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3 êêêâââOOO���

3ù�Ù!¥·�ò©8¹0�I�O�=
êâ§±9O�ù
êâ�I�

5¿��
¯�",	3O�Ñª©��·�ïÆÖöòÑª©��O�Xe/

ª"

/work3/shiying/kazak/kazak-spdb-src/lvcsr/data/train/F0101001.wav

ù´·�O��M�Ñª©��/ª§Ù¥1��i1�L`{<�5O§

F�Lå5§M�LI5§ù�i1�;�X�4 êi0101 Ú�Ó�¤
`{<

?Ò§���n êi001�Lù `{<¤`�1�é{§ù�©�¶Ø�M±

	�Ü©�Ó�¤
,é{�ID§ù«·¶�ª��§Ýþ�¹
·��>I�

^�&E§3�½§Ýþü$
êâO�¤I��ó�þ"

3.1 data/{train,test,dev}

3ù�fÙ!¥·�ò�Öö0�data/{train,test,dev}ùn�8¹e¤�¹

�SN±9�g�¿Â§¢Sþùn�8¹e�©��¶¡´���§�ØLSN

Ú�g�^åØ��§train8¹e�©�^uÔö(Æ�.§test8e�©�^u

ÿÁ§dev´����AÏ�8¹3Kaldi �kc��£nnet1¤¥�^�§·�¤

��Mi��£O´ÄuKaldi nnet3 ���§¤±3ù�¥vkLõ�'udev8

�0�§a,��Öö�±�Kaldi (��w(�©�"·�±training8�~50

�ùo�©�AT�)�SN"

3data/train8¹e�¹±e�A�©�

wav.scp text utt2spk spk2gender spk2utt

Ù¥text©��SNXeµ

F0101 001 psyhykaleq masElEneN jastanwGa bEtalwenan ...

F0102 002 bEyjyNtyanjynhebEy vux ozEn aterawe jwjyaN ...
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3ù�©�¥�¹
ü�§Ù¥1���L,é{�ID§�±w���cJ�

�·¶�ª�Óey�c�Ü©�L`{<�IDey��>�Ü©�LT`{<

¤`�1Aé{"1��K�Lùé{�SN"éuÑy31���SN§�ÐØ

��)I:ÎÒ§Ï�1���z���Ñ�3�©·�òJ��Lexicon¥ké

A�uÑ§�
��Ø7��æ�§·��K
¤k�I:ÎÒ§Ó�·��ïÆ

ÐÆöù��",	·������©�M���¿Ø´=©i1/ª§
´C.

Ë©�/ª§lC.Ëi1�=©�i1�=�·�¦^
#õ�Æ�3JP�J

ø�CodeMap"^{Xeµ

3chars8¹e

./program/codetransform.pl orgfilename newname

Ù¥orgfilename�LI�=��©�§=���©�ò��3newname¥"

wav.scp

F0101 001 /work3/shiying/kazak-spdb-src/lvcsr/train/F0101001.wav

F0101 002 /work3/shiying/kazak-spdb-src/lvcsr/train/F0101002.wav

3ù�©�¥§1�����text¥1��©��Ó§1��©�K�Lùé

{�Ñª©��äN �§ùp�Ð¦^ýé´»"3wav.scp ¥z�Ñª7L

3text¥k����^�é�ÙéA"

utt2spk

F0101 001 F0101

F0102 002 F0102

utt2spkL«éfÚ`{<�éA'X§Ù¥z�1�1�����Léf

�ID1�����L`{<�ID"

spk2utt

F0101 F0101 001 F0101 002 F0101 003...

F0102 F0102 001 F0102 002 F0102 003...

�utt2spk�Óspk2utt�L`{<�éf�éA'X§z�1�1���

��L`{<�ID§,����K�Léf�ID"3Kaldi�¯õ��¥¦

^kaldi/egs/thchs30/utils/{utt2spk to spk2utt.pl ,spk2utt to utt2spk.pl}ùü��

��±¢yutt2spk �spk2uttùü�©��m��p=�"¤±Öö�I�ÃÄM

ïÙ¥���©�§,���±ÏL��)¤"

spk2gender

F0101 f

M0102 m
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éw,ù�©��)�´`{<±9¦��5O&E"¤±1�����L`

