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Unsupervised Cross-validation and Aggregated Adaptations for Improved

Speech Recognition

Takahiro SHINOZAKI ~ Yu KUBOTA  Sadaoki FURUI

Department of Computer Science, Tokyo Institute of Technology

Abstract Unsupervised cross-validation and aggregated adaptation algorithms are
proposed that introduce cross-validation and bagging-like ideas in the unsupervised adap-
tation framework to reduce the over-training problems and to improve the recognition per-
formance for speech recognition. The algorithms are constructed on a general adaptation
technique such as the MLLR acoustic model adaptation method and basically independent
from the details of the underlying adaptation method. These algorithms are extensions
of our previously proposed CV and Ag-EM methods. The proposed algorithms are also
useful to suppress the negative effects of unsupervised adaptation which reinforce the er-
rors included in the hypotheses used for the adaptation. In the experiment, unsupervised
cross-validation and aggregated MLLR adaptation have been applied to presentation speech
recognition. The relative word error rate reduction by the cross-validation adaptation was
17% whereas the reduction by the batch-mode baseline adaptation was 12%.
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[ 1: Batch-mode unsupervised adaptation. (M:
model, T: transcript, and D: target data)

5 ORI BANGEIN L EREZ R T S8, FERME
REZFIRT 2ERH L > T 5.

2.2 HENEL CV @i

BRI ZHEEL CVBOETI, ek yF
RIE I B 2 IR ZRICHIF S 5701, #
DIRLIV—7HIC K-fold CV FERBEAT R LT
BBAT VT EETIVRT AREFH AT v LIc BN
THERAZN 3BT — 2208 5. K 2 I HEnE
L CV EEEOEL T ot A%Rd. 4L CV
BOETIE, BISNRORGE LY M 2EZIZIERD
YA XD K EOHMAIEHIERICHETS. &
HIDEHAT v TIREAMNCRER DNy FEIER &
RLTHH, K BOHESICHL THICHEL W18
EFINVEBOTERLENMTabN S, XROETIV
ST AZREHFRAT v T TE, ROy FRLESH
ETOHEET —ZERNTIE—D2DFT IV EVER
THDICHL, HEMEL CV BEISETE k B
EEOENH—DEWMD RNz K D CV EFIV
EUERT 5. (K B\BD CVEFNVEERT BBOH]
HEFILVELTR, ZOROIL—T0 L FEHD CV
EFIVEGALE.) FLT, XELREDZTHAT v
T TRBREHDERITHL, BRIOETIVEHFA
Fw T TERENT CVETIVD S B ZDETES
EROTERL ZEFIVERWT, RMR0ER{Tx
3. BHAT VT LEFIVEHRT v T EHRDI Y
FREIGE FRICAENMEDIRL, REMRFESEG
{LEFIVIC KB BRI BEORBMAT v LIcH

WCTEREN S K AOMIESORFRIIZ 1 D
ICEHBLICEELNSG. COL3ETOER
WCHES T LT, RBAT VT EETIVEFRATYS
B BT —ZOEBRMEMCEBTZTENTE
3. B, 72058 CVFECEDITEDbN S
feh, & CVETIVIEHEST —Z2ED (K -1) /K
EEoTHEIN, K b 5EERE LNIHTE
b B EENET —ZBORPIEETESRE
FICNELTHRTENTES.

BE7)Vd U XL MMI 22 BT 3 0EB0H
FEIC CV ZHV A FiE 3] BXUBELH TN ETIC
REL 7= CV-EM [4] FiEL, CVEZ#EDIEL H#E
FEONERCEAT 2 L0 5 mNELIL T3, B
LTI, REFEHIBEMEL EEFETHD, CV
FiEx MMI 23 B 248 CV-EM ZFIcE
FBAAFICLBEERC LIcHT 3 HoHEtEsH
EFTBDTIREL, FTa—Rick3RHE3H=E
BIHICAVEENBTFONS.

BEFECBNTETINIT AZOEHRB KT EE
DEEND VEIEFEERAVSTENAETH D,
MLLR % & FEDEIGEC BN AVn—REND

BEMAT v T ICBI 2 EaR ML, BHOE
FILERGFHAGA —N—~ REBRHE K IcHLT
—ETH3. chid K "KELENZFERT 3E
FILOIIEZ 50, FETFNVANETRETF —X
BIIZORRAIDTHB. TFIIT AZEHIC
M BEEREZ, K BOEFIVEERT BH—
RN E—DETF IV EHET 2B HELT K
B3, EEL, Bn3EtFEcL->TiE+
T BEEFAT SRS ICKD, Th&hELTT
LEARETH .

HEREL CVEILERBL K=2+93L, 7
QRA7EXT7F—var 7] LBBULTVWBEEX
3. BWI, JuiRrE T —va v TcREBEEER
ZEABGHELTCRILBET— 22 BE3V AT LE

FAWTERRL 728G E VB DIic L, HifmiE
L CV # TR AU HMEZ AW ER3 T — 4%
AWEETVEMERTZC L THE. Thbb, #
EMfEL CV @G B—D A7 L L TEET %
N, JOaRT7RTF— 3T 2DODRBY AT
L EL IR 5.

2.3 HENEL KSEG

AL CVEiLiEL B, HMELESES
ETRTBBAT YT EETINVERAT YT TTF—4&
DEHEZK 3 ICRTLIICHT. ZToRbhiC, &
FREEL SEA MBI BV TIEREEAR AT VT L[|
BRIC N HOETF NV ZEERICAVWSC 2 THEE



M Initial mode!

(Copy)

L Divided
H D(K) | adaptation data
:
:

- =

Model update

X 2: Cross-validation (CV) adaptation.
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X 3: Aggregated (Ag) adaptation. (T(n,k): recog-
nition hypothesis of the k-th subset made by using
n-th Ag model)
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BJ 4: Number of cross-validation folds (K) of CV
adaptation and recognition performance. The zero-
th iteration is the result by the speaker independent
model. (batch: batch-mode baseline adaptation re-
sult)
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5: Number of adaptation iterations and recogni-
tion performance of CV and Ag adaptations. The
zero-th iteration is the result by the speaker inde-
pendent model. (batch: batch-mode baseline adap-
tation, CV(40): CV adaptation (K = 40), and
Ag(10,6,8): Ag adaptation (K = 10,K’ =6,N =
8))
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