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Abstract Speech acoustics vary due to differences in age, gender, vocal tract length, microphone, and so on. The
authors recently proposed a structural and abstract representation of speech, where these variations were effectively
removed. This representation captures only dynamics of speech. In our previous studies, using this abstract repre-
sentation, an ASR framework, which we call the structure-based ASR, was proposed and examined. However, there
are two problems for the structure-based ASR; the curse of dimensionality and the large size of modeling unit. As a
solution for these problems, this report proposes a new acoustic modeling based on parameter sharing of statistical
structure models and efficient reuse of the shared models. In the proposed method, edge vectors, which represent
speech contrasts between any two acoustic events, are considered and parameter sharing is carried out based on
clustering in the parametric space of edge vectors. To construct an acoustic model for a new word, the most likely
edge models are selected and allocated for each edge vector in the structure of that new word. Experiments of
recognition using continuous utterances of Japanese vowels show the validity of the proposed method.
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Fig.1 Structure extraction and structure-based ASR.
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Fig.2 Multiple stream structuralization by parameter division.
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Table 1 Conditions of acoustic analysis for structuralization.
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Table 2 Recognition rates for the 20 new words with word perplexity of 120.
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Fig.4 The performance of the shared edge models.
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Table 3 Recognition rates of experiment C.
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S K =50 L LTHEZYy PETIVEERLE, =y PET
WD E LT, 1) WNASEILTHA Y 259516, 2) &
YW A0, 3) 2IRE N T AT, 4) A RET T A
A D 4D BT, %8 3) 4) ITBVLTES T AT
AW E Lz, RAGEE LT 20 HigE2MEL, &
BAFFEOEBFEERE 2,4, 8 (L& 1 755) 2283 ¥T
HELy PET DS 20 HEEDOHFEE TV Z/ER L 72, iR
BT, FERE ZRRZRABLE 4 40 20 HEE, %55
FRFHIE S E L, RELHEEA—=7Lv X T 3daTy
CEFNERICH O EEER &0 120 £ L.

BRI B R B2 A 8 B 1= S CRAEES B OB %
AT 25 (UTFEBEC) 21T-o7%., EZy PEFNDE
BICLMGE 140 W =100 §3E, &5HFE2HVWE. 77
AZBIK =50, L7 ZyPETNOSAEHIRE LT 2R
HAT AN AT, B 20 HEORMIEBICN LT, Gt
FRFEOSFERE 1, 2, 3 L2 7, HBEHRATH LY
BIROZWEE 1 4D bDEH W,

4.2 EBRER

9, FEEA OFEREZN 4 1RT, K4 1d7 928 Eix
T 2 RREOZE FHliEEE OMWNFIC 7y FLEbDOTH

%, Ko “Al” BAROFETHY, 772200 DL E
12 81.24 % DAMERERLTWDE, RIA—FIGRTbA
WA, ZORMFEIZ38.05% THY, RET L7 X—%
HEOMHAIC X > TRIBICHERR L2 2 L2005, %8
HMM % E#E 70 & LF#E%Z MCEP & L 7 HEEE ek
IZBWT, EEHEE 1 Ao —&EcREEE2IT>TET L
L7856, Z0RBERIZ6T8 % IKHE-7, oI5 HD
RS CIREMAEEE ORI X AR DN 10 % BETH
3725, HMM #7258 2 D751 30 % 1E 81Tk, T
HOLREEICES S EHEERIC L o T, FHEDOEIRIAMNIC
WO BEANT WS Z EBTD5,

RICFEEE B OfEREZR 2 IR T, L2128V T, wAEDIIZ
HEEERICH W TEREEL T0b, BRDLODFTER%
WRTIconT, BRAFKFEORES FMH I, HiEE T
MWEET B ORBENA L T, —J, NAoEItIH
EAFEIETHRICE Gy PETVICHR, BEST T A5
iz oG AICKRIFICHERER EL w3 2 pbhr s, £k
BAAT I ADHIZE B2EFLOEE, HHOENIC L %R
IZhF D EDRL, JAUL, HEEAY A VR EOBINTEARDRE
ANTMZ T, FEEDENC X 2EEERLEDETICH L TH H
ZREMNTE TS I EERBL TS, &FNICE 2 RS
HIAGHIZE DALy PEFNVOWENRGE L, 4565
DHEFEIC X 2EHRT 8712 %, SFIETHOERRT 91.50 % DR
WRE ok, e, FHELyPEFNLOEFIHA 100 B
FEICKT ZERMRRIIN 95 % Thok, ToZkrsiiEy
PETNEAVE I LT, RiBkFErdHrBER-EE, WE
WO FHERMRE L O FIICHIRL 9 2 2 L 3bd ok,

BigIC, EBC OfRER 3 ITRT. BROLODOFEFERE
126 2 1KLL, KiELZFREom LR TE 5.
FhE B OBE L HART, BERIES OFEEMEDEVIZIER TN
T, BRIEFEZHEPLLLRICE ST, HTmAIALVED
FINEE S EVBR SN BHRDENLEEZ NS, HEEE L
TIXEBFETTED 3 DBAIC T % DRFREL-TEY, H
A OfREHKRTIUE, ASEOMETL ) RREETLVE
BSETETVWBEWVNR B,

