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Abstract
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1. Ôö�ãµéz�¦^XÚ�`{<ý3¿v��Ñ¶éý3�ÑJ�(Æ

A�¶�âJ��(ÆA�Ôö��`{<�.¶òz�`{<�.�\`{<�

.¥¥¶

2. ÿÁ�ãµXÚ¼��ÿÁ£O��Ñ¶�Ôö�ã�Ó§J�ÿÁ�Ñ�

(ÆA�¶òÿÁ�Ñ�(ÆA��`{<�.¥?1'é§�âýk½Â��q

5OK§3`{<�.þ?1�©�O¶����ÿÁ�Ñ�`{<�°"

3`{<£O+�§8c¦^�A�ý�Ü©´ïÄ�Ñ&ÒªÇþá��

Ì(Short-term Cepstrum) A5���(ÆA�§ù
A�Ì��[�Ñ&Ò¥�

.�(ÆA5§~X<��fúA5!(��u(Ån�§Ì�Ò�)r�ªÇ�

ÌXê(Mel-Frequency Cepstral Coefficients§MFCC)"

3�.+�§ÄuÚO�ÅìÆS�{Óâ
Ì6/ §Ù¥�²;�

ï��{´Äupd·Ü�.-Ï^�µ�.(Gaussian Mixture Model-Universal

Background Mode, GMM-UBM) [1, 2]��{§Xã1"duØÓ`{<3(ÆA�

þ��É§�dÏLÚOz�`{<�(ÆA�¤äk�VÇ�Ý¼ê5�ï`{

<�."pd·Ü�.GMM´ò�m�VÇ�Ý©Ù^õ�pdVÇ�Ý¼ê\

�Ú5[Ü§�±²w/%C?¿/G�VÇ�Ý¼ê§¿�´��´u?n�ë
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ê�."3äNL«þ§ù��.¢SþÒ´rpd·Ü�.�z�pd©þ�

þ��þü�3�å|¤����þ��,��`{<��.§¡�þ��¥þ"

�´3¢SA^¥§Ï~z��`{<��Ñêâé�§Ôöpd·Ü�.q

I��þ�Ôöêâ"u´§UBMÏ^�µ�.�J
Ñ5"3Ôö`{<�.

�§|^��ýkÔöÐ��`{<Ã'�Ï^�µ�.UBMÚ�þ�`{<ê

â§ÏL�'g·A�{(X����VÇMAP [3]�)��8I`{<�."

Figure 1 ÄuGMM-UBM�`{<£OXÚ6§ã

þã�GMM-UBMXÚ����`{<£O�Ä�XÚ"�´§TXÚE�

3éõ"�§~XÙØU
éÐ�)û`{<£O�&�°�5"Ïd§3GMM-

UBMXÚ�Ä:þ§ÄuÏf©Û�Joint Factor Analysis§JFA [4]Úi-vector [5]

�.�`{<£OXÚA$)"

DÚ�éÜÏf©ÛJFAï�L§Ì�´Äuü�ØÓ��mµd��Ñ�

mÝ
½Â�`{<�mÚd��&��mÝ
½Â�&��m"ÉéÜÏf

©ÛnØ�éu§DehakJÑ
lGMMþ��¥þ¥J����;n�¥þ§¡

�i-vector"ùp�I´�°(Identity)�¿g§Ñug,�n)§i-vector��u`{

<��°I£"�JFAØÓ§i-vector�{æ^���m5�Oùü�éÜÏf�

m(`{<�mÚ&��m)§ù�#��m¡��ÛCþ�m§§=�¹
`{ö

�m��Éq�¹
&�m��É"Ïd§i-vector3ï�L§¥¿Øî�«©`

{öÚ&�"ù�ï��{�ÄÅ5uDehak�q�ïÄ: JFAï���&�Ï

fØ=�¹
&�&E§�Y,X`{<�&E [5]"

