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Abstract Non-linguistic features such as vocal tract shapes and acoustic devices are inevitably involved in speech.
Recently. a new representation of speech without any dimensions indicating the non-linguistic features was proposed.
It discards the absolute properties of speech events and captures only the interrelations among them. In this paper,
first, analysis experiments of the representation in noise were conducted. The results showed that though additive
noise distorts the representation, it can remove much of speaker individuality by modifying the upper-band spec-
trum to be uniform. In the next, recognition experiments of Japanese vowel sequences in noise were done. The
results showed that the proposed method trained from a single speaker in the matched condition can outperform
the conventional method trained from 4,130 speakers with SS and CMN.
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phoneme is a class of phonetically-similar sounds and 2) a
phoneme is one element in the sound system of a language
having a characteristic set of interrelations with each of the
other elements in that system. TREFEE T NIL 1) ITHED
(EMiTH2, BREAPFEOR, MLELALL, #5
FRYEICEB L 7 BFEH 2]~ (4] bH B, SHERBERKOMEIE
HRZEZTOI LI MICBLT, ZhbRikh 1) i< b
DEERD, THIHLTEFE, BETBRLIESENFEE
BEEREOCRAELEOEARRE LT "SENLERE, [5), 6]
BREINLD, ThRHFEFERALOERZEAS L TH
SN DBMAMLBETH Y, 2) IKEIKBVDTH D, AFFEIZ
BEENLEMEDOEHEARAONAZENE L TW3
FESFPICINIRS Sh i BARERET R W) AR
WEATICB DEBRET R, SR, BiE1L4TEEINL
REFED, (2kHz O LPF 238MT5 2 £ T) 100%0 ik
FEEBRTAIECHEYILE[T). Z20LEDEHERY ) — V5
LHo1N, AMTRIBESRET COGHEERLELS. 7,
EETTREEMVSSCHEINE Z LICERL, Z0W
KEAVITOWTOEMER - SR 2TR . Ric, BT
TIEBI2HERERERFNOBBRIE LT\, SS (Spectral
Subtraction) % V> 7z RERFIE L OLKEREZTR ).

2. BEEOMBNER

2.1 BEICAUHNICEAT 3= BNEH

HEICRAT 2 IESEWRMIE, MEMEMS - REEEA -
BVEBHESO 3ERICHEEINE, Db, FFi TR
AEEIC ) IBAT b 013, RENHEA - REABHEEARD
SChH B, MEMESE, HEEEOMETRE SN2 HBET
b, BRETHZOUEGITH 508, THNIIBFZ2RHT 2
BEDNEIZE - T, WHIWICHEKHT 3 Z LBAfELDT, E
BICEAAENTIA R wWEELZ NS,

FEMTEAL, AR PVCHTIRETRBEINIER
THY, F7AFSARTZ Pl TBERZ L b OME
d=c+b TREIND, FEBBORELZOREFTH S,
&%, CMN (Cepstral Mean Normalization) &>, §&#&
ﬁ@ﬁwk&é?%b%ﬁf*% LEERTDLL, FEDHE
BHROEO—H RENEATH S LEASNS, HHE
BT bBEE - b5 HBEEIC > TRA - WRENDOT,
_ﬂemTTﬁm&{&Té%

ﬁﬁzaﬁﬁau CWNT BT A DRE ¢ = Ac TH
ﬁéﬂ%%&fb% FBEDEERDER, I 5IIIFERED
BEHSHEOZRLET I, MBARYZ P ICH L TR
Y+ —CV IHMEI 0B 05, BRI OMETH 5 B
TA—EYTE, cliHTE ADRETRT I LNTES (8],
B, FEREOER, BERREDZEBILECNICHIEERIEE
BRELTHEIZEMTES, Zhs bRUBREERTH S,
SPLEXY, EEICATRNICREAT 3 IESENRSIZ, cic
NTBET774vEM = Ac+b TEBWICEREING.

