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1. Background
k�l�m-n<o�p qVr?s�t�u�u�o�u�vPw<x�y�z m�s�p{l�t�|�}�~�o�� p&t-� t�x�vKmN|$~�o�p�mNy��El�t�x����-t�x�mNt�u��9|$y��:p �-t�x�mNp�y�y�� |�p�y

t�s��)~�o�x�m%t�u��-��x�y�s�m�|$|�l�o�v�l���x�m�|$y�� ~)p o�y�uNv�m�y���x�m��:m�x�m�u�s�m��-��o�vjo�p\t���o��3t�vKm�xUqNy���p�l�mI�-y�x�� �.�%o�p�l3p�l�m.v�y�t��
y���s�y�u�|$p�x�~)s�p o�u�vVt#p�l�x�m�m�����o��3m�u�|\o�y�u�t����3y���m���y���p�l�m�s�t���p�~)x�m��d|$~)x�x�y�~)u���o�u�v�|$�ak�l�m/��x�y�s�m�|$|\o�u�v
|$p�t�v�m�|&t�x�m�u�y�p?q�m�p<�3t�p�~)x�m��)p�l�m!qNs�~)x�x�m�u�p�� q3t�|$|$~)�3m�p�l�m{�-y�x�� �Ps�y�u�p�t�o�u�|�y�u�� qP�:� t�p)�"m�x�p o�s�t����:t���t���m�|$�
t�u���p�l�m!q�x�m��)~�o�x�m�|$y��3m�l�~)�3t�uBo�u�p�m�xU�"m�u�p o�y�uBo�u�p�l�m��Nt�p�s�l�o�u�vYy��9s�m�x�p�t�o�uO�:m�t�p�~)x�m�|/o�uOp�l�m
m�u��'o�x�y�u��3m�u�p��g�3m!�"m�x�p�l�m�� m�|$|$��p�l�m3y�~)p���~)p���tNp�m��fp�~)x�m����3t�����m��4�P��m�u���u��"m�u�p�y�x.�3y���m�� �)o�|JtN�:t�o�x�� q
s�y�u��'o�u�s!o�u�v�x�m�s�y�u�|$p�x�~)s�p o�y�uNy���p�l�m%|$t��3��� m��-t�x�m�t��

� y�p�l,p�l�m/t�s��)~�o�|\o�p o�y�u,t�u��,��x�y�s�m�|$|\o�u�v4|$p�m���|N��x�y���~)s�mWt/� t�x�v�mWt��3y�~)u�p�y���o�u��:y�x��3t�p o�y�u
p�l�t�p)o�|�u�y�p�� o���o�p�m���o�u#~)|$m��:~)� u�m�|$|�p�y#v�m�y��3m�p�xUqPs�x�m�t�p o�y�u���k�l�m��3y�|$p�}�t�|\o�s�~)u�o�p�y��io�u��:y�x!�3t�p o�y�uLo�|
p�l�mGo��3t�v�m��K�-l�o�s�lWs�y��3}�o�u�m�|%tL��o�vjo�p�t��fo��Nt�v�mA���'�'�'�f�f�'�'�'�P��o���m�� |$�i�'�P}�o�pIs�y�� y�xU�I�%o�p�lVp�l�m�s�t��3m�x�t
��t�x�t��3m�p�m�x�|$��� y�s�t�p o�y�u���t�u��a��o�x�m�s�p o�y�u4o�u6t9s�y��3�3y�u�s�y�y�x���o�u�t�p\m4|\q�|$p�m��8�:y�xNt�� ��o��3t�v�m�|$�]k�l�m
t�s��)~�o�|\o�p o�y�uNl�t�x����-t�x�m%��u�t��3m��E Nx�v�~)|\�{s�t���p�~)x�m�|�tEl�m���o�|$��l�m�xUo�s�t��?p o�� o�u�v�y��)o��Nt�v�m�|�t�x�y�~)u��-t%|\o�u�v�� m
y���p o�s�t��)s�m�u�p\m�x���t.�3y���m!�j�Bk�l�m�s�~)x�x�m�u�p<��t�p�t.|$m�p<~)|$m�|&�'¡Eo��3t�v�m�|&��m�xIu�y���m��-l�m�uPy�uPp�l�m�v�x�y�~)u����
t�u��d¡'�3o��3t�vKm�u�y���m�|%�-l�m�u,p�t�¢fm�u,�:x�y��£t�x�y�y��:p�y����a N� p�l�y�~)v�l,m�t�s�lWo��3t�vKm/s�y�u�p�t�o�u�|%o�p�|-y��-u
� y�s�t�p o�y�u¤o�u��:y�x��3t�p o�y�u¥t�u��¦o�|§x�m�vjo�|$p�m�x�m��¦�%o�p�l¤o�p�|§u�m!o�v�l�}�y�xUo�u�v¨o��3t�v�m�|¨p�y_s�y�x�x�m�s�p��:y�x
�3m�t�|$~)x�m��3m�u�p�m�x�x�y�x�|$��p�l�o�|�� y�vjo�s�t���v�x�y�~)��o�u�vGo�u�p�y�u�y���m�|Gt�� � y��-|G�:y�xSo�u�p�m�x���u�y���mJx�m�vjo�|$p�x�t�p o�y�u�p�y�}�m
t�s�s�y��3��� o�|$l�m��/}�q/x�m�v$o�|$p�m�xUo�u�vNt�u��/t���z ~)|$p o�u�vNt�uVm�u�p o�x�m�u�y��)m�x�t�p�l�m�xGp�l�t�uVm�t�s�l-o�u���o �'o���~)t��fo��3t�v�m��
��p�t�� |$y�t�� � y��-|G�:y�x{s�y�u��"m�u�o�m�u�p�� q�s�x�m�t�p o�u�v-|$��l�m�xUo�s�t��ip�m��fp�~)x�mL�3t���|Ey��{p�l�m��-y�x�� ���:x�y��©p�l�mLu�y���m�ª |
y���p o�s�t���s�m�u�p\m�x%�:y�x��'o�|$~)t�� o�«�t�p o�y�uC��~)x���y�|$m�|$�9 Nx�v�~)|&�-t�|J�3y��"m��4t�x�y�~)u��3k�m�s�l�u�y�� y�vjq4r?�)~)t�x�m3p�y
t�s��)~�o�x�mO�3t�u�q¬u�y��)m�|`��­'�¨p�y�p�t�� �g�%o�p�lctB�'o�m��®y��Bm�t�s�l¦}�~�o�� ��o�u�v§|$y¦p�l�t�pap�l�mRv�m�y��Nm�p�xUq
x�m�s�y�u�|$p�x�~)s�p o�y�uNt�� v�y�xUo�p�l��3|i�-y�~)� �-l�t��"m%m�u�y�~)v�l.o�u��:y�x��3t�p o�y�uNp�yN��x�y�s�m�m����

r?yP�:t�x¯o�uPp�l�m�n<o�p qPr?s�t�u�u�o�u�vAw<x�y�z m�s�p���p�l�m{o��3t�v�m���t�p\t�l�t�|�}�m�m�u#p�l�m��Nm�t�u�|�p�y#p�l�m�m�u��Py��
v�m�u�m�x�t�p o�u�v�tEp�l�x�m�m�����o��3m�u�|\o�y�u�t��?�3y���m�� �'}�~)pSp�l�m.y��Sm�x��'°A± � y�����t�p�t%s�y�� � m�s�p�m��%o�|{~)|$m��:~)��o�u3y�p�l�m�x
t������ o�s�t�p o�y�u�|{t�|S�-m�� � �Ek�l�m.x�t��²��t�p�tEs�t�u3}�m.~)|$m��.o�u�o��3t�v�m���}�t�|$m��3x�m�u���m�xUo�u�vLp\m�s�l�u�o��)~)m�|$�)t�u��Ns�t�u
m!�"m�uN}�m%s�y��3}�o�u�m��%�%o�p�lNp�l�m%vKm�u�m�x�t�p�m��-�3y���m��?�:y�x�|$y��3m%u�y��"m����'o�m!�%o�u�v���t�x�t���o�v��3|$�

2. Overview
³�´�µ�¶�µ{·-µ�¶�µ�¸ ·-¹#º3»�¼ ¹�¶�½�¹�»�¾ ¿GÀ�¶UÁ Â'Á�Ã�½�¸�´�Á�¿GÄ�¶�¹�¼ µ�Å�¸�Æ�À�µ!Â"µ�¾ ¹�Ä�Á�Ã�½�º3µ�¸�´�¹�À�¿G¸�¹�Ç)È)»�¾ Á�¸�»�¸ Á ÂSµ�¾ É

