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Building Anthropometry-Based Virtual Human Models

Abstract
Creating realistic virtual humans requires models that resemble real humans both visually and behaviorally.
Physical and behavioral fidelity in human modeling is the focus of research and development work at the
University of Pennsylvania's Center for Human Modeling and Simulation. In this article, we briefly describe
the Center's human modeling paradigm, Jack®, and our research activities, including Jack's Spreadsheet
Anthropometric Scaling System (SASS) and its Free-Form Deformation model.
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> G í A�ï C ( G í A�ï�R9T G í A�ï�O G
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¸A¹»Æ�ºËÆVÖ!·�Â:Á�ÃË·VºÉÒ`º�¼�¶�µmÐ



ðO¹»¼�Á�µA¶ : �!áÈ¶�¼�ÃQ¶�º:¸�·V¸A¹»Æ�ºRãV¾AÂJ·VØ`¶�·VºJÇõÃÅÆ�¸9¹»Æ�º(¶�¾9¸A¹»Ã�·mÎ
¸9¹»Æ�ºLÆVÖE·ËÂ:Á�ÃË·VºX·uµ9ÃXÐQì ¾�·VÃQØ�½»¶�ÆuÖ5¸9Â�¶Q¹»Ã�·V¼�¶�¾9¶ÏÎ
Ä�Á�¶�ºJ¿Ï¶�Ð

íT·�ï í©ÊJï

íø¿�ï íøÇ�ï
ðO¹»¼�Á�µA¶ ; �!áÈ¶�¼�ÃQ¶�º:¸�·V¸A¹»Æ�ºRãV¾AÂJ·VØ`¶�·VºJÇõÃÅÆ�¸9¹»Æ�º(¶�¾9¸A¹»Ã�·mÎ
¸9¹»Æ�ºÅÆVÖ�·)Â:Á�Ã�·uºÅ·Vµ9Ã

