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Abstract To resolve the mismatch between training features and testing features in convolutive noise environment, a

robust speech features extraction algorithm based on Independent Component Analysis (ICA) is proposed. Noisy speech

signals are firstly converted from time-domain to frequency-domain via short time Fourier transform, then a complex

ICA algorithm is used to acquire short-time spectrum of speech signal from that of noisy speech signal, furthermore, Mel

Frequency Cepstral Coefficients (MFCC) and its 1-order differential coefficients are computed in accordance with the

separated speech signals frequency spectrum. Simulation and real environment experiments on different noisy Chinese

digit recognition are carried out. The results show that the recognition ratio of the proposed algorithm obtains the

relative increasing of 34.8% and 32.6% compared with conventional MFCC, which reveal that the speech features based

on ICA have a good robust performance.
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Ý�$�%�$ H (TITO) &�' � � � ÷ ��	 " P "�


(ICA)
â ��� >�?������ Ö × í î ã ä Þ ß�0���hiÒâ�(�q�)�*
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3�+ �

^ * 1
r j 4�,�� � h�i�-�. ö�/ >øÖø×øíøî���0�B�0�B�1�2�3�4�5 ��J���6 p�7�8 ICA
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MFCC ��C�e�� ��" � ë ÞÒß�� Ð ��t ÷ h�i
- ��>�4 MFCC

� Ð 3 ���Òâ '�? (�)ÒÞÒå �9 �*@�A & 5 � Ð â�BÒõ�����B � ��C � � & ICA
��i

ö Ö × { >�? â�0�B����� &�"�� �� �� j 4�D Oq�Eøâ ��F >�? ö Öø× íøî����øâ�@�A � þ�� & �
� >�?������ÒãÒäÒÞÒßÒâ�0����
1.2 G�H�I�J�K�L�Më & Ý�N e � õ á�O�� !�P â�Q Y Ð���� ��BR P Öø×øíøîøâ�0�B�S�TøÞ å � h�i�-�. ö�/ >øÖ× í î����0#B�1�2�3�4�5

(STFT)
� 2 Ý

TITO &
' � � Q Y íÒî x(t) j 4�U�+ ë Ñ

xi(t) =

2∑

j=1

P−1∑

k=0

aij(k)sj(t − k), i = 1, 2 (1)

C r � P
ë ��� D�E�F��ÒÐ�� aij

ëÒ�
j V � � � i

V�~���F â�W�X�Y�Z�� 6 p ö á�[��� L
õ\0�B�1

2�3�4�5 � j 4 � � Ñ
Xi(fl, τ)=

L−1∑

t=0

xi(t)win(t−τ) exp(−j2πflt), i=1, 2

(2)

C r � l=0, · · · , L−1; fl =(l/L)fs

ë ö Z â L V � õ �
fs

ë ��] � � win(t)
ë�^�_ Ð#� τ =τ0, τ1, · · · , τM−1

ë
`�a�b�c�^�_ Ð�d�e â#B v�f�g � j 4�, H#��h p�0B�1�2�3�4�5 �#� G % â#B ò�Q Y í î�4 ë e L×MõÒâ��Òò�Q Y íÒî�i�j��
1.3 k�l�m�n�o�p ICA q�r�s� �!t ÷ STFT

â�t�u � 7�8øâ �\��� � � & 7�8v�w
ICA

h�i����>�? { ÖÒ×ÒíÒî�0�B��Òâ "�� �x öÒ÷�C�y�z�{ â�7�8 ICA
h�i � v�w�|�O ICA

h
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J(x) ∝ [E{G(x)} − E{G(v)}]2 , (3)[ r
v �#e�� � â���������4 P �  #� :�� @�A < xë ��� "�� ����4 P B � v�w â���8 ë�� � G

_ Ð j���
x4
â E���{ 4������������� ��� 	�� 3 �Òâ�� �¡£¢¥¤�¦�§�¨�©�ª�«¬£®

x4
¤�¯�°�±�²�³�´�µ

¶�·�¸�¹�º�²�»�¼�§�½
(3) ¾�¿ ¤ÁÀ � ©�ª�Â�Ã�ÄÅ «\»�¼�Æ�Ç�È�É�Ê�Ë�Ì





J(w̃) =
[
E

(
G(w̃T

z)
)
− E (G(v))

]2
,

w̃(n + 1) = w(n) + µ∇
w̃
J,

‖w̃‖ = 1,

(4)
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(4) � Ì

∇
w̃

J =
(
E

{
G(w̃T

z)
}
− E {G(v)}

)
E

{
zg(w̃T

z)
}

.

