
Byolc}, CMSY] 718 o8& 7MRF &4 A A
AEY W, 1,,.[#]0] 00] Hohe 713310 AdE
S99 AAEY HoS 73 Ao ALEYT HE
the o|E& s Fid,

Ad S SR S AP B ohe ) 2ol 8
H 4 U

Fulnl= & 2 ]

Lestmsd B ©
gavg[n].‘i' j;aug[”l

e

olc}. ofu N £A12) Zeldd Solch, YhH oz ey
T2 el M) Y B4L FAsHA WfeiR] gt
L A AR &M B A0 BUT 4
Utk T3 AR 240] TN FUG BE (P
o] g, B4 2o] Fo FEANE Relckd W
Ede N2 AaEol FUet 0d) Ainkn g 4
SUEh. RN 5l 0 oleha 7R chamt 2
o} B¥Y 4 oo
Zagln)=  osglnl 4 Sungln]

Brog[#]+ 0 )
hlnl

o

R A dgte] ALEH Aito] Erh, A AdEH
+4¢] WLEY BE, & A9 FAEFE T8
BEH SYo=2NE AASH A IS v g
TRZ S39 ALEHS thEat 2o) 3 5 Yt

-’r\mr‘[n]= 3:'1'[”]_ Em[”}
= ( §[n]+ BlnD)— Rlxl ®
= §:’[ﬂ]

5 CMs9] B HEQ ¢ & A8 ALEY| JFE
A e ARG Az & 5 e

et AAERA S <+ e 4 dlolEg
HAE dojgds 249 g3t F7A AlA A7}
oug S AT AAEY Ho| 0] Fch= 74
AL AL BEY. f AR nES, 99
501 &9 A 73 WM 2824 BEY H¢ A2E
H A& a2 00} 7RIt B2 042 A ¢,
53| #x0l9h 22 Wi 28 E2E AR
HA| @t TebA CMsolM 24d g2 F-88hA A
49 5 Qe TR EAA TYoHA How A d IS
AASE AL SRl 3404 FE=E B
zele ajles 4R, e AW Y Y+
B BiME Ad2 A 32 E Jg 24
43R E BaFeR BEshs Aol Fasid

2.3. 39 Hejs PYLEY Y 14y (PFCMS:
Pole-Fiitered CMS)

Al AELE YT B8 7| PFCMSE 7| & OMS
9 728 7|Hto g Ao digt AJFAR B AHEH L
glolEj7t glol= g 2788 5= Qs Al e
2 A 9o}, A3 mdojd AR FdlY I
F2 /9 A7 e Holl o3t J'd FgolA]
Ad ALEFE WAL PROMS S A& 2
d25e gdid S3S gH3S Fo24 MEL oMs
HPHolA S0 A3t B AAEY Q] HE ]
[}, & PROMSE 94 FHES 43S 2 F HA2E
d Hdd T2 g A0 Fe] 40 of%h
HES LB 17348 R Haol 09 7S
3t A2EY 37U EHE FoluA}

PFOMSE p Aol 2 2, k=1, 2, 3, ..., p, 7}
e A8 45 B4 At A3 =2 7|RleH o]
2o 252 2782 B3] Yol AR &
=& g3t

S(2)= A%z] = . ®
1+ g:‘akz'k
1

T e(l-zz h)



Yregozye| HEHE 271 AHERE 0|82 ZUE DHY PASH P27 AR 365

Naik= T #lof 7p7h9-RA oS 7H2 Ay o2
FEE Aol Y Bl @ UAST F-83 24
o] FRE wol EHSIL oA g A& F4 2
FEE vk RS Bl uehA o8 ol
349 gL W37l 93 489S E49004 FHE&
SR8 A, & 3 YERE F3AM 3 FuE
FABHA g do2RE A 7P EE 2%
ol53he g +AsITH4-6],

29 32 41 1 D9lolA S8E B3 HE (&
E7lo.2 Al HA)dhe IS BojErt, Y o & o
glo)A 28 ¢ Q& T F 1 Foigtel €3 293
(A4 o) & SIS el st 1 AV E &
7t oI3t2 WEFE Aolt, o SAISHE] el
22 FABHEA 275k ol 5o 3 BHFE
gt ol RS AX Hole G G AT F I
H2EY ALE 379 YeF ALAEY A5 (PROC: pole—
filtered cepstral coefficient)e} 3}1, PFCCY) HHo2
g $ U= A2EY ASE 289 PP Pl
CMSol A A8 FIAEY B di4lo] Azl Fo2
» YL TR g2 349 HLEY Alpol £
771& B3 vl g dojd ¢ ot

PFOMS®] 73| 4 AL T¢ 4(a)ol)M Agd = 9l

r : threshold radius
- ¢ old poles

o : filtered poles
*: poles within the threshold radius

J8 3. oldolAel S8 282t Ma
Fig. 3. Pole thresholding process on the unit Gircle.