íTðO¹Ô¼`Ð � ïwÐÉðR¹»¼�¾£Ð 5 íT·mÎTÊJï\¾9Â�ÆVÙ0¾�¸AÂ�¶ÉÃÅÆ�Ç:¶w½Ô¾ßÒJ¸9¸A¶£Ç%¹»ÃÉÎ
·u¼�¶)Ö©µ�·uÃÅ¶�¾0Øiµ9¹»Æ�µ�¸9ÆQ¾9¶�¼�ÃÅ¶�º:¸�·V¸9¹»Æ�ºRÐEðO¹»¼JÐ 5 íø¿�ï\¾9ÂiÆVÙ0¾
¸AÂ�¶�ÃÅÆ�Ç:¶�½ÈÒJ¸9¸A¶£ÇÉ¸AÆ�¸AÂ�¶5¹»Ã�·u¼�¶ZÖ©µ�·uÃÅ¶CÙ0Â�¶�µA¶E¸AÂ�¶5Ø`·VµTÎ
¸A¹»¸9¹»Æ�º�¹»º�¼L¿�µA¹Ô¸A¶�µ9¹�·�·VµA¶�¾�·u¸9¹»¾TÒ`¶£Ç�·Vº`Ç�¸9Â�¶ÕÂ'Ì:Ø`Æ�¸AÂ�¶�¾9¹»¾
¸AÂJ·V¸C¸9Âi¶EÆ�Ê�ô�¶£¿�¸0¹»¾0¿�Æ�ÃQØ�µ9¹»¾A¶£Ç)Ö©µ9Æ�Ã�¸TÙCÆ�ØJ·VµA¸9¾0¹»¾C¼�¶�º:Î
¶wµ�·V¸A¶£Ç7ÐÉðO¹»¼�¾£Ð 5 íøÇ�Î�ÖÏï\Ç:¶�ÃÅÆ�º�¾9¸Aµ�·u¸9¶(¸9Â�¶)ÒJ¸9¸A¹»º�¼ÅÆuÖ�¸9Â�¶
¸TÙCÆ�º�¶wÙÜÃQÆ�Ç:¶�½»¾R¸AÆ�¸9Â�¶0¹»ÃË·V¼�¶CÇ�·V¸�·�Ð3ðR¹»¼`Ð 5 íTÇ�ï3¾9ÂiÆVÙ0¾
¸AÂ�¶C¹Ôºi¹Ô¸A¹�·V½»¹»û£·V¸A¹ÔÆ�º5ÆuÖJ¸9Â�¶Cº�¶�Ù�ÃÅÆ�Ç:¶�½»¾mãëðO¹»¼JÐ 5 í©¶£ïO¾9ÂiÆVÙ0¾
·uº�¹Ôº:¸A¶�µ9ÃQ¶£Ç:¹�·V¸A¶Å¾9¸A¶�Ø�¹»º�¸9Â�¶QÒJ¸A¸9¹»º�¼LØ�µAÆ�¿�¶�¾9¾mã0Ù0Â�¹»½»¶
ðO¹»¼JÐ 5 íøÇiï3¾9Â�ÆVÙ0¾C¸9Âi¶CÒJºJ·V½»½»Ì�ÒJ¸A¸9¶£ÇõÃÅÆ�Ç:¶�½»¾mÐRò0Â�¶0ÆVÀ�¶�µTÎ
½�·uØXÊ`¶�¸TÙC¶�¶�ºL¸9Âi¶É¸TÙ�ÆQÃÅÆ�Ç:¶�½»¾E·u½»½ÔÆVÙ0¾\Á�¾�¸AÆ�¿�Æ�ÃÅØ�Á�¸A¶
µAÆ�Ê�Ái¾9¸9½»Ì�¸9Âi¶!½»ÆÈ¿w·V¸9¹»Æ�ºEÆuÖ�¸9Â�¶JôÏÆ�¹»º:¸7ÆVÀ�¶�µO¾9¶�À�¶�µ�·u½�Ö�µ�·VÃQ¶�¾
·uºJÇ%Ø�½�·�¿Ï¶Å·ÅØ`Æ�¹»º:¸TÎT¸9ÆuÎøØ`Æ�¹»º:¸E¿ÏÆ�º�¾A¸9µ�·u¹»º'¸)ÊJ¶�¸TÙC¶�¶�º�¸9Â�¶
