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Active learning using multiple recognizers
for speech recognition

Yuzo HAMANAKA ,T! Tapasui Emori |2
Takarumi Kosuinaka 13 Korcur Suinopa f1
and Sapaok1 Furuif!

We propose an active learning method with multiple recognizers for large
vocabulary continuous speech recognition. In this approach, the recognition
results obtained from recognizers are used for selecting utterances. Here, a
progressive search method is used for aligning sentences, and voting entropy is
used as a measure for selecting utterances. Our method was evaluated by using
190-hour speech data in the Corpus of Spontaneous Japanese. [t proved to
be significantly better than random selection. It only required 60 h of data to
achieve a word accuracy of T4%, while standard training (i.e., random selection)
required 97 h of data. The recognition accuracy of our proposed method was
also better than that of the conventional uncertainty sampling method using
word posterior probabilities as the confidence measures for selecting sentences,

HEIIG AR OEM D D EBI I KBROFT— R L ZOEMRZ VDL ETHS. AT
CEBT—2DTNIVHFREL DR AN BTz, TR P RS T FobIC A
AEENTVWS., EBIEELFO1DTHY, kbohfc7— 2EIEETEIN DR
SANIELT— A2 BERC L, FHCHAT S, fEIYE 0 R R RS SR
Huee B4 AC L THD, MREHEE—E ORI E X0 ManZ LA &R T— 2
TB3CETHS.

GHEERO D OERIFRONIREHELHOY Y | £ HYFIEEIC K S Uncertainty
Sampling 27> TWA" Y | Uncertainty Sampling TR PROIRNATET—%
Eo THIMERSEZEEL, BRANERHVTE2TOIIELT— 2203875, 8HEL
FeF— A O BT RO EEEORVHETMNER TN S, GHEEL LTEHEECEEN
% HEED FHEE (word posterior probabilities; WPPs) 28 LIE LIEEHE NS, fOfFIT
i¥ Varadarajan 5% 3B SHONETNTNORFOREZ 7T+ ADL Y O E—
ZRFA L.

AR TIE KBRS 0D 7= 0 Query by Committee(QBC)™ 1Z KT { i L EE
WPPFEFERRET 5. COTFETIREROSAERMEFNRL, Tholo k3R
OF—HEN T RERZHEZETT. Dagan 5% 1 QBC ICH I EIFEEOEIEEZ
w2 A RBETHEL, Tur 57 O MR I—)L & T RN E L T
f=. BRFCOFERSHIRCENL, TOHMEEZIERTELIRT 2T ETRY.

2. 7)bdY XLEE

QBC ICH I EHETHRODOREIFET LI ALOMBRKER LT, #EET
LifE%3pF—a% T, BFEENTVWEWEEF—ER U L35, SEEHROME
K, 7vd) ZLOFEDELD 1 o 7V TiHRT 57— 2 ORRIRE N(h) £ 95, 7L
VXL TFO S A5y Thoks.

(1) F—RTESYZLEREIL, T—2¥y b T (k=1,...K) 2{FET 3.
(2) T ZROTHEHSE M ZF8T5 (k=1,..,K).
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B 1 Active learning scheme using query-by-committee based approach for speech recognition

(3) T—R2UOETORFFEHE M, (k=1,..K) ZHOTEEL, K HOREES
RS R I

(4) U OHEODDS, FHSEXOA—HENEWREE N TSR T 3.

(5) BRULERGZ U »GINDEE, #HEECY. TIEMLT, 1 ICES.

LEOBOBELAHERC LA MR EZETITS. BIEIC, nbtutfﬁcmf—é

BTN L TSR REIcfiMe 5. 25w 7 (4) OFGERIROSMcOVLTIR

3 BTG,

3. Query by Committee |TE D < HiEEIR

3.1 Query by Committee
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Md5C LT, BB RS EOR— T harhEne 45 ZAnEMEcHL T, R/
{Latma e c i 585 2 2 Bigcatl L T Wb 5.
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WICFDOEFEEHTACLETERY. LL, COESEHMNICEDEVESICENTE
ARk (T E) A R AWT =2 BINT A L T E SR ER OB D T B AVEERIIC

