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Speech recognition of unregistered expressions
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Abstract Aiming at speech recognition with arbitrary OOV expressions, speech recognition experiments

were carried out using speech with OOV expressions consisting of multiple words. For a TV program

retrieval task, a hierarchical language model was newly composed using conventional word class N-grams as

an upper layered model and two lower layered models consisting of word N-grams for an OOV expressions

(TV program names) and a statistical phonotactic word-structure model for OOV words of another class

(personal name). Speech recognition experiment results showed reasonable performance of word N-grams

for OOV expressions and no serious interference between two OOV models, which confirms the availability

of a hierarchical OOV model with word-level statistics.
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?x¶
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N-gramù�����������ÏóÌô ù��� û�� ý���������óÌô� ��!�"�#�$�%�&��('���)Ãò*,+Ìù!�"�#�-(��.�/ ö
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2 H ABIJ�K H �?�����E	<
ML ù(N�O ýP�Q��SR(T��VU�Q ù

WYX[Z]\ ^[^_\ ^`Z acb d[efeg\ acb d[efeih acb d[efegj kl^nm]\ ^nZ
opq�rst�u vwxzy{}||~ ���z��g��� ����������

� Wl� � � ��� � kY�
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3 �(�(���=��(�(� 2-gram  (¡(¢
£�¤ 7�¥�¦�§ H ����I ò*V¨�©�7�ª��«�¬��.�/ ö÷�ø H¯® ���E�D+åù�óåôE E�E!�"E# ý¯°E±EI ò¯*
3.2 ²´³´µ·¶�¸´¹»ºîíèï ð¼�½ ù�óÃô�¾�¿= ����' ò�À(Á�Â�Ã»ù¥�¦�§�ÄÌôÅ�Æ ���Ç�2-È��G

3 H A�I J�K H óÌôþöÌ÷%ø 2-gramý±�)��*,+Ãù!�"�#�7��VÉ�Ê�Ë���Ì�Ê�Ë H�Í )�Î�Ï óÌô�$�Ã�'¸òÐ�Ñ�$¸ñÃò$���Ì�Ê�Ë ù�ó ô�-ÉÊ�Ë ù(Ò�'<�-(Ó K ªÃù2������Ô�Õ<����)Ãò4*�Ö��× G�RÌùÙØ_Ú�Û�Ü��) K óÌô�-��É�Ê�Ë<��Ì�Ê�Ë HÍ )È��Ò�'�Ý�'�ÞS1�ß��Èà�á�â¸ýÈã�ä�*V+ÌùÈå�æ?-4�ÀÁ�Â�Ã¸ù�óÃô�ç�èÌû���$���é�ê¸ù(ë�ì<�-4Þ�1Ãò+D� HEí ¾�1D¿¯1E)¯*
4 îðïðñðòðóðôõ Ë�>�ÄÃô�!�"�#¸ý¯ö�±<�����V.�/�÷øÀÁ�Â�Ã ö
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!�"�#�> H J òû�ü���� ù(É��¸ý���� ò����2�2¿�'ò!�"�#��iÉ���!�"�#�� Í J	��
�� ù õ Ë�>�ÄÃô�!"�# H J� «�¬�Ãô���å»ý	�<��!?"�# � 
�� !�"#��úù
3 ��� ý	������*V%�&�!�"�#�-(.�/¸öÃ÷�øý!�	Ì÷�ó�ÊÌóÌô� ���!?"�#��,ÀÁ�Â?Ã öÃ÷�ø¸ý&ó

ô öå÷�ø
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7E!E"������D�¯� õ ËE>EÄåôE!�"# H J ß(�� ?���' ò(*�É���!�"�#2-	��� ù�ó ô ý���ÃóÌô<����
1
Ë� �� ù(ÄÃô�!�"�#�7 ñ � ��«�¬Ãô�$�û�ü���� H	��� ý ����1�)���!�,+�+7���"I ò«�¬�Ãô?!�"�#¸ù(����É��¸ý(A�I�ªÃù��#�2��¿' ò* 
�� !�"�#2-(.�/ öÃ÷�ø��SÀ(Á�Â�Ã¸öÌ÷�ø ý