{<�ID,����K�LT`{<�5O§Ù¥f�Lå5m�LI5£5OI

�^��¤"±þ¤ã�o�©�ÑI�?1üS§��5¿�´§Kaldi
è´¦

^C++�ó¢y�§Öö�Ð3gC��¸Cþp\þ“export LC ALL=C”§Ä

K3üS��Uu)üS�K�C++ØÎÜ§��3�>���¥Ñy�Ø"

3.2 data/dict/{lexicon.txt,nonsilence phones.txt,silence phones.txt,optional silence.txt}

lexicon.txt

# SIL

< SPOKEN NOISE > SIL

SIL SIL

Anen A n e n

ENbEge E N b E g e

lexicon.txt´dict8¹e��­����©�§ù�©�Ù¢´��i;§�

�ÊÏi;ØÓ�´§ù�i;�¹�´���i±9ù�iéA�uÑ§¤±

3lexicon.txt¥1���Li§1��K�Lù�i�uÑS�§3M�¥z�i

1ÑkgC�uÑ§¤±3²LC.Ëi1�=©i1�=��§z�i�uÑ

S�Ò´|¤ù�i�i1�S�"3ù�©�¥z�iÑ7LéA����u

Ñ§�±�3õÑi"nØþlexicon.txt AT�¹,«�ó�¤kiÚ¤k�u

Ñ§�´duM������§·��¦^
Ñy3M���¥�¤k�i"3ù

�©��cn1§´n���AÏ�iÎ"#�L�UÑy3��¥�,«iÎ§

< SPOKEN NOISE >�LDÑ§SIL�L·Ñ§·�òùn�AÏiÎÑéA

�
SIL£silence¤·Ñþ"

nonsilence phones.txt

A

E

G

H

N

.

.

.

ù�©�¥7L�¹¤k�·Ñ�Ñ�"
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silence phones.txt

SIL

ù�©�=�¹����§Ò´·Ñ�Ñ��ÎÒ"3M�¥·�¦^SIL"

optional silence.phones.txt

SIL

ù�©�¥�¹���·Ñ�Ñ�§3M�¥�´�kSIL"

3.3 �ó�.

êâO�����ÚÒ´���ó�.§ÏL¦^��r�����ó�.

�óäsrilmù�Ú½¬C�É~�{ü"3ùp·��{Ñ0��en-gram [2]�

.§n-gram �.´�«ÄuÚO��.§=��éf¥���cÑy�VÇ��

cN-1�ck'§�Ù¦cÃ'§�âVÇ��£éN´���é{Ñy�VÇÒ

´¤kcÑyVÇ�¦È§¤±1-gram�.Ò´Ä��cªÚO§2-gram�.�Ä

cé§3-gram�.K�Än�|"

���ó�.�I�ü�©�§1��´��§1��K´cL"^uÔö�

ó�.���§�Kþ�¦v
�U
ºXT�ó3��+��L�§�´ùo

�¡��ó�.^3��{ü��Ñ£O�?Öþ  ´�~L¤�§¤±Öö

�±�gC��Ñ£O?ÖO�������ó�.§�´ù��ó�.�ÐU

�test8��ó?u�C½�Ó�+�§ÄK¬é�Ñ£O��Jk�½�K�§

Ó�·�I�U
�y^uÔö�ó�.���z�1Ñäk¢S¿Â§éuM�

·���{´UìéÒ¯Ða'Ò�1§�yz�1´�����éf§éu��

¥Ñy�êi�k�
AO��¦§����¥�êiÑ´C.Ëêi§éuù


C.Ëêi�Ð��{Ò´òêi=�¤�A�ó�A½�ª§~Xµ“2016”=�

¤Ç��“�"�8”§�´éuM�ò¤k�C.Ëêi=z¤M�/ª�êi´

�~(J�§¤±·���{´òêi^���m§=“2016”=�¤“2 0 1 6”§2

ò0-9ù10�C.Ëêi\\�c>J��lexicon.txt ¥=�"Ôö�ó�.¤¦

^�cLÒ´|¤���cL§�´·�  ØI�^�Ü�cL����ó�

.§Öö�±�âgC�I�écLUcª?1à}§éuMi��·�Ucªl

p�$ü��
c10 ��c"

