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<Abstract>

A Study on Noise—-Robust Methods for Broadcast News
Speech Recognition

Yong-joo Chung

Recently, broadcast news speech recognition has become one of the most attractive
research areas. If we can transcribe automatically the broadcast news and store their
contents in the text form instead of the video or audio signal itself, it will be much
easier for us to search for the multimedia databases to obtain what we need. However,
the desirable speech signal in the broadcast news are usually affected by the interfering
signals such as the background noise andfor the music. Also, the speech of the reporter
who is speaking over the telephone or with the ill-conditioned microphone is severely
distorted by the channel effect. The interfered or distorted speech may be the main
reason for the poor performance in the broadcast news speech recognition. In this paper,

we investigated some methods to cope with the problems and we could see some

performance improvements in the noisy broadcast news speech recognition.

* Keyword: noise-robust speech recognition, broadcast news recognition
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SAAAE YA eE S49YE EA HEY dEA nFo] F£ Zo] a
3ttt B AF9AE= Mel-Frequency Cepstral Coefficients (MFCCs)E 59 B 2 A]
AHE3LA T 971 E melscaled] Fog EAE zZe= HEW I FEo] Discrete
cosine transform (DCT)E ©¢]&-35l9 MFCCE WHEHC} olflol= 11x12] MFCC &
ol UF & 3 7HA = As Bs] HalA A2EF liftering 44 S AR
A "ok 53], 24AAA 2" H5FS HalAe ded MFCC o= A3t
HEgS EAYEZA ALE3ts Aol asith olF YA e AHelE 1y
3ta] MFCC Al5=3+2] regression A4 g2 o] 83 WEl(delta)y 9 DE}-DELS] AlF
E8 AHEIFATHTL. wEtA, 133k MFCC A9 BtiEo] AAF oz 39319 &
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Zkz+e] F4 HMME 519 d&AQ state & TAHO 9lon, o]FoA &
7 AT states TA AT 2= OE S4 HMM Fo 92 IS o,
7h&H 3709 statew 2t 49 SAHAEAS AAHINEE FF. 7 24 states o
0] mixure®] ZAFOSZE T E Gaussian mixture FEEILZA AAJ AT wrakA,
HMM® Rd-& F33HE 2L Gaussian ZFEE X HFHEle BAl PHE £4
3= Aol "o olEg FAWHLEE M ol ASEHE 7'M & Baum-Welch
U Eg ol &3FHon8], 971 E ML (maximum likelihood) & 71" 2]3)
Al ZF mixture B2 FHFgAG B4 @S FAA Ho

2.2.3 Tied_State E2}0|&(Triphone)2| 78

=4 HMME] Edo] ¢ ¥, o]& nlg o2 F93F % (context-dependent) o] E
gto] E(triphone) RW-& FHIFATHI]. Tied-state Ed}o]E RAH ML v &d &
FHRE 717 Edo]lEY stateES FYI Ael(tied-state)E 7+FH ). Tied-state
EgtolE 299 ¥ HAHNA 71 F83 REL tiedstate S HAAsE 3 o)
o} B dFolA s AAHEF (decision tree) H4)S AFESETHI0. AR ED W e
Zrzre] EgtolE o thalA FH 5o £ FIA FodE WAoR, SAHo)
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4714,
| X | = Al X, 4(0) 1+(1-2) | X{o) |
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3.2 CMN (Cepstral Mean Normalization)

CMN BH& FHI/IE oiF e Fol 2 Aol 2 Ak A4 o7
FolN REHT Aok B CMN A e gRre) S4<
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3.3 PMC (Parallel Model Combination)

IO Be AL w3 JE PMC W 7E9 WA HE th24 HMM
o] x4 HArHE FeoA HEF vEst= WA oltH15. oA E o] W
Ao ojs A 7@?31 25t A gt PMC 9o P s AAEP oo
HMM 3P EES Ay Fulge 9oz HEsis 3Ao] WA o] Fojztt 1d
o Faol 4% %"3 noisy speech) HMME Q& WHE7] $siA Lo 712
&73(clean speech) HMM 3tetv|8 g3 Zr3-(noise)oll gk HMM st ghg
AyPFag F9oA M2 Addste Eoh olo tid AT AL TS ZHol
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SA 1) 9A, ZFE&H S48MFY Ba2HEY Y99 HMM wHevlie @&
SDCT (Discrete cosine transformation) HES[4] o] &3l FAR Z}zte] AXEH
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Log-add PMC %412 99 4 (2), oA &S&4 HMM HF9Y gg 3}
= B3R Z2H SAHNETHMME FE4t ol F83] Aoes MAE do=
A dggAe] g3 o] desidd

2! =loglexp(pu i )+texp(p i) ©6)

ojg} gol ZI¥He HFHE e T TS 99 A (5)L o] &3 A~
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HEwaol g AALFE AsiA T FFHo) o] FoHT. o) A
3| A= tied-state Eto]Eo] 7|WHg B o] o]FojHTh UHGARAME oJH S
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2 AAeH o g AHstel U@ ATFE A @UTh FHAY, FELE A4
A2 AL BSE Ui XA Tl AslEe AE AT & AU TEw
Al a2 FRE U WA, JRIXZIE FFE7] a4 AR
d oI A 380 &3, CLEAN)= 2FTQ balA] oly@47F A stE 7)%
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<E 1> WFp2 tid 71l al 71 9] 214 E(Correct Percentage)(%)

Q143
CLEAN MRN MRNN MRM
mixture -
1 54.7 39.8 23.3 11.7
4 60.7 429 25.5 8.9
6 60.6 43.2 25.5 13.1

el AglA & & ARl WA AL mixtured] 47} 49} 6
2 Aol Hiel ANEL YT qALR T CLEANS! 7$-ol 713
S A4S Holu gov, Aol ZAYSE AL AW RolA: AL
o 4 AT B3, ool ZAMHE MRME) ASE A At BA A%
A dehte e BA & AUtk AFBUE, $ER2a) FR BEA A4
H5o Wzt BA A UEdTE 2 ¢ 4 Qs ool A Al
WASE A4S Heste olB A4HEES AL Bast AdE R
& Ao

CLEAN |

<a¥ 1> AEHE A HEF2odl HEF F 99 12 E(Correct Percentage)¥] 3l
( HMMY] 7} stated® mixture 7= 6Y A %)

<% 1>oe Zeol U 3§ WaF pPMC 4L &3 AH$(PMC), F3
xS H-8% 7 -9(SS), CMN(cepstral mean normalization) S z+zt 283 74
o] Q14 go] YelY Aok U437 S CLEANS! 7%, MRN, MRNN &1
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MRM Fol thaiA APadct. F8H HnE H3NA ol Fd FE AYE 3}
L AfNor”) = A YEeERATE o, mlxture94 N 622 Yt thasl
£ Aol AUAT, R FF HI P g FHAINE AE
F AU 53], CMN 42 g8 Ao nisiA QgL 453 FAIE
Aoz eyt oz WEw2Y SAuolH AA ) 283 H(convolution) F
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CLEAN MRN MRNN MRM
34
CMN 64.4 46.2 333 20.0
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