
m 32 � m 5 l � y Q � � Vol. 32, No. 5

2006  9 J ACTA AUTOMATICA SINICA September, 2006�% DWT-TEO Æ�����1),1- 0)/ .*+
(N℄3(X�r��G 1t 510640)

(E-mail: qiuzhengquan168@163.com)& # ^�QS�V�rg<T�(#oY�	?;q�Æ�n(�b?O�oYgFÆ��U6*WC�g�&e��8;S�g�?�	>*Wf�p��HQ%#f��#U6
TEO(Teager a=E�) |S�^�<T�(#gMq�Q�&s+#�%�&o:ÆÆ?q�K4�O�%#f�g6EU6�&s+\��?��HU6 Mel K&q���&o:zX> MFCC. n��b?Æ(-O�(#�aA�9C��Q(#��07?�Æg OGMM(b}�>_DX
), k�b}�X�b EM E
isÆÆ�["�*�$Q EM u[6ApPQ|ÆÆb}LE?�S%�eE�07�eOEg DWT-TEO 2:�><T�(#g�3�<�07�Æg OGMM Æ(-O�?(#�aA�9C���� �&�X�TEO, DWT-TEO, OGMM(���� TN912.34

Speaker Recognition Based on DWT-TEO

QIU Zheng-Quan YIN Jun-Xun XUE Li-Ping

(School of Electronics and Information Engineering, South China University of Technology, Guangzhou

510640)

(E-mail: qiuzhengquan168@163.com)

Abstract Two modifications for speaker recognition system in noise environment are de-

scribed. First, in order to improve the robustness of the system, noisy speech is decomposed

into various frequency bands and de-noising is carried out by TEO in every frequency band.

The wavelet coefficient is weighted according to the characteristics of speaker recognition,

and is then transformed into MFCC. Second, in order to improve recognition performance

and training speed, a modified OGMM that orthogonal transform is performed before EM

arithmetic is applied at the recognition stage. Thus, it is not necessary to do orthogonal

operation during every EM iterative process. The experimental results show that the para-

meters proposed have produced good effect and that modified OGMM can further improve

recognition performance and training speed.
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5�=a|P{�I2�*v�L`jf��~��!	J%p�Gram-Schmidt a|P[3,4]
, 0��5&�W�F|~%m8f�X�F��Y{
~%�W46=~%{Ro[5,6]

.~%{R.=~%n9f�jf'qu\{R�	�r�~%�jw-PR�f~%n9�\�Z��=hsf
w_��=7RA/�v/�fA/lI�R/y^��=H:f7RA/�{*6'lf�j�)��G>�pR��%�G>.�A/=���v/�.OJsfA/�gn<℄4agWf5z�&*
~%�W�"f�=I2�	�Co/�6/N�nXfE��TEO .'"9 Kaiser NDf:7fx�D~[7]
.

Teager`<D~`}F�=fA jR�f5z��:A/Wtf`7�V!<�C>_j�k�	of{fKr�.�'`QuA/�=f�M���d
~%�k� TEO �Co/��= DWT-TEO 19�
5f7RA/S5)VB~f~%��=)Vd�o��GP$"d��"S5 TEO {R�℄�;S�'"fLp�P~%r*hr�$~%n9>p~I2�N
$"d�f5DS5~%r*[��=�S5 Mel J%p�
~%n9yW= MFCC. ?ZrvDf ETSI h$R�D	���nXfE�:HWt�`>',N�'"�`��8B~�P'"��/6>�fa|�=^CW	 (OGMM).

2 1��'�Y
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3 TEO�R Maragos h3sND> Teager `<D~ (TEO) fw-+G��D~da>'n�46�TEO `P+m��R�ooa�=Wt�V!�=L`Nzf
6�P0�!so�TEO &*�A`
ψ[x(n)] = [x(n)]2 − x(n− 1) × x(n+ 1) (7).`D	�ia5�=��=fUy?��D	�=�=ofR�&*Dx.�`U�f�r� x(n) `')YfKFf�=�V E{Ψ [x(n)]} = E{x2(n)−x(n− 1)x(n+1)}bY E{Ψ [x(n)]} = Rx(0) − Rx(2). Z5f Rx(k) ` x(n) f�y/99�P7RA/�=o�r�H05f�= x(n) `NA/�= s(n) �A jp�R� ω(n) h��VYRA/�= x(n) f TEO `