·�¤��Mi����Ñ£O¤¦^��ó�.´3-gram�.§���ó�

.����run lm.sh£ù���dó§�Ü�]Jø¤"

run lm.sh corous order name vocab
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Ù¥corpus�L^uÔö�ó�.���§order�L¦^Agram�.§

name´��Ñ5��ó�.�·¶§vocab´cL"ù�����ó�.éu

�Ñ£O?Ö5`o´�3�
P{§  I�?1à}§3$�´srilmJø


à}óä"Xeµ

ngram -prune parameter -lm LMname -write-lm newLMname

prune�Là}�ó�.¤^�ëê§~XéuM��Ñ�.�à}��ëê§

·�¦^
2e-7§�LcªVÇ�éê��u2 ∗ 10−7 ��Ü�K"LMname�L

I�à}��ó�.§newLMname�Là}���ó�.�·¶"�ó�.�O

�ó��ùpÒÄ��Ü(å
§�e�ó�Ò´Ò$1Kaldi¥���,���

(J"

4 AAA���JJJ���

3�e5�Ù!¥§·�òéKaldiJø��
��?1{Ñ�`²§

±Kaldi/egs/thchs30/s5/run.sh �~§¯¢þ·�¤��Mi����Ñ£O

�´±ù��Ú�ëì��"

�Ñ£O¤^�ÅìÆS��{´iÒÆS§²Lþ�Ú�êâO�§·�

®²òiÒÆS¤I��Ñ\±9ÑÑO��¤
§�´Kaldi éu^uÔö�

.�Ñ\�ÑÑkgC��ª�¦§A�J�Ù¢Ò´òÑ\=z�Kaldi¤�

¦��ª§éuÑ\êâ§Kaldi Jø
ü«ØÓ�A�J���ªµMFCC±

9FBANK"Ù¥MFCCõ^uÔöGMM [3]�.§
FBANK õ^uDNN�.§

ùü«A�J�¤^���©O�“kaldi/egs/thchs30/s5/steps/make mfcc.sh”

Ú“kaldi/egs/thchs30/s5/make fbank.sh”"ùü���¤I�D\�ëêÑ´��

�§¤±·�±make mfcc.sh�~0�ùü���¤I��ëê±9¦�¤)¤�

©��¹Â"

make mfcc.sh

steps/make mfcc.sh –nj $n –cmd ”$train cmd” data/mfcc/train

exp/make mfcc/ mfcc/train

z�ëê�¹Âµ

- -nj ù�ëê�L¤¦^�job��ê§~X·�òù�ëê

���8§@oKaldi K¬òÑ\êâ©�8°,�Ý4

�8�!:�$1

- -cmd ù�ëê�L¦^=«q¼ê

data/mfcc/train Ñ\êâ¤3�8¹

exp/make mfcc/ ���log ©�ò��3ù�8¹e

mfcc/train A�J��(Jò��3ù�8¹e
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ù����ª��Ô´feats.scp§�SN�:

F0101 001 /work3/shiying/kazak/mfcc/train/raw mfcc train.1.ark:10

Kaldi¬ÏLA�J�òÑª©�=�¤Ý
�ª§z�é3��

Ý
¥§Ý
�z�1éAÑª©���v(���25ms)" feats.scp�

c>êâO��¤^�wav.scp�éA§1��´,é{�ID§1��

´ùé{3KaldiIO�ª�Ý
¥¤3�å© �"±þã��f5

`“/work3/shiying/kazak/mfcc/train/raw mfcc train.1.ark:10”§�LF0101 001ù

é{3raw train 1.ark¥å© ��1��i!"

J�J��1�Ú�O�cmvn

steps/compute cmvn stats.sh data/mfcc/train exp/mfcc cmvn/train

mfcc/train

z�ëê�¹Â:

data/mfcc/train Ñ\êâ¤3�8¹

exp/make cmvn/ log©�ò��3ù�8¹e

mfcc/train O�cmvn�(J��3ù�8¹e

ÏLO�cmvn¤���©��feats.scp��ª´�Ó�:

F0101 /work3/shiying/kazak/mfcc/train/cmvn train.ark:6

Ù¥1�����L`{<�ID§1�����´��Ý
§ù�Ý
�¹


`{<�ÚO�Ìþ�Ú�Lnormalization���"