2.2 BEICHEYTZZENTERSE
CEEREINTY 2 FEMSERIE, LRLET 74 0B

X1 BEREOER

Fig.1 Theorem of the invariant structure

. Sequence of spectrum slices

Sequence of cepstrum vectors Il
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Structuralization by interrelating temporally-distant events
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Fig.2 Structuralization of a single utterance
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BEREOEE : BROH 5B & LTOARTHELY
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ERENB. 0L [T \/pi(@)pa(z)de < 1 HEEE LTHR
FrUL, A (1) ECHERE D, B bt LAD, %
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M3 HEG B FEIEL
Fig.3 Acoustic matching based on the strucuture

HBDT 7 4 VBB Ac+ b DT ERES, NFFy Y TR
ZDHHBTAETH D, S5, NFF v ) vHHEEIIZEE
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3. BROBENRKEAVCEERH

3.1 —HEOBELLEZOFENRS

HHROMENRREA L EHERRLELS. 7 —%E
ENLFEDOEFBRODHRIN % B/%, £EO N6
PRRlE (BDLBERETTS)) 2 KD B L THERRREELT 2 (K2).

KiZ, MBEDER (Pr,.... Py, Q1,...Qu) THREN 2
DOMEDIL, —HEL 7 (b) LEEE (A) ORTHH—FH
WOED 2 2 ETEEWHARTRIC L2235 (M3). &
DL XOMERER L, WY 3 EARMEREON (X P2
DER/AMEE LTERT DI LICT S, SHRIEME LTy
F U YREREOFHIRE A5,

VPP -QQ) ®)
1 ELOMERAERZEMT 2 Z LB FRENTVS 6. R (3)
i3, HEETSIO ) L ERERO EZARYERZ PV (0%
TR 7 by LEETZ) LLTHREEED2—2Y
FEEREICHIN T 5,

3.2 BRERDHOBASRERMTE

—HREINLEE) O T AR EMET B H 5T,
FT—=8Bn PR BIcBA (Maximum Likelihood; ML)
HETILED L2 HET 2 ABEISE, 22T, BF
FRIMOERAFEHER (Maximum a Posteriori; MAP) #
EEBNT 5. MAP €0 B AMA B L T (1) %
B LA, UTF, 9BESBTHIRSTHETHSE. £, A
MRTRINIEA Sh HAER TR 2 RBARE LTS
(FHIESE 3.4 80) OT, ZITRERE (/a/, /i), /. Je/.
[o)) DINIFEEHAEL, ThrFHMKE LTHG S,
NS R—HAEBIIA Y AMLEND GF M) . MAP #
I 287 X —F I3 TFOMY TH 3.

fm - m BHOREFDOFEHR 7 L
T o m BHO RO 3 TS
Ho ) DV (= 5 TN i)

prior knowledge MAP ML

M4 HFEERIMOBKERMERAT
Fig.4 MAP-based estimation of distributions of speech events

To: {Sm} OFH (= £ XV 5.)
Sy {tim } DNAHLTEATSI
(= 3 Loy (DIAG (i — 10))?)
Q:=5%5;"
pmr : ANFEFEOFEHX 7 bL (ML H#5E)
ANFEEDNFEILIHITI (ML #5E)

EMmrL :

2T, DIAG(z) i¥, RZ bz ODEFE L NARS IR
MEHFEITIITH S, ZhoE2HWT, MAP #ETIRAN
HEOFHEUTOL ) ICHET 2.

urap = fo (4)
Smap = BA™! (5)
T,

do = QUQ+nE) 'po +n(Q+nE)" uars, (6)
B=B+ gZML +

5 UDIAG(uar — o)) (@ +nE)™ @)
B=E (8)
A:A+§E (9)
A =735 (10)

THD. pmar W po & ppp DREEE LD, n DBIMICON
Tpmp WCEDL, AR T BRZHICHLATHS 14 7L —4
VHCOLNIDT, KR n=14 T3, TOfEEELIE
TANFEFEOERAGRICH T 2 EAZ A T2 2 LTRETSH
5, BERRIMO MAP HEEDRKRT %K 4 ISR T,

