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`{<£O��þ´�a�ª£O¯K"��;.�`{<£OXÚ��

dÔö(ò^rý3�ÑÔö¤�`{<�.§�¡(«ý3) Ú£O(�ä��

���Ñ´Ä5g�½`{<§�¡(«�y)ü��ã(½öÜ©)�¤"

�â£O?Ö�ØÓ§`{<£O�©�na§Xeã 1¤«µ

(1) `{<E@(Speaker Identification)´�½�£O�Ñáu8I8¥=

��`{<§´��/õÀ�0�ÀJ¯K"�â8I8�ØÓ§`{<E

@q�[©�48E@Úm8E@"~^�5Uµd�IkTop-N E@�(

Ç(Top-N IDR)!��ØÇ(EER)�"

(2) `{<(@(Speaker Verification)´(½�£O�Ñ´Ä5gÙ¤(¡

�8I`{<§´��/�é�0��û¯K"Ù�`{<E@3,«§Ýþ

´�Ï�§Ïd�ö�Ä��{�´���"~^�5Uµd�Ik��Ø

Ç(EER)!uÿ�d¼ê(DCF)�"

(3)`{<Jl(Speaker Segmentation and Clustering)´±�m�¢Ú§u

ÿÑzã�Ñ¤éA�`{<�°§ÙÏ~d`{<©�ÚàaüÚ|¤"~

^�5Uµd�IkØ´Ç(FAR)!¦uÇ(MDR)�"
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Figure 1: `{<£O?Ö©a [1]

d	§�âéuÑ©��ØÓ�¦§`{<£O�©�©�Ã'(Text-

independent)Ú©��'(Text-dependent)üa"

(1) ©�Ã'´�`{<£OXÚéu�Ñ©�SNÃ�¦§=ÃØÔö

�´£O§^rþ��¿`Ñ�ãk��Ñv
��{"

(2) ©��'´�`{<£OXÚ�¦^r3ÔöÚ£O�§7LUì¯

k�½�©�SN?1uÑ"

2 Eâ`³�A^cµ

�Ù¦)ÔA�£OEâ(X�«£O!<ò£O!ô�£O�)�'§`

{<£OU«
�Ñ&Ò�±eA:µ

(1) �Ñ&Ò´�V�D4�§Q��Â&E§��uÑ&E§ù¦�`{

<£O´u¢y<Å�p!N�5�Ð¶

(2) �Ñ&Ò���«��>ª&E1N§Ùæ8¤�$í!¦^{ü§ù
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(3) �Ñ&Ò´p�C5���5��{Ú�§`{<3ØÓ��¤`�

{´��ØÓ�§��Ñ&Ò¥¤%¹�`{<&E%q´��(½�§ù¦

�`{<£Oä�
ér��ôÂUå"

�ÏXd§`{<£OÉ�
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�A^u�¯!I�!�?!7K�ØÓ+�¥"ÏLò`{<E@A^uú
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æ^d�{?1`{<£O��U5"�XïÄÃãÚO�ÅEâ�Øä?

Ú§`{<£OÅÚdüX�<�fE=�ÄuO�Å�gÄ£O [2]"

l��þù§`{<£Oáu�a�ª£O?Ö§�Nþ�©�A�J�

Ú£O�.ü�Ü©"l,«¿Âþ§1 3!¤J9�ü�J:Ì�8ÏuA

�J�Ú£O�.�Û�5"Ïd§oNþw§`{<£OEâ�ïÄuÐÌ

��7XA�J�Ú£O�.ü���"cölA��þ§�÷�Ñ&Ò¥é

`{<&E¯a
é�`{<&EØ¯a�(«A�¶�öl�.�þ§}Á

ò�Ñ&Ò©)�`{<ÏfÚ�`{<Ïf§¢yé`{<�ï�"eã 2

©OlA��Ú�.�ü��Ýo(
`{<£OEâ�uÐ{¤"

时间

语音波形

 

LPC, LPCC, PLAR

1930

模板匹配 DTW, VQ, HMM 高斯混合模型 因子分析 深度学习
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实验室环境

