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{|s�õ¢zÈn�s�n��S¶�{ÈnI·�¶D	§nI·@Æ�n���xh�hÆ�z|{|nI»BnI·�¶�Æ2ro�h�p�Á�S¶LnI·]r�¾>¶�{ÈëQ{È¶[�r�¶Iq�ï� Æh{|n��Ln�s w6xh�]ros�s�n��h�hro�hmV	§nI·]Æhn�� �h{ÈnI·���õNnI½�{|n�z|z�Æh{Èn´Ä§{Èmon��h���@�hr�»B¶Ln��Ý��n�x�nI·�Ì�É,¿Áÿó·]r�õ2�h{È¾S¿v r�·]Æ`	�r�·�nzX{�,êó{|Æh{�r�ÿón�ð�ºo·]�øn�Ío� C � ·�ºo½In�����ºo·|ZY	,{Èn}�RxhzÈ¶�{È¶Lnø÷Q¶�x�·�n��FÂ¨s�n��h·]�L¶�x�éhmonK¼Çro�L¶LnI·]{|�]{ÈnI·]xh��m
xh�hÆ�õ2{È÷>n�zÈºo·@{Èn��¯¶�{|nI·�¶Ln µ n�zÈn�xh�@�¯¶�x2��my�Lp6nI·�n��]�2�Sxh�hm(X+~����|�q~��"�������9�&�c���{���n�FZÅmon��Sx�¶L½I¶IÂ¢xhs Æ�n����Çz|moºo·]{È¶��Q¿
s xh���h{|�2��{|�]�S¶�z|{|�@��Æ�nI· Ãã·]{|¶LnI·]{Èn��´ÿ�n����@�$	,{��hÆh{Èmo¾on�{È¶�x2�hÆ µ {|z|Æhñ>xhroz|{È¶[�r�¶�½�x�ºoõ2¶�{|s�{ÈnI·�n��Fq}Éó{ÈnR��n�x�n�����ºomyz|{|�]�h¾on�{È¶Ln��æÆhnI· � ¹§¿Áÿ�·]r�õ2�2{È¾¯¿ v r�·]Æ`	�r�·�n�nI·@s��ºomyz|{|�@��n�� Æh{|ns�Ás�õ2zÈn�s�n��S¶�{ÈnI·]xh�hmãëoºy� ¶Lnø÷Q¶�x�·�p2ro�]{ÈnI·L¿
¶Ln�� ÀQ��n�r�·�¿PôKr�·�õ�¿ ��zÈmoºo·]{È¶��hs�n���½�xh·�{��¯¶LnI·]r�¾>¶�{Èëon���Éór�·]�L¶Ln�z�z|xh��m�¶L·]{|z|{���n�r�·Ë{|�S¶LnI·�õ6ºyz|{ÈnI·]¶LnI·ËêÕºyz|x2s�n��Q¿
Æhr�¶Ln���X�ÃCr�õ2{È¶Ln�z��nZ�p6n�{��Çx�¶L½�x2��mKn�{|��nI· õh·a�r
¿ {|�S¶LnI·�õ6ºyz|r�¶�{Èëon���öA·]ro�h�L»9nI·�»�xh��¾>¶�{Èºy�<qÕ��zÈmoºo·]{È¶��hs�n���½�x�·
Éór�·]�L¶Ln�z|z�xh��mãp6n�zÈn�xh�@�¯¶LnI¶LnI·,�Á��º�� �ro�]��n���	¨nI·]Æ�n�� ro�æÆh{ÈnÇÿ�nImonIp6n��h�hn�{È¶Ln��æÆhnI· � ¹§¿ � z|r�¶L¶L»9ºo·]s ro��monIõ¢rc%o¶
xh�hÆ�nI·�	§n�{È¶LnI·]¶�X�ÃCr�õ2{È¶Ln�zÅ�yZ@qj�Á� ÃCr�õ¢{È¶Ln�z C 	,{È·@Æ��]�]�hz|{|n#%yz|{|�]��n�{���nP�±nI¶���ºQÆ�n�nI·@z_�rox�¶LnI·�¶IÂFÆh{|n n�{���n�zÈº�¿
¾�rozÈn µ n�zÈn�xh�@�¯¶�x2��my�Lp6nI·�n��]�2�Sxh�hm�p6n�{��Ln�s�{|¶L·]ro�h�Lõ2r�·]n��¯¶Ln���êÕºyz|xhs��h{�r�{|�±êÕnI·�p¢{|�hÆhxh�hm�s {È¶�¶L·]{|z�{|��n�r�·�nI·�ï�¯¶LnI·�õ6ºyz|r�¶�{|ºy�!nI·]s��ºomyz|{|�@�¯¶Iq
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Éó{Èn µ ro��{|�ÇÆ�nI·,p6n�{|s êÕºyz�xhs�nÊ¼,n��hÆ�nI·]{|�hm�ëonI·�	§n��2Æ�nI¶Ln��R��zÈmoºo·]{|¶��hs�n���p2{�z|Æ�n���õ2�nr>��{|¾
roz|{����]��nãÄ§{Èmon��Q¿
���@�hr�»B¶Ln���Æ�n��2��{��]�S¶��IÂB	¨n�z|�@��n��ós�{È¶Ç��n�s�{È¶L·]ro�h��õ2r�·�n��S¶Ln���í�pQîLnI¾>¶Ln���{��¯¶LnI·]r�my{|nI·�¶ � �a�Pq>t�s n�{|�hnË�>xhs�nø¿
·]{|�]�]��n��<�ºy��x2��m ÆhnI·¨½�xhmo·]xh�hÆ�n�z�{ÈnImon��hÆ�n��!ÿózÈn�{|�@�Sxh�hmon��æ½�x�nI·�·]n�{|�]��n��FÂS¾��ºy�h��n���ëonI·]���@�h{Èn�Æ�n��hnl��ºQÆ�n�z|zÈn
ëonI·�	¨n��hÆ�nI¶�	§nI·]Æhn��<q2��z|zÈn���º>Æ�n�z�zÈnãp2ro��{ÈnI·]n��±rox�»ÕÆ�n�s Ä§��nI·�my{ÈnInI·@�hrozÈ¶�xh��my�]��r�¶L½Cxh�hÆ±ÆhnI·,Æhr�·]roxh�Çr�p�¿
mon�zÈn�{È¶LnI¶Ln���ÀQ¶L·]ro�hz|xh�hmy�L¶L·]ro�h�L»9nI·�myzÈn�{��]�>xh��m�qSÀQ{Èn�xh�S¶LnI·]���]�hn�{|Æ�n�����{|�]�!roz|z|nI·]Æh{|��my�Å{|�æ{���·�nI·�Ããºys�õ2zÈnø÷�{È¶[�r�¶
xh�hÆ Æ2ros�{È¶C{|�KÆhnI·C»^�xh·ÊÆh{Èn����$	¨n��hÆhx2��m(	,{|�@�¯¶�{Èmon���¼�n��]�hn���½In�{È¶Iq�êÕºyz�xhs�n ¼ÇroÆh{Èºy��{È¶xr¯¿x��ºQÆ�n�z|zÈn�n��S¶ï¿
�hrozÈ¶Ln���Æ2{"!6x2�Ln�ÄÅs�{|�]��{Èºy�<Â}�,p¢�Lºo·�õh¶�{Èºy��x2�hÆ´À>¶L·�n�xhxh�hm�x2�hÆ�z|{ÈnI»9nI·]��rox�»9mo·]xh�hÆ�{|��·]nI·�Ããºys�õ2zÈnø÷�{È¶[�r�¶
¾on�{|��n(�ï�S¶LnI·]r�¾S¶�{|ë>{È¶[�r�¶Iq<tÇsÓn�{���nh�Çxh¶L½�xh��mK�Lõ6nI½�{Èn�z|z|nI·�ÿó·]r�õ2�h{È¾S¿ v r�·]Æ`	�r�·�n�½�x�nI·]s��ºomyz�{|�]��n�� s�ro�]�S¶
s�ro��ëonI·]n�{|��»�ro�]��n��hÆhnC�Ç�h�2ro�hs�n��<q

Ä§{|�!� �rox�éhm�{|�!Æ�nI·/êÕºyz|xhs�n��¯ëQ{|��xhroz�{|��{ÈnI·]x2��mãëonI·�	¨n��hÆ�nI¶Ln��*��º>Æhn�z|z¢{��L¶/Æhro�* D¡¢��£�£^�q¤c�h¥'¦|£#¤c�_§��{�{¤��¨ ¤[©$���Sº>Æ�nI·*ª¢����£^�{�{«' �¡¢�¬�q�_�#� ¨ ¤­©$�#��� t��F�Pq v {ÈnI·�ëonI·]�hro�]�2z_�ro����{Èmo¶�s�ro�!Æh{ÈnãÀ>¶L·�n�xhx2��mËÆ�n��D�A{|�]�S¶���xh�hÆ
nI·]�j�roz|¶/n�{|��nãëonI·�n�{|�h»9ro�@�¯¶Ln ð�ºo·]s Æ�nI·óÀ>¶L·]ro�hz|x2��my�L¶L·]ro�h��»BnI·�myz|n�{|�]�>xh��m�{|�p�ï�¯¶LnImo·]roz|»Bºo·]s±¸

® Xq¯cZ7° ® Xq¯a±[Z/²c³�´Fµ&¶_·|¸ ¶i¹�º ¶»
¶ ·½¼ Xq¯­¾¿Z/²c³�´Fµ"¶_À�¸ ¶x¹qÁ�¯­¾¬Â X Í>q|t[Z

® Xq¯ ± Zó{��L¶Ê�h{ÈnI· Æh{Ènb�ï�¯¶Ln��2��{È¶ �r�¶ËÆhn�����{��]�S¶��L¶L·]ro�hz|�Êp6n�{|s(ÄÅ{��¯¶L·]{|¶L¶C{|��Æhro�ÊêÕºyz|xhs�n���xh�hÆ ® Xq¯FZCÆh{Èn�ï�¯¶Ln��h�]{È¶[�r�¶¨Æhn��,�A{|�]�S¶��L¶L·]ro�2z|�Åp6n�{|sÝêÕnI·]z|ro�]�Ln��!Æ�n��ÅêÕºyz�xhs�n��h�Iq��ï�ãîLn�Æ�n�s � xh�h¾S¶§n��¯¶�z|ro�hm�Æhn���À>¶L·@ro�hz|�
nI·�»9ºyzÈmo¶¤ÄÅ�hnI·�my{Ènø¿ �Çp2�Lºo·�õh¶�{|ºy�pX�s {È¶¤Ããº>n#Ã�½�{Èn��S¶?ÄBZ*xh�hÆË¿ Ä§s�{|����{|ºy�pX�s {È¶¤Ããº>n#Ã�½�{Èn��S¶ ¼ Z@qyÉó{Èn�¤|§��{�Å£#Æ��N�Ç �+�{È­��É�{|�}X Í>q|t[Z�{|�L¶�	,{Ènã»9ºyzÈmo¶�Æ�nIé¢�h{ÈnI·�¶I¸

É5Xq¯yÊ#Ë�¯[Ì[Z]° ¶iÍ»
¶
Î Ä�Xq¯FZiÁ�¯yÂ

ð2�x�·,Æ2{Ènã�Sxhs�nI·]{|���@��nl�<�ºy��xh�hm�Æ�nI·��Á�S¶LnImo·]rozÈmyz|n�{|�]�>xh��m�Æh{��L¾S·]nI¶�{|��{ÈnI·�¶�s�ro�±Æ2{Èn��LnoÂ�{|�hÆ�n�s$s ro�±Æ�n��
ô nImCÆhx�·@�]��Æhro�*êÕºyz|xhs�n���{|�oÏY�Á�S¶LnI·�ë�roz|zÈn�xh�¯¶LnI·]¶Ln�{|zÈ¶}xh�hÆ Æh{Èn,�Á�S¶Ln��h��{È¶ �r�¶Õ{|s � xh��¾>¶�¯aÐ�{|� �,p2� �ro��my{Èm�¿
¾on�{È¶�ëoºy�Ñ¯[Ð ³ Ê Æhr�·]�L¶Ln�z�zÈ¶I¸® Xq¯aÐFZ7° ® Xq¯[Ð ³ Ê Z/² ³�´Fµ&¶xÒ�Ó Î ¸ ¶xÒ^¹ º ¶ Ò»

¶ Ò�Ó Î ¼ Xq¯cZ/² ³�´Fµ"¶�¸ ¶xÒ^¹ Á�¯yÂ
Ì
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t�s Æh{ÈnæÉór�·]��¶Ln�z|z|xh��m�½�x�ëonI·]n�{|��»�ro�]��n��<Â*»^�xh��·�¶ s�ro���Çph¾��x�·�½�xh�hmon��Kn�{|�<q}ð��x�·�Æh{ÈnæöA·]ro�h��õ2r�·�n���½

½#	,{|�]�]��n��±roxh»Bn�{|�2ro�hÆ�nI·�»Bºyz|mon��hÆ�n��±�Çph¶�ro�L¶Lõ2x2��¾S¶Ln��Ñ¯[Ð ³ Ê xh�hÆ(¯aÐË���@��·�n�{Èp2¶�s�ro�Ü Ð�°Ý² ³�´Fµ"¶ Ò�Ó Î ¸ ¶ Ò ¹ Â
Éóro�s�ï�S¶LnImo·]roz��x�p6nI·�Æh{|n�mon#	Ç{|�]�S¶LnI¶Ln��ßÞãx�n�z|zÈ¶LnI·]s�n�p6nI½In�{|�@�h��nI¶�s�ro�Rs�{È¶

à Ðl° ¶ Ò»
¶ Ò�Ó Î ¼ Xq¯cZ/² ³�´Fµ&¶
¸ ¶iÒ^¹ Án¯$Â

Éó{Èn'�ï�S¶Ln��h��{È¶[�r�¶ ® Xq¯­á`Z�z_�rc%o¶,��{��]��Æhro�h�±·�nI¾>xh·]��{Èë �hnI·]zÈn�{È¶Ln��<¸
® Xq¯­á`Z]° ® Xq¯[á ³ Ê�Z Ü á'º à á¢°½X ® Xq¯­á ³ Ì­Z Ü á ³ Ê�º à á ³ Ê^Z Ü á�º à áb°�Â#Â#Â�° áâÐ#ã ± à Ð

áäå ã>Ð#æ Ê Ü å
s�{|¶ à ±*° ® Xq¯[±[Z@q
Éó{Èn�ö�nI·@s�n Ü Ð�xh�hÆ à Ð¢	¨nI·]Æ�n����hro�@��ÆhnI·ÇöA·]r�õ6nI½I·�nImon�z}�Sxhs�nI·]{|���@�±p6n��L¶�{|s�sË¶Çx2�hÆ�{|sç�Á�S¶LnI·�ë�roz|z�)¯aÐ ³ Ê Ë�¯aÐ#�Aroz��/¾oºy�h�L¶�ro�S¶Çro��mon��hºys�s�n��<¸Ü Ð�°V² ³ ÎÍ µéècµ&¶xÒ�Ó Î ¹ æ ècµ&¶xÒ|¹Å¹Åê]¶xÒ

à Ðl° t
Í X ¼ Xq¯[Ð ³ Ê Z Ü Ð,º ¼ Xq¯aÐcZ
Z/ëP¯aÐv �ro��mon���Æ2{Èn��,p2��ºo·�õh¶�{Èºy�h�L¿/x2�hÆ ÄÅs�{�����{Èºy�h��¾oºSn#Ã�½�{|n��¯¶Ln���ëoºy��n�{|��nI·CÉó{|�]�S¶LnI»�xh��¾>¶�{Èºy�\ìRr�p�Â5	,{Èn

Æh{Èn���½oq µ q¢pNn�{<s�n�Æh{È½�{|�h{����]��n��!Éór�¶Ln��h�[�r�¶L½In���Æ�nI·,ð2roz|zF{|�L¶IÂh��º�nI·�my{Èph¶��]{|�]�
ÄY°JÄ ±�í ì
¼ ° ¼ ± í ì�Ëxh�2Æ�Æhros�{È¶ à Ðl° ¼ ±Ä�± Xïtsî Ü ÐFZ^Ë	¨ºop6n�{ ¼ ±óxh�hÆhÄ�±ãÃãºy�h�L¶�ro�S¶Ln�����{��hÆ<q

Éóros�{È¶ónI·�my{|ph¶ã��{|�]��Æh{|nßï]¤c¡�§N¤c£^�{�{���n�ñð,�¿���qÆ��nò����oÂ>	§n�z��]��n�roxh�@� roz|�póDôc�#�^��ó�§`���
õ��+¤c�óp6nI½In�{|�@�h��nI¶	,{È·@Æ<¸ ö
÷xø�ù °

ö
úqû í Xïtsîýü9Z5º

ö
í ü X Í>qìÍyZv {ÈnI·�{|�L¶bü½°.t�î Ü Æ2{Èn�íóõ2r�½�{È¶[�r�¶�xh�hÆ

ö
°�þ ·è · q µ n�{|s ¹�ºys�õ6ºy��{È¶�{|��mÿX9ëSmyzPq¤�,php¢{|z|Æhxh�hm�Í>q|t[Z	,{È·@ÆRroz|��º±Æh{Èn �Á�S¶Ln��h��{È¶ �r�¶

ö
úqû Æ�n��Cn�{|�¯¶L·]n�!Nn��hÆhn��u�A{|�]�S¶��L¶L·]ro�2z|�ãs�{È¶ãÆ�nI·CöA·]ro�h�Lõ¢r�·�n���½ Ü ° Xït�îñü9Z

Æ�n��/êÕºW÷>n�z���sËx2zÈ¶�{Èõ2z|{|½�{ÈnI·�¶§x2�hÆ!Æ�n����Ln��p�ï�¯¶Ln��2��{È¶[�r�¶s	,{|·]Ææs {È¶�Æ�nI·Çí�õ2r�½�{|¶[�r�¶/mon#	,{|�]�S¶LnI¶Iq6¹�ºys�õ6ºy��{È¶�{|��m
{|� ð�ºo·@suÆ�n��hóDô����|�|ó�§����
õ��+¤c�^£�	Ç{È·]Æ�Æh{È·�nI¾>¶ãëoºy��ÿó·]r�õ2�h{È¾S¿ v r�·]Æ`	�r�·�n�xh�¯¶LnI·@�L¶c�x�¶L½I¶Êxh�2Æ�p2{ÈnI¶LnI¶Ê��{��]�
Æhro��nI·Çroz|�*��º>Æ�n�z�z6»^�x�·��2r�·]Æ`	�r�·�nø¿Pp6n����]�hz|n�xh�h{Èmo¶LnóêÕnI·�»�ro��·�n��±s {È¶�ö�nø÷Q¶�x�·�n���ro�<q



ÔNg&f�g�d�3j1l6�6�- � -/d'1*4�-­ÙD. Ö2:<;Ø8<ÙD3�k�ÚÑ:�;*:?.2Ö�:?;*-i.bmV123,m'Ù�;s-­4902ÚÑ:?. �

