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Speech recognition in noisy environments using Eigen-SPLICE
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SPLICE is one of the speech enhancement methods using feature conversion,
which shows a high performance with a relationally small amount of calcu-
lation. It supposes that input noisy environments are static and similar to
training data environments, so it is not guaranteed to work well in unseen envi-
ronments. Therefore, we propose a new method to adapt conversion functions
to work well in unseen environments. The proposed method reduces the num-
ber of parameters through Principal Component Analysis, so that the adapted
conversion function is obtained with a smaller amount of adaptive data. Ex-
periments show 12.0% reduction of error rate in the ideal adaptive condition
and 1.9% reduction even in unfavorable conditions.
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WAE, AR — R 74V RA—FEX =2 a VI AT LOMMIZE D, MEBEETIZEIT
TRk D EENE E>TETVRS, LL, HFCL-oTEDNLFTFIEL, 7Y -V
REFEHOCTHEELATEETILVEDI ARy F 240, FilEEPELIET TS LW
) [ H Y.

ZORIEICHHET 2 720, BSZRIDHD AT MAY T L7 a0 R EDFED
ZBEINT0 S, ZOFTHEFERKICH O IRHEICNT 2 0T, R OHET
WEEZRTETLVEHOCTUREEEZART 2 FEIEBIN TV S, UL, SEHEREED
I E 2 R IERA M (GMM:Gaussian Mixture Model) 7 ECHETICAE L, 20
ETNEHACTEARLREEZ 7 ) — VSRR L TR D, SR M 2 928
T35, REMLRDLDE LT, MSMINESORBEDIZ GMM TEHL, 7V -V
HEMENMER DRI L IVT =59 628 H1% 48§ 5 SPLICE(Stereo-based Piecewise
LInear Compensation for Environments)®, 7V —> % HORMED GMM &, J#iEH
DHEGIMBE FERHEED S5 X7 F VT —F — &R (Vector Taylor Series:VTS) % Hv> T
BT 2 FED REDBH B, TNSIIHEFTRED N O HE R T — % X— 2 AURORA-2%
BV TEOEREZR L TW3Y),

LL, Zhs ORBEEIC X 2HEMHIFRICS W O»ofM@ERlH 5. £79 VTS
ZROEFERICOLTE, FEOMMANEA R FLi L ORRICE W TEFHEEIVD
STHLD, MFCC % £ & D MR EICBI L Tix, 2K OlEsSEIcR 5 L
V) NS %5, —77, SPLICE 3ERHMERE2ZBIGEL TR, FEFEMEERET
B TUE oA 2 T 2 2 EPMRIES T\, SPLICE O Z ORI M % Rk
T30, FTANEROMEREOBEELHE L, ZOHEERKLOMHEREIC)IEU %
GMM & Rtz T, MEEIH9 2 EMS(Evironmental Model Selection) O
FELEEINTVWS, L, TOFELHANEE L ALHETLOERTE R
O, RAIDHFRETICE L TROLERZ AT 2 2 EMREIN TV RV,

Z 2 MEN, FHUER O e A OMESEELICT L THEINT 5 2 LT, RAOMEE
BETICEOTH oAtz RIEI Y2 2 L2ilA 5. BGEEZEIET 220121, A
KTHhNEEI VR =2V MEICERILOHIER Y7 IV DRF X —8 2 HET L2 0EPH
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D, ZLDFHEZBELTLE). ZNEHITE7-0, REFHETRIERELRT R ML
R ENT I & THETREARNI A=Y Z2HT 2. Zhuck ), PEOMELET—F
THHEY SRR A REHETE DL X I L.

AHETIE, FTHERDOR—R Lo SPLICE I22OWTHEHLLHHAT S, 2o b7, i
RFREOFNZ BARNIRN, ZDEMMERZ FBRWIOR T, &I, BUROMER & 5%
BEIZOWTHNT 2,

2. SPLICE

ZOffiTIE, SPLICEY 122w TFEL < FHT 5. SPLICE (3, M5 AN o R
DIETN R MEE % GMM TET A LL, 2D GMM D4 a v R —3 v MMEICRiE %2
g 5 2 LT, MEERINEER»S 7)) — v ERAOLRE EBT 5, Jiud, Mg
FOREED 6 7 ) — EHE OREANDIY A E, XM X > GERIIC
FHLTw5, SPLICE i3, 218§ 22E KR L, 8 L &z Mo 7 i
Wit BUF, SPLICE OIRERFMEICOWTHR T WL

2.1 R E

SPLICE 1%, ¥ THERE NOEFOREERY LM GMM TEREHK 2 LK
ELTW3S, ZD531i% EM(Expectation-Maximization) 7V 3 A LI k> THET 3,

y) = Zp(y» Zp y|s)p(s), where

p(yls) = N(y; s, Xs) (1)
ZIZTuy, s, dENEFh, MEMINEREORMERY L, GMM OfFar K- b
DA VT IR, Y, FWMERT.