¸TÙCÆÉÃÅÆ�Ç:¶w½Ô¾mÐ!ðO¹Ô¼`Ð 5 í ÖÏïC¾9ÂiÆVÙ0¾5¸9Âi¶�ÃÅÆ�Ç:¶�½»¾ZÒJ¸9¸A¶£ÇË¸AÆÅ·
ºi¶�Ù�Ö�µ�·VÃQ¶�ã�Ù0Â�¹»½Ô¶�ðO¹Ô¼`Ð 5 í©¼:ïC¾9Â�ÆVÙ0¾0¸AÂ�¶�ÃÅÆ�Ç:¶�½»¾3ÒJ¸A¸9¶£Ç
¸AÆ�¸9Âi¶CÖ©µ�·uÃÅ¶!Ù0Â�¶wµ9¶0¸9Âi¶0ØJ·VµA¸9¹»¸9¹»Æ�ºi¹Ôºi¼E¿�µA¹Ô¸A¶�µ9¹�·�·uµ9¶0¾�·V¸TÎ
¹»¾ùÒJ¶£ÇQÖ©Æ�µ0¸9Â�¶�Á�ØiØJ¶�µ�ÃQÆÈÇÈ¶�½Ó·uºJÇQ¸9Â�¶)Â'Ì:Ø`Æ�¸AÂ�¶�¾9¹»¾\¸9ÂJ·u¸
¸AÂ�¶�Á�ØiØJ¶�µËÃQÆÈÇÈ¶�½0¾9Â�Æ�Á�½�Ç�ÊJ¶%µ9¶�Øi½�·�¿�¶£Ç�Ê:Ì�¸TÙ�Æ�º�¶�Ù
ÃQÆ�Ç:¶�½»¾0¹»¾0¼�¶�º�¶wµ�·V¸A¶£Ç7Ð�ðO¹Ô¼`Ð 5 í©¹�ïC¾9Â�ÆVÙ0¾\¸9Â�¶)¹Ôºi¹Ô¸A¹�·V½»¹»û£·mÎ
¸A¹»Æ�º(ÆVÖ7¸9Â�¶\¸TÙ�Æ�º�¶�Ù�ÃQÆÈÇÈ¶�½»¾RÊJ·u¾9¶£Ç(Æ�ºÉÆ�Á�µ!¸A¶£¿AÂ�º�¹�Ä�Á�¶�ã
Ù0Âi¹Ô½»¶�ðO¹»¼JÐ 5 í ô�ïC¾9ÂiÆVÙ0¾E·V½»½7¸AÂ�µ9¶�¶(ÃÅÆ�Ç:¶w½Ô¾ZÒJ¸A¸9¶£ÇË¸AÆÉ¸9Â�¶
¼�¹»À�¶�º�Ç�·u¸�·�Ð
âTºÉ¸AÂ�¶5¾A¶£¿�Æ�º`ÇÉ¶	��Ø`¶�µ9¹»ÃÅ¶wº'¸mã�ÙC¶5Ái¾9¶5¸AÂ�¶5¹»ÃË·V¼�¶CÇ�·V¸�·
Æ�Ê�¸�·u¹»º�¶£Ç Ö©µ9Æ�Ã ·QÆ�Ê�¾A¶�µ9À:¹»º�¼�¸AÂ�¶ÉØ�½�·Vº`·Vµ5ÃQÆ�¸A¹ÔÆ�ºËÆVÖ5·
Â:Á�ÃË·Vº�·Vµ9Ã=íTðO¹Ô¼�¾£Ð�:�ï�Ð3á:¹»ºJ¿�¶Z¸9Â�¶!Ø`·Vµ9¸A¹»¸9¹»Æ�º�¹»º�¼5¿Ïµ9¹»¸9¶�µA¹�·
·uµ9¶C¾�·u¸9¹»¾TÒJ¶mÇ�·u¸[ðO¹»¼JÐ$;Èíø·�ï�ãVÙC¶!¹»º�¹»¸9¹�·V½»¹»û�¶3¸TÙCÆ5º�¶�Ù�ÃÅÆ�Ç�Î
¶w½Ô¾5·uºJÇõÒJ¸0¸9Âi¶�Ã+¸AÆ�¸AÂ�¶�¼�¹ÔÀ�¶�º�Çi·V¸�·õíøðO¹»¼�¾mÐ;:í�ÊJï�ÐZò0Â�¶