�Ñ\Ñª©��ÓÑÑ�I�ÏL��=�¤Kaldi�IO�ª"

utils/prepare lang.sh - -position dependent phones false data/dict

”< SPOKEN NOISE >” data/local/lang data/lang

z�ëê�¹Â�:

- -position dependent phones false ´Ä¦^c &E§éuMi���£

O·ò§��false

data/dict ù���¤I��Ñ\êâ¤3�8¹

< SPOKEN NOISE > oovc®ò�N��ù�ÎÒþ

data/local/lang ��ÑÑ�8¹

data/lang ���(Jò��3ù�8¹e"
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ù���Ì��7êâO��ã¤O��lexicon�'�©���
?n"

3data/lang8¹e¬)¤éõ©�Ù¥'�­��ü�´L.fstÚL disambig.fstù

ü�Ù¢´lexicon�fst£finite state transducers k�G�=�Å¤��"éuÐ

Æövk7��ÄùÙ¥�¢y�ª"

,	����Ì�´é�ó�.�?n:

utils/format lm.sh data/lang data/graph/kazak.3.lm.gz

kazak/lm/lexicon.txt data/graph/lang

z�ëê�¹Â�:

data/lang L.fst ¤3�8¹

data/graph/kazak.3.lm.gz ¤O���ó�.£5¿�ó�.I��Ø 

�.gz�ª¤

kazak/lm/lexicon.txt lexicon.txt

data/graph/lang ���ÑÑò��3ù�8¹e

ù����Ì��Ô�G.fst§�c©J��L.fst �Ó§´�ó�.�fst�

�"

5 ���...ÔÔÔööö±±±999)))èèè

Kaldiéu�.�Ôö±9)èÑ�ÌÓ��6§=µÔö�.-)èÿÁ-êâ

I5- ¦^IOêâÔöe���."3ù�Ù!¥·�±Ôömonophone�~ù

)z�����^±9ëê�¿Â"

5.1 Ôö�.

Ôömonophone¤¦^����µ

steps/train mono.sh - -boost-silence 1.25 - -nj $n - -cmd ”$train cmd”

data/mfcc/train data/lang exp/mono

z�ëê�¹Â�:

- -boost-silence

1.25

J,·Ñq,Ý�Ïf"

- -cmd

”$train cmd”

�c©¤0��cmd¿Â�Ó

- -nj $n �c©¤0��nj¿Â�Ó

data/mfcc/train Ñ\êâ�8¹

data/lang L.fst ¤3�8¹

exp/mono �ª��.ò��3ù�8¹e
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�.Ôö(å�§3exp/mono8¹e·�¬����¶�fina.mdl£gmm �

.¤��."ù�©�´�ªGMM�.��?�ÿÀ(�§·��±¦^“copy-

transition-model –binary=false final.mdl final.txt”òù��?�©�=�¤txt�

ª±B�wÙ¥�SN"

5.2 )è

3)è��ÿ§·�I�¦^c>�(JO���#¶�µHCLG.fst�©

�,ù�©�´dH C L GÏLA½�ªÜ¤�"Ù¥L�G©O�Lc>J�

�L.fstÚG.fst"H K�LHMM�'�SN§C�LÑ�?O�þe©§XJÖö

éù�©��SNa,��±ÏL�wKaldi�(�©�±¼�'uù�©��[

!£ã5 [4]"

^u)¤HCLG.fst����

utils/mkgraph.sh - - mono data/graph/lang exp/mono mono/graph

z�ëê�¿Â�:

- - mono ´Ä¦^mono)¤)èã

data/graph/lang G.fst�L.fst¤3�8¹

exp/mono tree¤3�8¹

mono/graph HCLG.fst ò��3ù�8¹e

decode����:

steps/decode.sh - - cmd ”$decode cmd” mono/graph data/mfcc/test

exp/mono/decode

z�ëê�¿Â�µ

- - cmd �c©0��cmd �¿Â�Ó

mono/graph HCLG.fst ¤3�8¹

data/mfcc/test ÿÁêâ¤3�8¹

exp/mono/decode ���(Jò��3ù�8¹e

)è(å�§3exp/mono/decode8¹eò¬)¤éõaqwer 10.0.0ù��

©�§ù
©��L£O��ØÇ£wer word error rate¤§·��±¦^“grep

wer* | kaldi/egs/thchs30/utils/best wer.sh” �w�$��ØÇ�±��õ�"

