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³À »ÈÐ

6£§$í
���d�� r�Û¼%7�\� e��#Q"f �&³F� ���©� V,�o� ��6 x÷&�¦ e����H Hidden Markov

Model(HMM)�Ér SX�Ò�¦ �̧4Sq�̀¦ l�ìøÍô�Ç �Ü¼�Ð	כ X<s�'�\� @/ô�Ç :�x>�%�o�\�¦ �<Æ_þvõ�

&ñ
Ü¼�Ð 
��¦ e����. ô�Ç²DG#Q ���5Åq Õüw��6£§\� @/ô�Ç 6£§$í
���d���Ér �¦wn� Õüw��6£§ ���d��õ���H

²ú�o� Ø�æì�rô�Ç �<Æ_þvX<s�'�ëß�Ü¼�Ð��H ëß�7á¤½+É ëß�ô�Ç ���õ�\�¦ ��4R�̧t� 3lwô�Ç��. s� �7Hë�H

\�"f��H ���5Åq Õüw��6£§ 6£§$í
���d��\� e��#Q"f q�5pw
�>� µ1Ï6£§÷&��H Õüw��6£§õ� °ú �Ér Õüw��\�

@/K� ���ª�
�>� µ1Ï6£§÷&��H Õüw��6£§\� @/K� HMM_� ô�Ç>�\�¦ ]jr�
��¦ Õª K����Õþ�Ü¼�Ð

Discriminant �<Æ_þv_� &h�6 x~½ÓZO��̀¦ ]jr�ô�Ç��. ���5Åq Õüw��6£§_� ���d�� r�Û¼%7��̀¦ ½̈�&³
�

��HX<e��#Q"f���d��Ò�¦±ú��ÉrÂÒì�r\� Discriminant�<Æ_þv�̀¦&h�6 x
�#����d��Ò�¦�̀¦@/;�¤�¾Ó

�©�r���� z�́+«>���õ�\�¦ ]jr�ô�Ç��.

V� 1 â�
 "�Òeµ

q�x9���� ñ, ½̈?/ ����o��� ñ ��1lx������õ� °ú �Ér r�Û¼%7�_� ½̈»¡¤\� e��#Q"f �9�Ãº&h���� ÂÒì�rs�

Õüw��6£§ ���d��s���. ¢̧ô�Ç, �¦wn� Õüw��6£§s� ����� ���5Åq Õüw��6£§_� ���d��r�Û¼%7�_� ½̈»¡¤s� ¹כ��9


���. s��Qô�Ç 6£§$í
���d�� r�Û¼%7��Ér 9\�YUÑ��(ç
 r�Û¼%7�, ÅÒd�� &ñ
�Ð 6£x²ú� r�Û¼%7�õ� °ú �Ér �FK

Ö6x"fq�Û¼\� F�g#3�0A
�>� ��6 x÷&�¦ e��Ü¼��, ���d��_� &ñ
SX��̧\� e��#Q"f ��f�� ú́§�Ér >h���s�

¦�&÷̈½¹כ e����.

ô�Ç²DG#Q Õüw��6£§ 6£§$í
_� �â
Äº, ���5Åq&h�Ü¼�Ð µ1Ï6£§
���� ��6£§]X����õ� °ú �Ér 6£§î�r�&³�©�s� ��

�����¦, :£¤y� Õüw��6£§_� �â
Äº��H µ1Ï6£§_� U�́s��� y��l� ²ú���"f 6£§$í
���d�� r�Û¼%7� ½̈»¡¤s� B�

Äº #Q�9î�r ¼#�s���.

HMM�Ér Bakerü< IBM_� ���½̈��[þt\� _�K� 6£§$í
���d��\� �̧{9��)a s�A� 6£§$í
���d�� ì�r��

\�"f ���©� $í
/BN&h���� ~½ÓZO�Ü¼�Ð î̈
��~ÃÎ�¦ e����H ~½ÓZO�s���. HMM�Ér SX�Ò�¦ �̧4Sq�̀¦ l�ìøÍÜ¼
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�Ð ô�Ç �<Æ_þv~½ÓZO�Ü¼�Ð J����_� r�çß�»¡¤ &ñ
½+Ë1px 6£§$í
\� &h�½+Ëô�Ç #��Q �©�&h�Ü¼�Ð ���K� V,�o� ��

6 x÷&�¦ e��Ü¼ 9, �&³F���t� ëß�[þt#Q��� 6£§$í
���d�� r�Û¼%7� ×�æ\�"f�̧ ���©� a%~�Ér ���d��Ò�¦�̀¦ ��

��?/�¦ e����.

HMM�Ér 6£§$í
��� ñ\�¦ Markov �©�I�\P�_� ��;s�õ�&ñ
\�"f µ1ÏÒqt
���H �Ü¼�Ð	כ �Ð��H SX�Ò�¦

�̧4Sq�̀¦l�ìøÍÜ¼�Ð
�#�6£§$í
X<s�'��ÐÂÒ'�ÆÒØ�¦�)a&ñ
�Ð\�¦:�x>��<Æ&h�Ü¼�Ð �̧4Sqa�A
���H·ú�

�¦o�7£§s���.��HA�_�6£§$í
���d��r�Û¼%7�[þt�Ér���5Åq6£§$í
�̀¦@/�©�Ü¼�Ð���d���̀¦Ãº'��
���H�â
Äº

�� @/ÂÒì�rs���. ����"f 6£§�èéß�0A_� �<Æ_þvõ� ���d�� r�Û¼%7�_� ½̈»¡¤s� ,�t�ëß&÷̈½¹כ s���Ér	כ

ú́§�Ér ���\O�õ� ���d��
���H X< >�íß� |¾Ós� ú́§�Ér éß�&h��̀¦ ��t��¦ e����.

