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Abstract This paper discusses a training method for the HMM acoustic model that efficiently cover the given
vocabulary in order to apply it to the speech interface of a music retrieval system. Customizing the acoustic model
to each user is important in this application because 1) song titles and artist names contain many phonetic con-
texts that are rare in general, e.g. text reading corpora, and 2) the songs stored in a device are different among
users. In particular, finding an optimal state-tying structure for the given vocabulary is a new problem in acoustic
model training. We propose a method for building a task-dependent acoustic model that uscs task-related synthetic
utterances of more than one hundred speakers by means of HMM-based speech synthesis. From the experimental
evaluation using field test data, we confirmed that the task-dependent acoustic model trained by the proposed
method can reduce word error rate by 10% compared to a task-independent model.

Key words Acoustic model, Task adaptation, HMM-based speech synthesis

. ~ B, Fiz, BHRETINERIZDITZAED) YY) —ANEL
L BLor ERINBIENS, NUERRKLE—BOT Ty hTx—
HYIZABFHOKED HUM TEEF) OEM X 13T H LAETERATE LIRS TH D, ZNHDRL— KA 7%

VAT AOMREIC K EREBEEL D, MBI, EHATTIL BRULDENSSFEBLTINEHETIFIELLT REEXET

ERHATZ L THOERESBELG 2 LaTEaN, B TR PAWEETN B BEMRERIN TS, N

M EFIN eSOl RBOSERATF— Y NNEE 7 S5OFEFFRHI-NACHELE N T4 KO0/ I B



RIREHERSEE RO THTEETH S,
WO R ET DT ERHERIRE S AT LT, Bt

BRI YA TRV REL D, FHEDE
U THERELSFEET IMES I TEBICRARDE#E X
55, LML, INETITETINOKEDE SN DY A7
BEEETINEEET D HEC DV TENHEZHEVES
Nz, BROBEHMLS X7 KETEETFINEEBET 5 TFHEI
FAV BT 2EERFAERFENELFHI -2 &L
TRIAT S ZEED, ZNRIIeMFRI-FITHL TER
REETERZY. FRXOBEIR, BHMREIATLIZEF N
ST DD I RBANRERIBAORNT T HMM HET
FIVEBET D TRERLTHIETH D,

KX T, REMRFEROGRETHFEMANWZEEILLDS
AV EGEBETIVERERETS, HMM KR 2 EHEGRF
B[4 ZRANWD ZET, RERS, S5EE SN 5EHKE HMM
ETMCEBEHEBOAREFEEO T &N REE 72 B,
ZOBREFEI—NAEZANDZETY AV EKEI—INAT
BHBLAWEFEBEITFAMHEDRE IR HMM €57
NEFERTHIENTED, £z, BRIATITECTHEEE
FEARLTWSD, Ry A7 clbhinwk>RnER
AR ATHB LAV, o>, FEEINEETIIOIREHR
ARG, RERZHIBL CTHRERTEALTFFAREZTN
TEATNDEZEZ LGNS, ZOBRICLD, EERUVEGER
WICHE L2 FBETI)IVOMER I, MOEREERTR I EMNTE
BKEA5,

WL T O SR I NS, B 2 B CEARTHER
T HEMMB L AT A MusicNavi (CDWTHEHL, ZRY Y
Ur—2aB2RELLY AV RESECT VOB EZER
N3, BIHTHE, FHRXTRETZETFIVEBEFEEEMIC
AT B, B4HTE, BEFEEAVMERICOWTHE
ND, RBIZE 5 HITHRBLOEREBRNRDS,

2. MusicNavi - SEMEEHBRE AT A

MusicNavi[5] 13 PC ICIBR E N2 B RE - §ET 52
DDA T —ATHD. MusicNavi [ ZHREIFIZ TR
TLETHIFROEM (MP3 771 7aE) 2REL. ik
T AT ENTUB ASER (ID3 77 [6] 2E) 5
T—T 4 A MG ERBEOBRERSBD, TV )X NEE
KT B, ERENEZT LA UML) B~ MF—NIZEESIN,
R A BB ERE, R UE. TEAREE. 8T
FIEY—NLETHEL. MusicNavi 1257 00— K287,
ZOMEEICE Y. ¥ ATRITICHEE IR 5 R/IMNERO T H B -
O RASBE R A - FR M ¥ 72— A% 1Y D PC LI
BETHIENTED, MusicNavi VW3 —NETHEEINH
EFHRAMBADE, FFERMERBL 1T OFIR U T
ERMRE - BET D, MusicNovi R THRZIZT—4 7w 70— R
DiEHOTTT T LANEET L. Z0TaS TN, PR
MusicNavi ZFIH L7=BROTHE T4, R85, RBEirE,
MusicNavi OEIED 7 %Y £— M—NICEET S, BfFEIN
T =31 —HID I D —BIZHT S Z &R EERZ DT
TR ERARREE TN FETTINOBELETY., I—YEHD
HEHEEKTEEEFINEEBETRENTES,