µA¶�¾9Ái½Ô¸)ÆVÖCÒJ¸9¸A¹Ôºi¼�¹»¾�ÇÈ¶�Ø�¹�¿�¸9¶mÇ%¹ÔºLðO¹»¼JÐ ;:íT¿�ï�ÐËðO¹Ô¼`Ð ;:íøÇiï
ÇÈ¶�Ø�¹�¿�¸9¾\¸9Â�¶zÒJ¸9¸A¶£ÇQÃÅÆ�Ç:¶�½»¾C¸9ÆÅ·)¾9Á�Ê�¾A¶£Ä�Á�¶�º:¸\Ö©µ�·uÃÅ¶�Ð

a�N 4�;!/iF�13³5@9N cd;0M5NO@
ì�Â:Á�Ã�·uºÉÊJÆ�Ç:ÌQ¹Ô¾5·É¿ÏÆ�ÃÉÊ�¹»ºJ·u¸9¹»Æ�ºÉÆuÖ÷µA¹»¼�¹�ÇÉÊ`Æ�Ç:Ì�·uºJÇ
ÇÈ¶�Ö©Æ�µAÃ�·uÊ�½»¶É¸9¹»¾9¾AÁ�¶�Ð�ì5º�·VµA¸9¹�¿�Á�½�·V¸A¶£ÇLÊ`Æ�ºi¶�¾A¸9µAÁJ¿�¸9Áiµ9¶
Ö�Æ�µ9ÃQ¾Ë¸9Â�¶�ÊJ·V¾A¹Ô¾%ÆVÖÅ¸AÂ�¶^Â:Á�ÃË·Vº�¾AÂJ·VØ`¶�ÐþýLµ�·uØ�Ø`¶£Ç
·uµ9Æ�Á�ºJÇ�¸AÂ�¶�Ê`Æ�ºi¶!¾9¸Aµ9ÁJ¿�¸AÁ�µ9¶�ã:¸9Â�¶�µA¶n·uµ9¶0Ç:¹4�Ó¶wµ9¶�º:¸3½�·mÌ�¶�µA¾
ÆuÖn¾AÆVÖ©¸�¸A¹Ô¾A¾9Á�¶w¾�¾9ÁJ¿AÂ^·u¾EÃÉÁi¾�¿�½»¶�¾�·VºJÇ Öø·V¸A¾£ÐÉá:Ú:¹»ºRã`¸9Â�¶
Æ�Á�¸9¶wµ9ÃÅÆ�¾9¸!½�·mÌ�¶�µ3ÆVÖ7¸9Â�¶\Â'ÁiÃ�·Vº)ÊJÆ�Ç:Ì:ãV¹»¾�·�¿�Æ�º:¸A¹Ô¼�Á�Æ�Ái¾
ÇÈ¶�Ö©Æ�µAÃ�·uÊ�½»¶�¸9¹»¾9¾AÁ�¶ÉÙ0Â�¹�¿AÂLÃ�·uÚ�¶�¾\¸9Â�¶5ô�Æ�¹»º'¸A¾�ÊJ¶�¸TÙC¶�¶�º
¸AÂ�¶�Â:Á�Ã�·uº�Ê`Æ�Ç:ÌÅ¾A¶�¼�ÃQ¶�º:¸9¾0¿�Æ�º:¸9¹»º:Á�Æ�Á�¾n·uºJÇÉ¾AÃÅÆ:Æ�¸AÂRÐ
àËÆ�¾9¸�·uµ9¸A¹�¿ÏÁ�½�·V¸9¶mÇLÂ:Á�Ã�·uºXÃQÆ�Ç:¶�½»¾�¸9µ9¶m·V¸(¸9Â�¶QÊJÆ�Ç:Ì
·u¾�·É¾9¶w¸�ÆVÖ�µA¹»¼�¹�ÇQÆ�Ê�ô�¶£¿Ï¸�¾9¶�¼�ÃÅ¶�º:¸A¾5ÊJ·u¾9¶£Ç%Æ�º�¸9Â�¶(Á�º:Î
ÇÈ¶�µ9½»Ì:¹»º�¼XÊ`Æ�ºi¶�¾A¸9µAÁJ¿�¸9Áiµ9¶�Ð-ì5½»¸AÂ�Æ�Á�¼�Â^¸AÂ�¹»¾�¾A¹ÔÃQØ�½»¹×ÒJ¶�¾
