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� � 1 Z�[�\3�"]6^ _Y`�_ ·3@"a�F�X Sð5��NbPc4EdY�GéÎY4fe�g�úh2 � ·�Ö�º'»�NbP � $�%6&i( ².���h*�Ô Ú +�XMS.j [ *fD5G'2 $�%6&)( ²k X � Û�l ØEm���G62�Î54�e�g�úh2\¹n _Mo º\»éØqp�¨�4�2�r5*jÖ $�%b&c( ²��"�©Øts�ÊO+ Ú 2Y4vu'wu¦Þ§�+ Ú 2�¹vx�y�*:ÔÚ + oq]b^M_ $.%6&)( ².���3e�zM{�·¸�234tuwS¦w§'2\¹'º'»�x.y3Ø�s}|	ª�13*�@:Ö�~� Ö º'» `�_.��� gØ�s}|�Î54Ee���{�·�¸ÒÕ Ö�º'»�@:Öj»�ü�*�É�2�º"� ����»(º"�Ö��

»(º��b� � L ��*,��Ñ��,�.*:Ñb��+ � »�� � ½.��*�É�Ê�+"�gº6��§'2�ÎY4,*�É�Ê�+.��L��§�2\¹¢Î � ª.1�Ö�º'» ��]3^M_ $�%6&i( ²b@:Ö�º"�h*�D�F5G62�Ö:Å�¼�Á ÛY� *q�gÑÒÐõ���G62�L � ������J�¶Y�h4�Ö�»�� � ½.��*�É�2f�º6*fD�F5G62\Ö��Y��ÑY*�õ���G62�L� � $�%6&)( ².�.�Y� �,� 4���2\¹º�» � x.yh*�Ô Ú +�zM{6�'º"� Qb� y��h*��.{6������@:Ö $�%6&)( ²��.�*f ¡T¢+Ú 2:¹¢Î � ª�1�Ö ]b^M_ $�%'&)( ²�Ñ�� $�%6&)( ².�.�ÜØO£'g"G62 Û�l e"zM{c4q��2:¹
2



$.%6&)( ².��� ��¤ l 4�T¢+Y@:Ö º�»gÑ��v¥.¦YG62,Á�§ ms [M\b�M^M_�¨Y� NbP `�_Ø�©bÕOgT�Ö ]3^M_ $�%6&i( ² ( ª�\ )
ØO£�gT¢+�� Ú 2\¹E© ÕOg��j§ªqNYP5e�XMS"«�¬

j [ *	ùi|M4V�X)TO+�®hw��V¯uª�N3P s(n)
* ¨ � N � �.��°ÒØO±��M2(Îb4�·.² ³ � É|,*ENYP�´.µ

sw(m; l)
ØO¶ ÕEg�G'¹

sw(m; l) =
N−1
∑

m=0

w(m)s(l + m)(l = 0
Ö
T
Ö
2T
Ö
· · ·) (1)

Î�Î,·�Ö¢·'w�¸
l
@�ÖtN P � ©6g'Tº¹ »3*OD�FUTt+ Ú 2�¹OG��,¼M½:Ö l

ØOa�X _�¾ T
Ê�·

¿�À ��¯62�Î�4d·�Ö�X�SÁ4�d�����¯62 ¨ � N � º:»�N5P.´�µ sw(n)(n = 0
Ö
· · ·
Ö
N − 1)

e
_.¾ T

·�Â)�t¯'2\¹�Î � û�ï�@(°3Ãdñ Ä"��û�ï}4�ÅYÆ�¯�Ö N
Ø�°3Ãdñ Ä ¨ Ö T

Ø�°bÃdñ
Ä _�¾ 4OÅ�Ç .

~�È�Öu°bÃdñ Ä���û�ïÒØ�s)|V°ì�Á
w(n)

4 T¢+b@:Ö�ÉcÊ:´�Ëq°��.ÉMÌé´
Ëq°be�T�ÆT�Æ�� Ú �t¯'2:¹

ÉcÊ:´�Ë�°
: w(n) = 0.54 − 0.46 cos(

2nπ

N − 1
)(n = 0

Ö
· · ·
Ö
N − 1) (2)

ÉMÌé´�Ëq°
: w(n) = 0.5 − 0.5 cos(

2nπ

N − 1
)(n = 0

Ö
· · ·
Ö
N − 1) (3)°5Ã ñ�Ä���û�ï�*�É�Ê�+,ÂU�v¯�È:º�»"N�P�´�µ ��]5^._ °,ñ3òÞó $�%Y&U( ²5@�ÖÎÍ�ÏÈ°	ñòýó�õ�ö

(DTFT)
*�ÉSÕÐ²M³�·�®�w'�V¯'2\¹

S(ejω) =
N−1
∑

n=0

sw(n)e−jωn (4)


Yr � NYP�û�ïMj [ ·Y@'Ö�Í�ÏÒ°jñãòýó�õ�ö (DFT)
Ø,# � ��� � l ·(¸�2 FFT

ØO�
Ú +�
�siT�ÖMÑ�Òº'» `�_.� $�%6&)( ²�®�¯U4�G62(Î54 t

e�a�Ógð�·(¸�2:¹"Gb��¼�½
S ′(k) = S(ej 2π

N
k) =

N−1
∑

n=0

sw(n)e−j 2π
N

kn(k = 0
Ö
· · ·
Ö
N − 1) (5)

��2�À.C:Á.´�µ
S ′(k)

e:º�» � $�%Y&c( ²\®'¯Á4.Tv+ �Yo a,Ó�ð�*�� Ú �Ô¯b2�¹ FFT ��ÕÖ*ED)TV+�Ö,×�Å�¼�Á ��Ø�Ù �ELM�éØEÚ�Û)TV+�Ü'Ýjñ $�%3&}( ²3*	õ�ö G32�Î�4Ee�Þ Ú ¹
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2.2 ßáàãâ ä,åcæãç;è
o T�Ö�º'» � H�I.���3e:»�� � ½.��*�É�2�Ã�Ä�Ë Q *�É�Ê,+�é5¼�¯ + Ú 234ê X�G.¯Æ:Ö.���h*�É�Ê,+�£'g�G62	Ë Q @:Ö�~ � # � $�%6&)( ²��.�(·(¸52\¹
^ _ (

¼�½
)
ðb*�@:Ö'º'»�¼�½'@'º"��¼�½U4 ».��Ã�Ä ´ ��ë ´EÜ�² $ FMìU4 ��í�î d�·ï�ð �q¯'2\¹�TEÈ�egÊ�+�Ö:Å�¼�ÁMñMò�·Y@�ó�ô � Ë Q3�,� · ï ��¯'2\¹º��}4 Ã�Ä�´ � Ë Q Øf��ÍiT¢+�£'g"G62 Û�l @�õ í.î d�4EÅYÆ,¯'2\¹# � Û�l � 1 ö e�÷3ø $=(tù Ä (cepstrum)

���·(¸�2:¹
÷3ø $=(tù Ä

c(τ)
@

,
¼�½ ��]3^M_ Ä�ú $.%6&)(üû |S(ejω)| � D�Á � õ�ýjñãòýó�õ�ö4MTV+�X�þ'��¯62�¹	º�� � $�%3&}(êù ÄuØ G(ejω)

Ö,».��Ã�Ä ´ ��ë'ÿ Ü ûM$ F.ì �����Ë Q Ø H(ejω)
4�G'234tñ � ì�í6e�Â)�t¯�2\¹

S(ejω) = G(ejω)H(ejω) (6)

Î � D�ÁÒØO¶264�Ö
log|S(ejω)| = log|G(ejω)|log|H(ejω)| (7)

4q�52\¹"ñ*�Î�¯ÈØ.ýjñãòwó�õ�õ�ö�G'234�Ö
c(τ) = F−1log|S(ejω)| = F−1log|G(ejω)| + F−1log|H(ejω)| (8)

4q�3Õ×ÖSÎf¯5eM÷bø $=(tù Ä�·(¸�2\¹
ÍMÏ�ýjñãòýó�õ�ö

(DFT)
·�0�1b234�Ö

cn =
1

N

N−1
∑

k=0

log|S(k)|ej2πkn/N(0 ≤ n ≤ N − 1) (9)

4q�52\¹
ù�ú � º:».x�y(·5@ ,

Ë�Ì�Ü ù�� ñ3�Y4MTV+M÷Yø $ (êù Ä.e��Y¼�¯M+ Ù È'Öf÷Yø $ (êùÄ�@ Ù ñ* ý	� û�
 ÿ ( �M�ÒØ���ñ*���������3Ø�����· Ú 2\¹�T�ÑÁT�������M��@��«�������:Å�¼�Á � £'g�e����·(¸�2�È�1�Ö�º'»�x.y·b@5ý	� û ÿ ( ���iT�Ñ"� Ú �t¯+ Ú � Ú ¹
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2.3 MFCC
÷6ø $ (Vù Ä�Ü ù�� ñ'�M*�@

,
Þ A � �M� Û.l e(¸52'¹ # � ¡�*.@ MFCC(

��û Å�¼Áb÷Yø $ (êù Äjí�Á
)
e�¸ 2�¹

MFCC
@\Ö3~ � º:»�Å�¼�Á*ED)TV+

FFT
$�%3&}( û ØE0

1�Ö ��ûM$ ÷�ñ û�� *�� _�¾ *�� »'��¯5Èjü þ ý�ÿ û � � ÿ & � g�!ÈØ�£'g,G32�¹ #�T+�Ö ��" ðb*fÍMÏ$#�% ë�ÿ õ�ö)TvÂ)�V¯'2"÷bø $ (tù Ä�í�Á6e MFCC
·(¸52\¹

��ñ*�Ô Ú +&����"L ��Ö Ù ñ*�Ô Ú +�ý	� û�
 ÿ ( L �5e(')�t¯�Ö�) S3@�* Ú ��G� ��+-, Ñ�� Ù ñ � ý	� û-
 ÿ ( L �Ye.� �h�q¯�2\¹Î�¯3@:Ö�H Ú öhw�¯3Æj»���Ë Qb�dSØE� Ú + Ú 2(Î54,*���2:¹

ci =

√

2

N

N
∑

j=1

mj cos(
πi

N
(j − 0.5)) (10)

N
@5ý�ÿ û ��� ÿ & �0/ ÿ�1M� ÁÒØ ï T�Ö mj

@qD�ÁÁý�ÿ û ��� ÿ & � Ä�ú©Ø ï G�23�4-576Y@
MFCC12

ñ
+
D�Á�Ü�Ý�ñ � ½�6�� Ú 2(2

2.4 FBANK
n ��8:9 @:Ö�; � �'�.*:ìÁT¢+�Ö �,û�< \ *�� Ú W�=�> � Ë Q Ø�?)T�Ö ÙgÚ Å�¼�Á-6@��uÑÒÐ Ö.� Ú Å�¼�Á-6Y@�@ Ú Å�¼�Á5�	A�B�!©Ø�C ö 2
FBANK(

ý�ÿ û ��� ÿ & D�Á5ÜhÝ�ñ )
@�;	D�Å�E�F�*�D T�+

FFT
$�%'&;( ûHG 051�I

Ü'Ý�JM÷Yø $ (êù Ä ��K�L * ,
n _�M�8797M�N.Q *�O"¼.Pb+�Q�R�E�S�TVU�W-XZY[I�\�R�ES�T]U ØZ^ X-_ `-a�b�c�d �,û7e ÷�J û _�f&g.h���i�jV_k��lnm�o-c	p�q�r�F M]s�t�uv G X-w�b�2�x M p	q:r.F M.y FVz s�t�u v {&|�} M�~V� | � u�M�~V� | � u F ( N��:��	� J v _	��w�b ��F

)
G���� h��]b���R�E�F � u T�� M�� U

Mel(f) = 2592 log10(1 +
f

700
) (11)

��� b���� � h�I s�t�u v�{�|	} M��.� _ log � F �n� J Gk� d7c7� M z FBANK � O� I N���� �	� J v _ s	��u�� |$��� T��- �¡�¢ ~ � T�z�£ ^ o0b��Zxkon_7¤ � I7¥�¦
M�N�� G ¤ �¨§�© _ ��ª ��« b��

FBANK
U�¬�-®-¯ e T�°�_

Full-covariance
G²± �7c.³�0_

MFCC
¤ � ��´�µ�¶�z�\

�nx � z�·�¸¹o:h���b
[7]
�

º�»�¼]_��(��h�I ½�º�R�E�F
16KHz M ¥V_ � � h FBANK24

�
+ � F �0� J M�¾:� ±��b(�
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3 HMM
¿ À Á Â Ã Ä Å