óÃô ù(Û�$ � H !�	Ì÷&ó�Ê¸ý±2)���ó ô� ���!�"�#7 ®�% I ò¯� 
�� ù õ ËE>EÄåôE!E"E#�7 ñåò¯*
4.1 &('*),+õ Ë�>?ÄÃô�!?"�# H�Í )(��Ì�Ê?Ë ý(ã�ä 2

ä¸ù¬Ãô öÌ÷�ø<�������.-¸ù
2
ä ý�/�±<��*10

1
-./¸ö ÷�ø �32=¨?.�/¸ö ÷&ø�4�5�6?.�/¸öÌ÷&ø � ��0

2-¯«E¬EDÀ¯ÁEÂEÃ<�E� �
TV 7�8 / öå÷�øE7 ñåò¯*Ô�Õ�"2	�9����=���F.�/�:<;&ø>=�?�	�@Ãø J<� ÀÁ�A�/

39340 B � TV 7�8 /�:C;�ø>=�?�	�@åø J�
TV 7�8 12185 B ý¯±�)E�¯*
4.2 é(DFE.G(H çîíèï ð

3 ��� ùÄåôE!E"E#D-JIEÌ ù JEK HJK � �¯�¯*
• L�MCNJO�P.,/èöÒ÷�øèý�óÔôB ,�,!B"�#B�

TV 7Q8 / öÔ÷ø¸ý¯óÌôþöÌ÷¯ø
2-gram

7�!�"R���.�2�4� õ Ë�>ÄÒôB!E",#E*EÌBÊEËC-¯ÉB� ùS:C;ÏøT=U?B	J@ÒøJ� Ô?Õ<�(��ªÌù7?�¯.�/ ö ÷�ø2-
3330 V ù	WXCY = � !D	å÷ Í JJ� Ò ùJZEÑ �¯�Eªåù � � TV

7�8 /»öÃ÷�ø�- 8030
óÌô �iç�ZÃó ô ý	[�\��ÒýãEäE*

• ]�^�NJO�P�,� ùÏóÒôèýS�_�Ôô»�,�F�F�
1
Ë� _�,¾»¿F1ÔòÄÃô�!?"�#�* 7�8�`�a Â�Ã 3670
ë H�Í )�?Ô�Õ��� óÒô öÔ÷Ïø

2-gram[4] H �Eý�þB7,±�)B��ùú,"�	_9 H ÃB' òF.,/,� TV 7Q8 / ý � �B�,ªùF7 ñåò�*�%,&B!E"B#�b � H 
�� !B"E# H ±C)ò õ ËE>,ÄåôB!E"B# ùFÉEÊBË -¯�D+Òù¯É_�E!B"#2R ù.�/ ÷
TV 7�8 /»ý(Ò�'?Ý�' ù¯óÌô¸öÌ÷&øHJc�d �¯�Eªåù��¯1Eß¯�D)åò¯*

• e�fCNJO�P.,/èöÒ÷�ø��
TV 7Q8 / öÒ÷Ïø ýVÒB',Ý,'ÒóÔô

 ��?!�"�#�7?!�"g�������4� õ Ë�>?ÄÃô�!?"�#�*ÌBÊEËC-¯É,� ùS:C;�øh=i?E	S@åø JC� ÔEÕ �¯�ªÒù¯7B��.B/ÔóåôB E�B!E"B#C-¯%,&E!B"E# � ÎÏ ªÃù(�
TV 7�8 / öå÷&ø�- 3255 V ù	W XCY =ý¯ãEäE*

4.3 j(k(l,mÉ�� ù(ÄÃô�!�"�#¸ý±�)��ù�ú�û�ü�ýEþ ý(ÿ�1�ß�¯*�n�oE±EùEúE"C	�9 H -¯� TV 7�8�`�a ÂBÃ 100ëþý p.q
7
.1r?ä�sut4Éwv?�Èù�ú�� ¦

1400
ëþýÈ±2)�È*F+õù :õø,=yx Y = H -È� 359 V ùÈ.?/ � 209 V ù

TV 7�8 /E$�[z¯'�� Í � ��+¯' ¿(-¯ÉE� ù¯«E¬�ô öÃ÷¯ø�Ô�Õ�±�:<;�ø{=#?�		@ ø�¾�¿(-	|�5<�=�2)
ò¯*EùEú ùJ}�~�� B -¯�C���C�J���J��� ½ 12kHz