TRENTVRY . T TR RO O IEEEBINT 5. A —BUehEsd
L=, £9 K MOREERCETIVFTILT Z 4 A2 kL, Voting Entropy #it5
75,
3.2 BBERXOT 1AV
dhi 2 F AT OBE I, AR TIERERE R SC B E NS BB e T R
, TIARAYMETIBENES. XTITAAT T4 A e 3 &L EOEMHEL:
TIFTINT 54 A2 FOFHERIINR LT3 OB Z 5 ICEOIFRIIc BT 57
¥, BUHIRERI IR IRATTRER 2 280, Z0izs, ThEE Lk b EtEROD
NFEARE R ENTLS., EROSHEERMI SN IETIA AV
L, ZNEZHMET ST & THRMMIETUHT 5 ROVER QY TlE, N—ALE3
LHDDLE I DTORTIA AT FZAAYFLTWZETTIA AV PRI FoTVA.
COFFEIT A Ay PRBEHRICEEFNLTEST, 754 AY FOIEFICL > THREN
Ba3L0IfENHS. TOT, CCTREDVEMERZT A A MO TESHiEE
LT, WAL 74T 4 7ZA0PHETLELEMWShE Tas Ly TiERVLS,
FOF Ly 7EOTILIY ZLELTFICNGT.
(1) 7F4 A2 FHROEATRIOELEZ MO TRNARE LT 5.
(2) BHNARP TR SNHSD SRR IE SN HiioOEEc, £TOXNT
AV PENBETHRMOT S 14 A2 FEITS. Fﬁﬁmxvfx/%uiﬁi t
T TA A FEHSC (DUFRS), SRECHERIOT I A D 3 D0EE
W35,
HHARDMERIZ UPGMA ik%
I D AT 5.
THAL: B s ICHLT, ZOXDRDNEHE 7T AR O &2{FD. £ETOXDNT si,5;

VLTS, LR, DNA OEEHODT S A A2 FEF
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GAATTG
G-ATTG
GAA-TC
GAATTG . ’i ; gc
G-ATTG rReste ATC
GAATTG GAA-TC | ATG
G-ATTC node4
node3
node1 |  node2
GAATTG GATTG GATTC ATC ATG
2 An example of guide trees for base sequences. The symbol “-" indicates a gap.

IZDWTRT T4 AT F4 A FE{T, match,mismatch gap O3 A FOTEE TS5
ARART C;,C, DELE d;; L35, CTTHERIZAMIZThEN1,00 £T 5.
BOEL: d;, MRALEBZRT C,C; B2FRA2V T L, YRR C %2ES. Dy
SAAC BTICHLTELUE d, Z5HET5. 79 AXCLICEENEXDA T
ADWEE X, VAR CLEBENBXNDA YTy I ADBRERY £THLE, dy

2R (1) DX SICHETS.

1
dit = m Z Z {ihs, (l)

WT: 952N 2DREF AR TTE. VFAZU LTV EEEE>TERN
AEERT 5.

i, WHMOT T4 A b&ITS. (FEENZRAAROFZE 2 12R8F. " iEF ey
TrRET. O (M2 OFITIEEIR 1 2EIN2) DT 54 A2 MEERORTIA AT Z
AR PRITD. SRR, ERERBEOHRERT (K2 OFTIRER 3 LHiN4) OF
SAAVIEITIEEE, H1OXSERTTIALATSAAY 0O DP wvF > 7 2ikE
LTTSA A EITS. CObE, BEREIOILADT I AL MERIESHEELT, 2FEb
RASTcF vy 7THRMAT BRSBTS 2 2 TOXOH CACF vy TEFAL T,
BRELZT S A MEFERT S, PZEE 2 Ofif 3 OFIT, “GAATTG” ©35HE 4
FIEHOMICF vy 7RBAT B L EF “G-ATTC” D 3FHE 4 HHOMICE BT F vy 7
EHATS. BRELT, ZAThOEAMOT S0 A FMEILLFO SP 227 S(m.) D
Hole(e=1,..,0) ICESEEMRALEZD LS ICTDNS.
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#£ 1 An example DP-matrix. The symbol *-" .
= o #F 2 An example alignment result of sentence vs.
indicates a gap.

G A A T C alignemnt-result (C'= 6, H = 3).
0 0 0 o0 0 0 ¢

G G 0 6 3 0 0 0 1 2 3 4 5 6

A - 0 3 6 3 0 -3 1 @& A A F T &

A A 0 3 9 12 9 3 KR 2l <« A T T @

T T 8 3 9 12 18 15 gl K A = T @

T T 0 3 9 12 18 18

G G o 6 9 12 18 18
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CCTRR)DcBTIAAY MEROKTFNSOANFEZSTHS. mM 13T 54 A MR
THERT A hBH (h=1,..,.H) OXOW cIcHBBFETHS. TR F s(a,b) OFEIZLLF
ZHWS.

2
s{a,b) = { i

COEEO DN OET PHERLEP TREBVRERDETHS. X273 AV
WROMERT.

3.3 Voting Entropy

TNFTIT ZA A2 FMEROH T LIC Voting Entropy Za1H L, A—H8#iE#dT 5.
Pl e lICHBHEFEOHEENE P, ThFhOMER w, (p=1,...P) £T5. K I3EHE
OETHD. B cICHEE w, DWHHRTZEHE V(wp,c) £ THELE, JclcBiF3 Voting
Entropy VE(c) ZLATO LI ICERT 5.
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TIAAYPTCECEF vy T 1 DOHGEFEELTRS. RIVFTLT A Ay MEROE
TDH e (1 <e<C)ITiED VE(e) D% FDRIEDOLMFSELOF—BE D LER
L. DWREVHEREDOREEREZTS.
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Amount of transcribed training data (h) ) o . b
Amount of transcribed training data (h) Amount of transcribed training data (h)
B 3 Recognition results with different model combinations. The _ . . : : - ; y
Ko B 4 Recognition results with different selection methods: random 5 Recognition results with different numbers (4.8.16) of recog-
horizontal solid line showed the recognition result (75.2%) ob- s p < . .
" b 1l ifalt data (190h) d For €l selection (Random). WPPs-based confidence measure (WP}, nizers. Here the same language model was shared among the
s (_ i b e bminTog daie | WS PRERAESC I MR and proposed method (AMS-LMI1). recognizers,
Ux]]"'l'l“!l‘]lt .
4 = B B EWEGEL SIEICER L 7=
42 RBER
41 RBR&EH B BRI (T B 12 0b D Jitk & LTIUFD 3 D&M,