»�¿$¿$µ�¿$¿�¸�´�µ%Ç)È)»�¾ Á�¸ É-¹�Ê�¸�´�µ%»�Å�Ç)È�Á�¶�µ�À-»�Ã�À-Å�»�¾ Å�È)¾ »�¸\µ�À-À�»�¸�»�Ëf»�Ã�À-ÊXÁ�Ã�À�Á�Ã�½�È)¿$µ�¿�Ê:¹�¶�¸�´�µ%À�»�¸�»E¹�¸�´�µ�¶�¸�´�»�Ã
¸�´�»�¸G·-´�Á�Å�´DÁ�¸G·-»�¿�¹�¶UÁ�½jÁ�Ã�»�¾ ¾ ÉCÁ�Ã�¸�µ�Ã�À�µ�À)Ì�³�´�µC¾ »�¸�¸�µ�¶�Á�¿�º3¹�¶�µPÁ�Ã�¸�µ�¶�µ�¿$¸ Á�Ã�½�¸�´�»�ÃZ¸�´�µDÊ:¹�¶�º3µ�¶�Ë%¿$¹
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Ø�Ô%Þ$â�Ô�Ý�ÏSÜ�×�Þ$Ù�Ò)Þ$Þ\×�Ý�Ó�Ô�à:à:Ñ�Û�Ï�Þ{Ï�Ñ�Ö-Í�Û�Ü�Þ�Ï�Ð�Í�ÏSÓ�Ñ�Í�Î ã
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3. Single Node Viewing
ô¤õ\ö�÷�ø�ù ú/÷�û�ü�ú/ý�û�÷�þ�ÿ�ö�÷�õ-þ���úAö�÷��:û����3ÿ�þ ö�û�÷,÷�ú�ý�ú�õ$õ$ÿ��	�,þ�û
��ú�ý���ú�ÿ�þ�úWÿ
�'öMú��¤û��Lþ���ú��-û���ù ü

����û��©û�÷�ú���û�ö�÷�þ�ö�÷/õ���ÿ�ý�úLÿ�÷�ü/þ ö��3ú������/ý�û�����ö�÷�ö�÷�øNÿ�ù ùSû��&þ���úGö��3ÿ�ø�ú�õ�ö�÷Wÿ���ú���ö�õ�����ú��Uö�ý�ÿ�ùSþ ö�ù ö�÷�ø
ÿ���û��)÷�ügþ���ú��'ö�ú�����û�ö�÷�þ��"ö�þ{ö�õ���û�õ$õ\ö���ù úVþ�ûaþ���ÿ�ý�ú9þ���ú9ý�û�ù û��-û���ÿ�÷�� ��ÿ��aû���ù öMø!��þJý�û���ö�÷�øDþ�û6þ���ú
û���þ ö�ý�ÿ�ù�ý�ú�÷�þ\ú�����ú����:ú�ý�þ ö �"ú�ù �#ÿ�ù ù û��%ö�÷�ø�û�÷�úJþ�û#"�ù û�û�$-ÿ���û��)÷�ü&%'�%ö�þ���ÿ�÷�ÿ�������û����Uö�ÿ�þ�ú�ù �(�3ÿ�ü�ú)�fö�ú���ú����
* �)ý��3ÿ�÷3ÿ�����ù öMý�ÿ�þ ö�û�÷���ú���ù ÿ�ý�ú�õ{þ���ú.õ\ö�����ù ú+����û�þ�û�ø!��ÿ��������3õ$û��3ú�þ���ö�÷�øLþ���ÿ�þ<ý�ÿ���þ��,��ú�õ&ÿ.-0/ 1325476�879�:�;
< :�=�8�6�:�8�>,?�6�8�@�;�?A8�@�6�:B6AC < ;�DE6�879�:&; < :�=�8�6�:�8�FHG < :�I�; < :�J�9�?�K�6�8 < 9�:LC < ;�D�;�M�J�?�9�KN6+= < :�O!P ;Q:�9�M&;Q:�;�;�M
:�9�8R@�6�CS;�6�:�TU:�9�8 < 9�:�9�JV8�@�;�=�W,?�?�9�W,:�M < :�OBO!;�9�K�;�8�?	T&>SX�9�8�@ < :�M&9�9�?'6�:�M�9�W,8�M&9�9�?Y=�I�;�:�;�=LI�6�:ZX�;
I�6�[�8�W,?�;�M�6�:�MYC < ;�D�;�M < :H8�@ < =\K�6�:�:�;�?�>]6�= < =\M&;�K�9�:�=�8�?�6�8�;�M < :H[�P 6�8�;�=\^�8�@�?�9�W,O!@H_]F
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Figure 1: Subdivision of space for finding ray-image intersection
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Figure 2: Example of the use of the delta vector for sampling.
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Figure 3: Example of off-node raycasting.  Rays a and b are cast from the viewpoint into the scene to
color two pixels on the screen.  Corresponding rays c and d are cast from the node, and the
appropriate color from the node’s images is returned to the raycaster to color the view.
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Figure 5: Example of off-node occlusion problem.  When the node tries to give a color for a point on
building B, it actually is showing a color from building A unless visibility detection is used.
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6. Appendix A – Color Plates

Plate 1: wire showing the wireframe aligned with buildings

Plate 2: wire showing a mis-aligned node
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Plate 3: Wide angle Plate 4: Close up

Plate 5: Long exposure -- inside Plate 6: Short exposure -- outside
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Plate 7: View generated from a single node with
fill-in provided by a second node

Plate 8: View generated from multiple nodes

Plate 9: View from a node

Plate 10: View from between nodes
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Plate 11: Another off-node view

Plate 12: Visualization of projection from above view


