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Performance Comparison between the PMC and VTS Method for the Isolated
Speech Recognition in Car Noise Environments

A B Frr.0] G S

Yong-Joo Chung - Seung-wook Lee

ABSTRACT

There has been many research efforts to overcome the problems of speech recognition
in noisy conditions. Among the noise-robust speech recognition methods, model-based
adaptation approaches have been shown quite effective. Particularly, the PMC (parallel
model combination) method is very popular and has been shown to give considerably
improved recognition results compared with the conventional methods. In this paper, we
experimented with the VTS (vector Taylor series) algorithm which is also based on the
model parameter transformation but has not attracted much interests of the researchers in
this area. To verify the effectiveness of it, we employed the algorithm in the continuous
densify HMM (Hidden Markov Model). We compared the performance of the VTS
algorithm with the PMC method and could see that the it gave better results than the
PMC method.
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W Fuk4 A7 (Spectral subtraction)olth 4714 E @ee AHEHE FHE F, o
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2dwgt 4 T PMC B e o2l F&A57 HMMS mtetelg groll nlxe 9
F& B4 A8 FESA4 y2HE FEHE cepstrum 54 HE9 FEREE 4 F
22 fEFHALH olE M FESAHY VAL EHste BIXNETFE AHEEAG
(6). VTS #4oMe d&a4de 44 58 Taylor AANE ol 43 ZAEgog A, 2O
Aeggdore] S FEETE SEaUT deoME o] T 71X W] talAl
& o A3 askeazt g

21 PMC %49} As

PMC A A e FHEo] 492 54 (noisy speech)oll td HMMEE S THE7] H814 4
B} AR S (clean speech)oll tlgt HMM #Hebwie 3@ & (noise)oll Wi HMM et
WE g AFFIF 9N M2 A8t Eoh ol AT JAE AL g ol

1) 2a29Ed oo HMM dtelug gg 317 ¢8iA 9DCT (inverse discrete

cosine transformation) ¥#& 3 FHR]
p=clut ., s=ctz(c™HT 1)

ANN p'=E(x)3 Z'=E{(x— pYx— p))E 22 28EY gAdre Hrue
o TEA HPoln L% e A2EY GAo|Me T Folth

2) EO~#HER o9 HMM #Hetvg gS A¥ggdeez Wwgsict
34
pimexp(pi+—50 ), Fy= p; pilexn(Zf)-1] 2
AZIA p9 Z;E AEAGAANY HadE po FEARE 29 FA Yot 48 =

Z37] e, RALHERSA 7L AL X8 /HTE 7Hge] et
3) 4% &5 HMM sietv g ghe Zdgsich
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n=pt+ p, I=3+73 3)

A714 fst BE HPIGNY Fee4e) FFAHYG TEY APol 1, ws T= FLol
28 ook

4) 23¥ HMM dp2tole] gtoll disiA g3t 2ol 2883 DCT RES AFozA
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g(x, h,n)=h+ log (it exp( n— x— h)) 9)
o} 71 A,
= log (IHLKl %)
n=log (M #]) (10)
x= log (x[ £])
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Hoy=tpt Vg 8lpgp o n, ko) (h—hod+ vV, g(py . n,, ko) (13)
(n—mno)+ 8( st 44 n, ko)

Zey=(I+ V , glppe no ho) Zo I+ V  glps, n, k)T (14)
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BAGE o] 431, A (15)9] log-likelihood #43< HU=Z e &L HEH »
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DAl 4 DA 3o FE % hE 2718k ny R koSt HIRFA FYHol HAYEA AT
o ¥l H9, 9 52 dolrta a%A o, gA 28 JhA bR sy
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o, MMSE(Minimum Mean Squared Error) 4o 2438t dzfe] &A1 E
25 A&eA ¥E yERE FR% FAHA BANL &3 2o
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= y— k:g]P[ki vl g( s n, h)

Qo] AolA Azol 2HY SHMNE x 48 o83 AAAYS ST ol ALHE
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p(xt)— EogwkspN(xt#kspzkgp) (17)
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71Ee] VTS ¢mdEdde SFUEZN Za2HEHYRS Agsded, dwder
A29 SAAAN2RAAE A2EDS Bo] AMFFT YTk WA B ATIME 99,
VTS 41258 2asdede H8d § o]2RE A2EY HEHES AL % B
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x muse= C Fase (18)

o714 @8 CE= DCT (Discrete cosine transformation) ¥ &-& ehdic.

