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Figure 1: `{<£O?Ö©a [1]
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Figure 2: `{<£OEâ�uÐ{¤
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Figure 3: �Ñ�)��Ña� [3]
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ê(MFCC)!a��5ýÿ(PLP)�"
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�A�Ï~��9Ï&E^u`{<£O¥"~���óÆA�kµÑ�!c

�©Ù5Æ�"

Figure 4: Äu�£°Ä�A��O [3]

Kaldi¥Jø
�
²;�(«A�J��{§�)Spectrogram(compute-

spectrogram-feats)!Fbank(compute-fbank-feats)!MFCC(compute-mfcc-feats)!

PLP(compute-plp-feats)!Pitch(compute-kaldi-pitch-feats)!∆/∆∆(add-deltas)

�"

4.3 Äu�5pd�£O�.
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Ù¶Ïd§GMM��éO(/£ã�ÑA��©Ù�¹"

UBM 混合分量

GMM 混合分量

Figure 5: ÄuMAP�GMM-UBM�. [5]

ÄuGMM-UBM�`{<£Oµe�©�n�Ü© [4]"

(1) |^5gØÓ`{<��þ�Ñêâïá���é­½��`{<A

5Ã'�pd·Ü�.(GMM)"T�.£ã
ØÓ`{<3(Æ�m¥���

A5§�¡�Ï^�µ�.(UBM)"T�.ò��(Æ�my©¤eZ�(Æ

f�m(=�eZ�UBM·Ü©þ)¶z�(Æf�m´���`{<Ã'�p

d©Ù§oÑ/�L
��uÑÄ�a"Xã 5 ¥�7Ú¢�¤«"

(2) Äu�����O�{(MAP)1§|^`{<��Ñêâ3UBM þg

·A��T`{<�GMM"T`{<�z�(Æf�m(=���GMM·Ü

©þ)d��`{<�'�pd©Ù¤£ã¶
T`{<�'�pd©Ù´d�

ÙéA�`{<Ã'�pd©ÙÏLMAPg·A��"Xã 5 ¥�ùÚJ�¤

«"

(3) 3ÿÁ�ã§O��ÿÁ�Ñ�(ÆA�38I`{<�.(GMM)Ú

Ï^�µ�.(UBM)þ�éêq,'��XÚ��û�©"

�Ä��õê�¹e§·��éz�pd©þ�þ��þ?1g·A [4]§

Ïd§¯¢þ·��±òGMM-UBMÄ�¤���5Ïf©)�."�Ñ&

Òx ∈ Rd �©)¤���óÏfµz ∈ Rd Ú��`{<Ïfwz ∈ Rd§Ùúª

�L«Xeµ

x = µz +Dwz + εz (1)

Ù¥§z ´z�pd©þ�¢Ú§ÙÑlõ�©Ù¶D ´���åé�Ý

1äNí��ë�3.1!ÄuMAP�g·A�{.
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¶�óÏfµz éA�´UBM¥1z�pd©þ�þ��þ¶µz + Dwz K´

`{<GMM1z�pd©þ�þ��þ¶`{<ÏfwzÑlN(0, I)�pd©
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Úí�Ïf§�ØÓÏfÎÜpd©Ù�b�"

Kaldi¥Jø
¢yGMM-UBM��'�è"

(1) 3egs/sre08/v1! egs/sre10/v1! egs/sre16/v1¥Jø
Ôöé�Ú�

�UBM�«~§Xã 7¤«"

Figure 6: ÄuKaldi�UBMÔö«~

(2)±é�UBM�MAP�~§ÄkÄugmm-global-acc-statsO�é�UBM�

ÚOþ§
�ÏL?Ugmmbin/gmm-global-est.cc ¢yMAP g·A(���'

��kgmmbin/gmm-est-map.cc)"

Figure 7: ÄuKaldi�MAPg·A

5µéugmmbin/gmm-global-est.cc�?U§�IòMleDiagGmmUpdate()

éAO��MapDiagGmmUpdate()=�"

(3) Äugmm-global-get-frame-likes ©OO�z�v(«A�3GMM

ÚUBMþ�éêq,©§ÏLD\ëê[–average=true] ��éf?O�é

êq,©¶��ÏLO��ö�����XÚ��û�©"

¦+GMM-UBM�.��
Ø���J§�´T�.E�3�
Øv"Ù

¥��Ì�Øv´3ín`{<ÚOA5�§z�pd¤©�éÕá§Øäk

�'5§¦�ØÓf�m�mÃ{¢y&E��"�d§3GMM-UBM�Ä:

þ§ïÄö�}ÁòL�`{<A5�ÏfN����$�f�m¥§3ù�

f�m¥§¤kpd¤©dÓ��pd©Ù²LØÓ��5N�)¤§Ï
3

ØÓpd¤©�mÚ\
�'5"Ù¥§éÜÏf©Û£JFA¤´��;.�
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f�m�. [?]§T�.b��Ñ&Ò´duÑSN!`{<Ú&�n�Cþ|