¸AÂ�¶Å¿�Æ�ÃÅØ�Á�¸�·V¸A¹ÔÆ�ºRã`¹»¸z·u½»¾9Æ�¿�µ9¶m·V¸9¶w¾ÅÇ:¹»¾�¿�Æ�º'¸A¹»º'Ái¹Ô¸TÌ�·uºJÇ
¾AÃÅÆ:Æ�¸AÂ�º�¶�¾A¾0Ø�µ9Æ�Ê�½»¶�ÃÅ¾mÐ3ò0Â�¶�µA¶�·VµA¶�·V¸C½»¶£·V¾A¸5¸TÙCÆ�Ù0·mÌ:¾
¸AÆÉ¾9Æ�½ÔÀ�¶�¸9Â�¶�¾A¶�¼�¶wÆ�ÃÅ¶w¸9µ9¹�¿ßØ�µ9Æ�Ê�½»¶�ÃÅ¾mÐ
\º�¶(Ùn·mÌË¹»¾5¸AÆ�¿�µ9¶£·u¸9¶ÉÆVÀ�¶�µ9½�·VØÕÊJ¶�¸TÙC¶�¶�º%¾9¶w¼�ÃÅ¶wº'¸A¾£Ð
ò0Âi¶^¿�Æ�º:¸9¹»º:Á�¹»¸TÌ�·VºJÇ ¾9ÃQÆ:Æ�¸9Âiº�¶�¾9¾ËÆuÖ�¸9Â�¹»¾�·VØiØ�µ9Æ:·�¿AÂ
ÇÈ¶�ØJ¶wºJÇ:¾ÉÆ�ºL¸AÂ�¶Å¾AÂJ·VØ`¶�ÇÈ¶�¾9¹»¼�º�ÆVÖ5¸AÂ�¶ÅÆVÀ�¶�µ9½�·VØOÐËò0Â�¶
·�Ç:À�·Vº:¸�·V¼�¶ÉÆuÖ5¸9Â�¹»¾É·VØ�Øiµ9Æ'·�¿AÂ^¹»¾�¸AÂJ·V¸(¶�À�¶�µ9ÌL¾A¶�¼�ÃQ¶�º:¸
µA¶�Ã�·u¹»º�¾ó·Õµ9¹»¼�¹�Ç�ÊJÆ�Ç:Ì:Ð�ì5½»¸AÂ�Æ�Á�¼�Â^ÃQÆ�µ9¶Qº�Æ�Ç:¶�¾Å·uºJÇ
ÖT·�¿�¶�¾0·VµA¶0¹»º'¸Aµ9Æ�Ç:ÁJ¿Ï¶£ÇÉ¸AÆz¿Ïµ9¶£·u¸9¶�¸9Â�¶0ÆVÀ�¶�µ9½�·uØRãV¸9Âi¶5¸9Æ�¸�·u½
¿ÏÆ�ÃÅØiÁ�¸�·u¸9¹»Æ�º%¸9¹»ÃÅ¶(¹»¾�¾A¸9¹»½»½�¶�
�¿�¹»¶�º:¸£Ð�ò0Âi¹Ô¾É·VØiØ�µ9Æ:·�¿AÂ
ÙCÆ�µAÚ:¾0Ù�¶�½»½7Æ�ºÅ½»Æ�º�¼(¾9¶w¼�ÃÅ¶wº'¸A¾0¾9ÁJ¿AÂ�·V¾0½»¶�¼�¾5·VºJÇQ·VµAÃÅ¾
Ù0Âi¹�¿AÂ�Â`·mÀ�¶�½�·VµA¼�¶ �A½»¶�º�¼�¸AÂ�À:¾£Ð�¿�µAÆ�¾A¾E¾A¶£¿�¸A¹ÔÆ�ºXµ�·V¸A¹ÔÆ�¾ �`Ð
�ZÁ�¸mã�Ö�Æ�µ0¾9ÂiÆ�µ9¸\¾9¶�¼�ÃÅ¶�º:¸A¾0¾9ÁJ¿AÂX·u¾0¸9Â�Æ�¾9¶(ÆVÖ[¸AÂ�¶�¸AÆ�µ9¾AÆJã
¸AÂ�¶�ÆVÀ�¶�µ9½�·VØË·VµA¶£·(¹»¾0ÂJ·Vµ�ÇÅ¸AÆÅÇ:¶�¾A¹Ô¼�º�·VºJÇQ¸9Âi¶EµA¶�¾9Ái½Ô¸\¹»¾
