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Abstract Performance degradation by environmental interference such as noise and reverberation is inevitable for
the current state of the art speech recognition. So far there have been many researches to overcome this problem.
However. it has been very difficult to know actual improvements and compare those methods since those methods
were developed for individual tasks and on different corpus. Recently, two projects have been organized in USA and
Europe. This paper introduces those projects briefly, and also introduces current activities and a future road-map
of a common standardized framework for noisy speech recognition organized by the authors.
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REFNARBTHEOOY 7 V=T, FDTHDRY Y
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R D ibfE BATE Bk ETSI & T AURORA 7 v—7
N, FBEFRBMOTDOME THEFEROMLEIZET 5 A
~ ¥ty 3 % Eurospeech, ICSLP TR L7 [6]. =
DIN—TILETSIOb &, FHLICmT TRATEEE 21T
TV, ZRICEFTLT, EHIHETERRBRORROL
», EHELOHDa—,3Z (TI digit+Noise) & EN %S
57-00 HTK 2FIF LIRS Y 7, BRI YT R T
BONDR—RTA MR L OMEERER S KD 5 Microsoft
Excel Spread Sheet 2 REF ICEM LILbDTHD. ThE
Tz, TI digit (CHEFEHFE LLEREKFEFRRBI A/ T
% AURORA-2, BBIENOEKHF I~ F¥ A7 TH
% AURORA 3 2 Z D27 U7 b &3tEA LTV 5 [7),[8).
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$I2 110 4, 8440 & (Bk 554, 4220 RFET2) TH
%. clean training DH AR IOTF—FICHEFLEE LRV T
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% - SNR T422 RFETHOOER T —# &2 D) #HVTEE
BT, F¥RNLTANAFELTGCTR2 OFTHEIN TV D
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F 74N EERGE, SNR OB THREENERRALT
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LE L ERARFRE LTI, MIRBICERESES &<
RABEIICHEFNFEMESTERF LI a— R ER—2T
A7 Y7 FORM L ERICESWTEFIEDES £ &+ 58
AL, ET TV —ra JITEV UL OFEERRIC, 1R
REFEEOMET ORER L B & TSV T SNR #BE
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CENSREC: Corpus and Environments for
Noisy Speech RECogrition

Difficulty in Speech Recognition (#Voc. Dictation, Dialog)

Difficulty in Acoustic Environments
( SNR, Non-stationary, Reverberation, Multi-sound source, Hands-free)

M1 METHEFRRRNMc— ey

Fig.1 A road-map of noisy speech recognition evaluation.
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3.1.1 &I HHF

AURORA-2] O3 Y X bix AURORA-2 L R—Db D%
Az, £, BEYE BhbR—THEEEOEFY AL
Rl—&ioTWA. L, BREEEXAEERAN, EFOHAIXE
AFETZD2 /KD AURORA-2 LRz 5.

AURORA-2 TiZ, “0” 2%t L /zero/, Joh/® 2 FEEDRE
BEBINTEY, BEVA MBIV 77/ 1VA1T 2 BX
Y eO" LHARICEREN TS, BEBOBRE, 071X T&
BTy T3] BLERFENDEN, BEBESLILY v b
A —FESREETARL—FHIEXLIEE, [¥5) & X
5] DERIE. £Z T, AURORA-2] Tix “Z2” # &3],
“O" % TE5) LRFIE. F-RKOEHT, LY, TLL)
ZOFERMIFA Loz, —F, “2" % 5" ORBEICHE
LCREFEDOEB L L.

3.1.2 FULH U FY L IBIUVREER

AURORA-2J Tix AURORA-2 OF —Z e ik & Rl— D
FRICIVEFCHETLEE L. TOLDILELRD
¥E{E5 (Subway, Babble, Car, Exhibition, Restaurant,
Street, Airport, Station ® 8 f¥f) , H#E7 4L ¥ (G.712,
MIRS D 2f¥) , BLI QY —RAFulS56LR2 VS 77
ANViE, T AURORA 7uP =7 b b2 %=, =
DL b AURORA-2J Ti¥, AURORA-2 ¢ £< RU&M
WX B7—7OER%*EHR L. AURORA-2] TiX, &L
72 16kHz D BAFEEF{EF % 8kHz i F O Y7V 7L
7%, AURORA-2 7u vz 7 b LR E2Z - HTES
CERTANIERAVT, BEEBEERSITCT 4 LZY
E¥E%1To70-.

3.1.3 ¥B/FAMF—F DR

FEBLCGT A MTF—F 0L, ¥81% Clean Training
& Multicondition Training, 7 & hid Set A. Set B, Set C @
AURORA2 DL DR FEDEFEHRAL TV 5.

