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Figure 1: GAN»÷Í!�
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Figure 2: LASï0ïÓ� Figure 3: MHAÓ�

Figure 4: CTCF¶Ó�þ
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Figure 5: �û¡f`Ó�
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�íóÆ+�ú,l�:argmax
W P (W | X) =argmax

W P (X |W )P (W )� v

-P (X |W ):ðf!��P (W ):í�!��
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Figure 6: èí�Æ+^ÏQÜþ

Figure 7: íóÆ+A�þ

ral network, CNN	åÊª¯^ÏQÜ�Recurrent neural network, RNN	I�

y+�QÜÓ�	zôØbQÜ�Spatial Transformer network 	/ Highway Net-

work(Grid lstm) / Recursive structure / External Memory / Batch Normalization

/ Sequence-to-sequence/ AttentionI�
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��û¡_	@��
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¿öÍ� �Õ�BPTT	I�
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Figure 8: DNN-HMMÓ�þ

,�;Ó�îM�:AL�ðf!�;��ìå�Û'{�ñ¦^ÏQÜ-

�l�Ñ+!�÷�ûß�DNN-HMM	�öö^ÏQÜ�Time delay neural

network ,TDNN 	, M���°Æ^ÏQÜ�Feedforward sequential memory net-

works�FSMN	åÊª¯^ÏQÜ�recurrent neural network , RNN	� (á÷

��fÑ-�	$Íäâh��+ëZ IIR � FIR�Infinite Impulse Response

Filter vs. Finite Impulse Response Filter	��ì�$Í^ÏQÜøù��IIR 1

øS� RNN !��FIR 1øS� CNN !��(wï�³��BK��CNN1ý

)(³�Ü�áo�{< RNN	�1}Ï(��:o��FIR äâh/ïåÑ<

IIR äâh��

ù�ðf!��ËÍ;�uªå�à¹�

(1)!�Ó���ð��H�vÓ��ú,�FNN�CNNåÊRNNÎ!�Ó��w

S�l�h¾$¹bÛL���

(2)Í��9Û�v!��Ù�ðf!��ùíóú!�� (ø��ú@^ÏQ

Ü
@Z�9ÛåÊ9Û��ï��à�

(3)!�Ã¹Õ�6�ùø��!�Ã¹ÕÛLô��

(4)�:¹Ô�����àÍx��ðf!���¹�:¹ÛLùÔ�

2.1.1 ñ¦^ÏQÜ-�l�ï+!�÷�ûß(DNN-HMM)

��	!�Ó�

º�[6]-Þ���Iºs�CD-DNN-HMM!���vå\ïå�/íóÆ+

�ßÎHMM-GMM!�Ó�0^ÏQÜ!�ÑU�l�¹� DNNýô¥:íó

á÷ú!�à:íópWá÷/ö�Þíá÷��DNN��ú�'���e�F

/DNN�:�{ý�ù��ó 	�}�t+H��àd��~0�Í¹Õe

��á÷�¦Ø��î����þ8@:�DNN-HMM÷�ûßïå(�Eî�-

�Û�(�

(Ù*F¶-�HMM(eÏðíóá÷�¨�Ø��sùíó���y'Û

Lú!�Âßy������ÇDNNe0¡�ø�� ß�HMM-GMMÓ��:

+/��HGMMÐ�P{y� | ¶�}��°(Ø:DNNÐ�P{¶� | �e}�:
û 
��áo�DNNù@	Z{��¶��Z{��	ó ¶�	�<6¦Û
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Lú!�(Ù�ðfÂßy���(DNN�Ï*�ú�¹e0¡ÞíÆ¦HMMÐ

*¶�������F/(ÃÇ�-�Ø/��GMM+HMM ûßÐ�ùP

¹�� ù�@	�¶�s ∈ [1, S]�êÃ�*�t�DNNe0¡¶�����

�p (qt = s | Xt)�x��DNN�e/U���'��/�*2$ + 1 (9− 13)''

���ãy�Xt = [Omax(0, t −$)...Ot...Omin(T,t+$)]���ø»'�áo«	H

0)(�è���� ß�HMMàÕá³Âß<ìË'G¾�î��

��	y¹;Ó

!�Ó���¹���

(1)E�)(�DNN��(t+^'

(2)ÃÇ�ïå�(ôyÔ�Õ�ã��8^8ØH

(3)eêCD-DNN-HMM�DNN�����ãÿ� ßGMM-HMM-�÷�Ø¯!