Æ i�U�Ç:È¹É�Ê0Ë�Ì�Í�Î�Ï(Ð:Ñ�Ò | Ê(Ó�ÔnÕk¥�¦HÕ�Ö � h.×$ØÙ� Æ �ÛÚ�Ü(Ý Ê	Þ |�v Ð
s	ß Ð e Õ Æ _ � g.h(à�á�X�âHãåä � ��ÊV_.æ]b�_�U(¥�¦ �	ç t�è Ê�é ± �Ùê�ë�ì�í�îï _�X�XVg.h��]b���ðH_�Ç Ú�Ü�Ý _7¤�b�¥	¦�´�µ î ï z:ñ òóÕ�ôõØ�x � _ � b��
ö�÷Hø � _(ùkú�g�h�û�¦ � c(¥�¦HÕü´	µ7æ-b�x � Õåý7þ ö�÷ ¥�¦	´	µ � ���	Ç¹ÿ�É�Ç	x

oHÕ�� ö _ ö�÷ ¥�¦�´�µ �����
.ö:÷ ¥�¦]Ê	´7µ _�U

,DP � ¢ ~ |�� (Dynamic Programming Matching)
_-¤�b��
	-Ç

� � � |� Ð�Ñ0Ò | � ¥�� ����� |�� _�½���Y���	7Ç
HMMM(Hidden Markov Model)

_
¤�b���	:Ç�Î�Í�Ð � u � ¢ � � Ð } _7¤�b���	 ��� z(é ± m�onb��

HMM
_7¤�b���	0U(Ç���� �� Ú © ¶"!�#�	 ��$ b HMM

Ê.»-¼-z�×"%�o7Ç
1980 &�'_�U ö�÷ ¥�¦�´�µVÊ�(*)"!�#�	 ��� g�c��

HMM
U(Ç7��Ê  Ú ! è�u,+ �.-
/ Ê�\7��01�2 � � ´�µ�3 2 _7¤ � Ç ª�4 � U65 Y87�%�o0b7¤VØ�_ � g.h « h���b��

3.1 HMM 9;:
HMM( < o �(u Ë s= ç u )

� U�Ç?>-X�¸A@*B �&« b	�(Ê�z = ç u _�¤�g�h�C � mko�c
�.� ç Ð v6DFEHG w ��$ g�h�Ç�I�JH_ = ç u Ê�K�L�Ê�M*N � ��Ê�OFP�Ê�Q*RnU>VXZ¸�S¸¹o � �nx � X ¸UT�w]¸¹oVc ��V ��$ b��¥(¦ � v Ð |�W�X�D�E Ê ¾:� � m o�Ç�QZY �6[H\^] ¤ �`_�a z $ b�� ¥�b � ��� Ð vÊ X�DFEcW�_Fa^d Õ�£�e�Ç�x�Ê]¤VØ � � v Ð | Ê © ¶�! � 3
f W HMM

] ¤�g�h�g"h ]
��ª �H« b �jilk ¸¹o7h��]b�� HMM

W�m�n É�o�p�q Õ n É�o"p�qVÊ�r
s � � æ��

6



3.2 HMM tvuxwzyz{}|�~��
¥(¦�´�µ W

, � v Ð | ´�µ-Ê�I d�� �^$ b��k¥(¦F� ¾"� ¸ ´�µ ]��F��� ð �:� ��� Ð vz�� � m�o-c�� W Ç(ÿ7É:Ê � v Ð | ´�µ�Ê î ï � º
f"! ] _ % ��W � ���.ÿ7É:Ê � v Ð| ´�µ � Ê���� W Ç�¥�¦ � v Ð | z X�D�E � v Ð | ��$^� x ���?� ÷ ê�ë Ê����ZÕ��Hw
� x � �^$*� � � v Ð | ´�µ ] W��*� !�� ��� ! � v Ð | ´�µ
	 �  Ú !�� © ¶^! � v Ð| ´�µ
	�z� 4 æ ����F� ]������ Ç.¥(¦ � v Ð | Ê X�D�E � v Ð | ] � � � Ê  Ú !��© ¶^! � v Ð | ´�µ
	�z HMM(Hidden Markov Model; <����(u Ë s= ç u )

] ¤ � #F	
��$�� �

HMM
W

, ��� Ñ |� u ] ¤ ��� I�� ] M
N�O�P*��z� ;¡:¸ � � � ��Ø��^¢ � Ê m   nM
N
£�Ð � � �¹| � � � n�¤Z¥ �c� �:x�Ê = ç u�� W ,
M
N � ��� Ñ |� u Ê 2 ¦�§ Õ ik Ç�M*N-z © ¶"! ] OFP-æ � � « ] �
¨ � � © ¶"! ] Ñ |�� u Õ �.� æ � �:x�Ê � « @B �&«�� Ê W Ñ |� u D�E"G w �^$*� x � � ¸ Hidden( <�� ) �(u Ë s= ç u � ¤�© � �� � �

HMM
] ¤ � ¥�¦�´	µ � W Ç.ª�« � + � Ê HMM

] � � ��¬ ��� v Ð | Ê�ð �7� �(� Ðv�X�DFE ] � æ ��® Õ ��¯ Ç�� � Õ � Ó ] æ ��= ç u ] ��¨ æ � « � + � Õ�´�µ
sF°� æ � Ê�z�½�º*#�	 ��$^� �
HMM

W�±�² Ê�³ � ¸ n
¤´¥ �Z� �
•
M*N�Ê �Hµ�¶ 

;S = {si}

• �.� Ñ |�� u Ê ¶  ;O = {oi}

•
M^N�O�P © ¶-Ê ¶ 

;A = {aij} ; aij

W M�N
si � ¸�M�N sj · Ê�O�P © ¶ ,

x7x �
∑

j aij = 1.

• �.� © ¶�Ê ¶  ;B = {bij(k)} ; bi(k)
W M*N

si � ¸ ] ��� � Ñ |�� u k
Õ ��� æ

� © ¶ .

• ¸�¹ M^N © ¶�Ê ¶  ;π = {πi};πi

W ¸
¹ M*N-z si ��$�� © ¶ ,
∑

j πj = 1.

• ��º M^N�Ê ¶  ;F

3.2.1 HMM »�¼
¥.¦(´(µ ] ± �&¸ ��� HMM

W Ç
left-to-right = ç�½ ��� © �"� ��Ê �F$F� � left-to-right

= ç�½ Ê�¾óÕ�¿ 1
]�À æ��

7



S1 S2 S3
0.7
a:1.0
b:0.0

0.8
a:0.0
b:1.0

0.3
a:0.5
b:0.5

0.2
a:0.3
b:0.7

¿
1: left-to-right = ç�½ Ê�¾

¾]Ê
HMM

W
3
M*N � ���l¥ � Ç �.� W �cµ y Ê�Ñ |�� ½ a

�
b
Ê

2 Á*Â-��$^� � �
º M^N�Õ s3

� � Ç ¸�¹ M*N © ¶�Ê ¶  π
Õ ±�² � æ � �

π =
(

1.0 0 0
)

(12)M^N�OFP © ¶-Ê ¶ 
A
W�±�² ��$ � Ç*¿ � W [] Ã L-Ê�Ä^Å � À ¥ �Z� �

A =









0.3 0.7 0.0

0.0 0.2 0.8

0.0 0.0 0.0









(13)

Ñ |�� ½
a
Ê �.� © ¶-Ê ¶  Ba

W�±�² ��$ � Ç�¿ � W []
K	Ê Ã�Æ Ê�Ä�Å � À ¥ ��� �

Ba =









0.5 1.0 0.0

0.0 0.3 0.0

0.0 0.0 0.0









(14)

Ñ |�� ½
b
Ê �.� © ¶-Ê ¶  Bb

W�±
² ��$ � Ç
¿ � W []
K�Ê ² Æ Ê�Ä^Å � À ¥ �Z� �

Bb =









0.5 0.0 0.0

0.0 0.7 1.0

0.0 0.0 0.0









(15)

M^N
s1

ÕÇ¾ ]�� � ©(Ç�M*N s1 � ¸ s2

Ê�OFP W
0.7
Ê © ¶ � ×�% � Ç�OFP�Ê
È ] a

Õ
�.� æ � © ¶ W 1.0 �"$ � Ç b

Õ �.� æ � © ¶ W 0.0 ��$�� �¾&Ê
HMM

Ê ��� Ñ |�� ½ z ”aab” �c$H� ³-VÇFÉ 2 � M�N*O*P D^ElW s1s1s2s3

�
s1s2s2s3

Ê
2
â � Ç7� ��Ê�� Ê © ¶ W�±�² Ê]¤-Ø ] � � �^¯ �^Ë � z ��«�� �

8



0.3 ∗ 0.5 ∗ 0.7 ∗ 1.0 ∗ 0.8 ∗ 1.0 = 0.084 (16)

0.7 ∗ 1.0 ∗ 0.2 ∗ 0.3 ∗ 0.8 ∗ 1.0 = 0.0336 (17)

¤ ���
, Ë Ê HMM

z
”aab”

Õ �.� æ � © ¶ W�±�² Ê]¤-Ø ]	� � �

0.084 + 0.0336 = 0.1176 (18)

9



3.3 HMM Ì;Í}Î
HMM

] W�ÏFÐ�Ñ�Ò ½
Ó´Ô Ð´Õ.Ê�Ö�×���	 ]^Ø�Ù Ç�Ú*Û*Ü
HMM

Ç�r�Ý d�Þ Ü
HMM

Ç
Ô�r�Ý d�Þ Ü

HMM
] Ó�ß ¥ ����à ±�² ]�á ��Ê�� Ê�ð�âäã�å�æ ��à

3.3.1 ç�è
é HMM(Descrete HMM)

ê ×^ë � Ï�ÐZÑ�Ò ½FÓ�Ô�ì Õ W�í �Hµîcï�ð Õ � ½ ï ³�e�ñ^ò�óHô�Ö�× ¥ �Z��à ê�õö�÷�ø í�Ï�ÐZÑ�Ò ½FÓ�Ô�ì Õ ï Ñ*ù�Ï Ô�ú
( û Ñ�Ò ½�ü�ý
ú ) þ Ø��� í6ÿ Ö Ï�ÐcÑ�Ò ½Ó�Ô�ì Õ

( ���
û Ñ�Ò ½ )
ã������ í ª �	�
û Ñ�Ò ½ ï ê × ö"÷ ï ³�
�ñ^ò�ó þ Ø��� Ö×^ë�� à

3.3.2 ���
é HMM(Continuous HMM)

ê ×*ë�� Ï�ÐHÑzÒ ½�ÓZÔì Õ ø�� Ý��"ô�ÖF×������ à ê × ö"÷�ø í����	 �!Ï#"�Þ ( $% "�Þ
)
í'&�( ø�) ñ  �!Ï#"�Þ ô�ÖF×��*��� à Ó ù#+ ìHÔ ï�,�-*. ã0/21jë (3 þ�4�56  �!�Ï"�Þ

(Diagonal) 798;: 1<���	=;> 7?@:
àê ×^ë�� Ï�ÐZÑ�ÒBA Ó�Ô�ì Õ�ã � Ý��2>�� � Ö�ë "�Þ�C@D�A ô;E	� à ê × ö	F ã�Ö^ëG�H >�� � ø �;�; '!�Ï"�Þ'I ) ñ  �!�Ï"�Þ 7J8;: 1<��� à Ó ù+ ìcÔ ïK,L-�. ã�/1.ë (�3 þ*4M5 6  '!�Ï"�Þ ã 8;: �;=;> 7?@:*àê × ö	F
bij(ot) 7 ) ñ  '!�Ï"�Þ þ�N2O<P ñ ø í

• Mij... Q�R i S 1 Q�R j
ï9T�U þV;W � ) ñ�X

• Cijm... Q�R i S 1 Q�R j
ï9TMU þV�W � ) ñ�X ï >�Y ïJZ 


• N (; µ, Σ)... [M\�û Ñ�ÒBA µ, ] " Û@^�_ Σ
ãJ`#a ) ñ  '!�Ï�"�Þ

>?ë���> íb�c ïZØ O�þ*d�e ����� à
bij(ot) =

Mij
∑

m=1

CijmN (ot; µijm, Σijm) (19)

