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ÌzÍ�Î)Ï�Ð[ÑbÒ:ÓuÐ§Ô{ÏHÒ:Õ?Ö�Í�Ô­×8Ø�Ó�Ò§ÑbÎOÙaÖKÔ­×�Ö�ÒµÔ¿Ï«Ø�Ó�Ò[Ú:Î�Ö�Í�Î
Ø?Î#Ó�Û
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áiâ.ã�ä
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Î�îRÎ�ÙaÖOê�Ö�Í�Î*à:ÒNÐ:é8Ò§ÕzÖ�Í�Ô{×vÓ�Î�×�Î�Ð§Ó�Ù�Í¦Ô{×µÖ�Ò´Î�Ü�Ð§ç�é{Î�Ö�Í�Î*Ù#Ò:Ï�Û
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Ù�ß�Ó�Ó�Î�Ü1Ö�êlÙ�Ò:Ï«Ï«Î#Ó�Ù�Ô­Ð§é â.ã�ä ×�æM×bÖ�Î#Ï�×�Í�ÐdÚNÎÃç?Î#Î�Ü�Ö�Ò:ßMÖ�Î�Ý
ë]ÔtÖ�Í5ë�Ò:Ó�Ý�Ó�ÎOÙ�ÒNà:Ü�Ô¿Ö�Ô{Ò:Ü�Ó�Ð[Ö�Î�×uÒ§ÕWóNô[Û�ó:óDõ÷ö ø:øOùnê1Ö�Í�ÎO×¸Î�Ó�Ð[Ö�ÎO×
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Ó�Î�Ù#Ò:à:Ü�ÔtÖ�Ô¿ÒNÜ�×�Ò:é{ßMÖ�Ô¿ÒNÜºê
Ð:Ý�ÝMÔ¿Ö�Ô{Ò:Ü_Ð§éKÔ{ÜMÕ¢ÒNÓ�Ï�Ð[Ö�Ô¿ÒNÜ¬Ô­×µÓ�Î�ü1ß�Ô{Ó�ÎOÝÂÛ.Í�Î�Ó�Î*ëuÎ5Õ¢ÒMÙ�ß�×vÒ:Ü
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Ð§Ü�Ô¿Ï«Ø?Ò:Ó�Ö�Ð:ÜNÖ]Ó�Ò:é{Î.Ô{ÜB×¸Ø?Î#ÎOÙ�Í*Ø?Î#Ó�Ù�Î�ØMÖ�Ô{Ò:Ü�çDæ�ÍDß�Ï�Ð§Ü�×�ö ÿ�ùnì
ÌzÍ�Î#Ó�Î�Õ¢ÒNÓ�ÎNêEÖ�Í�Î5Ô{Ü1Ö�Î�à:Ó�Ð[Ö�Ô{Ò:ÜÂÒ:Õ
Ð§ß�ÝMÔ¿Ö�ÒNÓ�æ¦Ð§Ü�Ý¬Ú1Ô­×�ß�Ð§é�×¸Ô{à§Û
Ü�Ð§é­×KÖ�Ò�Ô¿Ï«Ø�Ó�Ò[Ú:Î
×�Ø?Î#Î�Ù�Í*Ó�ÎOÙ�ÒNà:Ü�Ô¿Ö�Ô{Ò:Ü�Ô­×�Ü�Ò§Ö�Ò:Ü�é{æ�Ò§ÕEç?Î#Ü�Î�Û
� ÖzÖ�Ò�Ð§ß�Ö�Ò:Ï�Ð§Ö�Ô­Ù.×�Ø_Î�Î�Ù�Í�Ó�ÎOÙ�ÒNà:Ü�Ô¿Ö�Ô{Ò:Ü�×¸æM×¸Ö�Î#Ï�×�ç�ßMÖ]Ô¿Ö
Ð§é­×¸Ò
Í�Ð:×lØ_×¸æMÙ�Í�ÒNé¿ÒNà:Ô­Ù#Ð§é�Ø�é­Ð§ß�×�Ô{ç�Ô¿é{Ô¿Öbæ:ì�ÌzÍDß�×#ê�Ð�×¸ÎOÙ�Ò:Ü_Ý�Ð§Ó�æ´Ð§Ô{Ï
Ô{×WÖ�Ò�ç?Î�Ö�Ö�Î�Ó�ß�Ü�ÝMÎ�Ó�×¸Ö�Ð:Ü�ÝµÖ�Í�ÎzÓ�ÒNé¿Î�Ò§Õ_Ú1Ô­×�ß�Ð§éMÙ�ß�Î�×�Ô{ÜvÍDß�Ï�Ð§Ü
×¸Ø?Î#ÎOÙ�Í*Ó�Î�Ù#Ò:àNÜ�ÔtÖ�Ô¿ÒNÜºì
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Ö�Ô{Ò:Ü Ò:Õ�é¿Ô{Ø�Õ¢Î�Ð§Ö�ß�Ó�Î�×´Ö�Í�Ð§Ö á Ï«Ðdæ å Ù�Ò:Ü1Ö�Ó�Ô{ç�ßMÖ�ÎÞÖ�ÒúÚDÔ­×¸ß_Ð§é
×¸Ø?Î#ÎOÙ�Í¬Ó�Î�Ù�ÒNà:Ü�Ô¿Ö�Ô{Ò:ÜEìÃÌzÍ�ÎO×¸Î5Õ¢Î�Ð[Ö�ß�Ó�Î�×�×¸Î�Î#Ï é¿Ô{ò:Î�é¿æ¦Ö�ÒÃÔ{ÜMÛ
Ù�é{ß�ÝMÎµë]Ô­ÝDÖ�Íºê�Í�Î�Ô¿àNÍ1Ö�ê_Ð:Ü�Ý�à:Î�Ü�Î#Ó�Ð§é3Ï«ÒNßMÖ�Í´×�Í�Ð§Ø?Î:ê?Ð:×]ë�Î#é{é