�
��� 	��_�

20ms
� �C� 	��_�_�

10ms
�,� �åûÒü6 �E� �

MFCC12
-��C�¯Ò ù"E#C9 Í JJ� "E#C9@��?	Ãù¦
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-��¸ý±�)��(*¯ù � !�"?#�- 1400

£¤
5 � Ñ HMnet model based on ML-SSS[5]

�E"
?�	��?-

ATRASR[6][7]
ý4±�)��*���		�����FÄÃô

ø?����t�1��������#�:<�?-�V ��<��ÄÌô�!�"#�Ò�'?Ý�' H�Í )(�ÃóÌô�����8?9�$���� H 1Ãò J�KHJ��� �¯�*
5 �F�  ¢¡¤£Â

1 H �ÏóÌô���¥ H ä2)(��¦�§<�4��óÃô�û�ü?á ýA�IV*S+�+¯7�� õ ËE>�ÄÌô�!�"�# HJ¨ ����-��«�¬õô»ùÈû�ü.Z�©�-4�S����	 
 � !�	 ÷?ªS��;È-¯óõô �7ª	«2�' ò���!(������¬�§��®�$�¯�°�7¸ñÌò*�++7�-(�ÔöÃ÷�ø�3�5 �i.�/ öÃ÷¯ø�¾
TV 7�8 / öÃ÷ø�¾��V$�����; ��ë2RÃù	�<�)(Ê cDH ªÃ<�=��)ÃòÐ�Ñ H ���<����(*�Â 1

ý	± ò2��� 
�� !�"�# H �² �E%E&B!E"E# ù�óåô
correct

�
accuracy

ù¯âE$BÒ'BÝE'
10 ³Q´ �µ=·¶B9EÉ_¸ � � Í � �EÉ_�E!B"E#H	¹ è��� ½ â ý2�(ß(�2)Ãò*�+Ãù	Z�©�¾<¿���ÀÁÂ�Ã ý4!�	Ì÷&ó�Ê�¾<¿#óÌôÃó�Ê?7�!�"g�	���I¸ò�+� H J<� ��«�¬�Ãô ý	[�\�ë�ì���¥ ý J� 8�9�:<;ûEüE7D@åò�+D� $�$E¾ ò¯*
� 1 º�»	¼�½�¾#¿�À�Á�º�»	Â�Ã�ÄÄåôE!E"�# óåô

correct
óåô

accuracy%E&E!E"�#
97.07 94.91É��E!E"�#
98.60 97.97
�� !E"�#
87.12 83.72
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� 2 ��(�	»�¾#¿	À�Á��(� Ä������	Ä� ÃEá °EÑEáÄåôE!�"E# .E/ 7�8 / .E/ 7�8 /%E&E!�"E#
98.6 100 59.2 83.3���E!�"E#
93.8 98.4 47.0 59.6

Â
2
-¯��.E/ öå÷&ø ÷

TV 7�8 / öå÷�øE�?ID1J$	F«B¬Eåô öå÷�ø ù � ÃEá ÷ °BÑEá ýFA � �D)åòF*
� ÃEá � °EÑEáD-	-�
E7��D�D¿ ' ò¯*
� ÃEá

=

ûEü�Z�©DRåùJ���E«E¬Eåô ½
���DRåù¯«�¬Eåô ½ × 100

°EÑEá
=

ûEü�Z�©DRåùJ���E«E¬Eåô ½ûEü�Z�©DRåù(«E¬Eåô ½ × 100Â
2 H A��' ò J�K H ��%�&�!�"�#�ª 
�� !�"�#2ª� ) � Ã�á ýJ¦�§<�=� Í � � û H �V%�&�!�"�#�7�-í� 100% H ¹ )Èâ»ý�� ß �S) òÈ*�+õù�+S� ¾ ¿Ç� õË�>�ÄÌô�!�"?# ý±2)Ìò�+2� H J<� � )8�9�7�«�¬Ãô öÌ÷�ø ý(û�ü�7�@��)Ãò�+���$�$�¾ ò*�- H °Ñ�á ý�± ò����V¾�1 ��� !Ãùâ H 1�ß(�2)Ãò*�+'-��«�¬�Ãô¸öÃ÷&ø ù���@�ª���� � ù���� H���� IòF* � ¾ � � 
Q� !B"E# H � ² �E%E&B!E",#E7D-F�.�/»öÌ÷%ø