N (; µ, Σ)
ø

• n... f	g ^�_ ïJh@i X
• (O − µ)t...(O − µ)

ïjk ^�_

10



• | Σ | ...Σ
ï�lnm �

• Σ−1...Σ
ïJo ^�_

>?ë���> íb�c ïMp ô#q�rK�����9s

N (O; µ, Σ) =
1

√

(2π)n | Σ |
exp(−

1

2
(O − µ)tΣ−1(O − µ)) (20)

3.3.3 t����u@v
é HMM(Semi-continuous HMM)

w �Mx@y
HMM

ø�z�{
HMM

ï ê�õ ö	F � þ "J| ã�}�~ ( HMM
ô;E;�9snw �Mx "J|

ø
,
z�{

HMM
ï �	�@� ï 1

a��	a ï û���� A þ "#|�� }K~ ( ` ï ô í �@x;� . �	�@�
(continuous density codebook)

>�`9�;�L� � : �ns��=�ô ø ,
êõ ö�F � ��x�� . �@���ï "#| ï ) ñ^ôq^ë#s ���M� ï	� S ï "#| X � M

>?ë���> í

bij(x) =
M
∑

m=1

λijmbijm(x) (21)

> ) ñ $ % "J| ô#q^ë#s (�� � í
M
∑

m=1

λijm = 1 (22)

ô'E;�Js [@\ ��> ] " {´ø ë*æ �^ï ê�õ ö	F ô�� � ô;E�� í T@U si → sj

ô ï "#| ï#Z



λijm

ï 
 7J� ò��

11



3.4 HMM ������� �������
HMM 7��#���� lþV#: �m@¡��9¢ �*b�c þ*£ ës

•
î�¤�¥ I#¦ �#§ ñ í©¨ � H ( ª � íJ« � í�¬� � ) ®lþ�¯ � �#��°�± ì�² ï �M³ �ö	F C�DA ô#´�~ í¶µ d�·#¸M¹ ôJº ¸ ôKYJ�9s

• N �L� í»µ d�¹@¼ I#½�¾ ¹@¼ /
ö	F�¿�À ¼´þ�¯ � ¹�¼MÁ�Â�7 � I ë : s

• Ã�Ä�·#Å � � C@D�A ï ° ù+ ì ±�Æ À H 79Ç 1<� � : �9s
• ÈÉ�Ê?û A ï ¸M¹ ` �#Ë�¸M¹	Ì >��*Í þ ö	F C@DA ô#q�r�ôKY#� (�3Fí ÎÏÐ�Ñµñ�� I ë : s
• �M 'Ò ï d�e ü ø Ã�Ä�·Ó � : s

HMM 7��#���� lþV;W �#ÔLÕ ¢ ��b@c þ*£ ë#s

•
C@DA ïJÖ d H 7 ö�÷ ��� � : � : (�3�í©× ^�Ø�Ù · / Ú !*Û�! ·Ü�Ý�79ª;: s

• HMM
ï ° ù+ ì ±*Æ À þL? ü ïÞ�ß 8	à ²�á A���â Ü >��0ã d�e ü ` ?@: s

• �#��ä#å�æ�·°�±nç ² ä q�r õ þnè � : s
• Òé _ °�±Lç ² ä�êëÒ ¢ þV�W � °�±Lç ² ä9ì�f�7JíMî ôKY � : s

12



3.5 ï�ðòñKó ô õ@ö�÷
y = y1

ã
y2

ã�øùøùøúã
yT

� f�g ( û õ ) é _�>0ü��ns�ýþ ·"þ ø ãÿ�� ��� AMI�� á ÿ � ù��
ä�ÒJé _�ô�E@�Ls#= ä >#YÑã�� HMM

C�DJA þ�¯ �Ñ� y 7 �	��ü'� ö@F ( 
 . )P(y � M)(Mø
HMM þ�¯ �L� q�rK����� � É I �Ý�þ º� )

���	3 ã������ F
(
��� 
 . )

� }�~@�
C@D�A���� û �J=�� � �M �§�� >�ü��Js�� 2 þ � É HMM

� 8�: ( �M  GMH � £ ü#s

� � �

� � � �
(  ! " # )

HMM( $ % 1)

& '
( ( ) ) * +

HMM( $ % 2 ,
& ' * +

HMM( $ % N)

& ' * +

- . / 0 1

2 3 4 5

�
2: 67 HMM 8�9;:�<=6>7;?�@A�BDC�E�F

q = qi0 G qi1 G�HIHIHJG qiT 8LK�M�N�O�P�Q ( <>RTS qiT ∈ F ) ULV�WDX G
P (y Y M) Z ∑

i0 [ i1 []\^[ iT P (y Y q G M) H P (q Y M) (23)

U`_�Vba�Udc�egf	h=i�jTS�k�lnmpopq P (y Y M) C�rbs Gutdv�wyx;z�{}|pwy~� e������W�hni
13



���>�=������� �
(i G t) 8d�>��S G����>����t�{ yt 8n����S�k�K�M qt q���h�����ULVWDX G i = 1 G 2 G�HIHIHJG S U¡ �:k G�¢£ C�¤g8d¥gh	i

�
(i G t) Z ∑

j

�
(j G t − 1) H � ji H bji(yt)(t − 1 G 2 GLHIHIHJG T ) H§¦ i(t = 0) (24)

a�WT8�¨©�S Gnª« q ¢£ 8¬����WDX=�:>i
P (y Y M) =

∑

i [ q∈F

�
(i G T ) (25)

3.5.1 Viterbi ®°¯g±T²`³´
Viterbi z�{}|pwy~� s G�µ¶�{ C ª�·D¸ K>M�N�OP>Q ( ª�·¹�º ) U G a¡C ¹�º�» eC����8����¼h z	{T|¼w�~>� e;��h	i
P (y Y M) 8�½�¾�q¡��� ¸ :�e G¬¿�À opq G	µ¶�{ M c �>��D��tÁ{�Â Q y 8	�°�>VDh
U�f�C G=ª�Ã�Ä�Å�Æ C�Ç:	K>M Â Q » eC��¡È����}8L9�:¼h�a�Un8LÉbÊ�h=i a¡C��¡È��� ( Ë�Ì ) s GnÍ N�O¼e>C	����rÎ8LÏ ����Ð S�k; }Ñ	a�U=q>ÒbÓ G�Ô ©ÕU�Ö×�Ø>�;C�Ù�Ú� ¸ h DP Û�©gq�Ò�Ü�k�Ç�Ý}q°���¼h�apU�c�e}fnhni
a�C z={T|¼w�~>� 8 ¢£ q¬Þ�V�i i = 1 G 2 G · · · G S q� �:k G

f ′(i G t) =

{

log πi (t = 0)

maxj{f ′(i G t − 1) + log ajibji(yt)} (t = 1 G 2 G · · · G T )
i (26)

8�¨>©�S G Ï � Ë�Ì
L = max

i [ si∈F
f ′(i G t) (27)

8��;�¼h	i
a¡C Viterbi z�{}|pwy~� s¬Ï � 8L9�:�<�¨�© ¸ C�e G trellis F}8L9�:¼h�ßà�q�á�â ¢

£ C�Òpã ¸=ä>å c���h	i
• ¨©�r�CDæ�ç>è�é�ê ��vnënì cn×gí�Ñ G;z;ë æ ����î���ï�ð 8Lñ�ò;e}fnh	i
• ¨©óDc�ô ¸ :>i
• ?�@AB Æ>Å c;õ�U¬ög÷ ��ø � ¸ :>i
• DP q�Ò�h¬ù>�;C�Ò�:�ú�û>67p?�@A�B z	{T|¼w�~>� q¬9ügq · 9;e}fnh	i

14



a�C�<��¼q Viterbi z	{T|¼w�~>� s¡ýþÑÿ9;:��yW�k:Dhni
Viterbi z�{}|pwy~� s G������ q� n:�k HMM C��	� µ¶�{�
	� U`A�Bgq�>9gí¬W>k:Dhni

3.5.2 Forward ®�¯g±T²`³�´
���

t C � q o1, o2, ..., ot U�:�ã���� Â QT8n�=��S�k G K�M j q=:�hd���T8��¼C�Òpã=q
�>��V�h��

αt(j) = P (o1, o2, ..., ot, st = j | λ) (28)

P (O | λ) s αt(j) C�����¤g8��pC�Òpã=q¬¨©;V�h�a;U=q�Ò�Ü�k����Dh�a;U�c�eTfnh��
1. ������ k>CnK�M j(1 ≤ j ≤ N) q�Ï SLk G

α0(j) = πj (29)

ULV�hni
2. �����	��! #"

(t = 1, · · · , T ) q%$gÜ�k G � k>C	K�M j(1 ≤ j ≤ N) q�Ï S G αt(j) 8��¼C�Òã=q¬¨>©�V�h	i
αt(j) =

N
∑

i=1

αt−1(i)aijbij(ot) (30)

3. &	'

P (O | λ) =
N

∑

i=1

αT (i) (31)

a=C zn{�|DwL~�� e¼s G#(	) C � v � � q� +*h¬��� αt−1(i) ÚÎ� αt(j) 1 ≤ j ≤ N)

8��;��k:Dh��,
3 s G�)�- C , 1 C HMM c/. �{�Â Q aab 8n����V�h�0Tq ·	1 S�<�0¼e���h=iaC�Ò¼ã=q����2. �{�Â Qpc	Ï 1 V�h �� ¹ ��843 " q�S�k G=Í K�MT845Tq�6;âk�K�M�N
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O 8LÞ�S�< , enÉbÊ�h¼U87�ñ�S:9�V:i αt(j) s tdv�wyx�» C�; » < �	��K>M>=�ÚT�@? £
< ª�A K�M�=¼qCB�Ú¼Ü�k�D!���FEnh	iDa°C�E�F�e>Cn¨©>ó�s O(N2T ) e;��h��
E�< G P (a, a, b | λ) = α3(3) = 0.1176 U ¸ hni
Forward z={T|¼w�~�� s G��!��� q� �:k�AB}qG�9}í°W�k:Dh	i

S1

S2

S3

1.0
0.15

0.0225 0.003375

0.0

0.0
0.0 0.0

0.1176

0.7
0.147 0.02058

x0.3x0.5 x0.3x0.5 x0.3x0.5

x0.2x0.3 x0.2x0.3 x0.2x0.7

x0
.7x

1.0

x0
.7x

1.0

x0
.7x

0.0

x0
.8x

0.0

x0
.8x

0.0

x0
.8x

1.0

,
3: t¬v�w�x�» C αt(i) Cn¨©
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3.6 HJI HMM KMLONQPSRUTWVUX
Y	Z 9�?n@�U>S�k G N [¼C���� �>��D��tÁ{�Â Q {yT (n)

1 = y1, y2, · · · , yT (n)}
N
n=1 c]\�Ê�yW¼<gU�f G

N
∏

n=1

P (yT
1 (n)|πi, aij, bij(k)) (32)

8 ª Ö^�>VDh%_`.�a �cb�d ê t {π̂i, aij, bij(k)} s ,Baum-Welch z�{}|pwy~� q>ÒnÜ¬k G
�pC�Òpã=q�e>�;e}fnh	i
E�f ¢£ C�Ò¼ã ¸ ��� β(i, t),γ(i, j, t) 8d�>��V�h	i

β(i, t):
���

t q¬K�M si q��;Ü�k G�¢�«>���>����t�{ yT
t+1 8�����V�hd�;�

γ(i, j, t): µ¶�{ M c yT
1 8	�°�>VDh�ßà�q� n:�k G �]� t qdK>M si ÚT�§K>M sj g N�O S

���>����t�{ yt 8�����V�hd�;�
a°C�U�f G�¢£ C�h#i�c	¥���W�h	i

β(i, T ) =

{

1 si ∈ F

0 si /∈ F
(33)

β(i, t) =
∑

j

aijbij(yt)β(j, t + 1) (t = T, T − 1, · · · , 1; i = 1, 2, · · · , S) (34)

γ(i, j, t) =
α(i, t − 1)aijbij(yt)β(j, t)

P (yt
1|M)

(35)

¢>» 8�9;:k G _W.Ca �/b pii, aij, bij(k) 8 G�¢£ C�j!e>�bq�ÒÜ�k����¼hni
π̂ij =

∑

j γ(i, j, 1)
∑

i

∑

j γ(i, j, 1)
(36)

