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� �l�£¤J¡X��������� µ ý��¢�� ��¢�'�����'ý � �®¥��|ý���¤�ÿlü����'¶&�Q�à¤¢���¡����'��ý�� � ���:�' ����®¤¢��� � ��ý�ÿ#���~©l�/¥��7©'���������qª��'© µ �
	 ��7�����' �¥ µ  �¶&�7�£¤·�|�� T¤�ÿ��~ D�~¤���ý~���Ñý~�7ª'�7ý,¡����®¶��7���£�Q�� µ ¶·���'�B�Q¥�©'� ¥��&¤��7¶E¤��~�l ,üT�'¡�¤���¶������<�' ��|ý�ÿ��£���B�' �¥��¤��������J�Q��¤�� � �|¤¢���' ����������������ªl���Qü¨�®ÿº�~ T¤���©'�·��¤�	

�~ �©³�~ ��Ù�l� � �|¤¢���' Ý�'¶��¢�T�¢�vª®��� µ �'ý � ��¥��|ý��~¤¢���7���g�£�7�'ü��� ©���ü� �����Eü¨¤¢���D� µ�� �| <ª®��� µ �'ý@�¢ÿ���¤�� � ���'¶! µ �~���7�ªT��� µ �|ýX�¢�7¡��¢�Q�£�7 T¤���¤��~�l ����2����¶·�/�'ý~ý������"�Ù�'�@�'¶&¤¢���' ���2��¤��<���~©l�<¡��¢�Q¶&���£���' º�| �¥º¶����¢¤��|�� T¤�ÿJ�2�~¤¢���� º¤¢���
#�$ ���'��ý�¥/��ªl��  µ  �¥��7�����|¤¢���7� µ  �¶��' T¤¢���'ý�ý~�Q¥M¶��' �	¥���¤��~�l ��!��@���¦¡O���¨�7�±��� � ��¥��'ý~�~¤�ÿ%� µ �¢�~�l ë�|�����¢�7��Ù�¢� � ¤����ë� µ ©l�J  µ�� �O��������� T¤¢���~ ��¢��¶Ý�¢�7ý��|¤¢���' ��©'��ª'�� D�®ÿD¥���¤¢��� � �~ ����£¤¢��¶±�' �¥��£¤���¤����£¤¢��¶��'ý�����© µ ý��|��	��¤��~�Q�D�'¶&���l���MªT��� µ �|ý � ��¥��|ý���¤��~�Q�
���@���à�Q�¢�¢�� T¤¢���|ý
 ����Q¥��Ù�l�&� µ �£���' È���!ª®��� µ �'ý � ��¥��'ý~�~¤¢���7�7ü��O�7�¢��¥��¤¢���7�~��� � ¡�����ª'� � �7 l¤³�l�D���£�lý��|¤¢�7¥ � �&¤�����¥��7ü
���'��|ý��£�à�O���� s���7¶��'©l ����¢�7¥ë�®ÿJ¤¢���³¶&� � ¡ µ ¤¢�7��ªT���¢�~�l ¶&� ����µ  ��~¤�ÿM¥ µ ���� �©�¤¢���±ý��'�£¤'�7°Øÿ'�Q�|�·�'���¢���lü��(� ©)�~ü*�|ü # ���+�
�@���J� � ¡X�l�£¤·�| T¤M����© µ ý��'�¢�~¤¢���7���~ �ª®��� µ �|ý ¥���¤���2��¤��³¥�����¤��~ �¶&¤ ¡����'¡O���¢¤¢���7� �|����ÄØÖ|ÍgÉ�Ö|Æ,� � �T��¤%� � 	¡X�l�£¤·�| T¤¢ý�ÿ³���~©l��¥�O��¥�ÿ � �'¤¢���' ,ü"-�.0/Ýü:�¢���lü��(� ©)�~ü 12�����| �¥ºÊEÍÛÅ�ÍwÉ�ÊEÍgÉ�Õ·Å�Ë�ÉÒÆ�ÍÛÂ�Ô¢×'ÂÛã�Â�ÆO×lÂ&ÆqÕ&É�Â&Ê±�O�&¤������7 