Cin CoutC

α

�,p2p2{|z|Æhx2��m Í>q|t�¸<¹¨ºys�õ6ºy��{È¶�{|�hm�q

����� �	��

����������
������������ �"!#����$�%&�	'(�)�*��� �+���*,.-/�0,��1�+����2�%&�)�
Éó{Èn�»^�xh·¤Æhro�}êÕºyz|xhs�n/¼,n��hÆ�nI·]{|�hmÇëonI·�	¨n��hÆ�nI¶Ln�� �ÇzÈmoºo·@{È¶��hs�n���z|ro����n�����{|�]� õh·@{|��½�{Èõ2{|n�z|zy{|��Æ�·�n�{QÃCz�ro���Ln��
xh�S¶LnI·�¶Ln�{|zÈn��F¸

3 µ {|z�Æ�·]roxhsËëonI·�»�ro��·�n��\Xi��¡Põ­���b¤c�
©$����Z
3 íópQîïnI¾>¶L·]roxhsËëonI·�»�ro��·�n��ýX
¤n¦54­��Æ­�D¤c�
©$����Z
3 ðh·�n�ñSxhn���½I·]roxhsËëonI·�»�ro��·�n��ÕXéÈ#¤còN�|�q�#�o©y¤c¡Põc�¬��Z

687:9+7:9 ;=<?>:@BADCFEBGIHKJLADMNC�OBADJLP
Éó{Èn�½�x�Æ�nI·?�ïs�r�monø¿Áí�·@Æ�nI·L¿ ÃCz|ro�]�Ln�mon��j�ºo·�n��2Æ�n���êÕnI·�»�ro��·�n�� ½In�{|�]�2��n�� ��{��]� Æ2roÆhx�·]�@� roxh�IÂSÆhrc%Ës�ro� õ2{ ¿
÷Qn�z&	§n�{��Ln�Æ2ro�/Ä¤·�monIp2�2{|�Lp2{|z�Æ�Æhx�·]�@�hz_�rox�»9¶§x2�hÆ »|�x�·AîLn�Æ�n�� � { ÷Qn�z6Æ�n�� µ n�{|¶L·]r�m�Æ�nI·�êÕºyz|xhs�n��2Æhr�¶Ln���½�xhs
Ä¤·]monIp2�h{|�Lp¢{|z|Æ�p6n��L¶�{|s sÊ¶Iq+Q�õc«c�#ï]õF£|�{�¬�n�ø¿ ��zÈmoºo·]{|¶��hs�n��Kr�·�p6n�{È¶Ln���p6n�{|�Lõ¢{Èn�z|�
	¨n�{|�LnC�hro�@�KÆ�n�s � ·@{|��½�{ÈõFÂ
À>¶L·]ro�2zÈn���ëoºy��îïn�Æ�n�s � {È÷>n�zF{��±Æ�nI· µ {|z�Æ�nIp6n���nCroxh��Æhx�·]�@�±Æhro�ÇêÕºyz|xhs�n���½�x����@�h{|��¾on��ñX���{|n���nÊ�Çphp2{|z ¿
Æhxh�hm�Í>qìÍyZ@q

Sichtstrahlen

Bildebene

Volumen

�Çphp2{|z�Æhxh��mËÍ>qìÍ>¸N¼,r[r¯¿Á¹�ro��¶�{|��m s�{|¶ � r�·@roz|zÈn�zÈõh·]º
îïnI¾>¶�{Èºy�<q
µ n�{�êÕºo·�myr�p6n Æ�nI· µ z�{|��¾>·]{|�@�¯¶�xh�hm�nI·�monIp6n�� ��{|�]� õ2r�·@roz|zÈn�zÈn�ÀQ¶L·]ro�hzÈn��<Â¨Æh{Èn�Æhx�·]�@� Æh{|n � {È÷>n�z�{|sµ {|z|Æ�·@roxhs z|rox�»9n��<q µ n�{ãêÕnI·�	¨n��hÆhxh��m n�{|��n���êó{Èn#	,{|�hm�¿ � ºy{��¯¶!nI·]�j�roz|¶�s�ro� Æhr�monImon����h{|�@�¯¶Lõ2r�·@roz|zÈn�zÈn

À>¶L·]ro�2zÈn��<Âc	§n�z��]��n�Æhxh·]�]��Æ�n�����x�moõ2x2��¾S¶Õxh�2Æ Æhn���îïn#	¨n�{|z|�}r�¾>¶�x�n�z|zÈn�� � { ÷Qn�z�{|��Æ�nI· µ {|z|Æ�nIp6n���n�z|rox�»9n��<q
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ÄÅ�S¶�z|ro��m�Æ�nI·�À>¶L·]ro�hzÈn��Ké2�hÆ�nI¶Ën�{|��n �Çph¶�ro�L¶�xh�hm�XPÀQros�õ¢z|{|��mnZóÆhn��ÊêÕºyz|x2s�n��h�Ê��¶�r�¶L¶IÂ}x2suÆh{Ènæðhr�·�p6noÂ
í�õ2r�½�{|¶[�r�¶Åxh�hÆ�z|ºo¾
rozÈn µ n�zÈn�x2�]�S¶�xh��mÊ½�x�pNnI·y�xh��¾Q��{|�@�¯¶�{Èmon��Fq v {|nI·�p6n�{�sËx`%ã½#	Ç{|���]�hn�� Æ�n���p6n��hro�@�¯p¢r�·�¶Ln��
ô nI·�¶Ln��!n�{|�hn*�ï�¯¶LnI·�õ6ºyz|r�¶�{|ºy�æÆhxh·]�]��monI»|�xh��·]¶?	¨nI·]Æ�n��<Ân	¨ro��roxh�@�!pNn�{2n�{|��»�ro�]��nI·/z|{���n�r�·�nI·?�ï�S¶LnI·�õ6ºyz|r�¶�{Èºy�
rox�»9mo·]xh�hÆ�ÆhnI·���ºy��n��±����½�ro�hzFÆhnI·�êÕº�÷Qn�z Ê n�{|��n����Ln���·���ºy��n���¼�n��]�hn��hrox�»¬	¨ro�hÆ±pNn�Æhn�x�¶LnI¶Iqw6xh· µ n��L¶�{|s�s xh��m�ÆhnI·��ï�¯¶Ln��h�]{È¶ �r�¶ËÆ�n�� � { ÷Qn�zÅ{�s(Ä¤·�monIp¢�h{|�Lp2{�z|Æ�¾ �ºy�h��n���ëonI·]���@�h{Èn�Æ�n���n��Ç�2� �r�¶L½In
ëonI·�	¨n��hÆ�nI¶D	¨nI·]Æ�n��<q µ n�{<Æ�nI·D�Rr
÷�{|sËx2s �ï�S¶Ln��h��{È¶xr � ·�º
îLn��ø¶�{Èºy�}Xq��� � Z?	,{È·]Ææroz|�,�Á�S¶Ln��h��{È¶[�r�¶/Æhro���Rr
¿
÷�{|sËx2s roz|zÈnI·*�Á�S¶Ln��h��{È¶[�r�¶Ln���n��S¶�z|ro��m�Æ�n���À>¶L·@ro�hz|�,Æ2x�·]�]�RÆhro��êÕºyz�xhs�n���roxh�Lmon#	o�ro�hz|¶IÂ�	¨º>Æhxh·]�]�Rroz|zÈnI·L¿
Æh{|�hmy�ÅÆh{Ènóö�{ÈnI»9n��h{|�h»Bºo·]s r�¶�{Èºy��Æ�nI·�Æhr�·�mon��L¶Ln�z�zÈ¶Ln��±í�pQîLnI¾S¶Ln�ëonI·]zÈºo·�n���mon��S¶Iq µ n�{6Æ�nI·,�ï�¯¶LnImo·]r�¶�{|ºy��roz|zÈnI·
ÀQros�õ¢zÈnø¿ � xh�h¾S¶Ln n��¯¶�z�ro��m±Æ�n��CÀ>¶L·]ro�hz��ÇnI·]my{Èph¶ã��{|�@��Æ2{Èn�Æhx�·]�@�h���]�2�h{È¶L¶�z|{|�@��n��ï�S¶Ln��h��{È¶[�r�¶ ® °SRUT ÒNV ·DW Òá æ Ê Â	¨ºopNn�{ µ {|z�Æ�nI·/nI·�½In�x�mo¶s	¨nI·]Æ�n��FÂhÆh{ÈnCs�{È¶/¼ �ºy�¯¶Lmon��Q¿ ��x�»��hro�hs�n��±ëonI·�myzÈn�{|�@�¯p2r�·���{|�hÆFqn�ï�±�hr�·]Æ�	¨r�·�nIp6nø¿
���@�hzÈn�xh�h{|mo¶Ln���êÕnI·�»�ro��·�n��ÿX���{Èn���nÊÃÊr�õ2{È¶Ln�z�Í>qìÌyZs	,{È·]Æ±ëoºy�RÆ�nI·��Á�S¶LnImo·]r�¶�{Èºy��s�{È¶ó¹¨ºys�õ6ºy��{È¶�{|�hm(XPíóëonI·L¿
í�õ6nI·]r�¶Lºo·|Z ÿ�nIph·@roxh�]��mon�s�ro�@�¯¶Iq<w<x�· ��xh�
	¨nI·�¶�xh�hm�Æ�nI·�·�nI¾Qx�·]�]{Èëon���ÿóz|n�{|�]�>xh��m�»^�xh· Æh{|n��ï�¯¶Ln��2��{È¶[�r�¶® á æ Ê\° ® áYX�XïtbîÝü5á`Z�º ® Xoüjá ��{|�hÆ ½#	¨n�{óëonI·]���]�2{Èn�Æ�n���n�êÕnI·�»�ro��·�n�� s��ºomyz�{|�]�<Â�Æh{Èn ��{��]��{|� Æ�nI·��roxh»B·]{��]�S¶�xh��m�n��¯¶�z�ro��m Æ�n��ÇÀQ¶L·]ro�hz|�/Æhxh·]�]��Æhro��êÕºyz|xhs�n��±x2�¯¶LnI·]�]�]��n�{|Æhn��<q

µ n�{|s[Z2õyÆ]\��+¤�^>�
¤c���^¿ ���h��r�¶L½ 	,{È·]Æ�Æh{|n2�ï�S¶Ln��h��{È¶[�r�¶s	Ç{Ènó»BºyzÈmo¶,pNn���¶�{|s�sË¶I¸
_#`"_ba?ced
fhgDi jNk `lc m k"n `po�m k ` krqtsvu
w
_x` jysxz|{~}��~�L{ a k d up� _ q _8a k d ��{e}��e��{ a k d

�
�L�~� �L}~{D�bj _ u
µ n�{|s�^��/¤c�B�<�+¤�Z2õyÆ�\@¿PêÕnI·�»�ro��·�n��!nI·�»9ºyzÈmo¶/Æh{Ènã�Çph¶�ro�L¶�xh��m�n��S¶�z|ro��m�n�{|�hn��/ÀQ¶L·]ro�hz|��roxh�Lmon��hn��hÆ!ëoºy�

Æ�nI· µ {|z�Æ�nIp6n���n�Æ2x�·]�]��Æhro�/êÕºyz|xhs�n��<¸
_#`lc m
��` s m
fhgDi[j�k `po�m k"� `lc m k ` k�z�svu
w
_x`(_ q _8a k d ��{~}��e��{ a k d � �)m
�l`|� ��j�sxz|{~}��~��{ a k d u

�
�L�~� �L}~{D�bj _ u
Éó{Èn µ n��L¶�{|s�s xh��m�Æ�nI·¢�ï�¯¶Ln��h�]{È¶[�r�¶�nI·�»Bºyz|mo¶�{���ÆhnI·�¼,nImon�z�¾oºys�õ6ºy��n��S¶Ln��$	¨n�{|�Ln!»^�x�·�¼CÂ ÿßxh�hÆ µ q

êÕºo·�¶Ln�{|z}Æ�n���^>�
¤c���*�+¤�Z2õyÆ�\@¿PêÕnI·�»�ro��·�n��h��{|�L¶Çn�{|��n µ n��]�]�hzÈn�x2�h{Èmyxh��mæÆhx�·]�@�ß *õc�^�é«�Q�õc« Ç ���|¡¢���Bõy�{�{¤c�2Â	¨ºopNn�{Ån�{|��ÀQ¶L·]ro�hzÅ�2{|�]�S¶�	¨n�{È¶LnI· ëonI·�»Bºyz|mo¶o	,{|·]Æ<Â<»�roz|z|�CnI· n��S¶_	¨n�Æ�nI·�Æhro�ÊêÕºyz�xhs�n��KëonI·@z_�rc%o¶ËºQÆ�nI·�Æh{Èn
r�¾>¾>xhs xhz|{|nI·�¶Ln¨öA·]ro�h��õ2r�·�n���½¨n�{|��n��Ëô nI·�¶8�r�#�ÕnI·�·�n�{|�@�¯¶Iqoð �x�·}n�{|��n�� ô nI·�¶Õëoºy���,°�vNÂ vy�ó¾�ro�h��Æhros�{È¶
p6nI·�n�{È¶�� n�{|��n!nI·]�hnIp2z|{|�@��n µ n����@�hzÈn�xh�h{|myxh��m�ºy�h��n!mo·a�º�%onI·�n���ro�]�S¶Ln�{|zÈn±�2{|�h��{|�@�¯¶�z�{|�]��Æ�nI· µ {|z|Æhñ>xhroz|{È¶[�r�¶
nI·�½�{Èn�z|¶�	§nI·]Æhn��<qÎ:�������K�y ¢¡�£�¤y¥
¦N¡�¥
§©¨�£�ª]¨«��¦N¬­¬­¦¯®��~¦N°:¤�¡y§±ª)¤�£�²³¦N¡�¦N§­¡�¦µ´¶°?¤y§±°:¤]¨·���µ�y¸~¹º¼» �y¡�½¿¾ º ¡�À�Á¼Â�ÃKÄ
À�Á�Â0Ã�Å�§±¬±Æ�Ç���¡yª]¨«¦N¡eÈ�ÉF£ » ²³¦N§À�Á�ÁÊ´�°:¤�§­°:¤¶¨:£��y Ë¡�£�¤y¥
¦N¡1¦¯¨ÌÉ�£�À�Á�ÁÊÍÎ§±¬­¬­§ º ¡y¦N¡�Ï º�Ð ¦N¬D¦¯®«½�§±²�¨�Ñ
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w6xh· êÕnI·�p6n����LnI·]xh�hm ÆhnI· µ {|z|Æhñ>xhroz|{È¶[�r�¶cz_�rc%o¶ �]{|�]�Óroxh�@�ùn�{|�hn z|ºo¾
rozÈn µ n�zÈn�x2�]�S¶�xh��my�Lp6nI·�n��@�Q¿

�>xh��m {|�c¼,r[r¯¿Á¹�ro��¶�{|��m�¿ ��zÈmoºo·]{È¶��hs�n�� {|�¯¶LnImo·@{ÈnI·�n��<q v �rox�éhm ëonI·�	¨n��hÆ�nI¶Ks�ro� �2{ÈnI·�½�x Æhro� � ��ºy��m�¿µ n�zÈn�xh�@�¯¶�xh�hmy��s�ºQÆ�n�z|z ¸® ° ®]ÒNÓµÔ�Õ©Ö«×�Ø º ®�Ù�Õ Ú�Û�Ü º ®�Ü�Ý¶Ö:Þ«Û�ß­ÒNà X Í>qìÌyZ° X¬ì ÒNÓ¿Ô�Õ©Ö«×0Ø/®]ÒNÓµÔ Z5º ®�ß©Õ©á�â0Ø ì ß©Õ©á�â0Ø X¬ì Ù�Õ Ú �äãå Ë�ãæSç º�ì ÜÌÝ¶Ö«Þ �èãé ËKãêëç á Zv {ÈnI· ��{��hÆ ãå Æ�nI·�êÕnI¾>¶Lºo·æÆhnI·���{|�@�¯¶�ñ>x�n�z|z|noÂ ãæ Æ�nI·�êÕºyz�xhs�n��Q¿Áÿ�·@roÆh{Èn��S¶IÂ ãê Æ2{Èn�¼,{|�@�¯¶�xh�hmKÆ�n��
À>¶L·]ro�2z|�IÂìãé Æhro��·�n#�hnI¾>¶�{ÈnI·�¶Ln#ãå Â>ì ÒNÓµÔ�Õ©Ö«×�Ø ÆhnI·órosËp2{Èn��S¶Ln�ÃãºSn#Ã ½�{Èn��¯¶IÂ>ì Ù¼Õ ÚyÛ¼Ü ÆhnI·óÆ2{"!6x2�LnËÃãº>n#Ã�½�{Èn��S¶
xh�hÆ�ì ÜÌÝ¶Ö«Þ Æ�nI·Õ�Lõ6nI¾Qxhz|r�·�nÅÃCºSn#Ã�½�{|n��¯¶}Æ�n��¤í�pQîLnI¾S¶���qaì ß©Õ©á�â0Ø {|�L¶}Æ�nI·}ÃãºSn#Ã ½�{Èn��¯¶*»^�x�·*Æ2{Èn§�Çp2���@�$	o�ro�@�Sx2��m
Æ�n��s�A{|�]�S¶���½#	Ç{|���]�hn���í�pQîLnI¾S¶�xh�2Æ��Çx�monoq�ï�±Æ�nI· � ·]r
÷Q{���ëonI·�	§n��2Æ�nI¶,s�ro��» �x�·�Æ�n�����õNnI¾Qxhz|r�·]n������S¶Ln�{|zFrox�»9mo·]xh�hÆ!Æ�nI·Ç���]�h�hn�z|zÈnI·�n�� µ nI·�n��@�Q¿
�>xh��m�ro�h�L¶Ln�z�zÈn�� ãé Ë ãêëç á Æ�n���ö�nI·]sí� ãæ Ë ãî.ç á s�{È¶�Æ�n�s[ïoõc� È�ð?õ�«@¿PêÕnI¾>¶Lºo· ãî ° ñò æ ñóô ñò æ ñó ô q�ÇnIp6n���Æ�n�sÛÿ�n#	,{��h�!ro� µ {|z|Æhñ>xhroz|{È¶[�r�¶¨Æhx�·]�@� µ n�zÈn�xh�]�S¶�xh��my��pNnI·]n��]�h�>xh��m�¾�ro�h�±roxh�@�±ÃCro�S¶Ln��h{|�Q¿
»9ºo·]s�r�¶�{Èºy��{|�h��nI·@�hrozÈp�n�{|��n��Ç�Ln�s�{È¶L·@ro�h�Lõ2r�·�n��S¶Ln��±êÕºyz�xhs�n��h�Ç��nI·�ëoºo·�mon���ºop6n��Ñ	§nI·@Æ�n��<q¢Éó{Èn���nË{|�L¶Çmyx�¶
ëoºys$s�n��h�]�]�hz|{��]��n��æ�Çx�monónI·�»�rc%op2r�·/xh�hÆ��h{|z|»B¶IÂyn�{���n��!ÄÅ{|�hÆh·]xh��¾�ëoºy�!Æ�nI·,À>¶L·]xh¾S¶�x�·§n�{|��n����Ln�s�{|¶L·]ro�h�ï¿
õ2r�·�n��S¶Ln���í�pQîLnI¾>¶��§½�x!nI·@�hrozÈ¶Ln��<q`t�sÝn�{���n µ nI¶Lºy�>xh��m�ëoºy�±ÃÊro�¯¶Ln��!½�x�nI·�·�n�{��]��n��p	,{|·]ÆæÆ2{Ènãíóõ2r�½�{È¶[�r�¶
s�{È¶�Æhn�s µ nI¶L·]r�mæÆ�n��,zÈºo¾
roz|n���ÿ�·]roÆh{Èn��S¶Ln��SëonI¾S¶Lºo·]���L¾�roz|{ÈnI·�¶'� ~F�DX9ëSmyz qhÃÊr�õ2{È¶Ln�z C q|t[Z@q
687:9+7�6 õYö8÷�Jùø¿ú�AvC�E)GIHKJùAvM¯CFOBADJLP
µ n�{<Æ�nI·/ÃCz|ro����nóÆhnI·�íópQîïn��ø¶Çíó·]Æ�nI·¨êÕnI·�»9ro�h·�n��p	,{È·]Æ�Æhro�/Æhr�·]½�xh�L¶Ln�z|zÈn��2Æ�n,êÕºyz|x2s�n��!êÕº�÷Qn�z<»^�x�·�êÕº�÷Qn�z
r�phmon�r�·�p6n�{È¶LnI¶Iq¢ð��xh·}îïn�Æhn���êÕº�÷Qn�z5	,{|·]Æ�Æ�n����Ln�� µ n�{|¶L·]r�m�½�xhs ÄÅ·�monIp2�h{��Lp2{|z|Æ p6n��L¶�{|s�sË¶Iqµ n�{|s�û�§B�"õy�q�{���n�I¿PêÕnI·�»�ro��·�n��ß� t�òF��X��Çphp2{|z|Æ2xh��m�Í>qìÌyZÕnI·�»9ºyzÈmo¶¤p6n�{|�Lõ2{|n�z|�
	¨n�{|�LnÅ½�x2�j�ro�]�h��¶¤n�{|��n � ·�º
îïnI¾S¿
¶�{Èºy��Æ�n��'wNn��S¶L·]xhs���Æ�n��ÇêÕº�÷Qn�z|�ã{|��Æhn�� µ {|z|Æh·]roxhs�q��ï��Æ�nI·ltÇs�monIp¢xh��mæÆ2{Èn��Ln�� � xh��¾>¶Ln���	,{È·]ÆRÆhro�h�
n�{|�!�Lºomon��hro�2�¯¶LnI·Î^j¤­¤�� §B�|�¬����{|��Æhro�/ÄÅ·�monIp2�h{|��p2{|z|Æ�n�{���monI» �xhmo¶IqQÉ�nI·,ðhºSºo¶Lõh·@{|�¯¶�n��h��¶Ln��¯¶/roxh��n�{|�hnI·�ð2roz ¿
¶�xh��m�Æ�n��§êÕº�÷Qn�z ¿Pô nI·�¶���s {È¶Ån�{|�hn�s ð}{|z|¶LnI·�ÂSÆ�nI·�Æ�n��æêÕº�÷Qn�z&	¨nI·�¶�rox�»<p6n��hro�]�Sp2r�·�¶Ln � {È÷>n�z¢ëonI·�¶Ln�{|zÈ¶IqQÉó{Èn