12.2 ³�´ �R= � TV 7�8 /þöÌ÷¯ø 23.7 ³
´ � =#ù��É�$�±�¿�'��*,+Ãù�Z�©�-� 
�� !�"�#-«�¬�Ìô ý4!�	Ã÷&ó�Ê�7<ª	«�I¸ò���!«�¬�Ìô ù
� )�����7�ª�ª�«�$��<; Å ���'�1?)Ãù H® �=��%&E!E"B# ù

TV 7�8 /D-�óåôåóEÊE7�ªJ«EI ò,��!¯�ÄÃô Å�Æ $�� ;� �@(«�¬�Ìô ù��2@�ª���ý�!2)(7�)
òE+D� H J òD�U���D¿ ' ò¯*Â

3 H «�¬�Ãô¸öÃ÷�ø ùù�"�û�ü�á¸ýA�IV*,+Ãùâ�-��«�¬�Ìô ù(Ð�� ý	� ��; Î §<�4��#�} H�Í )�úù4ù$"Vû�ü�áV7þñ òÈ*Ç%�&V!�"V#�7S-�� 
1� !?"V#
H � ² ��ù%" correct4.7 ³1´ � = ��ù%" accuracy6.5

³�´ �g=�ù��(É�$�±<¿�'��*�ý�þ�7�-�&�°�1��2@�ª��� � ý�!�'�I¸ò)(=§�7�°�9¸ù	��������#�:w�õý¾
* �2)õò?�.!(� «?¬�%#?$�� ;�+ ;È+��¯ý Å �?I»ò4*+Ãù���!� 
�� !�"�#�7�-4«�¬��ÀÁ?Â�Ã ù!2	Ì÷L����¸ý�ª	«�I ò�+��-�,�-��1Ìò*$.�/���%�&�!"�#�72-�ÏóÌôÃó�Ê ù!�"?#�> ýI ò?+�� H J<� «¬��À(Á�Â�Ã ý ���I ò	W XwY = ½ $�0 � �1�<��;«�¬��#�$ Î §2�'��	Z�©���ù�"�û�ü?á�$)�É��(��U�D�D¿ ' ò¯*Â

4 H � õ Ë�>?ÄÃô�!�"�#»ý±�)��4û�ü�ý�þ¸ù�1

� 3 ��(�	»4��2�3�Â�Ã	ÄÄåôE!E"�# ù�"
correct

ù�"
accuracy%E&E!E"�#

82.78 82.01
�� !E"�#
78.08 75.51

� 4 �(�4�	»�4�5�6(� confusion rateûEü ®�7 confusionÄåôE!E"�# .E/ 7�8 / rate.E/
326 47%E&E!E"E# 7�8 / 32 163 13.91Ò ù98
0 0.E/

224 60
�� !E"E# 7�8 / 130 145 33.45Ò ù98
5 4

H ��.�/¸öÃ÷�ø<�À(Á�Â�Ã öÌ÷�ø�$���ß��ÌöÌ÷�ø H
c @ d $Sß�� V ½ ��Ò¸ù c�d á � confusion rate)

ýA<��(*,+'<¿�ù c�d � � ½ -(� c�d 7�� Ï ��óÃôöÃ÷�ø�:2� H�; ¦<�=� ñÌò* c�d á¸ù�<ªÃù�=�/�-IEÌ ù¯é � 7 ñåò¯*

confusion rate =
c�d � � ½> öå÷�ø ½ × 100

+Ãù	Z�© H J ' × � 
�� !�"�#�7�-4.�/ öÃ÷¯ø ý
135 V � 7_8 / öÒ÷Ïø ý 64 VQc�d � � � � )ÒòÒùH¯® � �E%E&E!E"E#�7D-¯.E/ öå÷�ø ý 32 V � 7�8/ öå÷�ø ý