��vÖýÝ�Ø�Ó�9¨���

!�Ó��:¹���

(1)HMMù
���ú!ý�	P�à:HMM�l�ï+'üôSM¶�ê�


�ö;�¶�	s�

(2)'ýÐGØ*¥Ñº{4s�

2.1.2 öö^ÏQÜ(Time Delay Neural Network,TDNN)

��	!�Ó�

(�íóá÷���öö^ÏQÜ�TDNN	v�/wï^ÏQÜ

�Convolutional neural networks, CNN	�M«�àd(d��TDNN�CNNÓ

�{Ô�vÓ�y¹� ß�^ÏQÜ{<��+�eB��B��úB���Ç

CÍ�On��Þ¥�F/:�ùíóá÷-�¨�ößáoÛLú!�TDNNZ

ú���9Û� e�
��áo�s�+B�y�Å�SMö;��e	s�

��Ø�*eö;��e	s� �ÇÙÍ¾��Ó�¾¡�TDNNý(�ùeê

í�íóy��sMFCC	���öô�V'ÛLú![7]�

(1)�Æ�TDNN�Time delay neural network �TDNN	

�þ9@::íó�kaldi-�(��ÆTDNNÓ�[8]��ËØbÎ�:í��

öô½¦
f`���ñB�/Îô�Û�öô
��-���s�@�BBp

�Ø��TDNNÏ�Býå��öô�¨�ÛL��ØBw	f`ô½öô�ý

��

öö^ÏQÜÃÇ�-Ç(PÇ7�sub-sampling	�¹ÕÏ�ÃÇ�-

�¡�Ï�

(x��TDNN-�(@	öôe¤¡��ÏÀ;�6��(ø»öôe�¡

��À;��e
��KôX('�Íà�(ø»À;øs�G¾��ïåù�ì

ÛLPÇ7�(QÜ��ÏB-��8ü¥�Ç$'���Bp�Ø�ü¥�'

Ýø��Ü�Sub-sampling�¹Õý©ÃöôÐG5�Sub-sampling�æ�*

�¹/!�:ø�Ï��

��	�CNN!�Ó�{Ô��

TDNN\:CNN�M«��CNN	ø��Ó�¾¡�ó�¾¡äâh�Â

p�v-äâhÂp(öôô¦
q«�Î�¾0¾�!�Ó��v��+
��

áo�î��

�		Ã¹Õ;Ó

(1)�Æ�TDNN�Time delay neural network �TDNN	
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Figure 9: Kaldi-TDNNÓ�þ

Figure 10: TDNN-FÓ�þ

Ã¹Õ�(*j��BÑcÃ�����:¯¦�Mô°Âp�f`�Ç

(�p�MÕ��Ëöf`��Ô�'� ëf`�¦�0�bf`���� 

Ã¾¦�v-ÃÆ�Ç(sMBR��t+'Ã�

(2)�ã�TDNN�factorized TDNN, TDNN-F	

(�v[9]-Ðú�Í	H�¹ÕeÃw	Âpé5�QÜ�@ðÂpé5h

::$*�ô�*��é5�Xï�v-d��*à K��@	àPý«¦_:

Jc¤��þ10@:��d¹Õ�(�TDNNûß�s:�ã�TDNN�TDNN-

F	�v�(vÖ��9Û���ólÞ¥�skip connection	�èöôq«�"

1©�¹Õ��ÇÙ���¹Õ TDNN-F!��8�Ö�ô}�Æ+Ó���ö

ã��¦ôë�

�Û	!�y¹��

TDNNðf!�(ú!�Ã
	å�y¹�

(1)Ãöôøù�í�}6ª¯^ÏQÜ�RNN	(íóá÷
h°ú��:�

ú!ý��F/à:v��y'�Ã¾¦'�^8�ö�ø����öö^ÏQ

Ü�TDNN	,(
/M�^ÏQÜ�àd¹�Ã��ö�í�
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Figure 11: FNNÓ�þ

