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cà&Ò?nÚ�à�.Or"cà&Ò?n�{ÏL�«&Ò?n�{~

�DÑ!£(Ú&�é�Ñ&Ò�K�§¦��C�~S·��Ñ¶�à�.

Or�{ÏLé�.�·�N�§¦��\·A¢S|µ�(ÆA5"��5

`§cà?n�{O�þ�§(¹�B§�5UJ,k�¶�à�.Or�{

O�þ��§I��êâ�õ§�5U�Ð"e¡·�òéùü«�{�{ü

0�"

2 cà&Ò?n�{

cà&Ò?n�{ÏLé�Ñ&Ò?1�X�C�§±�Ø&Ò¥�«D

(Ú�ý§¡E�©�ß�Ñ"ØÓ?n�{ÄuØÓb�§�)��J�Ø

¦�Ó"oN5`§·��±ò�¸K�©�\5D(ÚòÈD(üa§Ù¥

�µD(�±@�´\5D(§´3�k(Ñ&ÒþU\,�«&Ò§l
�

)»�¶·�!£(Ú&��É�±@�´�«òÈD(§´3�k(Ñ&Ò

þ��«N\C�"·�ò0�éØÓaD(�ØÓ?n�{"

2.1 �ÑOr�{

�ÑOr´�«��½ªÌ�þ�&Ò?n�{"{¤þ§�ÑOr�8

�´�
Jp�Ñ�é<���ÃÝ§
Ø´�Ñ£O5U�Jp"=+Xd§

3éõ�¹e§ù«�{é�Ñ£O�,k¤�Ï"

2.1.1 Ì~{�\5D(�Ø

Ì~{£Spectral Substraction§SS¤´�«~^��ÑOr�{[1]"ù�

�{b��D�Ñ�UþÌ´d�©�Ñ�UþÌÚDÑ�UþÌ{ü�\�

��§Ïd§XJ�±�OÑDÑ�UþÌ§=�òTUþÌl�D�Ñ¥~

�§l
¡E�©ZÀ�Ñ�UþÌ"�¤úª�µ

|X̂(f)|2 = |Y (f)|2 − |N̂(f)|2,

Ù¥Y (f)ÚN̂(f)©O��D�ÑÚD(�ªÌ§X̂(f)�|^Ì~{�OÑ�

�©�ÑªÌ"¯¢þ§þãUþU\b��Ñ
�©�Ñ�DÑ�m��'

5§Ïd�U´��Cq�O"Ì~{I��ODÑ&Ò�ªÌ§ù�±ÏL

2



(½�
��Ñv£Xéf�m©¡ãÚ(å¡ã¤§¿éù
v�UþÌ?1

²þ",
§Äuù�²þUþ���DÑ�O�7U�yz�v&Ò�Ì~

�Ñ´�ê§ÏdI�3A^��·�N�"ù
N�k�U¬����ªÌ

mCzLuì�§l
Ú\ÑWDÑ§I��?�Ú²w?n[2]"

2.1.2 £(�Ø

Ì~{?n�´\5D("éu£(Ú·�ù«òÈD(§��A^Ì

~{¿ØÜ·"�
~�£(Ú·��K�§�U�O�©�Ñ��Âà�

D4¼ê§ù�¼ê�^�móÀ�A£RIR¤5L«"Äuù�óÀ�A§

�±�O��_ÈÅì§¦��RIR��^p�-�§l
~f£(Ú·�

�K�[3, 4]",
§�ORIR��Ò´é(J�¯K§
Ø°(�RIR¬î­

K��£(��J§��UÚ\#�ÆC"�
ïÄöuy�·���Ñ3

�LPC�O�§Ùí�  äk�wÍ�pd5"Äuù�uy§�±���

O_ÈÅì§¦)¤�Ñ�LPCí��\�pdz[5]"ù«�{ØI�O�m

�RIR§��
�Ø\È",	�
ïÄö'5épò´·���Ø§ù
·

�é�Ñ£O�K���"~X3�r,¥§·�¬±YéÈ§ù
±È·

�¦�ªÌ(�u)wÍUC"ïÄö�O
�«Äu·��m5�ORIR�

�{"��~^T60��·��m"¤¢T60§´�Ñ&ÒP~60dB¤I���

m"ÄuT60�O��RIR�.§l
�±�OÑò´���·�§��|^Ì

~{òù
·��Uþl�D�Ñ¥�Ø",�
ïÄö|^�5ýÿ�.l

{¤*	&Ò¥¡EÑ�c�©&Ò£5¿�c*	&Ò´d{¤&Ò²Lò

´P~¿��c�©&ÒU\
¤¤§l
ò_ÈÅì��O¯K=z��5ý

ÿ�.�ëê�O¯K[6]"þãù
�{Ñ|^
·�Ú£(�)�ÔnÅn§

Ï
�é5�r"