Ïf©Û´i-vector�.�nØ|±§Ïd3ùãi-vector�.�c§ÄkI�


)�eÏf©Û"Ïf©Û(factor analysis)´�«êâ{z�Eâ"§ÏLïÄ

¯õCþ�m�SÜ�6'X§&¦*ÿêâ¥�Ä�(�§¿^�êA�b�C

þ5L«ÙÄ��êâ(�"éum �n �A��Ôö�~x(i)(x
(i)
1 , x

(i)
2 , ..., x

(i)
n )�

�)L§Xeµ

1!Äk3��k���m¥Uìõ�pd©Ù)¤m�z(i)(k��þ)§=z(i)

N(0, 1)"
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2!,��3��C�Ý
Λ ∈ Rn×k§òz(i)N��n��m¥§=Λz(i)Ï

�z(i)�þ�´0§N��E,´0"

3!,�òΛz(i)\þ��þ�µ(n�)§=µ + Λz(i) éA�¿Â´òC��

�Λz(i)(n��þ)£Ä���x(i)�¥%:µ"

4!duý¢�~x(i)�þã�.)¤�kØ�§Ïd·�UY\þØ�ε(n�

�þ)§�εÎÜõ�pd©Ù§=ε N(0,Ψ)"

5!���(J@�´ý¢�Ôö�~x(i)�)¤úª

x(i) = µ+ Λz(i) + ε

Figure 2 Ïf©Û�.

Ïf©ÛnØXã2"Ù¢§i-vector�.Ò´�Ä��Ïf©Û�."3i-

vectorXÚ¥§Ï^�µ�.(UBM)�pdþ���þéAuÏf©Û¥�µ§�

Cþ�m(T-matrix)éAuÏf©Û¥�ÏfC�Ý
Λ"Ïdi-vector�.�L«

�µ

M = m+ T w̃ (1)

Äui-vector�`{<£OXÚXã3¤«"§´Äuü��Cþ�m�ª

&��{§T�Cþ�m¥Q�¹
`{<�m&E��¹
&��m&E"

i-vector�.��uæ^Ïf©Û�{òp��Ñ�mÝK�$�f�m¥"

3?1`{<(@�§Äké�(@�ÑãXv Ú����ÑãXe ©OO�

Ùi-vector w̃vÚw̃e, 2O�üö�{uål����©êµ
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Figure 3 Äui-vector�.�`{<£OXÚ6§ã

Sv,e =
< w̃v, w̃e >√
||w̃v||||w̃e||

(2)

dui-vector�.¥Q�¹`{<&Eq�¹&�&E§`{<£O?Ö

='%XÛJ�O(°��`{<&E"Ïd§�
¦�U�~�&�&Eé

u`{<£O�)�Z6§Äui-vector�.ºYJÑ�X�&�Ö���{§

Ù¥��~^�&�Ö��{´LDA (Linear discriminative analysis) ÚPLDA

(Probabilistic linear discriminative analysis) [6]�{"

Äk{��0��eLDA�." i-vector�.ÔöÚO�¥¿��ÄÓ�`{

<SÜ�Cz5§Ïd���i-vector�þQL�
`{<&E§�L�
�ÑS

N!&�!�X�`{<SÜCz&E"�?�Ú«©`{<�m�`{<SÜ

�CÄ5§ïÄöJÑæ^LDA�{§ÏL���5N�Ý
§3éi-vector?�

Úü��Ó�âÑ`{<�m��É5"�1i�<�1j�i-vector �w̃(i, j), LDA

�{8I¼êXe:

J(G) =
SB

SW
(3)

Ù¥µ

SB =
∑
i

(µi − µ)2

SW =
∑
i

{
∑
j

(w′(i, j)− µi)
2}

w′(i, j) = Gw̃(i, j)
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þã�.¥G ∈ RK×M�i-vector�LDAN�Ý
§K �LDA ¤N���$��

m��Ý"µi �1i�`{<�i-vector3N��mþ�þ�§µ �¤k`{<

�i-vector 3N��mþ�þ�"ÏL`zG§LDA�±òi-vector�þN��$�

�m§Ó��y3N��mpØÓ`{<�m�«©53úª(3)¤½Â�OKþ

��z"²LLDAü��§`{<(@�±3$�N��mþ�úª(2) ¢y"