âij =

∑T
t=1 α(i, t − 1)aijbij(yt)β(j, t)

∑

t α(i, t)β(j, t)
=

∑

t γ(i, j, 1)
∑

t

∑

j γ(i, j, t)
(37)

b̂ij =

∑

t,yt=k γ(i, j, t)
∑

t γ(i, j, t)
(38)

�+k s G V>â>k>C Y�Z!l ë^m°{ q�ÏþS�kba°Cn¨>©�8LPTÜ�k�Ú�� 1 n]_W.^a �/b 8Go	p
V�h�U�:�ã l ç ��{ 8 G r�c�q�r�V�h+E¬e�s Óut�V�i
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3.7 vJw HMM KMLONQPSRUTWVUXyx
úû HMM CC_W.^a �/b e>�gq� �:kps G �����;� πi U`NO��� aij C�e>��¤Ds%z�{

HMM Cnß>à�U�|2}�e;��h��
3.7.1 ~��	���c���>� ( �^��� ) ���#�]�!�+�������c�%���
��È����;C��c� xC��� N(µij, Σij) s���¤�C�Òpã=q ª Ë	e>��e}fnhni

µ̂ij =

∑T
t=1 γ(i, j, t)yt

∑T
t=1 γ(i, j, t)

(39)

Σ̂ij =

∑T
t=1 γ(i, j, t)(yt − µij)(yt − µij)

t

∑T
t=1 γ(i, j, t)

(40)

z!{ HMM Cnß�à�U�|��Tq G a�C�e>�T8�r�c#q�r�V�h�E�e�s Óut;V�i
3.7.2 ~��	���c���	�/�����]���+���F�����%���
� à+�+� x��]� C	ß;C��¡È��>�Ds G �;CDÒ;ã�q�_gí¬W�h ( �+� x��]� C � 8 M U�VDh ).

bij(y) =
M
∑

m=1

λijmbijm(y) (41)

aa°e
M
∑

m=1

λijm = 1 (42)

∫

bijm(y)dy = 1 (43)

e;�;h	i � à��c� xC��� Cp�°È�����s G 6;l���� xC��� Cnß>à�U#|��Tq���¤�e�_C��h	i
ˆλijm =

∑T
t=1 γ(i, j, t, m)
∑T

t=1 γ(i, j, t)
(44)

ˆµijm =

∑T
t=1 γ(i, j, t, m)yt

∑T
t=1 γ(i, j, t, m)

(45)

ˆΣijm =

∑T
t=1 γ(i, j, t, m)(yt − µijm)(yt − µijm)t

∑T
t=1 γ(i, j, t, m)

(46)
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<R�S G
γ(i, j, m, t) = α(i, t − 1)aijλijmbijm(yt)β(j, t) (47)

e G m �S��C ��� h � C	NO qi → qj C=��� ( N�O`n � ) 8�_ S�k:Dh	iba�WÕ�LC�e�� Ãr�c�q�r�V�h+E¬e�s Óut�V�i
3.7.3  C¡�¢ HMM £��!�
���	¤ C�¥�C ��� � 8 M U�S�k G �°È�����s��pC�Òpã	q ¸ h	i

bij(y) =
M
∑

m=1

λijmbijm(y) (48)

aa°e G
M
∑

m=1

λijm = 1 (49)

e;�;h	ipa�C � à ��� CC_W.Ca �¦b C�§ G�¨	© r µm  pÒ]ª¬« � { Σm s G V�âk>C;�È ��� eC«	!��S�k;��h	i¯®}Ü°k G���� C�°;Ù λijm s , N�O>K�M (si → sj) ±pU=q�e>��Vh	iba�WÕ�LC�e���¤¼s G
ˆλijm =

∑T
t=1 γ(i, j, t, m)
∑T

t=1 γ(i, j, t)
(50)

ˆµijm =

∑

all(si→sj)

∑T
t=1 γ(i, j, t, m)yt

∑

all(si→sj)

∑T
t=1 γ(i, j, t, m)

(51)

ˆΣijm =

∑

all(si→sj)

∑T
t=1 γ(i, j, t, m)(yt − µijm)(yt − µijm)t

∑

all(si→sj)

∑T
t=1 γ(i, j, t, m)

(52)

U ¸ h	i
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3.8 vJ²J³µ´
?�@A�B}q� �:kps G �¶ G ?�· µ>¶�{ U�S�k?C¸pC�Òpã ¸ lW¹ ����� 8d6^º�ULV�h

µ>¶�{ c	9;:Î��W�h	i l`¹ �=��� µ>¶�{2» Y�Z V�h�<��¼q�s G Ö�ópC?�@ ¶ �/b » 9;:h�¼�½pc���hnc G j�C�?�@ ¶ �/b q G�¾ l G�¿!À q�Ò�h>. �{�Á * » P�ã�a;U�s#Â!¶�qÃ�Ä e;��h	ij�a°e¦. �{�Á *í¡W�k�Å ¸ Å�Æ�Ç ¶ �/b � � x`»�È Åk Y!Z »4É ã4Ê	ËÌ ú!& Y�Z�Í ��Î]Ï!Ð�Ñ�Ò¯Ó Í Æ�Ç ¶ �/b]Ô�Õ!Ö�Ô�× ë#ØCÙ Ì -!Ú í%Û+Ð	Ü�Ý�Þµß Ì ¼
½Sàní%Û¦Î]Ï
E4f�Ó Í l/¹Cá�âäã µ�¶�Ù/» Æ]Ç ¶ â b�Ô�Õ	Ö�Ô�× ë%Ø�Ù Ì -CÚ í�Û�ÐCÜ�Ý�Þåß »:æ¦çú^&!è�Î�Ï%é Ô à�ê�Ó ) Ô^ë	ì Ù Ô#í^îCï�ð Ì�ñ Ô^ëCì Ù Ô%ò^óCï^ð ç]ô Î%Ï ñ ç ,Baum-

Welch õ Ù�ö�÷¯ø!ù+ç�ú	û�ü Ó!Æ�Ç ì â/ý]þFÿ������ Û+Ð ë!ì Ù Ô�����	 â/ý Ô�
���
É�� Ï������!Í�� Ó ò	ó+ë�ì Ù Ì���� Í���� Ó�� � ,

�"! Ù$#�% � Û�Ð�&$' ì âcý �)(�*
ü ò!ó�ë!ì Ù �,+�- è/Î]Ï ��.��� Ô�/0��1 4 ç"2 è�Ï�&�' ì â/ý Ô &�3�4�5 “pau a i

pau”
�76 ç98 ü�: &�3 HMM

� ��� 8<; ��� 87= HMM > �?��	 âcý � &$' ì âcý�þ�ÿ
� è9@BA

pau a i

CEDGFIH
HMM

pau a i pau

JLK
HMM

pau a i pau

DNMOGPRQ

DNM OLPRQ HDGFGSUT

1
4:
��.��� > /
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4
V W X Y[Z V \ ] ^ _ ` acb d e f g

hi ô?jlk�m	ôon�pWç�q * ü�r?m �s�t ç hu ô?j � è9@$A�év> úw�%ôon�p�x�y�z >u�{w|.s$t ço;~}0� '�>���ê � x$� u 87=?� ê ;������ �)(�* ü$�>ü > u�{ >�&$' �)�� x ê$@����� ù >���� |$���7� @BA�.� ����� � &�' ç�q�% @�������� � ;�y�z > u�{ ç���8¯ü$yz >. �¡ �.�¢�£�¤ �¥ (.¦ @"§�¨ |�©$ª�« x � @ [1] A y�z > �¡ ����¢$£.¤ � ¥ (.¦ @.¬ �)x�;:  �¡ ���¢�£�¤�v®�¯ �v� @ y�z &�'�>�&�°�>�±�² t³ ± ô?j >B´�µ �,¶�( 8 � � �)· � A?¬v>
§�¨ �v¸�¹�º[| 2 ��� ü * @BA 8 þ 8»;.¼�½�¾��.8¯ü;By�z >. �¡ ��¢�£�¤ � ¥ (�¦
@�¬ �7x�¿ ��� |�þ�þ @ ¾ ² ;  �¡ ��¢�£�¤ �$ÀvÁ  s�Â�Ã > n�Ä þFÿ yz >�&�' |
� ' ��� =�nÅ  � ��Æ Ã9|oÇ�È ¦ @ ô?j |�É�Ê¦ÿË� @BA� =B;ÍÌ 1 >� �¡ ����¢7£B¤ �»¶�(�¦ @7§�¨ x � ; ��Î &o' �)Ï�Ð¦ @,§�¨ [2] ² ; HMM

Å - ¨ �7(�* = §�¨ [3]
|$Ñ�Ò���� ü * @BA�.Î &�' ��Ï�Ð�¦ @�§�¨ x � ; �Î &�'  ��8»; &$Ó[>�ÔÕ�Ö ��8¯ü$×[Ø�ØBz �7(�*

= �.Î &�' Ï�Ù ¨ |BÑ�Ò��v� ; �Î &�' � y�z >BÚ�Û Ì�Ü &�'  Ï�Ù�¦ @ º.Ý  Ø�8¯ü¸�¹�º[| 2 ��� ü * @BA 8 þ 8»;¼o½�¾���8¯ü�; �Î &�' � y�z >$Ú�Û Ì�Ü &�'  Ï�Ù¦ @ ºÝ >�Þ |$ß�à���� ü�q � ; �Î &�' ��Ï�Ù 8,=oá > ; &�'  � ¦ @ � ��Æ Ãâ�vßà��v� ü * ô * ¬ � |�É�Ê¦ÿË� @BA
HMM Å - ¨ �»(.* = §�¨ x � ; &B' | ��Î 8:ü * @�ã Ï  q * ü�; ��Î &�' �»� � �ä >�&�' �<åæ &�' | �Î ��� ü * @ �Ëçâè�; � � � ä >�&�' �<åæ &�' � Å - HMM�7(�* ü�é � 8 � � �)· � A 8 þ 8»;�¼o½�¾��.84ü�; �Î &�'�> � � � ä &�'[ê % >�Þ
> � ��Æ Ã 8 þBë�ì���� ü * ô * ¬ � |�É�Ê/ÿË� @BAí ��� x � ; �� ����� � &�'�>�î.ï.>�&�' �,� � � ä ��8¯ü�; ñ >�ð x�ñ�ò @ 3 óô >�§�¨ x � ��õ > ë�ì �7· � A
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5 ö f g ÷ e ø ù ú û
í ��� x (�* = � � §�¨ ��ü È x�ñ�ò @BA ��ü >�§�¨  q * ü�ý º.u�{ �<þ º.u�{ >

&�3 HMM > ���9� ;ÿ ������� Û  ��� ¦ @BA

5.1 �����
Ì
	 ¨ x � ; �� ����� � &�'  ��8»;$ý º.u�{ > HMM

�,¶�( 8¯ü�ý º.u�{ > � ���� ���� ;$þ º.u�{ > HMM
�,¶�( 8¯ü�þ º�u�{ > � � ��� ���� @BA�� á  ý º.u{ > � � ��� �»þ º.u�{ > � � ���cþ ÿ ý º.u�{ �<þ º.u�{9|�s�t  � � x��v=�n.Å >� ��õ � ë�ì ¦ @BAí ��� x � ¬o>�§�¨ � Ì
	 ¨ ����� A

Ì
	 ¨ x � � �  HTK[8]
 (
� ��� ü * @
� ��� � ù �7(�* @$A� = 1 5

 Ì�	 ¨ x > � � > k�� � 2 ¦ A

1
5: Ì�	 ¨ x > � � > k��
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5.2 Parallel Model Combination �
Parallel Model Combination ¨ [4](

ü È
PMC ¨ )

� ;�� & | ��Î 8)= &B' �<� � ¦ @ ©ª�« ô ï$¨ x � @oA� � &�&�'�> HMM ��� &�> HMM
þ2ÿ"!7« > � &$#&%�>�&B' HMM� Å - 8»; � � �7· � §�¨ x � @BAí � � x � ;$� &�Ô�Õ�Ö � ��� � � � � &�'9>�'�( &�'?ê �7ç�è�;vý ºwu.{ >.&3

HMM �<þ º.u�{ >�&�3 HMM
þ ÿ

PMC ¨�>�Ô.Õ�Ö � Å - 8 � � �)· � A
PMC ¨�> :�) ð >+* Ã � ;):�) ð -,&. �"� @ � ��>+* Ã >0/ � � @�A7Ô�Õ�Ö>+* Ã� ; �
1 ) ð >�* Ã � ¦ @�A�� á  ; �32"* Ã |&4�þ û$= PMC ¨�>.Ô.Õ�Ö �,� � �
�
� ¦ @BA1

