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Abstract In order to improve the recognition rate of pathological voices caused by disease of vocal cords, multi-band

nonlinear analysis is proposed. Gammatone filter bank is applied to voice signal for front-end time-domain filtering, and

then calculate the largest Lyapunov exponent of every band. Data is first mapped into kernel space and use Gaussian

maximum likelihood rule to get the best parameter for kernel, which is used for kernel principal component analysis to

extract feature. The proposed feature achieves higher recognition rate of 6.25% and 8.45% than MFCC and the largest

Lyapunov exponent respectively. When the proposed kernel function is used for kernel principal component analysis, it

achieves better performance than traditional function. Ultimately , we get recognition rate of 97.82% by combing them.
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[7]
à¥Ò�0ÁÏ�!�kÁÚ�e������Á×� ����ÁÎ�4

����	¹À¹Â W�X Ã�
��¹à Jiang[8] � | ô����� V ÀÂ�l��ÁÎÁÀÁÂÁÃ���9������������ · (Largest Lya-

punov Exponent, LLE)
Ý�p����

(Correlation Dimen-

sion, CD)
B · è����ÿÚ��ÿÍÿà Zhang et al[9] � CD

l

Jitter, Shimmer
î��� ���!�"�#�$ÿáÿâ�%�&�'�(ÿÏ }� î��ÿÆ*)+'�(�,*-+.�= B · è*)+�ÿÃ�/�0ÿà Gÿæ �1�2�3 
ÿÚÿÃ

MFCC
B · >�?�@�3�4ÿæÿ½¹¾ÿÀÿÂ�-.�<�=ÐÏ5476 | )98Ðè�QÐÚ [10−11], : Gammatone;�< Ü�=ÁÖ�>�?�@���A�B �71 Ã 2�3 
ÐÚÁÏ5476�3

4Ðæ�wÐÂ7'7(
[12]
Û5C7D � '7(

[13]
l�w j '7( [14]ñ�<�= u[à � Gammatone

;�< Ü�=�3�4�Eÿáÿâÿ½¹ã
� V À¹Â�-�.�<�=¹Ï5/�! MFCC

B ·�F E Gamma-

tone
;�<�G�H < · (Gammatone Filtering Cepstrum

Coefficient, GMCC)
à

G�HÿÃ�I�JÿÒ�K�� ~ lÿáÿâ�L�M�
��ÿÏ ó�NÿÕÿÛÌ�OÿÝ�PÿÚÿñÿè�p�QÿÏSR�l�P�TÿÝ�U�VÿÃ�U�W�
ÿÚÿÛ
X ÕÿÝ�YÿÕÿè�pÿÏ {�Z Q�5�[*\+]ÿÛ^\+_�]�`ÿába+cd Ã�I�J

[15]
àOG�H¹÷ B · 5�e�f¹á¹â¹½¹ã��¹Õ�e��

Z�g�h 8�iÿÒ�KÿÃ�I�Jÿà l�jÿÕÿè�pÿÃ�k�g B · ÈÿÉ��L�M�I�JÿÏSi�l�G�H�I�J�F����ÿá�<�=�l�mÿÚÿÃ�n
� ��oÿÏ���e5fÿáÿâ�L�m�l�mÿÃ�p�:�'���oÿàrq�s�tu Ã�v�NÿÏ ��l�mÿÚ { ��v�? [16] , w L�Mÿ÷ B · 4��Ù�����@�e�f�xÿáÿâÿ½¹ã�yÿÀÿÂÿÃ�I�Jÿà áÿâÿ½¹ã�z
áÿâ�L�m�{�|�v�?ÿÏ~}�J ~ L�mÿÃ����ÿÚ¹Ï Ñ : yÿÀÂ W�X Ã�!�kÁÚ�
ÁÚ�f�g�I7JÐà5�����ìæÁÀÐÂ W�Xf�gÁè g�h ����mÁÒ�KÁÏ54��ÐÙ��7���ÐÀÐÂ W�X Ãf�g�����#¹ö¹Ã�!�k¹Ú�`��

[17]
à5�¹ù��

[18]
Ã¹á¹â

L�m�A���s�t���xÿÏ áÿâ����¹×�L�m��������ÿÏ~y��
H�,ÁÃ�I�J { �Ðö��Áà¥Ò�07L7���7x ~7h HÐâ�!�kÚ¹×� ¹Ã�
�� ¸5h H¹â���9������������ · (Multi-