(5)½
(5) � « z

 �§��������
x
Â�Ã�� Å������

�! !"!# ¤!$;¤!�!�!�!�;«
w̃

 
n %!&('�)!* ¬

E{(w̃Tz)2} = 1, v
Ë�+�,�-�È�.�/�0�1�2�3�4�5�6

7 ) µ G(·)
 �8�9�:�;�<�=�½�ª�«

g(·)
 

G(·)
¤�>

ª�µ�?�@�A�B�¤
G(·)

©�ª�Æ�C�D � Ì
G1(y)=

1

a
log cosh(ay), g1(y) = tanh(ay), (6)

G2(y)=− exp

(
−

y2

2

)
, g2(y) = y exp

(
−

y2

2

)
. (7)

8�E��
1 ≤ a ≤ 2

µ�F�Ê�?�@�/�¼ � « G1

¤�G
HJIJKJL�µ

G2

§JMJ1J2J�J�JNJOJKJP *JQ ��C�R�ËS�T ¤�U�V�µ
W & ª�XZY¥«\[�] (4) ^ (5)

?�½�_�` & -Za ¾b�c�d
ICA

»�¼�e�¡
[11]:





w̃ = E
{
z

(
w̃

Tz
)
∗

g
(∣∣

w̃
Tz

∣∣2
)}

−

E
{
g

(∣∣
w̃

Tz
∣∣2

)
+

∣∣
w̃

Tz
∣∣2 g′

(∣∣
w̃

Tz
∣∣2

)}
w̃

w̃ =
w̃

‖w̃‖
,

(8)

½ � « z

 �fZ� Å���� � ¤ & ����ª�]�« G(|y|2)
 

;�g�I�©�ª�«
g(·)
 �h�§�i�¤�8�j�>�ª�µ

Ëlklmlnlo » ¼ §l�l�lplql�ll3lr ¤tslN
I�« ¶�·�Â�ÃJkJuJvJwJm�«xw�m�yJO�e�z

2
 J{ µ §

®|3�r�} � �������¤�~���������������¤�~���Æ
� «������!��¤ & -�a ¾ b »�¼�Æ�}�§ & ����Â�ÃK�P���3�r�µ
1.4 �����������������������������W�~�X������������ � «!���� �¡ # <�¢�~ b¤�3�r�«�£�¤�¥�³�§�¦�~ b ¤�3�r�y�O�Â�Ã�§�$�¨
q�}�©��|¦�~ b 3�r�ª�«�¬��®�����¯�°�±�«�£�²
³�´�µ n�¦�~ b 3�r�����§�i�B�8�¶�����«�·�¸º¹
A�B�¶�¤�����»�¼�½�¾�¿�¨�q�À�§�Á�Â�3�r�Ã )�ÄÅtÆÈÇJÉJÊ µÌËJ8J/JÍ�«ÌWJ¦J~ b p�qJ�J��pJÎ�Ï �AJBJ~ b ¤J�J��Æ QJÐ " AJB�¤�¯JÑ�«ÓÒJÔ "JÕ ²JAÖ ¾ B�×��Ë É�Ê ~�X ICA

»�¼�I Q ¤�§�³�£�Ø�µ
1.4.1

Õ ²�A Ö ¾ I�¤�Ù�ÚÛ�Ü
W (fk)

Ë  U�V�¤�Ý�~ b 3�r�ª�«�«�Þ�W
o�~ b F�¤�p�q�ª�«�Æ�}�ß { Ë�Ì

A(fk) = W−1(fk). (9)
à ¹  �" p�q�ª�«

A(fk) á ª�§�¦�~ b�â�ã 3
) Â�Ã�Ù�Ú�«�ä�Ì

(a) åçæÐÖÐ×ÐØÐÙçèçéçêçëçìçí Í (b) îÐÑÐÖÐ×ÐØÐÙçèçéçêçëçìçí Í

(c) ICA ïçðçñçèÐÖÐ×ÐØÐÙçèçéçêçëçìçí Í (d) òçóçåçæÐÖÐ×ÐØÐÙçêçôçõçïçðçñçêçôçöø÷ ÍÍ
2 ùçúçûçüçèçýçþçÿ���� ICA àÐá��������
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V1j(fk, τ)
...