Ergebnis:

Volumen

Compositing

Footprints

�,p2p2{|z|Æhx2��m Í>qìÌ>¸NÀQõ2z|r�¶L¶�{|��m�q
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êÕnI·�¾Q�]�x�õh»�xh��m�Æ�n��ãðhºSºo¶Lõh·@{|�¯¶Ës�{È¶ãÆ�n�s µ {|z|Æ�nI·]»BºyzÈmo¶CÆ2x�·]�]��¹�ºys�õ6ºy��{È¶�{|��m!xh�S¶LnI·CêÕnI·�	¨n��hÆhxh�hm±Æ�n��
í�ëonI·L¿ÁíóõNnI·@r�¶Lºo·]�Iq

Ä§{|��êÕºo·�¶Ln�{|z<Æh{Èn���nI·��ÇzÈmoºo·@{È¶��hs�n��!{|�L¶IÂ�Æhrc%�roxh»AÆh{ÈnóêÕºyz|x2s�n��hÆhr�¶Ln���{|�!Æ�nI·/myz|n�{|�]��n���¼,n�{|��n���»9ºyzÈmon
½�x�monImo·]{&!Nn��Ñ	,{È·]Æp	Ç{ÈnÊÆh{Èn���nÊ{|s �Ç·�p6n�{È¶�����õNn�{��]��nI·�r�phmon�z|nImo¶���{��hÆ<qhÉó{Èn���»|�xh��·]¶�½�x�ÿ�n��]�]�n	,{|�hÆh{|mo¾on�{È¶��ï¿
êÕºo·�¶Ln�{|z|n��´{|s êÕnI·�myzÈn�{��]��½�x´¼Çr­rS¿Á¹�ro�L¶�{|�hm�¿ �ÇzÈmoºo·@{È¶��hs�n��<q¤Éó{Èn�nø÷�r�¾>¶Ln µ nI·�n��]�h�>xh��m�Æ�n���ð�º>ºo¶Lõh·]{|�S¶
xh�hÆ!Æhro��¼,n���ros�õ2z|{���m �]{|�hÆCîïn�Æ�ºQ�]�!·]n��]��n��h{��¯¶Ln��h�]{Èë¢ÂQÆhr�Æ�nI·�ð�º>ºo¶Lõh·]{��¯¶/r�p2� �ro�hmy{Èm�ëoºy��Æ�nI·/ê�{|n#	,{|��m�¿
öA·]ro�h�L»9ºo·]s�r�¶�{Èºy��{|�L¶Iq2Ä§{|��nC���@�h��n�z|zÈnËÀQºo»B¶x	¨r�·�nø¿_�,�ºy��xh��mænI·�·�n�{|�@�¯¶�Æ�n����hroz|p±s�n�{|�L¶,�>x�·,�]�]�hzÈn��@�¯¶Ln µ {|z|ÆQ¿
ñ>xhroz|{È¶[�r�¶Iq
687:9+7�ü ý ADJLþ8E JLPBÿ ADCFEBGIHµJùADMNCFO ADJLP
��z|zÈn��Ás r�monËí�·]Æ�nI·�xh�2Æ�íópQîïn��ø¶Çíó·]Æ�nI·�êÕnI·�»�ro��·�n��±�hr�p6n���n�{|��nCÃCºys�õ2zÈnø÷�{È¶[�r�¶ � X¬Ï��­Z@ÂhÆhr�õh·@{|��½�{Èõ2{|n�z|zÏ � êÕº�÷Qn�zFr�phmon�r�·�p6n�{È¶LnI¶�	¨nI·]Æ�n��!s\�xh�]�Ln��<q�ÄÅ�¨my{Èph¶AîLn�Æ�ºQ�]�h��nI¶���º>Æhn��p	§n�z|�@��nãÆh{ÈnóêÕºyz|xhs�n��hÆhr�¶Ln��!{|�
n�{|��nÇro�hÆ�nI·�n�¼�nIõh·a�ro��n��¯¶�r�¶�{Èºy�æ¶L·]ro�h��»Bºo·]s {ÈnI·�n��<Â¯x2s ÆhroÆhxh·]�]��êÕºo·]¶Ln�{|zÈn,½�xæmon#	,{|�2��n��<q¯Ä§{|��n�öA·]ro�h�L»9ºo·L¿
s�r�¶�{Èºy�RÆ�nI·,êÕºyz�xhs�n��hÆhr�¶Ln��R{|�±Æ�n��Rð�·�n�ñ>x�n���½I·]rox2s p2ro��{|nI·�n��hÆ±rox�»ÕÆ�n�sÛð�ºyx�·]{|nI· � ·�º
îLn��ø¶�{Èºy�Q¿ÁÀ�z|{|�ønø¿
ö���nIºo·]n�s�¾�ro�h� �h{ÈnI·�½�xÊmon��Sxh¶L½I¶�	¨nI·]Æ�n��(� tot��Pqyw6xh� �ro�]�h�L¶�	,{È·]ÆË�h{ÈnI·An�{|��n/Ì�É,¿ ðhºyx�·]{ÈnI·L¿ öA·]ro�h��»Bºo·]s r�¶�{Èºy�
Æ�nI·óêÕº�÷Qn�z|Æhr�¶Ln���Æhx�·]�@��monI»^�x2��·�¶Iq6É�{|n����2r�¶�n�{���n ÃCºys�õ2zÈnø÷�{È¶[�r�¶ � X¬Ï������	��X¬Ï�Z
Z@ÂFsËx�%!r�p6nI·ã�>x�·Çn�{��hs�roz
Æhx�·@�]��monI»^�xh��·�¶�	§nI·@Æ�n��<q�É�ro�2�¢	§nI·]Æhn���À��]�h{|�@�¯¶Ln���rox2�*Æhn�s�¶L·@ro�h�L»9ºo·]s�{ÈnI·�¶Ln�� êÕºyz|x2s�n���{|s�ðh·�n�ñSxhn���½ø¿
·]roxhs nø÷>¶L·]ro�2{ÈnI·�¶±xh�hÆ ro�2���]�hz�{Èn#%on��hÆ�nI·�»9ºyzÈmo¶±n�{|�hnK{|�¯ëonI·@�Ln�Í�ÉÇ¿ ð�ºyx�·]{ÈnI·�¿ ö�·]ro�2�L»Bºo·@s�r�¶�{Èºy� s {È¶�Æ�nI·
Ããºys�õ¢zÈnø÷Q{|¶[�r�¶ � X¬Ï Ì ���
�>X¬Ï�Z
Z@q

�Çphp2{|z�Æhxh��m�Í>q)��¸¢ð�ºyx�·@{ÈnI·�êÕºyz|xhs�nC¼�n��hÆ�nI·@{|��m�q
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Ê2*�F�B�
É�nI·ËÀQ��n�r�·L¿PôKr�·]õ�¿ �Çz|moºo·]{È¶��hs xh�¢� òF�*ëonI·]¾>�]�xhõh»B¶�Æh{Èn êÕºo·�¶Ln�{|zÈn ëoºy��í�pQîLn��ø¶Cí�·]Æ�nI·óxh�hÆÑ�Ás r�mon�íó·]Æ�nI·
êÕnI·�»�ro��·�n��<qhÄÅ·�p2ro��{|nI·�¶�rox�»*n�{|��nI·�ðhr�¾>¶Lºo·]{|��{|nI·]xh��m�Æ�nI·,ê�{Èn#	Ç{|��m�¿x�Rr�¶L·]{ ÷6¸

��� Õ©Ö�� ° ��� ÒNà�Ý ����â¼Ö?ÒNà��
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w6x2�j�ro�]�h��¶s	,{È·]Æ�Æ2ro��êÕºyz|xhs�n���s�{È¶L¶Ln�z��,Æ�nI· � nI·@sËx�¶�r�¶�{|ºy�h��s�r�¶L·]{È÷ � Æ�nI·]r�·�¶,¶L·]ro�h�L»9ºo·]s�{ÈnI·]¶IÂ2Æhrc%

Æ�nI·¨ê�{|n#	,{|��m�¿PêÕnI¾>¶Lºo·/s�{|�h{|s rozÈn���ô {���¾on�z2½�xh·/ÀQ�@�h{|�@�¯¶ï¿_�Çºo·]s�rozÈnó�hr�¶IqQÉó{Èn��¨n��¯¶��Lõ2·]{|�]�S¶§ÆhnI·¨��xh�
	�ro�hz
n�{|��n��*ëoºy��Æh·�n�{QÀ��]�h{|�@�¯¶���¶�r�õNn�z�� ÆhnI·�n���ÀQ�]�h{��]�S¶Ln���îïn#	¨n�{|z|�Aõ2r�·]roz�zÈn�z¯½�xh·}÷�rS¿�Â
÷>½ø¿FºQÆ�nI·9rS½ø¿ ÄÅp6n���n/z|{ÈnImon��X��Çphp2{|z|Æ2xh��m Í>qì�yZ@q

�Çphp2{|z�Æhxh��m�Í>qì�>¸>wNnI·]z|nImyxh��m�Æ�n��/êÕºyz|x2s�n��h��{|�!ºop�îïnI¾>¶Lõ2r�·]roz|z|n�zÈnÊÀQ�]�h{��]�S¶ï¿ÁÀ>¶�r�õ6n�z q

Éóro�h� 	,{È·@ÆËÆhro�*êÕºyz|x2s�n���s�{È¶L¶Ln�z|� �"��â�Ö:ÒNà {�� Æhn��Êmon����@��nI·�¶Ln��æíópQîïnI¾>¶L·]roxhs�¶L·]ro�h��»Bºo·]s {ÈnI·�¶�	§ºop6n�{
Æh{Èn ÀQ�@��nI·]xh�hm�õ¢r�·]roz|zÈn�z*½�xKÆ�n���êÕºyz�xhs�n��h���@�h{|�@�¯¶Ln�� nI·]»BºyzÈmo¶IqFÉóx�·@�]�KÆh{|n��Ln ÀQ�]��nI·@xh��mp	,{È·]Æ�nI·�·]n�{|�]�S¶IÂ
Æhrc%�Æh{ÈnCÀQ{|�@�¯¶���¶L·]ro�hzÈn����Ln���¾>·�n��]�S¶/½�x!Æ�n��±ÀQ�]�2{|�]�S¶Ln��!ëonI·]z|rox�»9n��<qQÉóro�hro�]��nI·]»BºyzÈmo¶�n�{|� µ ro��¾�¶Lº�ð�·�ºy�S¶
¹¨ºys�õ6ºy��{|¶�{|��mæÆhnI·ËÀQ�]�h{��]�S¶Ln�� {|sßmon����]��nI·]¶Ln���í�pQîLnI¾>¶L·]roxhs�q6Éóro�CÄ¤·�monIp¢�h{|��{|�L¶ón�{|��ëonI·�½InI·�·�¶Ln�� w�	,{ ¿
���@��n��¯p¢{|z|Æ<q�Éó{Èn��Ln���	Ç{È·]Æ�{|�!n�{|�hn�s ôKr�·�õ2{|��m�¿ÁÀ��]��·]{|¶L¶�{|��Æ�n�� µ {|z|Æh·]roxhs ¶L·]ro�h�L»9ºo·]s�{|nI·�¶� r�·]roz|z|n�zÈn � ·�º
îLnI¾S¶�{Èºy��xh�hÆRõ6nI·]�Lõ6nI¾>¶�{Èë>{����]��n � ·�º
îLnI¾S¶�{Èºy��xh�S¶LnI·]���@��n�{|Æ�n�����{|�@��ÆhroÆhx�·]�@�<Â¢Æ2rc%æp6n�{
zÈnI¶L½I¶LnI·�nI·Çn�{|��nã½�xh� �r�¶L½�z|{|�]�hn À>¾�roz|{ÈnI·]xh�hm Æ�nI·óÀQ�]�h{��]�S¶Ln���nI·�»9ºyzÈmo¶oX��Çphp2{|z|Æ2xh��m Í>q C xh�hÆ±Í>q ��Z@q

Sichtstrahlen

Bildebene

Scherung

Projektion

Warp

Schichten

�Çphp2{|z�Æhxh��m�Í>q C ¸6ÀQ��n�r�·�¿PôKr�·�õ�s�{È¶ � r�·]roz�zÈn�zÈõh·�º
îLnI¾>¶�{Èºy�<q
É�n�s�n��S¶��Lõh·�n��@��n��hÆ�ëonI·�	§n��hÆhnI¶�s�ro�!ëonI·]���@�h{Èn�Æ�n���nËÀ��]��nI·]x2��my�ï¿x�Rr�¶L·]{È½In��<qN�ïs$ðhroz|zÈnãn�{|�hnI·¨õ¢r�·]roz ¿

zÈn�zÈn�� � ·�º
îLnI¾S¶�{Èºy�±nI·�my{Èph¶���{��]�
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Sichtstrahlen

Bildebene

Projektionszentrum

Schichten

Scherung und Skalierung

Projektion

Warp

�Çphp2{|z�Æhxh��m�Í>q �S¸6ÀQ��n�r�·�¿PôKr�·�õ�s�{È¶/õ6nI·]��õNnI¾>¶�{ÈëQ{|���@��nI· � ·�º
îLnI¾S¶�{|ºy�<q
ð��x�·�n�{|�hnãõNnI·@�Lõ6nI¾S¶�{ÈëQ{|���@��n � ·�º
îLnI¾S¶�{|ºy��ëonI·�	¨n��hÆ�nI¶,s�ro�
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Éó{Ènã»^�x�·,Æ�n��!ôKr�·�õ¢{|��m�¿ÁÀQ�@��·]{È¶L¶/p6n��j�ºo¶�{Èmo¶LnË�,php¢{|z|Æhxh�hmCnI·�·�n��@�h��nI¶,��{��]�(	,{|nã»BºyzÈmo¶I¸
��� ÒNàÌÝ ° �.� Õ©Ö�� � ³ Ê � ³ Ê��â�Ö:ÒNà Â

É�nI·ÊÀQ��n�r�·L¿PôKr�·�õh¿ �ÇzÈmoºo·@{È¶��hs xh�s	,xh·]Æ�nC½�x µ nImy{��h�Rroz��,·�n�{���n À>ºo»9¶_	�r�·�nø¿_� �ºy�]xh��m�n��¯¶x	,{|��¾on�z|¶Iq6Éór�Æh{Èn
ÀQ{|�@�¯¶���¶L·]ro�hzÈn�� �Ln��h¾S·�n��@�¯¶Ê½�x Æ�n�� êÕºyz|xhs�n��h���]�2{|�]�S¶Ln�� ëonI·]z|roxh»Bn��<Â6¾�ro�h� Æhro�ãêÕºyz�xhs�n�� {|��ÀQ�Iro�2z|{|��n��
r�phmon�r�·�p6n�{È¶LnI¶j	§nI·]Æhn��<q�É�n����hrozÈp'	Ç{È·]Æórox�»�Æh{ÈnÕÉór�¶Ln��Ë{��ãÆ�nI·FmyzÈn�{|�@��n��C¼,n�{|��n���»9ºyzÈmon}½�x�monImo·]{"!6n��'	Ç{ÈnÕ��{Èn
{|sÝÀQõNn�{��]��nI·Åz�{ÈnImon��<Ây	¨º>Æ2x�·]�]� ��{|�]�æ{|s êÕnI·�myz|n�{|�]�æ½�x ro�hÆhnI·�n���êÕnI·�»�ro��·�n��æ�j�ºy��nI·�n µ {�z|Æ�·]r�¶Ln���nI·]½�{Èn�zÈn��
z|ro����n��<qoÄÅ{|��n/¼Çxh�Q¿_�Fn��hmo¶���Ããº>Æ2{ÈnI·]xh��m�Æ�nI·ÕêÕºyz|xhs�n��hÆhr�¶Ln���z|{ÈnI»9nI·�¶}n�{|��nD	¨n�{È¶LnI·�n µ n����@�hzÈn�xh�h{|myxh��m�ÂoÆhr
�h{ÈnI·@Æhx�·]�@��s�n���·�nI·�n�roxh»Bn�{|�2ro�hÆ�nI·�»9ºyzÈmon��hÆ�n/{|Æhn��¯¶�{|�]�]��n�êÕºW÷>n�zN{|��n�{|�hn�s ÀQ�@��·]{È¶L¶¤r�phmon�r�·]pNn�{|¶LnI¶7	§nI·@Æ�n��
¾ �ºy�h��n��<q
���0/ 1 �32 �F$*��4*