2T, UTOREZHR TS, MENINEHEOBEER2 ML Z2hd g T2 ay K—
Z/bbﬁzgnt&% ZOEMED 7 ) — EFEOMWERSM O IERLSAIC L > TEE
N, ZOIERSHEOFIMEMNMNZFRDOT 7 4 VAR X > TREN D ERET S, 0 F
DRATEINZREEZRT 5.

p(zly,s) = N(z; Asy + 75, Ts) (2)
ZIT, x,rs, A, T, B ZNTFN, 7)) —VEHEOREERZ ML, avR—%r b siZB
2R FPLVORIER Y B, $IPERE R T, SiEERT.
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Z 2T, ()%}ﬂb!%k,

Eilx|y,s] = Asy + s (4)
L% D, XoT, MEMNMER ORI OHEE L7 ) — v EFEOREIE, LTk
2% 5,

w—Zp sly) (

@f@i Aﬁ#GMM@a@:/$ %VF:WELTw%#&w5$%%$%*ﬁ
ZOERMERZPEAE L THKA VA=Y F TOEMRFEROBEAN I L RT3 2 &8
ks,

2.3 % ]

D EORBEOEICHE R a Yy R—32 v s iZBIF 2 rg, As, 2FD y, s oo
& EDOZMN EHERN A p(x|y, s) IRAHEET, 7V —vEH L 2 uEsinsnrk
MEEMMEFEONZHWTUTD X HI2¥EET 5,

BEORHERE X, THOWRMEE LTHET 2 Z L3 T

Ay + 1) (5)

R Zt sly,) (@ — y,)
: Zt ‘yt
> p(sly,) (e —rs)yy whore
A= >, bl wtwm b
M
ploly) = gL (©

:@k?tiﬁﬁﬁ%ﬂ®4/f77XT%% %5:Vﬁ~%yb®ﬁﬁﬁﬁurui
MEEMNMEFEOBREENZDa Yy R—2 Y MIFET 2MR2EA L LT, HEMNNES
7)) —VEFEOEFOBRANITEHE TS Z LHEKS. it,%@t%@%@?é%&%
ik, A ZAOEHMEHOTRDZ Z LK SE. ZDLEDI Y —FH LTS
@ﬁ,N?VW?—&H%%%T@D%@747Tﬁabﬁmﬁﬁéﬁwaﬁk%ﬂkk;
TG LABARER L) KL THEL Z EABETH %, SRV AURORA-2
F—=FR=2A TR I2lL—vavitdkoT, ZV—VvESRICHEZEZEZEL T3,
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FEIL T L, 179 A, ZHAATINC L THO BRI D 2 LS TV S
L, KRETRBEAREMAD, A, bIEHATIE L THEEL .

2.4 SPLICE ORIEm

Pl ko SPLICE & EHMSRELZBICKE L T YD, FEEHMHEFRETICE L TE+9
BHREE BT 2 Z EBMREEI T, 22T, BEEIC GMM B X K IRIEE
WDk %)) B 2 5 EMS %3 SPLICE Ol#EFiEE L TREShTw3D, Zhid, &4
DEHBREFIC GMM 2258 L, 20 GMM % f\V CEEHERE RO X Wi A fa % 2278
T3, 2L TEBOBIIZ, ARy, BEDEREL e IIKEFEL TR 0% HEEL,

&= argglaXp(ytle) (7)
b o LB LEDOFHCEERD GMM & Z2 DX WEIEERBEEE W TE#]RT 2, 2oL &,
BEIOHEERAZMZ 27-012, HEEINLRBEORINEREHHTAL—Y Y75, Z
9952 LT, IEEHAMETREICE T D 2 OMEE BRI L 222 o O IRE T
22 EDHRD LTS,

L2L, 20O EMS bFHANIYE L AZHI7ET LR Wicw, RAIOMEEERE
TIRBOWTEHWEREZFET 2 2 E BRI N TR, 22T, SHIZANBREICH LT
BB DN T A —F ZWIGT 5 2 & &RikA D, BRI, PBOBEIGT— & T
PG TES LI IC, BHEAKZEZRT R PVICERTONMZL, #HETRE T X —
& % HNT 5.