W1 ��o� Õüw�� q�x9���� ñ, ½̈?/ ����o��� ñü< °ú s� z�́[j>�\�"f æ¼s�t�ëß� ����Ér #3�0A\�

"f s�6 x÷&��H ì�r��\� &h�6 x÷&��H 6£§$í
���d���Ér HMM�̀¦ s�6 xô�Ç çß�éß�ô�Ç r�Û¼%7�_� ½̈»¡¤Ü¼�Ð

Ø�æì�ry� ��6 x|̈c Ãº e����. Õª�Q��, HMM�Ér �<Æ_þv r�\� ú́§�Ér �<Æ_þvX<s�'�\�¦ ¹�Ðכ��9 
��¦,

q�5pwô�Ç 6£§$í
 ��� ñ\� @/K�"f��H ���d���̧ÀÓÖ�¦s� Z�}�Ér éß�&h��̀¦ ��t��¦ e����. �¦wn�éß�#Q ����o

6£§$í
\� @/K� HMM�̀¦ s�6 x
�l� 0AK� ¹ô�Çכ��9 �<Æ_þvX<s�'���H �ª�s� ÂÒ7á¤
���� ���d��Ò�¦s� ±ú�

��. z�́+«>�̀¦ :�xK� ¶ú�(R�Ð��� 1-46£§]X�_� éß�#Q @/K�"f��H ��� 70-100>h &ñ
�̧_� 6£§$í
 X<s�'�

Ãº|9�Ü¼�Ð 95%s��©�_� ���d��Ò�¦�̀¦ ��f���̀¦ ·ú� Ãº e����.

q�5pwô�Çµ1Ï6£§_�6£§$í
��� ñ\�@/ô�Ç%�o�, ú̧�6£§%�o�1px\�V,�o�æ¼s���H~½ÓZO��Ér Discrim-

inant�<Æ_þvs��� [1], [2]. ¢̧ô�Ç Discriminant�<Æ_þv�Ér&h��Ér�<Æ_þvX<s�'����9����&h�����o�����

d��, �o��SX���� ì�r��\��̧ V,�o� &h�6 x÷&#Q t��¦ e���� [5].

���5Åq Õüw��6£§_� µ1Ï6£§�̀¦ ú̧��� HMM�̀¦ s�6 xK� y��y�� �¦wn� Õüw��6£§Ü¼�Ð ���d��
��¦, ±ú��Ér

���d��Ò�¦�̀¦°ú���HÂÒì�r\�@/K�"f��H Discriminant�<Æ_þv�̀¦&h�6 xô�Ç�����,&h��Érq�6 xõ�>�íß�|¾Ó

Ü¼�Ð ò́õ�&h���� 6£§$í
���d�� r�Û¼%7��̀¦ ½̈»¡¤½+É Ãº e����.

V� 2 â�
 ø5��±�#a ¥o>¢4́ �äº��£�̧�+ ê�>ÐÏ�

���5Åq Õüw��6£§ ���d��\� e��#Q"f ú́§s� ��6 x÷&��H ~½ÓZO��Ér �¦wn�éß�#Q �̧4Sqõ� 6£§�èéß�0A�̧4Sq�̀¦

s�6 x
���H �.���s	כ �¦wn�éß�#Q�̧4Sq�Ér ‘_�Õ’, ‘\�’, ‘��h’, · · · õ� °ú s� Õüw��6£§ y��y���̀¦ ���d��éß�0A
�Ð �����H �,s� 9	כ 6£§�èéß�0A�̧4Sq�Ér ‘a�Õ’\� @/K� �-u-� õ� °ú s� [j ��t�_� 6£§�è\�¦ ���d��

éß�0A�Ð �����H �.���s	כ

6£§�èéß�0A �̧4Sq�̀¦ ��6 x½+É �â
Äº, ���d��#Q6f\� q��§&h� 1lqwn�&h���� ���d�� r�Û¼%7�s� |̈c Ãº

e��Ü¼ 9 ÆÒ��&h���� ���d���̧4Sq�̀¦ [O�&ñ
½+É M:\� �̧ 	�Hq�6 xs� \O�s� ��0px
���. Õª�Q��, ���d��r�

Û¼%7�_� ½̈»¡¤\� ú́§�Érq�6 xs9 &÷̈½¹כ�,�<Æ_þvX<s�'�\�@/ô�Ç&ñ
SX�ô�Ç segmentation�̀¦�9¹כ�
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�Ð 
��¦ e����.

s� �7Hë�H\�"f��H �¦wn�éß�#Q �̧4Sq�̀¦ l�ìøÍÜ¼�Ð 
��¦ e����. ����"f, �̧��H Õüw��6£§�̀¦ ���d��

éß�0A�Ð [O�&ñ
½+É ÷�rëß� ��m��� ô�Ç²DG#Q Õüw��6£§s� µ1Ï6£§\� e��#Q"f #��Q ��t� +þAI��Ð ���s���

÷&l� M:ë�H\� s��Qô�Ç µ1Ï6£§�̀¦ �̧¿º ���d��éß�0A�Ð [O�&ñ

��� ô�Ç��.