7
 ÿ > k�� � 2 ¦ Aí ��� x � ; PMC ¨�>�Ô�Õ�Ö � ; &$' � &�3 Ì�5�x$ç?èo;7: Ô�� ��6 �  � & �87 & Ï %7;�ý º.u�{ > � & �»þ º.u�{ > � & x�;�ý º.u�{ > 7 & �<þ º.u�{ > 7 & x�×
9 � � �;:=< PMC ¨�>�ÔÕ�Ö �?>�@�¦ @BA1

6
 í ��� x > PMC ¨�>�ÔÕ�Ö � 2 ¦ A

ACBEDGF?HEIKJ

L BEDGF?HEIKJ

MON
(asahi)

(higaN)
PRQ

a s a h i

h i g a N

1
6:
í ��� x > PMC ¨�>�ÔÕ�Ö

1
6 S ý ºu�{ >�&$'  TVUOW

(asahi) X ;�þ ºu�{ >&Y"Z  T\["]
(higaN) X�^ ¥
_ 8

=�n.Å > PMC ¨�>ÔÕ�Ö x�` @BA
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a
7:
� ��b �=c ��� ï

a
7
c$d S ,

�� � ��� � Y+Z c � ufehg9| , ý º.u�{[| T\i�j
(akusitsu) X , þ º.u�{| T �
k (taisaku) X.ê�l0m nÅ ,  �Ö�n�o���¨ c ÔÕ�Ö c * Ãw| �� c ÔÕ�Ö=2 , ý º.u{[| T\i�j

(akusitsu) X , þ º.u�{9| T �
k (taisaku) X c ÔÕ�Ö xp`Rq ,
�� ����� � Y

Z c � ufehg � ©&rts?u qvq , ¬ c nÅ Shw s
x�s�t � u � � | x�� u�yfz0{
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5.3 |v}�~t�����
 $Ö
n+o.�$¨�S0� PMC ¨ ����� s k c�� Ö��p����� x�` z${�s;��s �$ $Ö
n+o.�$¨ c� )�� c * Ã S+� � )�� ,�.��h� z o�� c ���+��^������ z"{h� l u �
�
��� c *� 

S0�0���+� c0¡�¢�£+¤�¥
¦�c+§  O¨�© z${;¡&ª¬« � PMC v¨h®¯ c"°  ¦"±&² b&³ ^;´µ � z0{¶&·p¸ ¦ S"�
¹+��n�o��+ c �
���=S"� HTK ^ _ y�u+±�² ^;ºt»�m�¼�� PMC  c o
� « �"½ °&¾ Y�Z c"¿pc Y&À «Á�Â � z o��Ã^;Ä�Å z0{ a 8

« ¶�·p¸ «�ÆpÇ�z ¹+��n&o
�+ c �
���¬^-È�� {

É0Ê�Ë+Ì�Í�Î"Ï

Ð Ê�Ë+Ì�Í�Î"Ï

Ñ Ò
(asahi)

(higaN)

a s a h i

h i g a N

Ó
8:
¶�·p¸ ¦
c ¹+��n&o��+ c �����

Ó
8 ÔÖÕ+×
Ø�ÙpÚ&Û"Ü « ÝVÞOß

(asahi) àá�hâ�×
Ø�ÙpÚ&Û"Ü « Ý\ã"ä
(higaN) à�åçæ
ètéê$ë�ì Ú�¹+��í&î��+�Ú������ ¦�ï�ð"ñò ¨�é?ó�ô Ó 1 ¨ Ó 2

« Õ�×�Ø&Ù=Ú"õ
ØÃöh÷�ø ÝùÞtß
(asahi) àúô�â&×�Ø�Ù=Ú"õ
Øfö�÷

ø Ýùã0ä
(higaN) à ¦�ï
ð ë�ì Ú�¹0��í"î��0�Ú&���0� ë�ì Ú0û
ü « HTK

¦ æ�èOé ê dicý�þ?ÿ ����� gram
ý�þ;ÿ �
Ú�ö�÷�å;È�� ñ Õ+×
Ø�ÙpÚ&Û+Àv¨�â�×
Ø�ÙpÚ&Û+À�å��f® ���

©	� ê ¼ « ôÖÕ&×�Ø&Ù=Ú�Û&À�Ú�
 « Ô m- åhô0â&×�Ø�Ù=Ú�Û�À�Ú	
 « Ô f- å��Ä�� ð0ñÓ
8 Ô"ô Ó 2 Ú gram

ý�þÿ � ¦	��� ��� ð0ñ
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�
1: dic

ý�þÿ ��Ú ò
m-a m-a

m-s m-s

m-a m-a

m-h m-h

m-i m-i

m-pau m-pau

f-h f-h

f-i f-i

f-g f-g

f-a f-a

f-N f-N

�
2: gram

ý�þÿ ��Ú ò
( m-pau f-h ( m-a � f-i ) ( m-s � f-g ) ( m-a � f-a ) m-h ( m-i � f-N ) m-pau )
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6 � � � �
6.1 ��������� ��!#"#�����
Ó

9
«�$&% �('*) $ Û$Ü ±�² Ú °�+ å?È
� ñ ¶0·�¸ ¦ Ô$ôû�ü « Õ�â 2 Ø"Ùpø
®-, « õ

Ø�é ê Û$Ü�å�æ�è �/. ô10�2�Ú0Ø"Ù�Ú�Û0Ü�å43&5�é ê Û$Ü�å�6�7
� ðÖñ98�:<;�« Ô$ô ATR=�> õ
Øp��)@?BAC)CD Aset Ú�Õ�×�Ø&Ù mau ô mms �<�"â&×�Ø&Ù ftk ô fyn Ú&Õ�â�0 2 E
å?æ�è�� ð0ñFCG�HCI Ú&Û"Ü�Ú/J	KML 4 ��)@N ¦ õ�Ø/,�O�ø/P&Q&®SR > å�ôTN�UWVYX « 10

=&> .CZ[@\ � ð$ñ^]�_/`�_ å?½�a « 3�5Oé ê Û"Ü (
$�% Db'c) $ Û"Ü ) å 100 dC6&7�� ð$ñ 1 e@f' « Zhg 100

=�> Ú $&% D('*) $ Û0Ü�å 4 e@fi'j6�7�é�ôlk	m=��)T?�¨�é�ó-n�è
� ðÖñ^�
3
« û	o « æ�è é ê =�> å�È�� ñ
ATR
=&> õ�Ø��W)p?qA�)�D Aset Ú�r G�HCI Ú 2620

=&> Ú&Û"ÜfÔ HMM Ú	s&t��W)p?
¨�é;ó0æ�è�� ð"ñÓ

10
« Û�À HMM Ú�6�7O¨�s�t��<� ±�² Ú�u _ å-È�� ñ Û�À HMM Ú�6C7O¨�s�t�Ô+ô

HTK
¦ ºO» ñTv . ¡�w¬« ô"Õ+×
Ø�ÙO¨�â�×
Ø�ÙpÚ w&x ���+�
Ú-6&7�å?ºO» ñ0¿3« ô�s&t

��)h?�å?æ�è é;ó�ô�Õ�×�Ø&Ù ¨çâ&×�Ø&Ù HMM ÚWs�t��T�Yy�z{s�t�å;ºt» ñ$¡�ª�« s�t| _ ê Õ+×
Ø�ÙO¨�â�×
Ø�Ù HMM å}n&ètéçó�ô Viterbi ~Ö�i�<�1��X¬¨ Forward ~Ö�i�<��CXÃå?æ�è é ±�² å;ºt» ñ
�

3: û	o « æ�è é ê =�>
Õ�×�Ø&Ù â&×�Ø&Ù

1 ��� (akushitsu) �C� (ashimoto)

2 �@�&Å ð (kikoeru) �&�/� (kawaii)

3 Ä�Å ð (kuwaeru) ��� (kiNbeN)

4 �&� (shitsureN) �S2 (komagoma)

5 � _Ãð (sugureru) � v ©W� (sumanai)

6
] Ú�»q� (sonouchi) �C� (taisaku)

7 Jq� (chuudoku)
°&� � (tenugui)

8 öh÷ (naiyou) �{� (teNsai)

9 �{� (bouryoku) ��QY� (horobosu)

10 �@�Y�@� (wazawaza) �/� ð (yokubaru)
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 5240   ¡ ( ¢ £ )
¤ ¥ ¦ § ¨ © ª « ¬ 
®

10 ¯ ° ± ² ³ ´
µ ¥ ¦ §

5240 ¶ · ( ¸ ¹ )

µ ¥ ¦ §

º »

100 ¶ · ¼½ ¾ ¿ À Á ½ Â Ã

Ä Å Æ Ç È
HMM

È É Ê
Ë Å Æ Ç È
HMM

È É Ê

(2620 Ì Í ) (2620 Ì Í )

ÎWÏ Ð ÑÎ PMC ÑÎpÒ Ó Ô Õ Ö Ñ
×

9: ØCÙ-Ú#ÛÝÜpØYÞWß�à&áTâ	ã&ä
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×
10: ÞWå HMM â	æ�çéè�ê�ëCì<íYà&áTâ	î{ï
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6.2 ðòñ#óõôö{÷	øpù<úüûCý Þ	ß�à&áSþ	Ü&ÿ{â HTK ���������
	�������������� Ü���� ú MFCC è FBANK è MELSPEC ���������
	 û���� è! ÿ�" � Ú � â�#�â%$<â ÷�ø�&�'hú)( 2 � � è+*,�%	 �)�-� PMC
� â�#�â%$<â ÷�ø�&�' �(

3 � � è.*/�
	
MFCC ����0 �B÷-ø<ù/ú MFCC

�+132��54 Ü�� � FBANK �6��0 �B÷-ø�ù/ú FBANK
�

132���4 Ü�� ,MELSPEC ����0 �ü÷-ø<ù/ú MELSPEC
�.132���4 Ü��)#Yï�7-ï�8�â�9�:;/<5= Ú�>�? ù�(�@ ���
	÷	ø�A�B�ú

MFCC è FBANK è MELSPEC
ù,C
D ��E���F,G
�!H�I�>�? 2 �+J�KMLON

05��	�E�P �
���,�Q��� Ü��-â�: 2Sú�C�D ����-â�R�S%T ù�U �-â ù,CQV�ù<ú E-0�	÷-ø<ù â ����� Ü/�üâXW�Y�K��%P
0�N �[Z Ü/�]\�^���F�_ æ�ç ùa` E0�Þ-å HMM R)bc �5�]d�I � H�I�>
? 2 R MFCC 4
�]1�2���4 Ü 2

ù æ&ç ùQ` E�0&Þ	å HMM
ú

MFCC

2
�e1�2��54 Ü 1 �!���X	eH3I�>? 2 R MFCC 2

�e1-2��54 Ü 1
ù æWç ù�` E%0WÞYå HMMú

MFCC 1
�X1�2��a4 Ü 1 ����
	!H�I 2 � MFCC 1

�1�2��a4 Ü���L�N,füæCç ùQ` E
0&Þ	å HMM

úü÷�ø � ú ��0�E�0�	 FBANK è MELSPEC f C]g ��L6N�æ&ç ùQ` E�0&Þå�â-H�I�>�? 2 �Ohji�L�N�0lkm	
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(
4:
÷	ø�A�B

(
û����

,  	ÿ�" � Ú � )n!o!pXq]r
16kHzsOtu
Hamming

us+tXu)v
25msw�xzyX{ p)|
10ms}+~%�X�+�
3
� y3�

4 ���]� s���
stream

r
2

MFCC�!����+� y3�
MFCC(12 � )
+ � rX��� y ( � 13 � )

�!� �
HMM � ( � }����
}����} )MFCC 4�!|��)�.� � ��� rX��� y 1�!� s�� r

(  ]��¡�� }+¢ )MFCC 2 �+� r��� y 1

}+¢
HMM � Diagonal-covariance£ s+¤)¥)¦

Full-covariance

FBANK�]����+� y��
FBANK(24 � )
+ � rX��� y ( � 25 � )