3. BREF &

REFIEIL, ROWIEAID T X =5 % ATBURICN L CEG T % 2 LT, RARRS
BUE T CHOMR2AMT 2 2 L2 HIEY. £/, PROF— THLHEEHEKS X i, £
ERTRI PVICERDOWENET 2 LT, #ETREAFI A=Y ZHIET 5. ShIZHE
HO-d&KavyR—2 v MEOZBHBHKD I &, FIEXZ FLr, DHOARIZ DWW TEIG L
Fo. BRDOWICE > THEE T RE ST X — % 28T 5 F#lE, Eigen-MLLR® ®[EA

ISV EEERY & ETIESHe ST WS, Lal, k%?&i%f“ﬁwnv
A—F Tl (BB DRI A =9 ZHET 2D T, ANEFHREZTTh HEEING

PN —=VEFEDNRT VLT —FERBLTEHTINSOTHREERL L, L2525 %ﬂ%
BICBWTRILLTF—F 255 2 LI LV, Z2O70OREFETIE, HEMNERDS
HMEOADXHZMHL, ZN2FRLDEEHT—FD V) -V ERICEET 5 2 & THE
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NS T LIVT =8 BT 5.

3.1 ERAOFEE

%9, fEKD SPLICE % H\ (87— % Orf 4T BB I il A 2 HaB 5 o 17511H
ELTAL 28T 5. RiZ, FHT—F OFOREDTEN - SNR DM BbE T DA HaRI%L
DHIER7 FVE el ZRAD K HICKD S, 7271, T L ERT  IFFEOTE - SNR
DMEBE R RTA VT 7 A TH 5,

ri= argr;lmz st\yt) {z—(a

’5?5 kf%ﬁf Y ORFEDBEED 7o b DL A rl 2132, 2L, 1171
B LTz T ol ﬁfﬂkfﬁa

KL,GMM@%:/$ v b OWIERSE & TEE T2 2 LIck>T, FEDRED

x@%&%%ﬁx—n—«ﬁrwSVW%%5 7L, S13 GMM DREETH 3.

Svlz{ﬁ,...7r§,...7rg} (9)
CDA—R—R7 b UIZ, FHF—IOFOLTORBICEL /4% 8T2. 21T, B
SNTEEDA—r8—R7 P IS L TERT AN ET, FE 7= DR TORED
BB D A —N—R7 P VDR TN, PAXRY ML BV &, ZOFERDERTA
7 bV PC™ #1585, L, mZTERDDA YTy 7 ATH 5.

BV:{b17'“7bSa"'7bS} (10)

PCl:{C}fU 76.17"' an}

Oy, +71)}’ ®)

PC]W:{CiVIa“'7ciwa'“7CgI (11)

INSEDNAAL TARY FILEERSZHAWT, H2BETOLHBEBIINUTD X ick
w5,

Ty = Z (sly,) (Agyt + Bsw + bS) ; where

s

B.={c;", - ,ci""} (12)
7L, ZITHRE w EERSOEAMIGERT. Xk, BFFE T 3TH0BEELZET.
3.2 EHODIHETE

DLEDEEIZ & - T, ik hSTREIENL & ZI, MIETREEHERD T A =¥

(© 2011 Information Processing Society of Japan



TR TS

IPSJ SIG Technical Report

DBRERICOFMIERT F D5, ERIGOEARY FVIZE o7, RIZIOHEA w DHEEIC
DWTHRS, TOBEART FViE, PEORMBE T ICB T 2HENER L 7Y — v
FONRI VLT =8 2T, /NRERETTHO L) ICHEI NS,

W = argminz {wt — Zp(stt) (Asy, + Bsw + bs)} (13)

s

INEMOE, UTDLd REAMTICRS,

—1
W = (Z M?Mt> (Z MtTEt> , where
t t
M, = p(sly,)B.

