
���������	��
��
������
����	�����	������� ������������� �������
� �
�!���

"$#$%'&)(+*�,$-.*�/102-�354)056�7 -8*:9�;�;)4=<+*�/?>@*�A *�B$C'(ED�A 7 FHG'/?,�7IDJ#$%'&�;$%LK@"�"M#�NO4QP8RS"$;�TU9�9�9MK V�#�;�;)4=WYX[Z�P8R\"$;�TJ9�9�9YK V�#LR]9

^`_bacaedgf hiagdkjilim npobnOj�m

a�qr_bachints acm ou^ j�m

^`v npoudgf wxjzyrhi{ dkj�hi_b| ^

}•~•€�‚+‚ƒ€Y‚1‚…„

†�‡ƒˆ'‰'Š	‹+‚1‚+‚

}•Œ•ŽLŠ‘•.Š‘•8’EŒ!“•”J–�—

˜�™tš\›ƒœƒ•‘ž+›

}=Š‘•ŸŽ ˆ�–5¡JŒ+ˆ�¢£Ž$Š‘Œƒ¤�Ž¥ˆ�–ƒŽL¦¨§8¢'Ž�Œ…©ª‡«Ž$–5¢ Œƒ©�ŽL¡J–5–¬‰2Š­ˆ�–ƒ‰\Œ1®+¯‘•.¢�•8Œ1¯°‡…¡¨¡‘ˆ�Œ•‡+‰'Š‘–ƒŽ�¡±–²ˆL©@Œ+ˆ�³�–ƒ´«Œ1¯

µ

¤••.¢'‰'Š¶”JŒE‡ƒˆ'´°‰\Œ1ˆ�¡‘¦JŽ ¤•Š¨•Ÿ‰'Š­•ŸŽ�‡�§Ÿ‡…ˆ�®+–	Ž$¡JŒ+¯[¢'‡…¯¨–5Œ+¦JŽ�¢�–²§8–5¡‘Š¨Œ+¯‘–	‰SŒ+¯[·E–5ˆ'Ž�‡…¢�•.Œ+¯°´¨‡…¢'‡ƒ”J‡+Ž$–E¸

}=Š‘–)¡‘¦‘ˆ�¡JŒEŽL–O•ŸŽU¢�Œ••8³�¡‘ˆ�Œƒ·E–¹ˆ�–ƒ‰\Œ+®1¯‘•8¢�•8Œ1¯ ‡1‰5‰\¦‘ˆ]‡+‰\º�Œ+¯

µ

¤••8¢]‰2Š[”JŒE‡ƒˆ'´»¤••8¢�Š¼Œ1¦‘ˆ½‰\Œ+¯‘¯¨–ƒ‰\¢�•.Œ+¯‘• ŽL¢

Š[º¶”‘ˆ�•Ÿ´	³�Œ[´¶–5§�¸»}=Š‘–�³�–²¢�Š‘Œ[´‘Ž••8¯¾‰\§8¦J´[– ¢�Š¨–�‰'Š‘Œ+• ‰\– Œƒ©=’[•8¯¾´‘Ž•Œƒ©�‡1‰\Œ+¦JŽ$¢�• ‰ª©@–ƒ‡ƒ¢�¦‘ˆ�–ƒŽ\¿U®1–5¯J´¶–²ˆ

´¶–5¡J–5¯¾´¶–5¯[¢•¢�ˆ'‡ƒ•8¯‘•.¯‘®‘¿[¦JŽL–�Œ…©½³À¦¨§8¢�•.€YŽ$¢�ˆ�–ƒ‡…³c©@–ƒ‡ƒ¢�¦‘ˆ�–ƒŽ\¿‘–²¢'‰+¸tÁ«–�¤••8§.§:‡ƒ§ŸŽLŒ!ŽLŠ¨Œ…¤Â¢�ŠJ‡ƒ¢�‡+´‘´¶•.¯‘®

‡¼©@–ƒ‡ƒ¢�¦‘ˆ�–•Œƒ©p¡J–5ˆ�•8Œ[´¶• ‰\•8¢$º ³!–ƒ‡+Ž$¦‘ˆ�–�•8³�¡¨ˆ�Œƒ·E–ƒŽ¹ˆ�–ƒ‰\Œ+®1¯‘•8¢�•8Œ1¯	‡+‰5‰S¦‘ˆ'‡1‰\ºE¸pÃt•8¯J‡ƒ§8§8º•¿Ä¤O–•¤••.§8§ÅŽLŠ¨Œ…¤