Band Largest Lyapunov Exponent, MBLLE)
à5iÁÖ

� ��@ÁÊÁÇ���HÁâ�cÁÃ�!�kÐÚ7
ÁÚÐÏ54ÐÙ�e7f7x �
1 Ã 2�3���� 
¹Ú¹à

����� · ��$ÿè���pÿÚÿÏ£������
������ÿÏ~!�"
�����	��¹è��¹É¹à��¹È��¹×¹×� 
(Kernel Principal

Component Analysis, KPCA)
�7�7t����7�7 ��ÐÃ

ö j 
�����	����ÁÏ54�67�ÐØ�3�4Ðæ�A7�Á×� ÐÝ�A��'�(�u
[19]
à : ��� · Ã� ���` B · y KPCA

Ã
ÚÁÙÁè���¡ÁÉÁÃ�I�JÁÏ¥Ò�07��� · Ã7 7�ÁÝ B · Ã¢7	7� F7£ Ë7¡ÐÉÐà5¤¦¥ � | �ÐÎ�4ÐÃ7� B ·7§7¨þ��

[20−21],
������5�©�ª�O�9¹Ý ·�« Ã�¢�	�¬¹É¹ß� Ã����ÿà Keerthi[22]

A�4��ÿí��®�¯
–
��°�±ÿÃ�ª

��!�" B · ¢�	ÁÏ5����57s7ª��7²�³���Q�,7´ÐÃ���ÿà
Olivier Chapelle[23]

��x�A�4�µÿÕ�c�¶�·�¸�¹��

��º�»���¼�º�½�¢�¾�¿�À7Á5�7Â�Ã7Ä�º7Å7Æ7Ç�È7É
Ê�Ë ¸�Ì�Á~Í�Î�·�Ï�Ð�Ñ�Ò~Ó�Ô�Õ�Ö�×�Ø�½�Ù�¼�º�Ú
¾�Æ�Ç�½�Û�Ü�Á5Ý�Ö�×�Þ7ß�à7á7â�ã7ä�å7æ7ç�è7½
Ù�¼�º�é�ê�ë�·�Á5ì�í�Ø7î�ï7Ù7ð�º�ñóò7Ø7ô�õ7Ù
(Majorization Kernel, MK), ö�÷�ø�ù�úüûóý í MK½

KPCA
½�þ�Ñ�ÿ�Ò

Ý Ö × Þ »�������� ÿ���� ë · × ¾��
	 ½
MBLLE

¼7º7Á���������������
�7Ô���	������
�������7ÿ7½����7Ò5×7Þ7ô5õ7Ù����������7ë7·��
¾�þ��� �ÿ�!�"�����½����7ÿ�#7ÿ7Á�$�%7×7ä�ß��
�&�&�&�&	�½&'&(&)�Ò
1 *,+.-./.021235426275829512:2;
1.1 Gammatone <&=&>&?

Gammatone
ð7º7â�@BA

Johannesma
×7Þ

[24],C&D&E&F�½�Ì&G&H&I&�&J&K Ê ú&L&M&N
hi(t) = Gts−1 exp(−2πBit) cos(2πfit + φi)U(t),

(1 6 i 6 I)
(1)

Oüñ
G ú�L�P Þ�Q�R�Á s S D�E�F�½�T�º�Á5¹�ê�ßU&V&W ½&X�è�Á

Bi ú&L D&E&F�½&�&Y�Á fi S D&E&F½bñ[Z&�&)�Á
φi S&\&] Á U(t) M T&^�ð�º�Á I M DE�F�½�_�º�Ò5Â

s = 3, 4, 5
Ì�Á

Gammatone
D�E�F

K&`�é&�&a&b�c&d�½&e&f&#�ÿ�Ò
g�h�i�j�k Ú�l�e�f�m�n�����½�ñoZ���)�p M

Gammatone
D&E&F�½bñ[Z&�&)�Á ç&q&r&s&t&	&�&�

½ ývu �v)vw�é�êvDvEvF�½v_�º�Òxrvsvy (1)
½vIvz

�&J�ð�º�Á|{&K�ò�Ø&D&E&F�½&�&)&�&J&#�ÿ�Ò
Gam-

matone
ð�º S g _�â�ã&}�è�Þ&~�Çbñ[Z&�&) ]&� ½�v�vDvEvF�Á Å&�*ñ�Zv�v)�½

Gammatone
DvEvFv�

þ�Å���½���Y�Ò�����D�E�F�ñoZ���)���������þ��
��½ Uv� Á ú*û Gammatone

DvEvFv��þv�v��½v�v)
Úvlv#�ÿ�Á��*ñ ú ~*ñ�Zv�v)v�v��½&tv	v#&��Òx�v�Ìv� Uv�v�
��� Á��v�v��ßv�v��½v�&��Ò��&�v}&�v�
J�#�ÿ&��à&�& �½&D&E&#�ÿ S g �½�Ò