47 V�c�d � � � �,Ò ù ½ ýJ�C@D;?0B0����)Ìò*�+' J� �V%�&�!�"�# H J� «�¬�Ãô ö÷�ø Î9@ ù�A�B�C�D ý9!D)¯7D)ÃòE+D� $�$E¾ ò¯*
Â

5 H � 7�8 / öÃ÷�ø¸ù�E�FÃô Î §�á ýA�IV*GEFÃô Î §�á ùâ2-�F«�¬�2ÀÁ�Â�Ã¸ý ���I»ò�óÃô
ù K 	(�F/�H�I�J�H�K¸ù�L�M ýã�ä�E�FÃô ýON�')P
*�Î §�7�@��ÃýÂ�$�IV*�Â

5
$�A�I JEK H �V%�&�!"�#?7�-

60.42%
ù�E�FÌô¸ý Î §<�=��) òÃù H4® �=�
.� !�"�#�7�-%E�Fõôþý Î §?7�@4�S)?1?)4*F+4'S-(�


�� !?"�#�$�!�	Ì÷�ó�Ê�7�û�ü�Z�©¸ý�ª	«�I ò���!7 ñÃò(*,+Ãù	Z�©�-(��%�&�!�"�#�$�Q�R ù�L�M���å
K ùÄ ô���å H Á�±�1(3�5 ý%%S�I¸ò�T���� ý(A�U� �D)åò¯*

5

研究会temp
テキストボックス
－121－



� 5 ������4�5�6���� »�	�
�ÄÄåôE!E"E# E9Fåô
correct%E&E!E"E#

60.42
�� !E"E#
-

6
�  �¨�©�72-(�Q9�ø ö H���� �(1�)�.���§21ÄÃô�!�"# ù �� ý)(������ ¼�½ ù��Ãô�¾<¿1��«�¬�2À(ÁÂ,Ã �
TV 7_8 öÒ÷ ø �<� Þ � ù�«B¬,Ôô � .B/ �ý	[���P(ù�ú H ä�)(� õ Ë�>�ÄÌô�!�"?# ý±2)��ûü�ý�þ¸ýÿ2ß?�(* õ Ë�>?ÄÃô�!�"�#¸ùÌ�Ê�Ë H?Í )����«�¬��À(Á�Â�Ã ý��Ãô���Ê�7�!�"?#�>�I��(«�¬�ÀÁ�Â�Ã�!�"�# ý±�)���+���7�� 
�� ù!�"�#¸ýÉ����(û�ü�á ý��2�*�ë�ì���¥¸ù��Ãô�û�ü�á�-���

� RÃù��Ìô�I ² � ý����Ãô����(�(Ð�Ñ»ùÉ���!�"�#
H	¹ è���û�ü�á¸ýA<��*,�2¿ H �V.�/¸öÌ÷�ø<�
TV 7�8 öÃ÷�ø<�¯) K 2

ä ù«E¬�Ãô öÃ÷�ø�T HEÍ)��� .�/ ý�8�/ H ��û�ü?I�����Ñ ý ¦�§<��2�(+ � 
�� ù!�"�# H � ² ����� H	c�d � � ½ $�0�0��*S+('�¿�ù	Z�© J� �V«�¬�2ÀÁ�Â�Ã ý��Ãô��ÊE7E!E"E#E>EI!�E+D� $EÁ#"E7!$ � �E«E¬EEÂEÃ ÷
ôE!E"E#ET ù9A�B�C�DDª¯0D1E)E+D� $�¬#% �¯�¯*
& Q�-Vû�üSá ù �VÉèýVG'� �S��ª H ��«S¬SúôöÃ÷�ø¸ù���@�ª2��� � ½ ý���¿ H�( 0<���Q9�ø¸ö ��È	?1ÈÄ ô�!�"�#þùÈ ��þýO()� �È��)S� �S�4�S)*�È*

+#,
¨.-./S-10VÔ.-./*21�3.-./

(B)(2)-14380168
Øn«¬�Ãô¸ý�[�\w9�ø ö�5�� � ý�4�å�I��4ù�ú�û�ü�/�
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