�!� �
HMM � ( � }§���
}����%} )FBANK 4�)|
�X�+� � �+� r��� y 1�)� s�� r

(  !�6¡�� }+¢ )FBANK 2 �O� rX��� y 1

}.¢
HMM � Diagonal-covariance£ sO¤)¥X¦

Full-covariance

MELSPEC�]����+� y��
MELSPEC(24 � )
+ � rX��� y ( � 25 � )

�!� �
HMM � ( � }§�¨�
}��©�%} )MELSPEC 4�)|
�)�.� � �O� rX��� y 1�!� s�� r

(  !�6¡�� }+¢ )MELSPEC 2 �O� rX��� y 1

}+¢
HMM � Diagonal-covariance£ s+¤)¥X¦
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(
5:
÷	ø�A�B

(PMC
�

)ª ö�«�¬�2
16kHz

>��® Hamming ®
>��®�¯ 25ms°/± Ü�² «�³ 10msÞ-´,µ Z ÿ 1 ÿCÜ�¶ 2 ·�¸¹�º >�?�»
stream

2
2

MFCC�!����.� y3�
MFCC(12 � )
+ � r��� y ( � 13 � )

�]� �
HMM � MFCC 1 �+� rX��� y 1�!|��)�+� ��!� sO� r

}+¢
HMM � Diagonal-covariance£ sO¤X¥)¦

FBANK�!����.� y3�
FBANK(24 � )
+ � r��� y ( � 25 � )

�]� �
HMM � FBANK 4 �+� rX��� y 1�!|��)�.� ��!� sO� r

}+¢
HMM � Diagonal-covariance£ sO¤X¥)¦

MELSPEC�]�%���.� y��
MELSPEC(24 � )
+ � r��� y ( � 25 � )

�]� �
HMM � MELSPEC 4 �+� r��� y 1�!|��)�+� ��!� sO� r

}+¢
HMM � Diagonal-covariance£ sO¤X¥)¦
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7
¼ ½ ¾ ¿

û���� â�À�ÁÂ� ( 6 � �  	ÿ�" � Ú � â�À�ÁÂ� ( 7 � � PMC
� â�À�ÁÃ� ( 8 �!Ä��-	(aÅ â�Æ�Ç�ÈWâ�>�É úXÊ�Ë�Z Ü��Yâ�Ì 2 � � >3Í ú à�á ù�`X� Ø{ÙYÚ#ÛÝÜpØ-Þ	ß 2 �

Ä���	 �X����Î�Ï â
Ð�� ú ���ÑL � Ø{ÙYÚ#ÛÝÜpØ-Þ	ß<â Î3Ï â�Ò�I-Ól�.Ä��-	

(
6:
÷	ø À�Á (

û����
)Î3Ï

mau+ftkmau+fynmms+ftkmms+fyn Ô�Õ
MFCC 47% 44% 41% 48% 45%

Diagonal (47/100) (44/100) (41/100) (48/100) (180/400)

MFCC 57% 62% 54% 50% 56%

Full (57/100) (62/100) (54/100) (50/100) (223/400)

FBANK 27% 40% 29% 38% 34%

Diagonal (27/100) (40/100) (29/100) (38/100) (134/400)

FBANK 44% 48% 50% 44% 47%

Full (44/100) (48/100) (50/100) (44/100) (186/400)

MELSPEC 8% 8% 8% 17% 10%

Diagonal (8/100) (8/100) (8/100) (17/100) (41/400)

(
7:
÷Wø À�Á (  	ÿ�" � Ú � )Î3Ï

mau+ftkmau+fynmms+ftkmms+fyn Ô�Õ
MFCC 46% 55% 34% 44% 45%

Diagonal (46/100) (55/100) (34/100) (44/100) (179/400)

MFCC 52% 49% 38% 42% 45%

Full (52/100) (49/100) (38/100) (42/100) (181/400)

FBANK 28% 51% 30% 40% 37%

Diagonal (28/100) (51/100) (30/100) (40/100) (149/400)

FBANK 41% 40% 34% 35% 38%

Full (41/100) (40/100) (34/100) (35/100) (150/400)

MELSPEC 30% 45% 24% 32% 33%

Diagonal (30/100) (45/100) (24/100) (32/100) (131/400)
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(
8:
÷	ø À�Á (PMC

�
)Î�Ï

mau+ftkmau+fynmms+ftkmms+fyn Ô�Õ
MFCC 9% 16% 7% 7% 10%

Diagonal (9/100) (16/100) (7/100) (7/100) (39/400)

FBANK 1% 1% 1% 2% 1%

Diagonal (1/100) (1/100) (1/100) (2/100) (5/400)

MELSPEC 1% 1% 1% 1% 1%

Diagonal (1/100) (1/100) (1/100) (1/100) (4/400)

÷Wø À�ÁÖFa_Ø×�Ù/â�Ú�è!R
ÛÑi1ï � .
÷	ø Fa_[×�Ù/â-À�Á5R
ÛÑi4ï � 	

1. Ü/fà	á�Ý3Þ�R%ß�à-á �ü÷BøhúX� û��3� MFCC Full
ù�� Ô�Õ 56% â)Ý�Þ�RXÛÂi9ï � 	

2.
��������� Ü����3P-0�N � MFCC

�
FBANK

�
MELSPEC â�ä ù à&á�Ý�Þ5R�ß�0�	

3.  üÿ3" � Ú � �%PX0-N � û���� èeâ
ãlLØN FBANK Diagonal è MELSPEC Diagonalù à&á�Ý�Þ5R
ä�åML � 	
4. PMC

�@ú à&á�Ý�Þ5R%æ/0�	
7.1 çéè�êìëéðòñ�íïîû���� â�ð�ñ�E ÷	ø À�ÁÂ� ( 9 �)Ä��-	÷Wø À�ÁÖFa_Ø×�Ù/â�Ú�è!R
ÛÑi1ï � .

1.
û���� ��P-0�N � Ü�füà&á�Ý�Þ5R�ß�à5á �-÷	øiú-� MFCC Full

ù�� Ô�Õ 56% â%Ý
Þ5R
Ûji1ï � 	

2.
��������� Ü/���
P
03N � MFCC ò FBANK ò MELSPEC âüä ù àWá�Ý3Þ,R�ß�0�	

3. ÞWå HMM â-ó�>�ô�Ð�õa��P-0�N � Full
ú

Diagonal Fa_ à&á�Ý�Þ5R3ß�0�	
4. ö3÷ Î�Ï â,ø�G]R�ù�÷ Î3Ï FQ_ à&á�Ý�Þ�R�ß�0,f	â�R�9�0�	
5.
��������� Ü����3P-0�N � MELSPEC â�à&á�Ý�Þ5Ræ/0�	
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(
9:
û���� â�à&á�À�Á

MFCC Diagonal

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 83% 60% 47%

mau+fyn 54% 82% 44%

mms+ftk 61% 72% 41%

mms+fyn 52% 93% 48 %

Ô�Õ 63% 77% 45%

MFCC Full

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 89% 67% 57%

mau+fyn 69% 91% 62%

mms+ftk 75% 74% 54%

mms+fyn 53% 94% 50%

Ô�Õ 72% 82% 56%

FBANK Diagonal

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 76% 39% 27%

mau+fyn 63% 67% 40%

mms+ftk 63% 57% 29%

mms+fyn 49% 86% 38%

Ô�Õ 63% 63% 34%

FBANK Full

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 73% 58% 44%

mau+fyn 55% 87% 48%

mms+ftk 69% 75% 50%

mms+fyn 48% 94% 44%

Ô�Õ 61% 79% 47%

MELSPEC Diagonal

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 61% 14% 8%

mau+fyn 33% 30% 8%

mms+ftk 42% 27% 8%

mms+fyn 36% 61% 17%

Ô�Õ 43% 33% 10%
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7.1.1 ý�þ�ÿ����������
	�������û���� ��P-0�N C-û�ü�Î à&á��^ç��jL ��� � ( 10
��(

11 �!Ä��-	(
10:ØCÙYÚ#Û ÜpØYÞ	ß<âü�Î È��

ù3÷ Î3Ï (mau) ö3÷ Î3Ï (fyn)�
�
(akushitsu) ^ ; (ashimoto)

à&á�À�Á� Þ�ä
� ù3÷ Î3Ï (
� Þ ) ö3÷ Î3Ï (

� Þ )

( à&á�À�Á ) 1
���

(-7263.5) ^ ; (-6044.3)

2 ��Ú���� (-7333.7)
1��

(-6405.7)

3 ��ï�� (-7359.7) �! a� (-6501.0)

(
10 â �hú%� ù�÷ Î�Ï mau R " ��� (akushitsu) # � ö�÷ Î-Ï fyn R " ^ ; (ashimoto) #è ü�Î L � d�I<â�à&á�À�Ápâ �Tù�U ��	

Ú�â �Sùhú3� ù�÷ Î�Ï â&à/á,À�Á " �!� (-7263.5) #iè.ö�÷ Î�Ï â&à/á,À�Á " ^ ; (-

6044.3) #�èXf���Ø{ÙYÚ#ÛÝÜpØ-Þ	ß<â ü�Î È��éè D%$ L6N�PÖ_ �'& L�k C�û�ü�Î à&á ù�`
N�0��
	 (

11:ØCÙYÚ#Û ÜpØYÞ	ß<âü�Î È��
ù�÷ Î3Ï (mms) ö3÷ Î3Ï (ftk)

#�â G)( (sonouchi) � � E-0 (sumanai)

à&á�À�Á� Þ�ä�� ù�÷ Î3Ï (
� Þ ) ö3÷ Î3Ï (

� Þ )

( à&á�À�Á ) 1 #&â G)( (-4641.5) � � E�0 (-4737.5)

2 ��ïa� (-5036.8) *,+%� (-5009.8)

3
Å�-

(-5067.5) .0/ (-5029.0)

(
11 â �Mú3� ù�÷ Î�Ï mms R " #{âÂG�( (sonouchi) # � ö�÷ Î�Ï ftk R " � � E�0

(sumanai) # è ü�Î L � d�I<â�à&á�À�Ápâ �Tù�U ��	
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ÚBâ �Tù<ú�� ù�÷ Î3Ï â�à&á�À�Á " #&â G)( (-4641.5) #�è6ö3÷ Î�Ï â�à&á�À�Á " � �
E-0 (-4737.5) #hèXf��CØCÙYÚ#ÛÝÜ@ØYÞ	ß<â ü�Î È��éè D�$ L�N�PÃ_ & L�k C�û�ü�Î à&áù�` N�05�
	
7.1.2 ý�þ�ÿ����������
	�1324���û���� ��P-0�N C-û�ü�Î à&á��65�7éL ��� � ( 12

��(
13 �!Ä��-	(

12:ØCÙYÚ#Û ÜpØYÞ	ß<âü�Î È��
ù�÷ Î3Ï (mau) ö3÷ Î�Ï (fyn)

��Ú���� (kikoeru) 8
9�0 (kawaii)

à&á�À�Á� Þ�ä�� ù�÷ Î3Ï (
� Þ ) ö3÷ Î3Ï (

� Þ )

( à&á�À�Á ) 1 ��ïa� (-6214.0) 8
9�0 (-5141.0)

2 ��Ú%��� (-6243.4) ã
:�0 (-5495.9)

3 ;<��� (-6295.8) � � E�0 (-5521.3)

(
12 â �@ú� ù
÷ Î�Ï mau R "=��Ú��-� (kikoeru) # � ö�÷ Î
Ï fyn R ">8�9�0 (kawaii) #è ü�Î L � d�I<â�à&á�À�Ápâ �Tù�U ��	

ÚBâ �Tù<ú�� ù�÷ Î�Ï â�à&á�À�Á ú "?��ïa� (-6214.0) # ù,U _ � ö3÷ Î3Ï â�à&á�À�Á
"=8�9�0 (-5141.0) # ù,U ��	�ö�÷ Î�Ïiú�& L�k àCá ù ` N�0��-R � ù3÷ Î�Ï R�@{àCá è
E�á%N�PÃ_ �,C�û�ü�Î à&á �65�7jL�N�05�
	(

13:ØCÙYÚ#Û ÜpØYÞ	ß<âü�Î È��
ù�÷ Î3Ï (mms) ö�÷ Î3Ï (ftk)

5�A (shitsureN) ñ�B (komagoma)

à&á�À�Á� Þ�ä
� ù3÷ Î3Ï (
� Þ ) ö3÷ Î3Ï (

� Þ )

( à&á�À�Á ) 1
Å�-

(-6375.1) ñ�B (-5041.0)