HHRBENWD Y AT DR E VAT LERDO7=8. Music-
Navi DEFRBBITROL S BEMER > TW2,

o T—F 4 ARBPEMBEEDHOIT L RIEERHEN
HEUINLHEESHRSS 20

User | MusicNavi Client MusicNavi Server
usér g - user identification
% e B v \ - song list expansion
' M i song list - grammar generation
! : L - model download
! 1
\ '
-------------- . speech
:L - -él;;E;E-C_IjI T systeni log
INTERFACE master dictionary

/’ query template
grammar

1
.
i
H
|
4 o (C terdb T
' dictionary -
i
“
1
'

grammar
dictionary
acoustic model

! reference speech
acoustic

modet

acoustic

Internet

1 EERE S X T L MusicNavi DHEE

o PCUREINLEMOBBLTE 128,15 1.5 5EE
DFEFH GHAER TIEH 1000 BEEHRBD

o IR RERLELD PCHOKMEGREZER
TWaBzD, RABRERII PV

—# T, MusicNovi DFBEHFFERTHDT7—T4 A AT
BB ITIEAREL Y TERENE L, HMLEOTS LT
ED MY A TRAUAINZWEIATHITF A
HEENTNS, W-> T, FEETINEEETIHRICIIH A
THIACTFFANDEHET HI-NAERALTEE TS &
NEFEL N, ’
A2FFX PERORERGEEET I (2] TR—~EHO +
FARCEDEEH - NZAICHET BTN TOFHES ZM
BEBCENAREE 2B,  MIC, RIS OB 0
BEALNEEI-NRAEKET 5. FIZIE HTK(7] KB
FERETE, FEHRBENTHREEOSWIREIZE, Lo
WO TFFANIREEND, [>T, — MW LFICLD
FHINREREFTEEL T INIE MusicNavi ¥ A5 L@ L
THAERZR NI R EEATBY, REBBEERRETHEREE
H720 5B, MusicNovi AT LIZBREREEETINESEET
5201013, HELIAEEICTFFARETRTEALSE
ETFINEBRT L THEEHELT 2MNENRD D,

3. 1I-—YEAOERPEILELLTEETIO
HRE A XFEK

RIET TN LD, 7707y —a D ICRERTEETFIL
EERTBEOICE, HETLERICEETLSTRTON I
FEAPEENTWALENRD D, BEREKEEEEFINEH
ETHDOELBMAHRIIRBRRERDFEZORE L
DEFI-NAENHTEETHSD, Ll 2—FNEiH
THEMIL-THICRRZ>TED, 7SV r— a2 zFH
THBICI—YNEI ) A N EEETH0E b5 5720, 3
BEBRERELLRFERBEICNET S EEHLL,

I TABYTIE. HMM FH G REN [4) 2R 8 L =E%
KETETTIVBELRERTE, HMM FRERI AT L35
AREEAVWD I ETHEKGFESETTNERRTHZENT
EBLW, EROFBBCIDHEOBREGESALFERT
FA—NRABBBITHRT B ENTES, HMM EEARY
AT LML, BEHRSS XA —YDRAEM ¢« ETOBINGHE
Az NG, BNT A—-YRIEERT D, ERENLTERR



Ax aligned HMM Ax

states

generated ML
seguence
for /XY/

dynamic feature parameter

*-Y+r

feature parameter feature parameter

(@) (b)

&

trained distribution

/ of unseen context

/

dynamic feature parameter

feature parameter

()

K2 FEEGMICLD2EOBRIRE

FUIH T ZARHTRHRE DT ol HMM IREZEES L TWH 5T
B, RADRFTH > THERRREBERINNER T NS,

B2, 22 -NACKNOILTFANTH D
/o XYr. L JEGEETNELTEETIROE A E R
LTW3 (22T /1/,/%/ /Y /e /R FNENERETRT),

(a) BHEBEEFEHEMM CHLT. ZD0HIARHEN NS
AR 1-K+x & +-V+r DR HERLTNDEETD, ZZ
Ty IR 1-X+ L IEER/X/ DRI/ 2 FFDWMEA BT
BOGHFRERDZATFAMEEYE LN SR E2EKLT
Wa, ZOHITIE. 3>FFA R/IXY/ B/3r/HEH -1
A EENTORI > ERET S,