(2)QÜ/�B��ÏBùy�	�:�½aý��

(3)	ý�h¾íóy�(öô
�sû�

(4)w	öôØ'�

(5)f`Ç�-�Bù@f��°ÛL¾n�öô�M�

(6)�Çq«C<�¹¿f`�

2.1.3 M���°Æ^ÏQÜ(FSMN)

FSMNðf!�Ó�/ Õo(Zë�ôÎ�ASR�v��°����� 

e?Ìôôíó�ÕÄ�����ì��ùFSMNÓ�ÛL��û�9o��È

�LFR-DFSMN�òÏ��=0å�§�(�Ö�Æ+��ã��¦�'E¦Ð

G�7°�ñ���pnÆLibrisspeech��LSM�}Ó��

��	!�Ó�y¹

FSMN[10]v,(/�*M�hÞ¥^ÏQÜ�FNN	�M�hÞ¥^ÏQÜ

~�I��B�@	^ÏC$$Kôý	Þ¥sû�M�hÞ¥^ÏQÜ/�

ÍU�Ó��ÏB�+år^ÏC��B^ÏC¡	Þ¥�áo¿@�*¹�BB

 ��pnÎ�eB�e�ÏÇ�B�B���Î�úB�ú�wS�!�Ó��

þ11@:�

(1)�ÆM���°Æ^ÏQÜ�Feedforward sequential memory network-

s�FSMN	

(M�hÞ¥^ÏQÜ�ú@
��Ç(�BÁ¹û ��°Æ!W

�memory block	eùh¹�
��áoÛLú!�Î���!�ïåùö�

á÷��öøs'ÛLú!�°Æ!WÇ(�þ12@:�½4ößÓ��SMö;

åÊKMN*ö;��B�ú�Ç�Äûp���0�*ú��h¾�
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Figure 12: FSMNÓ�þ

�e���X = {x1, ..., xT } , xt ∈ RD×1

,l�B�ú���H l =
{
hl1, ..., h

l
T

}
, hlt ∈ RDl×1

°Æ!W�h̃lt =

N∑
i=0

ali
⊙

hlt−i

,l+1�B�ú���hl+1
t = f

(
W lhlt + W̃ lh̃lt + bl

)
à:FSMN,(/M�^ÏQÜ�@åÃ¹Õïå�(ïîÍ� �

Õ�error backpropagation, BP	�Õef`��öÇ(ú��yÏÃ�mini-

batch��:¯¦�M�Stoachstic gradient decent, SGD	�(íóÆ+û¡-�

��(é��(640256*7,'���(��b(102408096�7,'��ïå

f`0�*ô}�!��

(2) ���FSMN�compact FSMN, cFSMN	

(�v[11]-Ó�é5Né�ã�Low-rank matrix factorization	��ï�

Ðú�9Û�FSMNÓ��ðK:���FSMN�compact FSMN, cFSMN	��

þ13 @:�/�*,l�B�+°Æ!W�cFSMNÓ�Fþ� ù�cFSMN��Ç

(QÜ��B�û �*Nô�¿'�qB�v��°Æ!Wû (Ù�¿'�q

B
�cFSMNù°Æ!W���l�_ÛL��t��Ç�SMö;��ú>�

0û 0°Æ!W�h¾-�Î�ê���°Æ!W�h¾\:��B��e�Ù

7ïå	H0Ï�!��ÂpÏ� ëQÜ�Ã�

P̃ l
t = P l

t +

N∑
i=0

ali
⊙

P l
t−i

P̃ l
t = P l

t +

N1∑
i=0

ali
⊙

P l
t−i +

N2∑
i=0

clj
⊙

P l
t+j

v-P l
t = V lhlt + blãh¿'�qB,lB�¿'�ú�,l+1B��ú�:

hl+1
t = f

(
UlP̃

l
t + bl+1

)
�
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Figure 13: cFSMNÓ�þ

Figure 14: DFSMNÓ�þ

v��ÆFSMN�,(:+1/°Æ!W�¿'�qB!W(�ø��CÍé

5���ÆFSMNÇ(���CÍé5�Î�'ÏÏ��!�Âp�Ï��

Ãöô� Ã¹Õ��ÆFSMN�7_/Ç(ú��yÏÃ�:¯¦�M��

� �Õ��SÃÆ�/ú���t+�Ã�MMIöýÖ�ô}�'ýÓ

��

(3)ñB�FSMN�Deep FSMN, DFSMN	

Û�e0��Ç(cFSMN�°Æ!WKôû ólÞ¥�skip connection	�

Î���NB°Æ!W��ú�«ô¥/ 0ØB°Æ!WÌ�Ù7(ÃÇ

�-�ØB°Æ!W�¯¦�ô¥K<ÙNB�°Æ!W�Î�ïåK1�

QÜ�ñ¦ ��¯¦�1î����ïå3�0ÃñBQÜ� �þ14@:

:DFSMN[12]�Ó�:�þ�æ:�eB�ó:�úB�¢r¹F:°Æ!W�

ù°Æ!W�h¾_ÛL�î9��Ç�ti �dilation	wï��ï�(°Æ
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!W-�e��eE�stride	àP�wS�¡�l����

P̃ l
t = H

(
p̃l−1
t

)
+ plt +

N l
1∑

i=0

ali
⊙

plt−s1∗i +

N l
2∑

j=1

clj
⊙

plt+s2∗j

øÔ�KM�cFSMN�Ðú�DFSMN�¿(���ÇólÞ¥ïåÃ�ñ

�QÜ�ù��e�cFSMN�1�Ï*�BòÏ�Çé5�Né�ãÆ���$

B�Ó��Ù7ù��*�+4BcFSMNBåÊ$*DNNB�QÜ�;q�+�B

p�¾013B�Î�Ç(ô��cFSMNB����Bpô����Ãú°¯¦

�1î��üôÃ�3�'��Ðú�DFSMN�ÇólÞ¥�M�ñBQÜ

�¯¦�1î����ÃñB�QÜØ�3����ô��/�ÙÌ�ólÞ¥

Åïå 0ø»BKô�_ïå 0ø»BKô�ólÞ¥,«ïå/¿'Ø

b�_ïå/^¿'Øb�wS���ïå�°Ã�+pAB�DFSMNQÜ�

v�øÔ�cFSMNïå·�>W�'ýÐG�

DFSMN�æ��*9ÛÇ(N'��Low Frame Rate, LFR	¹���e

�/Ï'íó�ðfy���/�Ç�ø»ö;�íó'ÛLÑ�\:�e�»�

KÙ�íó'�î��ú�0��*sG�úî��Ù7ïå�'0ÐGíóÆ+

ûßðf���¡�åÊã��H�� ��	�FNN!�Ó�Ô���

àº/�Æ�FSMN�Ø/9Û�cFSMNåÊ0�È�DFSMN�}6Ó�e

	��F¾¡�ó�;�F¶'ô�7�:+;�(!��ñ¦�!��Âp¾

¡
��ì(íóÆ+�ßø�� ß�M�^ÏQÜK@åýÖ�'ý
�è'

ÐG�;��à;Ó:å�$¹�

(1)�Çû °Æ!WÎ�ïåû 
��áo��}0ùíó�ö�VáoÛL

ú!�

(2)(dú@
�ÇÂp�¾¡ù!�ÛL���¾��Î�¾0���Ã'

ý�

�		Ã¹Õ;Ó

FSMN,(/M�^ÏQÜ�@åÃ¹Õ�(ïîÍ� �Õ�error

backpropagation, BP	�Õef`��öÇ(ú��yÏÃ�mini-batch��:

¯¦�M�Stoachstic gradient decent, SGD	¹Õ�

�Û	!�y¹��

(1)ø��BLSTM�FSMN·��>W�'ýÐG�

(2)Ã�¦ø��BLSTM_ôë�

2.1.4 ª¯^ÏQÜ(RNN)

ª¯^ÏQÜ-^ÏC���Þ¥Ä���*	�¯�	�¯��(ª¯^Ï

QÜ-ú°��è¶��&°Æ�Ó��K��ª¯^ÏQÜú!¨�ö��ý

��(íóÆ+-�sïåúË�*��eåP�¦�7Bp�ñ¦!��

��	!�Ó�y¹

�U�U�BRNN�Ó�y��þ15@:�

v��RNN�,(y�1/��7�Ó�y�Í�(�s@��CÍq

«�Î�¾0�e/����!�Âp�Ç�B�H��:¿��ã�h:

��þ@:�&	�e�úy��QÜÓ��v-h0, h1, h2.../w	ø�ô¦��

Ï�x1, x2, x3.../w	ø�ô¦��Ï�y1, y2, y3.../w	ø�ô¦��Ï�F�¡

�Ç�:h1, y1 = f
(
h0, x1

)
�s�e$*�Ï��ú$*�Ï��Ï�ô¦	ø�

�ù�sû�(dú@
�f��I1ï9nwS��ÛLwS�¾¡�
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Figure 15: U�BRNNÓ�

wS�l�h¾�:�

ht = f (Wxhxt +Whhht−1)

yt = g (Whyht)

