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Abstract: In speech signals observed as waveforms, there exist various kinds of information simultaneously,
such as “what” is said by “whom” in “what way”. Humans can generally focus on a specific kind of informa-
tion exclusively and respond adequately. When one tries to realize this function of information separation
or exclusive payment of attention on a machine, he can take a strategy such as 1) finding good features
corresponding to a specific kind of information, 2) normalizing irrelevant components in used features, 3)
supervised and discriminative transformation of general features, 4) adaptation of model parameters that cor-
responds to irrelevant information, and 5) hiding irrelevant information in used features using the definition
of probability. In this paper, if one wants to realize human-like machines with good generalization ability,
the author claims that feature-level information separation is important. Further, some interesting examples
of feature-based information separation are shown in the task of world English pronunciation clustering.
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Feature separation and information separation in speech signals
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Fig. 1 Feature extraction based on information separation
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Fig. 2 Vowel distribution of regionally accented AE [8]
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Fig. 3 Distribution of the five Japanese vowel [9]
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Fig. 4 The French vowel system in structural phonology [11]

RENZ SIS L 2 FOOEOICIFBURICITAbN S,
%E, BEERIZLELIEAEZHEI B LRES N
T 2238, FEFICBIRIEWHETSH 5 (10,

ORI - SRS (A - FHRAEME) % Bty 52
T 288, 700 () AV CREEERLD,
RILEDTRLZD, HEICADYRLD, Lo/ gk
Db, (6], [7) COMEFERR, BURZHEERICWIG L 2 RHEE
ZETT 52 LD, AMZHEMGL TARS Lvw,) ABER%
MEET 2IC3METH B LHER D, Bl ZIE D 5 FEER
W&, (HA ka8 38 e 0) Bl - 7 )L DEIR
fEchili I Ng, 7%, SIRDHEHCT % E 7 O KE I
BeAEREORTHY, LEEEHEHERNC X 2 HIfFER:
E, &LV DIFEZHCDLSTH S,

XC, FATRL ARSI TEOERRICNT 2 RS
EEABD, HMIN A SRR T H 2 NS EG [11] 128
WTHHM L 2 BEPR NS, ERWRERIC X 55
DERTIEEL, s 0EFOTICR SN ERHOIGE
B (denominator) ; ~DEMWRZEL TED, Fig. 4 1TR7
REE AR (AGERES EHEREE) ZIEL TV 2,

—HEFEEE, ZIICHET 2 (LEBbhz) HEHE
ICETEILE YIS, il - ESEEERNRLE T 5 AR
o HHERM I FEHE & LA, PIZEERERY AT A
1E, FAFBE S 25 L EIERR SRR L TwB T L
IZ5 D Z 45, Blizzard Challenge T, & EGE O
IHEASEREIC TR S 1000 2 007 b SIS d 3 [12),

4. BEEFEEICEIKEROBENRR

% A7 4 THEHEThN, FEHETHN, kI —%
WL CHIBEAN SN2 A ICHRL RHIIC K 2EAR, N
AT ADEBRAT 5, ZOME, FEEIEHT 2R
EH, THIFEGRELTRAAZENTE S, AL, Hifi
TR L e B O R 2 GHEALRTRIATEIE, 2N
%, WA RRVREMEL LCHHT 2 2 L8 TE 2,

O AN R EEOGR e LT (@ = f(x),
GHRALEZ R OREELZEZ 5, Z0 &) BRERE
LT, [13] T, “oMEOBBREDO—>TH %
f-divergence WEMGAZETH 5 Z & (1471E), £/, Wil



BRLEZSARERS
IPSJ SIG Technical Report

Y [
A
*(xy) p2
b1 fdiv <~
xT u

5 f-divergence DEMRAZEN:

Fig. 5 Transform-invariance of f-divergence

6 —FEFICHTY B MG

Fig. 6 Utterance to structure conversion

%/

-

Fig. 6 Feature modification by linear transform

7 ORI X 2 EFEROLER

POERDEMRIIN T 5L &I f-divergence 12725 Z &
() ZEEHL w3 (Fig. 5),

Jaiv(P1,p2) = ]{pz(ib)g (i;gg) dx

ZO fdiv. DAZHCTHRAEZRRT LI L2EZ 5, R
PRI TR () 20/ RFNCA L, 2 To %
KD f-div. ZFHIL TH S 1 2 FEH Y% T 30U,
ZIIEHALELERLE 2% (Fig. 6), —MBICHEE 511z —
DORMPEIEEZ BT T 570, TORELRRE, HiH
DRHEIIRR, H2\VIFHEFHEE L ITA TS [14], [15].