3.3 ARV NLEEBRSBRE

AR TIE, FHEICTAEWIGRAT 2SS HENKME 7
T4 VBB Ac+b TREL T34, ZHREBIELEFLTS
D, EEEENEDIESENRRENE I 2HRIIBSH
TVBRBNDBH 5. (7] TIX, BFDAXY b LEAKD 2.2kHy
U EDWBIFEEEO R L EEN TV B [12] 2 & 2B
FAT, HAICLPF 28T I EICKBARY P BRSO
H—tz2fikoTw3, AFTIZI &I, AEOETONEICE
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CEPl sequence
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CEP distribution
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Mahalanobis
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\810) ————> forletnuti S\
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K5 #dEz Az AREFERIIO R
Fig.5 Automatic recognition of Japanese vowel sequences using

the structure

3. BRHFI—ETOHETS GERY A XidsPs=120). T
D& BEBY AT EHEDHA BT B AR ZR 5 I
TF. 9, ANTED S ERETIIZRD 5 2 L TEE 2EIEL
T3, IO WBEFARIEEEHERL (18], £, HET
TG A XN & e d (FHISE 4.3 80) O T, ThEIE
T2 FHEELLTHVIDIE, F3.18TRREBER
2R (10K5T) THB, Kic, TRBICK:EZMEE TN
RUTDEHILTES. #ED/a/-/i/-/u/-[e/-[o/BERY
s 10 RTEA Y AR KD, Tk TERETET V)
LLTEHERT S, 0 119 WDEF NI /a/-/i/-/u/-/e/-[o]E
FLOBEREZWT 5L TRONS, BEOTENRER,
ANHEERY P L ERBERFTET VDT ) EARE#E K
HBEILTHARY. M, KFRAZICEWTIR, ©NT/ ERE
BEDBR/IMEIZREDOBKIEICHIET 5.

4. HEBRBTICRIIZ2EROBENRR

4.1 BELIIEEOBENRKROEH

TEOEEEIRERTES - MV EREER N L TEE
WkTKT%%# A TRESRETORRERZITR )
.w MBS FEOLEBEICES A ZPEBIIOLTERAT
&6.79 VIR ER, BE BEETOEEOART—ART b
LEZRER |X(HP ISP V(AP EL,

Y ()P = X () +IS(HIP (11)

BRIZT B ERET S, R (11) BRBEAT—RRT b
(y(f) =log [Y(f)|?) LkickBwTiz,

2y(f) ~ log( exp(z(f)) + exp(n(f)) ) (12)

LRIND, HoT, MEMHEZIZY 7R 7 AL TIER
WEmE T o, TENEEMELZOBRIBLLOLTF
HEns, X6 BMFED 5 BEFE, Ward BICX 3K+ A
FYTIIRIV Y I RHGTEIBIULL b DTH B, 0
LE SWNEMER1IDOEEN T, MAPH#EE (n=14) 2H
WIHBAERSHEROTVS, Fid7 ) — v REFROMYK

#1 INERICE T 2HFENSEF
Table 1 Acoustic conditions in the analysis experiments
¥+ 7Y 7 16bit / 16kHz
= 2K 25msec, ¥ 7 M 10msec
I A—% FFTcep. (1~12 Xi0)

Clean SNR=10 [dB]

Accumulated distortion
Accumulated distortion

R el h/
K6 BHEED5BEORIYK

Fig.6 Tree diagrams of 5 vowels of a male speaker

h/fal lof

THY, HiFIhic SNR=10[dB] DHBHEZTEMI DT
b5, BT A RXIZERMLL T2, BERB#ESTICE>
TEATWS, BI2/i/ & ju/DIEMMBEL Ko T3, h
/i & Ju/DE—7 V2V PREVIGEFICH Y, DT
ey BESICEbh LD EEIOND