Ei=x — ZP(Sk’Jt) (Asy, + b57) (14)

M EDFIMEIZ X > T, kD SPLICE ZAE DT — % Z T, BAZHET LI LT
FHOMZEFRE T ICB I 2 2B AR o NS k) Ik o7. TDFE%E Eigen-SPLICE
LSBT sz LT s (K1 2H).

3.3 BEUSSLILT—4

W, EELNS EOGETE ERAIO AIIEEE LGRS NFE CNEDFHTEZ Lt b D%
B3 2 EFEE L, FRRIC, HEFRERICBOLTHRAMOMZTERE FicB LS AnEsE &
IV —=VEFEDNRTULT =Y %2E5 2 LIZE L, Lo LRAIOMEZ IS E L, #EH
DY) = EFRICRAME 2 MNINT 2 2 & CRBINICERTTEE TS 5. BAEICIE, RAID

ERMEREMEON L ZiIC, HEOROXMZMO LT, 2hE¥ET—yFD7
V—vERIMT 22T, BRI LLT—5%85, 2L T, ZOHEBSILILT—
8 &AW TRABREICE T 2 ERIOEAS T E2HET 2.

4. = BR

Db & 9 ARET DR Z S $ 2 72012, AURORA-2 7 — 4% R—2 % f\wThL
ToEEZITo 7,

%7, AURORA 2 O train £ v F 4 ¥ A4 7' X 4SNR il 16 #ESBE TR T2 o> T, #
HFERBEIMR G ORI AL 22835, Kz AY ZHT, (8) X X ) 1T 16 MBI
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1 Overview of Eigen-SPLICE

O rl BEET D, Z20OHB, A== FVERRL, TROOWEKL, TR EN
ATARY P IVERD,
BonTEs%EHGT, AURORA-2 O testb £ v MW U CRRIRZ 1T o7, testb
v M train £y MEBRWHEE DY A Tok4 7 SNR TR STV 5, DE D, testb
v MZRHOMTEREITH 5.

41 £ B 1

£, BISI L LT — o 5B RO SNt ERE L7 & & D, RETHOMEREZ H 2
7202, TAMEY bO—HE BRI DEAREHICH G, test £ v MCIIMEFERE I
1000 #Fid 55, 2D I B 800 ek, 200 zEAYFHMIHT S, 2oL E, HWIGICH
W ARREORELEZ CRMRFERZITo7%, £, HO23 BRSO PHIHICE TRV
MREZ R L7726 & L7, R E LT3 MFCC13 RITLICA £ A A% A 72 39 KXot (HTK
TH MFCC_D_A0), #ZFMMEHEZEHT 2 GMM DOREASUE 64 IRA L L. kG
RiE, testb £y F D N1265 N4, 0[dB] 2*5 20[dB] ® Accuracy DV-¥3% JHv>CTHHili L
72, A, FEHO HMM 13 train-set D27 U —VFHEOAPSEH L, 1 HiEHLD 18
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IRHE, 1IRREH 72D 20 BED GMM % FHFOHEE HMM % H\wi-

MEFBREBOREICN T 2 BRFEROMBRIE, K20k ) Ickho7%k, T2 T0IFERF
Bix, HC SPLICE OUIEZ L 72 b D TH 5. SENE, FHHEEZMNZ 27D GMM
RAEE 64 L Licle®d, HERFIEIX 81.14% & HEREDME >,

BAMNTZEEHT 237 LT — S IEEAIEEHD 200 HHED I L6 5V F LI
BALTD, PEOBAICRMEREBALEICRZBDOD, F—y 2P T EREL TRV
BARELCVS, WET—7% 3 2% oE THVS L, T 12.0%D D HIHED
Ront., BEEOFEMREBEEEZR—2 74 VRERFIELE EHITE 1 D (a),b),(c)
WZRT.

4.2 £ B 2

RKIZ, BN A7 VLT = 2 WG ETIE RS, BERRZ L VT =5 ZHWTER
T E2EH L G EOREFEOUR LR T 270U TOHEBEZ{T-72, £7, Fon
T RAOHEERINE R L BT =5 D7) — v HFFEPSHERIT— 5 2R L 7. SHlIEE
fliic, HEEAHINE T ORI 0.25[s] ZHEET D ADXMZE LIRE L 72, Z DMEEFDOADXE%
TWOHL, L, 0.50[s) DHEEFDOADXEZE2. RITH S NI HE & REHEET, 7
Y=V EFICHE DB LERT 2 2 L CRUMNAMEMIEE 2SS, chT, BN
VIVF—=%%5%, ZOBPARILALT—=8EHWT, FBi1 L FERIC testb £y MR L
THEERE, BEE TV, Z OB (Accuracy) DR AT, £7:, ZD L DM,
RO TERE R R L 72 ERAB 6, WD T — YR 2 HKFE L, 2OLEOMEE]
D (d) TH?.

