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Abstract This paper proposes yet another acoustic representation of speech, where speech events are probabilis-
tically described as distributions, distance between two of them is calculated based on information theory, the
distributions are relatively captured as structure. The resulting structure is mathematically shown to have no di-
mensions to indicate multiplicative or linear transformational distortions. Once an utterance is structuralized, the
structure can be transmitted from a speaker to a listener without any distortions. This is called acoustic universal
structure in speech. This structure always exists in human speech but not always in synthetic speech. This paper
also investigates the function of the structure through listening tests using the synthetic speech samples.
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Fig.2 Utterance-level structuralization of speech

b, 2 2, M - AR - A - IR R -
R & Mk, BICHOMEREFE T I 81 5 BHERHKAAE D A

BEREIN[6], FHED 5 J%ﬂﬁ?%%ﬁﬁWT&LTﬂ
HTE5, —fle LTR 1 ICHARAFE—AIC HEY 7

W S A L 7 SEEE RBEN 2R, &k, ﬁ%ﬁﬂ%«ﬁ

FLELCRALTHREEINZ T 2—2 ) v FiEEED,
WIS, FERM: - SRR TE A BT 2 ) - IEA L
L 720 EEie v F v VHEIC i 3 2 L 2 FEBRINISR L T
W3, ZOWHEERER W CERERERE A S 7 —BE LT
TR, PHERODEHLIT > T05, EfiEmE» 5 F A
X, MR LICHAET 2 20BN L b EbN BB EFEZNS
WMEOEHEMEICE S THE TSI LLAMETH S (7],

4.2 BEAOBELLISEEOBELA

TEMRENE X, KEHHRE2MERGRIICoME E LTRZ,
THRERIC AR 2 F L, ARG s LT 3
ZLETEREIND, 22T, ERHERVSENCEERDLH %40
FInl, FEERTH>THHIT S, 2L T, &4 FE)
HRONMMLIZHR—DEFFHFICB VL THAMETH 5,

B 2 IR A TOEICOWTRT, I X—F T T
JIRERII & 75 o 15 & —i, REE (904) RN LT 2,
U, HMM OHFEFOARIC L 2 FHZDHDTH S, 2D
%, (CEOSMEEMHZ (K2 RO 5L,
AT 2B T 2, 29§22 & CHFEHIIMEN LIRS N
%, HFE D oM Sk, e - Ik - 5% - -



BUZ B TATGEIICIRA T 2 BAIA] 5B Z 21T, §EL
FLolET (D) CEEERDOF EEESNE, 20 THh
50 2EHL L ETORoEEMENEZKO L L, 20
LR RRT 4 OEFRNPES N TS Z LItk <,
[8] T, EfEEA TS ) HE NP CV i 2
ARTHEIELSHESINLEL R2HEZREL TS, SEF
DY ERIZBREC X > CTERT 208, FTEFRB O
FETHD, FEMGEMEZ G L 20 o FH2IA 03
&2, Y0 LS ORI 72 5 2 LIXSRTH B,
[9],[10] TI1&, HEHEAOH A X & Z2 DUBICOWTHEERL
T3, LHORSAAMEHREBHNTE 284, TVHELR
(Fl 21X SN LEaME) FHETH ZDRED AR TH S L %
RLTW»3, ZOHEIZ, B 22815 E a5 A7
THDERET 2 ERBICHMRTE 2, MEHEMLOBIZE TN
LR R () Bsn Oy, BIROEIZ ,Co EHD, n D
BN AE, ¥R OBIE O(n?) THA S, b, khK
SREPHCERA MY —A2fEE LTHRA S 2 L TENL,
ANEREBHML T TOHFEDME AR AR E & 5,
[11] 1%, HAREE— 7 H A 2> AEFEBRICLD, AR
LV ORREBR R (o) 2Rd RKEOEFEXEPE—70
ARICRDEML T3 I EZ2RLTW5, BRRERRILEGRE
THOEERRU OO —-ZOEMTH L I EEEZDE, TD
SRS I AZE THCEINC R L 730@ R o R 2 # b S
IRB Y 2 EBHERTH S, L LE2ITRLL )i, H2
HRWOIHEY, “EEHROB G2 TR T 3 b 0TI
v, ANEFFRZ 0Ny 779 v 7L, REICEE 7 &
DEEHRR O FEEE S A L 2RO EENREI NS,
[11] DFEBFEHE LD, 27 FLOBINFISE (A7 72 b
7 h) BREIN(12], 20k, fEc OB S
Tw3, L2, AETRLE 6l by ickiid, =%
BHLR O JTm” OFRIE, A 2T 5 2 Lo (mlig)
2, ILTNEr 72T LDEAIZL ST, FHEEDERIZ
N 20N MEZBITIERT T2 2 EPRANTTFHIZINS,
Wirele8 9 A — 5 QBT — ZIRGEE 2T, BRI ED
oz B213) FEEANORGEEMBCANICHT I LItk 5,
JE D X VRS RIS AR chH 2, FEROAR
BERFHICADE LI EENT 200, HERREDLZR
TRy — TRESRZ2ETTH 2, MR E b RN
VA —EY L LTRHESNE YL, FEWEBMEICE VT
E—EIEAREZ AU v, BB R 2T L, ST
F% 2 & Tk RIRNARF SR ATEE & § 2 A HREHT & ofiE
232 YTh Y, ARG & FBROBVEETH B,
RRFIE L CHAET 2 BESRRICH L, Rz RO Z %
JcBfR (BHEE) %Iz 2 &, GhE - BB - BIGE IR S v
W 2 IRSE B S s (ZEBofhRL) . 2 OYHE
the SHEMANM (B SHEH) LERTUE, SERSICN
LRz 8 2 2 T CBIRZ A - b OV BGETH D, HEER
Flicxt L Cz o CUER) 2272 boot), 20 kg, X,
SR, FREREG &, SiEOREMEZ YO ISR ES
Ta2ebriichs (B32MH), AomRb 522

C D
A sentence ﬁ
C = D

From phrases to a sentence ﬁ

C =C D ( = ) D
From words to phrases ﬁ
From syllables to words ﬁ

(020]10,6) (©,010,0106,0,610)0,0)

From acoustic events to syllables
B3 s Sl

Fig.3 From acoustics to linguistics

5.0
45
840
g
3 35
B30
g
525 I
3
3 2.0
1.5
1.0

D1 ‘ D2
R4 RAEER IS TERO 2 F% L L

Fig.4 Cancellation of the inevitable distortions from speech
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# 1 HMM *EEM
Table 1 Conditions of training HMMs
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Fig.5 Mora identification rates by naive listeners
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Fig.6 Mora identification rates by expert listeners
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