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Figure 1: Example image and its gradient image.
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Figure 2: Mean shape and first three modes of
variation of Model 2. The first three modes seem to
be symmetric and mainly describe the mouth
opening. Subsequent modes account for pose and
finer contour details.
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Figure 3: Tracking lips with Model 2. The examples demonstrate that the model finds the outer
contour despite low contrast and is robust to intensity changes inside the mouth.



ø"þiú*÷��
�+þiÿc�+ÿd�sûwô 0 � 0 - O ôH��ù�ôK�#ûwô b þD0\ÿiû���ø"ø�ó��"ýB�'ø"ô�!
E ôA�#û�þiü � b ó E , #&%�* ]

�sþM�
�"ÿwüÏ÷�ý)�+ÿ��+ýB�4ý üD�'öI�"ÿ��X�+ýG÷��wô
ù�ô*÷Dö�ú*û - W ûwô²÷*ø��iþiö8���#ûiýQ��ù�ôDù��sûwôM�#ö�÷*ÿ'ù�ø"÷��?�"þiÿv�'÷*ö(÷*ýGô4�#ô*ö�ù��
ùTú*÷Dø+ô2�\ö�þ��#÷��?�"þiÿ ÷&ÿiüK�sûiôw���+ö
ù&�7�
ô40åù�ûi÷A�'ôv�'÷Dö�÷*ýGô4�#ôDö
ù²÷
ù
õ1÷*ö8�"÷�1Pø"ôÈù���þwö`�sûwô�ýB�'ø��
�"ü��"ýGô*ÿ'ù6�"þiÿi÷*øXþ����
�"ý)�#ù�÷A�
�"þiÿ7�wö�þiú&ôÈù�ù -W ûwô�÷*ø5�wþiö8���#ûwý �sù"�"ÿ����
�+÷*ø5�#ùTô*üM0B���#ûM�#ûwôe�+ÿ����
�+÷DøBô
ù&�?�"ýK÷��sô¤þ��
�sûiôæýGþiüwô*ø��'÷*ö(÷*ýGô4�#ô*ö�ùg÷*ÿiüKù��s÷*ö?��ù`�sûwôâù�ôD÷*ö�ú*û@1�� �'ô&ö?���'ö51~�"ÿ��
ô*÷*ú*ûB�'÷*ö�÷*ýGô��#ô*ö31�� (Kù - ü -�-
f þiök�#ö�÷*ú��3�"ÿ��Gø5���1ù�þÈõPô*ö�÷Dÿ7�"ýK÷��wôSù�ô����'ô*ÿiú*ô2���sûwôâø5���1ù�÷Dö
ô

ø"þwú*÷��sô*üM÷
ù�üiôÈù�ú&ö8� 11ô*üM÷�1�þÈõ1ôg�
þwö �sûiôd���+ö
ù&�$��ö(÷DýKô -7f þ�ö
ú&þiÿ'ù�ô*ú����
� õ1ôM�
ö(÷DýGôÈù �sûiô �'ö8ôTõ	�"þD��ù ��ö
÷DýGôw�sùL��ù!ô*ü�÷
ùL�#ûwô
�+ÿ����?�+÷*ø ô
ù��?�+ýG÷4�sôÉþ��r�sûwôÉø����u�'þ'ù&�����"þiÿá÷*ÿiüu�sûwô§ùTô*÷*ö�úDûc�sù
�'ô*ö?�
þiö(ý^ô*üV1�� b ó E - [nø;�#û�þD�3��û ú*þiÿ'ù��#ö�÷4�"ÿ��8ùVú*þ��wø"ü 1Pô
�"ÿD�#ö�þiü��wú*ô*üH�sþHø��+ý<���7�sûwô ù�ô*÷Dö�ú*ûd�#þ¯ù&�#÷�� 0B���#û��"ÿèúDô*öI�s÷��+ÿ
ø��"ý<����ù\ü��wö8��ÿ��L�sö�÷*ú��3�"ÿ��3�k�
þwöæù6�"ý"�'ø��"ú����;�$0�ô)��ù!ô*üL�sûwô�ù�÷DýGô
ú&þiÿ'ù��#ö�÷��"ÿD�8ùO÷
ùw��þiöÛø"þiú*÷��?�"ÿ�� �sûwôVø�����ù -)f �5���'ö�ôc*Ýù�û�þ�0Sù
�#ö8÷*úA�3�"ÿ���ô4!i÷*ýB�'ø"ôDù|��ù6�"ÿ�� E þiüiô&ø�( -
��ì���� � l µ'ò�� l4î ´.³
O ô ��ù�ô*üB�#ûiô W �'ø5����ù_%Iüi÷��#÷�11÷Dù�ôt#>%A+