3.1.4 F¥EARZ YL+

FMEHAN—RT A R7 Y7 ML, AURORA-2 & R
HTK[12) # VT HMM O¥EFERB L UCRBEREZTO L5,
AURORA-2 TERAAENTWARZ VT M ~—2 & LTHER

ENTW5. HMM hBrv—, HEER CEHOEHETER
BITR, K2 RFREPERZER, AURORA-2 #8845
FTR=RAFTAL LAY T FOHEELUTOL I ICEDT.

o ZJYFhidsh(bsh) RZYF+THY, —8 (W<
FNVERTa YT L2 E) iZperl R Y7 FTEMALTVS.

o HMM iZEICR~ 10 F 11 EFN) &, REDR
2% 2FEEDEE (sil, nn sp) DF 13 EFALTH 5.

o HFHMM i1 18 Rig (MAnMmEFOKEIL16), &
WEFET )V (sil) 125 KB (R 3KEB) , EVWEEFET LV
(sp) X34 (ML 1RMB) DETALTHD. sp DHARA
tsil DEFORELIEFIND.

o FRIEDOH U XBREH/MIL 20 BE (EEFETNVIL36 R
B) TH5H.

o NR—RFA DM NRTF A—4F1%, HTK @ HCopy
12X Y s & h- MFCC (12 &kT) +AMFCC (12 K&
Jt) +AAMFCC (12 %&k3t) +log power (1¥KJjt) +Apower
(1%&E) +AApower (1KRyE) DFH39KRITLLTD. TSkt
i1, 1-0972"' DFY T 7R, NIUYR, 25ms DY
H7L—LE, I0ms D7 L—Lb 7 heT3 (72751, 64Hz
REGIIMEH L2V LOFREQ=64 LEREL TV 3) .

3.1.5 ~N—2T A HEfE L RBIEELR

BIEIDOR 7 Y 7 MCE Y R—R 54 HERBELNRS. ZD
R—RF A4 ¥REIX, Microsoft Excel Spread Sheet (Z X 9,
£T A ey b, #¥E, SNREZ L ICEHORBIENE
n3. ZIZT, EHETEOFHIX, SNR 20dB~0dB O EHE
THB. &biZ, Zd Spread Sheet IFHEETH LN HEB
FEANTNE, BEBERBRESN—R T4 8D DO
PEREE LCHBIMICEHTAZ LN TE S, ZhiC k> THES
BORBEEEBREBAHIITIZENTES.

3.1.6 CENSREC-3

AURORA-2J LR HEETEFRBBMOFTERETH B,
CENSREC-3 #fEft L, "—RA T A L HEFEMO D DE
WAY YT M EEDTEMAT S [19]. £/, AURORA-2J BA
THICHEE M5 SN BGERFORMY 27 ThHoT-DITH
L CENSREC-3 Tit, EEfTENTOMIEETHFRBOT
HREERET 5.

BEET—FOWNEY, EE~A /7 ak BB~ 7 aky
O 2EEEHNT, SEEOETHEL 6 MEOBENRELHE
HEbtiz 16 BEORET TT->TkY, ZhoDFEEF—
F 2RV 6 MEOFMERE (Condition 1~6) %R+ 5.
CENSREC-3 THET 5 6 EOEREILX, AURORA3 D
3 FEBEOFHERE TH D, Well-matched condition, Moderate-
mismatched condition, High-mismatched condition {Z# U T
BV, UToL3 2zt izoT 5.

Condition 1, 2, 3 #B5—¥ LFHT—F D~ raky
TR, EITRES BT &4 T CIMELITY. OGRS
iX, AURORA3 ® Well-matched condition (Zf8¥%43 5.
Condition 4 #F5F—F LFMT—F D~ A 7 ok Y
8T 58, ETRENRRIEGTCHEEZITY. Z0F
flEREEIX, AURORAS3 @ Moderate-mismatched condition {2
B4+ 5.

Condition 5, 6 #EF—4# LFMT—FD~A s ak M
Bl EITRE (O—) HHICRLIRMHTCHEEITY. =
DFHREIL, AURORA3 ® High-mismatched condition {2
HYT 5.
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CENSREC-3 O#F#xt&ix, v—FbvH—va A THERE
NAZELERELESOEOa~ FU—FTHY, HEERN
TEEINERNT A EAWTEY L7 Word Internal
Triphone HMM (2 X W 3B#E1T 5. 7=, HEAMEEORERME
BEUREBEFICTBEODRAT Ly Fo—b (R1) DR L,
FHERED /NNy 7 2 FESOEE (HMM O¥FFH¥E, bRo
VDR, HEEOEELL) [T AHELT IV —ER
%+%. CENSREC-3 ORAE, STk [19) £BBInreL,

£ 1 CENSREC-3 A7V y K¥—F
Table 1 CENSREC-3 spread sheet.