4.2 BBICLDEERONKICAT 2EMNMT

[7) TIXEAIC LPF 2BL, FEUEPSG(FENDIARY
FOVESES R TICHIZ 5 2 T, HAERE RSO RS
ZELEER, A7 PVEBRS 2 ERETEH—LE LS5
DR, B3 AETHS, ThidMEHEETOBERI
ko TEBRINS, BT, 5 BOFEEVFEE L /a/DAN
7 pragke Ry, kbR TORE, 2hEhs)—-vE
B -LPF (b v M4 7S 2kHz) 2MEL 2EF - ABME
(SNR=10[dB]) 2EBLAFHCHETS. FEHICLHE
DEBIC K RNTL B, ABETOERICEY, 2hdk
WChiz 5N, FEEWOMELIRMIIT b TS I Ly
2%, HL, KBIE 7T PFRROTOFFEZECTALLET S,
EEMIERICRIHEEIN TR,

4.8 BSICLIFELOHKICET IERNDR

Tk BEEROWHRICOVTERMICARNS 0, HF
ERELLBEOFEEMMEER - BENBEERO BN
2ot 84FEE (BHad, kM4 k) B5BEEZSE
RELETF— Y2 EEERELTAVE, 225K FEE
12 5D [a/-/i/-[u/-/e/-[o/ DEE &AL, U SNR = o0
(clean) , 20, 10, O[dB] DAGBHEZ*EEL, R 1 ICRITHHN
ST TA LI b5%KD, MLH#EE or MAP H#EE (n = 14)
ko THHELLE. ROLBFEERIM» S, HFEHBICH
WrsH Lz, Zo, 2REDY A APFELLRBLIIKIE
BULEMETEAL, MERVHAD 2B 2RAL, LA
WD S, FEMEER (5Cox5° =T700M), RUFEEN
BEER BxsC; =80 M) 2Rkd, oNREL L.
AT ORER, LOBATLEREIX p < 0.001 THEE
MEROADFEENERLVKRES ko, Zhid, FERE
DFEDR, HEXERED HEOFTEEME) MHRLERVC
EVRINE RSB, EHEAROFY, BENEROTFYE
#£2ICRT. FMAORMEE, &Y A X2 ERLLIEED
MRTHD, MLEEDEAEDL MAP #EDEEDL, UTO&
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Fig.7 Spectral envelopes of /a/ of 5 speakers

IRREBR LN, T, BEYA XRESRLLEVES
SNR DIET & &b ICHEY A X&), Z0ER, &
EHER - FENEEOLRP LTS, 22T, BEYH4 X%
ERMELEBEE2R2 L, COBRATOLHEZTOREBICL>TE
EHER - FENEEDHEL LT 200992, thid, #
H2ERT2ILT (F0@EEN oML, RUEENORKS
ofFn (15 "HERS ¥)) olfsfTabhTw 3R
Roend, fHL, SNR DETICfE, SEEMER - FENLR
DML T2, ZHIE SNR ICB VT, SHEAEENTH
B (MG A XHFERITNE ) Y, BEBRBALEIC
oI LDFERERON B,

5. MERERT COBAFEIERIODHERR

5.1 JU—VIBERFETIERWREER
FA41MICE T, EETTREEIZOBRIBL L2
AL, 70— EETERINBERTEF V2R T
HFRETOBEE 2 ART 258, ANSTHEOMERROEA
DVIFRRTEBUEEPET T2 EBTFEINS, Tk kb
MICHRZ 70, UTOERETRo7.
HREKNRBEASHEAL b ORMVA, ZIhoKFEE
I 3125 (=5°) D /a/-/i/-/u/-/e/-Jo/DEHEE!. %

#£2 KR (ERNEEY A XOESRELED)
Table 2 Analysis results (Parenthesized data are obtained with
the size normalization)