]
�
þwö�þ��'öXô�!��'ô*ö8�"ýGô*ÿ��8ù -0 ��ú&þiÿwù6�#ù
�8ùÏþ��v�D] �wö�ô��`ø+ô.õPô*ø��"ýK÷��wôVù�ô]���'ô&ÿiú*ôDùOþ���%�(

ù��'ô&÷��'ô*ö(ù��>�²ýK÷Dø+ô�� *m�
ôDýK÷Dø+ô , ô*÷DúDûÉù!÷��~�"ÿ��X�sûwô��
�+ö�ù��Z�
þ��'ö
ü��5�����8ùC�+ÿ ��ÿ���ø5�#ù�ûr�50"�+ú*ôe�8ø+÷4�sôDöQüiôÈù�ú*ö8� 11ô&ü�÷
ù�ùTô��"%G÷*ÿiü�ù�ô4�
( ,6- W ûwô ��ù�ôMþ��}�sû��#ùg�4÷*öI�
�+ú��4ø"÷Dößüi÷��s÷�11÷Èù�ôMýG÷��'ôÈùHþ��wö
ô4!��'ô*ö8�"ý^ô*ÿ��8ùPõ1ô*ö5� ú*ûi÷*ø"ø�ô*ÿ����"ÿ��_11ô*ú*÷���ù�ôZ�5�Pú*þiÿ��#÷4�"ÿ'ùa�+ý^÷:�iôÈù
þ��å÷ õP÷*ö8�+ô��;� þ�� ù��'ô&÷��'ô*ö(ù 0B���#û ü����8�
ôDö�ô*ÿ��Óô��#ûwÿ��"ú
11÷&ú��3�iö�þ��'ÿ�ü3�6ü����8�
ô&ö�ô*ÿ��4ø5��� ù!ûi÷��'ô2�6ý^÷��'ô �����~����÷Dú:�+÷Dø�ûw÷��+ö�÷&ÿiü
�"ø"ø��4ýt�"ÿw÷��
�"þiÿ -W ûwô ù!ûi÷��'ôß÷&ÿiüd�'ö�þ��
�"ø+ôßýGþiüiô*ø#ù$0SôDö�ôv1Y�Y�"ø��r��ù&��ÿ�� ÷
ö�ô��'ö�ôÈù�ô*ÿ��#÷��
� õPôæùT÷*ýB�'ø+ô?þ��=��ö�÷DýGô
ùgþ��)ô*÷Dú*û ù!ô����wô*ÿiú&ôÈù�þ���ù�ô4�
% - W û��sù�ø+÷Dö8�wôDö�÷&ÿiüGýGþwö�ô�1P÷*ø"÷*ÿiú*ô*ü)�#ö�÷��"ÿ��"ÿ��bùTô���ûi÷Èù�ø"ôD÷Dü)�sþ
û��5�iûiô*ö`�'ô*ö?�
þwö�ýG÷*ÿiú*ô�ø"ô�õPô*ø#ù �#ûiô*ÿ7�sûiô�þiÿ�ôÈùBö�ô��'þiö?�#ô*üe�"ÿ$# ^

]
�

0Sûiô*ö�ôQþwÿiø ���#ûiô'�
�"ö
ù��~�"ýG÷��iô?þ���ô*÷*ú*û"�#ö�÷��"ÿ��"ÿ���ù!ô����'ô*ÿiú&ô'0S÷Dù
�4ù�ô*ü - E þiüiô&øa%�0S÷Èù�ö�ô��'ö�ôÈù�ô*ÿ��#ô*ü@1�� (�(B�'þ���ÿ��8ù�� E þiü�ô*ø3(�1��
*�qr�'þ���ÿ��sùG÷*ÿiüm�sûwô¤ü��"ý^ô&ÿ'ù6�"þ�ÿÏþ��@�sûwôr�iö�ô��Éø+ô.õPô*ø �'ö�þ��
�"ø"ôÈù
0\÷ÈùM%4� - O ôL��ù!ô*üwqOù�ûi÷A�'ô�ý^þiüiôÈù)�
þwö E þiüiô*ø�%¤÷&ÿiüd%��
ù�û�÷��'ôÏý^þiü�ôÈùe��þiö E þ�üiô*øt( - [âø+ø"�#ô
ù��8ù���þiö�ø+þiú*÷��
�"ÿ�� ÷&ÿiü
�#ö�÷&ú��3�"ÿ��B0Sô*ö�ô �'ô*ö?�
þiö�ý^ô*ü^þiÿGù�ô��~( -
��ìkjml ³Èñ n ´	³
O ûwô*ö�ôD÷Èù ýGþ'ù�� �'ö8ô�õ~�"þD��ùÑ÷����'ö8þi÷*ú&ûiôÈù ûi÷�õ1ô ÷Tõ1þ��"üiô&ü
�'ô*ö?��þiö�ýG÷*ÿiúDôxô�õ1÷*ø��'÷��
�"þiÿVþ��r�sûwô:�"ö�÷*ø5�iþiö8���#ûwýKù���0SôR�+û���ÿ��

�sûw÷����sû��#ù"�#ùt�"ýB�4þiö?�#÷*ÿ��h��þwöâú*ûw÷*ö�÷*ú��#ô*ö8�sù6�"ÿ��Û÷&ÿiüÏú*þiýB�'÷*öI�"ÿ��
�sûwô�÷Dú*ú��4ö�÷*úT�ß÷*ÿiüxö�þ:13��ù
�+ÿiôDùTù�þ��^ü����>�
ô*ö(ô*ÿ��nýGôA�#ûiþiü'ù - O ô
ú&ûiþiþwù�ô'�#þ 9&�'ü��iô'�sûwôG�'ô*ö?�
þwö�ýG÷*ÿiú*ô'1��Kõ	�#ù��'÷*ø	�"ÿ'ù
�'ô*ú����"þiÿ�þ�ÿ
�sûwô)�
þ�ø"ø"þ�0��"ÿ���úDö>���sôDö>�+÷��k[MùTô*÷*ö�ú*ûmö�ôÈù&�'ø���0\÷Èùâú*ø+÷Èù�ù6���
�"ô*üm÷Èù
	 Ã�Ã�À �5�L�sûwôOø����Hú&þiÿ��+þ��'ö�0S÷Dù��(þD�'ÿ�ü}0����#û��"ÿ ÷s11þ����Kþiÿ�ô
���'÷Dö?�#ô*öXþ��/�#ûwô?ø5���)�+û��"úA�'ÿiôDù�ù�üiô�õ	�"÷��
�+þiÿ - 0 �~0S÷Dùgú*ø"÷Èù.ù6���
�+ô*üG÷Èù

 Ài¾���Äi½iÅ"¾ �5�H�#ûwôÝþ����#ø5�+ÿiôMþ��}�sûwôÝú&þiÿ��#þD�'ö}0S÷Èùu�(þD�wÿ�ü
11ô��50Sô*ô*ÿ�þiÿiô ���'÷*öI�#ô*ö)÷*ÿiü�ûw÷*ø����sûwôSø����e�#û��"ú��wÿiôÈùTùBüiô�õ	�"÷A�
�"þiÿ
÷*ÿiüt���30S÷Èù�ú*ø"÷Èù�ù6���
�"ô*ü^÷Èù�÷�
 º�»�» þ��#ûiô*ö?0B�#ù�ô -
� ôÈù���ö�ôÈù��'ø��8ùw0SôDö�ôH÷*ú*û��"ô�õPô*ü 0B���#ûM÷�11þD���}%A( �4ö�þ����"ø"ô

ý^þiüiôÈùB��þwö E þiüiô*øt%�÷*ÿiü=÷�11þ����G(��=ý^þiüiôÈùB��þwö E þiüiô*øC( -W ÷T1Pø+ô$%�ù!û�þD0Sù_�sûwô�ö�ôÈù��'ø��8ù��
þwöæø"þwú*÷��
�"ÿ��²÷*ÿiü W ÷T1Pø+ôe(M�sûiô
ö�ôÈù��'ø��8ù��
þwök�#ö�÷Dú��3�"ÿ�� -�f þiö E þiüiô*øa%���ö�ôÈù��'ø��8ù`��þwö=�#ö�÷*ú��3�+ÿ���÷Èö(ô
ù6�"ý)�"ø+÷*ö	�#þ^ö�ôÈù��4ø��8ù���þiö�ø+þiú*÷��
�"ÿ��@1Y���3��þwö E þiüiô&øY(3��ö�ôÈù��'ø��8ù���þiö
�#ö�÷*ú��3�+ÿ���÷Dö
ô_0\þiö
ù�ôC�#ûi÷*ÿ)��þwö)ø"þwú*÷��
�"ÿ�� - 0 ÿi÷Dú*ú4�'ö�÷4�#ô��#ö�÷*ú��3�"ÿ��
ö�ôÈù��'ø��8ù70SôDö(ô²ýG÷��"ÿwø � ü��'ôN�sþR�#ûwô²ýGþiüwô*øS÷*ø5�5�iÿ��"ÿ��P�sþ��sûiô
�#ô*ô��#ût�+ÿ'ù��#ô*÷*ü^þ��=�sûiôZ�+ÿiÿiô*ö�ø�����ú&þiÿ��#þ��'ö
���#ûwôæø5����ù`0�ô*ö(ôæÿiô�õ1ô*ö
ýt�sù�ù�ô*ü�ú*þiý"�'ø"ô��#ô*ø � -
��ì���l ¶�´.ñ�µ l���� ´	µ'¶�·i´	ò�ï î ¶ î ð=° � � n ò8·4¶X´	ò8ï î ³
W ûwô<�'÷Dö�÷*ýGô4�#ôDö
ù\ü�ôÈù�ú*öI� 1	�"ÿ��L�sûwô�ù!ûi÷��'ôKþ��G�sûiô ø5���1ùSúD÷*ÿ�11ô
ô�!��#ö(÷*ú��sô*üÛ÷4�nôD÷*úDû �?�+ýKôL��ö(÷DýKôL��ö�þwýx�sûwôr�sö�÷*ú��3�"ÿ��Oö8ôÈù��'ø��8ù
÷*ÿiü$�4ù�ô&üÏ÷Èùt�
ôD÷4�5�4ö(ô�õPô*ú��#þwöZ�
þwö\÷�ù��'ô*ô&ú*ûiö�ô&÷*ü��"ÿ���ù8�Pù��#ô*ý
#&%�\

