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Abstract Acoustic modeling in current speech recognition system requires a large amount of speech database that
are correctly uttered and transcribed. However, this methodology can not be easily applicable for the recognition
of child speech. Children’s utterances are usually not well-articulated, spontaneous. Controlling them to read sen-
tences precisely for collection of database is difficult, and also the resulting utterances may be far from spontaneous
speech. In this research, we evaluate the acoustic models and adaptation methods for child speech recognition based
on a natural child speech database automatically collected through actual spoken dialogue system ”Takemaru-kun”.
Also we propose a speaker clustering method to perform unsupervised speaker adaptation based on HMM Sufficient
Statistics (HMM-SS) on automatically collected database where no user tag is available. The acoustic HMM trained
by 59.966 spontaneous child speech achieved the word accuracy of 53.6% for the infants (pre-school children), 82.1%
for elementary schoolers, 77.6% for junior-high schoolers, which substancially outperforms an adult female model
and a child model trained by read speech. Furthermore, experiment of the proposed speaker adaptation method
based on automatic speaker clustering and HMM-SS resulted in a slight improvement of recognition accuracy, that
was better than age-class dependent MAP adaptation.
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Fig.1 Speech-oriented information system
“ Takemaru-kun ".
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Table 1 Breakdown of collected children’s speech data.
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Fig.2 Example sentences of evaluation data.
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Table 2 Conditions used in Acoustic Modeling.
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Table 3 Conditioin of speech recognition experiment using SI
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Fig.3 Results of children’s speech recognition using SI model.
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Fig.6 Unsupervised speaker adaptation based on HMM Suffi-

cient Statistics using automatic speaker clustering.

L, O T A7 IZEY KT,

step3: BSFBVRFZDM I TAFIH ) ST, 7
FASTLI, BYAFBERFOX 1 OA FEEEE
ZTETRD, FREHFLVWIHITIASETS. II2T
M2 T AZIZREICETOBETDOFEHNY P VHHNE
THEHILTBL.

stepd: TRCOWP I FTAIDPEAL LB ET
step2 B b stepd T #E D IKT.

4.3 RETZT7LIUZXL
PELAFHRHEFICNTAEZHELL LT, 4208
FEISAY) YT ERVETAMEIEICEDCHM R
LEAEBCARET L. REEFOBCR L6 IIRT.
B ZEIC TR, UT0&E) THA.

stepl: FHEFOLEF TV I LTEEFEEY 7
AF) T ERT, NEDZ TAY ERT 5.

step2: stepl TIER LK 2 7 A% T LI+ THETE,
GMM 7 5 X ¥ BIREF NV EH LIEFET 2.

stepd: GMM 7 7 A ¥ EIRET NV EHVTEEFEIC
TEHEHRIENY Ay E K BRIRT 5.

stepd: BIRENLKBOZ 5 A5 O+5#atE% Ay
THEBEETVEBIEETS.

5. MAP &EICIC & 2 FEWBRIE T IVBE

WRLEFSELCT VI AL EDOLED DI, £&
EWHBTLOEBTF— I 0 LEBBISEL L -TEET
VEERT S, TEFVBEEOBRER 7IRT. BET
ETFVIIE I TR L7200 £ 2 F RIS EEE €
FLERAWV, £1TRLEDE, BEEFH, BEETF
HORFEERT— ¥ ¥ AT MAP #2475 . fERL
TETIVIE, ERENYREILE TV, REFEFHET
EFN, BFEEHCETNVETS.

7 FRHEINEEETNV
Fig.7 Acoustic model for each age.

6. BHBER

RETHEZEET VT XL L) FEEBEIC % F#
Bk MAP Bt & LT 5.

6.1 EEEEICETIVOER

BETAHTNVI) ALICENVFEERCETo-BEE
FVOEREHEZDTICRY. ITHEBHEEI SRS
YT BIIREREGEARACRT. BEFEBE I TRY
VU yTIE, ERBERELAVWEEE T — ¥ 59966 18
ZHV, 200BDZ 5 AY EER L. TAHKETECE
SEHMR LEZSERETVOEBEICEL T, B8
BV IARS) I ENER E NI 200 BOFHS T R
5 h 5 BHEMRMB O RIFM T — 5 1Tk L EFEMNIFHTE
LU SR EEHERL, FO+OMEAELTHVTES
BEETFNVAEEL:. ZZTHEICTET VIS, 3E
TR LT 5 FHAMSEFEETVEERT 5.
TEER 2 T A Y OEREIE, SEBRBIBITAFM
F=FIX LT, BlEL 7 I RAIEERW

6.2 RBREH
EREHERSIIRT. BRETHT VIV XAIZED
SEEBEID L EEE TV (Suff-Stat FEEEILETIV) O
HEBHSE LT, FEKRBI LI MAPEE LZETV
(MAP EREBEGETIV) L 3B TERLAZITESL T
BRATSEFZEETVEHAVS. MAP BIEEFIVICHE
LT, AT — & OKERB T L7 E#RE I
TAHBELETNVERCCREREREYITH. FHEHT—7,
EREETNVEIHORBERLALDDOEHVS.

6.3 EREBR
ERERLRSIIRT. BRI, FHEF MAP #EIT
BIUO+SHEtEICED (A% LEZEDICLD,
T EBFRARBEEEET VAL —EDRHEMIEDY
ERiTR.

EWHBIIC T I TFHRARKEFEETT VI LDY
EREALE, HRIZBVTIE, MAP EIET0.8%, +

—203—



R4 BBFEEITRY ) v VERERMN

Table 4 Condition of automatic speaker clustering experiment.
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