Ð:×«ÝMæDÜ�Ð:Ï�Ô­Ù5Õ¢Î�Ð[Ö�ß�Ó�Î�×�×¸ß�Ù�Í~Ð:×vÚ:Î�é¿ÒMÙ#ÔtÖbæ¬Ð:Ü�Ý¬Ô{Ü1Ö�Î#Ó�Û=Õ¢Ó�Ð:Ï�Î
Ï«Ò§Ö�Ô{Ò:ÜEì�í�Ü´Ö�Í�Ô{×�Ø�Ð:Ø_Î�Ó�êRë�ÎvØ�Ó�Î�×�Î#Ü1ÖlÐ5Ü�Ò[ÚNÎ#é�Ø�Ô��DÎ�étÛnç�ÐN×¸ÎOÝ
Ð§Ø�Ø�Ó�Ò1Ð:Ù�Í�Ö�Ò�é{Ô¿ØÃÕ¢Î�Ð§Ö�ß�Ó�Î�Î��DÖ�Ó�Ð:Ù�Ö�Ô{Ò:ÜBÖ�Í�Ð[ÖOêºß�×�Ô¿Ü�à�ÒNß�Ó âWþ
Ý�Ð[Ö�Ð§ç�ÐN×¸ÎNê�ÒNßMÖ�Ø?Î#Ó�Õ¢Ò:Ó�Ï�×ºÒ:Ö�Í�Î�ÓEÖ�Î�Ù�Í�Ü�Ô­ü1ß�Î�×EÔ¿ÜµÖ�Î#Ó�Ï�×EÒ:Õ�Ù�ÒNÓ¸Û
Ó�ÎOÙaÖuÕ¢Î�Ð[Ö�ß�Ó�Î.Ô­ÝMÎ#Ü1Ö�Ô � Ù�Ð[Ö�Ô¿ÒNÜºì��ÃÎ � Ó�×bÖzÒ:ßMÖ�é¿Ô{Ü�Î.Ö�Í�ÎlÙ�ÒNÜ1Ö�Î��DÖ
Ò§ÕzÖ�Í�Ô{×vëuÒNÓ�òRê âEþlãMä Û�ç_Ò:Ö�Í¬ÍDß�Ï�Ð:Ü¬Ð§Ü�ÝÞÏ�ÐNÙ�Í�Ô¿Ü�Î:ê�Ð§Ü�Ý
Ö�Í�Î�Ü�Ö�Í�ÎlÕ¢ÎOÐ[Ö�ß�Ó�Î�Î��DÖ�Ó�Ð:ÙaÖ�Ô¿ÒNÜ5Ö�Î�Ù�Í�Ü�Ô{ü1ß�ÎµÔ­×)ÝMÎO×�Ù#Ó�Ô{ç?Î�Ý�Ð§Ü�Ý
Ù�ÒNÏ�Ø_Ð§Ó�Î�Ý�Ö�Ò�Ò§Ö�Í�Î#Ó]ë�Î#é{étÛnòDÜ�Ò[ë]Ü*Ð:é¿àNÒ:Ó�ÔtÖ�Í�Ï�×#ì
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í�Ü âWþ�ã�ä ê)òDÜ�Ò[ë]é{Î�ÝMàNÎ¯Õ¢Ó�Ò:Ï Ý�Ô¿ÚNÎ#Ó�×¸ÎÞÐ§Ó�Î�ÐN×5Ü�Î#Î�Ý�×�Ö�Ò
ç_Î*ç�Ó�Ò:ß�àNÍNÖvÖ�ÒNà:Î�Ö�Í�Î#ÓªÖ�Ò¯Õ¢ß�é¿é{æÞß�Ü�Ý�Î#Ó�×bÖ�Ð§Ü�ÝÂÖ�Í�Î5Ø�Ó�ÒNç�é¿Î�Ï
Ð[Ö�Í�Ð§Ü_Ý3ì ÌzÍ�Î � Ó�×¸Ö*Öbë�Ò�Ø�Ð§Ó�Ö�×�Ò§ÕvÖ�Í�Ô­×B×�Î�ÙaÖ�Ô¿ÒNÜ�àNÔ¿ÚNÎ¦Ð
ç�Ó�Ô¿Î#ÕKÒ[Ú:Î�Ó�ÚDÔ{Î#ë�Ò§ÕuØ�×¸æMÙ�Í�ÒNé¿Ô{Ü�àNß�Ô{×¸Ö�Ô­ÙµÓ�Î�×�Î�Ð:Ó�Ù�Í¯Ô¿Ü¯Ö�Í�Î�Ð§Ó�Î�Ð
Ð§Ü�Ý�Ö�Í�ÎµÙ#ß�Ó�Ó�Î�ÜNÖzØ�Ó�Ò:àNÓ�ÎO×�×KÒ§ÕWÏ�ÐNÙ�Í�Ô¿Ü�Î âWþ�ãMä�� ì�ÌzÍ�Î � Ü_Ð§é
Ø�Ð§Ó�Ö�Ø�é{ÐNÙ�ÎO×�Ö�Í�Ô­×�Ù�ß�Ó�Ó�Î#Ü1Ö�ë�Ò:Ó�ò�Ô{ÜNÖ�Ò�Ö�Í�Îzç�Ó�ÒNÐNÝMÎ#Ó�Ð:×�Ø?Î�ÙaÖ�Ò:Õ
Ö�Í�ÎvØ�Ó�Ò§ÑbÎ�Ù�Ö)Ö�Í_Ð[Ö.ë�ÎvÐ:Ó�Î�ß�Ü�ÝMÎ#Ó�Ö�Ð:òDÔ¿Ü�à_ê_Ü_Ð§Ï«Î#é{æ:ê?é¿Ò[ëzÛ�Ù�Ò1×bÖ
âEþlãMä Ô¿Ü�Ü�Ð§Ö�ß�Ó�Ð§éºÙ#Ò:Ü�Ý�ÔtÖ�Ô¿ÒNÜ�×#ì

2.1. Psycholinguistic Research
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à:ß�Ô­×¸Ö�Ô­ÙµÐ:×�Ø_ÎOÙaÖ�×]Ò§Õ âWþ�ãMä çDæ�ÍDß�Ï�Ð§Ü�×)Ð:Ó�ÎªÚdÐ:é¿ß_Ð§ç�é{ÎlÖ�ÒDÒ:é­×
Õ¢Ò:Ó�Î��MØ�é¿ÒNÓ�Ð§Ö�Ô{Ò:Ü�Ô¿Ü�Ö�Í�Ô{×5Ó�Ð:Ø�Ô­ÝMé¿æ�ÝMÎ#ÚNÎ#é{Ò:Ø�Ô{Ü�à � Î�é{Ý3ì ÌzÍ�Î