PERFELD 1LI%DRDKRORERHL 2 EDTELD, gl TOEMNLRELD
HERMETLTLE->TWw 3, Hitk 0.25[s] 2HEEXHEITH 3 &\ ) FEFITRME 2 ) E
ZEOVT, B MMERZER L ENFREROVEDEEZ NS, ZOHFDOAD
XiZzANVer 74N EROEFEGRETE DEEICHELLD, SBT02P LEFE-TH
5)ZETIVROHZTOADOKMES 2720 T2 2 Lasikiug, BN REICTD
E, BT LLT=Y 2O GATOLIDEVEEZEONL EEZLNS,

5. F & &

M AHNE B ORE DT 7L %2 LM IE FEo—>THh 3 SPLICE 1%, EHHE
TEESAZRICRELTE Y, FEFETBIE N ICB LTI TR 2 5T 2 2 L aMeEE
INTORY, Z2 2 TARPE TIERAOHEZTBREIN L CERARZEICT 2 2 &L 24
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Word recognition accuracy(testb-set) (a) without enhancement, baseline. (b) with the con-
ventional enhancement. (c) with the proposed method using ideal parallel data. Principal
Components: 6, Adapted data: 32 utterances. (d) with the proposed method using quasi par-
allel data. Principal Components: 6, Adapted data: 32 utterances.

(a) Rest.  Street  Airport  Station | Avg.

20dB 90.16 94.63 86.88 88.18 89.96
15dB 71.31 84.59 66.39 69.01 72.83
10dB | 44.77 59.90 40.42 42.77 46.97
5dB 10.51 31.08 11.08 15.82 17.12
0dB -15.2 11.24 -6.26 0.00 -2.55
Avg. 40.31 56.29 39.70 43.16 44.86

(b) Rest.  Street  Airport  Station | Avg.
20dB 99.36 98.36 99.02 98.86 98.90
15db 98.53 97.28 98.51 97.32 97.91
10dB 94.96 90.87 94.78 93.06 93.42
5dB 82.64 70.56 80.47 72.82 76.62
0dB 49.43 33.68 43.16 29.25 38.88
Avg. 84.99 78.14 83.19 78.26 81.14

(c) Rest.  Street  Airport  Station Avg.
20dB 99.45 98.16 99.18 98.76 98.89
15db 98.47 96.96 98.63 97.40 97.87

10dB 95.37 91.69 96.26 94.01 94.33
5dB 83.81 74.41 83.51 76.56 79.57
0dB 55.90 39.46 52.06 38.1 46.38
Avg. 86.60 80.13 85.93 80.97 83.41
(d) Rest.  Street  Airport  Station Avg.
20dB 99.41 98.16 99.26 98.64 98.87
15dB 98.47 96.99 98.22 97.36 97.76
10dB 94.67 89.74 95.00 92.92 93.08
5dB 82.05 67.79 81.29 72.40 75.88
0dB 51.08 33.82 48.65 33.83 41.84
Avg. 85.14 77.30 84.48 79.03 81.49
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BJ 2 Word recognition accuracy after proposed enhancement and after conventional method

7o, B RFEIGT 37201213, AR THIUEE a2 v =% v MEICERITORIER 7 b
NDIRTG R =F EHEET ZRENHY, L OHERZELTCLE). 202#IT 2720,
REFECTEEIMERT R PUVICERD O ET 2 L THETRE AT X —F ZHIF
Lz, Zuc kD, PROBEIET— 5 THOHEY R REEASRAHETE 2 L) ko7,
5.1 SHROEE

Pl ED X 912 SPLICE O EZ BRI L HIRETHETH 203, REIW L D0 0RE
BhHs5, FT, FLST VLT =8 BT 280, HEFXEZIEFEICHEICHEE L 2729,
BN 250 E RS KECE T LT L £ o T3, X SR ME XM EE T2 2
LT, BT -2 0BATHMEER LRI EEELTVS, £k, SHIZHEEL %
ol EMS & QRIS T2 TETH .
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