5.3 I5

I5�?Ö´¦^�c��.éêâ?1I5§��z�véA�Ñ�£¢S

þKaldi´òêâI5�v-transition id,¿Ø´Ñ��
BuÐÆön)§·�ò

§��v-Ñ�¤§I5����
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steps/align si.sh - -boost-silence 1.25 –nj $n - -cmd ”$train cmd”

data/mfcc/train data/lang exp/mono exp/mono align

z�ëê�¿Â�£c©0�L�ëêvk3ùp­E�Ñ¤:

data/mfcc/train ù���¤I��Ñ\êâ¤3�8¹

data/lang L.fst¤3�8¹

exp/mono final.mdl ¤3�8¹

exp/mono align I5(Jò��3ù�8¹e

I5(å�3exp/mono align8¹e¬)¤éõaqali.1.gz�©�"éu

ù
I5©�Kaldi Jø�
X�óä�wz�véA�Ñ�Úpdf� [4]µ

ali-to-phones final.mdl ark:1.ali ark,t:file �wz�véA�Ñ�SÒ

ali-to-pdf final.mdl ark:1.ali ark,t:file �wz�véA�pdf

copy-int-vector ark:1.ali ark,t:file �wz�véA�transition-id

5.4 TDNN

3ù�Ù!¥§·�ò±TDNN£time delay neural network,kaldi/egs/wsj/s5/local/nnet3/run tdnn.sh¤

����Öö0�Kaldi XÛ¢y��DNN �."

steps/nnet3/train tdnn.sh - - parameter data/mfcc/train data/lang

exp/tri4b ali exp/nnet3/tdnn

z�ëê�¿Â�µ

- -stage ÔöG�ê

- -num-epochs epochs�êþ§iterationò¬dù�ëê)¤

- - splice-indexes TDNN�(�dù�ëê)¤

- -feat-type feat�«a

- -initial-effective-lrate å©��ÆSÇ

- -final-effective-lrage (å��ÆSÇ

- -cmd �c©0��cmd¿Â�Ó

- -pnorm-input-dim pnorm �Ñ\�Ý£pnorm´�«-¹¼ê§

Kaldi�Jø
Ù¦«a�-¹¼ê'XµTanh§

Sigmoid§Relu�¤

- -pnorm-output-dim pnorm �ÑÑ�Ý

data/train Ôöêâ¤3�8¹

data/lang L.fst¤3�8¹

exp/tri4b ali/ I5êâ¤3�8¹

exp/nnet3/tdnn �ª�.ò��3ù�8¹e
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éuÐÆö5`ëê�L¥�ëêÄ�ØI�gCÃÄ?U§��$1ù��

�,���(J=�§�´éõ�ÿ·��§S¬Ï��
���SÜÜ6�Ø


¥ä§'X`M�kÅ��§ù�ÿÏL?U- -stageù�ëê�±×��l§S

¥ä�G�¡E$1"Kaldi3Ôö�.��ÿzÔö�ÓÒ¬3��(J�8¹

e�����c��.§���·¶�iteration.mdl" iteration Ò�L�c�.Ô

ö�
õ�Ó§¤±3·��§SÏ��
Ï�¥ä�§·��±ò- -stage��

�iteration��§§SÒ�±l¥ä�G�UYÔö§
Ø´lÞm©§�±!�

éõ�m¤�"

6 ooo(((

�©¤0��M���Ñ£O��.§�´�ÐÚ��Ñ£O�.§3êâ?

n�¡Ù¢��3�
Ø´éÜn/�§�5�¬�JpM�£OÇ�Ù¦U?ó

�§,	ù�©Ù�É¯+N�fm©�>�Ñ£OÚKaldi �Öö§éu�Ñ£

OÚKaldi�[!��£�Eâ§�I�Öö3ÙGKaldi �6§�õ��
&¢�

¢�"

7 ííí���ÖÖÖÔÔÔ

http://kaldi-asr.org/doc/

https://www.inf.ed.ac.uk/teaching/courses/asr/

http://deeplearning.net/reading-list/

Automatic Speech Recognition A Deep Learning Approcach By Dong Yu and

Li Deng

Deep Learning by Yoshua Bengio,Ian Goodfellow,Aaron Courville
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