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Throat Microphone Speech Recognition
Using Deep Learning Based Feature Transformation
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Abstract : Throat microphones are more robust to environmental noises than usual acoustic microphones because they detect
speech signals through skin vibrations rather than by air transmission. Throat microphones, however, cannot be used in
conventional speech recognition systems because their acoustic characteristics are much different from those of the acoustic
microphones. In this study, we propose a deep neural network (DNN)-based feature transformation method for throat microphone
speech recognition. To utilize a large amount of training data recorded by acoustic microphones and effectively reduce the
acoustic mismatch between the throat and acoustic microphones, we tried to use the bottleneck features to mediate between them.
Moreover, we also propose a long short-time memory (LSTM)-based feature transformation method. Evaluation results for a large-
vocabulary speech recognition task of Japanese free conversation revealed that the proposed method using LSTM had a 46.8%
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lower character error rate (74.6% — 39.7%) than the typical MFCC system trained from the acoustic microphone data.
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o f 7 ERCTEYEINERET LV CTONENEY A 7 EFF
ORHBREEZNE L. —F, BREFRET RS A7
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Z T, LSTM IC X 2R354 58 L7= BNF 243 2 R~
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Drau,

BRI, FEEF L 0%Y L RMERICIE Kaldi
DZFEA L. ALy 7 Fg&Ea 42 DNN 0%
#13 Kaldi+PDNN [10]Z £ ] L72=. DNN O7&R hLx > 7 &
F TP 4 Jg1% SdA (stacked denoising auto-encorders) (Z & %
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(1) AM GMM-HMM | MFCC 74.6%
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(4) TM Tandem BNF 48.9%
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#£ 2 WAME~ A 7 & MFCC %721 BNEF 22658~ A1 7 D
MFCC ¥ 7213 BNF ~DOfff~ v ©'> 7 & iz
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~ v BT Fk CER CER
(DNN) (LSTM)
(1) TM-MFCC—AM-MFCC 48.0% 46.5%
(2) TM-BNF—AM-MFCC 59.1% 51.1%
(3) TM-BNF—AM-BNF 51.1% 45.2%
(4) TM-MFCC—AM-BNF 42.2% 39.7%
(REFIE)
fbEn<Tinsg.

FEERFEREZHR 1IRT. (D&ERDE CER CUFRY R)
N T46% L, R~ A 7 LHE~ A 7 DOFEEI 2wy
FHRRENWI EVNERTEZ., E6IC, QR EIFEA
FRETE TB 57, AM-MFCC T4 L7= DNN T/Z TM-
MFCC % AM-BNF OREZEM~F L < B TE R0 2
EBRbhrol. —JTREFIED(S), (6)TiX CER 28 40%
fHEETHELTEY, ¥~y 72Xk > T AM-BNF
EDIASTyFEMATHEELZHETETWDL I L4
RTEZ. KEORYE~A 7 TEH LEETEETLIL 3
HREDHEE~ A 7 EFECTFE LEEEET VLY b EH
DOFEBIPERENE <, FERE L TIRETIEDG), (6)I3HE~
AT DHETEELIZG)RADET VLD HBHFEE N &
{polzbnzd. S)EO)FEET 5L LSTM ZHW-
(6)DF A DNN &\ 7=(5) & ¥ & CER 2MEMN - 7.

33 HEDIYEVITFRLEOHE

% L7 TM-MFCC 7°% AM-BNF ~O##~ v v 7
DHEIMEEMGET 5720, LT 4BEO~ » B 7k
THEEREL.

(1) TM-MFCC 75 AM-MFCC ~D#5#~ v v°0 7

(2) TM-BNF 7»5 AM-MFCC ~Dfffi~ v &2 7

(3) TM-BNF 7°5 AM-BNF ~Dfffi~ v &2 7

(4) TM-MFCC 7>5» AM-BNF ~O#f~ v ' 7 (%
FIE)

NSO~ v B 71X DNN 25 5iEE LSTM
ZHWDFED 2 BEOMRFEZIT>7-. WIivh DNN O
BAEOREIXK 3 IR LELO LR LT, LSTM Ok
EE S IR LELDEEICTHLD, ANEEHiEo=
= MRIZOW TR & 2 FE A MFCC 2> BNF »»
WX o TGEVWRD S, BARMIZIE DNN IZAFT DR E
23 MFCC Th 55413 TM-MFCC %Hitk 5 7 L—2F D
FEE LI FEE AT 572D A IO = ML 440
THY, BNF THDHEHEIE TM-BNF ZHitk 5 7 L—27
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#£ 3 B2 HETHMEESNZDNNIC L THEE S
TR 2 O TR B R (CER : SUFA Y =R)
Pk CER

(1) 7 & LI 42.2%
(2) "HME~ A 2 @ BNF filiH#s OB\ THIHUL | 41.8%
(3) K~ 27 @ BNF filiH#s D EA THIHUL | 40.9%