�Ù�7��¤ µ ���7�<� µ ¶·�4�'�ë¶��'ý�ý~�� ��Q�|����¤�ÿ �| �¥ �£ÿ ��� �&¤¢��ÿ���¢���'ü ��� ©���ü3 ¯ # �4���657-8.9/ �¢�
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	h�¢¡��'¶��D¶&�' T¤��~  µ�µ�� �;:��¤¢��� #($ � �'¤¢���' Ý�O�&¤������� à¤����<�Ù�·� � �7�;�����® ����2 ¤¢���7 =�Ù�7�|¤ µ ���S¡����7¥���¶&¤¢���' ±¶7�| ;�O�¨¡O�l�£¤ µ ý��|¤¢�7¥±�£�� �¶&�¤¢����¶·���' �©'�!��� ¤�����¡O�l�¢��¤��~�l º�' �¥�¤¢�����¢� � �' l¤���¶¡��¢�l¡X�7�£¤��~�Q�#���>�Ù�7��¤ µ ���7�Ø¶��' ��O��¶&� � ¡ µ ¤¢�Q¥?�g�£�7�'ü��� ©���ü@*�!A��4�����@�����v¶��' ³�O�Ø¥��' ��#�®ÿD���\ª®�~ �©¦¡��®ÿ��B	
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� �'���|�X�����~��ý~���¢�~ X¶&���~¤±�|ý�ý~�������Ù�'�;�l¶
 µ ���¢�� �©!�'��	C��7¶&¤��® ����2ý��7¥�©'���Tÿ
�@��¤·¶·���� �©�¤����@�'��C��Q¶E¤��2��¤���� µ ¤©'�·�'�¢¡��� �©����
�%�@����� ��� �'ý��¢���' ��±����¤���� � �'�~ è¶&�' �	¤¢���~� µ ¤¢���' ��M���
¤������/¡��'¡X�7�M¶�� � ¡��|���7¥º�2�~¤¢�}*�!A��R���������ªl���Qü����\ª®�~ �©�¡��Tÿ��¢��¶7�|ý:¶��' T¤¢���'ý���ªl���@¤����;�'��	
C��7¶&¤ � �~©l�T¤#�|ý��¢�D���\ª'���l¥�ª��| T¤��'©'��� µ �v�� ë�£¡O�7¶��*~O¶�£�~¤ µ ��¤¢���' :ü���� ©���ü��2���� ¦¤����'-�.0/5����¶��' T¤¢���'ý�ý~�Q¥��� 
� µ ¶·�±���@�\ÿA¤�����¤$�7�¢¡X�Q¶&���|ý�ý~ÿ
¶��'©' ���¤��~ªl�B�~ T¤������7�£¤¢�� �©�£�~¤ µ ��¤¢���' D�'�¢�v¶&���7�|¤¢�7¥N���������ªl���Qü�¶&� � ¡ µ ¤��|¤¢���' È����-�.0/ ���Ý�k ��l 
¤¢���~ª®���|ý�¡��¢�l��ý~� � ��I � µ ©'��� � � µ  T¤Ý���!ý~�~¤¢�7����	¤ µ ���%���@¶&�l �¶&�7�¢ ��7¥��2�~¤¢�¦��¤·���7�£¤¢� � �|¤¢���' ��Ù�¢� � ¥��*�4	
�Ù������ T¤M�®�� �¥��M���=�Ù�Q��¤ µ �¢�¶&�'�����7�¢¡X�l �¥��� X¶&�7�����¢���'ü��� ©���ü� ¯|°�üT¯'¯P�4�&ül�2����¶·���|��� � �l�£¤¨¶�� ��� �' �ý�ÿ±¡O�'�� T¤�| �¥��\�'�#ý��~ ���¶��'���¢�Q�£¡O�' X¥��� �¶��7�!�J:Û �� µ ���£ÿ��£¤¢� � ü¶&�l�¢���7�¢¡X�l �¥��7 �¶&�Q�¨�'�¢�v�7�£¤��'��ý����¢���7¥M�®ÿ��'¡�¤¢��¶8�X���=�
��������ªl���Qü:�' ���� µ  �¥�� � �� T¤��'ýS¡����'��ý�� � ���8-8.9/<	
�7�£¤¢� � ��¤¢���' /���¨¤¢�X��¤ � ��¤¢����¥��@�|���A�� �©l�� ��7���'ý�ª'�7�¢ÿ�£�7 ��¢��¤��~ªl�Ø¤¢�D� µ ¤¢ý��~�7���!�M�@���/¡X�T�£���Q��¤�� � ��¤��~�l Ý�|ý�	©'�l�¢�~¤¢� � ���M¥��³�'¡�¡�ý�ÿ� ¯l¯2�@¶�� � ¡ µ ¤��7�±¤¢���M�¢��©'��¥�X��¥�ÿ � �|¤��~�l �¡��¢�Q� µ ¡�¡X�T�£�� �©þ� #($ � ��¥���ýè���¤¢���D�l��C��7¶&¤��| �¥º�  µ�� �O�������%¶&�l�¢���7�¢¡O�' �¥��7 �¶&�Q���� #($H� �� T¤¢�~¤¢���7�±�X��¤��¨�7�� à¤¢���/�'��C��7¶E¤ � ��¥��7ý¨�' �¥¤¢���7�~�%¡�����C��Q¶E¤¢���' X���� D¤¢���Ø¶&�l ��¢�7¶ µ ¤¢��ª'�=�Ù�·� � ����:Û  ¯l¯2��� � �'  µ �|ý�ý~ÿ¥��7�¢�~©l ��7¥ #($ � ��¥���ý¨���l� µ �£�Q¥�Ù�'�à¡O�l�¢�ë�7�£¤¢� � ��¤��~�l N�����7�¢�lü������@�| T¤è¤¢�Ñ�¢�
	