T—RARA—R L LTHAFEZELSHEI—/3Z (CS)) AL, TOhOBHIEHICES
RS E AIEEN T XNV, BRI T—20M, 224,434 i (666 375, 190.8
REM) 2B T —2 L L, 2328 356 (10 558, L5 27 A My hE LTz

FEEIE MFCC12 Rt &/ 83T —, RUZ O 1 M & 2 I OF) 39 X,
Sb N 10ms, AN 25ms & L, EEEMILIC OMS LRz, 58T
/L& 16 2 & 3000 4KEE triphoneHMM Z Wz, SiEETIE 1 7VAHIC 2gram, 2784
ENC dgram ZFI /2, FERICIE HTK 2R Lz,

PHBT— 26T A LICERE NI 29,461 TG (25 W) 2R EEILET—Z
T LLTHHOSEET L E ?%%*?Jb‘f}':??c:fﬁﬁﬁ L, Bho¥Er—4%28&Rc Ly
LF—RU EL, 191 2)VTRIRT 57— 2 OB N 13 25 BRI & L=

HEFER 2DO0OFFELHELE. 1 *Dc:—y VA LBIRTH O HFERIRES > X LT
foo &9 | DITHEERHESR (WPPs) I OBRY Thh, #iS o HEHMmERT

o BEEETIN (AM), SHEETIL (LM) i K BEILEF—2 T 2ZRAVWTEYEL,
AMy, LMk = 1, ..., K) OXT7 & HWC TR 2 ER T 5 (AMS-LMS).

o KpBILIF—2T2ZHOTESSETVEEEL, 27— 2 T2EVTSETFE
FHETS (ThZE LMy £T5). AM, LMuy(k = 1,..., K) OXT &2 VTR
YERET % (AMS-LML).

o BF—RZTEHOTEHEFLEEEL (CThE AM,y, £93), K 98LiEF—42T
ZHAWTEBETVEHEET S, AMu, LMy(k =1, ..., K) OX7 2Tl 1
KE % (AMI1-LMS).

K&gEL, kil 3 DONETHRBOERMEFER L L EORFHREREM 3137, §

RIIEITWEN, SIHET V2L L TRRRZER L AN RERVEER o1, C
NEFEETLOFNEEEETIVO¥E LD L OFEYF—2hpErfcb L Bbhs.

41, TrHA LR E EERSERICE IR N 3 TRVEREDV R, - 2880
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Amount of transcribed training data (h) Amount of transcribed training data (h)

B 6 Recognition results with different sentence Bl 7 Recognition results with different sentence
alignment method, progressive search and
ROVER. The number of recognizers is 16.

alignment method, progressive search and
ROVER. The number of recognizers is 8,

ABEkEE fiE (AMS-LM1) OFLOLERERA RS, HETHER T A LBIRE R TEE
ICRWREREZ>T WA, TA%OHEIERRSE 2R T 5 7 DICRETH T 63 B T
LT F LEHR T o7 BRI 5. RS D GBI S B L TE XD BORE
BoTwa., ERBRFETET 27T (190 B 2 TEHERCLTERICHWEEE
OHEEERRREER 100 HEOTF— 2 TERTET LS.

B 5 K ZEA L EORMMEZ T, K% 4816 L£EEH, AM,, LMk =
L. K) OXTEZRAOTREAREFRLE. K 2SR TEERCThEEAEEED
EREN G- 1A ZVOGHERIGIERESEOMICHFIL THEINT 22 &2 £33 L K
24 THATHS.

B 6,712 2 DDT 4 A ik (Tad Ly 7iké ROVER) 1T & 2B EOE
Y. RERNICE T OV L Y TIED A ROVER K ORENRWER RS2, Th

BTaF Ly THEOIRT F 4 AL b OB RO T RO S R filE
TERERHEEDNS.
5 % &£ &

Query by Committee I3 { FFERERRO 2 b O B B2 I L 7-8EBh 528 o F
FERREELE. SEECULHEEYF -2 5T oA LICRIRLEF— 22 TV THEORE
WA L7z, 70 d Ly v TERREERXOT T A A2 MZAWT, VEIKE->TE
HENTA -BERRERINCMO - B5FHER CSI o> TIHEL, T4 LBRY
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