����� ����� ��!#�Î��$�%í�	'(�B�*��� �+���*,
ÄÅ{���nÊp6nI¾�ro�h�¯¶LnËêÕºyz|xhs�n�¼�n��2Æ�nI·]{|��m�¿x��nI¶���ºQÆ�nË{��L¶ÇÆh{|no��x�¶L½�xh��m!�Lõ6nI½�{Èn�z|zÈnI· v r�·]Æ�	¨r�·�noÂ>	¨n�z|�]�hn t��Q¿
¶LnI·]�L¶��xh¶L½�xh��m�»^�xh·�Ì�ÉÇ¿ öAnø÷>¶�x�·]n���p2{ÈnI¶LnI¶h� Ía�Pq v {|nI·]s�{È¶�{|�L¶ n���s��ºomyz|{|�@�<Â*ë>{Èn#	,õNºo·]¶Lõ2r�·]roz|zÈn�z|n�ÀQ�]�2{|�]�S¶Ln��
roxh�¨n�{|��n�sÝêÕºyz|xhs�n��hÆhr�¶Ln��h��r�¶L½ó½�x!{|�S¶LnI·�õ6ºyz|{ÈnI·�n��Fq¯Éó{Èn�Æ2r�·�½�xh�L¶Ln�z|z|n��hÆ�n�� � ºyz&r>moºy��nón��S¶��L¶Ln���n���Æhx�·@�]�
Æ�n��±ÀQ�@�h�h{È¶L¶§ëoºy�!ë>{Èn#	,õNºo·]¶Lõ2r�·]roz|zÈn�z|n���Ä¤p6n���n���s�{È¶�Æ�nI· µ ºyxh�hÆh{|�hm�¿ µ ºW÷æÆ�n��¨êÕºyz|xhs�n��h�lX��,php¢{|z|Æhxh�hm
Í>qìòyZ@q

Ä§{|� µ ro��¾ ¶Lºóð�·�ºy�S¶¤¹�ºys�õ6ºy��{È¶�{|��mÇÆ�nI·A¶Lnø÷Q¶�x�·]{|nI·�¶Ln�� � ºyz¿rSmoºy��n�z|{ÈnI»9nI·�¶*Æhro�h�Cn�{���n¨Éór�·]��¶Ln�z|z|xh��mÇÆ�nI·
Éór�¶Ln��<q µ n�{ ��Ç�hÆhnI·]xh��m�Æ�nI·Aêó{Èn#	,{���m�¿x��r�¶L·@{ ÷Ês\�xh����n��Ëroz|z|n � ºyz&r>moºy��n/��n�xËpNnI·]n��]�h��nI¶9	¨nI·]Æ�n�� xh�hÆ Æh{Èn
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�,p2p2{|z|Æhx2��m Í>qìò>¸¢ê�{Èn#	,õNºo·]¶Lõ2r�·]roz|zÈn�z|nãÀQ�@�h{|�@�¯¶Ln���pNn�{6êÕnI·�	§n��hÆ2xh��m�ëoºy�RÌ�ÉÇ¿ öAnø÷>¶�x�·]n��<q

v r�·]Æ`	�r�·�nÇ¾�ro�h�!s�{È¶¨{|�S¶LnI·]r�¾S¶�{|ëonI· µ {|z�Æ�·]r�¶LnÇ�hn�x�nãÀ��]�h{|�@�¯¶Ln���rox2�§Æ�n���êÕºyz|x2s�n��hÆhr�¶Ln���{|�S¶LnI·�õ6ºyz|{ÈnI·�n��
xh�hÆ��xhpNnI·]n�{|�hro�hÆ�nI·¨p2zÈn��2Æ�n��<q

êÕºo·�¶Ln�{�zÈn�Æ2{Èn��Ln�� êÕnI·�»�ro��·�n��h� ��{|�hÆ�n�{|��n!��ºy��n µ {�z|Æ�·]r�¶Ln!xh�hÆ�Æh{Èn v r�·]Æ`	�r�·�nø¿_t��¯¶LnI·@�L¶ �x�¶L½�xh��m�» �x�·
öA·]ro�h�L»9nI·�»�xh��¾>¶�{Èºy��n���½�x�·,{|s�õ2z|{È½�{È¶Ln���À>nImys�n��S¶�{ÈnI·]x2��m�Æ�nI·�Éór�¶Ln��<q¢Ä§{|�(��ro�]�S¶Ln�{|z�{|��¶�Æ2ro�,ð�n��hz|n���ëoºy�
n#Ã�½�{Èn��S¶Ln��±êÕnI·]»9ro��·]n���½�x�· µ n�zÈn�xh�@�¯¶�x2��my�Lp6nI·�n��]�2�Sxh�hm�q

Ä§{|��nCê¤r�·]{�ro�¯¶Ln�Æ�n���{|���Çp2���@�h�h{È¶L¶ÇÍ>qìÍ p6n����]�h·]{ÈnIp6n���n��RÀQ�hn�r�·L¿PôKr�·�õ�¿PêÕnI·�»�ro��·�n��2�,ëonI·�	¨n��hÆ�nI¶ãÍ�ÉÇ¿
öAnø÷>¶�x�·]n���½�x�·��hr�·]Æ�	¨r�·�nIp6n����@�hzÈn�xh�2{Èmo¶Ln���É�r�·@�L¶Ln�z|z|xh�hm�x2�hÆ�{|�L¶�Æhros�{È¶�roxh�@� rox�»Çõh·�n�{|��	§nI·�¶LnI· � ¹§¿v r�·]Æ`	�r�·�n�n�{|�h�LnI¶L½Ip¢r�·�q µ n�{ÕêÕnI·�	¨n��hÆhxh��m�ëoºy��ÿ�·]r�õ2�h{|¾¯¿ v r�·]Æ`	�r�·�n�¾
ro�2� rox�»¨Æ2{Èn�nø÷>õ2z�{È½�{È¶Ln�ðhr�¾>¶Lº�¿
·]{|�]{ÈnI·]xh��m�ÆhnI·,êó{Èn#	,{|��m�¿x�Rr�¶L·]{ ÷±ëonI·]½�{|�]�S¶LnI¶�	§nI·]Æhn��<Â¢Æ�n��2��Æh{ÈnËê�{|n#	,{|��m�¿ öA·]ro�h�L»9ºo·]s�r�¶�{|ºy�(	,{È·]Æ��h{ÈnI·
ëoºy��ÆhnI· v r�·@Æ`	¨r�·]nCÆhx�·]�@��monI»^�x2��·�¶Iq�R{È¶ÅÍ�ÉÇ¿ ö�nø÷Q¶�x�·�n��æ¾��ºy�h��n���roz|zÈnI·@Æh{|��my�}�>x�·¤ºopQîLnI¾S¶Lõ¢r�·]roz|zÈn�zÈn,ÀQ�@�h{|�@�¯¶Ln��æÆhr�·�mon��L¶Ln�z|z|¶]	§nI·]Æhn��<qyÉ�n��ï¿
�hrozÈp sËx�%Çs�ro� Æ�·�n�{QÀQ�]�h{��]�S¶ï¿ÁÀ>¶�r�õ6n�zyëonI·�	¨n��hÆ�n��<Â�Æ�nI·�n���ÀQ�]�2{|�]�S¶Ln��/îLn#	¨n�{|z|�Fõ¢r�·]roz|zÈn�z¯½�x�·F÷Nr¯¿�Â ÷Q½ø¿NºQÆ�nI·r>½ø¿ Ä¤p6n���nCz|{ÈnImon��FqQÉór�p6n�{�	,{|·]Æ!Æ�nI·�îLn��h{ÈmonÊÀQ�]�2{|�]�S¶��L¶�r�õ6n�z<»^�x�·�Æh{ÈnãÉór�·]�L¶Ln�z|z�xh��m�roxh�Lmon#	o�ro�2zÈ¶IÂhp6n�{6Æ�n�s
Æ�nI·¨ô {���¾on�z2½#	Ç{|���]�hn��æÆ�nI·,ÀQ�@�h{|�@�¯¶ï¿_�Çºo·]s�rozÈnóxh�hÆæÆ�n�s ê�{|n#	,{|��mCêÕnI¾>¶Lºo·�s�{|�2{|s�rozh{|��¶Iq>É�nI·�ô n��]�h��n�z
Æ�nI·�ÀQ�]�2{|�]�S¶ï¿_�,ºo·@s�rozÈnoÂN	§n�z��]��nI·�n�{|��nI·¨�Çx2�
	¨ro�2z¢Æ�n��§n��S¶��Lõh·�n��@��n���n��±ÀQ�]�2{|�]�S¶ï¿ÁÀ>¶�r�õ6n�z|�§n��¯¶��Lõ2·]{|�]�S¶IÂ�{|�L¶
{|���Çphp2{|z|Æ2xh��m�Í>qì~!Æ2r�·�mon��L¶Ln�z|zÈ¶IqFÉó{Èn�n�{���½In�z|��n��KÀQ�@�h{|�]�S¶Ln��\	¨nI·]Æ�n�� roz|�CÍ�ÉÇ¿ öAnø÷>¶�xh·�n��KÆ�nIé2�2{ÈnI·�¶óxh�hÆ
n���nI·]»BºyzÈmo¶��]�]�hz|{|n#%yz|{|�]�!n�{�� µ ro�]¾�¶Lºæð�·]ºy�¯¶�¹�ºys�õ6ºy��{È¶�{|��m�Æ�nI·�À��]�h{|�@�¯¶Ln��Fq

�Çphp2{|z�Æhxh��m�Í>qì~>¸hô n��]�h��n�zAÆ�nI·óÀQ�]�h{��]�S¶ï¿_�,ºo·]s rozÈnCp6n�{<Æ�nI·,¼,ºo¶�r�¶�{Èºy�±ºopQîLnI¾>¶Lõ2r�·]roz|zÈn�z|nI·ÇÀQ�]�h{��]�S¶Ln��<q
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�,p2p2{|z|Æhx2��m Í>q|tIvQ¸N�,·�¶LnI»�r�¾>¶LnËÆ�n��,Í�ÉÇ¿ öAnø÷>¶�xh·L¿Pp2ro��{ÈnI·]¶Ln���ÀQ��n�r�·�¿PôKr�·�õ�¿ ��zÈmoºo·]{È¶��hs xh�Iq

Éó{Èn±êÕnI·�	§n��hÆ2xh��m ëoºy� Í�ÉÇ¿ öAnø÷>¶�xh·�n�� �2r�¶�roz|zÈnI·]Æh{���my��Æ�n��R��ro�]�S¶Ln�{|z ÂÅÆ2rc%K¾on�{|��n±¶L·@{|z|{|��n�r�·]n��ï�Q¿
¶LnI·�õ6ºyz|r�¶�{Èºy� ÆhnI·ÊÉór�¶Ln��KnI·�»9ºyzÈmo¶IÂ�Æhr�Æ2{Èn��Ln��ãêÕnI·�»�ro��·�n����Sx�·ãp¢{|z|{|��n�r�·]no�ï�¯¶LnI·]õNºyz�r�¶�{Èºy� {|�h��nI·@�hrozÈp�Æ�nI·
n�{|��½In�z���n�� ÀQ�]�h{��]�S¶Ln���ëonI·�	§n��2Æ�n���¾
ro�2�<q/ÄÅ�!nI·�monIp6n�� ��{|�@� �,·]¶LnI»9r�¾>¶LnK{|��Æ�n���nI·�½In�x�mo¶Ln�� µ {�z|Æ�nI·]�X��Çphp2{|z|Æ2xh��m�Í>q|tIv$Z@Â�	¨n�z|�@��næÆhxh·]�]� »9n��hzÈn��2Æ�nP�ï�¯¶LnI·�õ6ºyz|r�¶�{|ºy� ½#	,{|���@��n��Kp6n��hro�@�¯p¢r�·�¶Ln���ÀQ�@�h{|�@�¯¶Ln���½�x
nI·�¾Qz_�r�·�n��±�]{|�hÆ<q

Éó{Èn��LnI· �Çro�@�¯¶Ln�{�z¤¾�ro�h��îLn�Æ�º>�@��Æhxh·]�]� mon��]�]�h{|�]¾S¶LnY�Çxh¶L½�xh��m�Æ�nI·ËÄÅ{Èmon��h�]�]�hr�»9¶Ln�����n�xhnI·�nI· v r�·]ÆQ¿	�r�·�nãp6n��Ln�{È¶�{Èmo¶,	§nI·@Æ�n��<Â�{|�hÆ�n�s ½�xh�a�r�¶L½�z|{|�]�hnCÀ��]�h{|�@�¯¶Ln���{|�¯¶LnI·]õNºyz�{ÈnI·�¶?	¨nI·]Æ�n��\X���{|n���nãÃCr�õ2{È¶Ln�z��nZ@q2��z|���ro�]�S¶Ln�{|zN¶L·]{È¶L¶6îLn�Æ�ºQ�]��	§n�{È¶LnI·@�h{|��Æ�nI·���ºy��nãÀ>õ6n�{|�]�hnI·�p6n�Æhr�·�»¢roxh»ZÂ>Æ�nI·§Æhxh·]�]� n�{|��n,Æ�·]n�{È»9ro�@��nóÀQõNn�{��]��nø¿
·]xh�hm�Æhn��/êÕºyz|xhs�n��2�/n��¯¶���¶Ln��¯¶Iq�ï�RÆhn��±»9ºyzÈmon��hÆ�n��RÃCr�õ2{È¶Ln�z|��	§nI·@Æ�n��±ëonI·]�]�]�h{Èn�Æhn���nËºoõ2¶�{|s�{ÈnI·�¶LnÊê¤r�·]{|ro�S¶Ln���Æhn���¶Lnø÷Q¶�x�·�p2ro��{|nI·�¶Ln��
ÀQ��n�r�·�¿PôKr�·�õ�¿ ��zÈmoºo·]{È¶��hs xh��p6n����@��·]{ÈnIp6n��<qn�Á��ÃCr�õ¢{È¶Ln�zFÌ 	,{È·]Æ�½�xh���ro�]�h�L¶/n�{���nÊí�õ6n��¢ÿ��<¿ ÄÅ·�	¨n�{È¶LnI·]xh��m
nI·]z �roxh¶LnI·�¶IÂFÆh{Èn�Æhro�h��{|��Æ�n��ß	¨n�{È¶LnI·�n���ÃCr�õ2{È¶Ln�z|��» �x�·ãëonI·]���@�h{Èn�Æ�n��hn���zÈmoºo·]{|¶��hs�n���mon��>x�¶L½I¶'	,{È·@Æ<qB�ï�
ÃCr�õ2{|¶Ln�zs�ý	Ç{È·]Æ�n�{|�hnu��nI¶���º>ÆhnR½�x�·æ¶L·]{|z|{���n�r�·�n��ñ�ï�¯¶LnI·]õNºyz�r�¶�{Èºy� s�{|¶���x2zÈ¶�{È¶Lnø÷Q¶�x�·�n��´p6n����@��·]{ÈnIp6n��<Â	¨n�z|�]��n�Æh{Èn µ {|z|Æhñ>xhroz|{È¶[�r�¶ÇÆ�n��ó�hr�·]Æ`	�r�·�nIp6n����]�2zÈn�xh�h{Èmo¶Ln���ÀQ��n�r�·L¿PôKr�·]õ�¿ �Çz|moºo·]{È¶��hs xh�Çºoõh¶�{|s�{ÈnI·]¶Iq¢Éó{Èn
¶_r>õ2{|�]�]��n����Ç·�¶LnI»�r�¾S¶LnÕX��Çphp2{�z|Æhxh��m�Í>q|tIv$Z�Æ�n���¶Lnø÷Q¶�x�·�p2ro��{|nI·�¶Ln�� ÀQ��n�r�·L¿PôKr�·]õ�¿ �Çz|moºo·]{È¶��hs xh� 	§nI·@Æ�n��
p6n��Ln�{È¶�{Èmo¶Iq��ï�æÃCr�õ¢{È¶Ln�zN�o	,{|·]Æ�n�{|�æn#Ã�½�{Èn��S¶LnI·/�Çz|moºo·]{È¶��hs xh�§½�x�·/É�r�·@�L¶Ln�z|z|xh�hmÊëoºy�Y�Á��º����ro�]��n���s {È¶L¶Ln�z|�
Í�ÉÇ¿ ö�nø÷Q¶�x�·�n��ænI·]z_�roxh¶LnI·�¶IÂ�	§n�z��]��nI·§nIpNn��h»9roz|z��*s {È¶Õ¶L·]{|z|{���n�r�·�nI·9�Á�S¶LnI·�õ6ºyz|r�¶�{Èºy� r�·�p6n�{È¶LnI¶Iq µ ro��{ÈnI·�n��hÆ Æhr�·L¿
rox�»>	,{È·@Æ�{|��ÃCr�õ2{|¶Ln�z C n�{|�hn��±nI¶��hº>Æ�n,½�x�·§ÃãºysËp2{|�2r�¶�{Èºy��ëoºy� ��n�s�{È¶L·]ro�h��õ2r�·�n��S¶Ln�s ¶Lnø÷Q¶�x�·�p2ro��{|nI·�¶Ln�s
êÕºyz|xhs�nC¼�n��hÆ�nI·@{|��m�xh�hÆ�zÈºo¾�rozÈnI· µ n�zÈn�x2�]�S¶�xh��my�Lp6nI·�n��@�h�Sx2��m�nI·]z �rox�¶LnI·]¶Iq
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QSRUTWVYX[Z]\^T'R`_UTbacXedfT�Z+gfT�Zih@j@k�lWZ+monqprR`s�kutWmoZ+dfvimoZ]Twv:RUT:xyT'R`z]nqRUT'_`z^v@T'R`z^Tw{B|r_U\]R`\^T~}�\]|fZ+T'g�|rgqd�acT'prZ+z^\]|ek�r� Ti�wm[z^\^T�Z�R`z]RUT�Z+|qg � _`m[z]z]T'g�z]R��+p��'|fZY�Snr\]R`a�RUT�Z�|rg � dfT�Z3�iR`_`dr��|rm[_`RU\
�mo\�x�T'R�aG\^T~}e\]|fZ]xqm[z]R`T�Z]\^T'g�VYX�_�|racT~k��T'gqdfT�Z+R`g � T'R�grz^T�\^��T'g��
QSmo�'|�R`z^\�T'z�gfX[\uv@T'grdrR � R`g���mon�RU\^T'_����`��T'R`gfT'g��i_`R`�+sbm[|f�fdrRUT��WnyT'g�lS��kuh�RUnyT'_`R�gfT�'|�v@T�Z]��T'g��
�0g���mon�RU\^T'_����¡ �v�T�Z+drT'g�drm[grg�s�|rZ]�8drRUT�¢�R � T'grz]��prmo��\^T'g�£[X�g¤{¥|r_`\]RU\^T~}�\]|rZ]T'gbT�Z+_u�m[|r\^T�Z]\��	¦Wgekz]��pr_`RUT�§[T'grd¨vwRUZ+d¨R`g¨¦:xqz]��prgrRU\^\����¡��T'R`gfTWgfT'|fTb�WnyT'g�lS��ku¢�Z]v@T'RU\^T�Z+|rg � xyT'z]��pfZ+RUT�xyT'g�©�drT�Z]T'gª{ �X � _`R`��peks[T'RU\^T'gBz]R`�+p � T�v:R`grg�xrZ+R`g � T'gqd�xyT'R`a«VYX�_�|racT���T'gqdfT�Z+R`g � T'R`gqz^T�\^��T'g¬_`m[z]z]T'g��
­b®�¯ °«±]²´³
µ�¶�·c¸c±]¹Wº�»¼±+·ª²�½�±+¾¤²
{¥X�dfT�Z�gfTMlWZ+mon�prRUs�ku��moZ]\^T'g¿x�RUT�\^T'g¿�'|ra z]�+pqgfT'_`_UT'g¿�wT'grdfT�Z+R�g � T'R`gfTMprmoZ+dfvimoZ]T�xyT'z]�+pq_UT'|rgrR � \^TlWZ+mon�prRUs�kuh�RUnyT'_`R`grT.À�¦:xrxqR�_`dr|rg � ���`�
Á��ÂQWT'gJ¦:|qz � m[g � z^nq|qgfs�\�xqR`_`drT'g � T�X�acT�\^Z+R�z]�+pfT.h�Z+R`a�RU\]R`£[T¬vwRUTh�|qgfs�\^T[©Ã��R`gqRUT'gÄ|rgqdÄQWZ]T'RUT'�+s[T[�3QSRUT'z]T�v@T�Z+dfT'g"�'|rg��m[��prz^\¤R`gÄdfT�Z�ÅrÆ õoÇrÈÊÉ�Ë Æ�Ì õ[Í�Î�ËoÇrÏ�õ[Ç�ÐBÑYÎÓÒ[Ô�Í�ÎÊÇ�Ò kÕ \]|f��TbxyT'moZ]xyT'RU\^T�\��rtWRUT�ZÂT�Z]��X�_ � T'g¬��X�_ � T'grdfT Õ �+pfZ+R`\^\^T[Ö