ý í Gammatone
D&E&F�î�Ô

MFCC
¼�º&¡&$

ò�Ø
GMCC

Ò��&	&�&�&¢ �
Gammatone

D&E&F�î
q�Á Ô&£&_&�&�&�&�&�&¤&¥§¦�¨ Á ç&q&$&©

DFT
�

ª ì Ë&« ò�Ø&£&_&�&��½&¬&
EN(i),

â&q&$&©�Ô�º
W&® «

DCT
� ª N

CGMCC(p) =
N∑

i

lg EN(i) cos

[(
i − 1

2

)
pπ

N

]
, (2)

Obñ
p M T�º�Á p = 1, 2 · · · , P , P g&h ¾ 12∼15

Ò
1.2 ¯&°&±&²&³&´&µ&¶&·&¸Ç����7ÿ�¹�º�»�¼�ñ9Á�½�¾�¿�À�Á�Â7º�Ã�Ä7ß
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 ½�����Â�º����) « ����Â7º����)
[25],
Oüñóâ�ã�½�Â�º�� M LLE,

K Ê ê��� ú�L���7ÿ�¹�º�»�¼7Ç�O \���� ñ9½��7ê����7Á�� ú 1� L Ò
�

1 LLE ���������� �!�"�#�$�%
LLE &�'�(�)
λ < 0 &�'�#�*�+�,
λ = 0 &�'�#�-�.�/
λ > 0 0�1

LLE
½�ê�2�� k N

λ = lim
t→∞

1

t
ln

|δX(t)|
|δX0, |

(3)

Obñ
|δX0| ú&L&\���� ñ[�&_ 	�
�3�� ½�4�5�6�7�Á

|δX(t)| úvL t
Ìv�vq�½8687�Ò:9�á

LLE
½8;�ë�Î�·

þ�<�»�Á5Ý�Ö ý í�½ S Wolf
ë�·

[26]
Ò

(1)
Ô878��Ì �8=8> x1, x2, x3, · · · , xN ý í8?8@

� Ü�·�é�ê8A8B8C�º m,
�8�8Dv�8E�·�é�ê8F8G�Ì �

�IH τ ,
AIB \I�I� X(t) = (xt, xt−τ , · · · , xt−(m−1)τ ),

\ Ü�º M Nm = N − (m − 1)τ
Ò

(2)
Ê 4�5 \ Ü x0 M à�Ü�Á5Ç�Ü&�bñ Ú�¾ g _�

x0

âv��½�Ü
x1

p M8J Ü�ÁKBv�8485ML��Á x0 , x1

��NPO 6�7&K�Q M L(t0)
Ò

(3)
Ì �SRST ÈSU õ Ì � k,

4S5VL  � 	 �LXW�U�õ�ò�Ø g�Y Lo7Á�O \ J7Ü�� J Ü ��NZO 67�K�Q M L(t1),
Ç \ J�Ì�[Z\o»�¼���è�Â�º�Q T )Q M&N

λ =
1

k
ln

L(t1)

L(t0)
, (4)

(4)
��Í�]�^�Á`_�a � þ \ Ü�Á+ç&q�¾&�&Â�º&Q

T )�½�����b M â�ã Lyapunov
Â�º�c�;�b N

λ =
1

Nm

Nm∑

i=1

1

k
ln

L(ti)

L(ti−1)
. (5)

�v	v�v�v� �
Gammatone

DvEvF�îvq�Á �v(�Ô
£�_�������� Ë ¾�â�ã�½�¾�¿�À�Á�Â�º�Ò�d

1 e Þß&�&��f�g
( h )
«�i�j �&	

( k ) MBLLE
¼�º�½�×

¾ ��l ½ ö�m Ò m�n �&�&	�Ç�o 1
«

19
�&��þ&�& 

ÿ�!�"�Á�%�o
7
«

24
����p��� �!�"�Á�o

14
���

þ g êv!v"�ÿ�Ò:q�Í�Á #&�&��¾�<�þ8r�s�Á K�×�¾�þ�& �ÿ&!&"&�&��½&��E�Ò

t
1 u�v MBLLE #�w�x�y�z
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2 KPCA 0������
2.1 KPCA �	�
�¼