Õüw��6£§_� �â
Äº °ú �Ér Õüw��\� @/ô�Ç µ1Ï6£§s� Õüw��_� 0Au�\� ����, �o��_� µ1Ï6£§ _þv�'a\�

���� �� �ª�
�>� µ1Ï6£§�)a��. \V\�¦ [þt#Q,

• ‘_�Õ’_� �â
Äº, {9�ìøÍ&h�Ü¼�Ð��H ’{9�’�Ð µ1Ï6£§÷&��, ’¹¢¤’ ��6£§\� µ1Ï6£§|̈c �â
Äº, ’U�́’�Ð µ1Ï6£§

�)a��. ¢̧ô�Ç s� �â
Äº ’¹¢¤’_� �â
Äº�̧ ’Ä»’�Ð µ1Ï6£§÷&��H �â
�¾Ós� ú́§��. ’{9�’�Ér ’���’ +'\�

µ1Ï6£§|̈c �â
Äº ’x9�’�Ð µ1Ï6£§÷& 9, ’}9�’s��� ’{9�’ +'\� µ1Ï6£§|̈c �â
Äº\���H ’wn=’�Ð µ1Ï6£§�)a

��.

�¦wn�éß�#Q���d��_�l��:r�̀¦��ØÔ�����W1��t�y��y��\�@/ô�Ç�<Æ_þv�̀¦���'��
��¦,���d�����

õ�\�¦ �̧¿º ‘_�Õ’�Ð %�o�K��� 
�t�ëß�, ú́§�Ér �<Æ_þv X<s�'��� 
¹כ��9��¦, >�íß� |¾Ós� Zþt

#Qèß�����H &h�\�"f ��|ÃÐf��
�t� ·ú§��. ����"f ‘\�Õ’, ‘_�Õ’, ‘X�Õ’, ‘[�Õ’_� W1 ��t� �<Æ_þv��

«Ñ\�¦ ô�Ç�����\� s�6 xô�Ç HMM�<Æ_þv�̀¦ �¦�9K��� ô�Ç��.

• ‘\�’_� �â
Äº, ’\�’, ’X�’, ’U�’, ’Y�’ 1px ���ª�
�>� µ1Ï6£§÷& 9, :£¤y�, ’\�\�’ _� �â
Äºü< °ú 

s� °ú �Ér Õüw��6£§s� µ1Ï6£§|̈c �â
Äº, ’\�’ ���t� ’\�\�’ ���t� ���d��
���HX< #Q�9¹¡§s� Òqt|��

��.

• ‘��h’_� �â
Äº, ’��h’ ’��h’ ’��’ ’��’ ü< °ú s� µ1Ï6£§�)a��. s���H ‘��h’_� 0Au�\� ����, ·ú¡+'\�

�̧��H Õüw��6£§_� �â
Äº\� ���� µ1Ï6£§÷&��H �â
Äº\�¦ �̧¿º �í�<Êô�Ç �.���s	כ

ô�Ç²DG#Q Õüw��6£§_� �â
Äº q�5pwô�Ç µ1Ï6£§Ü¼�Ð ���K� ���d���̧ÀÓ\�¦ ����?/��H éß�#Q\� @/ô�Ç ���

d��z�́+«>�̀¦ ���'��
�%i��¦, Discriminant Learning�̀¦ :�xK� ���d��Ò�¦ �¾Ó�©��̀¦ SX����
�%i���.

z�́+«>���õ� s��Qô�Ç HMM�<Æ_þv��«Ñ\�¦ l�ìøÍÜ¼�Ð ô�Ç 6£§$í
���d�� r�Û¼%7��Ér ‘_�Õ’\� @/ô�Ç ��

�ª�ô�Ç µ1Ï6£§\� @/K� B�Äº Z�}�Ér ���d��Ò�¦�̀¦ ��f���̀¦ SX����
�%i���. Õª�Q�� ‘_�Õ’\� @/K� �-Áº �í

F�c&h�����<Æ_þvs�s�ÀÒ#Q4R ‘a�Õ’\�@/ô�Ç���d��Ò�¦$�
�\�¦�íA�
�%i���.7£¤, ‘a�Õ’\�@/ô�Çz�́+«>X<

s�'�[þts� ‘_�Õ’�Ð���d��÷&��H���õ�\�¦±ú¢��¤��.s��Qô�Ç���õ�\�@/ô�Ç>h���Õþ�Ü¼�Ð Discriminant

�<Æ_þv�̀¦ &h�6 x
�%i��¦, ‘a�Õ’\� @/ô�Ç ���d��Ò�¦_� �â
Äº F�c3lq½+Éëß�ô�Ç �¾Ó�©��̀¦ ��4RM®o��.