3. 2¥do AHE T HAs/AH A%

31 71k AHA =] Al

B A AHEE 7)1l A7) (baseline recognizer)® 94U E HMMSZ FAHo 3l
on 32 719 PLU (phoneme like unit)& 712 74 992 Rk £3F 24zt HMMS @
&% left-right 92 A2 A Ae 3 719 FEi(state) 2 o] FolA Utk AXAHA
AHgg dojgulo)ae dFuerledo AFTE 75 e DHGIER o)FojH glown
ol Wolr S¥FHoR mEA RIHEE HAHA JUrh HA 80 FE FAdolE
Hlol& F 8gS 95ld 60 W AUt ol &HA o A4 A¥E HHAE TFe Fo
A & 20 3 HtAck 3 4 39 HEAES FA H FJRFAIETH QA A
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74 @700 BAHAT o F4IEE 16 khz, 16 bitZ A/D AT A7) BRAA
gshs Aeedel HE 48e sl AAZ ABA UAA PHIE L F o)
AD QBT AL AEAAG SAALAE VIS FRAT A5 FAAE 18 59l

-2 Y(mel-scale)?] ZIAHNEPL Alg3tgon, PMC €185 YsiAE 13 29
MFCC (mel-frequency cepstrum coefficients)-& AH&3lgth. =% il*"‘“E"Ai’% MECC]
Ztz}toll th)A] regression AlTE AAsE WS o] & AL 5 (delta features)g F7}13
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3.2.

2 HoAEe WA 1A Aol A FERHT EldA e 747
B Aeg AT FE 84 stellAe Azd F-FH(SNR, signal to noise ratio)7t &3
of wekA o|BA WasteA Rl

F 1 AEA FE874 M SNRite] Wgtel] mE 7|4 r]e] A4 E(%)e] HsHEE e

T ALSAUHE AHEE A9l 948)

A4 87
enEx 0 dB 10 dB 20 dB CLEAN
mel-scale
2o HED 17.8(31.3) 54.1(76.4) 80.5(92.7) 93.3(97.2)
MFCC 32.5(55.7) 71.3(89.9) 83.7(94.6) 94.7(98.3)

A9 719 12719 A5E B FEE A AVt AAASE AN EY Aot v ¢
AAEE & F AATE 71HAA7E JEY dFE B &S AU AR S L o] 83
o] Baum-Welch ¥ 225§ o] 83te] gFEton Fdo dig d&ds n
g B A &2 ok E 19 AN, 443 SNRe] 20 dB ©]
&9 Asr 23 AstAes oy SNRo| 10 dB o8l A9+ w474 e
9 AstE 7IAEE ¢ F AUtk mWekAd SNRel of¢ 2 G A EE FEA]Y
PHE FISSAA460A ] A FhE A8 sle T3 # Aotk =¥, F /1A
N2 & 2579 EAYEHE o83 HPET mel-scaled) ZaAHEH] vldlA DCT
B AT F9 @A MFCCE ©] 48 A% A ge] o U2 AL & & AATh

B 20 e dAH EFA Y 8H0] YT A(FHUT SNR g U424 éﬂrﬁ v
B gtk o] Agols E 13 thulste] A4A 5] Bo) %W%a & = Qloh oJRL o
n FHE BMA Ao dgo] HMMS HeveE9] ghol &3] W=7 yEojzgtn A
Ztgch weba o) Ane FSEA AALnFY Ao YoM FLEH WAvia Az
I Azgc gy, o]l A4S 4] AdiAe FF Wssie A8 dY 2
g g9 FA dolglvlo]aE 71 RS vlE] FHAACE st gl Uk

g, 2a2AEYH MFCCS F 7k 9 79 ztzte gisix & 17 A4 &S Hlmsﬁ B
A, 2a2H9Ede 9o AXE FAo] © @o] o]FoiFg& & F ATk ojAL =
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suEy B9 B40] Faol tal MFCCRT 240l @ol "ojdeh sriets, o|g
ATAS BN 2B 2 A%, F A 5H0) uehhs d44%AE 2 Aelvt
goie e wHZoh

® 2 Q47 FHA0] ] U FH(FLE SNREHS 7HAA7Y AHEG6) ¥

(B3 be} S AZSAAHE AT A2 A48)