(b) EFAHASREEASNREMEEETIC, TRERA L
THRAD HMM REEBE R 2 ERT D, TXTOFEHICH
LTIDERERVERT Z & TRAMIKEBERN Y — 0G5
s,

() HIOARHEZDBENY - T4vT 42 TT5HZ
ET BASNEAYTFAMELOEMICRRLE NI 1F
2 1-X+Y & X-V+r WFEBINS,

LML, BEDHEELITFFAMNMSIIH - ORERFIL
MBB LRV, EREFI-NANSIEEENOI#HEE
BT EMTERN, I THEOEETIIAARRGTE I/
NG LB KETET TN O REY AV KGEEE
EFNOHEELTHAL =,

EFNVOEEFIEEK 3 I10RT. BEEFICERSI NZFEHK
7 (SD)HMM & 255812 DWTHE L3 IHKE (SHHEMM
BHARFE I -NAEANTEEINZEFGRAD HMM &
BEFINTHD. ERLEFETTFINERNTHMM SHEEK
BTV, BEEHEICLD I A VBROTFRYIINT A—F RF

multi-speaker natural speech corpus

HMM !
speech synthesis

I

synthetic training utterances

TD/S! HMM
MLLR adaptation

customized (TD/SD)
acoustic model

task variance

vocabulary

reference
utterances

3 YAUERLEA-VFRHERLEZETFNVAZXYTA XOFEE, H
REFBI-—NADLEEARADOET IV & U TEEIKE (SI)
FRETINEERE KT (SD) TEEFNEHERT 5. KiC
HMM 2R 2 G HEF R 5 27 ki - s5EIKTE (TD/SI)
EFTNEERT B, Bi%IC MLLR BISICE D 5 A7 & - 55
&% (TD/SD) EFNEHKT 5.

BAERT B, ERENHBST A—5 RHE HNTHEEIE
1+ 5 A0 KHE (SITD) SBEFINEHRT 5, BEICI—Y
DRI BRI A hH 5 i S L MLLR #5 [8] %17
V. EEHIKTE - ¥ A7kt (SD/TD) EBEFNAERT 3.

4, FF M E B

REFRICIOERINZI AV EKGEEBETIVOANNE
T S 720IT. MusicNavi VAT L&D 74—V RFA
#7272, 74— BFANTR, 2—D MusicNavi > A
FTLEFMALTHECRNTERRL THET 2BOTH % IR
Lz - T, BEINT—HICREERFEFORFELSE
N,

R REERL 1352 HEETH D, —#oa< > REFEEKR
WTITRTT—T4 A NG EBALTHS, FEARAET
NEZ2ETEEOOERRFEI - NAL L THHTZESEA L
¥ (INAS) a—/%Z [9] #FIM L7z, INAS a—/SAH 5 Bk
145 #iCk D 22,395 FEEEMH L. BEHFRETEETINES
BLlize ZOETFINER—ATA OF A7 KT (T1) €F
W& UTFHEZETT 5. FU INAS I—/RAZAWTEM 145 &
ROEFELRADEEEKE HMM FEEFI 2R L. i
FNOFTHEKETEETF I 150 BETHEINTHD, ¥iE
NEBTRTOFEENECXEEFEAL TS ([10], 2D 145
# OFEHRE HMM TELTINICE > TEREHE ORHHMNS
A= RFNEEET 196,040 (= 145 x 1352) Fas2EwKL 72,
AL L 72 196,040 FEAEIC L - T, REFIRICE DY AV KET
BETIV (TD) &¥Y L. FERTHE, SRRV ATALL
LT HMM EHARY —)VF v b HTS[11] #FIF L.

HMM EF VOB DN TIE, TIEFLH TD EF0 b
HMM REHE KR RESH =0 DBESHRERE Uk, 3
R%EEE LTI, MusicNavi 74—V RFANTHEGN7Z 84
DBEFEHICLD 195 HBFEEMA L, TOMOERRMN%
£ 1ITRT,

41 TIETIVE TD EF VO HFHRD E (WER) 2157,
ML 0. TRTOREREMHICENTTD TFIUN TI &7
LD ORWVEREEZRLTVWEZ EBN0N 5, £z, TIEFI
MEEEKSIZETTEERLTVWADIIHLT, TDEFIT



®1 EBREH

Fr e A

H AT

B 12 MFCC + A +AA
+ Power + A Power
+ AA Power
HMM JKRE%L 666 (average)

E R
RAE R 16kHz
ke 12 MFCC + A
+ A Power
7 L— g 25 ms (NI 2UER)
TL—=L Tk 10 ms
UMM KR 3000
REE 1,2,4,8, 16

task-dependent
BT HMM

1 2 4 8 16
number of mixtures

B4 YA (TD) EFI &Y A7 KT (T]) TRV OBER
D

WER [%]

task independent task dependent

5 MLLR ##%OY A7 (TD) TFI &4 A2 HEKE (T
EFWOBEHRDK

WA 16 THTRZRL TWRW, RBHEBRICHEETS L
TA R ITCOHFHEEI—NAZREEAESEN TN
7= TI BTN TREMZETNEFETHONRNETH- 7=
EEZLEND,

ZOMREEROI~YRAREICH TS B RAREERROH
LEHRBL TS, 77U — i HEREL IR E UEERET
HERB TS, BERDEEL 3.55%TH> 2 [12], REETOR
DBRWAOTERRKEL T, ERTENR> TNV 0%
FHOBITOGFEENEZSND,