大规模

实际应用场景

特征域

模型域

1960 1970 1980 1990 2000 2010

语谱图 MFCC PLP 特征学习

Figure 2: `{<£OEâ�uÐ{¤

4.1 Äu�£°Ä�A��O

l�ª£O��Ý5w§XJU
é���{ük��(«A�§@o�

±��{z�à£O�.�E,Ý§¦�`{<£OXÚäk�r�°�5Ú

�*Ð5"l�Æ@���Ý5w§&Ä`{<A�J��ÀJ�L§òU


�Ð/�Ï<an)`{<&E´XÛi\3�Ñ&Ò¥�"�d§ïÄö�

�@l�Ñ�)Ú�Ña���Ý§ëì<afE`{<��ª§�åuÏé

�±£ã`{</Ä�A50�A�§·�¡ù�ïÄ+��Äu�£°Ä�

A��O"
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l�Ñ�)Ú�Ña��L§5w§3ù{�§`{<��«uÑì((X

¡!úÚ(�)Ïå��§ò£ã`{<A5�&E?è3�Ñ&Ò¥¶3fE

�§fÑ<�fúì((�)	�!¥�ÚS��)©�)è�Ñ&Ò¥��«

&E§¿òÙD4��M"�d§ïÄö�ÄuØÓ�uÑÅn�fúÅn§

'5uØÓ�ºÝü�§|^ØÓ�C�óä§��
á5�É�A�"

声道
(发音)

喉
(调节)

肺
(能量)

语音产生

语音信号
(声学)

外耳 中耳
(听觉)

内耳

语音感知

Figure 3: �Ñ�)��Ña� [3]

oNþw§(«A��)á�ªÌA�!(
A�!�SÄ�A�!(Æ

A�!�óÆA��§Xã 4¤«"

(1) á�ªÌA�: Äu(����5ÆÚ�Ñ&Ò�á�²­b�§é

�Ñ&Ò?1\I!©v§O���z�v�Ñ�ªÌA�"~��á�ªÌ

A�kµ�Ìã(Spectrogram)!�5ýÿ�ÌXê(LPCC)!r�ªÇ�ÌX

ê(MFCC)!a��5ýÿ(PLP)�"

(2) (
A�: (
A�£ã
(�-y�A:§�)(�óÀ/GÚÄÑ

ªÇ�"ïÄö@�ù
A�¥��
`{<�'�&E"~��(
A�kµ

�5ýÿ©Û!� A��"

(3) �SÄ�A�µ�SÄ�A�¤£ã�´�Ñ&Ò�Ä�A5§~X

��¸�Cz!Uþ�N!�"~���SÄ�A�kµá�ªÌA����

�©½���©(∆/∆∆)!Ù§��Ä�A��"

(4) (ÆA�µ�á�ªÌA�ØÓ§(Æ´é�Ñã�£ã¶T�Ñã�

±´Ñ!!c!éf�"(Æ£ã�´�Ñ&Ò¥�Ñ!­Ñ!�N!��Ú

!s�"~��(ÆA�kµÄª(Pitch)!��&E�"

(5) �óÆA�µz�`{<PkÙÕA�uÑcLÚ�<S�"ù
p

�A�Ï~��9Ï&E^u`{<£O¥"~���óÆA�kµÑ�!c

�©Ù5Æ�"
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Figure 4: Äu�£°Ä�A��O [3]

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

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

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

�"

4.2 Äu�5pd�£O�.

¦+Äu/�£°Ä�A��O03A½+�!A½êâ¥�`{<£O

?Ö¥��
�½�J§�ÙÊ·5E�©k�"~X§p��óÆA�éN

´ÉuÑ<��XÚ|µ�Cz
u)UC¶á�ªÌA�¥Ï~��¹
&

�!D(!uÑSN�E,&E§Ú\
�«Ø(½5"Ïd§ïÄöºY=

Ô�£O�.þmÐ�'&¢§}ÁÏL�OÜn�£O�.5£ãù
A�

¥�Ø(½5§l
��`{<�ÚOA5§¿Äuù
ÚOA5�¤`{<

£O"

4.2.1 pd·Ü�.-Ï^�µ�.

pd·Ü�.-Ï^�µ�.(GMM-UBM)´��²;�`{<£O�.