¡�ý��'¶&� ¤¢�����@¡������'�@�® ����2ý~�Q¥�©'� �®ÿ/� µ ����¤���¤ µ ¤¢�� �©#¤¢���
� �|  µ �|ý�ý�ÿ;¶&���7��¤��7¥ � ��¥��7ý��Tÿ #($ �~ ��Ù�l� � �|¤¢���' ±�
��	¤¢�·�'¶&¤¢�7¥m�Ù��� � ��¤����������9��������ªl���Qü��Tÿ µ �¢�~ �©��£¤¢�7�¢�7��¨�|���'¶��;¤������|�O��ª'� � �� T¤��~�l ��7¥³¡��¢�l��ý�� � �A��� µ  �	¶&�7�£¤·�|�� l¤�ÿ�| �¥J�¢�7ý~���|����ý���¤�ÿè����ª®��� µ �'ý¨¥��|¤����l�±¥��
	�¢¶��¢���O�7¥��'�X��ªl����.��7¶�� µ �¢�����
¤����è�¢�� ��¢�~¤¢��ªT�~¤�ÿ<���¡X�T�£�³�7�£¤¢� � �|¤¢���' º¤��J� µ ¤�ý~�����·���� º¤¢��� #�$�� � ��¥��7ý�¨�S ����Q¥v¤¢�%¶&� � ¡O�� �����¤���¤¢���7�¢�S¥�����¤ µ �¢�X�| �¶��7�!�:¬�¶��' ³�£�l�£¤ � µ ¤ µ  �����ý����'��ý~� #�$�� �Ù�7�|¤ µ ���7�A�®ÿ!�'¡�¡�ý�ÿ�	�~ �©Ø�#©l�¢� µ ¡��� �© � �7¶·�X�| ���� � ���'�¢�7¥M�' èÊEÍhÅ|ÍgÉ�ÊEÍwÉ�Õ�Å|Ë
ÉÒÆ�ÍÛÂ&Ô�×'ÂÛã�Â�ÆO×lÂ&ÆqÕ&É�Â&Ê��� !ª®��� µ �|ý,¥���¤�����  �¶&��¤�����-�.0/4�l¶&���l���N�Ù�·� � �Q�������® ����2 ����' �¥�Ù�'�/¤¢���³¶�� � ¡ µ ¤·��¤��~�l s���
¤¢����-�.0/ ���D ����Q¥��
 µ ��¤��/�¢�'¡������£¤¢��¶���¤��7¥ � �'¶·���� �����ÿ�� �¨��¶7�|  µ ¤¢��ý����7��| �¥#�%�¢¶·��� � ���2����¶·� µ �£�Q�$¤¢���;×lÂ&ÍÛÂ&ÔEÄ#ÉÒÆ�É�ÊEÍwÉ�Õ Ô¢ÂhÏ|ÓÃ�Ë~Å�ÔEÉÒÍwÌg-�.0/5¤���¥������ � ����© µ �|¤¢� #�$ �7 l¤���¤��~�Q�2��ª'�7�¶&�l ��£�Q¶ µ ¤��~ªl�>�Ù��� � �Q�=*�!A����

� � û¢»®ú�¾S���2ú�¹��P�Èø2ù�¾S�£û�¼�û^�:»
� µ � �¢ÿ���¤�� � �'¶! µ �~���7� ��¤·�|��ý��±����¡��¢�Q�£�7 l¤·��¤��~�l ���Ù�¢� � ��¤�������� � � �|©l�¨�¢�! µ �7 �¶&�Q�:�®ÿv�~ T¤���©'�·��¤��~ �©�¤¢���
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Figure 1. Scheme of Interaction of visual sub–modalities
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Figure 2. ¼ ¬)½l® Three images of an image sequence. ¾ ¬)¤
¤2¬)¿D® Feature processing
(left: complete image, right: Sub-area). Shown are the orientation (center line), phase
(single arrow), color (half moon on the left and right side of the edge) and optic flow
(three parallel arrows).
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Figure 3. ¼ ¬�½9® Using the stereo module without ellimination procedure. Left: Pro-
jection onto the image. Middle: Projection onto the xz plane. Note the large number
of outliers. Right: Pose estimation with this representation. Note the deviation of
pose from the correct position. ¾ ¬)¤
¤2¬)¿D® The same after the ellimination process.
Note that all outliers could be elliminated by our collinearity criterion and that pose
estimation does improve.
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Figure 4. The accumulation scheme. The entity ü 5 (here represented as a square) is
transformed to

þ=ÿ 5�� · � � ü 5 � . Note that without this transformation it is barely possible
to find a correspondence between the entities ü 5 and ü · because the entities show
significant differences in appearance and position. Here a correspondence betweenþ=ÿ 5�� · � � ü 5 � and ü · is found because a similar square can be found close to

þ'ÿ 5�� · � � ü 5 �
and both entities are merged to the entity

�ü · . The confidence assigned to
�ü · is set to

a higher value than the confidence assigned to ü 5 indicated by the width of the lines
of the square. In contrast, the confidence assigned to ü�ý 5 is decreased because no
correspondence in the second frame is found. The same procedure is then applied
for the next frame for which again a correspondence for ü 5 has been found while no
correspondence for üPý 5 could be found. The confidence assigned to ü 5 is increased
once again while the confidence assigned to ü�ý 5 is once again decreased (the entity
has disappeared). By this scheme information can be accumulated to achieve robust
representations.
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Figure 5. ¹ ¢�ëR¤(® Projection of representations (extracted from the image sequence
shown in figure 2) on xz-plane at the beginning of accumulation (left) and after 6
steps of accumulation (right). º «pÝ»Î¤�® Deviation of 3D position (left) and 3D orienta-
tion (right) from the ground truth during accumulation. Estimation of both semantic
parameters improves during accumulation.
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