¾A¶�½�Ç:Æ�Ã ·V¸A¸9µ�·�¿�¸A¹ÔÀ�¶�Ð
ò0Â�¶C¾9¶m¿�Æ�ºJÇ)ÃÅ¶w¸9Â�Æ�Ç�¹»¾3¸9Æ\Á�¾9¶5·\Ç:¶�Ö©Æ�µ9Ã�·uÊ�½»¶3ÃÅÆ�Ç:¶�½TÐ



âTº�·�Ç:¶ÏÖ©Æ�µAÃ�·VÊi½Ô¶%ÃÅÆ�Ç:¶w½øã\¸9Âi¶^½»Æ�¿�·V½�¿ÏÆ'Æ�µ�Ç:¹»ºJ·u¸9¶�Ö©Æ�µ
¶£·�¿9ÂËº�Æ�Ç:¶)¹Ô¾0¿AÂJ·Vºi¼�¶£ÇQÊJ·u¾9¶£ÇËÆ�º�ô�Æ�¹»º:¸�·Vºi¼�½»¶�¾£Ð!ñ\¹»µ9¶m¿�¸
Ö©Á�º`¿�¸9¹»Æ�º-¿�Æ�º:¸9µAÆ�½�¹»¾ÅÆ�º�¶�Ù0·mÌÜ¸AÆÜÇ:¶w¾�¿�µA¹ÔÊ`¶L¸9Âi¶XµA¶�½�·mÎ
¸9¹»Æ�º�¾9Â�¹»Ø�Ê`¶�¸TÙC¶�¶�º%¶£·�¿AÂ%¾9¶�¼�ÃÅ¶�º:¸\º�Æ�Ç:¶ó·uºJÇ�ô�Æ�¹»º'¸5·uº:Î
¼�½»¶�Ð��Z·�¿AÂÅº�Æ�Ç:¶�¹»¾0·V¾9¾A¹»¼�º�¶£ÇË·zÖ©Á�ºJ¿Ï¸9¹»Æ�ºRÐ��Z·�¿AÂ�Ç:¶w¼�µ9¶w¶
ÆVÖCÖ©µA¶�¶£Ç:Æ�ÃdÆVÖ0¶£·�¿AÂLµA¶�½�·V¸9¶mÇÅô�Æ�¹Ôº:¸�¹»¾�·QØJ·Vµ�·VÃQ¶�¸9¶�µ)¹Ôº
¸9Âi¶0Ö©Á�º`¿�¸9¹»Æ�ºOÐRò0Â�¹»¾CÃÅ¶�¸AÂ�Æ�Ç�¼�¹»À�¶�¾CÃ�· �È¹»Ã(Á�Ã äJ¶	��¹»Ê�¹»½öÎ
¹»¸TÌ'Ð �!·�¿AÂ%Ö©Á�ºJ¿�¸A¹»Æ�ºL¿�·VºLÊ`¶�Ç:¶w¾9¹»¼�º�¶mÇ%¹Ôº`Ç:¶�Ø`¶�ºJÇ:¶�º:¸A½ÔÌ
Ö©µAÆ�Ã�Æ�¸AÂ�¶�µA¾£Ð!ò0Âi¹Ô¾!¿AÂJ·uµ�·�¿Ï¸9¶�µA¹Ô¾A¸9¹�¿0·V½»¾AÆEÃË·VÚ�¶�¾R¸AÂ�¹»¾÷·uØ:Î
Ø�µAÆ'·�¿AÂÅÇ:¹�
�¿�Ái½Ô¸÷Ö©Æ�µ3ÃÅÆ�Ç:¶w½Ô¹»º�¼`Ð7ì�¾A¶�¼�ÃQ¶�º:¸!Ù0Â�¹�¿AÂÉÂJ·V¾
¸TÙCÆX¸AÂ�µ9¶�¶ÏÎùÇ:¶w¼�µ9¶w¶�ÎøÆuÖ�Î�Ö©µ9¶�¶mÇ:Æ�Ã ô�Æ�¹»º'¸A¾£ãZÙ0¹Ô½»½0¿�µ9¶m·V¸9¶Õ¾9¹��
ØJ·uµ�·VÃQ¶�¸9¶wµ�Ö©Á�ºJ¿Ï¸9¹»Æ�º�¾mÐL´CÆ�ÃÅØiÁ�¸�·u¸9¹»Æ�º�ÆuÖE¸AÂ�¶�¾9¶QÖ©ÁiºJ¿AÎ
