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In this paper. we propose a novel cepstrum normalization method which normalizes the probability density
function (pdf} of cepstrum for robust speech recognition in additive noise environments. While the
conventional methods normalize the first~ and/or second-order statistics such as the mean and/or variance of
the cepstrum, the proposed method fully normalizes the statistics of cepstrum by making the pdfs of clean
and noisy cepstrum identical to each other. For the target pdf, the generalized Gaussian distribution is
selected to consider various densities. In recognition phase, we devise a table lookup method to save
computational costs. From the speaker-independent isolated-word tecognition experiments, we show that the
proposed methed gives improved performance compared with that of the conventional methods, especially in
heavy noise environments.

Keywords® Speech Recognition, Cepstrum, Normalization, Pdf

ASK subject classification: Speech Signal Processing (2.5)

LHE

T S0 SAHWY 7lee A8 Y2 +EE Yo
U Aol A8, 48siEa ok a2y @40 &

AN AAEE Agte SFoM = vl L P

Bolu} o)3lo] ARl AAgHAe] HEBrkY Aol 34
3 Ask & ok olze 2HANL FuE A4

HAXMX}: & & £ (shchoi@snut.ac kr)
MBEYA| kT FE22E 172w%]
MengchEte MY Easta)

(&t §2-970-6461 WA 02-973-7903)

o] T &3, W AP, vlol2 B4, A4 I
% 3Rk Wo] §F 4 e Al BAES 4
H17] wiZelchll, MY S-S SANEE 24
A7lot S/3& B3 SYYEE MR, 1A
ERHE Q] FAY 849 Qolg fLdtt dig €

W2 A2 ATEY] 2 YHE EﬂfﬁP& ALE
28 BRG] §3 94 (Es BOE 24
Aok, 2R 4717 ASE 9ok fARE "-7‘*°ﬂf\1 3t
S ALEE 2 %S BUth T4 S84 7
& WEASE Sha3t A2 $A49) BGA0) ot A



225  PEEARAK| NR4A R4S (2005)

459 Aslg Hiskaly) 913 ke 7]Eo ok
AFe ALY AAF 249UAE $13 B
Zof 3t Floid,

2e AN QNS SsE HEeEA
Cambridge THEHoA ARG WE =Y ZHF (Parallel
Model Combination, PMC) BF)(2]7} Z+-& HMM 24
FgollHe] BA walo] Qltk. Zejx, JaldhEe] st
§ BAsp] 93t 84 metalg 9ol A2 7Y
go] 9ok, A2EHN 22 54 wu|eE Bkt
7] §J3t 71 7t whie 2 A PBAEY wEHe A
dE $AY HFEAE Adshs Y ALEY HE
A3} (Cepstral Mean Normalization, CMN) 7]Ho|
9lem], Codeword—Dependent Cepstral Normalization
(CDCN), RATZZ} UHoJA|= multi—vaRiate gAussi—
an—-based cepsTrum normaliZation 7|} S% ©]°j
T3 Ro[ti(3, 4], 2ol tF KIE ol&F 54
B4 7o) ARIEAeHs), olet 2o AAEYS] Bt
U B 52 AEste $AAR BYAE £017] ¥
3 aRSe] JPEEIYeY oJRAL FEUEde
(probability density function, pdf)S FEZo29t 4
78} o Holckl |

2 A7 ZE 93 53 et el =9l
< 1 0)S BARBIA A AslE Axdshr]
3 #2USE FH3} ke M2 7S Akt of
AL PLEY] BAH BHS dstA Bt ske
AXrEH pdf A3} 71" (cepstrum pdf normali—
zation, CPN)o|tt, CPN2 7§33t HAEYHY L HH
WAER S pdf 58 £ pdfoll 788l 0}g29) 54
A EAS FYsiA gt ekt BE2E Eish] 98
o Yul 7FAIRE BXE  (generalized Gaussian
distribution, GGD)E =73 pdf& AMESIGITE 3
CPNY| Aitg Betg £0)7] 43l Y (table
lookup method)E 73}t 274 7|22 H2E
g 1, 23 $AA A 71HE, 3AE £ drolA
ALY CPN 714& Ashn, 4ol 24eld Ald
U 1E REreg s 288 Wert

e

II. AAEYS] BF I BA B

MEE P2EHN FS A A2EH 29 FA4

ol elAlslzl $151od 2400708) WigeR FAY
SAulole S AMgatel chpet e BAel AAEY
of @A BAAE ANSIET, 29 2,13 29 2.2
o] Rl 7z} o] BaFe] Wolgh BAK) e} 2
& BAH oIt AAEYY Age 4ee] 37 9
SNR o ute} Xjo| 3 BQlth E3), WATGo| M7}
Hge A L4 Aavh Wl ekdeh 19 2.3
ol W3S /Rekel/ol ik 37 ALET Aol @&
B Igeld HKo] SNRo| A met W2E
el i) B Bage ¢ 4 ok T o
HEWAOINY WSl et 57 Tetole) A AR
# ALY 230 AAHY 2ol RS ¢ 4
ek, olek e Y AvyE A2 WY2ol el
$40E 78 Sk FeBAeINY 2449 4
Sol AT 4 9L 71 & Uk

ALEYS) B4 AR 7PHES T A% 2ol AR
U AMgsle) sk,

(D= wpei(H )

7| &, x, x & A7 AAER A, HHE} o]

0.6% %* clean
o.4} O car noise, 20dB
© car noise, 0dB

-0.6}
-0.8 . ” .
2 4 6 8 10 12
order index
(a)
0.6} % clean
04l O white Gaussian noise, 20dB

O white Gaussian noise, 0dB

2 4 6 8 10 12
order index

(b)
(a) 100knvhe) XIZFHAS 3P| (b) WAEIS 20}
R 1, BAER(Q| WRA
Fig. 1. Mean value of cepstrum.
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Table 1, Recognifion results (%) in the white Gaussian noise environ
ment. {A: numerical method, B: table lookup method}
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