3.1.7 CENSREC-2/AURORA-3J]

EETENTOMNEETHRBR L L Lz CENSREC-3
R LT, BIE, EETENTOEREFRRENRL L
CENSREC-2 (AURORA-3J)) D{ERZFEL TV 5.

CENSREC-2 iz T%, CENSREC-3 & RIS,
FERBE A REET AL EZTFELTRY, WEEHORENE
X, AURORA2-J O 4 BEORFLY DL, FFFOHE
HEOARTUABRELRWVWL Yy FEEWS. INGTAHREE
¥ix 104 4 (Bk&524) T, — ANV OREHTIIHLL
10X THD. 1 REH Y OBRIERKIL 1001 XTHY, Zh
L EETRERICNGT 5. 7=, FMEEIX, CENSREC-3
LR%D 6 BEREXTFEL TS,

3.1.8 CENSREC-1.5/AURORA-2.5]

HERETCRAESKEEFL, BHSAKCMEILITE

FILXHERIIMZ, BxOHBRERELORELZITS.
R ELDFERD—21L, Hax BEETRET CTL 0 3RMR
EEICEBasa=r—ra v RERTAEDIC, BEICLD
BONBARLOERITE U TREEE L EISHNICE LSt
TWABEDTHD. TOFHREREHL, g —FHREMF
FhTwns.

KT —% 77V —7FTix, AURORA-2I DF X h&y b
D—WERBFLEL, DA FHRLERL-HETRETH
FXnf=a—,3A CENSREC-1.5 OH#E*#1T> FTETH 5.
AFEBREEX, AURORA-2J ¢ R—D#EFEHFF A7 FHW
3503, INEkFTIEIX CENSREC-2,3 & ARICERET COMEST
EBTHSHH (AURORA-2J 33 E# ETCOMNTER) |
CENSREC-1.5/AURORA-2.5] & &t} 5. BEMICIIBHF
ENIZT, AURORA-2] TRHWHLRTWAMEETH D \WILEH
RS L F DEEOWT PR A —HIC LV BELETRE
IBWTIEEITS. BEDOKE 313, SNR Tid#ie<, BEEM
BICBTAEE L~V dB(A) KL WHRET 5.

3.1.9 CENSREC-1,2-AV/AURORA-2.3J-AV

ST, EFICBEER L LTz Audio-Visual FTHE RO
THRELATOR TS [20]. L L, BEOMFTMECATE
% Audio-Visual EFRBEOHEAT —F X—AIBRED L Z A

NEEN TV, £FZTHAIX, Audio-Visual EFZEOME
REHMEREL BT 2701, AHBRERKFEIL—T L
$EFT, FFICHEBE %N X = CENSREC-1-AV/AURORA-
2J-AV, CENSREC-2-AV/AURORA-3J-AV D7 — & [ g - &
fEED TS [21].

CENSREC-1-AV Ti¥, AURORA-2J L R#EiZ, ENOFH
PREBECRG LEEFICAIES 2 EENCERTS. —F
BRI TN~y 7 TRELTBY, ERE~OERHT -
RIS OFRMFPEC OV THRERMNF TH 5. CENSREC-
2-AV Ti¥, CENSREC-2/AURORA-3J LRIz, 74 KV
V7 - HEMET - BEETICR A EEFOERE LERE S
NEFLTHY, EEANREE TO Audio-Visual FHERBOMEE
FHEATREL 25, 2k, WEL bIC, WA L OFHRELEHR
AELABRVREGAEL, EERIE, BEBEOH T —BEICM
2T, EFRABE L O TRGE L TV 5.

3.2 MREN@EFE

3.2.1 FERBRICLZFEHE

FEERBICIEEREELH B0, DEmEELEET S
BRI EERDOBEEDT —FEHVHOR—HNTHD. —FH,
HEEETH IR, FEEXRHLTEB IRV &8
£, ZOFEETREEERFEEORLELERICEM T2 &
WORENHD. £IT, EEOIY, FEEBORMBRBICESL
THMERELZR L2 [13). EAMICIEUTO 3 20BETHS.

o FHEORBBORK, B, Ty, EREE

o HEEBOVWBMEOELRALIT A

o FEEDN sRULTHHFEEORIE
LATF T, ETSI® DSR A% b= FTH 5 ES 202
050 [14] DT 2 AURORA-2] Z VTV, Zhbo
HEREOLEN L AR T

3.2.2 EHEBOBRBRORK, B/, ¥, EEEE

K2FEBOYEBEMBEE (Overall) 0K, B/, T
¥, BREEERTT.

ES 202 050 DK% R 5 &, Clean training DFE 1%
88.04%, Multicondition training MFEICE > TiL 96.03% %
BTWBIERSNB. iz, ES 202 050 DEERETR—R
FAEY BN ELRoTEY, —BEDUENBDOND. L
ML, BKEEB/MEDEIERE LTREVWZ EBEN 5.