× {¥XedfT'_`R`g �cØ Z+m[grz^��X[Z+a�mo\]R`X�g
× VSRUT�vwR�g �cØ Z+m[gqz^�ÊX[Z�a�mo\]RUX�g
× �@T'_UT'|q�+p�\]|rg � z^xyT�Z]T'��prg�|qg �
× hÃT�Z+z]n�T'�~\]R`£[T Ø Z�m[grz^��X[Z+a�mo\]RUX�g
× jÂ_`RUnrnqR�g � |rgqdÙt:R`dqdfT'g Õ |fZ]��m[�~T���T'acX	£Úm[_
× h3moZ+m[_�_UT'_�h8Z+XÚÛ0T'�~\]RUX�g
�0g¨dfT�ZÂÜ õÚÈ~ÍuÝ Æ Î�È!Î�Ý Æ òeÇ�Ò[È+È!Í{ò~É'Ý T�Z]��X�_ � \�m[grz+�+pr_`R`T�§[T'grd¨drR`T��bX�g�£[T�Z+\]RUT�Z+|rg � £[X�g � T�X�a�T�\^Z+R`z]��pfT'g�h�Z+RÓka�RU\]R`£[T'g�R`gªÞfZ+m � a�T'g�\^T�À��iR`_�dfnq|rgfs�\^Twa�R`\@��lS�i¦wkß��gf��X[Z+a�mo\]R`X�g�©e�~kßà.T�Z]\�|rgrd Ø T~}e\]|fZ^ku��X�X[Z+dqR`grmo\^T'g�Á|rgrd"drRUT¨¦Wg�v�T'grdq|rg � £[X�g Ø T~}�\]|rZ]T'g�� Õ �+pr_`R`T�§�_`R`�+p�T�Z]�ÊX�_ � T'gâá Ý Æ Ï�ã Æ õ
Ò Ì Ý~ÇqÍbó�ärÝ Æ õ[Í�Î�Ë[Ç�Ý~Ç vwR`T¨�[�å�W�¦W_UnqprmÚk Ø T'z^\�© Õ \^T'gr��R�_Ók Ø T'z]\�©�Q:T�nq\]pek Ø T'z]\�X�drT�Z�¦:_Un�prmÚku�i_UT'grdrR`g � ��¦Wa´¢�gqdfTcdfT�Z�h�R`n�T'_�R`gfT�v:RUZ+dædfT�ZÞfZ+m[a�T�xq|eçyT�Zwmos�\]|qm[_`R`z]RUT�Z+\��

�'�



�~è é�ê:ë�ì�í3î�ïñð�ò"óiô:ê:ë�õwì0é�ö�õWê:ô:÷cø¤ê:ô:îúù@î�ì@ëSû8ü

Combiners
Register

Primitives Fragments

Vertices

&

Input

&
Current
Values

Texture Coordinate
Generation

Evaluators
&

Vertex Arrays

Matrix
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Antialiasing
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Selection

Rasterization
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&
Frame Buffer Control
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Per-Fragment Operations

Extension:
NVidia

¦:xrxqR`_`dq|rg � ���`�oÖ�QSRUT��WnyT'g�lS��kuh�RUnyT'_`R`grT[�

­b®^ý þ ÿc½���±���²����yÿ¤µ�²�¾ ±+¾�� ·ª²�¾�³�� ¯:®0ý
�@T'R8dfT�ZbVYT�Z]v@T'grdr|qg � £[X�gÄ{B|r_U\]RU\^T~}e\]|fZ]T'g v@T�Z+dfT'g.acT'prZ]T�Z]T Ø T~}�\]|fZ+T'g � _UT'R`�+pr��T'RU\]R � mos�\]RU£�R`T�Z]\b|rgrdm[|f�bT'R`g¼ÞfZ+m � a�T'g�\¬m[g � T�v@T'grdfT�\��ÂÞ �|fZ�Û0T'drT Ø T~}�\]|rZªT�Z+�ÊX�_ � \ªT'R`g Ø T~}e\]|fZ]T~ku��X�X[se|fnú|rgrd z^X�a�RU\ªT�Z^k� T�xyT'gÄz]R��+p
	 Ø T~}�\]|rZ^kuÞrmoZ]x�v�T�Z+\^T[���0g�dfT�Z Õ \]|f�ÊT Ø T~}e\]|fZ]T¨¢�g�£eRUZ]X�gqacT'g�\�¦:nrnq_�R`��mo\]RUX�g v@T�Z+dfT'g�g�|rgdrRUT Ø T~}�\]|fZ]kc|qgrdJÞfZ+m � acT'g�\0kuÞrmoZ]x�v�T�Z+\^T�a�R`\^T'R`grm[grdfT�Z�s[X�a�x�R`grRUT�Z]\��ÂQSm[zÙ¢8Z � T�xqgrR`z dfT�ZÙR`gJdfT'g�	Ø T~}�\]|fZ]ku¢�g�£�RUZ+X�gracT'g�\]z�mos�\]R`£�RUT�Z+\^T'g Ø T~}e\]|fZ^kuÞq|rgfs�\]RUX�gfT'g.vwR`Z+d xyT�Z]T'�+prgrT�\�����aE�WnyT'g�lS�G�o�¡  Õ \]m[gekdrmoZ+d�dr|fZ+��pr_u�m[|f��\8T'R`g�ÞfZ+m � acT'g�\Âz^T'��|fT'g�\]R`T'_`_qdrR`T�T'R`gf��T'_`grT'g Ø T~}�\]|fZ]ku¢�R`grprT'RU\^T'g���¦:xrxqR`_�dr|rg � ���¡ ���T'R � \

TE0

TE1

TE2

TE 3

Cf

CT 0

CT 1

CT 2

CT 3

C’ f

CT i  = Textur-Farbe aus  Textur-Lookup i

Cf     = Fragment -Farbe vor Texturierung

C’ f   = Fragment-Farbe nach Texturierung

TE i  = Texture-Environment i

¦:xrxqR`_`dq|rg � ���¡ �Ö�{¥|r_`\]RU\^T~}�\]|rZ]T'g¬R`g¥�WnyT'g�lb� �o�¡ ��
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T'R`g��@T'R`z^nqRUT'_�a�RU\�£�RUT�Z3mos�\]RU£[T'g Ø T~}e\]|fZ^ku¢�R`grpfT'RU\^T'g��	QSm[z3¢8Z � T�xqgqR`z�dfT�Z Ø T~}�\]|fZ]ku¢�R`grprT'RU\���drRUT'g�\fÛ^T�v@T'R`_`zm[_`z�¢�R`g � moxyTS���|rZ�drRUT�grm[��pf�ÊX�_ � T'grdfT Ø T~}�\]|fZ]ku¢�R`grprT'RU\����J�o��0g dfT�Z�m[grz]��pr_`RUT�§[T'grdrT'gÙjiX�_UX[Z^k Õ |rack Õ \]|f��T:z]R`gqd¨T'R`grT'a ÞrZ+m � acT'g�\wg�|qg¨��v@T'R���lS�i¦�kuÞqmoZ]xyT'gÙ�'|ek� T�X[Z+drgrT�\�©�T'R`grT ä Æ Î Ì õ Æ���� Ë �ÓË Æ"!�#%$�& ©edrRUT � T � T�x�T'grT'gf��m[_�_`zWÀ�d��åp�����m[_`_`z Ø T~}e\]|fZ]T'gªmos�\]R`£�RUT�Z+\�z]R`gqd�Á3dr|fZ��+pØ T~}�\]|fZ+T'g � T �m[gqdfT�Z]\ivw|fZ+drT[©�|rgrd��'|rz �mo\^�'_�R`�+pªT'R`gfT È�Ý � ËoÇ�Ðyõ Æ��'� Ë(�ÓË Æ�!%)+*�,~©edrRUTW�'|fZÂ¦:g � moxyTSdfT�ZÂÞrmoZ]xyTT'R`gfT�Z3z^nyT�se|r_`moZ]T'g���R`�+p�\]��|fT'_`_UT�£[X[Z � T'z^T'pfT'gcR`z]\��	QSmSz^T'�~X�grdrmoZ.-��~X�_UX[ZYgrR`�+p�\�dq|fZ+�+p Ø T~}�\]|fZ+T'g � T �m[grdrT�Z]\vwRUZ�d�R`z^\ÃT'zYdrm[a�R`\Ãa¥�X � _�R`�+p�©otWR � pr_`R � p�\]z��'|�T�Z+��T'| � T'g�©[dfT�Z]T'g¤ÞrmoZ]xyTÂdr|fZ��+p�drRUT�ÞqmoZ]xyTidrT�Z3��R`�+p�\]��|fT'_`_UTxyT'z^\]R`a�a�\�v:RUZ+d��ÚQWR`T@�bX�a�n�X�grT'g�\^T'g�£[X�g¤nrZ+R`a¨moZ.-b|rgrd�z]T'�~X�grdrmoZ.-��~X�_`X[ZYv�T�Z+drT'g�z]|qa�a�RUT�Z]\Ã|rgrd�drm[z¢8Z � T�xqgrR`zbm[g�dqRUT�ÞfX � k Õ \]|f��T¨v@T'RU\^T�Z � T � T�xyT'g��ÃQWX[Z]\�vwRUZ�d.drRUTcÞfX � kuÞrmoZ]xyT |rg�\^T�Z�VYT�Z]v@T'grdr|rg � T'R`gfT'zÞfX � kuÞrmos�\^X[Z+zªa�RU\�dfT�Z¤n�X�z]\0kß\^T~}�\]|fZ�R`g � ÞrmoZ]xyT � T�x�_UT'grdfT�\¤|rgrd�z]�+pq_`RUT�§�_`R`��p"m[gñdrR`T�v@T'RU\^T�Z]T'g Õ \]|f��T'gdfT�Zwh�RUnyT'_`R`gfT:v�T'R`\^T�Z � T�Z]T'R`��p�\���QWR`T'z^T����|rpfZ]T'g drm[grg¥drRUTbhÃT�Z^kuÞfZ+m � acT'g�\��WnyT�Z+mo\]RUX�gfT'gÙdr|rZ+�+p��
­b®0­ °«±]²0/21 ±.3�±+¶54 ²76:±98:�y²8µ<;>=@?BAc±+¾¤²8µC8
QSRUT�R`a �WnyT'g�lS�B�o�¡  Õ \]m[grdqmoZ+d � T���X[Z+dfT�Z]\^TiÞr|rgfs�\]RUX�grm[_�RU\
�mo\����|rZÃ{B|r_U\]RU\^T~}e\]|fZ]T'g�pqmo\�z]R`��p�m[_`z��'|�v@T'grR �
D T~}fRUxyT'_qT�Z+vwRUT'z^T'g��eQSRUTbÞ3RUZ+a�mFEwVSR`drR�m�prmo\ÂdfT'z]pqm[_Ux T'R`gfTS¢8Z]v@T'RU\^T�Z+|rg � ÀHGJI ÍuÝ~ÇrÈ�Î�ËoÇ Á@dfT'z Õ \]m[grdqmoZ+drzgrm[acT'gqz�Ü ÝßÒ�Î�È~ÍuÝ ÆLK Ë ÌNM Î�Ç�Ý Æ È T'g�\ vwR`�]s[T'_`\�©�v@T'_`�+pfTBT'R`gfT'g z]T'pfZ D T~}fRUxyT'_is[X�g �r� |fZ�RUT�Z]xqmoZ]T'g {¥T'�+pqmÚkgrR`z+a�|rz����|fZ:drRUT��@T�Z]T'��prg�|qg � dfT�ZWÞrmoZ]xyT�T'R`grT'zwÞfZ+m � a�T'g�\]zWxqRUT�\^T�\POÓ��QSRß��QSRUT'z]T�¢Y}e\^T'grz]R`X�g¬vwRUZ�d £[X�a
TVU Î�ÐoÎqõ�W�Ý�ã�Ë ÆX� Ý@Y[Z[\ lWZ+mon�prRUs�kuh8Z]X[��T'z]z]X[Z3|qgrd¤dfT'z]z^T'gPEWm[�+pf��X�_ � T�Z�|rg�\^T�Z+z^\[�|r\^��\��^]:a dqRUT@¢8}�\^T'gqz]RUX�gg�|f\^��T'g��'|Äs��X�grgfT'g�©�xyT'z^\]R`a�a�\�a�m[g"�'|fT�Z+z^\¤drRUT_T õ Ì Ýa`qÍ Æ Î�Ç�Ò[È v�T'_`��pfT drRUTNEWm[acT'gñdfT�Z¤¢8Z]v@T'RU\^T~kZ+|rg � T'g¥T'g�\]prm[_U\^T'g���QSRUT'zWT�Z]��X�_ � \Sa�RU\@bdc^egf^hdijhgkmlondb�p9e^q rts^ugr[v:i:w(xjvdimy��r¦:grz+�+pr_`R`T�§[T'grdBa.�|rz]z^T'gædrRUT¦WdfZ]T'z]z^T'gúdrT�Z¥¢Y}e\^T'grz]RUX�gfkuÞr|rgfs�\]RUX�gfT'gJdfT'zB�Sn�T'g�lS��k Ø Z]T'RUxyT�Z+zªa�RU\_zdbtc^etfjhg{[kd|:} ~g�[�[kdf:�g�Cp�T õ Ì Ý
`qÍ Æ ÎÊÇ�Ò yWxyT'z^\]R`a�a�\8v@T�Z+dfT'g���QSRUT:¢Y}e\^T'grz]RUX�gekuÞq|rgfs�\]RUX�gfT'gcs �X�grgfT'g�drm[grgcvwR`T � T�v �X�prgr_`R��+pfTW�Sn�T'g�lS��kÞr|rgrs�\]RUX�grT'g¬m[|f� � T�Z+|f��T'g v�T�Z+drT'g��QSRUT¨�wT � R`z^\^T�Z^k�jiX�a�xqR�gfT�Z+zSxqR`_�dfT'gæT'R`gfT�acT'pfZ�z^\]| �r� Tc�wm[z]\^T�Z+R`z]RUT�Z�|rg � z^T'R`gqpfT'RU\S|rgrd z]R`grd n�moZ+m[_`_UT'_�'|¤dfT'g Õ \]|f��T'g Ø T~}e\]|fZ]TÂ¢�g�£�R`Z]X�gracT'g�\�¦:nrnq_`R���mo\]RUX�g¨©�j@X�_UX[Z Õ |qa |rgqd�ÞfX � R`g¤drR`Ti�WnyT'g�lS��kuh�RUnyT'_`R�gfTR`g�\^T � Z+RUT�Z]\�À�¦:xrxqR�_`dr|rg � ���`�
ÁÂ|qgrdÙm[_U\^T�Z+grmo\]R`£ªdrmo�'|¥mos�\]RU£eRUT�Z]x�moZ'�r¦wxqxqR`_`dr|qg � ���¡����T'R � \wdfT'g � T'gqm[|fT'g¦W|f�Êx�m[|���@T'Rq¦:s�\]RU£�R`T�Z+|rg � dfT�Z@��T � R`z^\^T�Z]k�j@X�a�x�R`gfT�Z+z0ku¢�Z]v@T'RU\^T�Z+|rg � v@T�Z+dfT'g�drRUT Õ \]|f��T'g Ø T~}�\]|rZ]Tw¢�g�£eRUZ]X�gekacT'g�\:¦:nrnq_`R���mo\]RUX�g�©�j@X�_`X[Z Õ |ra |rgrd¬ÞrX � gqR`�+p�\:acT'prZw£[T�Z]v@T'grdfT�\�� Õ RUT�v@T�Z+dfT'gB£[X�_`_`z]\
�m[grdrR � T�Z�z^T�\^��\|rgrdÙR�gÙR`pfZ]T�Z�Þr|qgfs�\]R`X�grm[_`RU\
�mo\iT�Z]v@T'RU\^T�Z]\��QSRUTæ��T � R`z^\^T�Z]k�j@X�a�x�R`gfT�Z+z¥À�¦:xrxqR�_`dr|rg � ��� è�Á�xyT'z^\^T'pfT'g m[|qz�T'R`gfT�Z Õ T'��|fT'gf�¬£[X�g À�a�R`grdrT'z^\^T'grz�Á��v@T'R W�Ý~Ç�Ý Æ õ(� K Ë ÌNM Î�Ç�Ý Æ È |rgqd"T'R�gfT'a ã�ÎÊÇBõ(� K Ë ÌNM Î�Ç�Ý Æ!©Yv�X[xyT'RÂdfT�Z¤��v@T'RU\^T¥dfT�ZcxyT'R`drT'gñlWT'grT�Z+m[_j@X�a�xqR`gfT�Z�zÂdfT'mos�\]R`£�RUT�Z+\Âv�T�Z+drT'g sÚm[grg��QWT�Zwj@X�a�xqR`gfT�Z^k {¥T'�+pqm[grR`z]a�|rz�sÚm[grgª|rg�\^T�Z@m[gqdfT�Z]T'a � �|rZ�£[T�Z+z]��prRUT'dfT'grT Õ pqm[drR`g ��Ø T'�+pqgrRUs[T'gªvwRUTxyT'R`z^nqR`T'_`z^v@T'R`z^TN� ò Ì ä��ýõ�ä�ä�Î�Ç�Ò XedfT�Z�G Ç�ô	Î Æ ËoÇ Ì Ý~Ç�Í��}õ�ä�ä�ÎÊÇ�Ò � T'g�|f\^��\¤v@T�Z+dfT'g��ÃQWR`Tª{��X � _`R`�+prs[T'RU\�'|fZ�nqRÓ}eT'_UX[Z+RUT'g�\]RUT�Z]\^T'g �@T'_UT'|q�+p�\]|rg � z^xyT�Z]T'��prg�|qg � Àßá Ý Æ Ï á Î I Ý%��Ñ3ÎUÒoÔ�Í�Î�Ç�Ò ÁcvwR`Z+dâR`g drT'g ��monqR`\^T'_`g
�|rgrd�Qæ�'|fZ¨�Wnq\]R`a�RUT�Z+|qg � dfT�Z��iR`_�dr��|qm[_`RU\
�mo\�xyT'R`aEVYX�_`|qacTÙ��T'grdfT�Z�R`g � T'R`g � T'z^T�\^��\�����|rz
�mo\^�'_`R`��pâR`z^\T'z¬a¥�X � _�R`�+p�© Õ prm[drR`g � k {¥XedfT'_`_UTæR`gúg�|rZÙT'R`gfT'a<��T'gqdfT�Z+R`g � kuQS|fZ��+p � m[g � �'|úZ+T'm[_`R`z]RUT�Z+T'g�©�v@T'_`��pfT�R`gÕ \]m[grdqmoZ+dek��WnyT'g�lS�â�o�¡ ¨acT'pfZ]T�Z+T���T'grdfT�Z]k Õ �+pfZ�RU\^\^TbxyT'g��X[\]R � T'g v��|fZ�dfT'g��
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Line
Rasterization

Point
Rasterization

From
Primitive
Assembly

Draw
Pixels

Bitmap

O
pe

n 
G

L 
1.