2 ��Ú���� (-6530.2) *,+%� (-5489.9)

3 ��ï�� (-6576.1) ^ ; (-5500.3)
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(
13 â �pú� ù
÷ Î�Ï mms R "C5�A (shitsureN) # � ö
÷ Î
Ï ftk R " ñ0B (komagoma) #è ü�Î L � d�I<â�à&á�À�Ápâ �Tù�U ��	

Úlâ �{ù{úX� ù%÷ Î
Ï âBà�á3À�Á ú " ÅD- (-6375.1) # ù�U _ � ö�÷ Î�Ï âüà	á�À-Á " ñ�B
(-5041.0) # ù�U �
	-ö3÷ Î�ÏSú�& L�k à&á ù�` N�05��R � ù3÷ Î3Ï RE@{à&áòè)E�á%N�P
_ �/C-û�ü�Î à�á��65�7jLON�05�
	
7.2 FHGJILKNMlêìëéðòñ�íïî
 Wÿ�" � Ú � â�ð�ñ�E ÷Wø À�ÁÃ� ( 14 �!Ä��-	÷Wø À�ÁÖFa_Ø×�Ù/â�Ú�è!R
ÛÑi1ï � 	
1.  üÿ3" � Ú � �%PX0-N � Ü�fà-á�Ý-Þ�R%ß3à-á �^÷BøpúX� MFCC Full

ù�� Ô
Õ 45% â
Ý�Þ5R�ÛÑi1ï � 	

2. MFCC ò FBANK ò MELSPEC â�ä ù à&á�Ý�Þ5R�ß�0�	
3. ÞWå HMM â-ó�>�ô�Ð�õa��P-0�N � Full è Diagonal

ú�C�O ÞTâ�à&á�Ý�Þ ù�U ��	
4. ö3÷ Î�Ï â,ø�G]R�ù�÷ Î3Ï FQ_ à&á�Ý�Þ�R�ß�0,f	â�R�9�0�	
5.
û���� è â3ãéL�N �������Q�3� Ü�����P�0�N � BANK Diagonal è MELSPEC Di-

agonal
ù à�á�Ý�Þ5R
ä�å L � 	
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(
14:  	ÿ�" � Ú � â	à&á�À�Á

MFCC Diagonal

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 79% 63% 46%

mau+fyn 67% 86% 55%

mms+ftk 76% 55% 34%

mms+fyn 89% 50% 44%

Ô�Õ 78% 64% 45%

MFCC Full

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 82% 68% 52%

mau+fyn 61% 87% 49%

mms+ftk 60% 76% 38%

mms+fyn 49% 91% 42%

Ô�Õ 63% 81% 45%

FBANK Diagonal

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 69% 37% 28%

mau+fyn 68% 80% 51%

mms+ftk 62% 57% 30%

mms+fyn 49% 88% 40%

Ô�Õ 62% 66% 37%

FBANK Full

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 70% 59% 41%

mau+fyn 47% 89% 40%

mms+ftk 54% 77% 34%

mms+fyn 42% 89% 35%

Ô�Õ 53% 79% 38%

MELSPEC Diagonal

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 68% 43% 30%

mau+fyn 60% 74% 45%

mms+ftk 53% 58% 24%

mms+fyn 42% 83% 32%

Ô�Õ 56% 65% 33%
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7.2.1 P�QSR%T�U�ÿ��%���%���
	
��4���
 Wÿ�" � Ú � ��P-0�N C�û�ü�Î à&á �^ç��ÑL�N�05� � � ( 15

��(
16 �!Ä��-	(

15:ØCÙYÚ#Û ÜpØYÞ	ß<âü�Î È��
ù�÷ Î3Ï (mau) ö3÷ Î�Ï (fyn)

È�� (naiyou) V�W (kiNbeN)

 	ÿ�" � Ú � â�µ Z ÿ/â � Þ���F��lä
�� Þ�ä
� ù�÷ Î�Ï ö3÷ Î3Ï µ Z ÿ{â � Þ
( à&á�À�Á ) 1 È�� V�W -5141.3

2 È�� ñ�B -5256.9

3 È�� 8
9�0 -5256.9

n a i y o

k i N b e

u

N

×
11: à&á�À�ÁTâ� 	ÿ�" � Ú � â�µ Z ÿ

(
15 è × 11 â �pú)� ù%÷ Î%Ï mau R " ÈX� (naiyou) # � ö%÷ Î%Ï fyn R "YVEW (kiNbeN) #è ü�Î L � d�I<â�à&á�À�Ápâ �Tù�U ��	
ÚBâ �Tù<ú�� ØCÙYÚ#Û ÜpØYÞ	ßQ� 1 L�N �  	ÿ�" � Ú � â�µ Z ÿ{â � Þ5R�Ü0Z è)E�á� µ Z ÿ�R � ù�÷ Î�Ï R " È�� (naiyou) # � ö3÷ Î3Ï R "[V�W (kiNbeN) #Câ�µ Z ÿ ù�U

� � Úüâ�µ Z ÿ ú ØCÙYÚ#Û ÜpØYÞ	ß<â ü�Î È��òè D�$ L�N�PÂ_ �3& L�k C-û�ü�Î à�á ù` N�05�
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(
16:ØCÙYÚ#Û ÜpØYÞ	ß<âü�Î È��

ù�÷ Î�Ï (mms) ö3÷ Î3Ï (ftk)\^]6\^]
(wazawaza) �! Q� (yokubaru)

 	ÿ�" � Ú � â�µ Z ÿ/â � Þ���F��lä
�� Þ�ä
� ù�÷ Î�Ï ö3÷ Î3Ï µ Z ÿ{â � Þ
( à&á�À�Á ) 1

\^]6\_] �! Q� -4501.4

2 ;<��� �! Q� -4555.1

3 È�� �! Q� -4572.8

w a z a w

y o k u b

a

a

z a

r u

×
12: à&á�À�ÁTâ� 	ÿ�" � Ú � â�µ Z ÿ

(
16 è × 12 â ��ú�� ù�÷ Î3Ï mms R " \^]6\^] (wazawaza) # � ö�÷ Î3Ï ftk R "?�

 a� (yokubaru) # è ü�Î L � d�I�â�à&á�À�ÁTâ �Tù,U �
	
ÚBâ �Tù<ú�� ØCÙYÚ#Û ÜpØYÞ	ßQ� 1 L�N �  	ÿ�" � Ú � â�µ Z ÿ{â � Þ5R�Ü0Z è)E�á� µ Z ÿ�R � ù3÷ Î3Ï R " \^]6\^] (wazawaza) # � ö3÷ Î3Ï R "?�! a� (yokubaru) #�â

µ Z ÿ ù�U �
	aÚüâ�µ Z ÿ ú ØCÙYÚ#Û ÜpØYÞ	ß<â ü�Î È��òè D�$ L�N�PÂ_ �3& L�k C-ûü�Î à&á ù�` N�05�
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7.2.2 P�QSR%T�U�ÿ��%���%���
	S132`���
 Wÿ�" � Ú � ��P-0�N C�û�ü�Î à&á �65�7jL�N�05� � � ( 17 �!Ä��-	(

17:ØCÙYÚ#Û ÜpØYÞ	ß<âü�Î È��
ù3÷ Î3Ï (mau) ö3÷ Î3Ï (fyn)Å�-

(chuudoku) ñ,B (komagoma)

 	ÿ�" � Ú � â�µ Z ÿ/â � Þ���F��lä
�� Þ�ä
� ù�÷ Î�Ï ö3÷ Î3Ï µ Z ÿ{â � Þ
( à&á�À�Á ) 1 5�A ñ�B -5181.2

2
Å�- ñ�B -5190.9

3 ��ï�� ñ�B -5221.6

sh i ts u r

k o m a g

e

o

N

m a

×
13: à&á�À�ÁTâ� 	ÿ�" � Ú � â�µ Z ÿ

(
17 è × 13 â �Mú3� ù�÷ Î�Ï mau R " ÅE- (chuudoku) # � ö�÷ Î�Ï fyn R " ñ�B

(komagoma) # è ü�Î L � d�I�â�à&á�À�ÁTâ �Tù,U �
	
ÚBâ �Tù<ú�� ØCÙYÚ#Û ÜpØYÞ	ßQ� 1 L�N �  	ÿ�" � Ú � â�µ Z ÿ{â � Þ5R�Ü0Z è)E�á� µ Z ÿ�R � ù-÷ Î�Ï R "a5%A (shitsureN) # � ö�÷ Î�Ï R " ñ^B (komagoma) #�â�µ Z ÿù�U � � Úüâ�µ Z ÿ ú ØCÙ-Ú#ÛÝÜpØYÞWß<â ü�Î È��òè D�$ LON�P�icb �/C-û�ü�Î à�á��

5�7éL�N�05�
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7.3 PMC êìëéðòñ�íïî
PMC

� â�ð�ñ�E ÷	ø À�ÁÃ� ( 18 �!Ä���	
(

18: PMC
� â�à&á�À�Á

MFCC Diagonal

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 30% 24% 9%

mau+fyn 26% 48% 16%

mms+ftk 26% 26% 7%

mms+fyn 17% 33% 7%

Ô�Õ 25% 33% 10%

FBANK Diagonal

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 10% 10% 1%

mau+fyn 9% 15% 1%

mms+ftk 10% 10% 1%

mms+fyn 10% 20% 2%

Ô�Õ 10% 14% 1%

MELSPEC Diagonal

ù3÷ Î3Ï à&á�ú ö�÷ Î à&á�ú C�û�ü�Î à&á�ú
mau+ftk 10% 10% 1%

mau+fyn 11% 10% 1%

mms+ftk 10% 10% 1%

mms+fyn 10% 10% 1%

Ô�Õ 10% 10% 1%

÷Wø À�ÁÖFa_Ø×�Ù/â�Ú�è!R
ÛÑi1ï � .

1. PMC
� �
P0�N � Ü/fà	á�Ý3Þ�R%ß�à�á �q÷Yø@ú� MFCC Diagonal

ù-� Ô�Õ 10% â
Ý�Þ5R�ÛÑi1ï � 	

2. ö3÷ Î�Ï â,ø�G]R�ù�÷ Î3Ï FQ_ à&á�Ý�Þ�R�ß�0,f	â�R�9�0�	
3. MFCC è FBANK óQ�^à&á�Ý�Þ�Ræ/0�	
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7.3.1 PMC ÿ,�%��������	
������
PMC

� ��P-0�N C-û�ü�Î à�á��^ç��ÑLON�05� � � ( 19 �!Ä��-	(
19:ØCÙYÚ#Û ÜpØYÞ	ß<âü�Î È��

ù�÷ Î3Ï (mau) ö�÷ Î3Ï (fyn)d0e
(bouryoku) V�W (kiNbeN)

PMC
� â�µ Z ÿ{â � Þ ��F3�lä
�� Þ�ä
� ù�÷ Î�Ï ö3÷ Î3Ï µ Z ÿ{â � Þ

( à&á�À�Á ) 1
d0e V�W 761.1

2
d0e ñ�B 528.9

3
d0e �! Q� 470.9

b o u ry o

k i N b e

k u

N

f
14: à&á�À�ÁTâ PMC

� â�µ Z ÿ
(

19 è f 14 â � ú3� ù�÷ Î�Ï mau R " dSe (bouryoku) # � ö�÷ Î�Ï fyn R "=V�W
(kiNbeN) # è ü�Î L � d�I�â�à&á�À�ÁTâ �Tù,U �
	
Úqâ �<ù�ú
�
g�h6ikjml4g6n3o � 1 L6N � PMC

�!p µ Z ÿ p � Þ/R%Ü�Zrq!E�á � µ Zÿ,R � ù3÷ Î�Ï R " d!e (bouryoku) # � ö�÷ Î�Ï R "[V�W (kiNbeN) # p µ Z ÿ ù,U ��	
Ú p µ Z ÿ ú0g0hEisjtl`g�n�o�p�ü�Î È��Lq D�$ L�N�PÃ_ ��& L�k C-û-ü�Î
u
v<ù ` N
05��	
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7.3.2 PMC ÿ,�%��������	S1324���
PMC

� ��P-0�N C-û�ü�Î
u�v �65�7jLON�05� � � ( 20
�-(

21 �!Ä��-	(
20:g�hEisjwl`gEn�o�p

ü�Î È��
ù3÷ Î3Ï (mau) ö�÷ Î3Ï (fyn)