Vij(fk, τ)
...

VNj(fk, τ)




=




A11(fk) · · · A1j(fk) · · · A1N (fk)
...

...
...

...
...

AN1(fk) · · · ANj(fk) · · · ANN (fk)







0
...

Yj(fk, τ)
...

0




=




A1j(fk)Yj(fk, τ)

Aij(fk)Yj(fk, τ)

ANj(fk)Yj(fk, τ)




, (10)

|
h � Yj(fk, τ)

ß {�Õ ²�Ù�Ú���� 3�r�¤��
j ��	 âã 3 ) « Vij(fk, τ) = Aij(fk) · Yij(fk, τ)

Þ�ß { f�Î
Õ ²JÙJÚ � «
�

j
¢ âJã 3 ) W�� i

¢J�J�J�J� � ¤vJwJJ3�µç�ÈF�ÊJ3��JA��� # « Ô�¹�½
(10)
§�ÝJ~

b
fk

¤ â�ã 3 ) Â�Ã Õ ²�Ù�Ú � « 8�¢�~�X â�ã 3
) À Ä Å N

¢JÙJÚ � ¤�����« Ò
N
¢JyJOJfJÎ����

������� ^ A�BJ~ b ¤J¨Jq ^�� 7�� � ��� �J� «xÁÂ�Æ�} "�#
N
¢�¸ ¹ B�8�	�¶�¤���������µ���·� 

!J�JW
N
A�BJ.�"JF�¤�#JJ±J3�$ Ð " ¤J¸ ¹ ÝJ8	�¶�¤%�&������µ\¶�·�Æ�}%' � D%(�8�¢*)�Ë�Á�Â¤%�%��«�+�Æ�}�À%��·�Â�Ã�H*!�¤%,�: ��� � )�Ë

Á�Â�����µ
1.4.2

��� A Ö ¾ I�Ù�Úk���-�~�X
ICA

����� � ��.�¤ ��� A Ö ¾ I����«�/*0
12
§* *1�~ b ¤�3�r�ª�«�Â;Ã*,!: �

� «�/20
13
�2� à ¹�¦!~ b2324 ¤2 25!I;Â;Ã �

� «�/*0
14
�*��Ô�¹�°*6�¬��Â�Ã��!� #27 / '8%9�«�:�Æ�Ô�¹�§%;�X�3�r�¯�°�±�°�²�Â�Ã*<*= �/�¼�µ

> / � «\¶�·�¸�¹�1�j*?�V ) Â�Ã �*� }*@*A
á�B�C » ) µ�1�j�?�V )�¾�¿ e�¡�Ì

� Î%D ) ¦�~ b A�B �%	 �����%��8�~ b Ý�8
�%	 ����¤�1�j%?�� ) «\Æ*E%F�?�����¤�B�¶*G�;B�¶���I�µ�h ��� ©�ª�e�¡

[15]:

C(Yj(f, t)) = E
[
|Yi(0, t)|

2
|Yj(f, t)|

2
]
−

E
[
|Yi(0, t)|

2
]
E

[
|Yj(f, t)|

2
]
−

−
∣∣E

[
Yi(0, t)Yj(f, t)T

]∣∣2 −

|E [Yi(0, t)Yj(f, t)]|
2
,

(11)

½
(11) � «�· � � Yj(f, t)

�
Yi(0, t)

B ¶ «�Þ
C(Yj(f, t))