5 IZESE 16 © TI £F)L L TD €57 )@ MLLR #itik
FBRORERT, ZORBRTIIEFH[ESIC5-10 RaEEH
WTHAEL MLLR EisE{T->7. B&LD, EB50EFTIL

® MLLR BN X B HaEH ENR SN E58, TD TF UMK
DEWEREE RL TED., MusicNavi DD IRBHIRERS 25
LZBWTHERETFNTH A EE2RL TS,

5. ELHESHROFRE

zt?ﬁ‘ﬂifbil‘—ﬁ:ﬁ ifct;a)wuugk ﬁ%l‘gt—d‘éﬁéﬂﬂ*ﬁﬁ
AT LDIEDHDY AV IKEEEETIVEEFIEEREL 2.
REFHETE BEFRCLGPEUAREEABITERT B
®IZHMM BFRAEENERA WL, ERETOT7 4 —ILRF X
MTHLNIEEFEZAVEFEERICLD. R XORETIE
WENTHB L &=RLE,

REFETRAROFERT Y ERLFIMAT 50, 5
&< ORMZNELT S, T2 THBIELDERMTEYET
LFRERTATILENHZEAD, iz, FENSREFY
THIEMNTERVED., ToFANOEERAVEAR [13] 7%
EQFHEICLDEENIBOEZE L 2 2E HEERET 5 0E
NHB, £, HMM EFAROZHD TD EFI)I 2 F5EEF
NOFBIIHNATI2FEORNOSBOBELLTHITS
ns,

#HEE FMEO I ER) -T2 a2 s

le-Society A8 7 bz 7 ODMEHFE] ITLD2bDTH 5.
X [

[1] H.W. Hon, and K.F. Lee, “On vocabulary-independent
speech modeling,” Proc. of International Conference on
Acoustic Speech and Signal (ICASSP 1990), vol.2, pp.725—
728, 1990.

[2] S. Young, J. Odell, and P. Woodland, “Tree based state ty-
ing for high accuracy modeling,” Proc. of ARPA Workshop
on Human Language Technology, Princeton, March 1994.

[3] A. Lee, T. Kawahara, K. Takeda, and K. Shikano, “A new
phonetic tied-mixture model for efficient decoding,” Proc.
of International Conference on Acoustic Speech and Signal
(ICASSP 2000), vol.3, pp.1269-1272, 2000.

[4] K. Tokuda, T. Yoshimura, T. Masuko, T. Kobayashi, and
T. Kitamura, “Speech parameter generation algorithms for
hmm-based speech synthesis,” Proc. of International Con-
ference on Acoustic Speech and Signal (ICASSP 2000),
vol.3, pp.1315-1318, 2000.

B] KHE, B&TFHRE, ﬁ*%?ﬁg HHB—&, “AM pc LTHA
ENEFEERGFES AT LI BN SRR, EUETR,
vol.2006, no.136, pp.167— ]72, Dec. 2006.

[6] “ID3.org,” http://wuw.id3.org/.
[71 “The HTK Book,” http://htk.eng.cam.ac.uk/.
[8] C. Leggetter, and P. Woodland, “Maximum likelihood lin-

ear regression for speaker adaptation of continuous density
hidden markov models,” Computer Speech and Language,
vol.9, no.2, pp.171-185, 1995.

[9] K. Itou, M. Yamamoto, and K.T. et al, “The design of
the newspaper-based japanese large vocabulary continuous
speech recognition corpus,” Proc. of International Confer-
ence on Spoken Language, vol.7, pp.3261-3264, 1987.

[10] TEHE—, HETHEL, BEF, NER, “BEM LOERSRIC
EDWe HMM,” 1555, vol.J83-D-1I, no.7, pp.1579-1589,
July 2000.

[11] “HTS,” http://hts.sp.nitech.ac.jp/.

[12] AREX, BBFRE, LFMECE FHERDE, KW -8 <RE

T FRFERIS T HET IV OBEICET 2RI AATESE
KiFEMOE, 1-P-15, pp.153-154, March 2007.
13) FiEE, EBTNRE, FHRE RE—X “¥E7-5045

HCHSESEDHZ HMM FTFAMK,” 2007 FETHERAIE
LG KE, D-14-12, p.148, March 2007.