;<��� (kuwaeru) ^ ; (ashimoto)

PMC
�Sp µ Z ÿ p � Þ ��F3�yx
�� Þ�x
� ù�÷ Î�Ï ö3÷ Î3Ï µ Z ÿ p � Þ

(
u
v À�Á ) 1

Å�- 8
9�0 783.1

2
Å�- �! Q� 771.2

3
d0e 8
9�0 770.8

ch u u d o

k a w a i

k u

i

f
15:
u
v À�Á p PMC

��p µ Z ÿ
(

20 q f 15
p3�iú-� ù3÷ Î�Ï mau R "C;z��� (kuwaeru) # � ö�÷ Î�Ï fyn R " ^ ;

(ashimoto) #rq ü�Î L � d�I p3u
v À�Á pE�Tù,U �
	
Ú p6�<ù�ú
�
g�h6ikjml4g6n3o � 1 L6N � PMC

�!p µ Z ÿ p � Þ/R%Ü�Zrq!E�á � µ Zÿ�R � ù3÷ Î3Ï R " Å�- (chuudoku) # � ö�÷ Î3Ï R "a8
9�0 (kawaii) # p µ Z ÿ ù�U �
	
Ú p µ Z ÿ ú0g0hEisjtl`g�n�o�p�ü�Î È��Lq D�$ L�N�P�icb �,C-û�ü�Î�u
v �65�7éL�N
05��	
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(
21:g�hEisjwl`gEn�o�p

ü�Î È��
ù�÷ Î�Ï (mms) ö3÷ Î�Ï (ftk)d0e

(bouryoku) {
:�0 (tenugui)

PMC
�Sp µ Z ÿ p � Þ ��F3�yx
�� Þ�x
� ù�÷ Î�Ï ö3÷ Î3Ï µ Z ÿ p � Þ

(
u
v À�Á ) 1

d0e 8
9�0 795.1

2
Å�- {
:,0 768.2

3
d0e {
:,0 731.3

b o u ry o

k a w a i

k u

i

f
16:
u
v À�Á p PMC

��p µ Z ÿ
(

21 q f 16
pE��ú-� ù�÷ Î3Ï mms R " d0e (bouryoku) # � ö3÷ Î3Ï ftk R "[{�:�0

(tenugui) #rq ü�Î L � d�I p�u
v À�Á p��Tù�U �
	
Ú p6�<ù�ú
�
g�h6ikjml4g6n3o � 1 L6N � PMC

�!p µ Z ÿ p � Þ/R%Ü�Zrq!E�á � µ Zÿ�R � ù�÷ Î3Ï R " d!e (bouryoku) # � ö3÷ Î3Ï R "=8
9�0 (kawaii) # p µ Z ÿ ù�U �
	
Ú p µ Z ÿ ú0g0hEisjtl`g�n�o�p�ü�Î È��Lq D�$ L�N�P�icb �,C-û�ü�Î�u
v �65�7éL�N
05��	
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| }

8.1 ~�� �����^�k�k�L�
���%�z�0�����
�0�����
���^���������%�z�D�0�� y�S¡�hE¢s£w¤`¡E¥�¦,�)§¨ ª©��E«

¬ �!�
��S®��%�°¯D±4²0��³�´�µ0¶����S�z¯)·��!��¸
¹0º%�3»��!¼,½3¾�¿
3 À ��Á�¿ 1

ÀSÂ�Ã ��¸Ä
22
�)�
�0Å
Ær¯'Ç!�%¸

Ä
22:
�È��%�^É3�
�0�¾%¿0¶�¼0�
�0� Á�¿0¶�¼0�
�0� ³�´3µ0¶
�
�0�

mau+ftk 90% 86% 77%

mau+fyn 92% 95% 87%

mms+ftk 85% 85% 74%

mms+fyn 73% 96% 70%Ê
Ë
85% 91% 77%

Å�Æz��ÌÎÍ�ÏSÉ_ÐS�yÑ�Ò¨Ó�Ô��
.

1.
³�´3µ0¶
�
�0�SÉ Ê
Ë Ñ

77% ÂSÃSÕ ��¸
2.
�
���Ö���%�)�3�0Å�Æ°�×« ¬ ���%�'0®%�3��Å�Æ°�Ø�%�!�`�4�ª�Ø�
���Ö���%�y���
��Ñ6Ù`²�¸

3.
« ¬ ���%�y��� Â ÉEÚÛÌÜ�!É�Ý�Þ4½�¾�¿�¶�¼��%� ,

Á%¿�¶%¼������
,
³3´������`ß�à

�)á
50% â�ã4ÂSÃ � ( ä�å�æ MFCC Full)

¸
ç6�%�������! ª©%�Sè4�����_é�¤^ê��D� Õ � Õ)ä�ë ¯'ì�Ç¨ D�Eí�îSÉ3!®
���<ß�± Õ��¸S¹�º���»��0¼,½E¾%¿

4 ÀSÂSÃ �3¸Ä
23
�)�
�0Å
Ær¯'Ç!�%¸

Ä
23:
�È��%�^É3�
�0�¾%¿0¶�¼0�
�0� Á�¿0¶�¼0�
�0� ³�´3µ0¶
�
�0�

mau+ftk 98% 100% 98%

mau+fyn 95% 100% 95%

mms+ftk 92% 96% 90%

mms+fyn 94% 96% 92%Ê
Ë
95% 98% 94%
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8.2 ïÛð�ñ �,òNóN�`ôsõ
Ä
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�%ö4÷ Ä

25
��« ¬ �S�
�)�®������c�0���H��º%²0©�Ú!���^Ñ�ø�Ð Õ ���
�!Å�ÆÉEù�¯'Ç!��¸
Ä
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�ý�þ

(
¾%¿

/
Á�¿

) ÿ�� � (kuwaeru) ��� ² (tenugui)���%�^É3Å
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Æ ÿ�� � ( � ) ��� ² ( � )ý�þ
(
¾%¿

/
Á�¿

) 	�
�	�
 (wazawaza)
�Öç6¹�²

(sumanai)���%�^É3Å
Æ ��
(chuudoku)

�Öç6¹�²
( � )0È����!Å
Æ 	�
�	�
 ( � )

�Öç6¹�²
( � )

« ¬ Â ��� Â�� ��Ñ%�°�
��� Â ��� Â�� ¹�� Õ ��ß3É��%½��'¥3¦ ä
ë é%¤`ê������S¥
�ö!÷��!¥
Ñ��zçªÔ`� ä�ë�� ���!¥ a
¯ ��! ä�ë0Â Ú
����Ñ�øzÐ`Ì � �
²#"�$3Ñ�%�ÓØÔ!�3¸

Ä
25:
ù úû���%� Â �
���ü« �!Â Ú0�
�ý�þ

(
¾%¿

/
Á�¿

)
��&

(naiyou)
§�'

(taiaku)���%�^É3Å
Æ ��&
( � )

§�'
( � )0È����!Å
Æ (*)

(gaiyou)
§�'

( � )ý�þ
(
¾%¿

/
Á�¿

) +-, (bouryoku) .�/ ² (kawaii)���%�^É3Å
Æ +-, ( � ) .�/ ² ( � )0È����!Å
Æ 0 , (kouryoku) .�/ ² ( � )

�
��� Â ��� Â�� ��Ñ%� « ¬ Â ��� Â�� ��ù<�%½��3�3�Ö�'���L '��¥3¦ ä
ë é%¤`ê�1ÉSß%É�É32S¥�É3��¥0Ñ54�²�¹76��'² Õ �����_é�¤_êEÉ-8�94Ñ�:!²�ß�É Â Ú��
�`Ñ6ø�Ð_Ì
� �0²�"�$�Ñ3%�Ó�Ô���¸�ç����%¾%¿0¶�¼L�ªÁ�¿0¶�¼4É�¥�;�É3<4Ñ�= � ²!���`�E��>@?0É¥�¦`Ñ@A � ÈÛÌ)�7B@B Ú����`Ñ6øHÐ Õ ©�²`��ß�É�ß�%LÓ�Ô��
¸
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8.3 PMC CEDGFIHJ�K �×¥6¦%�3� Â ½�¥ML HMM
É#N�î5O#P�Q,¯R= � BÎ�S��Ð�� Â �Ø����S ã Ñ5$#T��S��¸ U�r '��V�WYX,��º[Z��

PMC æ ½��M\�]@Q�� N0î-O�P�Q_Ñ3^ ÿ  y�Eí!î��)§@_ Â`�©
²!¹3²0�%���
PMC æ ¯XÝ�a� c�bN�î@OMP�Q4Ñ�^ ÿ  '�6í�î_�D§�_!�`�0Ð!� Â �%�5S ãÑ�Ý!Þ��^� .5c ¿`Ñ Ã �`�ed � ©�²`�3¸ç6�%�5f!¢�É�V�Q ��gih ?4ßkj-l!�_�!ÐS� Â ����S ã Ñ�Ý!Þ��^� .5c ¿`Ñ Ã �`�ed �©�²^��¸
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9 m n o pV5W[X Â ½3�
¥%¦��
�4É�O5q Â-r�s ¹�t5u ÂSÃ ���S¡0hE¢s£t¤`¡�¥�¦��
�4É��
�0�SÉv-wH¯'± Õ �
¸E��� ��æ ��º%²0©4½%� Parallel Model Combination æ ¯�¡!h�¢ £ ¤^¡3¥¦����<�kx�_S�_�!ÐS��¯'ì@y¨ ª�
¾�¿0¶�¼L�cÁ
¿0¶�¼4É
2
¶
¼`Ñ�z�{3É�¥�¦ ä�ë ¯�³�´�)µ�¦� D�Eí�î,�E� ä 1

É-|5}`¡�h�~��[��¯��
�!�_�U\-�Ö¯R���L D�%¥�¦��
�<�%º�²�©
ä�å0æ � Parallel Model Combination æ �k|�����f!¢ æ É��
�0�Ö¯Rv�w¨ D��¸�%�!Å
Æz��ÌØÍ�Ï!É_ÐS�%¯ �0�� D�
¸

1. � ßD���3S ã Ñ��@� Õ ���6�_½�� ä%å�æ MFCC Full Â � Ê3Ë 56%
É�S ã Ñ�ÒHÓÎÔ��3¸

2. ��� f�����¤^ê
��º�²�©�� MFCC
�

FBANK
�

MELSPEC
É3� Â �
��S ã Ñ���²�¸

3.
|3����f0¢ æ ��º3²
©
� FBANK Diagonal

�
MELSPEC Diagonal Â ���5S ã ÑEÝÞ° D�
¸

4. PMC æ ½6�
��S ã ÑEÙ4²�¸
5.
�
���Ö��º�Z��y�����`½��D« ¬ ���%�D0®��3���×�%�S�`�4�ØÚÛÌÜ� Â 2 �
â�ã É���0� Â�Ã ��¸

�5� ½��
PMC æ ¯XÝ�a� Î�����!É�v�wz¯ª±��×¸�V�W*X^��º�Z�� PMC æ ½���\�]�Q°�N�î@OMP�Q4Ñ�^ ÿ  '�6í�î_�D§�_ Â�� ©
²!¹3²0�%�%� PMC æ ¯XÝ�a� c�bN�î@OMP�Q4Ñ�^

ÿ  y�Eí�î��y§�_S�^�!ÐS� Â �
��S ã Ñ�Ý0Þ��^� .5c ¿`Ñ Ã ��¸
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10 � �
� � �6��V�W*X^��º3²
©��-�5�Ö¯e� 	 Ì6ç! '�����
È�=���� c5���-  ��¡��
��� C

W
X5¢!É3£�¤ ¥ ¦�§S�©¨-T«ª�¬ 3¦�§S�#®°¯©±�«  � ��¹,Ó'÷!�6�5²³BcÉ���´@%H���-µ<¯�²!�@¶ � çS D�%����È-=@��� c��@��  ��¡��
� A

W[X�¢SÉ3·-¸ ¹[º �¦-§<�k»
¼ É�´z¯ Ä  �çy��¸
ç6�%��V5½H¯b¾@¿S�^��� Ã �HÌÁÀ�d<��ÂRÃ`©�²S�@¶%²!��Ä�Å0�@V�ÉMÆ�¼4É�?°{c������
C
WYX�¢SÉ�ÇS¹[ÂSç)É5²�=`¹!����È , �U» ¼ É3´r¯ Ä  �çD�%¸
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