����"f, ���ª�
�>� µ1Ï6£§÷&��H Õüw��6£§s����̧ HMMõ� Discriminant �<Æ_þv�̀¦ s�6 xK� 
�

��_� �<Æ_þv��«Ñ�Ð ëß�[þt�¦, beam-search 1px_� ~½ÓZO��̀¦ æ¼��� Ø�æì�ry� Z�}�Ér ���d��Ò�¦�̀¦ �����

6£§$í
���d�� r�Û¼%7��̀¦ ½̈»¡¤½+É Ãº e����.
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V� 3 â�
 HMM£�· �̀Ë£� ø5� £�̧Å]�ê�>ÐÏ�

HMM�̀¦l�ìøÍÜ¼�Ðô�Ç6£§$í
���d��r�Û¼%7��ÉrÕª�ÃÌ�Z4ô�Ç���d��Ò�¦s�s�p����7£x÷&%3���.{9�ìøÍ&h�

Ü¼�Ð HMM�Ér N>h_��©�I�Ãº\�¦����� left-to-right �̧4Sq�Ð ½̈$í
÷& 9,�©�I�Z>��íl�SX�Ò�¦�̀¦

����?/��H Π = {πi : 1 ≤ i ≤ N}, �©�I� ���s� SX�Ò�¦ '��§>= A = {aij : 1 ≤ i, j ≤ N}, �©�I�Z>�
�'a¹1Ï SX�Ò�¦�̀¦ ����?/��H B = {bi : 1 ≤ i ≤ N}�̀¦ ½̈$í
 "é¶�è�Ð 
���H  7�'� λ = (Π, A,B)�Ð

�̧4Sq�̀¦ ³ð�&³ô�Ç��.

�:r �7Hë�H\�"f_� HMM �̧4Sq�Ér ��A�_� ÕªaË>õ� °ú s� >hZ>� Õüw��6£§ X<s�'�\� @/K� 3>h

¢̧��H 4>h_� �©�I� Ãº\�¦ ��t��¦, �©�I�Z>� ���s���H 2>h ëß� ��0pxô�Ç left-to-right �̧4Sq�Ð 
�%i�

��.

1 2 3 4
a12 a23 a34

a11 a22 a33 a44

'��§>= A��H ��6£§õ� °ú s� e��_��Ð ëß�[þt#Q r����ô�Ç��.



0.55 0.45 0 0

0 0.55 0.45 0

0 0 0.55 0.45

0 0 0 1




s�'��§>=�Ér viterbi·ú��¦o�1pu�̀¦s�6 x
�#�þj&h�_��©�I�����o\�¦����?/��H'��§>=�ÐÃº§4�ô�Ç��.

s� õ�&ñ
�̀¦ ¶ú�(R�Ð���

(1) �̧��H {9�§4� 7�'�[þt�̀¦ y�� ÒqtI�\� °ú �Ér Ãº�Ð C�&ñ
ô�Ç��.

(2) y�� �©�I�\� �̧���  7�'�[þt\� @/K� K-Means ·ú��¦o�1pu�̀¦ s�6 x
�#� ¿º >h_� cluster�Ð

��¾º�¦, y�� cluster\� e����H 6£§$í
 7�'�[þt_� î̈
ç�H 7�'� µijü< ì�ríß� 7�'� σij\�¦ ½̈ô�Ç��.

#�l�\�"f

µij = (µ1
ij , µ

2
ij , · · · , µ26

ij ), 1 ≤ j ≤ 5, i = 1, 2

: �©�I� qj_� cluster i\� \� e����H  7�'�[þt_� î̈
ç�H 7�'�

σij = (σ1
ij , σ

2
ij , · · · , σ26

ij ), 1 ≤ j ≤ 5, i = 1, 2
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: �©�I� qj_� cluster i\� \� e����H  7�'�[þt_� ì�ríß� 7�'�

ü< °ú �Ér 26	�"é¶  7�'�\�¦ �����·p��.

(3) �©�I� qj\�"f �'a8£¤ 7�'� xk\�¦ �'a¹1Ï
�>�|̈c SX�Ò�¦ bjk\�¦ ½̈ô�Ç��. bjk��H ���5Åq SX�Ò�¦x9��̧

�<ÊÃº\�¦ ��6 x
�#�

bjk =
2∑

i=1

Cji
1√

2π
26

σ1
jiσ

2
ji · · ·σ26

ji

exp

(
−1

2

26∏

s=1

(xs
k − µs

ji)
2

σs
ji

)

s�ü<°ú �Érõ�&ñ
�̀¦ìøÍ4�¤�<ÊÜ¼�Ð+�ÅÒ#Q���6£§$í
 7�'� X = (x1, x2, . . . , xTf
)\�@/K� Viterbi

·ú��¦o�7£§\� _�ô�Ç þj&h� �©�I�����o�� qq = (q0, q1, . . . , qTf
)����� maximum likelihood °úכ�Ér

L(X) =
∑

qq

πq0

Tf∏

t=1

aqt−1qtbqt(xt)

�Ð >�íß�ô�Ç��. #�l�\�"f bqt(xt)��H �©�I� j\�"f xt\�¦ �'a¹1Ï
�>� |̈c SX�Ò�¦�̀¦ ����?/ 9, �©�I�

Z>��Ð �̧��� 7�'�[þt�̀¦ clusteringô�ÇÊê, clusterZ>��Ð î̈
ç�Hõ�ì�ríß��̀¦s�6 xô�Ç&ñ
½©ì�r�í�Ð>�

íß��)a��. HMM�Ér �Ð:�x maximum likelihood °ú̀�כ¦ >�íß� �<ÊÜ¼�Ð+� 6£§$í
 J�����̀¦ ¹1Ô������H

:�x>�&h���� �̧4Sq�Ð :£¤fç
 t�Ö�¦ Ãº e����. Õª�Q�� HMM�Ér ú́§�Ér �<Æ_þv��«Ñ\�¦ ¹�Ðכ��9 ô�Ç����H

éß�&h��̀¦ t������.