] - W ûwô�÷*üÈõ1÷&ÿ��#÷��iôbþ��Z�sûwô¤ù�û�÷��'ô ��ô*÷����'ö(ôÈù)�sùt�#ûw÷4�'�#ûiô��
÷Dö
ô �"ÿÈõ1÷*ö8�+÷*ÿ��{�sþ ùTú*÷Dø+ô2� �#ö�÷*ÿ'ùTø"÷��
�"þiÿY�çö�þ��s÷��
�"þiÿ ÷*ÿ�ü
�"ø"ø��'ýt�+ÿi÷��
�"þiÿ -0 ÿ��#ô&ÿ'ù6���;�{�"ÿ��
þiö�ýG÷��
�"þiÿçúD÷Dÿ 1Pô ô�!��#ö�÷Dú��sô*ü �
ö(þwý �sûiô
�'ö(þ��
�+ø"ôe0Sô��5�iû���õ1ô*ú��sþiövW��fKh0\û��"ú&ûxüiôÈù�ú*ö8� 11ôÈù)�sûiôM�"ÿ��#ô*ÿwù6���;�
÷&ö�þD�'ÿiüB�#ûwôæý^þ����#û^÷Dö(ôD÷ - óiþiýGô?þ��`�sûwôZ�
ôD÷����'ö�ô
ù�÷*ú*ú*þ��'ÿ��	��þiö
�"ÿ��#ô*ÿ'ù6���;� õ1÷*ö>�"÷��
�"þwÿ ú*÷���ù�ô*ü 1�� ü����>�
ô*ö(ô*ÿ�� ø5���iû��
��ÿ��
ú&þiÿiü������"þiÿwùG÷&ÿiüÏü����>�
ô*ö(ô*ÿ��Sù��'ô*÷A�'ô*ö
ù)0Sû��"ø+ô�þ��#ûiô*ö
ù�÷*ú&ú*þ��'ÿ��
��þiöt�#ûwô¤õ	�sù6� 1	�"ø5���;� þ��)�sô*ô4�sûß÷*ÿiüP�#þiÿ����'ô2�'0\û��"ú*ûP�wö8þÈõ~��üiôDù
ù��'ô*ô*ú&û ö�ôDø+÷��sôDüg�"ÿ��
þiö�ýG÷��
�"þiÿ #�%A]

] - W ûwôv�'ö(þ��
�+ø"ôÏõ1ô*ú��#þwö(ùT�
�
þiö�ýt�+ÿ��)�#ûwôGù�÷DýB�4ø"ôGù��'÷*ú*ô��
þwö��sûwô @ B [��4üiô���þiö�ýU0B���#û7�sûiô
ø����Vú&þiÿD�#þ��wö
ù�÷&ÿiüK�#ûwô*ö�ô4�
þwö�ôO÷*ø�0\÷��Xù�ö�ô��4ö�ôÈù�ô*ÿ��)�sûwôÉùT÷*ýGô
þ21:9�ô*ú4� ��ô*÷����'ö(ôÈù - [ ùs�+ý)�+ø"÷Dö ÷����wö�þi÷*ú&û �
þwö��"ÿ��#ô*ÿwù6���;�
ý^þiüiô*ø"ø5�"ÿ���ûi÷Èù'11ô*ô*ÿ�üiôÈù�ú*ö8� 11ô*üm�+ÿP#�]

] - W ûwô�ý^þiüiô*ø"ø5�"ÿ��²þ��
�#ûiôÈù�ô �
ô*÷��5�'ö8ôÈù`�
þiö�ù��'ô*ô*ú&û^ö�ô*ú&þ��iÿ����
�"þiÿ^÷*ÿiü"���8ùgú&þiý_1	�"ÿi÷����"þiÿ

Figure 4: Shape model with profile vectors.

Table 1 : Results for locating lips.
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Table 2: Results for tracking lips.
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