LDA�{�±*Ð����)ªPLDA�. [6]§äk�Ð�&�Ö�Uå"b

�Ôöêâ�ÑkI�`{<§Ù¥z�`{<kJ^�Ñ"@o§·�½Â1i�`

{<�1j^�Ñ�Xij",�§�âÏf©Û§·�½ÂXij�)¤�.�µ

Xij = µ+ Fhi +Gwij + εij (4)

ù��.�±w¤ü�Ü©µ�Òm>cü���`{<k'�`{<�äN,

�^�ÑÃ'§¡�&ÒÜ©§ù£ã
`{<am��É¶�Òm>�ü�£ã


Ó�`{<�ØÓ�Ñ�m��É§¡�DÑÜ©"ù�§·�^
ù�ü�Ï

fCþ5£ã�^�Ñ�êâ(�"

·�5¿��Òm>�¥mü�©O´��Ý
Ú���þ�L«/ª§ùB

´Ïf©Û�L�/ª"ùü�Ý
FÚG�¹
�gb�Cþ�m¥�Ä�Ïf§

ù
Ïf�±w�´�g�m�A��þ"'X§F�z��Ò��uam�m�

A��þ§G�z����uaS�m�A��þ"ü��þ�±w�´©O3

�g�m�A�L«§'XhiÒ�±w�´Xij 3`{<�m¥�A�L«"3ÿ

Á�ã§·�Ø2�LDA@��Äucosineål5O��©§´�O�ü^�Ñ

´Äd`{<�m¥�A�hi)¤§½ödhi)¤�q,§Ý"3ùp§·�¦^

éêq,'5O��©"ù�`{<(@ÒC¤
�b�u�¯K"=XJkü

^ÿÁ�Ñ§ùü^�Ñ5gÓ��m�b��Hs§5gØÓ��m�b��Hd§

@oÏLO�éêq,'§ÒUïþü^�Ñ��q§Ý"�©�p§Kü^�Ñ

áuÓ�`{<��U5��"Xeúª¤«µ

Score = log
p(w̃v, w̃e|Hs)

p(w̃v|Hd)p(w̃e|Hd)
(5)

2 ¢¢¢���

3Kaldióä�¥§ÙJø
ÄuGMM i-vector`{<£OXÚ�IO�

�§%@ uKaldi-path/egs/sre08/v1e"ÄuGMM i-vector`{<£OXÚ�

�è uKaldi-path/srce§~^�8¹kfeat! featbin(A�J�) Úivector!

ivectorbin(�.ÔöÚ�©ÿÁ)"

ÄuKaldi�GMM i-vector`{<£OXÚÌ�do�Ú½|¤µêâ�L

O�(scp©�)!A�J�(MFCCJ�9VAD)!�.Ôö(UBM!T-matrixÔö
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Úi-vectorJ�)!�©�û(Cosine!LDA!PLDA)§Ù6§«¿ã9¤N^��

'�-Xã 4¤«"

Figure 4 ÄuKaldi�GMM i-vector`{<£OXÚ6§«¿ã

2.1 êâ�LO�(scp©�)

ému8�Ñ!Ôö8�ÑÚÿÁ8�Ñ©O)¤éA�êâ©�"�Ä��

êâ©��)µwav.scp (�ÑéfI\�Ù�Ñ��´»)¶spk2utt (`{<I\

��ÑéfI\�éA'X)¶utt2spk (�ÑéfI\�`{<I\�éA'X)"

Äk8��Ñêâ8¥��Ü�Ñ©�(’.wav’ §’.sph’�)§)¤zé{9Ùé

A´»�wav.scp©�"wav.scp©�¥kü�§1����ÑéfI\§1���

�Ñ¤3´»"Ù�ªXeµ
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utt 1 path/utt 1.wav

utt 2 path/utt 1.wav

... ...