2.1.3 ð�º
�

c¡¤ã��«�DÚ�£(�{Ñ´Äuü�ð�º§U|^�&Ek

�§¡éE,|µ�éJ���Ð�8�z�J"Cc5§õð�º��m©

Ê9£~X3A�¤kÃÅþ§ÑCkü�±þ�ð�º¤§¦�·��±|^

�Ñ&ÒD4L§¥��õ�mÚ�m&E§l
4�Jp
�ÑOrUå"

�{ü��{´|^���àð�º¹��µDÑ§��Càð�º¹�`

{ö�Ñ§ÏL{üÌ~{¢y�ÑOr"�Ï^�)û�Y´ð�º
�E

â[6, 7, 8]"

ð�º
�£Microphone Array¤´U�½AÛ(�|Ü3�å��|ð

�º"�~^�
��)�5
�Ú�/
�§Xã1¤«"��5`§
�¥
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���ð

�º|Ü3�å��ÿ§Ò�)
r����5§l
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Figure 1: �5Ú�/ð�º
�"

Figure 2: �5ð�º
��(Ñæ8Ú\Ú"

�ÄXã2¤«�oð
�§zü�ð�º�m�m��l§
��ÑÑ�

o�ð�ºÑÑ�{ü\Ú"é��ªÇ�f§dY�θ\��²¡Å§�±O

���ü�ð�º�m�&Òò´�:

∆t =
lsin(θ)

c
,

Ù¥c�(�"dd�O���ð�º�m�� ��2πf∆t"XJ·�

ò��>�ð�º�Â��&ÒP�Aej2πft§K1i�ð�º�&ÒK�µ

Aej2πf(t+i∆t)"dd§�O�ùo´ð�ºÑÑ�(J�µ
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1

4

3∑
i=0

Aej2πf(t+i∆t) =
1

4

3∑
i=0

Aej2πf(t+
ilsin(θ)

c ).

�üÕ��ð�º�'§��ÙÑÑ�OÃ£±dB�ü ¤�µ

20log10

1

4

3∑
i=0

ej2πf
ilsin(θ)

c

dþª��§TOÃ´\��θ�¼ê§Xã3¤«"�
��ß/é'§ã¥

Ó��Ñ
ü�ð�º3ØÓ��þ�OÃ¼ê"��§
�äk²w���

ÀJ5§�k3�c��Ñ\âk�Ð�OÃ§Ù§���Ñ\Ñ�³�"ù

«��5¦�
��±ÀJA½���(Ñ§³�Ù§���(Ñ§l
4�

Jp&D'"Ó�§ØÓð�º¤�Â�DÑ´Ø�'�§ù
Ø�'DÑ3

p�U\�¬p�-�§Ïd�wÍ�Ø\5D(�K�"

Figure 3: ü�ð�º£�¤Ú�5ð�º
�£m¤3���þ�OÃ"�

�§ð�
�äk²w���5"

éþã{ü\Ú�
�
ó§ÙOÃ���5´�½�§=�k3�c¡

�OÃ��"XJ·�éz´ð�º�ÑÑ�·�ò´§2éò´��&Ò�

\Ú§=�ÀJ
����5"¯¢þ§XJ·��é\���θ������

OÃ§�IédT\��Úå�ò´∆t?\Ö�=�§ù��{¡�ò´-\Ú

�{£Delay-Sum Algorithm¤§Xã4¤«"�Jpò´-\Ú�{�5U§ï

ÄöJÑ
�«U?�{§�)�z�ð�ºÚ\OÃëê§N!ù
ëê¦

��·Ü�Ñ£O?Ö�[9]"

2.2 A��Ö��{

Xc¤ã§�ÑOr�{�8�´O\�Ñ��ßÝÚ�ÃÝ§ù�8I

��Ñ£Ok�½�å"é�Ñ£OXÚ5`§A����°�5§½�¸Ø
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Figure 4: �5ð�º
��ò´-\Ú�{"é8I�Ñ��§ÀJÜn�ò