5. £ D IC

AFTIE, BEENRRICES S FREEBHRICB 5, KiEgys
RS PERDINENREETH B L v EICH LT, HEH
ROMNBEHRZ AR L T2F8 7Y v 72K L L, i#

HLIETY VTR, Ty X7 PVENCEET 2 HARR
ZVIAZ)V I ko THIEL, #HZyPETILELTE

— 5 —



TIUET 2, ZOETFNVIIEIRNCEE T - 2w 2FTH
WEE KR LSR8 TES, S5, EIyYE
FTIORFEREL E LTy, BTRAXEFICKETLEEID YT
B2 ETHLVEEL SR CGRIRMTEECHh 2FH LR L7z, X
O ICHEOEN, BNEACHLT 20, Hy PETN
ZRET I A TETNMUL, ZOERMEEZ R LT,

SHOFEE LT, X DRWEERIETIC X o CRifds 1
ETNEMET ZHRD IO NS, Z2DDICiE, FMEEOR
TCHIR B ) 2 B Pl 2 a2 08 03H 5. £/, SHIZ
HliliZe LOVEHATH B T2 525 Y ) 1T ko THAEFER
ZRHL722Y, 7% A b L OMIBEIRE & &2 &IHIC, BEEED
DOPHAIC X 2HNBROEF LD BATARETH 5. A
faciim L - LGB o MIE, ROFEICB T BES S 2
v+ OYER E HRER L O E D% L TEERLE E
TELHEZHNS [18)~[20]. N5 DFRAEE» LT, MiE
O DOEFAERICE T ZHAIC OV THHEL 72w [21).

6. i 2

AR ERFEKRE /T =)L COE k¥ a7547 - 2L
Fa=2 2, OEFIET 7 v FOXIER2Z\ TTbii 2,

X [

(1] ARAEL, “HESBE T OEFERTIEY, BB 7 4 — 7 4
FIT2003, 2003.

[2] N. Minematsu: “Mathematical evidence of the acoustic uni-
versal structure in speech,” Proc. ICASSP, pp. 889-892,
2005.

[3] N. Minematsu et al.: “Theorem of the invariant structure

and its derivation of speech Gestalt,” Proc. Int. Workshop
on Speech Recognition and Intrinsic Variations, pp. 47-52,
2006.

[4] Y. Qiao et al.: “Random discriminant structure analysis for
continous Japanese vowel recognition,” Proc. ASRU2007,
pp. 576-581, 2007.

[5] S. Asakawa et al:
structural speech recognition,”
4100, 2008.

[6] N. Minematsu et al.:
recognition by simulating infants’ speech perception based

“Multi-stream parameterization for
ICASSP2008, pp. 4097—

“Implementation of robust speech

on the invariant sound shape embedded in utterances,”
Proc. Speech and Computer, pp. 35-40, 2009.

[7] N. Minematsu: “A consideration of ASR based on ani-
mal evolution and human development — what should A of
ASR stand for? —,” Proc. Int. Workshop on Computational
Models of Language Evolution, Acquisition and Processing,
2009.

[8] A. K. Jain: “Statistical pattern recognition: A review,”
IEEE Trans. PAMI, vol. 22, no. 1, pp. 4-37, 2000.

[9] Y. Qiao et al.: “On invariant structural representation for
speech recognition: theoretical validation and experimen-
tal improvement,” Proc. INTERSPEECH, pp. 3055-3058,
2009.

(0] GUIE: & ORI S & HBIS T % > 7 3 75
W, BT ERBEAEE IS, SP2008-113, pp. 203-208,
2008.

[11] M. Pitz et al.:
transformation in cepstrum space,” IEEE Trans. Speech and
Audio Processing, vol.13, pp. 930-944, 2005.

[12] ZEWaEWHflh: B - FERIBEIRAZE ORENTEEESR L 2 i

“Vocal tract normalization equals linear

(#:2) : http://www.ee.t.u-tokyo.ac.jp/gcoe

O EFROHEE T v I 2 HERINE S, HAEEY
DABRZHNE CEE, 1-P-12, pp. 147-148, 2007.

Y. Qiao et al.: “f-divergence is a generalized invariant mea-
sure between distributions,” Proc. INTERSPEECH, pp.
1349-1352, 2008.

S. Young et al.: “The HTK Book version 3.4.1,”
http://htk.eng.cam.ac.uk, 2009.

P R fth: 5 ORBERIRR 2 G E#ERIC KT 285
A= WHICET 555, HAFEALNFHGECE, 2-P-4,
pp. 117-120, 2008.

MRt “FHEOEER 2y 7 -7 LB LRRIID 2 7 X
v MuEER G HE T N v 7T, HAEEYEREE, vol.
42, No. 11, pp. 860-868, 1986.

I —flh: “EREEESE OB INE AT HE 7 FEE S PRk A T
L7 BRASHRSGE C, vol. 118-C, No. 6, pp. 865-872, 1998.
KEWG: “F &b Do XFOBRME, FIlEE, 1986.
RN «5iEERE &8 1EE, ATIEEE, vol. 35, No. 9, pp.
62-67, 2006.

N.S. PRy aAf: “EHRamOJH, HIEEE, 1958.

D. Saito et al.: “Optimal event search using a structural
cost function — improvement of structure to speech conver-
sion —,” Proc. INTERSPEECH, pp. 2047-2050, 2008.