¸9¹»Æ�º�¾5·V½»¾9ÆÉÃË·VÚ�¶�¾�¸AÂ�¹»¾5·VØ�Øiµ9Æ'·�¿AÂ�¸9Â�¶�ÃQÆ�¾9¸0¶��ÈØ`¶�º�¾A¹»À�¶
ÃÅÆ�Ç:¶w½øÐ�ì5¾�·uºY·V½»¸9¶wµ9ºJ·u¸9¹»À�¶�ã�· �A¸TÙ�Æ�¾9¸�·V¼�¶%¹»ºJÇ:¹»µ9¶m¿�¸
¿�Æ�º'¸Aµ9Æ�½RÃÅÆ�Ç:¶w½ �)¹Ô¾0¹»º:¸9µAÆ�Ç:ÁJ¿�¶£ÇeÐ
��� � 7�: !��#�K4"+/� 83�"�1<J:���� + :�������,.�/�0�1�

âTº�¸9Â�¹»¾Ë·VØ�Ø�µAÆ'·�¿9ÂOã�ÙC¶Ë¾9¶�Ø`·Vµ�·u¸9¶L·VµA¸9¹�¿�Á�½�·V¸A¶£Ç�ÃÅÆ�¸9¹»Æ�º
·Vº`Ç�½»Æ�¿�·V½`Ç:¶�Ö©Æ�µ9Ã�·u¸9¹»Æ�º)¹Ôº:¸AÆ5¸TÙCÆ�¿�Æ�º:¸Aµ9Æ�½i½Ô¶wÀ�¶�½»¾£ÐOì�¾A¶�¸
ÆVÖ5¿�Æ�º'¸Aµ9Æ�½!ØJÆ�¹»º'¸A¾�¹Ô¾�¹»º:¸9µAÆÈÇÈÁJ¿�¶£Ç7Ðõò0Â�¶É½»ÆVÙ�¶�µ�¿�Æ�º:¸9µ9Æ�½
½»¶�À�¶w½R¹»¾0ÊJ¶w¸TÙ�¶�¶wºX¾A¶�¼�ÃQ¶�º:¸�º�Æ�Ç:¶w¾E·Vº`Ç�¿ÏÆ�º:¸9µAÆ�½RØ`Æ�¹»º:¸9¾mÐ
ðiÆ�µ�¶£·�¿AÂ%¾9¶�¼�ÃÅ¶�º:¸�º�Æ�Ç:¶�ãe¸9Â�¶�µA¶Å¹»¾�·É¾A¹ÔÃQØ�½»¶�Ö©Á�º`¿�¸9¹»Æ�º
ÆVÖ!Æ�º�¶�Æ�µ5ÃQÆ�µA¶E¿�Æ�º'¸Aµ9Æ�½[Ø`Æ�¹»º:¸9¾mÐ!ò0Â�¶w¾9¶)Ö©Á�ºJ¿�¸A¹»Æ�º�¾5·uµ9¶
Á�¾A¶£ÇË¸9ÆÅ¿ÏÆ�º:¸9µAÆ�½R¸AÂ�¶�¾9¶�¼�ÃÅ¶�º:¸0½»Æ�¿�·V½RÇÈ¶�Ö©Æ�µAÃ�·u¸9¹»Æ�º�¾mÐRâTº
·ÕÂ�¹»¼�Â�¶�µÉ¿�Æ�º'¸Aµ9Æ�½�½»¶�À�¶�½Tã3¸9Â�¶ËÃÅÆ�¸9¹»Æ�ºÕÆVÖE¶m·�¿AÂÜ¿�Æ�º:¸9µ9Æ�½
Ø`Æ�¹»º:¸E¹»¾�·ËÇ:¹»µ9¶£¿Ï¸�Ö©Á�ºJ¿Ï¸9¹»Æ�º%ÆVÖ�¸AÂ�¶5ô�Æ�¹Ôº:¸�·Vº�¼�½Ô¶w¾£Ð(ò0Â�¶