´Ö�§¦��´ð�º3��Ö���� TÐ��§=�¢yT���O

Ã��z"3ù���e§Ù§���(ÑÏ� ��§3ÑÑ&Ò¥�OÃ

~�"

C5�\­�"Ïd§3A��þ�Ö�½�5zÏ~�å��Ð��J"·

�ò?Øn«�{µ�ÌA�8�z£CMN & CVN¤!�þ�VÐm£Vector

Taylor Series, VTS¤ÚSPLICE"

2.2.1 CMN & CVN

CMNÚCVN´�~^�A�Ö��{§Ì�^5éòÈD(?1�Ø"

·�Äk?ØCMN"·�®²��§FbankÚMFCC´�~^�ü«A�"ù

ü«A�Äu�Ó�cà?nµ\I!ý\­!FFTC�!MelªÌ8�!ª

�Uþ\I! logØ "é��3��þòÈ�&�D(§ÏLþãL§�±¢

y©)"��Ùw�ù�:§��©&Ò�x(t)§�D�Ñ&Ò�y(t)§&��

òÈD(�h(t)§Kkµ

y(t) = x(t) ∗ h(t) (1)

Y (w) = X(w)H(w) (2)

log|Y (w)|2 = log|X(w)|2 + log|H(w)|2 (3)

dd��:

y = x + h,

Ù¥xÚy©O��©�Ñ&ÒÚ�D�Ñ&Ò�FbankA�§h´Ú&��

'�òÈD("Ïd§XJ·��±�OÑh§=��OÑ�©�Ñ&Ò
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�FbankA�x"3¢Sö�¥§�±ÀJ&Ò¥���Ñ¡ã5�Oh"?�

Ú§XJ·�b�x´pd�§��±ÏLé�é�Ñ&Ò�²þ5��§=µ

h = µy,

x̂ = y− µy.

MFCCA�´3FbankA�Ä:þ\\��DCTC�§Ï�TC�´�5�§

Ïdþã©)'X�,¤á§=µ

Cy = Cx + Ch

Ù¥C´DCT�C�Ý
"duMFCC´�ÌXê§þã�{¡��Ìþ��

5z£Cepstra Mean Normalization, CMN¤[10]"

/ªþ§CMN�±@�´éA�?1��8�z��{"Äuù�g

´§�±�O�«��8�z�{§=é��?18�z§¡��Ì���5

z£CVN¤"¢SA^¥§CVN��ÚCMNéÜ¦^§¡�CMVN§O�úª

�µ

x̂ =
y− µy

σy
,

Ù¥�Ø{�U Ø"ÚCMNØÓ§CVN¿vkAO²(�Ôn�µ§�3

¢SA^¥Ï~¬���½�5UJp"

CMNÚCVN�é��Ú��þ?1�5z§aq�g´�±*Ð�éA

��þ�©Ù?1�5z"�«�{´òA��þ�z��Ñ�5z�IOp

d©Ù§¡�A��pdz[11]"pdzÏ~æ^ÚO�{§±��ã/ªÚO

A��¢S©Ù§òÙC��\ÈVÇ©Ù§2òT©ÙN��IOpd©Ù

�\È©Ù"pdzé�
?Ök�½�J§�3,
?Öþ�Ly�7Ðu

{ü�CMN"

3¢SXÚ¥§�
�y¢�5§I��O�«3�CMN"3é�é{

?1£O�§�Ðvk?Ûêâ§ù�æ^"��CMNëê5éA�?18

�z¶�êâÅìÈ\�§éCMNëêÅì¦°§l
���Ð�8�zA

�"ù«3��O�±n)�´�«pÏÈÅì£ÈK
�½ØC�¤°¤"

ò�5zL§Lã��«ÈÅL§äké�éu5§�
Í¶��D�{§

XARMAÈÅÚRASTAÈÅ[12]Ñ�Ìù�g´"

2.2.2 �þ�VÐm£VTS¤

�þ�VÐm£VTS¤´�«é\5D(�ï��{"X3Ì~{¥¤ã§

éu\5D(§·�b��D�Ñ�Uþ´�©�ÑÚD(�Ñ�Uþ�Ú"
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b�·�¦^�´FbankA�§ù�'X�L«�µ

ey = ex + en.

�{üC�§kµ

ey = ex(1 + en−x),

y = x + ln(1 + en−x).

XJPr = n− x§�µ

g(r) = ln(1 + er).