FEERDAOHEE= ML H#E

SNR[dB] FEEHZEROFY FEANEZROFEY MBEIAX
o 1.47 (1.17) 0.99 (0.86) 12.5 (12.5)
20 0.60 (0.81) 0.36 (0.58) 6.7 (12.5)
10 0.43 (0.85) 0.25 (0.63) 4.3 (12.5)
0 0.25 (0.95) 0.17 (0.73) 2.4 (12.5)

FEERNMOHEEE= MAP #E

SNR[dB] #EEMZEROFY FEAZROFY HEIAX
o0 1.13 (0.93) 0.61 (0.55) 11.5 (11.5)
20 0.56 (0.66) 0.25 (0.40) 6.3 (11.5)
10 0.40 (0.74) 0.19 (0.49) 4.0 (11.5)
0 0.22 (0.90) 0.14 (0.64) 2.0 (11.5)

D% %I SNR=co (clean) , 20, 10, 0[dB] D& HF % EE
L, LPF (hy b4 7 %% : 2kHz) 2L 7:%, ML #E
or MAP #5% (n =10, 1, 0.1 or 0.01 ® 9 LREL B D) I
FOoTEEERIH 2B, ZIDSANBERY P (G
8 x 5% = 25,000 ) %2187, 7/, BT L2HELER
T35, LPF#ICSS (o =20, 8 =05) 2% 584
LA, ZOBE, BEAT—ARY FLOHEICIE 300ms
DHBMEXME A7, BEMEET VI3, FMEEL2R
(TRILEDZ 7V - BE,»6BLF 21875 (=7x5% M
D/a/-[i/-Ju/-[e/-[o/MERT P LERACTEREEL, 0
LEOTBNRM 2R3 TRT.
EBRERIK4DLBOTHS, FHEY, HFTCIER
HRENHLL T3, SSICkaMHERELRONS A, 7)) —
VREOMBICRAETICIRES>TwRY, ESNR D E X
MAP #ZEIC X 2R BR OB RoDIX, HASHOH
EBR7)—VRBETTR>TVS1®, BETOANGZHLE
DETIAR Y FBELLZEBEREEZONS

5.2 METOBERHETILERVRERR

[7] TIZ, BHEE 1 ATER L BERTETVERVT
70— VBREICE T 5 HARERE R % 100%23% L 725, #
EREFE TV OFFICLBERFEEN 1 £ THYRSIE, BOT
ERELERARBELAVT, TMiSHFORSTEIE L 68T 2
HFEEZAKRL, ZhrRIclEste s L (RUEMDSR) %
AVI74 v THEHERZILOTMHLEEIOND, NS
WCED O EFMREOEB IR [14) LBRTZ I EMNTE S,
D LU AMIIFEELERBEHE->TV2

T, BMETOMEHEFVOMELERE-0, F
fli¥ A D SNR 2R L DRED S & (BB, matched 7 5%
), FHEEBE 1 40MST TOMERHEF L (RUS
A 2ACERBERETRo7. BUHEEN s BS54
BJBEHELET—=8 % TODTN—TI5, &IV —TF
123,125 (=5°) D /a/-/i/-ju/-Je/-Jo]DER % B, 2D
B2, HEFALAEL SNR &% % &) QS ERL -,
TInb, 721875 (=7x5%) WD /a/-/i/-/u/-/e/-]o/ Rk
N7 P AERD, WEHFTETLVOEFICH G FENELE
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) £ 3 RMEBRICB 2 FENRS

+. Table 3 Acoustic conditions in the recognition experiment
¥ 7)Y 16bit / 16kHz
= % 25msec, ¥ 7 b 10msec
RFx—% MCEP (a=0.55) (1~12 XJL)
Sy#HEE ik ML or MAP