ψ[x(n)] = ψ[s(n)] + Ψ [ω(n)] + 2Ψ̃ [s(n), ω(n)] (8)Z5f Ψ̃ [s(n), ω(n)] = s(n)ω(n) − 0.5s(n− 1)ω(n+ 1) − 0.5s(n+ 1)ω(n− 1), %<` s(n) �
ω(n) fK Teager `<�9= s(n) � ω(n) .A j�yK}6f�V Ψ̃ [s(n), ω(n)] fk^j.A�H* E{Ψ [x(n)]} = E{Ψ [s(n)]} +E{Ψ [ω(n)]}. Z VD	PR��L".�)YR�bYR�`<W=4��f�=`<!:5z�����x,a��=��j2�=��.A/`<99 En fY)FFj=�=��$�<Y)�.��=&*S5jSJ%WWkv�ZqR�f5z�.OW.�w,q� E{Ψ [ω(n)]} y�= E{Ψ [s(n)]} .&*JLf�.� E{Ψ [x(n)]} ≈ E{Ψ [s(n)]}. Z5&*#D TEO �:}FA jR�f5zf`7�
4 �'}T�d
~%�k� TEO �Co/��= DWT-TEO 19�S5)VB~f~%
57R�=��=)Vd�o��GP$"d��"S5 TEO {R�℄�;S�'"fLp�P~%r*!�$~%n9>p~I2[2]

. �GN
$"d�f5DS5~%r*[��=��GS5 Mel J%p�
~%n9yW= MFCC. �	xZ 1.

[ 1 DWT-TEO |SoY
Fig. 1 DWT-TEO de-noising system
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5 ~�?`EY� (OGMM)�=^CW	. M "�=�<fp~��r�^r;S�f��6�_. Σx ��W�_ Ω .9 Σx fL`)<�=f�\NPx��W (y = Ω

Tx) G�P y (sf��6�_ Σy .��f�Σy � Σx :�qf/n�
Σy = Ω

TΣxΩ (9)o� Ω .9 Σx fL`)<�=f�\NJ�:7� Ω
T
Ω = I. 6 Ωy ZR X, :�

bi(y) =
1

(2π)D/2|Σyi|1/2
exp{−1

2
(y − µyi)

TΣ−1
yi (y − µyi)} (10)no Σyi = Ω

TΣxiΩ � µyi = Ω
Tµxi.7�"�==�f GMM, ��6�_S8$)\a.��f��� y (sf��

GMM '`��L`)<f�+�hQ
�:a|f GMM �a| GMM(OGMM)
[1]

.Z 2 t,> OGMM f'"*Z�Z"W	.9'"x��W�_�'"�� GMM�=�P�8!hQf�	�:,�l',.nDa|�W�_�Pad�W�_G�l�,.6�W�_{?Z"W	fH:�8�_�Z"�WP�8��'P��G�6S6f EM D	{-n�� GMM f19�P30���PJQ46a�� GMM hr%
30)<%�Wa�f(s{�P5{fdvo[9]
, a|�W.P EM D	o�`>',N�nXfKDB~�hQND>
a|�W�a EM D	hr�Z!�)�#P EM tZ5�oOP{a|KD>�[ 2 OGMM +[

Fig. 2 Block diagram of OGMM

6 & j�4?d�i/f;S��	.S5ww'";S��D�B30d�/w"b�	;S�f���$�9 30 ";S��=�O";S�;D 6 "�~�no:".O";S�{#;f�~�B℄ 4 "�~�=O"�)V�noO";S�Ff�z 3 "�~�=�8h��qf 3 "�~�=30h�/6fA/.PÆ"I_�ÆPGmf�/!H` 11025Hz, e9` 30ms, e)` 15ms, Dpr�`>�fHND19�`f8H���>�"0��rÆ"0��/6N�A/�p$q�R�f�=�R��6:VMpM��8A/!9` 10 S��"6!9` 0.2 S�
1 S� 2 SfA/�	�l�"0�/6fA/
�pR��`gff Babble R���8A/!9` 10 S�6!9` 2 SfA/�	��" 1. 3s��8h�e�Dpr�pM�Nz 12 � MFCC, �G�=O'"��z6'" GMM, GMM of^C9` 64, 
Hdf9�THq/�V!�30h�e�Dpr�pM��GNz 12 � MFCC, yD� MFCC ?�8hofO";S�f
GMM fA�d��noadA�d��Wf;S�
`a�f�	��



5 m xd�i�e> DWT-TEO g<T�(# 757�" 2. 3s��8h�e�Dpr�pM�6 Daubechies ~%ÆB~���
��Gf$�d�jd�<&�;S�'"fLpp~�hG~%r*��GNz 12� MFCC(hQ<h` DWT-MFCC 19), �G�=O'"��z6'" GMM,GMMof^C9` 64, 
Hdf9�THq/�30��V�8��'!Nz 12 � MFCC, yD� MFCC ?�8hofO";S�f GMM fA�d��noadA�d��Wf;S�
`a�f�	���" 3. 3s��8h�e�Dpr�pM�6 Daubechies ~%ÆB~���6 Teager `<D~���Gf$�d�jd�<I2�hG&�;S�'"fLpp~�~%r*��GNzD 12 � MFCC(hQ<h` DWT-TEO 19�%�.�dHNDf19), �G�=O'"��z6'" OGMM, GMM of^C9` 64, 
Hdf9�THq/�30��V�8��'!Nz 12 � MFCC, yD� MFCC ?�8hofO";S�f GMM fA�d��noadA�d��Wf;S�
`a�f�	��0�5�xZ 3.