3.2.3 HEEBOBBBOLRALNIT A

Clean training, 72 b > k A, Subway, SNR5dB D
B0, BEBOMBLMEEOL A N7 52K 2IRYT. ©
F ORI EEEREEORMA, MHEIIFZEERTHD.

£ 2 FEBOHBEMHEE (Overall) OFK, B/h, F#), EHRFEX
Table 2 Maximum, minimum, average value and standard devi-

ation of the word accuracy per speaker.

Baseline | ES 202 050

Clean training | Maximum 61.24 88.04
Minimum 26.33 62.08

Average 45.51 77.82

SD 6.06 5.14

Multicondition | Maximum 93.98 96.03
training Minimum 74.30 79.44
Average 85.83 90.99

SD 3.64 3.01
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Fig.2 Histogram of the word accuracy per speaker.

[~ Clean ©-20dB 15 dB - 10dB =5 dB]

Rate of speakers whose %Acc is
more than x%

%Ace

[~ Clean 020 dB =~ 15 dB -0~ 10 dB =5 dB]

Rate of speakers whose %Acc is
more than x%

80 85 90 95 100

3 HBEMHEN cZULOEEOEE (R—2514 ) (£

Clean training, T : Multicondition training)
Fig.3 Rate of speakers whose word accuracy is more than x% for
the baseline front-end. The upper is in the clean training

and the lower is in the multicondition training.

ES 202 050 D53 HlE, N—R 5 A v & AR THBEEREE
BEVWFCBBL TSI EB805. FND—HT, ES 202
050 DA, POAHENSERMA~DEN Y BKEL, HEE
FRREEEDMERR L L TREVWEESHYUMEEL TCVWH I ERRT
Bh5.

3.2.4 WEEN zRLULTHBEEORE

HETFREED 2% U LOFHEOREEZH 3 (N—2F5 ()
&K 4 (ES 202 050) (2R

HEFTMEEOBEM s 2&H< T5HI3E, TOHELRE
EXELNIFEEDOEEGABoTVAIENAMNE. Ko, B
RAEAD 100%ICHV & & DELIAABKRE V. Zo8&E, &

== Clcan -©-20dB - 15 dB - 10dB +5dBJ

more than x%

Rate of speakers whose %Acc is

%Acc

[ Clean ©-20dB =15 dB - 10dB -5 dB]

NN
A\
AW

100

ol
» ™~

Rate of speakers whose %Acc is
more than x%

X4 HEEMHED % EOEE OEIE (ES 202 050) (k:Clean

training, T : Multicondition training)
Fig.4 Rate of speakers whose word accuracy is more than x%
for ES 202 050. The upper is in the clean training and the

lower is in the multicondition training.

FREY —EROEATEOHMICANDZ ENTES. filx
X, =90 DL EITNRDFELHRTES SNRIEHETS
&, "—R 74 Ti¥, Clean training ®3FA it Clean DX,
Multicondition training ®3#& 1% SNR15dB UL ETHB. —
7, ES 202 050 TiX, Clean training ®3¥41% SNR15dB LA
k., Multicondition training ®#H &1L SNR10dB LA ETH Y,
@A TTRE%2 SNR O®FHMSIENS > TWB Z EABah 5.

3.2.5 EEMEOHTE

FFERBY —C A2 RHT BT, Y- ARE RIS
BB, HBRETIHFTRETLEOREOEBRIBOLND
DL EBERNCMDLENDHS.

EDLEDO—FELLT, EFFROVTHEICL Y BERL#
ETHHERSHD. Kit, OFAHAREL LTITU-T £ P.862
® PESQ (Perceptual Evaluation of Speech Quality) [15], X
BOEFEFT—ZOfRH Y ICITU-T % P.50 O#FLIEH [16] %
AVTHEBELHET S FEIRREINTKY, ¥TET0R
ETRBBELHRETEDIENRENTVS[17. LoL, =
DFETROTHOHRIRES (7Y —2{ES) BPLET
HHILhb, EELIRBAROEFESDHR) L, SNRR
RRHEEZREL, TINORMELHERET 5FECOVTH
REEDTVS.

3.2.6 BREBOKE

INETEFDRFM BT 2REBOREICOVTIY, BE
BRIBLOERE YA 7 0h £ COEMA—BRB THoT
Lt s, ZROORERET TREFREBEOBREBOKE
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EFHACRBETETCWRWEVWIREN S -7, FBEREFI%¥
THETRHRDOEBY THS.

(1) RU=|N FREERBAFRL) THLEANCL > THRED
EAVIIRARS.

(2) ZREBIERITIT TPHREBAREV O [REFERRN
BV OMNIEREICHINTE R,

(3) FHBBIXERPHBREBL bERFHFFMHBEVIZD
NERBRIILILTHREMEDRH 5.

ZOMBEERRT IR0, RER I EEMBERYEE X
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