5µwav.scp©�z�1�ÑÑ67L´8KHz ½16KHz �’.wav’�ª"Ïd§

e�©�Ñêâ�’.sph’§KI^sph2pipe�-?1�ª=�¶e�©�Ñ�

�8KHz ½16KHz �’.wav’�ª§KI^sox�-?1�ª=�"

�âwav.scp©�§O�utt2spk©�"utt2spk©��kü�§1����Ñé

fI\§1����Ñ¤éA`{<�I\"Ù�ªXeµ

utt 1 spk A

utt 2 spk A

utt 3 spk B

utt 4 spk B

... ...

5µéumu8�ÑÚÔö8�Ñ§Ùutt2spkêâ�ªXþ"éuÿÁ8

�Ñ¥§duÿÁ�¿Ø��z^�Ñ¤éA�`{<§¤±3Ùutt2spk�©�

¥§b�zé{=���`{<§Ïdutt2spk�1���Ñ¤éA`{<�I\

Ò´1����ÑéfI\"Ù�ªXeµ

utt 1 utt 1

utt 2 utt 2

utt 3 utt 3

utt 4 utt 4

... ...

O�Ðwav.scp©�Úutt2spk©��§¦^utils/fix data dir.sh ��é�½

´»e¤k©�UìKaldi�ªüS§·-Xeµ

sh utils/fix data dir.sh path

,�N^utils/utt2spk to spk2utt.pl��|^utt2spk©��L)¤spk2utt©

��L§·-Xeµ

perl utils/utt2spk to spk2utt.pl utt2spk > spk2utt

5µO�Ð�spk2utt©�1êAT�`{<êþ��§z11���`{<

I\§Ù��N�´T`{<¤`��ÑI\§Ù�ªXeµ

spk A utt 1 utt 2 ...

spk B utt 3 utt 4 ...

... ... ... ...
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�âþãÚ½§ému8�Ñ!Ôö8�ÑÚÿÁ8�Ñ©OO�ÐéA�ê

â©�§¿��éA�©�Y¥"

d	§�âÔö8ÚÿÁ8)¤��µÿXÚ5U�ÿÁ�Ltrials"Ï~

·�æ^�����©�ª§Ïdtrials��Ý�‘Ôö8¥`{<��ê’ * ‘ÿ

Á8¥�Ñéf��ê’"Ttrials�z1kn�§1���ÿÁ8¥�ÑéfI

\§1���Ôö8¥`{<I\¶1n�kü«I\§�cü��ý¢éA'

X(=1���ÿÁ�Ñ´d1���`{<¤`)§K1n�IP�‘target’¶��

�‘nontarget’"«~Xeµ

utt 1 spk A target

utt 2 spk B nontarget

utt 3 spk A nontarget

utt 4 spk B target

... ... ...

2.2 A�J�(MFCCJ�9VAD)

�âO�Ð�êâ�L§�gému8!Ôö8ÚÿÁ8��Ñ?1A�

J�"3Kaldi¥§%@´æ^r�ªÇ�ÌXê(Mel-Frequency Cepstral Coeffi-

cients§MFCC)��`{<£O?Ö�(ÆA�"

Ù¥MFCCA��J�L§Xã 5¤«µ

Figure 5 MFCCA�J�6§

KaldiµC
��MFCCA�J����§�¢y©Ùª$�§��ë

�steps/make mfcc.sh"T��¥�Ø%�-´compute-mfcc-feats§T�-^

uMFCCA��O�§Ù^{Xeµ

compute-mfcc-feats [options...] <wav-rspecifier><feats-wspecifier>

Ù¥<wav-rspecifier>�êâ8¹e�wav.scp©�¶<feats-wspecifier>�)¤

�feats.scp ©�"
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[options...]´compute-mfcc-feats��
A�ëê§Ùòû½J�MFCCA��

ê�"~^�A�ëêXeµ

–sample-frequency �Ñêâ�æ�Ç

–frame-length zv���(û½O�FFT:��ê)

–high-freq pªþ.