��Xe'Xµ

y = x + g(r).

5¿§g(r)´����5¼ê"XJéù���5¼ê����VÐm§=�

���D�Ñ!�©�ÑÚDÑ�m�{üéA'X§l
d�D�Ñí�Ñ

�©�Ñ§ù��{¡�VTS�{"��b��©�Ñäk·Üpd/ª§D

(äkpd/ª"3ù�b�e§�ÏLS�¦Ñ3z��pd¤©se§r�

Ï"µr
s§¿dd��ÄuG�s��©�Ñ�Ox̂Xe[13]µ

x̂ = y− ln(eµ
r
s + 1) + µr

s”

dþãí�L§��§VTS�Ä�b�´D(´\5�§Ïd�ÑÚD(

�m�Uþäk\Ú'X"Äuù�Ä�b�§VTSí�ÑÄuFbankA�§

�D�ÑÚ�©�Ñ�m�'X§¿^�VÐméù�'X?1Cq"��`

²�´§é�ÌA�§XMFCC§þãí�L§�,¤á§�ØLI�\\�

�DCTC�"

2.2.3 SPLICE

SPLICE´,�«éA�?1ï���{"ÚVTSØÓ§SPLICE¿Øb�

DÑ�\5§
´��é�©�ÑÚ�D�Ñ�A��þïáéÜVÇ©Ù"

��yï�°(5§SPLICEæ^GMM�.µ

p(y,x) =

K∑
k=1

p(x|y, k)p(y, k)
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Ù¥p(y, k)�´��GMM:

p(y, k) = p(y|k)p(k).

SPLICE½Â^�VÇp(x|y, k)äkXe�5/ªµ

p(x|y, k) = N(x;Aky + bk,Σk),

K�d�D�Ñ�OÑ�©�Ñµ

x̂ =

K∑
k=1

(Aky + bk)p(k|y).

SPLICE�.¥�p(y, k)Ü©�ÏLé�D�Ñ�GMMï�¢y§
^�

VÇp(x|y, k)¥�ëê{Ak, bk}��I�Äu�©�ÑÚ�A��D�Ñêâ
£Stereo Data¤?1Ôö"

2.3 ÄuDNN�A�N�

c¡¤ã��Ü©�{Ñb�
��ÔnL§§ÄuTÔnL§?1ï�"

ù
�{äk�Ð�nØÄ:§I��êâÚO�þÏ~��",
§ù
ï

��{Ñ½õ½�Ú\
�
<�b�§ù
b�3¢SA^¥�UÃ{÷v§

�5�.�Ø°(5"Ó�§é�
J±ï��|µ£XDÑL§¥&��=

�UC¤§ù
�{�éJn�"Cc5§�Ý ²�ä£DNN¤¤��Ñ&

Ò?n�r�óä"DNN���wÍ`³´�±Cq?ÛN�¼ê§Ïd�±

ÆS?ÛE,�&ÒD4L§"·��±|^ù�Uå§ÄuDNNòE,�¸

¥��Ñ&Ò½A�N�¤S·�¸e�&Ò½A�"ïÄL²§ÄuDNN�

A�N��{����~Ð��J[14, 15, 16]"

�Dg?èì£Denoising Auto Encoder, DAE¤´�«~��A�N��

."ÚSPLICE��§·�I�O��°ZÀêâÚ�°�A��Dêâ§ò

�DêâÑ\DAE§ÑÑ�8I´éA�ZÀêâ"ÏLÔöDAE�ëê§=

�ÆS�d�D�Ñ£½A�¤��Ñ�©�Ñ£½A�¤�N�¼ê"ã5�

Ñ��|^DAE�ØÑWDÑ�~f[17]§�±w�§DAE�±k�¡E�Ñ

W»���Ñêâ"

Kaldi�THCHS30 recipeJø
DAEÔö6§�~§Xã6¤«"3ù�6

§¥§éz�^Ôö�é§�ÅÀÑ�«D(£Äu)|�X©Ù¤±9D(

��£Äupd©Ù¤§òTD(UÀ½���·\Ôö�é¥§/¤DAE�

��Ôöé"3Ôö�§é�©êâÚ\D��êâ©OJ�FbankA�§

DAEÆSd�DA���©A��N�¼ê"
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Figure 5: ÄuDAE�ÑWDÑ�Ø"�ã´DAE�(�§mã´¢�(J"

Ù¥z�|��ãL«��XÚ§z�|p�����ã�LÿÁêâ¥�)