À�H�I�Ë�+�«
i, j
ß { ��� ��	 ��µ

1.5 J�K�L�M�N~�X �%O §�¤%)�¹� �§�3�r � �������¤�1�~
�3�Â�Ã���P�«�Ô�~�� 7 " ,�Q�«�h�ß 7 ¬�½�Ë�Ì

H(Z) = 1 − µz−1, (12)½ � « µ
Ë ��O § á ª�«Ì�J-�RTS Ë 0.9 ≤ µ ≤ 1.0

µ

1.6 U�V�W�X�Y�Z�[�\Ë�k�]��
MFCC ^ ª�«¥»�¼�_�`�À ��O §�Î�¤�������~�� � Î MEL

¯�°�±�¨ * V�»*a�¨ Q�)�%� * Â�Ã�§�ª C »%b�Á � §*�*��¤�y�O*c�r%d*ef 7��
(DCT),

ä "�#
MFCC

��� ^ ª�µËJ8J/JÍ�«�ËJk Ð �J�JJ�J��¤�g�hJ��i�«�»�¼Â�8�j�À
MFCC ^ ª�c�8�j�0�3�µ Û�Ü !��  Ð "¤�����k�� ^ ª�l R % «�m�n�8�j�0�3�����o�V�»e�½

(13)
 J{

[16]
µ�!

i
'

1
#

R− 1(
3��Jj�ª

)
;

dcep(i, t)=α

K∑

k=1

k [Cmfcc(i, t−k)−Cmfcc(i, t+k)],

(13)½ � « dcep

ß { g�h�����«
Cmfcc

ß { ����k���«
K
l�]�0�3�o�p�o�R�S¥«

α
Ë�£�q�« ¹�¸ � »�Ò�r

����µ f�Î�0�3 ��"�#
R % MFCC

��� ^ ª�« Á �À�h��
MFCC ^ ª�¨�q��p�q�����s ) )\Ë���������� ^ ª�µ

2 tvuvwvxvy
w�m �  Ô�¹%o����ª�]%z�¸�×%{�Ë 8 kHz ^

16 bit ) Å «}|�=�;�~�Ë 12 s(96000
¢J× >Jb

)
µ}���

�� 3%� ¸ ¹
20
¢%�%�%�%�

1000
¢�ª�]�«�h�Y��

Ë
0∼9

�
10
¢�������ª���«��������Ë

11
¢����

�%�
660
¢�ª�]�µ�w�m�¸�¹ ¹�� '��%� � HMM

�
� « h���h�ª�Ë

6,
1�2�p�q�ª�l

3,
Á Ç�c�d�� ª�Ë

40
� «�y%6 c�d%� {���<�Ë

5e−6
µ\Ë�������� ^ª�« wJm������J�JJ�J��) ��O §J� O

Hamming ��J� « h ��� °�Ë 32 ms,
��O § á ª�Ë 0.97, �����{�Ë

50%
µ�'�a�p������� � � 12 % MFCC

�
12

% MFCC,
�

24 %�á ª�)�Ë���� ^ ª�µ�w�m���	�¸¶��
NOISEX-92

ª�]�z�« ��	�ª�]�o�¸�×�{ ) Å ®�J�����J�JJ8���µÌwJm  �� O oJ�J	�  � Ë�Ì �È�
	

(white), ¡ ��¢���	 (babble),
1�~���	

(HF), £¤ ½%¥%g�6%¦%§���	
1(buc1), £ ¤ ½%¥%g�6%¦%§��	

2(buc2), ¨�©�ª 6�«���	 (desops), ¨�©�ª�¬ )�«�® ��	
(desengine)

¡�Q�¯���	
(m109)

µ
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2.1 ���������Y�Z���������*���������	 � Î 8
j�p�q�¯�°�±�Â�Ã�u�v

p�q���p�q�¯�°�±�Ë�Ì
H =

[
h11 h12

h21 h22

]
,

h � Ì
h11 = [0.10.55− 0.430.730.26− 0.380.120.75],

h12 = [0.43− 0.260.880.030.630.460.22− 0.11],

h21 = [−0.280.140.54− 0.340.190.250.620.48],

h22 = [0.410.120.36− 0.870.710.95− 0.330.44].A�B���	�
�����o����9�$�y�O�e�z
3
 �{��

z
3 � � “

/�¼
1”
ß { ��p�q � o���������

c���� ��� ����_����
MFCC

����� 9�$�±�Â�Ã�9
$�o�y�O�b

“
/�¼

2”
ß {�� ¦�~ b 3�r � f�Î ���

� Õ�� Ù�Ú�o�����Â�Ã ��� ;� "!�# 7�� (ISTFT),

*"$"% � � O �"� ;" "!"# 7%� ;%o � Î�Ï�Â�Ã"&�J¨Jq'�ÌÁJÂJ¬J��J��;JXJ�J��o�UJV'� * �JÒ�¢'(
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