‡�Ž$¡J–ƒ‡…’E–5ˆÆ‡+´‘‡ƒ¡‘¢'‡ƒ¢�•.Œ+¯�‡ƒ¡‘¡‘ˆ�ŒE‡+‰'Š°¢�ŠJ‡ƒ¢ •.³�¡‘ˆ�Œƒ·E–ƒŽ�ˆ�–ƒ‰\Œ1®+¯‘•.¢�•.Œ+¯°‡1‰5‰\¦‘ˆ]‡+‰\º�©@Œ1ˆ£ŽL¡J–5–ƒ‰'Š«”[ºÇ‡

¡J‡ƒˆ�¢�• ‰\¦‘§ ‡…ˆ�ŽL¡J–ƒ‡ƒ’E–5ˆ5¸

ÈMÉ[Ê@Ë8Ê@ÌMÍ Î8Ï:ËHÐ'Ñ'Ñ5ÒYÍŸÓ.ÊÕÔJÖ'×:ÓHÏSÊJØYÌMÑSÌYÙ½Ú�Ò�ÎÜÛÝÊ@ÓH×±ÞßÒMÍ[ÓHÏSÊ¶àƒÍŸÒYátÒ$Ó?ÛÝÒYÙ:ÒYÞ•Ú�ÎŸÛÝÊÜÙSÎ@ÊLâ



���



Speech
 Signal

Front End
Signal Processing

Auditory Phone Probability
Estimator

.. .. ..

Spectral-
like
features

Phone
Probabilities

p
b
v
f

0.80
0.12
0.04
0.03Neural Network

HMM Lexicon

c a t

a

o gd

Bigram Grammar

the
a

dog cat
0.20.1

0.3 0.1

Viterbi
Decoder

Words

"the"
"cat"
"is"

Recognized

���������
	���
������������
�����������! �"#" $%��$'&(	*)

+ ,.-0/21436587:9;/;,<36-

=?>A@CBED�F
@ �HG�IKJ�L%LMGKNPOKLMGQBERTS �U@ �UBES�N�F
IWV�L'L'S�FXD�F'YQBEOZREB[F]\_^�BEOWFX\HF]OCRTL?OCL%ICLMF]O!GKN`GaBED�Db>AS �U@�c �US�@CN_Ld\�F
IK@�^eL'f

g*LMG%FEg*L'I(h�iWNALbJ_OCLMgjBED �US�F]S*@kF
JAJ_OCB*FEGKN�@CB�\�F
OKRELXlEB_G'F
VA>_\�F
OCc*m�IKJ�LMF]nEL'Opo �US�gjL'J�L%S�g*L'S*@Mm�GQBES*@ �qS*>_BT>_IdICJ�L'LMGKN

OCL(GQBERTS �U@ �UBESrN�F
IbV�L'L'SsV�F]ICLMgrBESrN ��g_g*L'Sut�F]OCnTB
lPD�BjgjL'\UI'vxwyt�t�IQz'hs{�BES_S_L(GQ@ �UBES �qIK@|D�B_g*L'\UI|N�F(lEL�V�L'L'S

f ��g*L'\Uc�J_OKBEJ�BEIKLMg�F
I|F�J�BE@KL'S*@ ��F
\U\Uc�J�B
f�L'O�^�>_\}F
JAJ_OCB*FEGKN�@CB�ICJ�L'LMGKNrOCLMGQBTRES �U@ �qBTS�hb~yL'ICJ �U@KL�@CNALblEL'OKc�REB*B_g

OCL%IC>_\U@CI�FTGKN �UL'lELMg �US�IC@QF
@ �HG�J�F]@C@KL'OCSuGQ\�F
IKI �€••G'F]@ �UBES‚m�@CN_L'OKL �UI|SABE@XcEL'@XL'S_BT>_RENrn[SAB
fW\qL(g*REL�@CB�FEg*LMƒT>�F]@CL'\Uc