2 
 s

pe
ci

f
ic

at
io

ns

E
xt

en
si

on
N
V
_
r
e
g
i
s
t
e
r
_
c
o
m
b
i
n
e
r
s

¦:xrxqR�_`dr|rg � ���¡��Ö�¢�Z]v�T'R`\^T�Z+|rg � dfT�ZW�Sn�T'g�lS��kuh�RUnyT'_`R`gfT[�

general
combiner

stages

final combiner

RGB Portion combiner inputs Alpha Portioninitialize
registers

Stage 0

Stage 1
(optional)

AB+CD, AB, CD

AB+CD, AB, CD

AB+CD, AB, CD

AB+CD, AB, CD

AB+(1-A)C+D, EF, G RGBA fragment

¦:xrxqR�_`dr|rg � ��� èfÖ�QWT�Zw�wT � R`z^\^T�Z^k�j@X�a�xqR`grT�Z:{¬T'��prm[grR`z+a�|rz'�
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©[T'drT�Z���T � R`z^\^T�Z]k�j@X�a�x�R`gfT�ZbxyT'z]RU\^��\ST'R`g R`praM�'| � T�X[Z�drgfT�\^T'z�Ü ÝuÒ[ÎÊÈ!ÍuÝ Æ Ï�`�Ý�Í ��QWR`T'z^T'zSxyT'z^\^T'p�\�m[|qzbm[�+p�\��lS�i¦�kßVYT�s�\^X[Z]T'g�T�Z � �m[gf��\�|qa v@T'RU\^T�Z]T�	Ù�wT � R`z^\^T�Z'©[v@X[xyT'Rt	 dqRUT@a¨mÚ}eR`a¨m[_UTÂ¦:gf�'m[pq_�drT�Z � _UT'R`�+pr��T'RU\]R �mos�\]RU£[T'gB{B|r_U\]RU\^T~}e\]|fZ]T'gÙR�z^\��rQSRUT��Âk]©�lWk]©q��k�|rgrdÙ¦W_UnqprmÚku��X�acnyX�gfT'g�\^T'gÙ_�RUT � T'g¬R`a«�0g�\^T�Z+£Úm[_`_"O k+�o©���R|rgrd v@T�Z+dfT'g¥R`g�\^T�Z�gÙR`g«ª	ku�iRU\wÞfT'z^\^n�|rgfs�\0kuQWmoZ�z^\^T'_`_`|rg � £[T�Z+moZ]xyT'RU\^T�\��
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primary color

secondary color

texture 0

texture 1

spare 0

spare 1

fog

constant color 0

constant color 1

zero

primary color

secondary color

texture 0

texture 1

spare 0

spare 1

fog

constant color 0

constant color 1

zero

input registers output registers

RGB A RGB A

computations

scale
and
bias

A B + C D
−or−

A B mux C D

A B
−or−

A ● B

C D
−or−

C ● D

not writeable»�»�»�»�»�»�»�»»�»�»�»�»�»�»�»»�»�»�»�»�»�»�»
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¦:xrxqR`_`dq|rg � ���½��Ö�¦:|f��xqm[|ÙT'R�gfT'zwlWT'gfT�Z+m[_3j@X�a�xqR`gfT�Z'�
¦:xrxqR`_�dr|rg � ���½�Ä��T'R � \ªdqm[zªÞq|rgfs�\]RUX�grz^nrZ�R`gf�'RUnñT'R`gfT'zÙlWT'gfT�Z�m[_Sj@X�a�xqR`grT�Z'��QSRUT¥�'| xyT'moZ]xyT'RU\^T'gekdfT'g�QSmo\^T'g"v�T�Z�dfT'gÄm[|rz�dfT'g¿¾ Çoä�ÀeÍ�Ï Ü ÝuÒ[ÎÊÈ!ÍuÝ Æ Ç � T'pfX�_U\���QSRUT_¾ ÇoäÁÀfÍ�ÏÂ�¡Ã�ä�ä�Î�Ç�Ò[È v@T�Z+dfT'g"m[g � T�v�T'gqdfT�\|rgrdÙdqRUTbV8moZ+R`moxq_`T'gaÄ�©mÅª©ÁÆ |rgrdaÇMR`grRU\]R`m[_�R`z]RUT�Z]\���QSRUT�¢8Z � T�x�grR`z]z^T�drT�Zwm[|rz � T����|rpfZ]\^T'g¥�Sn�T�Z�mo\]RUX�gfT'gdr|fZ��+pr_`m[|r�ÊT'g�T'R`gfT ` � Ã(�UÝ�ÏÂÈWÇ�ÐoÏ � ÎÂÃÚÈ Õ \]|r�ÊTS|rgrd�v�T�Z�dfT'gÙm[grz]��pr_`RUT�§[T'grdªR`gªv��m[pr_`xqmoZ]T�É ÀfÍ äÁÀfÍ�Ï Ü ÝßÒ�Î�È~ÍuÝ Æ� T'z]��pfZ+RUT�xyT'g��yQSRUT'z^T�drRUT'grT'gBdrm[gqgæm[_�z:�0gfnq|r\WdfT�Zbg �m[��prz^\^T'g"lST'gfT�Z+m[_�j@X�a�xqR`gfT�Z]k Õ \]|f��T�xyT��'RUT'p�|rg � z0kv@T'R`z^T�dfT�ZwÞ3R`gqm[_�j@X�a�x�R`gfT�Z^k Õ \]|r�ÊT[�QSRUTÙ�0grprm[_U\^T¬drT�Z���T � R`z^\^T�Z�R`g j@X�a�xqR`gfT�Z�Êe©�drT'a T�Z+z^\^T'g lWT'grT�Z+m[_:j@X�a�xqR`gfT�Z
©Ãv@T�Z+dfT'g vwRUTÙR`g¦:xrxqR`_`dq|rg � ���½Q�a�RU\Âà.T�Z]\^T'gæR`grRU\]R�m[_`R`z]RUT�Z+\���¢Y}enq_`RU�'R`\@z^nyT��'R � �'RUT�Z]xqmoZÂz]R`gqdÙprRUT�Z�drRUTSà.T�Z]\^T
×¡Ë kÁl%ÌÎÍ(kgÏÐ}(|tc[|jkªa�RU\�bdc^Ñg|gc[|^kmÒe©
× �(f:}(|(nd�dÍjk[ÏÐ}j|gc[|jk�a�RU\�bdc[i[fd}j|(nd�dÍ(kgÏdÑ[|tc^|^kÁÒ�©
× }j|(nÎ�ShdÍ ndhÓ}j|tc^|^kÕÔ¨|rgqd×Ö�a�R`\�btc[Ñ[|SÌdØ�lon:f^kg{dÍjkdÍoÌ�fjhdfjkÁÒ v[Ù�©
× |qgrdÙdrRUT���lS��ku�bX�acnyX�gfT'g�\^T'g¬£[X�gVÚg|[b¨a¨RU\�btcjÛd|^bmÒÜp9e[q Ûdx^e Ñtx(q:x Ý�ÞVÆ�ßdy��
QSRUT¤��T � R`z]\^T�Z@hdf^à[h^átkdf>Ô |rgrd«hdf[à^h^átkdf�Ö�v�T�Z�dfT'gBm[|r\^X�a�mo\]R`z]��pæa¨RU\:dfT'gBxqR`_�R`gfT'moZ � T � _`\^T�Z]\^T'gØ T~}�\]|fZ]ku�bX�acnyX�gfT'g�\^T'g"��lS�
|rgrd�¦W_Unqprm¬x�T'z]T�\^��\��ÃQWT�Z���grpqm[_U\�£[X�gâ� Ë Í(kdf�Ö |rgrd�drT�Z���lS��k Ø T'R`_£[X�gV� Ë Í(kdf>Ô�z]R`grdcgrR��+p�\�dfT � grR`T�Z]\���QSRUT:¦W_UnqprmÚku��X�acnyX�gfT'g�\^T�drT'z���T � R�z^\^T�Z+z�� Ë Í(kdfãÔ�vwRUZ+dca�R`\8dfT�Z¦W_UnqprmÚku�bX�a�n�X�grT'g�\^Tb£[X�gahdf[à^h^átkdf>Ô¨R�grRU\]R`m[_`R�z]RUT�Z]\�©���m[_`_�z Ø T~}e\]|fZ�Ê�mos�\]RU£eRUT�Z]\�R`z]\��
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��T � R�z^\^T�Z@EWm[acT �0grRU\]R`m[_Ókßà.T�Z+\ �y| � Z+RÓç
å f^kt| Ê Z]T'm[dÙX�gr_æ-

}j| nC�ShdÍ nth�}(|tc^|^kdÔ Æ ,H,+ç Z]T'm[dÙX�gr_æ-
}j| nC�ShdÍ nth�}(|tc^|^kCÖ Æ ,H,Xè Z]T'm[dÙX�gr_æ-

Út|[b Æ�ß Z]T'm[dÙX�gr_æ-
Ë kÁl�Ì�Íjk[Ï�}(|tc^|^k Æ�#%$�& Z]T'm[dêé�v�Z�RU\^T
�(fd}j|(nd�dÍ(kgÏë}j|gc[|^k Æ )�*�, Z]T'm[dêé�v�Z�RU\^T

� Ë Í(kdf¦Ô z��å|�� Z]T'm[dêé�v�Z�RU\^T
� Ë Í(kdfNÖ grR��+p�\�dfT � grRUT�Z+\ Z]T'm[dêé�v�Z�RU\^T

hdf^à[hjádkdf�Ô Æíì ç Z]T'm[dêé�v�Z�RU\^T
hdf^à[hjádkdf�Ö Æíì è Z]T'm[dêé�v�Z�RU\^T
hdf^à[hjádkdfFl ÆîìÎ& Z]T'm[dêé�v�Z�RU\^T

¦:xrxqR`_�dr|rg � ���½Q�Öq�0grRU\]R`m[_`R�z]RUT�Z+|rg � dfT�Z��0gfnq|f\0ku�wT � R`z^\^T�Z�R`g¥lST'gfT�Z+m[_�j@X�a�xqR`grT�Z�Êe�
{BmonrnqR`g � {¥XedfT ��g�\^T�Z]£om[_`_ ¦:xrxqR`_�dr|rg �
ÀeÇfÈ!ÎÓÒ�Ç�Ý]Ð Î�Ð�Ý�ÇqÍ�Î�Í � O Êtï'��RÜðñòO Êtï'��R ó«ô[õÃÀöÊt÷øÊtïXõyÁ
ÀeÇfÈ�ÎUÒ[ÇyÝ]Ð Î�Ç:ùoÝ Æ Í O Êtï'��RÜðñòOÓ� ï.ÊSR � ÷øÊ�ú
óa�+	�Àûó«ô^õ3Àûõ�ï.Êt÷øÊtï'� ÷øÊ�Á^Á
Ý I ätÃoÇ�ÐÙÇ�Ë Æ!Ì Ã � O Êtï'��RÜðñòOüú�� ï'��R  g÷øÊíý"ó«ô^õ3ÀöÊtïXõyÁ�ú � ÷øÊ
Ý I ädÃoÇ�ÐÙÇyÝßÒ^Ã�ÍuÝ O Êtï'��RÜðñòOÓ� ï�ú���R úw g÷øÊíý"ó«ô^õ3ÀöÊtïXõyÁÜ�J� ÷øÊ
ÔgÃ(� É M ÎÂÃÚÈ�Ç�Ë Æ�Ì Ã � O Êtï'��RÜðñòOüú�Êt÷½�gï.Êt÷½�oR ó«ô[õÃÀöÊtïXõ�Á�ú×Êt÷½�

ÔgÃ � É M ÎöÃÚÈ�Ç�ÝßÒ[Ã[ÍuÝ O Êtï'��RÜðñòO Êt÷½�gï�ú�Êt÷½�oR ú�ó«ô[õÃÀöÊtïXõ�ÁÜ�LÊt÷½�

È!ÎÓÒ�Ç�Ý]Ð Î�Ð�Ý�ÇqÍ�Î�Í � Oüú�� ï'��RÎðñòOüú�� ï'��R õ

È!ÎÓÒ�Ç�Ý]ÐÙÇ�ÝßÒ[Ã[ÍuÝ Oüú�� ï'��RÎðñòOÓ� ï�ú���R ú�õ

¦:xrxqR`_`dq|rg � ���þ��Ö���grnq|f\�{¥monqnqR`g � zixyT'R�dfT�Z �]:xyT�Z+grm[pra�TW£[X�g¬à.T�Z]\^T'gBm[|qzÂ��grnq|f\0ku��T � R�z^\^T�Z+g��
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�mo\idr|fZ��+p¬¢�R`gf���| � T'gª�'|rz
�mo\^�'_`R`��pfT�ZwR`g�\^T�Z]nyX�_`RUT�Z+\^T�Z Õ �+prR��+p�\^T'g��

�%Ê(Êsr Õ ��prR`��p�\^T'g�� �%Ê(Ê(Êsr Õ �+prR��+p�\^T'g��
¦:xrxqR`_`dq|rg � èf�`�oÖÚ¦wZ+\^T���mos�\^T�xyT'RoX[xeÛ^T�s�\^n�moZ+m[_`_UT'_UT'g Õ �+prR`��p�\^T'g�|rgrdS��T'pr_UT'grdfT�Z�\^Z�R`_`R`gfT'moZ+T�Z��0g�\^T�Z]nyX�_`mo\]RUX�gÀ�_`R`grs�z�Á�R`a«VYT�Z � _UT'R`�+pBa�RU\Â\^Z+R�_`R`gfT'moZ]T�Zi�0g�\^T�Z+n�X�_�mo\]RUX�g�À�Z]T'�+p�\]z�Á��
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bilineare Interpolation in Schicht i+1

Combiner

interpolierte Schicht

bilineare Interpolation in Schicht i

mit 2D-Textur

mit 2D-Textur

lineare Interpolation
mittels Register-

(1−α)

α

¦wxrx�R`_`dr|rg � èf�¡ �Ö Ø Z+R`_`R�gfT'moZ]TW��g�\^T�Z]nyX�_`mo\]RUX�g¬a¨RU\Â�wm[z^\^T�Z+R�z]RUT�Z+|rg � z0kut:moZ�dfv@moZ+T[�

QSRUTB\^Z+R`_`R`grT'moZ�R`g�\^T�Z+n�X�_�RUT�Z]\^T'gâ��v:R`z]�+prT'grz]�+pqR`�+p�\^T'gâv@T�Z+dfT'g T�Z]��T'| � \�©iR`grdfT'a ��v@T'R�xyT'grm[��p�x�moZ]\^TVYX�_`|ra�T'grz]�+pqR`�+p�\^T'g � _UT'R`��pf��T'RU\]R � m[_`zc{B|r_U\]RU\^T~}e\]|fZ�Êæxr��v��8{B|r_U\]RU\^T~}e\]|fZ¬� z^nyT��'R � �'R`T�Z]\�v@T�Z+dfT'g��3¢�zT�Z]��X�_ � \�drm[grg¬���|fZÃÛ^T'dfT'z�ÞrZ+m � acT'g�\wT'R`g ��v@T'RU��m[�+pfT�Z Ø T~}e\]|fZ^ku��X�X[se|fn��rQSRUTbxyT'R`dfT'g Ø T~}�\]|rZ^kuÞrmoZ]x�v�T�Z+\^Tz]R`gqdÙxyT�Z]T'RU\]z�x�R`_`R`gfT'moZ�R�g�\^T�Z]nyX�_`R`T�Z]\��rQWT�ZWdfZ�RU\^\^T�_`R`grT'moZ]T��0g�\^T�Z]nyX�_`mo\]R`X�grz]z]��pfZ+RU\^\�À�¦:xrxqR�_`dr|rg � èf�¡ �Á � T~kz]��prRUT'p�\3dqm[grg¤a�RU\3t:R`_`�ÊT@dfT�Z8R`a £[X[Z+R � T'gc¦:xqz]�+pqgrRU\^\Ãx�T'z+�+pfZ+R`T�x�T'grT'g��:m[z^\^T�Z+R`z]R`T�Z+|rg � z0kutWmoZ+dfvimoZ]T[©odfT'g��T � R�z^\^T�Z^k�j@X�a�xqR`gfT�Z�z���QSRUT'z^T�z]R`grdBR`g¥drT�Z:��m � T[©y���|fZYÛ^T'dfT'zWÞfZ+m � acT'g�\bdfT'g Ø T�Z+aBÄîÅ �
Æ Ç m[|qz^�'|ekv@T�Z]\^T'g���QSmoxyT'R8v@T�Z+dfT'g×Ä xr��v���Æ a�R`\�dfT'a Ø T~}�\]|rZ^kuÞrmoZ]x�v�T�Z+\�m[|rz Õ �+prR��+p�\��wxr��v��Ü��� �cxyT'_UT � \��QSRUT�V8moZ+R�moxq_UT'g×Å |rgrd¡Ç>xyT'R`gqprm[_U\^T'g drRUTc� �|fZ�drR`Tc��g�\^T�Z]nyX�_`mo\]RUX�g�g �X[\]R � T'g�lWT�v:R`�+p�\]|rg � z0kuÞqmos�\^X[Z]T'gÀ0��úyxÃÁ�xr��v��zx���QSm[a�RU\@T�Z � RUxq\�z]R`��p¨� �|fZ@drRUTw�@T�Z]T'��prg�|qg � T'R�gfT�Z�xyT'_`R`T�xqR � T'g���v:R`z]�+prT'grz]�+pqR`�+p�\8�'| dfT'gÕ ��prR`�+p�\^T'g!{Î&8|rgrd|{�&~} è dfT�Z:¦:|rz+dfZ+|r�+sJ{��s À0��ú�xÃÁ��*{�&m�Vx@�*{�&~} è ©qv@X[xyT'R�x��ÿO Êtï'��RYR`z^\:|rgrd@{�&�©{�&~} è Û0T�v@T'R`_`zw�Âlb�@¦wkßVYT�s�\^X[Z]T'g z]R`grd��QSRUTª�bX�g �r� |fZ�mo\]RUX�g�dfT�Z��wT � R`z^\^T�Z^k�jiX�a�xqR�gfT�Z+z�R�z^\�R`g�¦:xrxqR�_`dr|rg � èf�¡�Ù�'|"z^T'pfT'g��3{¥m[gÄxyT'm[�+p�\^T[©drmo§¨g�|fZ:lWT'grT�Z+m[_�j@X�a�xqR`gfT�Z�Ê¨|rgrdÙdfT�ZwÞ3R`gqm[_�j@X�a�x�R`gfT�Z�mos�\]RU£�R`T�Z]\�z]R`grd��rlST'gfT�Z+m[_�j@X�a�xqR`grT�Z���R`z^\dfT'mos�\]RU£eRUT�Z]\��rQSRUT�lWT�vwR��+p�\]|rg � z^��mos�\^X[Z+T'g�©qdrRUTS���|fZ�dfT'g¬drZ+RU\^\^T'g �0g�\^T�Z]nyX�_`mo\]R`X�grz]z]��pfZ+RU\^\ixyT'g��X[\]R � \Âv@T�Z^kdfT'g�©�T�Z+p��m[_`\@a�m[g drm[dq|fZ+�+p�©�drmo§¤T'R`grT'a drT�Z@xyT'R`drT'g«}j| nC�ShdÍ nthÓ}j|gc[|jk��wT � R`z^\^T�Z�dfT�ZÂ��lS�i¦wkßVYT�s�\^X[Z
O;xJï�x7ï�xJï�xCR@�'| � T�vwRUT'z]T'gBv:RUZ+d��qQSRUT'z]T�ZWà.T�Z+\Wv:RUZ+dæm[|f�YV8moZ+R`moxq_`TFÇ´mox � T�xqR`_`dfT�\���]:a dfT�ZSV8moZ+R�moxq_UT'g
Å dfT'g¬��lS�i¦wkßVYT�s�\^X[Z'OÓ��ú�xJï'��ú�xJï'�îú�x7ï'�@ú�xÜR��'|f�'|�v@T'R`z^T'g�©rv:RUZ+dÙdrm[z � _UT'R`�+prT��0gfnq|f\0ku�wT � R`z^\^T�Z£[T�Z]v@T'grdfT�\cvwR`T�xyT'R@V8moZ+R`moxq_`T'ÇB©Ym[_`_UT�Z+drR�g � z�a¨RU\�drT'a ��gfn�|f\0k {¥monqnqR`g � À�ÇrÈ�ÎUÒ[Ç�Ý+Ð.Î�Ç:ùoÝ Æ Í ©Yvim[z¤T'RÓkgfT�Zbs[X�acnyX�gfT'g�\^T'g�v�T'R`z]T'g.��g�£[T�Z]\]RUT�Z�|rg � T'g�\]z]nrZ+R`��p�\���QSRUT¤à.T�Z]\^TªR`g dfT'g �0gfnq|f\0ku�wT � R`z^\^T�Z+g¢hdf^à[h^átkdf
Ô�|rgrd_hdf^à[hjádkdfÐÖ�z]R`gqd�x�R`_`R`gfT'moZÂR`g�\^T�Z]nyX�_`RUT�Z+\^T Ø T~}�\]|rZ^kuÞrmoZ]x�v�T�Z+\^T�xr��v��ek��Wnqmo�'RU\
�mo\^T'g��QSm[zw¢�Z � T�xqgrR�zi£[X�gælWT'gfT�Z�m[_�j@X�a�xqR`gfT�Z�Ê�R�z^\Âdrm[grg
Ä@ÅÕ� Æ�Ç� hdf^à[hjádkdf�Ô ýSÀ0��úL}j| nC�oh:Í nthë}j|tc^|^kFÔeÁC�¿hdf^à[hjádkdf�Ö�ý�}(|(nÎ�Sh:ÍSndhë}j|gc[|jkPÔ�  { & ��À0��ú�xÃÁÜ��{ &~} è��*x7÷
QSRUT'z^T'z:vwRUZ�d¬R`a �S|r\^nq|f\0ku��T � R�z^\^T�Z¦� Ë ÍjkdfãÔ¨£[X�g.j@X�a�xqR`gfT�Z@Ê � T'z^nyT'R`��pfT�Z]\���QSRUT�R`g�\^T�Z]nyX�_`RUT�Z]\^T'gØ T~}�\]|fZ]ku�Âlb��kßà.T�Z+\^T�m[|rzí� Ë Íjkdf¦Ô ����� v@T�Z+dfT'g R`a«Þ3R`grm[_�j@X�a�xqR`gfT�ZidfT�ZiV8moZ+R`mox�_UT'g_Ç �'| � T�vwR`T'z^T'g��
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QSRUTSR`g�\^T�Z+n�X�_�RUT�Z]\^T:�Wnqmo�'R`\
�mo\@m[|rz@� Ë Íjktf Ô '�9;:	<�( vwRUZ�dcV8moZ+R`moxq_`T$> �'| � T�vwRUT'z]T'g���QSRUTWV8moZ+R`moxq_`T'gNÄ�©gÅª©
Æ v@T�Z+dfT'g¥a�RU\^\^T'_`zi�0gfnq|f\0ku�wT � R`z^\^T�Z å f^kt|¨m[|f��EW|r_`_ � T'z^T�\^��\��QWT�Z:Þ3R`gqm[_�j@X�a�x�R`gfT�Z�prmo\wdqm[grgÙdrm[z�¢�Z � T�xqgrR`z

ÞfZ�m � acT'g�\ ����� '  {�&���À0��ú�x3ÁÜ�V{Î&�} è �4xJ÷
QSmoxyT'R�R`z]\�T'z�x�T'R�a VYX�_`|racTª��T'grdrT�Z+R`g � T'z]z]T'g�\]RUT'_�_�©�drRUTª{"�X � _`R��+pfs[T'RU\�T'R`gfT�Z Ø Z+m[gqz^�ÊT�Z]kuÞr|rgfs�\]RUX�g�'|fZ R`acnq_�RU�'RU\^T'g Õ T � acT'g�\]RUT�Z+|qg � �'|¼g�|r\^��T'g����0g¼�Sn�T'g�lS� drT � grRUT�Z]\�a�m[g pqRUT�Z]�'| Ø T~}e\]|fZ]T'g¼grR`�+p�\R`a ��lS�i¦�kuÞrX[Z+a�mo\�©�z]X�grdfT�Z+g�£[T�Z]v@T'grdfT�\�j@X�_`X[Z^kß��gqdfT~}�kuÞrX[Z+a�mo\��YQSRUT'z¤£[T�Z]Z+R`g � T�Z]\cdfT'g�x�T'g��X[\]R � \^T'gÕ nyT'R`��pfT�Z]nq_`mo\^��R`a VYT�Z � _UT'R`�+pæ�'|æ��lS�i¦�k Ø T~}�\]|rZ]T'g.|rgrd¥T�Z+a �X � _`R`��p�\WT'R`gfT�nrZ �mÚkuR`g�\^T�Z]nyX�_`mo\]RU£[T Ø Z�m[grz0k��T�Z]��|qgfs�\]R`X�g¼Àßj@X�_`X[Zc��grdrT~}Lðñ ��lS�i¦SÁ���QWT�Z�j@X�_`X[Z���X�X[s�|fnñvwR`Z+d"a¨RU\cá Ã �`Ý�Í�ÍuÝ]Ð Å Ý I ÍöÀ Æ Ý!È R`acnq_UT~kacT'g�\]RUT�Z]\�©�v@X[xyT'RY���|rZ�m[_`_UT Ø T~}e\]|fZ]T'g�T'R`gfT � T'acT'R`gqz]m[acT�h3m[_UT�\^\^T�mos�\]RU£eRUT�Z]\bvwR`Z+d��yQWm[z�ÞfT'pr_UT'g�T'R`gfT�ZnyX�z^\0kuR`g�\^T�Z]nyX�_`mo\]RU£[T'g Ø Z+m[grz^��T�Z]��|rgfs�\]RUX�g�©�vwRUT�z]R`T�xyT'RYprR � pekßT'grdÄlWZ+mon�prRUs�kßà.X[Z]s�z]\]mo\]RUX�grz�R`a�nq_UT'acT'gek\]RUT�Z]\WR`z^\�©rxyT � Z]T'gr��\:m[_`_UT�Z�drR`g � zÂdrR`T�T�Z]Z]T'R`��p�x�moZ]T��iR`_`dq��|rm[_�RU\
�mo\��rQSm�drR`T���g�\^T�Z]nyX�_`mo\]RUX�g¥a�RU\:{B|r_U\]RU\^T~}�k\]|fZ]T'gÄvwRUTcX[xyT'g�xyT'z]��pfZ+RUT�xyT'g.R`g�T'R`gfT'a Ø mos�\^�%-�se_`|rz�T�Z]�ÊX�_ � \�©�v@T�Z+dfT'gÄdqRUT�a�RU\^\^T'_`z�{¥|q_U\]RU\^T~}e\]|fZ+R`g �T'R`g � T�� �| � \^T'gN��v:R`z]�+prT'grz]�+pqR`�+p�\^T'g¤a�RU\ � _UT'R`��pfT�Z�lWT'z]�+p�vwR`gqdrR � s[T'RU\ � T�Z]T'grdrT�Z]\3vwRUTiT'R`gfT Õ R`g � _`T~k Ø T~}e\]|fZ^kÕ ��prR`�+p�\���¦W|r��p dfT�Z Õ n�T'R��+pfT�Z]xyT'drmoZ+�:drRUT'z]T'zcVYT�Z]��m[pfZ]T'grz�R`z^\�grR`��p�\�p �X�pfT�Z¨m[_`z¨xyT'R�pfT�Z]s �X�a�a�_`R��+pfT'gÕ R`g � _UT~k Ø T~}e\]|fZ]T~kßVYT�Z+��m[pfZ+T'g�©�drm�drRUT:�'|rz
�mo\^�'_`R`��pfT'g Õ �+prR��+p�\^T'g�grR��+p�\@R`a Ø T~}e\]|fZ^k Õ n�T'R��+pfT�Z@_`RUT � T'g�©�z^X�gekdfT�Z+g T�Z�z^\wR`gÙdfT�Z:�wm[z^\^T�Z+R�z]RUT�Z+|rg � z0k Õ \]|f��TWdrT�Zwh�RUnyT'_`R�gfTwT�Z]��T'| � \wv@T�Z+dfT'g��

RGB A

Input-Register
General Combiner 1

A

B

C

D

RGB A

D

C

B

A

RGB-Anteil
des Fragments

Alpha-Komponente
des Fragments

invert

identity

constant color 0
Interpolationsfaktor

identitySchicht i
texture 0

AB+CD

spare 0

zero

invert: [0,1]->[0,1], x->1-min(max(x, 0), 1)

General Combiner 0

RGB-Anteil Alpha-Anteil

Input Mapping

Register

Final Combiner

A * B + (1 - A) * C + D

identity

identity

identity

identity

identity G

A,B,C,D :RGB-Vektoren

G : Alpha Skalar

Fragment

RGB A

Per-Fragment

Operationen

Input Mappings: identity: [0,1]->[0,1], x->max(0, x)

Input-Register
General Combiner 0

Schicht i+1
texture 1

A,B,C,D : RGBA-Vektoren

texture 0: bilinear interpolierte Volumen-Daten aus Schicht i (nach Color Table)Register-Inhalte:

texture 1: bilinear interpolierte Volumen-Daten aus Schicht i+1 

constant color 0 : Combiner Parameter (hier: Interpolationsfaktor)

identity
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500 Schichten300 Schichten

200 Schichten100 Schichten
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30 Schichten 40 Schichten

60 Schichten 80 Schichten

120 Schichten 200 Schichten
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�©��Ð�¨�Î.�¨�k��©§¤6¥ª± ¢ ����¤6¥ª©§¤6¥�ÑSÓ�Î��~Ó�ÎÌ©§¤#��� Õ �s¤^�ª���������.�����(¤#� � �´���~× Ú ��Ð6¤#�s�(¤#�³�.�Ì©§¤6¥�×ªÓ�Î��s¤#�.���~Ó
Î�¤&ÊD¤#�s¤#��Ó
Î�¦©��.����×�¤×{Q¤�êz©§¤ £ �~©D¤#�k��¤6¥ ¢ ��¤6¥]ÐWX<¤#�¯�.�|{���×§¤#�^��ÐWX:��×ª±Q¤�ê��.�~¨,¥O¤#�®t´�~Ó
Î�©ªË���¤#���s¤#�«�



� Ú ß¦»"¿8¶�³�ºà·2£�²�¤9¥o¦"¹Bº+·�·Äº.¤s´)º+¹Bâ$º+´®¶°¹,á�ä+À%¹Ç¶;¤¸À@§Á·©¨»�¥r¦Bº+¹
eine diffuse Lichtquelle mit Lichtvektor (0, 0, 1):

Iso-Wert 0.44 Iso-Wert 0.65

Iso-Wert 0.65

zwei diffuse Lichtquellen mit Lichtvektoren (0, 0, 1) und (0, 1, 0):

Lichtvektoren (0, 0, 1) und (0, 1, 0)
Iso-Wert 0.69

Iso-Wert 0.44

eine diffuse Lichtquelle: zwei diffuse Lichtquellen:

Lichtvektor (0, 0, 1)
Iso-Wert 0.69

�ª���������.����� Æ � Æ  5¶ × ¢ \H·¸ Ó�Î�¤#��¦ Õ ¸ ¥�×�¹§¤#�����.���(¤#�f¤#����¤�×®è ¢ ¹ ¢ ¥���� ¢ ÓªêS×6�



£�º���º|ã%º<»�º�
@¥o¦8¼�º©¼µº4½;¤�À §­» ¨»�¥o¦Bº+¹ÇÂd½#¼g¾)º$áD½;¤´¼�º¨¾(¥)À]Â|ãD½°¹Bº<¾F¤ � R

400 Schichten
eine diffuse und spekulare Lichtquelle

L    = L    =(0, 0, 1)

800 Schichten

200 Schichten

800 Schichten
zwei diffuse Lichtquellen

L1 = (-1, 0, 0), L2 = (1, 0, 0)

800 Schichten
eine diffuse Lichtquelle

L = (0, 0, 1)

diff spec

Aneurysma 62 Schichten (100%)

1 2

3 4

5 6

���.���������.����¿�� Ú  À¶ × ¢ \ ·¸ Ó
Î�¤#��¦ Õ ¸ ¥�×§¹§¤#���k�.���V¤#����¤�×®�©��¤#��¥��S× £ ¸   ���.���������.���(¤#� Ü �À����× � �µÐ6¤#���(¤#�g¹§¥O�����v¦
��¤ ¸ ¥�¤ ¶ �7¹§¤6¥�Á ¢ � ¸ ¹�� ¢ � £ �s¹��.�7¹§¤6¥�×ªÓ
Î.�s¤#�.�k�~Ó�Î�¤6¥ ÑSÓ
Î.�~Ó
Î�¹ ¸ ��Ð ¸ Î��Â�«�ª���������.�����(¤#� � ������× Ú ��Ð6¤#�s�(¤#�2� ¢ ê ¸ �s¤ÊD¤#�s¤#��Ó
Î�¹��.�.� £ �s¹~�.�7¹§¤6¥�×ªÓ
Î.�s¤#�.�k�~Ó�Î�¤#� ÊD¤#�s¤#��Ó
Î�¹�������× £8¢ ��¤#���s¤#�«�



� ¢ ß:Ã©Ä¬½#¼­Å¨»2£�º�¤9¥o¦©Æ�Å<»´»¯Å.¤^¾ªÅ<ÆBâ}Å<¾~½FÆ,á�ä<Ç²Æ&½;¤«Ç@§H»©¨Ã�¥r¦�Å<Æ

��FÈ É )º-A8*Ñ48z�0�9���� 
Õ���8z��/7��8D-A8z 
Õ���'z����N÷+F-7�o-��0��GI/7#uK L,@N÷+����
ÛoÜmlrÜ`ß Ê òrí(U1òÐê0ú éBìYê0é á Ë ü � ç0å5]IÌFé á í á ë�ì�í Í�å�óèì�å�öÐü`éBë ÌFé á í�] à ê÷íjéBó(Í7åAüYü U1ò�óà¾á¾âAãFäåAæèç�éBê­]6Îôå�ó á í]éBü`üYò�ê0ú
Õ �s¤{�k����¤#�³Ï ¸ Á��s¹§¤#�k��¿�� Ü �.�.��¿��ÑÐd�1¤#Ò�ÓOÔ.¥O�s¤6�1¤#��¤#�ôxÀ¤6¥�Õ ¸ Ô�¥�¤#�©[(¤6¥zXD¤#�.��¤#��Ö#��¥®���.ÒzX ¸ Ô.�<��¤6¥®� ¸ ¥§¦
Ö#�.Ò§¹§¤#�k�s¤#�.��¤#�õ��¥ ¸ � £ ¤#��¹§¤���¤#�Ø×©Á1¤#�5Ù�tÚ�©�sÁ�Ô ¸ ¦`b´¤#Ò§¹6�:Û ¸ �1¤#�®��¤6¥Ü¤#���.Õ ¸ Ó�Ô�¤#��Û ¸ ¥OÒ§¹§¤#���k�.��� £ �s¹
��¤ £ �©�sÁ�Ô ¸ ¦`b¯¤#Ò§¹8Ý�Þ ß�à,á.â�Þ��§¤#� ¢ ÓOÔ4��¥�¹§¤6Õ ¸ ê�¹§¤ ¸ ��Õµ¹§¥�¤6¹§¤#�AZrXª��¥O�����g�.��¤#Ò§¤ £ Ï ¸ Á��s¹§¤#�<¤#����¤yèd¤6¹�Ô ¢ ¦
��¤�¤6¥O�Y·¸ ��¹§¤6¥O¹WZ1���s¤�¤#Ò}¤6¥ £ ·¢ ������ÓOÔ7¹WZ1�.�s¤{ã�Û©�kÓªê(¤(ã�¤#���.¤6¥©� ¸ ¥OÖ#�.Ò§¹§¤#���s¤#����¤#� ¶ Ò ¢ \¯·¸ Ó�Ô�¤�[ ¢ ¥�Ö#���(¤6�1¤#����Û}�s¤#ÒXª�s¥��ä�.��¥OÓ�Ôå¤#�k��[ ¸ ¥O� ¸ ����¤#Ò b¯¤#Ò§¹F¦ ¶ �7¹§¤6¥z[ ¸ ����¥�¤ ¸ ����Ò���¤6¥�¹WZ¨������¤ £ ��¤6¥^�©�sÁ�Ô ¸ ¦ P ¤6¥�¹i¤#���.¤#Ò~��¥ ¸ � £ ¤#��¹�Ò
���s¤6�(¤#� £ ��æ��
ç ¤#�¨�.¤ £ ×©Á1¤#�5Ù�tè����Á�Ô ¸ ¦`b¯¤#Ò§¹�Ò������2Ò ¢ X ¢ Ô.�<��¤6¥º^ª¤6Õm¤6¥�¤#�.ÖI¦ P ¤6¥�¹ ¸ �kÒ ¸ �.Ó�Ô��.�s¤i�Q¤#� £ b´¤#Ò§¹hÖ#�

·���1¤6¥�Á.¥�·��Õm¤#����¤�^ª¤#� ¸ ¹�� ¢ �béxÒO�s¤#Ô�¤ùb ¸ �1¤#���s¤d¿�� R(ê X�·¸ Ô.�s� ¸ ¥ £ �s¹���¤6¥{�©�wX<¤#��ÒO�.���2ë ) â ) ��ì5�(í �7+1% `Âî p ÊJÀIïÂzÈxî c �:ð<���Ô��¥ ¸ � £ ¤#�7¹�Á ¸ Ò�Ò��s¤6¥�¹Ü��¤#�Ø���sÁ5Ô ¸ ¦`b´¤#Ò�¹WZ�Õ ¸ ���kÒ����s¤g�(¤WX ·¸ Ô.�s¹§¤�^ª¤#� ¸ ¹�� ¢ �o¤6¥OÕ ·�.�k�s¹��kÒ§¹WZ�����Ô��

^ª¤#� ¸ ¹�� ¢ � Ò§� £ � ¢ ����Ò�Ó�Ô�¤�Ï ¢ �.Ò§¹ ¸ �7¹§¤
���d×©Á1¤#�5Ù�t

d Ý�Þ ß�à,á.â�Þ
k Ý�Þ Þ�ß.ñ7ñ
ò Ý7Þ Þ�ß�à,á�â7Þ
q Ý7Þ Ý�ó�ß�â7ô7ß7ó
õ Ý7Þ Ý7ß�à,á�â7Þ

���.�����k�.�.���®¿�� R   è³·¢ ������ÓOÔ�ê(¤#�s¹§¤#�f�1¤#� £ ×©Á1¤#�5Ù�t�����Á�Ô ¸ ¦`b¯¤#Ò§¹6�
��¥ ¸ � £ ¤#��¹ N5PKRIS C�ö ÂzÈxî¯�r_��s¤6¥��1¤6Ö6¤#��ÓOÔ���¤6¹�Â;ÈÂîä��¤#�?^~¤6Õµ¤6¥�¤#��ÖWXD¤6¥�¹WZoX<¤#��Ó�Ô�¤6¥8��¤ £÷¶ Ò ¢ XD¤6¥�¹8��¤6¥8� ¸ ¥§¦
Ö#�.Ò§¹§¤#�k�s¤#�.��¤#�®�­�Y·¸ Ó�Ô�¤:¤#�7¹�Ò§Á.¥O��Ó�Ô�¹WZ5�.�.� ö ���s¤}^~¤#� ¸ ¹�� ¢ �9ZIX ¢ �1¤#� öùøVú d n k n ò n q n õ}û �a1�.¥}Û ¸ ¥OÒ�¹§¤#�����.������¤#Ò�ã ·�©��æ(¤6¥�¤#��ã�¤#�k��¤6¥ ¶ Ò ¢ \ ·¸ ÓOÔ�¤�[(¤6¥zXD¤#�.��¤6¹ £ ¸ �~�§¤8� ¸ ÓOÔ�Û ¸ ¹§¤#��Ò ¸ ¹§Ö�¤#�7¹`XD¤I¦
��¤6¥�Ý�Þ Ý�ß.à,á�â7Þ ¢ ��¤6¥nÝ7Þ Þ�ß�à,á.â�Þ ¸ ��Ò�b´¤#Ò�¹6�²Û}�s¤#Ò�[(¤6¥ £ ¤#����¤6¹^�Q¤#� ¸ ���(¤ £ ¤#ÒOÒ§¤#��¤6¥dü�ÓOÔ���ÓOÔ7¹F¦Y���.Ö ¸ Ô.�
� ¸ Ò~�©��Õµ¹§¥�¤6¹§¤#�ð[ ¢ �d�ª¥�¹§¤6Õ ¸ ê�¹§¤#�³é¸[����Â�.���.���������.���(¤#��¿��Ñý��.�.�f¿��Ñ¿ ê � ç ¤#�«��¤6¥ª���.�����k�.�.���h�Q¤#�k��¤6¥�ü�¤#�v¦
¹§¤#�Ü¤#���.¤6¥ ¶ Ò ¢ \H·¸ ÓOÔ�¤ £ �s¹���¤ £ b¯¤#Ò§¹:Ý�Þ ß�à,á.â�Þf¹§¥O¤6¹§¤#���§¤#� ¢ Ó�Ô ¸ �.Ó�ÔÜ�1¤#�ÀÒ§¤#Ô�¥:Ô ¢ Ô�¤6¥hü�ÓOÔ.��Ó�Ô�¹ ¸ �.Ö ¸ Ô.�
��¥�¹§¤6Õ ¸ ê�¹§¤ ¸ �.ÕYZ����s¤��.��¥OÓ�Ôf��¤#�ðb¯¤#Ò§¹ ¸ ��Õ¬Ù}�s¤#�kÓOÔ.Ô�¤#��¹�¤#��¹�Ò§¹§¤#Ô.¤#��éx���.���������.���8¿�� ¢�ê � � £ �.�s¤#Ò�Ö#�ð[(¤6¥§¦
Ô.������¤6¥O�f¤6¥�Ò§¤6¹§Ö6¹ £ ¸ �Ü��¤#��b¯¤#Ò§¹ ¸ ��Õ�Ù}�s¤#��Ó�Ô.Ô�¤#�s¹}�.��¥OÓ�Ô�¤#���MxÀ¤6¥�Õ ¸ Ô.¥�¤#�AZ1�1¤#�H�.¤ £ �(¤6Á.¥�·��Õµ¹�Xª�s¥O�AZ ¢ �
��¤6¥®����Á�Ô ¸ ¦ P ¤6¥�¹®¤#����¤#Òy��¥ ¸ � £ ¤#��¹�Ò��k�2¤#����¤ £ [ ¢ ¥��(¤6�(¤6�1¤#��¤#� ¶ ��¹§¤6¥*[ ¸ ���D���s¤6�(¹6�­Û}�s¤#ÒyXª�s¥O���.��Ó�Ô�¹®�.�v¦
¥�¤�ê�¹ [ ¢ �4×©Á1¤#�5Ù�tè�.��¹§¤6¥�Ò§¹,·��¹§Ö6¹WZ´¤#Ò��Y·¸ æ(¹�Ò���ÓOÔ ¸ �1¤6¥h��¤#�.� ¢ Ó�Ô��.��¥�ÓOÔÜÖWXD¤#� £ ¸ �����(¤{�©�èXD¤#�.�.�.�.�f��¤#Ò
�©�sÁ�Ô ¸ ¦`b¯¤#Ò§¹�Ò^�.�.�ä¤#�k��¤�v©��¹§Ö#�.���³��¤#Ònü�¹§¤#�.Ó6���v¦ ç ��{1¤6¥OÒi¥�¤ ¸ ����Ò���¤6¥�¤#�AZ¬���.�.¤ £ � ¸ Ò^���å����Ò�Ó�Ô.�.�s¹§¹�¿��ÑÐ
�1¤#Ò�ÓOÔ.¥O�s¤6�1¤#��¤�xÀ¤6¥�Õ ¸ Ô�¥�¤#�n¤#�7¹�Ò§Á.¥�¤#Ó�Ô�¤#�.�n¤6¥*X<¤#�s¹§¤6¥O¹uXª�s¥O�«�
�©��Ò¬ð<����� ¸ �1¤#� ¸ ¹§¤#��XD¤6¥O��¤#��Xª�s¤#��¤6¥�^~Ù ç �ª¦`b´¤×��¹���¥�¤#�~[(¤6¥zXD¤#�.��¤6¹WZ��.�s¤�Ù©¥ ¸ ���s¤#��¹<�.�.� ¶ ��¹§¤#��Ò��s¹ ·¸ ¹

¤#�7¹�Ô ¸ �s¹§¤#����Û©��¤ ¡D¢�£ ������¤6¥§¦Yð<���.Ò§¹§¤#�k���.���(¤#��¤6¥�Õ ¢ �s�(¤#��¤6�1¤#��Õ ¸ ����ÒoX��s¤ª����Ï ¸ Á��s¹§¤#��¿��ÑÐ���è ¸ � £ �.æ@�§¤#� ¢ Ó�Ô�§¤#��¤^ü�Ó�Ô.��ÓOÔ7¹�ÖWXD¤#� £ ¸ �¬¥�¤#�.��¤6¥O�9Z«� £ ��¤#� b´¤#Ò§¹ £ �s¹:¤#�k��¤ £þ¶ ��¹§¤6¥z[ ¸ ���ÀÖ#��¤6¥ £ ·¢ �����kÓOÔ�¤#��éx�ª�.�5�����.�.�.�
¿�� ý�ê � ç ¤#� £ ¤6¥OÒ�¹§¤#� ü�Ó�Ô�¥O�s¹§¹ Xª�s¥O�4� ¸ Ò�ã ¶ �.��¤6¥�¤(ã���¤6¥ ¶ Ò ¢ \¯·¸ Ó�Ô�¤d�1¤#Ò§¹�� £i£ ¹i���.�ä� £ ü�¹§¤#�.Ó6���v¦ ç ��{1¤6¥



£�º ÿ�º³Ç�Ä©¼H½��f½FÅ¨¾®
HÆ����²Å¬½��}¤�Å¬½#¼H½	�
�²Å<»´Å�
@¥o¦8¼­Å©¼ÀÅ¨¾y½z¤«Ç §­»©¨Ã�¥o¦©Å¨Æ � ý

���
��� ü�ÓOÔ���ÓOÔ7¹§¤#� ¢ �
��� � Ð �
���

���.���������.����¿�� ¢   �ª¥O¹§¤6Õ ¸ ê�¹§¤:�1¤#������Á�Ô ¸ ¦`b¯¤#Ò§¹ £ �s¹�Ý7Þ ß.à�á.â7Þ5�
£ �s¹�� £ ¸ ¥ªê��s¤6¥�¹6� ¶q£ ÖWX<¤#��¹§¤#� ü�Ó�Ô�¥O�s¹§¹ Xª�s¥O�ä�.¤6¥nü�¹§¤#��Ó6���v¦ ç ��{1¤6¥�[(¤6¥zXD¤#�.��¤6¹WZ²� £ ����¥~�.¥ ¸ � £ ¤#�7¹§¤
� ¸ ¥�Ö#��Ò§¹§¤#���s¤#�AZ¬���s¤ ¸ ��æ(¤6¥OÔ ¸ �s�è��¤#ÒiÖ#�I[ ¢ ¥ £ ¸ ¥ªê��s¤6¥�¹§¤#��Ù}¤6���s¤6¹§¤#Ò^���s¤6�(¤#�ä�.���ä��¤#�å�©�sÁ�Ô ¸ ¦`b´¤#Ò§¹ £ �s¹
¤#����¤ £ ê��s¤#�k��¤6¥�¤#��^~¤6Õµ¤6¥�¤#��ÖWXD¤6¥�¹~Á ¸ ÒOÒ��s¤6¥�¤#���

∆
Alpha

Fragment       = iso +       iso

∆Fragment       > iso +       iso
Alpha

und Stencil-Wert ungleich 1

∆
Alpha

Fragment       > iso -       iso

∆
Alpha

Fragment       = iso -       iso

Schritt 1: Schritt 2:

initialisiere: Stencil-Buffer = 0

Isofläche

Stencil-Wert = 1

Alpha-Test mit Referenz-Wert ∆ Alpha-Test mit Referenz-Wert ∆iso -    isoiso +     iso

setze Stencil-Wert
gleich 1

���.���������.����¿�� ý   ð¬¥�Ö6¤#�.���.���8�1¤#���.Ò§¤#��¹��s�h�1¤#�s¤#��ÓOÔ7¹§¤6¹§¤6¥ ¶ Ò ¢
� ·¸ ÓOÔ.¤#���
� ���´·¸ ÓOÔ.Ò�¹ £ �.æ���¤6¥^ü�¹§¤#�.Ó6���v¦ ç ���1¤6¥{�����s¹�� ¸ ����ÒO�s¤6¥�¹��D¤6¥O��¤#���¨���.��¤ £ Ò§¤#��� ¶ �.Ô ¸ �s¹8����¤#��ÓOÔ����.�k���(¤I¦

Ò§¤6¹§Ö6¹��ª�s¥O�«� ¶ �³ü�ÓOÔ�¥O��¹§¹����ª�s¥��Ü� ¸ �.�2��¤6¥��´¤#Ò�¹hÝ7Þ Ý�ó�ß�â�ô�ß7ó ¸! ¹��#"���¤6¥�¹	��� ¢ �.�.¥OÓOÔ2�.¤#���©�sÁ�Ô ¸ ¦$�¯¤#Ò§¹
����¥&%�¥ ¸ � £ ¤#��¹§¤8Á ¸ Ò�Ò��s¤6¥�¤#�����.�s¤����s¤ ç ¤#�.���.���.���i�&' µ C�(§EÀJYL ¹*) Â;ÈÂîÜ¤6¥�Õ�·�.���s¤#���.�©��Ò,+~¤6Õµ¤6¥�¤#��Ö	�D¤6¥�¹,�ª�s¥O�
Ô.�s¤6¥�ÂzÈxî.-���Ò ¢0/21 =KB43 "(¤6¥5�<¤#����¤6¹6�«Û}�s¤ ¡D¢ � ¢ ¥§¦76 ¸ Ò  " ¢ ��×©Á1¤#�5Ù98:�ª��¥O�VÒ ¢ �(¤#Ò§¤6¹§Ö6¹	�¯� ¸ æf� £ %.¥ ¸ ¦
£ ¤6���;�Q¤6¥d����ÓOÔ7¹�Òf�(¤�·¸ �.�.¤6¥�¹<�ª��¥O��éxë )>=�'�)7'�?>@ ���BA¬` �DC§�DC§�DC���c ê �<Û©¤6¥Vü�¹§¤#�.Ó6���v¦ ç ���1¤6¥<�ª��¥O� �1¤#����¤6¥
+ ¸ Ò�¹§¤6¥O��Ò��s¤6¥��.������¤6¥dü�Ó�Ô.��Ó�Ô�¹^Õ�·�.¥^�.��¤FEF¤#�.���(¤#��%�¥ ¸ � £ ¤#��¹§¤ ¸ �.Õ�ð¨����Ò��(¤#Ò§¤6¹§Ö6¹	�ª���s¤���¤#���©�sÁ�Ô ¸ ¦$�¯¤#Ò§¹
Á ¸ Ò�ÒO�s¤6¥�¤#�G�H� ¸ Òi��¤ £ ã ¶ ����¤6¥�¤#��ãn��¤6¥ ¶ Ò ¢
� ·¸ Ó�Ô�¤n¤#��¹�Ò�Á.¥O��Ó�Ô�¹6� ¶F£ Ö	�<¤#��¹§¤#�åü�ÓOÔ�¥��s¹§¹��ª�s¥O�³�.�s¤����s¤#��Ó�Ô�¤



��� I Ã©Ä¬½#¼­Å¨»KJ�º�L�MON©Æ�Å<»´»¯ÅPL^¾ªÅ<Æ&�}Å<¾~½FÆ��RQ<Ç²Æ&½�L«ÇTSH».UÃ�MVN�Å<Æ

ü�Ó�Ô.��ÓOÔ7¹²� ¢ Ó�Ô £ ¸ ��Ò<� ¸ ¥��(¤#Ò§¹§¤#�k�s¹6�XW©�s¤6¥��1¤#�;���s¥O�i���.�iÕ�·��¥²��¤#�{���sÁ5Ô ¸ ¦$�´¤#Ò�¹DÝ7Þ Ý7ß�à,á.â�Þ�"(¤6¥5�D¤#�.��¤6¹²�.�.�
¸ ��Ò��¯¤#Ò§¹F¦ZYÜ¤6¥�¹\[5]xî^- ��Ò ¢�_
1�`ba 3�� � �.Ò�·¸ ¹§Ö#�k��ÓOÔK���s¥O�4���.� ¸ ��Õ}��¤#�ä� £ ¤6¥OÒ§¹§¤#��ü�ÓOÔ�¥O��¹§¹ £8¢ ���#c.Ö#�s¤6¥§¦
¹§¤#��ü�¹§¤#��Ó6���v¦ ç ���1¤6¥DÖ#�.¥(·�.Ó  �(¤6�(¥O�d�1¤#���eW©�s¤6¥�Ö#���ª�s¥��^�.¤6¥�ü�¹§¤#�.Ó6���v¦$�¯¤#Ò§¹ ¸! ¹��#"���¤6¥�¹��.�.��Ò ¢  ¢ �;c.���.¥O�s¤6¥�¹	�
� ¸ æ8����¥T%�¥ ¸ � £ ¤#�7¹§¤:Á ¸ Ò�ÒO�s¤6¥�¤#�G��Õ�·�.¥²���s¤©�.¤6¥�¤#��¹�Ò§Á�¥�¤#ÓOÔ�¤#����¤9YÜ¤6¥�¹~� £ ü�¹§¤#�.Ó6���s¦ ç �;�Q¤6¥��.������¤#��ÓOÔ\����Ò§¹
éxë;f7ñ�g�h
ikj>lmf(ímnXiojqp�Ý7Þ r;s�ô7ß.à,á�â7Þ Cut�C.tmv ê �«Û}�s¤ ¡D¢ � ¢ ¥§¦76 ¸ Ò  ���s¥O��Õ ·�.¥��.�s¤#Ò§¤#��ü�ÓOÔ�¥O��¹§¹w�ª�s¤#��¤6¥ ¸ ��Õ
��¤#��ü�¹ ¸ �.� ¸ ¥O��¦ZYÜ¤6¥O¹�Ö#��¥ ·�.Ó  �(¤#Ò§¤6¹§Ö6¹8éxë;f =Xx f xm?m@zy;{ A|p t�C	t�C}tGC}tmv ê �

6��s¹��.�s¤#Ò§¤ £�~ ¤6¥�Õ ¸ Ô.¥�¤#�
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Operationen

Input Mappings: identity: [0,1]->[0,1], x->max(0, x)

texture 0: bilinear interpolierte Volumen-Gradienten ( Schicht i)

<n, l>*(1,1,1)

A,B,C,D : RGB-Vektoren

expand normal: [0,1]->[-1,1] x->2*max(0,x)-1

texture 1: bilinear interpolierte Volumendaten aus Schicht i (nach Transferfunktion)

constant color 0 : Lichtvektor einer diffusen Lichtquelle

primary color: Farbe einer diffusen Lichtquelle
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zusätzliche Skalierung der Opazität mit Opazität aus Transferfunktion:
dem Betrag des lokalen Gradienten:

vergrößertes Detail:

semitransparentes Volume-Rendering mit Beleuchtung:
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