ïå�RNN�8ÃÓ�y¹;Ó���à¹�

(a)àº�e����¦	���;/q(ø��ýpf�ÎÙ*Ò¦eôRNNø�

�FNN�}�/ý¾�!��Âp�à:àº����¦�UØ��fØ�Âp

����}6FNN��e_ïå/���F/�����ö��s�eB�ô

¦�'�ø��Âp1����Âp�æg��1�üôÇß��°a§��

(b)F��e�ìd;��e�
�ö;��ú�àdïåùíóá÷��ö�Vy

¹ÛLú!�

RNN�Ã¹Õ/ú@¿öÍ� �BPTT	¹Õ��(�f`ª¯^ÏQÜ�

öôU�QÜ�CÍé5��Çöôz�Þ �ïá÷�Ù/M�QÜ�ÏxÍ�

 �Õ��*iU�v-ù��Ã'tö;��*�ï�B�«ÿb�T*è

�öô�ø�U��Bt=1,2,&,T�BPTT1�'Kô��Vsû�6[�ôb�

��à:¯¦��Ñ��1î�(ó�7,B�ãÿ�'§+B	��:��ôï

ý6[0�*}�@è��ã�

(1)�íö°ÆUC�long short-term memory�LSTM	ª¯^ÏQÜ

:�ã³RNNÃÇ�-�¯¦�1�¯¦�¸�î���Í�:��íö

°ÆUC��LSTM	�Ó�«�e0RNN-�ÙÍØÍ��ã³� ßRNN@

ýK�ú,î�� !�Ó��wS9Ø�þ16@:�ø���r¹Fãhø

�ô¦��Ï	
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Figure 16: LSTMÓ�

it = σ
(
W (xi)xt +W (hi)ht−1 +W (ci)ct−1 + b(i)

)
ft = σ

(
W (xf)xt +W (hf)ht−1 +W (cf)ct−1 + b(f)

)
ct = ft · ct−1 + it ·

(
W (xc)xt +W (hc)ht−1 + b(c)

)
ot = σ

(
W (xo)xt +W (ho)ht−1 +W (co)ct−1 + b(0)

)
ht = ot · tanh (ct)

v-W ci/ùÒé5 Ã¹Õ��e�:¯¦�M�ASGD	�Õ�*�¿

öÍ� �BPTT	�Õ

��	Ã¹Õ;Ó

Ã¹ÕÇ(�e�:¯¦�M�ASGD	�Õ�*�¿öÍ� 

�BPTT	�Õ� ßRNN
ZBPTTö¯¦��@$*öô�ô�� ��

pÏ��@�¯¦�¸�¯¦�1�ê	�(/Ñ�Ä�����¦_��¹Õ

Mý	H0f`Âp�FLSTMUCýã³Ù*î���à/S¯¦Î�úB«Í

� 0�Bö�LSTMïåù¯¦ÛL°Æ�Î���LSTM�ÃØ�	H�

�		y¹;Ó

ª¯^ÏQÜ!�	å��:¹�

(a)1�ª¯^ÏQÜùíóá÷¨�ú!�ý�åÊùöô�ö�V'�h¾ý

��©�('ý
	�}�h°�

(b)!��8Ô��'�Ãã�öô��

(c)1��ú��V'�ý�}0ÛL�ö�íóÆ+�

2.2 í�!�(Language model)

(íóÆ+-�ðf!��í�!�M��(eÛLÓ���ú�v-í�!

��\(/0K�åÝú°������$*����recognize speech�wreck

a nice speech	ø��Ñó�$/ê*��1��(0í�!���,�Ç÷Æ

¦�Perplexity�PP	eÄ÷í�!�'ý�
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Figure 17: í�HMMÓ�þ

2.2.1 N-gram

����*��\:�*tSeÛLpnÇÆ�Ý�ïý�ú°pn���Å

µ�@å�8(�ZÕ/�åPÆ�,N − gram¹Õ1/(l�ï+þ�Ó���
�/Ï*Íê�Mn − 1*Í	s�8(�b�/bigram�trigram���bigramÏ

*Í�M�*Í	s��åÝú°���:P = (W1,W2,W3, ...,Wn) = P (W1 |
START )P (W2 | W1)...P (Wn |Wn − 1)��v-�Ï��è�ý�Çß¡�,�

¹ÕÇÆ� Sðf!�/HMM!�ö�à:ý/l�ï+þ�Ó��@åí

�!�ïå�UÍ�ðf!���0�èí��HMM�wSe¤:Ã�

ó HMM	Íxü¥�UÍHMM�UÍHMM�í�!���í�HMM��

þ17:UÍpick��!��

N-gram��¹/¹�Ã��(�F/ÙÍ¹ÕàN�¾0¡Æn�à:p

nïýß¡�h�SN�'�ö��È¹�ú°pn���°a� :ã³pnÆ

�üô���î��Ðú���pnsÑ��¹Õ�

(a)SÐ*Í(pnÆ-�V��ú°:0ö�ß¡ö�09:�*������

(b)Í�ÏÕ�� �òUÍ�SMUÍ�Í�Ï���òUÍ�SMUÍZ¹

ï���h@��eÃUÍ�Ï�6�(Ã}�UÍ�Ï¹ï<eÿb��

<�

2.2.2 ^ÏQÜí�!�

^ÏQÜ(ðf!�-�Ð(��íóÆ+�'ý	�'E¦�ÐG��

/ºì�Ë�Õ�^ÏQÜÐ(0í�!�-� �åÝú°���Ø/1P =

(W1,W2,W3, ...,Wn) = P (W1 | START )P (W2 |W1)...P (Wn |Wn − 1)h¾�F/

�N-gram��/�P (Wn |Wn − 1)1^ÏQÜÃ�0� ú@�^ÏQÜí�

!��þ18@:� �1�RNNú!�öøsáo�ý��@å�(��Û�Ø

/RNNLMí�!�Ó�� Ó�þ�þ18@:� RNNLM}6'ý	@ÐG�F

/�E�(�ö�à:�¹p��@åX(`zô�Ã�KÕ�¡�Ïý�'�

î��ùÃpn_Ô�O��(��º�Ì�ýùRNNLM�Ã��Z�øs

�v�(º�[13]-Ç(½7Ã¹Õ ëÃ�¦�(º�[14]-Ç(ë�¹L

���fast marginal adaptation�FMA	�F¶Ó���eêRNNLM���Xå

Ï*UÍ�y�àP�vÍ°R���

3 Thchs30���ËËË
3.1 pnÆ�Ë

�h1@:�:THCHS30pnÆ[15]�wS���

3.2 A���

3.2.1 pn����y�ÐÖ

��	ùdata/train, test��text�wav.scp�utt2spk�spk2utt

}äL�local/thchs-30 data prep.sh
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Figure 18: ^ÏQÜí�!�

Figure 19: ^ÏQÜí�!�

ûÖí��-� train, test �ö9��.wav�ö�.trn�ö�)(wav�ö�W

�@(ï���wav.scp�ö�)(wav.trn�ö��word.txt �utt2spk(åP0ô

Ýº)�spk2utt(ôÝº0åP)Ì��¹ý/$�ø��wav �ö�

��	ûÖíópn�Íx�ö�¹

1. úËdata/dict�ö9

2. �íópn�-�øs�ö

�extra questions.txt�nonsilence phones.txt�optional silence.txt�silence phones.txt	

÷�0data/dictîU�

3. å~Wx�ö�+< s >�< /s >W&�L�e0data/dictîU�

Table 1

pnÆ ôÝºp 7' s' t� åPp ö�

ÃÆ 30 8 22 20-55 10893 27.23
KÕÆ 10 1 9 19-50 2496 6.24
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�lexicon.txt-

�		��ÃÇ�@��í�!��ö

1. úËdata/lang�ö9

2. Utils/prepare lang.sh}ä�úWxL.fst�ö

3. úËdata/graph�ö9

4. �íópn-�í�!�word.3gram.lmã�0data/graph�ö9�

5. Utils/format lm.sh}ä��G.fst�övÀå/&�+z¯�¹¿�L.fst�w\

(�

D�FST(Finite State Transducer)	P¶�lb:

FSTA¸ðfáo(HMMÆ�)�Ñó!��í�!��Æ+íÕß��h:�å

¿(M��"QÜ�ô�ïåÏ�¡�Ï� L.fst�G.fst/í�!��Wx!��

æ�Íh°b��

�Û	y�ÐÖ

1. ùtrain�testÐÖMFCCy�¨X(�ö9data/mfccÌ

2. ùtrain�testÐÖfbanky�¨X(�ö9data/fbankÌ

3. ùmfccçíZCMVN��1G<¹îR��	

4. ùfbankçíZCMVN��1G<¹îR��	

D�CMVN

×�¦KÎÊó��S�qÍ,�üôø�ó �y�î+Ô�'��

ÇCMVNïå�0G<:0�¹î:1��Æy��

3.2.2 GMM-HMM!�Ã

��	Uó !�Ãmono

1. steps/train mono.sh (eÃUó !��)(data/mfcc/train�Ãpn

�data/langÌ�í�!��;��ú:(exp/mono�ö9Ì�final.mdl�tree�

Ã�8ÃA�1/(EM�ÕíãùP-ß¡�GMM�HMMáo-ô°Âp�v

-íã40!�

gmm-init-mono �Ç�Ï�pnë��0�*�Ë��HMM-GMM!�

compile-train-graphs ��åPfst�6���ó §+�fst

align-equal-compiled ùÃpnÛL�ËG�ùP

gmm-acc-stats-ali ùP�ùpnÛLÃ

2. local/thchs-30 decode.sh(eã��KÕè��(��Ã�0�!�eùKÕ

pnÆÛLã�v¡�Æn��<6¦Iáo�

3. steps/align si.sh �(Ã}�!�ùpnÛL:6ùP�¹¿çí�(��ú

Ó�(exp/mono aliÌ�

��		ó !�Ãtri1

1. steps/train deltas.sh1/	ó !��Ãè��)(data/mfcc/train�Ã

pn�data/lang�í�!�åÊexp/mono aliÌ�ùPZ	ó Ã�åÃ�

Uó !��;�:+/¶�Ñ�è��Ã¹Õ_/EM�Õ��ú!�ÝX

(exp/tri1Ì�

2. local/thchs-30 decode.sh/ã�KÕè���Uó �ã�KÕ/�7��ê/

���mono	y

3. steps/align si.sh)(Ã�0�	ó !�eZ:6ùP�ã��Uó �7�

:+/�e!��Ø���úÓ�ÝX(exp/tri1 aliÌ�

�		¿'$+���Linear Discriminant Analysis� LDA	tri2b

1. step/train lda mllt.sh )(data/mfcc/train�Ãpn�data/lang�í�
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Table 2
nnet1 DNN %WER 23.66 [ 19195 / 81139, 392 ins, 641 del, 18162 sub ]

DNN MPE it1 %WER 23.42 [ 18999 / 81139, 381 ins, 626 del, 17992 sub ]
DNN MPE it2 %WER 23.40 [ 18984 / 81139, 389 ins, 614 del, 17981 sub ]
DNN MPE it3 %WER 23.31 [ 18914 / 81139, 381 ins, 600 del, 17933 sub ]

nnet3 TDNN %WER 23.28 [ 18892 / 81139, 336 ins, 776 del, 17780 sub ]
TDNN MMI %WER 23.11 [ 18751 / 81139, 366 ins, 702 del, 17683 sub ]

!�åÊexp/tri1 ali	ó ÃÌ�pnùPZLDA�·�°!�ÝX

(exp/tri2bÌ�LDA(eZy��tvÃ°!�

2. local/thchs-30 decode.sh/ã�KÕè�,�


3. steps/align si.sh Ã}!��9n!�ùpnÛLùP, �úÓ�ÝX

(exp/tri2b aliÌ�

�Û	ôÝºê��Ã�Speaker Adaptive Training�SAT	tri3b

1. steps/train sat.sh )(data/mfcc/train�Ãpn�data/lang�í�!�

åÊexp/tri2b aliLDAÃÌ�pnÛLSATÃ�0°!��°!�¨X

(exp/tri3bÌ�ôÝºê���//)(y�ôÝºpnùôÝºàs(Speaker

Independent, SI)��,ÛL9Û�î�/�0ôÝºê��(speaker Adapted,

SA)��,eÐGÆ+'ý�

2. local/thchs-30 decode.sh /ã�KÕè���


3. steps/align fmllr.sh Ã}!��9n!�ùpnÛLùP, �úÓ�ÝX

(exp/tri3b aliÌ�

��	quickÃ tri4b

1. steps/train quick.sh )(data/mfcc/train�Ãpn�data/lang�í�!