[ 3 e> DWT-TEO 2:<T��
+[
Fig. 3 Block diagram of speaker identification based on DWT-TEO parameter�" 4. 
�pR��`gff Babble R���8A/!9` 10 S�6!9` 2SfA/�	�Nr�rRfÆ"0��$��2x 1 � 2 � 3 � 4.! 1 *W SNR rg<T��
I (41C1#;b 0.5 T)

Table 1 The speaker identification rate under different SNR (the length of the test time is 0.5s)

SNR(DB) 5 10 15 20

MFCC 71.9% 79.1% 84.5% 89.6%

DWT-MFCC 75.5% 81.2% 86.8% 91.3%

DWT-TEO 82.5% 86.8% 90.3% 92.6%! 2 *W SNR rg<T��
I (41C1#;b 1 T)

Table 2 The speaker identification rate under different SNR (the length of the test time is 1s)

SNR(DB) 5 10 15 20

MFCC 74.4% 81.6% 87.8% 92.4%

DWT-MFCC 82.2% 87.2% 91.5% 94.6%

DWT-TEO 86.7% 91.5% 94.6% 96.8%! 3 *W SNR rg<T��
I (41C1#;b 2 T)

Table 3 The speaker identification rate under different SNR (the length of the test time is 2s)

SNR(DB) 5 10 15 20

MFCC 76.8% 83.6% 89.7% 93.4%

DWT-MFCC 83.5% 88.7% 93.4% 96.6%

DWT-TEO 89.1% 94.6% 97.2% 99.8%
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Table 4 The speaker identification rate under different SNR when the length of the test time is 2s and noise

is non-stationary Babble

SNR(DB) 5 10 15 20

MFCC 75.5% 83.0% 88.9% 92.2%

DWT-MFCC 80.6% 88.1% 92.7% 96.7%

DWT-TEO 88.5% 94.0% 96.9% 99.5%R 1 � 2 � 3 &*#D�PR�U�q�/6�dHNDf DWT-TEO 19f;S��	H#�=/6nJ19f;S��	H��u�F|�R�fWW�NDfL`�=;S�'"f�`� uD'tfE��R 3 &*#D�F| SNR fv��/6 MFCC f�	Hv�> 16.6%, �/6 DWT-MFCC f�	H�v�> 13.1%. ^
SNR ` 20DB !�/6 DWT-MFCC f�	H�/6 MFCC fN�> 3.2%, &x/6f
DWT-MFCC 19fE���	H#�/6 MFCC 19f;�~%n9p~I2`N�;S�f�	H�� DWT V`WtnXfE��/6f DWT-TEO 19?rR:"19��&g�F| SNR fv��Jf�	Hv�> 10.7%. u^ SNR ` 20DB !��	HVa> 99.8%. &x
�~%n9fp~I2� TEO �Co/�nXfE�',Wt�� 1 � 2 � 3 ���&*g�F|30A/!9fW9�;S�'"Huy���Z..`F|A/!9fW9�A/�℄7:'�f;S��m�R 4 #D�HNDf DWT-TEO 19�$� MFCC � DWT-MFCC f'"H�E�#:HN��.O',�f>�dHNDf19f:��� 4 ? 3 ����`:�_fq{�Z..`R�U�f)VU=f�`>�� OGMM f8H��hQ3<>Æ"$�g HLf!s� 4 .^ SNR ` 10 u30A/!9` 2 S!Æ"$�HLfg !s�R 5 &*#D�l�"$�HLf!s�l'"$�#�'��Z..`/6~%I2#L�'�f!sfE.�℄.lÆ"$���rR:"$�HLf!sVt�F��&x� OGMM �$`,N�nDB~�! 5 SNR b 10, #;b 2 T#�#%�IMgi"#t

Table 5 The average time when SNR is 10 and the length of the time in three test speech

MFCC-GMM DWT-MFCC-GMM DWT-TEO-OGMMh!": 13.56 17.27 7.69

7 �MR$��2&*#D�PR�U�q�/6HNDf19f;S��	H#�=/6nJ19f;S��	H��uF|�R�fv��NDfL`19�=;S�'"f�`� uD�tfE��&xHNDf DWT-TEO19�$`WtnXfE���~%n9p~I2`N�;S�f�	H�?ZrvDf ETSI h$R�D	f���nXfE�:HWt�
a|�W�a EM D	hr�Z!�)�#P EM tZ5�oOP{a|KD>��N�nXfKDB~�Z>�Wf
6�$��2t,�
OGMM �$N�>nDB~�
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