V� 4 â�
 HMM£�· e�ð5�ø5� Discriminant Áþ�¢æ¹

Discriminant �<Æ_þv�Ér q�5pwô�Ç µ1Ï6£§ 1pxÜ¼�Ð ���d���̧ÀÓ_� ��0px$í
s� e����H ���Ér 6£§$í
�̧4Sq�̀¦

�<Êa� �¦�9
���H �<Æ_þvr�Û¼%7�Ü¼�Ð"f MCE(Minimum Classification Error)\�¦ l�ìøÍÜ¼�Ð ô�Ç

��. MCE\�¦ þj�è�Ð 
���H ~½Ó�¾ÓÜ¼�Ð HMM �<Æ_þv ���õ�\�¦ >h���r�v���H Discriminant �<Æ_þv

Ü¼�Ð

(1) �o��SX����, �o�����d��1px\� F�g#3�0A
�>� &h�6 x÷&�¦ e��Ü¼ 9,

(2) Ô�¦Ø�æì�rô�Ç �<Æ_þv��«Ñ\�¦ ��6 xô�Ç HMM�<Æ_þv���õ��Ð �íA�÷&��H ���d��Ò�¦ $�
�\�¦ >h���

�̀¦ l�@/½+É Ãº e����.

K>h_� HMM�<Æ_þv ��«Ñ\�¦ Λ = {λk, 1 ≤ K ≤}�Ð ³ðr�
��¦, y��y��_� 6£§$í
 J���� Xi

(1 ≤ i ≤ XT )��H K>h_� 6£§$í
 9þtA�Û¼ Ck, (1 ≤ k ≤ K) ×�æ 
���\� �í�<Ê�)a��. #�l�\�"f
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XT��H {9�§4� X<s�'�_� Ãº\�¦ �����·p��. HMM\� l�ìøÍô�Ç Discriminant �<Æ_þv�Ér Viterbi ·ú�

�¦o�7£§\� _�ô�Ç log likelihood_� °ú̀�כ¦ Discriminant �<ÊÃº�Ð ��6 xô�Ç��. HMM �<Æ_þv_� >h

����Ér GPD(Generalized Probabilistic Descent)~½ÓZO��̀¦��6 x
�#�ìøÍ4�¤&h�Ü¼�Ð MCE\�¦þj

�è�or�v���H �<Æ_þv���õ�\�¦ ëß�[þt#Q�·p��.

HMM\� l�ìøÍô�Ç GPD��H ��6£§õ� °ú �Ér [j ��t� �<ÊÃº\�¦ ½̈$í
¹�è�Ðכ ô�Ç��.

(a) Discriminant Áþ�ÊÁ gk(Xi; Λ) : 6£§$í
 J���� Xi�� 9þtA�Û¼ Ck\� @/ô�Ç HMM likeli-

hood °úכ

gk(Xi; Λ) = log [Lk(Xi)]

�̀¦ Discriminant �<ÊÃº�Ð ��6 xô�Ç��. ����"f 6£§$í
 J����Xi��H Viterbi ·ú��¦o�7£§\� _�

ô�Ç likelihood °úכs� þj@/��� 9þtA�Û¼ Ck\� 5Åq
���H �Ü¼�Ð	כ ���d���)a��.

Xi ∈ Cj if gj(Xi; Λ) = max
k

gk(Xi; Λ)

(b) Misclassification Measure dk(Xi; Λ) :

dk(Xi; Λ) = −gk(Xi; Λ) + Gk(Xi; Λ)

#�l�\�"f Gk(Xi; Λ)��H 9þtA�Û¼ Ck\� [þt#Q���� ½+É {9�§4�X<s�'� Xi�� ���Ér 9þtA�Û¼

\�[þt#Q����H �̧��H�â
Äº\�¦_�p�
� 9��6£§õ�°ú s����Ér9þtA�Û¼[þt_� likelihood°úכ[þt

_� l�
�î̈
ç�H_� log°úכÜ¼�Ð >�íß�ô�Ç��.

Gk(Xi; Λ) = log


 1

K − 1

∑

i,j 6=k

exp [ηgj(Xi; Λ)]




1/η

.

{9�ìøÍ&h�Ü¼�Ð η = 1�Ð Z�~��H��. dk(Xi; Λ)_� &ñ
_��ÐÂÒ'� {9�§4� X<s�'� Xk�� �̀¦��ØÔ

>� ���d��÷&%3������ dk_� °úכs� 6£§_� °ú̀�כ¦, ú̧�3lw ���d���)a �â
Äº��H �ª�_� °ú̀�כ¦ ��f���̀¦ ·ú�

Ãº e����.

(c) LossÁþ�ÊÁ lk(Xi; Λ) : GPD~½ÓZO��Érp�ì�r�̀¦s�6 xK�����p�'� Λ\�¦ìøÍ4�¤&h�Ü¼�Ð�Ð&ñ


K�����H ~½ÓZO�s���. ����"f Loss �<ÊÃº��H ��6£§õ� °ú s� 0-1��s�_� °ú̀�כ¦ °ú���H sigmoid

�<ÊÃº�Ð &ñ
_��)a��. s� sigmoid �<ÊÃº��H éß��̧7£x��s� 9 p�ì�r��0pxô�Ç �<ÊÃºs���.

lk(Xi; Λ) = `(dk) =
1

1 + exp[−a(dk + b)]
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#�l�\�"f a(> 0)��H �©�Ãºs��¦, dk + b ÂÒ��H\�"f sigmoid �<ÊÃº_� l�Ö�¦l�\�¦ �����·p