[4]"pd·Ü�.(GMM)´deZ�õ�pd�Ý¼ê²L�5\�|¤��

��N©Ù"Ï~§õ�pdVÇ©Ù��5|Ü�%Cu?¿�©Ù¶Ïd§
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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�13.1!/ÄuMAP�g·A�{0.
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¶�óÏfµz éA�´UBM¥1z�pd©þ�þ��þ¶µz + Dwz K´

`{<GMM1z�pd©þ�þ��þ¶`{<ÏfwzÑlN(0, I)�pd©

Ù¶εz ∈ Rd´ÑlN(0,Σz)�í�"Ïd§GMM-UBM���´Äu��q

,(ML)OK��5Ïf©)�.§Ùò�Ñ&Ò©)¤�óÏf!`{<Ïf

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 6¤«"

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�©"

4.2.2 Ïf©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
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ØÓpd¤©�mÚ\
�'5"Ù¥§éÜÏf©Û£JFA¤´��;.�

£O�. [6]§T�.U«
GMM-UBMÏf©)�ï�g�§ò�Ñ�m©

)¤`{<f�mSÚ&�f�mC"

Figure 8: JFA�.

M = S + C (2)

Ù¥§`{<f�mS´d�óÏfm!`{<ÏfxÚí�Ïfyn�Cþ²

L�5Cz¤�)�"x!yÑlN(0, I)�pd©Ù"

S = m+ V x+Dy (3)

&�f�mK´dL�&�A5�&�Ïfz5�)�§zÑlN(0, I)�pd©

Ù"

C = Uz (4)

w,§JFA�.���´��Äu�5pdb��Ïf©Û"3dÄ:þ§

�Ñ&ÒM´d�óÏfm!`{<Ïfx!í�ÏfyÚ&�Ïfzo�Cþ¤

L��f�m²L�5C�¤�)�"

Dehak�< [7]?�ÚJÑ
JFA�.�{zL«i-vector�.§ÙL«ú

ªXeµ

M = m+ Tw (5)

Ù¥§wÑlN(0, I) �pd©Ù"

�JFAØÓ�´§i-vectorò`{<f�mS Ú&�f�mCÚ�3���

Cþf�mT ¥§æ^ü��/�CþÏf0wÓ�£ã`{<ÏfxÚ&�Ï
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fz"w,§�JFA�'§i-vector�.�ÔöE,Ý�$§Ïf�þ�ínL§

�{ü"Ó�I�5¿�´§i-vector¥Q�¹
`{<&E§��¹
&�&

E"Ïd§ÙÏ~�6u�à«©5�.£XWCCN!NAP!LDA!PLDA�¤

5¢yé`{<Ïf�/JX0§?�ÚJpi-vector�.é`{<�«©Uå"

o
ó�§i-vector�´��Äu�5!pdb��£O�."��§ïÄö�

qºYJÑ
ÄuDNN-ASR�i-vector�. [8, 9]"�GMM i-vector�.ØÓ�

´§DNN i-vector æ^Äu�Ý ²�äÔö��Ñ£O�.O�
Äu��

Ï"£EM¤�{Ôö�GMM§±d¼��°(��óÏf§?
ýÿÑ�O

(�`{<Ïf"

Kaldi¥Jø
i-vector�.Ú���'��à�©�.��è¢~"~

X§3egs/sre08/v1!egs/sre10/v1!egs/sre16/v1 ±9egs/sitw/v1eJø
I

OGMM i-vector��è¢~¶3egs/sre10/v2eJø
DNN-ASR i-vector��

è¢~"

þãùa�.�Ñ´ÄuÏf©Û��{§�é�Ñ&ÒA5Ú`{<£

O?Ö§ýk½Â
�Ñ&Ò¥��ÏfCþ�m�VÇ�N'X"�
{z

ÔöÚín�E,Ý§ùa�.�ÑI�Ñl�5!pd�b�§�d·�¡

ùa�.�Äu�5pd�£O�."¯¢þ§�Ñ&Ò¥��CþÏf�m

�'X´�nE,�"Ïd§ùa�.J±O(/£ã�Ñ&Ò¥��Ïf�

mE,��p'X§¦�ýÿÑ�`{<ÏfE�3é��"�"

4.3 Äuêâ°Ä�A�ÆS

ÄuÏf©Û�{Ú�5pdb��£O�.�3L�Cn�c¥��


4�¤õ§,
§É&EZ6Ú&Ò¤£���§�c`{<£O�XÚ5U

EJó��"Ù¥��Ì��Ï´ùa�{Äu�©A�(XMFCC)Ú�5p

d�.(XGMM-UBM, i-vector)"�©A�É�«�`{<Ïf�K�wÍ!