–low-freq $ªe.

–num-mel-bins n�ÈÅì��ê

–num-ceps DCT$����Ý§=�MFCCA��Ý

–use-energy J�zv��ÑUþ§^uEnergy-VAD

éu�^�Ñ§ÙÏ~´deZ�Ñã|¤§ã�ã�m�·Ñã§=3T

ãS`{<¿�uÑ"ù
·Ñãé`{<£O?Övk¿Â§ÏdI�æ^k�

Ñuÿ(Voice activity detection, VAD)��{§r�Ñ¥`{<uÑ��ÑãJ�

Ñ5§�uÑ�·ÑãGØ"3Kaldi¥§N^sid/compute vad decision.shé�

Ñ¢yVAD"��¥����-´compute-vad§T�-ÏLfeats.scp©�)¤

éA�vad.scp©�"

compute-vad [options] <feats-rspecifier >< vad-wspecifier >

XÚ¥�VADæ^ÄuUþ�uÿ�{§=��ÑvUþ�$u�½K��§

@½Ù�·Ñã¶���k�Ñã" compute-vad~^�[options]�–vad-energy-

mean-scale Ú–vad-energy-threshold§dÙ��UþK��À�"

2.3 �.Ôö(UBM!T-matrixÔöÚi-vectorJ�)

dã 4�±wÑ§ i-vector�.ÔöL§Ì�©�n�Ü©µÏ^�µ�

.UBMÔö§T Ý
ÔöÚi-vectorJ�"

UBM�ÔöL§©�üÚ§Äklmu8¥�ÅÄ��þ�Ñêâ§Ô

ö��é�-����UBM§TL§Äu��sid/train diag ubm.sh; ,�2¦

^sid/train full ubm.shÔö��-����UBM"

3UBMÔö�¤�§|^UBMO�zé{�¿©ÚOþ§^uTÝ
�Ôö"

TL§N^��sid/train ivector extractor.sh§¿|^�Ümu8�êâÏLS

�Ôö��TÝ
"

3TÝ
Ôö�¤�§�N^sid/extract ivectors.sh�¤é�Ñêâ�i-

vector J�"T���õU´�½UBM!TÝ
Ú�'�ÑA�©�(feats.scp,

vad.scp)§ÑÑ�ÑA�©�éA�i-vector�."Ì�Ú½Xeµ
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a. Set various variablesµò�ÑA�©�y©�n�°¶(�1n�jobs§¿1

\�$�)

b. Set up features: é�ÑA�?1VAD§CMVNÚ��/���©?n"

c. Extracting i-vectorsµé?n���ÑA�O�éA�i-vector§äNÚ½X

eµ

1). fgmm-global-to-gmm (Convert single full-covariance GMM to single

diagonal-covariance GMM.)

2). gmm-gselect (For each frame, gives a list of the n best Gaussian indices,

sorted from best to worst.)

3). fgmm-global-gselect-to-past (Given features and Gaussian-selection (gse-

lect) information for a full-covariance GMM, output per-frame posteriors for the

selected indices. )

4). scale-post (Scale posteriors with either a global scale, or a different scale

for each utterance.)

5). ivector-extract (Extract iVectors for utterances, using a trained iVector

extractor, and features and Gaussian-level posteriors.)

d. Combing i-vectors across jobs: òn�jobsÑÑ�i-vectorsÜ¿"

Ù¥§�-ivector-extract´|^®ÔöÐ�i-vector extractor(T-matrix)!�

ÑA�feats.scpÚUBM·Ü���VÇposteriors§�zé{J�i-vector"Ù¦^

�{Xe

ivector-extract [options]<model-in><feature-rspecifier><posteriors-rspecifier><

ivector-wspecifier>

2.4 �©�û(Cosine!LDA!PLDA)