�åÊexp/tri3b ali Ì�pnÛLÛLquickÃ�0°!��°!�¨X

(exp/tri4bÌ�

2. local/thchs-30 decode.sh /ã�KÕè���


3. steps/align fmllr.sh Ç(quickÃ�0�!�ùpnÛLùP��úÓ�ÝX

(exp/tri4b aliÌ�

3.2.3 ñ¦^ÏQÜÃ

�(�F¶:nnet3�TDNN!�

��	ÃTDNN!�

1. local/nnet3/run tdnn.sh)(data/fbank/trainäâhÄÐÖ�y��exp/tri4b ali

Ì�pnÛLÛLtdnn!��Ã�tdnn!�¨X(exp/nnet3/tdnnÌ�

2. steps/nnet3/decode.sh :ã�KÕè�

��	MMIÆ�Ã

1. local/nnet3/run tdnn discriminative.sh (exp/nnet3/tdnn�data/fbank/train�

ÃpnZMMIÆ�!�Ã

2. steps/nnet3/decode.sh :ã�KÕè�

4 Experiment
)(thchs30pnÆÃnnet1-�HMM-DNNðf!�Ó��nnet3-�TDNN!

��Ó��h2@:� 1ÃÓ�ïå�ú��(TDNNðf!�ø��HMM-

DNNðf!�'ý	@ÐG�



Jiayao Page 20 of 20

References
1. Ke Wang, Junbo Zhang, Sining Sun, Yujun Wang, Fei Xiang, and Lei Xie, “Investigating generative adversarial

networks based speech dereverberation for robust speech recognition,” 2018.

2. Ke Wang, Junbo Zhang, Yujun Wang, and Lei Xie, “Empirical evaluation of speaker adaptation on dnn based

acoustic model,” 2018.

3. Chung Cheng Chiu, Tara N. Sainath, Yonghui Wu, Rohit Prabhavalkar, Patrick Nguyen, Zhifeng Chen, Anjuli

Kannan, Ron J. Weiss, Kanishka Rao, and Katya Gonina, “State-of-the-art speech recognition with

sequence-to-sequence models,” 2017.

4. William Chan, Navdeep Jaitly, Quoc V. Le, and Oriol Vinyals, “Listen, attend and spell,” Computer Science,

2015.

5. Zhiyuan Tang, Lantian Li, Dong Wang, and Ravi Chander Vipperla, “Collaborative joint training with

multi-task recurrent model for speech and speaker recognition,” IEEE/ACM Transactions on Audio Speech &

Language Processing, vol. PP, no. 99, pp. 1–1, 2017.

6. George E Dahl, Dong Yu, Li Deng, and Alex Acero, “Context-dependent pre-trained deep neural networks for

large-vocabulary speech recognition,” IEEE Transactions on audio, speech, and language processing, vol. 20,

no. 1, pp. 30–42, 2012.

7. Alexander Waibel Member Ieee, Toshiyuki Hanazawa, Geoffrey Hinton, Kiyohiro Shikano Member Ieee, and

Kevin J. Lang, “Phoneme recognition using time-delay neural networks,” Readings in Speech Recognition, vol.

1, no. 2, pp. 393–404, 1990.

8. Vijayaditya Peddinti, Daniel Povey, and Sanjeev Khudanpur, “A time delay neural network architecture for

efficient modeling of long temporal contexts,” in Sixteenth Annual Conference of the International Speech

Communication Association, 2015.

9. Daniel Povey, Gaofeng Cheng, Yiming Wang, Ke Li, Hainan Xu, Mahsa Yarmohamadi, and Sanjeev Khudanpur,

“Semi-orthogonal low-rank matrix factorization for deep neural networks,” choice, vol. 1000, pp. 1.

10. Shiliang Zhang, Cong Liu, Hui Jiang, Si Wei, Lirong Dai, and Yu Hu, “Feedforward sequential memory

networks: A new structure to learn long-term dependency,” arXiv preprint arXiv:1512.08301, 2015.

11. Shiliang Zhang, Hui Jiang, Shifu Xiong, Si Wei, and Li-Rong Dai, “Compact feedforward sequential memory

networks for large vocabulary continuous speech recognition.,” in INTERSPEECH, 2016, pp. 3389–3393.

12. Shiliang Zhang, Ming Lei, Zhijie Yan, and Lirong Dai, “Deep-fsmn for large vocabulary continuous speech

recognition,” arXiv preprint arXiv:1803.05030, 2018.

13. Hainan Xu, Ke Li, Yiming Wang, Jian Wang, Shiyin Kang, Xie Chen, Daniel Povey, and Sanjeev Khudanpur,

“Neural network language modeling with letter-based features and importance sampling,” in Acoustics, Speech

and Signal Processing (ICASSP), 2018 IEEE International Conference on. IEEE, 2018.

14. Ke Li, Hainan Xu, Yiming Wang, Daniel Povey, and Sanjeev Khudanpur, “Recurrent neural network language

model adaptation for conversational speech recognition,” INTERSPEECH, Hyderabad, pp. 1–5, 2018.

15. Dong Wang and Xuewei Zhang, “Thchs-30: A free chinese speech corpus,” arXiv preprint arXiv:1512.01882,

2015.