OREA LTBHMEE ANT DO ANEO 2= v MU
462 THDH. F72, LSTM I AIIT 2 EN MFCC TH
LEAIIATIE O = > I 40, BNF Th HE551EAT
o=y kit 42 THS. —J7, DNN ZH\ 5 HET
# LSTM & H\W 5 HFIETH 13 2 FdE s MFCC 0%
HIEKRE~ A7 O CMN P S vz 13 Ikotd MFCC %
HET DI )T 2oTcHNEO==y M 13,
BNF D415 CMN A3 S 7z 42 IRTED AM-BNF (228
BT D01 ET 50 THAEO2=y MIIT 42 TH
. WL HEM~ v ' 7D DNN, LSTM D E A D H)H)
EIET7 2 5 L TEEEITo 7. F#TIL TM-MFCC &
F#EIC~ v B 7 LR EIC CMN, LDA, fMLLR %
AL EEZRAVD. ST MInThb R~ A 7
THEELEETLTHD.

FERFE R 2 2 (R, DNN T LSTM TH[6]TITH
NTWfEkd TM-MFCC 2>5 AM-MFCC ~D R~
U7 L0 HIRE L7 TM-MFCC 7»5 AM-BNF ~OHF#
~ v BT DOHN CER IFEL Ieo7e. —HTQ2),3)D LD
72 TM-BNF Z AJNZH W54, FRF(), (@)D & 5 7
TM-MFCC Z# AJNZHWEFELD S CER BEL 25T
BY, BZEZ L7 TM-MFCC 5 AM-BNF ~O~ v 27
FEDRRBROWERE o7

3.4 DNN QOEHDO#MHILAE

R~ v B2 7' DNN OEAOYIHUEDE N LT
RS RICED X I RERD D ODHERT DD, LLTFD
3FEOBEAL DY T ETER L.

(1) F &Lt %1% (Random)

(2) WAME~-A 2 ® BNF ZHhiti9"% DNN @ EALTHIHIL
9% K1k (TM-DNN)

(3) X¥E~A 27 ® BNF ZHii9 % DNN O EHATHIHL
T 5515 (AM-DNN) (BRRFiE)

ZIFENDO DNN 2377 L7 FiE 2 WV CREisER =
1Tol-. FEETNVIIIKE~A 27 O BNF THEELEHD
ZHVWS.

EBAERER 3 IORT. FUX AWM LT L0 b
BNF %9~ % DNN OFELTHT 5 HiEE W=
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F 4 HIFBEOERTE —DODRy NU—7 THET S
FFiE L M MEDOR TS L ICR R DRy NU— 7 &
ET B HiEE AW R ERAE R (CER: CFRR Y )

F v hU—27 ORI | CER (DNN) | CER (LSTM)
() B—%vy hU—7 42.2% 39.7%
2) kEhlxy hT—2 40.4% 40.1%

DM~y B T ORBEREL Y, FoRE~A 7D
BNF Z i3 % DNN THIHL T 2 HiEN R Rho 7.

35 BHTYEY DRy FI—Y OWERFE

R EO SR TTE R d 1y NI —2 THET 5 )
B Rochlxry NU—2) BRETT L0, T AR
WL L7~ DNN & LSTM @ 2 iSO % v U — 7 TRITHI
Iy NU—JEHBRLTEEL, v v BV LEREERZ
HAWTRBEREZ TR -7, BBERTIRE~A 7D
BNF T8 SN B8ET L E AWz, 22 b A5
BEORRTE—DDOFRy MU —27 THET 2 HE (H—x
v hU—7) LREFERSRA R L.

F2BRfE B A F 4 1257 T. DNN Z2 V=354 Tk ochlx
v MU =T HIETH -3y hU—27 LI LT
CER 23tk L7278 LSTM % AWz 54 TlIdeEiT Ao n
o=,

3.6 [EILIVDRBRREEOLE

PALE XD ek & IR THRETFIEIC L 5T CER ZHIE
THZENTE, MR~ A 7 5 7 OFERAREEE O Ut % 2K
T&. —F, ARIOFREROT A b —& L [ERERE
L5~ A 7 7% AT AM-MFCC T4 L 72 GMM-
HMM % BHEET VLT 5 E RS AT L TR ER %
fTo7-& 2%, CER D 29.0%72 - 7=, HMERMES D BN
RVERBE T CIXERAE~ A 7 FR ERE~ A 7 FFOR
FMERBIZ AN B Y | WEORMD B S .

4. BHYIC

ARFZE TILMEME~ A 2 O MFCC 5 %3E~ A 2 © BNF
~OWEBFEIE S i~ v U S ERE L. B~
BT Lo TR~ A 7 L RE~A 7 OFEEI A~ v
F M2 TREDOEFE~A 7 O BNF THE Li=E0Oikyl
HREZ L OBEET LV ERHWCGRH#EIT Y 2 &L T~
BV BV WERE L TR E NS E L. £
7=, EEIZWEE~ 1 7 O MFCC 7> b5~ A 7 O MFCC
~0 DNN [ZESSERFIELY OIS E 28 T
7. DI, Fi~ > ¥ 7D DNN OELOHIHIME %
K[~ A7 O BNF #fitH 92 DNN O&EA L THZ LT
VHERILTEGAE LY bR v B T OREERE L e
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