PCA
ë�� S à7á��5�#��7½ g�� �7ÿ��ª Á Â	�5�º&s�Æ�Ç&�&��ÿ	��ÿ�Ì�Á���í

PCA
q�½

�& &�&�	��Å&¬	�	�&� � �&��ÿ	�5ÿ Ò
KPCA

½ à Ý���� S � � g _ � � ÿ � ª��
P�� º�s����7Ø7Ù ��� Á����7í PCA

$�©�#��7×
¾

[27]
Ò�t&	&�&�bñ ��þ \ Â	!&��½&�&��ÿ&�&��Á`qÍ

KPCA
Î	��Ï�ô�á

PCA
Ò

"
xi ∈ RN (i = 1, 2, · · · , n) M&u Ý�º&sPL[�Á� P#����� RN

� � ����ÿ�� ª
φ $ ��Ø ��� F ,{

xi → φ(xi)
Ò ç&q Ë O	%�Î&!	&	'

C
½&#&��b

λ« #&�PL[
µ:

Cµ = λµ, (6)Õ�y7½7¸�J7ÇBA
φ(xi)

î��7½�( ��� \9Á�)7Æ7Ç�»º
α1, α2, · · · , αn,

�¦ò
µ =

∑n
i=1 αiφ(xi), * %,+ª M&N

nλα = Kα, (7)Obñ N
K = (kij)n×n = 〈φ(xi) · φ(xj)〉n×n.Ô�y

(7)
Ë ¸7ò7Ø�#���b7Á5Ú7¾ i ½7ì�- * ãØ�.�/ > λ1 > λ2 > · · · > λp,

�7Ô�J7½�#�� L 
α1, α2, · · · , αp

Ò�� �	" ê g ê�½10 b θ(0 < θ 6 1),��ò ∑q
i=1 λi/

∑p
i=1 λi > θ, 2 K Ê * ñ43�Ú q(q < p)�&�&��Ò

u Ý Ç # � � � F
½ # � L 

µm
Õ ½ $ �

M&N
y = 〈φ(x) · µm〉 =

1√
nλm

n∑

i=1

αm
i k(xi, x),

(m = 1, 2, · · · , q)

(8)

%�Â ∑n
i=1 φ(xi) 6= 0

Ì�Á
K
J A

K̂ = K − IK −
KI + IKI 5�6 Á�O�ñ I M � þ�7�8�� M 1/n

½
n × n

&	'�Ò
2.2 9	:	;	<	=

j í7½7Ù7ð7º7þ7»�>�y�¥�? L9à
(Radial Basis

Function, RBF)
ð�º «

Sigmoid
ð�º�Ò Â�Úvl�ß g@�Ù�ð�ºvq�ÁBA@C�Ú�ê�ß g@� �@Dva	E�Á�% g _@�	DvaE�ÿv¬�½@F@G S A4�@Dv¬vº «@H@I ¬vº (

Ô@J@K u Ý½	L	M&¬&º
)
��Î	N�¹�ê�½�Á O�Ô&J�á	O�b ®�P C SÙ�ð�º�½#O�b�¬�º «#Q�H ¬�º7Ò M ß�R�S g _�T�þ�#F#O�b�¬�º���þ��#F Q#H ¬�º�½���D�a�E�Á K ýí7î7ï7Ù7ð7º�U�y7Á�AWV�! Ù7ð7º���X�V7Ù7ð7º�Y

��î&�
[28],
Ý�Ö ý í�� k U&y N

k(x, y) = θ 〈x · y〉d − (1 − θ) ‖x − y‖s
+ 1,

(d ∈ N , 0 < s 6 2)
(9)

Obñ
θ M1Z m »�º�Á d

«
s
� M	[ Â�º�Ò %�Ù�¼�º�½Úvl@A@\ M A8s�Á � ù Ú�l�Å�Â�Á K�Ä&v"	] � ºvsÇ	�	��½�Ù ���	^ A	_	`�ÒÔ�á