ë�ÐdæÞÔ{Ü~ë]Í�Ô­Ù�Í�ÍDß�Ï�Ð:Ü�×«Ø_Î�Ó�Ù#Î#Ô{Ú:ÎB×�Ø_Î�Î�Ù�Íºêzç?Ò§Ö�ÍkÐNÙ�Ò:ß_×bÖ�ÔtÛ
Ù#Ð:é¿é{æµÐ§Ü�ÝvÚDÔ{×�ß�Ð:é¿é{æ:ê§Ï�Ðdæ�Ü�Ò:Ö�ç_Î�Ö�Í�Î�ç?Î�×¸Ö8Ò:Ó�Ï«ÒN×¸Ö�Î���Ù�Ô{Î#Ü1Ö
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Ø�ÐN×�×�Î�×)Ô¿Ü1Ö�Ò«Ö�Í�ÎµÚNÒDÙ�Ð§éRÖ�Ó�ÐNÙaÖ�ê�Õ¢Ò:Ó�Ï«Î�Ý�çDæ
Ö�Í�Î´Ø�Í�Ð§Ó�æDÜ��3ê�Ü_Ð:×�Ð§é
Ð:Ü�Ý~Ò:Ó�Ð§é
Ù�ÐdÚDÔtÖ�Ô¿ÎO×�ö óOù=ì�í�Ü~Ö�Î#Ó�Ï�×�Ò§Õ
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Table 1. Consonant viseme classes�EÐ:ç_Î�é 	8é­Ð:Ù#Î.Ò:Õ â Ó¸Ö�Ô{Ù#ß�é­Ð[Ö�Ô{Ò:Ü 	KÍ�Ò:Ü�Î#Ï«Î á × å
� â � é­Ð§ç�Ô­Ð§é �[Øºê çºê Ï&�
��'�û é­Ð§ç�Ô{ÒMÝMÎ#Ü1Ö�Ð:éRÕ¢Ó�Ô­Ù#Ð§Ö�Ô{Ú:ÎO× �dÕbê Ú��
í('.û Ô{ÜNÖ�Î#Ó�ÝMÎ#Ü1Ö�Ð§éRÕ¢Ó�Ô{Ù�Ð[Ö�Ô{Ú:ÎO× �dÖ�Íºê ÝMÍ��
� ã � é{Ô¿Ü�àNß�Ð§éº×¸Ö�ÒNØ�×]Ð§Ü_Ý5Í �§Ý3ê Ö�ê Üºê à_ê òRê Ü�à�ê Í��
â �Wû Ð§é{Ú:Î�Ò:é­Ð§ÓuÕ¢Ó�Ô­Ù#Ð§Ö�Ô{Ú:ÎO× �§×#ê )*�
���+� Û �[é,�
ä)ä)ä Û �[Ó-�
	 â � Ø�Ð:é{Ð§Ö�Ð§é3ÚNÎ#ÒNé{Ð:Ó�× �§×¸ÍEê )�Í��
� � � Û �[ë.�

Ï«ÒDÝ�Î#é­×uÐ:Ó�Î
Ö�Í�Î�'
Ô{Ó�Î�ÙaÖzíbÝMÎ�ÜNÖ�Ô � Ù#Ð[Ö�Ô¿ÒNÜ á '.í å Ð§Ü�Ý ã Î#Ø_Ð§Ó�Ð[Ö�Î
íbÝMÎ#Ü1Ö�Ô � Ù�Ð[Ö�Ô¿ÒNÜ¦Ï«ÒMÝMÎ�é{×�ì�í�Ü¦Ö�Í�Î/'.ílÏ«ÒDÝ�Î#é=êEÔ{Ü�Ø�ßMÖv×�Ô{à:Ü�Ð:é{×
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2.2. Machine AVSR
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�:ì � Ò[ëcë]Ô¿é{éDÖ�Í�ÎzÕiÐ:Ù�Î]Ð:Ü�ÝvÐ:Ü�Ý�Ï«Ò:ßMÖ�ÍvÓ�Î#àNÔ¿ÒNÜªç?ÎzÕ¢Ò:ß�Ü�Ý�2
øMì �kÍ�Ô­Ù�Í�Ú1Ô­×�ß�Ð§éRÕ¢ÎOÐ[Ö�ß�Ó�ÎO×�Ö�Ò«Î��DÖ�Ó�Ð:Ù�ÖzÕ¢Ó�ÒNÏ Ö�Í�Î�Ô{Ï�Ð§àNÎ32
��ì � Ò[ë Ð§Ó�Î�Ð§ß�ÝMÔ¿Ö�ÒNÓ�æ�Ð:Ü�Ý�ÚDÔ{×�ß�Ð§éºÙ�Í_Ð§Ü�Ü�Î�é{×�Ô{Ü1Ö�Î#àNÓ�Ð§Ö�ÎOÝ�2
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Ö�ÎOÙ�Í�Ü�Ô­üNß�Î�×�ì
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Figure 1. Architecture for AVSR system. A
dotted line indicates possible early integra-
tion path and the bounded box indicates the
focus of this paper
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Figure 2. Lip corner extraction using
grayscale values for subject 1. a) found
lip corners, b) grayscale row sum, and c)
grayscale value of minimum row sum.
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Figure 3. Lip corner extraction using
grayscale values and edges for subject
2. a) “found” lip corners - grayscale, b)
“found” lip corners - edges, c) horizontal
edge magnitude, and d) thresholded edge
image ( � 10).
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Figure 4. Lip corner extraction using equa-
tion (1). a) “found” lip corners - subject 1, b)
binary image after application of (refeq:red) -
subject 2, c) “found” lip corners - subject 3,
and d) binary image after application of (1) -
subject 3.
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3.2. Lip Feature Extraction Using Red Exclusion
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Figure 5. Hue transform (2) and enhanced
grayscale image. a,b) subject 1, c,d) subject
2, and d,e) subject 3
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Figure 6. Grayscale enhanced mouth region
of subject 1 using red exclusion.
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Figure 7. Grayscale enhanced mouth region
of subject 2 using red exclusion.
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Figure 8. Grayscale enhanced region of sub-
ject 3 using red exclusion.
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Figure 9. Tracking of lip corners for subject 2
using red exclusion
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Table 2. Comparison of feature extraction
techniques. *does not work for further pro-
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