,«ÑW�(J"l1�|(J�±w�§Äu�©�.§3ÿÁêâ¥\\

ÑW�5UwÍeü¶l1�|(J�±w�§=¦�\\�«ÑW�DAEÔ

ö§��²wJpXÚ5U§=¦év�L�ÑW�´Xd¶l1n|(Jw

�§�\\�õa.�ÑW?1Ôö�§5Uk
?�ÚJp"

3 �à�.Or�{

�à�.Or�{ÏLN�(Æ�.§¦XÚ·A¢SA^|µ"�XÚ

�.«aØÓ£XHMM-GMM½DNN¤§�.Or��ª�ØÓ"·�Ì�?

Øn«�.Or�{µÄuD(�.�{ü�.Or�{!�.g·AÚ�D

Ôö"

3.1 {ü�.Or

éu��HMM-GMMXÚ§XJ·�b�DÑ´\5�§K32.2.2�!

¤?Ø�éA��Ö��{�±Ó�^ué�.ëê�Ö�"ÚA�Ö��'§

ù«3�.þ�Ö��\(¹§5UÏ~��Ð"

±FbankA��~§HMM-GMMXÚb�©��z�pd¤°þ��Ñv

£Fbank¤´pd©Ù�§Ó�§D(�´pd©Ù�"ù�pd©ÙN��ª

�UþÌþ§©OP�XÚN§ùüö�´�ÅCþ§©Ù�éêpd£=�

éê�´pd�¤"Ú\\5D(b�§���D�Ñ�UþÌ�Y = X +N"

��5`§ÀXÚN��'5±9§���érf§Y�©Ù´Ø5K�"X

J·�b�Y�,´éêpd�§=�¦ÑéA�Fbank��pd©Ù�ë
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Figure 6: Kaldi THCHS30 recipe¥Jø�DAEÔöÚ£O��"þã

´run.sh¥�N^§S§eã´local/dae/run dae.sh��"

ê§dd¢yé��.�?�"ù��{¡�²1�.\Ú£Parallel Model

Combination¤[18]"

,�«�{´òA��þ�VTSÖ�A^��.Or§=ØéA�?1?

�§
´é�.ëê?1U?§±�Ð£ã\D���Ñ"ù��{Ó�^�

\5D(b�§�ÚPMC¥�éêpdCqØÓ§VTSÄu�VÐméyÚx�

m�'X�Cq[19]"

þãü«�{�é{ü§��U?n\5D(§��UA^uHMM-

GMMXÚ§y3®²��A^"

3.2 �.g·A

XJ·�ò¢SA^�¸w�´�ÔöØÓ�,�«(Æ|µ§K�

Äu“`{<g·A”�!¥¤J��+�g·A�{§|^A^|µ�ê

âé�.?1�#"éHMM-GMMXÚ§��æ^MAPÚMLLRü«�{¶

éDNN XÚ§�3��.Ä:þ?12Ôö§Ôö�ÀJ���Ú�¶½æ
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^�£[£�{[20]§±�XÚ�ÑÑ���å§±~�L[Ü�ºx"�c

éDNN�.�k��g·A�{�´Äui-vector�^�ÆS�{"c¡J�

L§i-vector¯¢þ´�«�&E�þ§�)`{<!&�!�ó!�X�õ«

��&E§Ï
�±¿©CXD(!·�!?è�ª��¸Ïf�Cz"¢�

L²§òi-vector���«9Ï&EÚ\�DNN�.ÔöÚ£OL§¥§�±�

~k�/é|�¸K�"

3.3 õ|µÆSÚêâOr

DNN���wÍ`³´�±?1õ|µ?1ÆS"3DÚGMM-HMMX

Ú¥§�,·��±ÏLÂ8�õ¢SA^|µ�êâ5JpXÚ5U§�d

u�.��§�Â8�êâäk���É5�§ò��Ñ��«©5eü"ù

¿�X�þêâ�,�±Jpé|µ�CXUå§�é,�A^|µ5`§õ

|µÆS¿ØU��ü�|µï���J"DNN4�UC
ù«G¹"¢�L

²§DNN�.�±k�ÆSõ|µe�êâ§ù
�É|µ�êâØ=Ø¬ü

$Ñ��«©5§�
¬p�r?§3�«|µeÑU��ÓÚJp[21]"ù�

(Jäk­�¿Â§`²XJ·��±Â8�v
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