KPCA
%@a�Ácb8s8@ " �@��ºvs

{φ(xi)}n
i=1d * ä�åv�@e�Á q M@f þv� u Å \ 9@g � ��áv¼8;@hS�ÒSÝ�Ö�×�Þ g@� à�á�ä�å�â�ã�æ�ç�è@i�Ù@j@k�Ú@lë	�	m5ì�í�Ø�î�ï�Ù�ð	kbñ ò�Ø

MK:

Step1:
Ô�á e ê	i�Ù	j	k θ,

Ë	n	o	p u Ý&��ÔJ	i	k&s&�
{yi}n

i=1;

Step2:
Ë l�k�s���i���b

y
« %7Î�!�&�'

Σ,

* %�ò�Ørqts�ä�å&�	e�ð	k N
b (y) =

1

(2π)
D/2 |Σ|1/2

exp

{
−1

2
(y − y)T Σ−1 (y − y)

}
.

Step3:
Ë l�Ô	k�æ�ç�ð	k

Jθ =

n∑

i=1

log p(yi|y, Σ)

w ú ��ä�å�ÿ l è	u
Step4:

-	v
θ̂=argmax Jθ

é�ê�Ù	j	k	u
Step5:

é�ê
MK:

k(x, y) = θ̂ 〈x · y〉2 − (1 − θ̂) ‖x − y‖1/2
+ 1.

3 w�x�y.:.;
3.1 z	{	=	|

Ý ö7÷7ý í MEEI(Massachusetts Eye and Ear

Infirmary)
k&s	}

[29]
ñ i u Ý	m C	k&s	}	~	� 1384

m � ® �&	 / � /, e Þ�ß	�	�	i �	� ¥�ÿ&(&¥ S	� �� � �8E@m~ì e Þ�ß@�@� ø�ù Ò~Ý�Ö�Ú@lv�&	v�	�v¼;@kvs@� ú 2
Ò i8j �v	@i ývu �v) M 50 kHz,

� ®
��	 M 25 kHz,

Ô i�j ��	�$�©�D�E «�� ý u ¼ g
ý&u �&) M 25 kHz

Ò
*�ú 2

ñ Ú	l
53 m i�j �&	&� 53 m �&�&����&	

(
�&�	. ø 9 m m �&��E1� 12 m m �&��f�g 16

m m �&�	�	� 16 m ),
Ô

MBLLE
j	k ý í SPSS17.0$v©@��Ô u Ý t ��÷ m O*ñ � �@� � " M 95%

Ò�d
2

e Þ�ß&�&�&� k i Sig( � � )
b	m

Sig
b	�	. úbû !"#���� �Ò�K#�#��Þ

MBLLE
j#k#�#!������#i�!

"�ÿv�v�v @m��@�v'v(�þ8A8s@i@�@�	m�%vO	�v�&�@�
ì#���� �ÿ�!�"#��K#�#��Þ������ ������	������
����ÿ#i����#�#�#��!�"�ÿ���%��#� û #���i���l<�þ�r�s	�
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�
2 ����#��������

����	�
 � � v ��������������� ( � )
 v ��������������� ( � )���

21 38.8, 8.5 32 34.2, 7.9�������
2 46.5, 4.8 7 40.3, 4.7�������
9 37.1, 9.5 3 38.7, 8.5������ 
8 45.2, 10.1 24 41.2, 8.4����!�"
16 45.5, 10.6 16 43.8, 8.2#�$�% � 35 43.3, 10.5 50 41.7, 7.8

t
2 &�' � ��(�)�*�+

3.2 z	{�,�-�.�/�0
Gammatone

" �&M 10-12500Hz 132 \ i 24
_

D�E�F54#���56#l#j#k
MFCC

«
GMCC

j#k5758
9

Hamming
¨#m�¨ T " M 20 ms,

¤;: M 10 ms
�

T#k
P
l M 12,

¦5<5=5>�»#k�q5?���C#k M 24,
�

@5A5B5C5D5E5F5G5H 6�l#mJI5KML5NMO F iMPMQ5R
S5T5U @5A5V ?5W#���565X5Y5Z

MBLLE [5\^] 89�V�_�` X�K�7�a�T
160ms

V�@�A�b�c �;T�d�e�f
g GMHihkjMl;CMm 8 9 dMnMoM>MpMq GMHMrMsMt;u
v3wyx�z

(Support Vector Machine, SVM) {;|�}�~�5�
(NativeBayes) �5�5�5�5�5� (Best First Tree,