£ 4 7V - REERET VRV ERE R

Table 4 Recognition results using the clean structure models
w/o SS SS

SNR | ML MAP | ML MAP

00 82.9% 99.9% - -

20[(dB] | 55.0% 98.5% | 68.7% 99.9%

10[dB] | 38.5% 39.5% | 57.0% 52.8%

0[dB] | 12.7% 12.4% | 182% 13.1%

%ﬁSkﬂLT%é# R+ BB T52LT, A2}
.W&ﬁmﬁ%mx ILNTEBZDT, LPF VRV EE
(full band) K2V THikAK, Tz, SS TR TR,
ﬁ%%ﬁskr? K4 XhEshricBOBEEIEON
wwa T, ASIREHE & RREHERE T L ORMITHEERE
’o>;' 22y FUEL ot EEZ5NS, £, full band
@%Akﬁwfu EEREToAvEWEBERsE N, &
RT&LPF%ELK%A&Dﬁwﬁ%ﬁﬁenfwa z
nu AEfS2ERTAILT, 71 er FoEHRERD
00 AR P NVESSRO ERIZ D LB TEL-O BN
é.@L,%av«wm%ﬁukgutg (SNR=0[dB)), #&
BEESHEL TS, ThiE, FELETCELNTHEEE
BRI oD L ELSND,

}53 BERFEE OHBRER

%(a—zo B8 =05) ZHOIHERFHE OLBERD
n&af HHENRT —ZART PILOHEEICIE 300ms D H i
ﬁzﬁ%mmt FEETFIVIE, FHES 4130 GORA®E
HMM, #B#EE 260 £ORELH HMM O 2 38 H OLRFE
ZEEETFARFG, BMEI, 2880 MFCC (1~12 X
5@,AMHB(P%2AD BRUOAETHD (it 25K5T),
CMNk&%%% BUEOERMLLTRo7. SENHIHEL
fu 120 HEEDAEFET 5 XRE BASEE A,

%&F%%iﬁkm? REFHETIE, full band DHA L
gg&w%vatﬁmﬁ%ﬁ@%ntﬁ%ﬁﬁfwa &
mw&ﬁu FRFERTH B, ESNRICEBWVT, REFIE
uwanﬁX¥$;b$EwE%%ﬁfw5 DTN D,

~6. X & &

”$ﬁfu F TR 5\ 5 SE SO %
@«5f®kﬁﬁ%ﬁ%ﬁ&w HE T TIIMEIX Z DR A
étb@@ ARY bVEEBRY EELER D LT, @EE
1&%%6&» WEXRZIENTELZIERRLE, RIS, HE

Ba%ﬁﬂ’&wm&&?(?ézb’cﬁ TORBEBEEITIR> T,
'%OD%‘*SE ANTFHEEFRL SNR OFHE THEE L L EHiHE
Tw(&Uﬁmm&)%mb D i, PEEE ] AORET

#£5 HETOWMSHIEFVERVERER
Table 5 Recognition results using the noisy structure models
full band
SNR | ML MAP | ML
oo 24.7% 170.3% | 86.8%
20[dB] | 73.9% 92.9% | 67.9%
10[dB] | 77.4% 99.1% | 68.1%
0[dB] | 73.9% 87.0% | 71.1%

2kHz
MAP
100.0%
99.8%
86.7%
85.1%

£6 3 ODFHEOEBME

Table 6 Recognition performance of the three methods

SNR | HMM(260) HMM(4,130) Proposed(1)
0 100.0% 100.0% 100.0%
20[dB] | 100.0% 98.8% 99.8%
10[dB] | 94.3% 97.2% 99.1%
0[dB] | 83.0% 86.8% 87.0%

EDPTIEE 4,130 BOREKRFE (SS KU CMN % #EH) %
FRIZERIEON, hid, TOERELAIEARSBLH
niE, A v 54 v eHERITEFAVEERL, Bkt z
BrILWTELILRTET S, SBRIFELZEDERT
ROHRFELEOMEEXRNTIFETHS.
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