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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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Figure 6: èí�Æ+^ÏQÜþ

Figure 7: íóÆ+A�þ
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Figure 8: DNN-HMMÓ�þ
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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
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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�
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!�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	



Jiayao Page 9 of 20

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	öô
Ø'�

(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
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Figure 13: cFSMNÓ�þ

Figure 14: DFSMNÓ�þ
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Figure 15: U�BRNNÓ�
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Figure 16: LSTMÓ�
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Figure 17: í�HMMÓ�þ
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Figure 18: ^ÏQÜí�!�

Figure 19: ^ÏQÜí�!�
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�lexicon.txt-
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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°!�
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