��. ¢̧ô�Ç &h�{©�ô�Ç b°úכ_� [O�&ñ
�Ér sigmoid �<ÊÃº_� p�ì�r °úכs� 0�̀¦ °ú�>� ÷&��H �¦̀�	כ ~½Ó

t�K� ����p�'� Λ_� ����o\�¦ ��0px
�>� ô�Ç��. {9�ìøÍ&h�Ü¼�Ð, GPD\� _�ô�Ç ����p�'�

Λ_� ����o��H misclassification measure dk_� °úכs� −b_� ��H%�\� e���̀¦ M:, ���&ñ
&h�Ü¼

�Ð {9�#Q��>� �)a��. ����"f ò́Ö�¦&h���� GPD ·ú��¦o�7£§�̀¦ ½̈�&³
�l� 0AK�"f��H

b = dmin = − max
1≤i≤XT ,1≤k≤K

[−dk(Xi; Λ)] χ(Xi ∈ Cl)

�Ð [O�&ñ

���H ��s	כ a%~��. s� M:, χ��H ��6£§õ� °ú s� &ñ
_��)a��.

χ(W ) =





1, W�� �ÃÐ{9� M:,

0, W�� ��f±	{9� M:.

s�ü< °ú �Ér [j ��t� ½̈$í
¦�\¹�èכ ����� GPD~½ÓZO�\� _�K�

Λt+1 = Λt − εt∇`(Xt, Λ) |Λ=Λt

\�¦ ���� Ãº§4�
���H ����p�'� Λ\�¦ ½̈
���H �Ü¼�Ð"f	כ ���²DG, GPD\� _�ô�Ç Discriminant �<Æ

_þv�Ér ��6£§õ� °ú �Ér î̈
ç�H�̧	�Ö�¦(everage error rate)�̀¦ þj�è�Ð 
���H ����p�'� Λ\�¦ ¹1Ô����

��H ~½ÓZO�s���.

L(Λ) =
1
N

XT∑

i=1

K∑

k=1

lk(Xi; Λ)χ(Xi ∈ Ck).

#�l�\�"f εt�Ér B�Äº ����Ér Ãº�Ð"f s� �7Hë�H_� z�́+«>\�"f��H εt = 1− t/75\�¦ ��6 x
�%i���.

9þtA�Û¼ Cj , (1 ≤ j ≤ K)_� HMM ����p�'�\� @/ô�Ç p�ì�r ∇lk(X; λ)��H

∇Λj lk(X; λ) =
∂`k

∂dk

∂dk

∂gj
· ∇Λj [gj(X; Λ)]

�Ð Ä»�̧÷& 9, y��y��_� ¼#�p�ì�r�Ér

∂`k

∂dk
= a · `k(1− `k), (1)

∂dk

∂gj
=




−1 j = k{9� M:,

exp[ηgj(X,Λ)P
n,n6=k exp[ηgn(X,Λ)] j 6= k{9� M:
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s���. HMM ����p�'�\� @/ô�Ç ∇Λj [gj(X; Λ)]��H 9þtA�Û¼ j\�"f ���s�SX�Ò�¦ '��§>=_� "é¶�è

aqt,qt+1 , 1 ≤ t ≤ N\�@/ô�Ç¼#�p�ì�rõ��©�I�Z>��'a¹1ÏSX�Ò�¦ bq(X)_�>�íß�\��9¹כ�ô�Ç î̈
ç�H(µ),

ì�ríß�(σ), cluster >�Ãº c@/ô�Ç ¼#�p�ì�rÜ¼�Ð ����èß��� [2], [5].

d�� (1)\�"f dk�� b\�"f �̧�FKëß� b��#Q4R e��#Q�̧ ∂`k
∂dk
_� °úכ�Ér exp �<ÊÃº_� :£¤$í
Ü¼�Ð ���

K� 0\� ����î�r °ú̀�כ¦ °ú�>��)a��. ����"f b°ú̀�כ¦ [O�&ñ

�>� ô�Ç {9�§4� X<s�'� Xü< �FGy� ]jô�Ç

�)aÃº_�{9�§4�X<s�'�\�¦]jü@
��¦��H GPD\�_�ô�Ç����p�'��Ð&ñ
\�%ò
�¾Ó�̀¦ÅÒt�3lwô�Ç��.

V� 5 â�
 ��
��@ ��� Úr
ø�

ô�Ç²DG#Q ���5Åq Õüw��6£§ 6£§$í
���d�� z�́+«>�̀¦ 0AK� 1000#�"î
_� �o���� ‘_�Õ’, ‘\�’, · · · , ‘��’, ‘+hÙ’,

‘Îáº’_� Õüw��6£§Ü¼�Ð s�ÀÒ#Q��� ���5Åq Õüw��6£§�̀¦ ����o\�¦ :�xK� µ1Ï6£§
�>� 
�#� �<Æ_þv X<s�'��Ð

��6 x
�%i���. ���d�� éß�0A��H ��6£§õ� °ú s�

_�Õ, [�Õ, X�Õ, \�Õ, \�, X�, U�, Y�, ��h, ��h, ��, ��, | , x¤,

u�, y , Õkæ, Ñ�æ, �£, �§, a�Õ, �̂, ��, Â�g, ��, Îáº, Üכº, +hÙ, �dÙ

�̧��H Õüw��6£§ µ1Ï6£§õ� Õª Õüw��6£§s� µ1Ï6£§ 0Au�, 6£§î�r�&³�©�\� ���� ����o�)a µ1Ï6£§�̀¦ �̧¿º ���

d��éß�0A�Ð [O�&ñ

�%i���. ���d�� z�́+«>�̀¦ 0Aô�Ç X<s�'���H °ú �Ér Õüw��6£§�̀¦ 100���s� ����o�Ð µ1Ï

6£§ô�Ç �¦̀�	כ ��6 x
�%i���. 6£§$í
 ���d��\� ¹ô�Çכ��9 feature��H 15msec_� ½̈çß�Ü¼�Ð ú̧��� 12-	�

"é¶ cepstrumõ� power, 12-	�"é¶ delta-cepstrumõ� power_� 26 	�"é¶  7�'��Ð ÆÒØ�¦
�%i� ��.

y�� Õüw��6£§\� @/K�"f ‘_�Õ’, ‘��h’õ� °ú s� ~ÃÎgË>s� e����H Õüw��6£§�Ér 4>h_� �©�I�\�¦ ����� �̧

4Sq�Ð, ‘\�’, ‘| ’ü< °ú s� ~ÃÎgË>s� \O���H Õüw��6£§�Ér 3>h_� �©�I�\�¦ ����� �̧4Sq�Ð [O�&ñ

�%i���.

k-means ·ú��¦o�7£§[3]�̀¦ s�6 x
�#� �©�I�Z>��Ð cluster_� Ãº��H �̧¿º 3>h�Ð 
�%i�Ü¼ 9, HMM

�̧4Sq�Ér���5Åq+þA left-to-right �̧4Sq�Ð[O�&ñ

�%i���. covariance matrix�Ð��H diagonal+þA�̀¦G�

6 x
�%i���.

z�́+«>���õ� HMM ·ú��¦o�7£§_� ò́Ö�¦$í
s� Ø�æì�ry� ×¼�Q�� �¦wn� Õüw��6£§_� �â
Äº �̧¿º

95%s��©�_� Z�}�Ér ���d��Ò�¦�̀¦ ����?/%3���. Õª�Q��, ���5Åq Õüw��6£§_� �â
Äº\���H ‘a�Õ’_� ���d��Ò�¦

s� B�Äº $��̧
�%i���. µ1Ï6£§s� q�5pwô�Ç ‘_�Õ’, ‘\�’, ‘a�Õ’[j Õüw��6£§\� ²DGô�Çô�Ç ���d��Ò�¦�Ér ��6£§

³ð1õ� °ú ��.

Õüw��6£§ ‘_�Õ’ ‘\�’ ‘a�Õ’

z�́+«> X<s�'�_� Ãº 56 56 56

���d��Ò�¦ 100% 100% 78.57%
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[�¡1] : HMMÕlé Jº%ÕxíU[� Ô�ì��¢²· ôcÓ*�Ò��é.

³ð1\�"fü< °ú s� ‘a�Õ’\� @/ô�Ç ���d��Ò�¦s� $��̧ô�Ç ��Ér	כ ‘a�Õ’_� µ1Ï6£§s� ‘_�Õ’�Ð ���d��÷&�¦

e��l� M:ë�Hs���. s���H ‘_�Õ’\� @/ô�Ç HMM �<Æ_þvs� ‘_�Õ’, ‘\�Õ’, ‘X�Õ’, ‘\�Õ’�̀¦ �í�<Ê
��̧2�¤ B�Äº

;�¤V,�>� s�ÀÒ#Q&��l� M:ë�Hs��� Òqty���)a��.

‘a�Õ’\� @/ô�Ç ±ú��Ér ���d��Ò�¦�̀¦ Z�}s�l� 0AK� Discriminant �<Æ_þv�̀¦ s�6 x
�%i���. Discrim-

inant �<Æ_þv\� ��6 xô�Ç X<s�'���H ‘_�Õ’�Ð ���d��÷&��H ‘a�Õ’_� µ1Ï6£§ ��î�rX< dk_� °úכs� ����¦(s�

��H ¿º µ1Ï6£§s� q�5pw
�#� Maximum likelihood °úכ_� 	�s��� ���>� ����z���̀¦ _�p�), �̧��H

‘a�Õ’\� @/ô�Ç 6£§$í
s� °ú���H Maximum likelihood °úכ_� î̈
ç�H\� ����î�r �¦̀�	כ 2>h &ñ
�̧�Ð Ø�æ

ì�r
�%i���. Discriminant �<Æ_þv�̀¦ s�6 xô�Ç HMM ����p�'�_� �Ð&ñ
�̀¦ ��6 x
�#� ��r� ���d��

Ò�¦�̀¦ z�́+«>ô�Ç ���õ���H ��6£§ ³ð2ü< °ú ��.

Õüw��6£§ ‘_�Õ’ ‘\�’ ‘a�Õ’

z�́+«> X<s�'�_� Ãº 56 56 56

���d��Ò�¦ 100% 100% 98.21%

[�¡2] : Discriminant �É��lëÕlé Jº%ÕxíU[� Ô�ì��¢²· ôcÓ*�Ò��é.

z�́+«> ���õ� ‘a�Õ’\� @/ô�Ç ���d��Ò�¦�Ér ��� 20%�¾Ó�©��)a �Ü¼�Ð	כ ����z�¤��.