BARIC &k 2EBFDE DS, N2 ERNOFTEEITH 5
BE (X 7A NS LEMTEAR, B2 MLV DRLE,
Bis, E@ENaEEER) 12, Z0oWEio#EENs (A
i) BALREARS, LaL, BIZE7r 7A 7 0%
Ml B\ CRERE 2 i X & 2 2l o @& o750 &
%D [16], oA, O AR ERICKE (K
HTBZEchs, fROEI, f-div. TiHllEh7H
REPERE (AH 7 —8) DADPAERLE LS,

%8, HeMOEHHEHRE L TRASZ LRTETH
2, iz, FEEEOECERET 2 GEEICER
ZEThD, HEHOECERET 2 5EGBHIIIEAE L &
32 (WEDX\) REWDBHEICR S, HlAIEEHERE R
=B A CERIT AU, RIS AR IRE X 1
(Fig. 7 2IR), TICRHRZZoum 8 L CEBORHA b

(© 2013 Information Processing Society of Japan

Vol.2013-MUS-99 No.35
2013/5/12

V—LEREHKRL, FAN) —LHBOMEERREE NI,
W19 % i o 22 S HIC K L C O AREWEDHAL T 2,
ZDXHIE, PEREHRL TS I LBTE S,
TR (a7 1 —) ZPEALICERT 2121%, HE
PREE L T L (FEoMNEK), Zo5d, &6
F—XILTH Y MHETET, HRED SRS AL %
2, L LEORSEXICTH VD ED RS 2720, HIE
A TIiE7 <, Fig. 6 [N TREERERVPBIEL %D, &
DR RICHRE L TW 5 & v ) EkT, HAEOM
BRPAFFOOHENFTEREEZ L L TES, FTEHOM
WF IR EAOFRHOERS - RIS T 25N

AT RARMOBE, SOOI OO
RISER T 2 F A 7 AZWY RO T 27T TH S,

5. BENRRICEDSHRARZBRTHE

INF THE OGNS, SHEREFRE T [17], [18]
PHEWRO B [19], Bk [20), FRAHK [21] IBHE
T E S, L, HRSEEERTICN T 25EE 2 e L
LHBHEIC S ICHSNTE Y [22], ZOREEZENT 5,

5.1 15R3EE (World Englishes) &EEHRERE

YEER RFEED 5 VIAMERE L U CEE TS I RICH 20
BAVS, S IFSMEGEE L CRERZFATED, Z0O%
FICRRREDPRKECHE TS Gikh), a2 AREL L
TV E MRS FEkTh D, THICIE, FEEEPKGEZ EE
Hb, KEHD ELTAS ZEHTE S, FHBIIEREa
Saz—vavickBiaE—i@EiETH D, KaiEi
HEOSHEERICERNT 25EEED 5D, 26 L T
%, HbLIERTOHD L3 THo k5 Abo, L LT
26N, HiE) TH) 2Hb, ELVWHE ok Bin b F
FELZWE 9T, &) Tkh , 285, IEL W) o
7eitt D 2 ERAEL v, EHREEEETIEE R 5 (23], [24).

FEREFEFTHE TlE, FRESZEOREEZETILVET D
T EDSE o, METRIMREEDE Z SBRBEL T
Bh, a3y —yavickENREFLE, HDIZES
D identity TH % L EZ DM b L\, T D K ) R IEhIK
VLT, B IR TR EERIE TEEEORE D
FEELF L E9E ) Dby TIRRL, TEEHEORE M &
E9iEH DD, MFHOFEFEREOHTLED K I IhLED
Jonzoh KT AERTHELES A D,

AED IEERHT E B E L CGERS LD 2 E S0,
B /NI AN TH D, AZHALE L (5920 &
AD) HFRBEEEFRE I (LX) o B BRSSO TREE %
HLTw3, HEEBXSBE TSI, HEORG2EE
PR Z 64, B vy —% v b EOREESEFa vy 7 v
VERMKE Y v 73U, REET 7 7R TE %,



BRLEZSARERS
IPSJ SIG Technical Report

“Please call Stella. Ask her to bring these things with her
from the store: Six spoons of fresh snow peas, five thick slabs
of blue cheese, and maybe a snack for her brother Bob. We
also need a small plastic snake and a big toy frog for the kids.
She can scoop these things into three red bags, and we will go
meet her Wednesday at the train station.”
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Fig. 8 The elicitation paragraph and its IPA transcription
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Fig. 9 Calculation of differential matrix {D;;}
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