BFTree) �C�m�� 8 9
KPCA

?�W���X�7�8 9 d���� V��
� Z G�H��3hyr�s�l;���

3
N�� �

3.3 �������������������S�?�W�� �
(Receiver Operating Char-

acteristic curves, ROC) ¡ 95¢5£5¤ g5¥5¦5§5¨ V5©ª � ROC
�«�

[30]
V5¬55®5_5¯5°5±5²

( ³5´ @5A

¡ §5¨ T5µ5¶5·¹¸5º5� @5A5» ³5´ @5A5¼ Z V5½5¾h
), ¿ �® T�À °�±�² ( ¡;³�Á §�¨ V µ�¶�·�¸�º��@ÂAÂ»Â¼ µÂ¶Â·�¸ÂºÂ� @�AÂV�½�¾Ãh

) �ÅÄÂÆ ROC
�

��Ç V�È�É
(the Area Under the ROC Curve, AUC)Ê ¡5Ë ¢5� W §5¨ V5©5ª5V �5Ì l;Í R5Î5Ï;Ð 1

�
Ñ §�¨�Ò ª Î�f � Kappa

Ê ¡�Ë ¢�� §�¨ ©�ª�G�HÓ5Ô
[31], Õ5Ë ¢5� W §5¨ ©5ª �5Ö z §5¨ V5× ¨ lÎ�Ï�Ð

1
�3Ñ §�¨�Ò ª Î�f l;Í�Ø�Ù T t

Kappa =
P0 − Pc

1 − Pc
, (10)

Í ] P0

T�Ú�Û E�Ü�±�l
Pc

T�Ý�Þ E�Ü�± �
ß

3 KPCA à�á�â�ã�ä�å�æ�ç�å�è�é
ê�ë ã�ä�å
RBF k(x,y) = exp

(
−
‖x − y‖2

16

)

Sigmoid k(x, y) = tanh(〈x · y〉 + 1)

MK k(x, y) = θ̂ 〈x · y〉2 − (1 − θ̂) ‖x − y‖1/2 + 1

3.4 ����ì�í�î�ï�ðñ Ë 10 ò�ó�ô s�õ�V�ö�÷�G�H�r�s�lør�s�B�Cù�T �
2 ] 85 ú µ�¶�·�¸ @�A � 53 ú�³�´ @�A � NO B�C ¡ Q�û g ¾�ü 10 ý�þ B�C ù l X Í ] 9 ý�þù G�H�ÿ���l�� Ç E ý�þ ù G5H Û5� l;� U���� 10

ò l;D ý5þ B5C Û5� 1 ò5� � 4 ��� d5n5o §5¨ ö÷ � ���
	�W�Y�Z V §�¨�Ò ª�l��
 Accuracy, AUC,

Kappa � n�o §�¨ ö�÷�V P�Q §�¨ ² �
ß

4 ����������������ç�å�æ��������
SVM NativeBayes BFTree ��������� (%)

Accuracy (%) AUC Kappa Accuracy (%) AUC Kappa Accuracy (%) AUC Kappa

MFCC 90.58 0.89 0.77 89.13 0.94 0.75 85.51 0.84 0.67 88.41

GMCC 92.03 0.92 0.82 90.58 0.96 0.80 86.96 0.83 0.70 89.86

LLE 81.88 0.87 0.64 88.41 0.97 0.76 89.13 0.92 0.76 86.47

MBLLE 94.93 0.94 0.90 94.20 0.97 0.87 95.65 0.92 0.91 94.93
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4 ������� t
(1) GMCC

	�W ��� o ¾ p�q�Ç�	 h
MFCC

O
e5f V5��
5l P5Q §5¨ ²��� d

1.45% ����� Ñ ñ
Ë Gammatone ��� q�� � X V 	MWMYMZ h ñ Ë n� ��� q�� � X V 	5WMO5eMf V��M¾M± ������� _� T

Gammatone ��� q����MeMf V��������MV�� 	 ± �
(2) MBLLE

	�W V §�¨ ²3h
LLE

P�Q�O
8.45%V��� � 	5W5Y5Z ��� e�!�" g�#�$�% µ V�& � ±	 ± � MBLLE

V P�Q §�¨ ²�h
MFCC � GMCC

¾
¨ �� d

6.52% � 5.07%,
õ3Ñ d & � ±�¾�'�(�)��

µ�¶�·�¸�º���*�+ §�¨ ] V O ©�± �
(3) MBLLE

hyÍ Õ n ý Y�Z V P�Q §�¨ ² 	�O���l�,3h
LLE

V P�Q §�¨ ²��� \�-���.�� Í�E_�� T�/�0�d ¾�1 ¶�2�3
(MFCC � GMCC

C�¢�4
O ¾�1 ¶�5�6

),
� D ý 1 ¶�7 � ¦ *�+ b5c5V�& �± 	 ±�8;Í�95_�� T 1 ¶�: ¾ ����;�< g �������V 	 ± �=