LP polynomial | i rmt B i Cspw;alouef. Channel
PG Coet, *! threshoking | ¥ (PFCC)  * Cepstrum

{a) ct-method

) o .
Cepeval Coef. _ " ; Channel
LPC Coet. + “FeS o VIRE Y Cepstium

®) r-meihod

3% 4. PFCMSO)M2 AAEY M=
Fig. 4. Channel estimation in PFCMS.

t}. &, QY& A4Z o|2o) tharaloy APae
Fg Fate] 20) Fudrls WishA)7|2] growA 2|uh
& U2 BEZt HEgoen 3RS YHASE A
2 o] WL g-olet fh a-pHoA 28 P9}
= Fpel Tobg JAe sl Yskel Y Hee
Yl 4 g T2 o N HY S AAEY A
(LPCO)E YR oZ 2Hsle] 34 WejPe] AE ¢
= ko] gltk I 4b)oIM & 4= Y= ANY ArE
Y Agoll g J3le] PRCCE g AoZHN, »-HhY
oletgek, ol BEgke WAl R 534 Leldlol
r=e "ol N BHY 4 Qck. y-uPEE o9
of wja AalEe] HE G 71 v, 23 Yee]
BIE 47t 2ot oj2aok shER B4 27 o
3l Yok ko] FEst Yejao] ojale wao) Aok,

30| ATt -uby o] Ailea A 24 A%
2 uTH A7 A} AR w B AAx) Fg
P& Ao o-2e) Thoish AAbg AABT -9y
ol Mo] At Aaare Yt B1t4e) 2 YE Yo
SE g oigt AFFERE SRR Q18]

. EHE T Y FAEY B Tt

31 94 3 HEPY Yy ZUE g 7Y

A% o3 Al LR o4 S PeY Afe o 771
A A% & AR A= REle] Faja SHeA &)l
g o k. ol HRIEP] 8 S 23 FE2ol dijt
o~ HT} ) G337 TEE A2 E R
ZHES 213l 0.859) 2ET A1F 95 245 39
Fol 127} & Al F LSBT Bafe| T SHE
3 s@dlA vehligich 282 S el gE A S
9 W] F2 549 ZRE Q& PUR: BHA2
LB 22 SQI 4= Qct ol2idh @42 e
o] 349 TUE o $E7| fho|tH10).

T Yt o R BYR AMGEE AY oS A
o] Y & ApEL dgiste B4 ALEY Axl
= 9e & U

An= ot REIAMaws . 12 (10

2T b AAEYS Rojo] wEsl Ba 2j2)E
R(e™) & DG 4 9low T ez} ol chah o)



366 FSEEULA| M2 A4T (2002

(a) A9 =04 SG (AT} -0 25 SYEEIRIE F4 (dash), -0 28] 3 THIE 842 Fujs S (dotted)
(a) Compatison frequency responses of speech {solid) and the pole-fittered speech using #-methad (dash), ,-method (dotted}

(b) (a) A28 TS 24240 271 AHEYH HEY
(b) Comparison log magnitude spectra of speech for same cases in {a}

J% 5 23 AHEH MY 22TE SH
Fig. 5. Smoothed speech spectrum in log spectrum domain.
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Fig. 10. The cepstral distances on CMV channel.

Distanca
Q
:
\
A\
A
AY
s
\, .

8 86 o6 60 8 0 0 o0 o o
—— L ————PFA = = PR -:r - TB

JO# 12, EMV 1i'g9] YAER Ha
Fig. 12. The cepstral distances on EMY channel.
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Fig. 11. The cepstral distances on CPV channel.

086 [ -

L T S T T et

04

03

Distance

02

0.4 b om i St st .

00

mmmmmmmmmmmmmmmmmmmm

8 5 &8 8% 5§ 8 @ ¥ ® ®» K K KKK Qo a & o

oooooooooooooooooooo
Threshold

—CMS PFA v~ = --PFB -------FB

38 13, EPY M'd9 RAER Az
Fig. 13. The cepstral distances on EPY channet.
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Fig. 14. The average cepstral distances.
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Fig. 16. The speaker identification in CPV/CMV candition.
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Fig. 18. The speaker identification in EPY/EMV condition.
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Fig. 15. The speaker identification in CMV (for training)/CPV
{for recognition) candition.
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Fig. 17. The speaker identification in EMV/EPV condition.
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Fig. 19, The average identification rates.
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