A487 -

oxE 0 dB 10 dB 20 dB CLEAN
mel-scale

2AHEY 82.9(89.4) 90.5(95.5) 925(97.1) 93.3(97.2)

MFCC 34.4(89.1) 91.8(95.6) . 94.3(97.5) 94.7(98.3)

VTS #4& 718xoz RUASEAS o 8@ duesolt, 4714 WEA ¥
, E
B4 (static) EHHE Bk ohieh, FH SANE ] HAMNE 4A AT F d= A
%

39 SHAUHABE AN %2

& 9Estn Yok G7IME F 7R By

dagivy HEts s38

ta

£ 3 VTS #4004 SAHHESS £98 399 v
W

A%e AAE0) NBALERAHE et %)

aran P ¥l sy waa |29 seeE B PMC og-add
0dB . 844 81.2 8.7 -
10 dB 91.3 8.7 0.6
20 dB 93.2 91.8 93.7

o) AHNN & & YEol, VTS BAAE W 2uneive e B

5 9tk ol @ 4Ae ol BuvElEe] MAA BASNE IRES dE A4 E
AHHor v g3 nAAT, S H8E ¥ B eole

2 YEA g3 JAHY BFEe] HEHEE g FA¢ d445S Uehlr] diEeit
AzZeoh £, PMC B4 3% vu3e 3¢, 2daeueEt H88 F$& PMC $rd
£ Adsol dojgou, S3HEY HEge & A+e 2388 PMC HHEORE AN Fe] &
2ES & 7 U=, A= PMC o] Rdselvleixt wsA7|2g SS9y Ag
VTS WA vlsja ZAge] doix7] wiEojzt Jzd.
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obélel E 404 E VTS W43 PMC H42 ) $% F24A49 458 nadFa g
. PMC %494 E log-normal 4% log-add H4¢ © 8% A2 ushnRemg),
VTS $A4eAE 2a29EYS A F4F 399 o2 A2EYL A AT 9
Held 22 A4EL dEich ANAEL A RHEA o= i}-&s—%we g
stich. o) AselA $2E VTS W4o] PMC 40 vlal AuHos 48 298 2

AFE AE 4 F ARk 53], 71| VTSoA e} o] 2a~HEHS Er’&“—‘ﬁ—ii AL-g-g
A$E PMCS vlZajAd U445 $AL Fo B 4 ey, 2a2HEHOZRE
FEE AZEZJ S AL F o &0 Bo] F4EHE AL B+ AU o3 A=
71&Y SAUAAN 2" N A2EY gho] SASAAEZA Bo] AHEHE AP A=
Aolty. 53], F2EY EAE °1%6} 299 VIS A3 HQE, ¥ 204 BAE AEFEH]
Ay E 2388 ¥ $5A "}E}L} g, o] A2 VTS #4o] &34 unsupervised %
Aot G ALY A3 ZEY 3 QA E9 Fdolgtn HoZn
B 4 404 &AM VTSS PMC %49 Q1AE(%) A5l
VTS PMC
Z2a2r¥Ed MAEY log-normal log~add

0 dB 86.4 %04 86.9 87.1

10 dB 949 96.4 93.7 93.8

20 dB 96.7 97.8 96.8 96.8

4. 4 £

B %E—ﬂ]*ﬂ%é}%%"é“’l*—l_—% A% HMM Rdsteiols 7)gke] A $r|oz A o
< w3 glE PMC #4134 VTS #4e 4% 598 27 stolA] wmstgo
2 daglgy T8 i HAFD AAZL T AxFe] Bue 9 HF
ol PMC whalef vlaiA] ohdy S HA @k AR, 2 =@M dEEE HMMS
olg8 AAAHN VIS B4 PMC #4& THae] ANNY & 23, HEX 3287
ol A, VTS "H2lo] PMC "h4le) vls]x 124 %o 14‘*340:1 s A F UA
. 539, VTS°ﬂ*1 8] RdfEvE g A7 ASRUE SAEAE A AN
7lB2M B2 X4 «1 o] o]FojAE & ‘11310“4, % JEA 2 1 7]1&e] VTSeiA
AMgEE 2a2HEY dald JPLERE AMEFOoEA AfEFH ¢ FSEHOE AMAT
o] Yopx& &<t %P F YAk '
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