���5Åq Õüw��6£§_� ���d���Ér c��"fu� ·ú��¦o�7£§�̀¦ s�6 x
�%i���. s���H r�çß�_� ����o\� ����

HMM �©�I�_� ���s� ÷�r ��m��� y��y��_� r�çß�\�"f ���Ér Õüw��6£§Ü¼�Ð_� ���s�\�¦ �<Êa� �¦�9


���H ~½ÓZO�Ü¼�Ð 6£§$í
���d��\� e��#Q ���©� V,�o� æ¼s���H ~½ÓZO�s���. ¿º ��o� Õüw��6£§\� @/ô�Ç

���d���Ér 'Í	 ���P: Õüw��6£§_� ���d��\� s�#Q ¿º ���P: Õüw��6£§_� ���d���̀¦ ������
�#� Maximum

likelihood _� °úכs� ���©� ���õ�\�¦ Ø�¦§4��<ÊÜ¼�Ð+� ��0px
���.

Õüw��6£§ ‘_�Õ’s� +'\� µ1Ï6£§÷&��H �â
Äº, ·ú¡\� µ1Ï6£§�)a Õüw��6£§\� ���� ‘\�Õ’, ‘[�Õ’, ‘X�Õ’, ‘_�Õ’

1px_� W1 ��t��Ð µ1Ï6£§s� ÷& 9, s���Ér	כ ‘Y�’, ‘X�’, ‘U�’, ‘\�’ 1px_� W1 ��t��Ð µ1Ï6£§÷&��H ‘\�’

ü< ���d��_� �D¥êøÍ�̀¦ ��4R�̀¦ �Ü¼�Ð	כ \V�©�
�%i���. Õª�Q��, z�́]j ���d��\� e��#Q"f��H {9�_� ��

�ª�ô�Ç µ1Ï6£§s� �̧y��9 ‘a�Õ’õ� �D¥êøÍ�̀¦ ��4RM®o��. s��Ð ���ô�Ç ���d��Ò�¦_� $�
���H Discriminant

�<Æ_þvÜ¼�ÐØ�æì�ry�K����
�%i���. ¢̧ô�Ç ‘��h’õ���’_��â
Äº��H�¦wn�Õüw��6£§\�@/K�"f��H HMM

�<Æ_þvÜ¼�Ð Ø�æì�ry� Z�}�Ér ���d��Ò�¦�̀¦ ����?/t�ëß� ¿º Õüw��6£§s� ¿º ��o� ���5Åq Õüw��6£§_� ·ú¡ 6£§

]X�\� µ1Ï6£§�)a �â
Äº\� ���d��_� �D¥êøÍ�̀¦ ��4R�:r��. \V\�¦ [þt#Q 35ü< 45_� �â
Äº��H y��y�� ‘��h| ’



16 ô�Ç ë�H $í


ü< ‘��| ’�Ð µ1Ï6£§÷&#Q ���d��\� e��#Q ë�H]j�� \O�t�ëß� 32 ü< 42 _� �â
Äº��H ‘��Y�ü< ‘��\�’�Ð

µ1Ï6£§÷&#Q ���d��\� e��#Q �D¥êøÍ�̀¦ ��4R�:r��. s�\� @/ô�Ç K����Õþ�Ü¼�Ð�̧ Discriminant �<Æ_þvs�

]jr�|̈c Ãº e��Ü¼ 9 z�́+«>���õ� ���d��Ò�¦_� �¾Ó�©��̀¦ ��4RM®o��. 31, 32, 35 1pxõ� °ú s� ‘��h’_� µ1Ï

6£§s� ‘��’ü< q�5pw
�>� µ1Ï6£§÷&��H z�́+«>��«Ñ\� @/K� Õüw��6£§ ‘��h’\� @/K� ��6£§õ� °ú �Ér ���d��

Ò�¦ �¾Ó�©��̀¦ �Ð%i���.

‘��h’ HMM �<Æ_þv���õ� Discriminant �<Æ_þv���õ�

31 78.4% 86.8%

32 80.2% 85.7%

35 71.2% 81.8%

[�¡3] : ô�ÓÔÁæ Ô�ì��¢²· ‘��h’4É ôcÓ*�Ò��é �¶¢�Ék

s� z�́+«>�̀¦ :�xK� HMM �<Æ_þv_� ÄºÃºô�Ç ���d��Ò�¦�̀¦ SX����
�%i�Ü¼ 9, HMM �<Æ_þvÜ¼�Ð ���

d��Ò�¦s�±ú��Ér�â
Äº,7£¤q�5pwô�Çµ1Ï6£§Ü¼�Ð���K����d��Ò�¦_�$�
�������������,�íF�c&h�����<Æ

_þvÜ¼�Ð ���
�#� ���d��Ò�¦s� ±ú��Ér �â
Äº\� Discriminant �<Æ_þvÜ¼�Ð B�Äº Z�}�Ér ���d��Ò�¦_� �¾Ó�©�

�̀¦ ��4R�̀¦ Ãº e��%3���.

¢̧ô�Ç, HMM �<Æ_þv�̀¦ 0AK�"f��H Ø�æì�rô�Ç �ª�_� �<Æ_þv X<s�'��� ,>¹ô�ÇXכ��9 0A_� �¦wn� Õüw

��6£§_� �â
Äº &h��Ér Ãº_� X<s�'�\�¦ ��6 xÙþ¡�̀¦ �â
Äº, ���d��Ò�¦s� ±ú���. s�\� @/ô�Ç K����Õþ�Ü¼

�Ð Discriminant �<Æ_þvs� &h�6 x|̈c Ãº e��Ü¼ 9, z�́+«>�̀¦ :�xK� s� �â
Äº\��̧ Z�}�Ér ���d��Ò�¦ �¾Ó�©�

�̀¦ ��4RM®o��.
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