D�B_g*L%\[@KN_LW@CL%D�J�BEO!F]\*IC@COK>�GQ@K>_OCLdB
^�ICJ�L'LMGKN�@CNAOCBE>ARENbGQBES_SALMGQ@ �UBTS �UIC@<D�BjgjL'\UIMh‚i„ByB
lEL'OQGQBED�L}@KN_L'IKLkg �€…†GQ>_\U@ �qL%I

N*c*V_O ��gsGQBESAS_LMGQ@ �qBTS �UIC@popwyt�t‡D�B_g*L'\UIXN�F(lEL�V�L'L'Su@KL'IC@KLMg�huiWNALˆGaBES_S_L(GQ@ �UBES �qIK@�IKc[IK@CL'D‰FTGQ@CI�F]I�FŠJ_N_BTS_L

J_OKBEV�F]V �U\ �U@�crL'IC@ �qD�F
@KBEO�F
S�g �UI�>_IKLMg‹F]I�@CN_LŠBEV_IKL'OClEF]@ �UBESŒD�B_g*L'\Wf �U@CN �qSŒ@CN_L�w?t�t•^eO!F]D�L'f�BEOKn•hŽiWN �UI

F
JAJ_OCB*FEGKN�V_O �qSAREI?IKBED�L�V�L%S_LQ•�@KIM•U•Q‘Chy’�SPJ�F]OC@ �HGa>_\�F
OMmAIC@KOCBESARˆF]ICIK>_D�J_@ �UBES_I?F]V�BT>_@?@KN_L �US_JA>_@?IK@!F
@ �UIC@ ��GQI�F]S�g

@CNAL?^�>_S�GQ@ �qBTS�F
\�^�BEOCD“B
^<@CN_LdBT>_@CJ_>A@?g*L'S_I �q@�c�F]OCLdS_BE@WOKLMƒT> �UOCLMg”h

’�Ss@CN �UI�OKL'J�BEOC@(mWf�LˆgjL'I!GQO �UV�L�FŠICL'@�B
^�LQ•_J�L'O �UD�L%S[@KI�g*L'I �qRTS_LMgs@KB�BEV_@QF �USsREB*B_grOCLMGQBTRES �U@ �qBTS�^eBTOb@CN_L

–*f �U@!GKN*V�B[F
OQg�GQBTOCJ_>_I(•˜—(‘<fWN ��GKN �UIkF™N*>_D†F]S*ox@KB
o�N*>_D†F(S�@CL'\UL'J_NABES_LbGQBES*lTL'OCIQF
@ �UBTSPIKJ�L'L(GCNšgAF
@!F]V�F
IKLEm�V*c �US*o

GQBTOCJ�BEO!F]@ �US_R�La• �UIK@ �US_RdlEF
O �qBT>_I<F
J_JAOCB[FTGKN_L'I<@KN�F
@<N�F(lEL�V�L'L%S�J_OKB
lEL'S �USX@CN_L �UO<La›•LMGa@ �UlEL'SAL'ICI(h}iWNABEICLWD�L'@CNABjgjI

�US�GQ\U>�g*LX@CNAL�GCNAB ��GQLbB
^?FEGaBE>_IK@ ��Gœ^eLMF]@C>_OKL'I�IC>�GCNšF]I�•W=k–ji„=X•˜ž(‘Cm�Ÿ< �ŸW•˜¡¢‘£F
S�gŠt�B_g*IKJ�LMG]• ¤¢‘£F
S�g�RTL'S�g*L'Obg*LQo

J�L'S�g*L'S*@X@COQF �US �US_R�m”>_ICLbB]^?Db>_\U@ �€oxIK@COKLMF
D“^eLMF]@C>_OKL'IMm�>_IKL�B]^¥F™^eLMF]@C>_OKL�B]^£J�L'O �UB_g ��G �U@�c*m�ICJ�LMF
nTL'ObFEg_F]J_@!F]@ �UBES

@CL(GCNAS ��ƒE>AL'IMm�L'@QG
h

iWN_L�IKJ�BTS*@!F
SAL'BE>_IbS�F
@C>AOCL�B]^?ICJ�L'LMGKN �US¦–*f �U@!GKN*V�B[F
OQgŠD†F]nEL'I�@KN_L�OKLMGQBTRES �U@ �UBTS�YQBEV�lTL'OCcšGKN�F]\q\UL'SAR �US_R