3£OÿÁ�ã§ÄkJ�Ôö8ÚÿÁ8�Ñ�i-vectors"éuÔö

8§ÏL�-ivector-meanÚëê�Lspk2utt§J�z�`{<�spk ivector�

.¶¿|^�-ivector-normalize-length�¤spk ivector���norm§���

\spk ivector.ark Úspk ivector.scp¥" é u ÿ Á 8§� -ivector-normalize-

length�¤ÿÁ�Ñivector���norm"

3��Ôö8z�`{<�.�Lspk ivector.scpÚÿÁ8z^�Ñ��.�

Livector.scp�§|^ýkO��ÿÁ�Ltrials§=��¤�'ÿÁ?Ö"I�5

¿�´§Kaldi¥æ^��ØÇ(equal error rate, EER)��`{<£OXÚ5U�

µd�I"EER ��Ø�ÉÇ£False Alarm Rate§FAR¤Ú�ØáýÇ£False

Rejection Rate§FRR¤ùü������:"FAR ��Ø�ÉbkL\ö�'

Ç§���LXÚ�S�5§ù���$XÚ�S�¶FRR ��Øáý�(`{

<�'Ç§���LXÚ�É`{<�N´§Ý§ù���$�N´�É�c`
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{<"uÿ�Ø�ï�£Detection Error Trade-offs Curve§DET Curve¤Ò´

±FAR �î¶§FRR �p¶�5U�§ù^�¥FAR ÚFRR ���:=

�EER"Ï~F"XÚ�EER ¦þ$§=FAR ÚFRR Ó�Ñ¦�U��"FAR

ÚFRR Ñ´É�XÚK��K�§��K�,p��ÿFRR ,pFAR ü$§�

�ü$�FRR C$FAR ,p"¤±^EER 5£ã
`{<(@XÚ���²þ

5U"

KaldiJø
n«£O�©�{§Cosine§LDAÚPLDA�©"

1! Cosine�©µT�{��{ü¯$§¦^�-ivector-compute-dot-

productsO�ÿÁ�Ñi-vector �éA`{<�.i-vector�m�Cosineål§��

�û©ê"�-ivector-compute-dot-productsUìtrials©�éA^SO�trials©

�zéÿÁ�Ñi-vector��þ:È§¦^�ª�µ

ivector-compute-dot-products [options]<trials-in><ivector1-rspecifier><ivector2-

rspecifier><scores-out>

2!LDA�©µÄk|^mu8§¦^�-ivector-compute-ldaÔöLDAÝ
§

�-�ª�µ

ivector-compute-lda [options] <ivector-rspecifier><utt2spk-rspecifier><lda-

matrix-out>

òÿÁ�Ñi-vector�éA`{<�.i-vector²LLDAÝ
ü�§�éü�

�i-vectors|^ivector-compute-dot-productsO�Ù�m�ål§���û©ê"

3!PLDA�©µÄk|^mu8§¦^�-ivector-compute-pldaÔöPLDA�

.§2ÏLivector-plda-scoringO���q,'���û©ê"�-�ª�:

ivector-compute-plda [options]<spk2utt-rspecifier><ivector-rspecifier><plda-

out>

ivector-plda-scoring<plda><train-ivector-rspecifier><test-ivector-rspecifier><trials-

rxfilename><scores-wxfilename>

3���©©�<scores-wxfilename>�§N^compute-eer�¤��Ø

ÇEER�O�"�-compute-eer�Ñ\����L©�¶z1ü�§1��´

�&©ê§1���L´g£O©ê�´L\£O©ê"O�EER�¢~���ë

ìlocal/score sre08.sh"

3 ÖÖÖ¿¿¿SSSNNNDNN i-vector���...

Kaldi¥§Ø
þã�GMM i-vector`{<£OXÚ	§�Jø
DNN i-

vector [7, 8]`{<£OXÚ"ÙÄ�g�´|^Äu�Ý ²�ä��Ñ£O�

.DNN-ASRO�ÏL�iÒàa�pd·Ü�.UBM§Xã 6¤«"

Kaldi¥DNN i-vector��� uegs/sre10/v2/run.sh"T��Jø
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Figure 6 DNN i-vector�.
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