CÄ5r¶
�5pd�.���k�b�Lr§J±k�/£ãù
CÄ5"

�)ûù�¯K§���1���´Ïéäk�rØC5�`{<A�§¦�

{ü��5pd�.v±éÙ©Ù?1£ã"éuDÚÄu�£°Ä�A��

O�{§ÙÏ~Äu�r�k��£§¤�O���A��zUåØv"�d§

ïÄö�ºY=Ô�Äuêâ°Ä�A�ÆS�{µ�½A��Ä�A5§Ä

u?Ö8IgÄ/ÆSÑA��äN/ª"ù�A�ÆS�{�±;�<��

O� ¹ÚÕ¦§Ó����A�äk�r�?Ö�'5"

Äuêâ°Ä�A�ÆSI���Ün�ÆS(�§ù�(�Aäkv


�(¹5§äk(Ü+��£�Uå§Ó��Aäk�p�ÆS�Ç"�Ý 

²�ä(DNN)´��äk�g5(�� ²�ä§ÙPkv
r��¼êL�
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Uå(��ê¤�ê'X)§��é+��£�O�«(¹��ä(�§�äk

p��Ôö�{(X�ÅFÝeüSGD�)"AO´�Ý ²�ä��g(�§

�A�ÆSJø
�~k��1N"�©�ÑA�²L�Ý ²�ä���?

n§¦�`{<�'�A�ò�Or!�3§
�`{<Ã'�A�ò��f!

£Ø"

原始语音特征

深度说话人特征
P(spk1)

P(spk2)

P(spkN)

P(spk2)

说话人标签

Figure 9: ÄuDNN �`{A�ÆS

Variani�< [10]32014 cJÑ
Äu�Ý ²�ä�`{<A�ÆS§¿

^u©��'�`{<£O¥§Xã 9¤«"T�ä�Ñ\´v?O��©�

ÑA�§ÑÑ´Ôö8¥�¤k`{<"ÏL��z«©Ôö8¥�ØÓ`{

<§�¤�äÔö"�Ôö�¤�§T�ä=�¢yl�©�ÑA��`{<

A��Å�J�"�X�ê��\§�`{<Ã'�Ï�£XuÑSN!&�

�¤�ÅìÈØ!�f¶
�`{<�'��Ý`{<A��uwÍ"3��

TA��§æ^Ü¿²þ��ª��éf?O�L«£¡�-d-vector.¤§,�

B�ÏL�à�©�.£XLDA!PLDA�¤¢y`{<£O"

3Variani�<�ïÄÄ:þ§ïÄö�qºYmÐ
�X�`{<A�Æ

S��{ïÄ§Ì��©�±en�ïÄ��µ

4.3.1 �.(�

�
�O�Ün��.(�5¢y`{<A�ÆS§ïÄö�}Áò/�

£°Ä0�/êâ°Ä0(Üå5§3�.�O�¦�U/Ú\�
��Ñ&

Ò�'�k��£§¦�OÑ��.U
�Ð/l�Ñêâ¥Æ��äk�

L5�`{<A�"~X§Heigold�< [11]�Ä��Ñ&Ò��S5§JÑ
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2https://github.com/tzyll/kaldi/tree/caser/egs/cslt cases/sre dvector
3https://gitlab.com/csltstu/Panda/tree/master/1-Basic
4https://gitlab.com/csltstu/Panda/tree/master/4-Phone-Aware
5https://gitlab.com/csltstu/Panda/tree/master/3-Full-Info
6https://gitlab.com/csltstu/gauss constrain
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7https://gitlab.com/csltstu/Panda/tree/master/5-Extension/Joint%20training
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8https://gitlab.com/csltstu/Panda/tree/master/2-Generalization/End-to-end
9https://github.com/david-ryan-snyder/kaldi/tree/xvector-sre10-10s
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