V�BE@CN �qS§@CL'OKD�I?B]^}FEGQBT>_IC@ �HGaI¨F]S�g�\�F
SARE>�F]RELEh?t§F
S*c�L'lEF
\U>�F]@ �UBES_IWB]^}\�F
OKREL�lTBjG%F
V_>_\�F]OCc�IKJ�L%LMGKN�OCLMGQBTRES �U@ �qBTS

@CL(GCNAS_BE\UBERTc†F]OCL�GQ>_OKOCL'S*@C\Uc�g*BTS_LdBES†–jf �q@QGKN[V�B[F]O!g�h

© ª¬«:­®14,�5 ¯°-:-²±”ª´³ ³ µ™«¶µ�/2·#³

iWN_OKBE>_RTN_BE>_@œ@CN �UI�f�BEOKn•m�f�Lb>_IKL†F�N*c*V_O ��g�w �HgAg*L'S¦t§F
OCnTB
l`tˆBjgjL'\�vxw?t§t�z�F
S�gŠ=?OC@ �€••G ��F
\W¸WL'>AO!F
\W¸WL%@�o

f�BEOCn�v�=k¸?¸yzWIKc[IK@CL'D¹^eBEOWIKJ�L%LMGKN�OCLMGQBTRES �U@ �qBTS�•U•Q‘�v�•�RE>_OKLº•ThU•Mz'h�’�S�@CN �qIyICc*IC@KL'DPm�@KN_L�=k¸y¸#L'IK@ �UD†F]@CL'IyJ_N_BTS_L

J_OKBEV�F]V �U\ �U@ �qL%I„R �UlEL'SX@CN_L?FTGQBE>AIC@ ��G¥I �URES�F]\�h�iWN_L?w?t§t �qI�>_IKLMgb@KB�D�B_g*L%\[@KN_LW@CL%D�J�BEO!F]\_IC@KOC>�Ga@C>_OKLkB]^•IKJ�L%LMGKN�h

iWN_LŠ=k¸?¸¹f}L§>_ICL �UI†FŠDb>_\U@ �U\�F(cEL%O|J�L'O!GaL'J_@COKBES�v�t� �ŸZz�@CN�F]@�N�F]I†F»I �US_RE\UL�N ��g_g*L%S‹\�F(cEL%O�F
S�gs\UB_G'F]\

FEGaBE>_IK@ ��GdGQBES*@CLa•j@y@CN_OKBE>_RTN�FXDb>_\U@ �€oe^�O!F
DXL �US_J_>_@�f �US�g*B
fdv¼•�RE>_OKLb•Eh˜¡Ez%h�’�@WL'IK@ �UD†F]@CL'I?GaBES*@CLQ•_@po �US�g*L%J�L'S�g*L'S*@

J�BEIC@KL'O �UBTOkJAN_BES_LXJ_OKBEV�F]V �U\ �U@ �qL%IMh?½dOQFEg �UL'S*@dg*LMGQL'S*@�@KO!F �qS �qSAR �qId>_IKLMg§@CB�D �US �UD �q¾%L?@CNALºGQ\�F]ICI �€••G%F
@ �UBTS�L'OCOKBEO

l ��F?FdGQOCBTICIpoxL'S*@KOCBEJ*c�GQO �U@CL'O �qBTSbBESX@CN_LW@KO!F �qS �qSAR?>_@K@CL'OQF
S�GQL%IMh}{�OKBEIKI<lEF
\���g_F
@ �UBES�v�{�¿kz�F
S�g�LMF]OC\UcXIC@CBTJ_J �US_R�F
OKL

>_IKLMgb@KB �US_IK>_OCLy@CN�F]@<@CNALWS_L'@�f�BEOCnXJ�F]O!F
D�L'@CL%OCI}g*BdS_BT@<B
lEL%OC@COQF �USb@CBdS_L%fÀgAF
@!FAh„~yL'@QF �U\UI<B
^�@CNAL?F
O!GKN �U@KLMGQ@C>AOCL

F
S�g�@KN_Ld@COQF �US �US_RbF
\UREBTO �U@CN_D �UI?g*L'IQGQO �UV�LMg �qSŠ•U•Q‘Ch

•



...

...

Current Frame
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Hidden Layer:
500-4000 Fully 
Connected Units

Output Layer
54-61 Phones

Input Layer:
9 Frames of 20 RASTA or PLP
features,  total of 180 units
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