¤�f�m²L�5C��Å)¤�§Ïd��½���Ñ¡ã�§�±_�

ínÑz�f�m¥��L�þ" i-vector�. [?]´JFA�.�{zL«§Ùæ

^ü��/�CþÏf0Ó�Lã`{<ÏfÚ¬{Ïf¶¿�6u�à«©

5�.(XPLDA�. [?, ?]) 5¢yé`{<Ïf�/JX0"Äu�Ý ²�

ä-�Ñ£O(DNN-ASR)�i-vector�.�ìÓ��OK§æ^Äu�Ý ²�

äÔö��Ñ£O�.O�Äu��Ï"(EM)�{ [?]Ôö�UBM§±d¼�

�°(��óÏf§?
ýÿÑ�O(�`{<Ïf"

þãù
�.Ï~Iýk½Â��Ïf�m�VÇ�N'X"�
{zÔ

öÚýÿ�E,Ý§�õê�.IÑl�5!pd�b�"¯¢þ§�Ñ&Ò

¥��Ïf�m�'X´�nE,�"Ïd§ùa�.J±O(/£ã�Ñ&

Ò¥��Ïf�mE,��p'X§¦�ýÿÑ�`{<ÏfE�3é��"

�"

4.4 Äu�Ý ²�ä�A�ÆS

ÄuÚO�.�`{<£O�{���
4�¤õ§,
§É�«Ø(½

5(X��½©�!ª&�!�¸DÑ!`{�ª�) ���§�c�`{<£

OXÚEJó��"Ù¥��Ì��Ï´ù��{Äu�©A�(XMFCC)Ú

�5pd�.(XGMM-UBM, i-vector)"�©A�É�«�`{<Ï��K�

wÍ!CÄ5r¶
�5pd�.���k�b�Lr§J±k�/£ãù


CÄ5"�)ûù�¯K§���1��{´Ïéäk�rØC5�`{<A

�§¦�{ü��5pd�.v±éÙ©Ù?1ï�",
§DÚ/�£°Ä0

�A��O�{Ï~Äu�r�k�b�§¤�O���A��zUåØv"

Ïd§·�F"���«Äu/êâ°Ä0�A�ÆS�{µ�½A��Ä�

A5§Äu?Ö8IgÄ/ÆSÑA��äN/ª"ù�A�ÆS�{�±;

�<��O� ¹ÚÕ¦§Ó����A�äk�r�?Ö�'5"�êâv


¿©�§ù��{k�U��/¬�04Z�A�"

A�ÆSI���Ün�ÆS(�§ù�(�Aäkv
�(¹5§äk

(Ü+��£�Uå§Ó��Aäk�p�ÆS�Ç"�Ý ²�ä(DNN)´

��äkõ�(�� ²�ä§ÙPkv
r��¼êL�Uå(��ê¤�ê

'X) [?, ?, ?, ?]§��é+��£�O�«(¹��ä(�§�äkp��Ô

ö�{(X�ÅFÝeüSGD [?, ?])"AO´�Ý ²�ä��g(�§�A�

ÆSJø
�~k��1N"Xã 8 ¤«§A�ÆSÏLÃiÒÆS)¤�g

5A�¶©a�.ÏLkiÒÆS�¤?Ö©a�ï�"ÏLDNNØ�&E�

��DÂ¢y
A�ÆSÚ©a�.��N`z§�����?Ö�'��g
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5A�"

层次性特征学习

简单模式 抽象模式

无监督学习

不显著特征 显著特征

监督学习

分类模型

Figure 8: d�g5A�Ú©a�.¤|¤��Ý ²�ä
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O�þ¶,��¡§dc

��?nL�&EØ72­E?n§¦�����±'5u�p?�&E?
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 �Ú��þ�Ó+¶1�

�¬�â1��uÿÑ��^§ÆS�
ÛÜA�§Xú«!�&�¶1n�

K®²ÆS��N�<òÓ+"ÏLn��ä(�=�l�©¿÷X�«Ø(
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A��äk�L5Ú°�5"

8ÏuÙr��A�ÆSUå§�Ý ²�ä(DNN)3ã�£O!�Ñ£
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��DNN�.§±Ôö8¥
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�L«(¡�-d-vector.)¶��ÏLO�ÿÁ�ÑÚý3�Ñ�md-vectors�

{uål?1�©�û"¢�L²§Td-vectorXÚ'Ì6�i-vector Ä�XÚ

�§�3�©�ãòü�XÚKÜ��
Ø���J"3dÄ:þ§·� [?]U

?
�.�à��©üÑ§JÑ
ÄuÄ��m5�(DTW) [?]��©�{"

�3�½§ÝþJ,
d-vectorXÚ5U§�E�i-vectorÄ���$�"

�Ø©3Variani�<�ó�Ä:þ [?, ?, ?]§�\/ïÄ
Äu�Ý ²

�ä�`{<A�ÆS�{§3�.(�!8I¼ê!Ôö�{��¡?1
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