3 ��� d � Y5Z � n5o §5¨�> ÷5V ROC
�

� � Ê ������� C5m�� � V MBLLE
Y5Z h@?�A Y

Z � §�¨ ] V � Î ± �=
4 �
� d
	�W�Y�Z MFCC, GMCC � MBLLE

� � � V � � Z Ç
1∼12 B V § ¨ ² (SVM

¾ p
q

) ��������� ñ Ë MK
V

KPCA
> ÷���� B Z V§�¨ ² � �l � Ñ MK

V �DCD�DE h jDF �HG I Sig-

moid
� � Z � 	�W

MBLLE ] X�I�d j f V�©�ª�l	 ¨ _�J B Z�T 1∼3 K h MK
V §�¨ ² � �l@,�_

Sigmoid
��ÍDL 	�W���X KDM �D
 I���N �DO�l � Ñ�

Sigmoid PDQ �DE h j�×�lRJDS ËDT ¾ p�q ]UKDVW�X�¾ p�q V�Y�Z ��E �;Ä MK
� � n�o�Y�Z ] �
 I hyj�[�Ø�l O j f V P�Q ��E ��

5 ��� d5�5� � � Z5Ç � 	5W5Y5Z V �5� §¨ ² ��������� MBLLE
Y5Z �5G5H �5X5K §5¨ ²

\ _ � �V�l Æ J MBLLE � MK ] Ò�^ K §�¨ ²
¡ ���_ T 97.82% �U`�a ¢�b�c�d�ö�È�t E�_�e�1¶ & � ±5¾�'�(�) ��� e5f g � W5µ5¶5·¹¸�*�+ V	 ±�8�9�_�C�m�� � V MK

� 	�W���X ö�È O�e�f
ß

5 ��ç�ågf�á�â�ã�ä�å���æghgi������
Kernel Accuracy (%)

function MFCC GMCC MBLLE

PCA 92.75 95.65 96.37

Sigmoid 83.33 84.06 97.10

Rbf 92.75 95.65 97.10

MK 93.48 97.10 97.82

j
3 á�âgkglgm�����ç�å�æ ROC ngo
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j
4 ����á�â�ã�ä�ågf SVM kglgm���æ��������

V5± � l e ;�< g � X � O��	� ±5×�
�1 ¶ V�& �±�b�� �
4 ��

� � µ5¶5· ¸�*�+ §5¨ ] 	5W5Y5Z	� �5V	�	�±Ml����������  ���� 	 ±�� % µ & � ± 	 ±Ml��
Gammatone

�  ��� q�� � & � ± K������ ¾�' Ò^ � � d MBLLE
	5W5Y5Z � µ5¶5·¹¸5º5��*�+	�Û Ò ª���Ñ l ñ Ë�� mD� � V MBLLE

V §�¨ ² ] �c
MFCC � LLE

O;d���� VD�D � � mD� � V MK

Ë c KPCA
G�H 	�W���X l §�¨ r�s��3Ñ

MK
h ?

A5� � Z5O5e 5V §5¨ ²��	! � � MBLLE � MKÒ�^ ��� §�¨ ² � ��!�" 97.82% �
� m�� � V MBLLE

Y5Z �5Í�L	�	# 65·¹¸ ]$ V	#	%5b5c5l;�5�5È	&('«b5cMV §M¨	) O EMØ5V
Y�* Ô R l;� YMZ�+MX > ÷ � S Ë cMÍ Õ §M¨�, AV 	5W5�5X ]«��� m	-5_	. Ë d5µM¶5· ¸�/	/ V�&� ± 	 ±�l10����Dc µ�¶�·�¸�pD*�+ b�c�V ��Û l Ç
2	3 � *	4 ;5Á §5¨ �	5 · V )	6 o5p � � YMZ V+5X -5_ � �	7 Y5Z VMl;��8	9MH�eM� Y5Z V +5X
Ê _ Ç 2�3 V�:�; ��< �
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