äJ¶	��¹»Ê�¹»½»¹»¸TÌó·�Ç:À�·Vº:¸�·u¼�¶ßÖ©µ9Æ�Ã ¸AÂ�¶�Ø�µA¶�À:¹»Æ�Á�¾0·VØ�Øiµ9Æ'·�¿AÂ�¹»¾
¸9µ�·�Ç:¶mÇQÖ©Æ�µ0¿�Æ�ÃÅØ�Á�¸�·V¸A¹ÔÆ�ºÉ¸9¹»ÃÅ¶�·VºJÇQ¶£·u¾9¹»¶�µ0ÃQÆÈÇÈ¶�½»¹Ôºi¼JÐ
� ��� ���0��� ( D �E ���G(*!1:�8 �0+A3
I�� � �1�����0+#:��"���$I��1����
ò0Â�¶�µA¶0¹»¾[ÃQÆ�µA¶!¸9ÂJ·uº�Æ�º�¶0Ù0·mÌE¸AÆ�¹ÔÃQØ�½»¶�ÃÅ¶wº'¸`¸9Âi¶0½ÔÆVÙC¶�µ
¿�Æ�º'¸Aµ9Æ�½J½»¶�À�¶�½TÐRâTºÉÆ�Á�µ�¿�·u¾9¶�ã:ÙC¶E¿AÂ�Æ:Æ�¾A¶��÷Îø¾AØ�½»¹»º�¶0ÊJ·V¾A¶£Ç
Ö©µA¶�¶ÉÖ©Æ�µ9Ã Ç:¶�Ö©Æ�µ9Ã�·u¸9¹»Æ�ºOÐÅì\½Ô¸AÂ�Æ�Ái¼�ÂÕÖ©µ9¶�¶õÖ©Æ�µAÃdÇ:¶�Ö©Æ�µTÎ
Ã�·u¸9¹»Æ�ºÉÙ0·V¾\Æ�µA¹Ô¼�¹»ºJ·V½»½»ÌóÇÈ¶�¾9¹»¼�ºi¶£Ç�·V¾5·õ¸9Æ:Æ�½7¹»ºËÃÅÆ�Ç:¶w½öÎ
¹»º�¼X·uºLÆ�Ê�ô�¶£¿Ï¸�Ö©µAÆ�Ãd·Ë¾A¹ÔÃQØ�½»¶�Øiµ9¹»ÃÅ¹»¸9¹»À�¶ �	��� � ãR¹»¸�¿w·Vº
·V½»¾AÆÉÊJ¶�Ái¾9¶£Ç�·u¾E·uº ·uº�¹»Ã�·u¸9¹»Æ�ºÉ¸AÆ'Æ�½TÐ3âTº�Æ�Á�µ5¿w·V¾9¶�ãJÙC¶
¹»ÃÅØ�½»¶�ÃQ¶�º:¸E·Ë¸AÂ�¹»µ�Ç�Æ�µ�ÇÈ¶�µ��3ÎT¾9Øi½Ô¹»º�¶QÊJ·V¾A¶£Ç%Ö�µ9¶�¶õÖ©Æ�µAÃ
Ç:¶�Ö�Æ�µ9ÃË·V¸A¹ÔÆ�ºRÐ!ò0Âi¶�µ9¶�·uµ9¶(¾9¶�À�¶�µ�·u½3º�¹�¿�¶�Ø�µAÆ�Ø`¶�µ9¸A¹Ô¶w¾EÆ�Ê:Î
¸�·u¹»º�¶£ÇQÊ:ÌÅ¿9ÂiÆ'Æ�¾9¹»º�¼(Ö©µA¶�¶�Ö©Æ�µ9Ã+ÇÈ¶�Ö©Æ�µAÃ�·u¸9¹»Æ�ºRÐ
	�
 ��#  "! #� !  ��kæ #� B � �	�  ? #� B�B�� ì\¾ ÃQ¶�º:¸9¹»Æ�ºi¶£Ç
·VÊ`ÆVÀ�¶�ã3¸AÂ�¹»¾�¿�Æ�º'¸Aµ9Æ�½0½Ô¶wÀ�¶�½CÂJ·Vº`Ç:½»¶�¾�½»Æ�¿�·u½nÇ:¶ÏÖ©Æ�µAÃ�·mÎ
¸9¹»Æ�ºi¾£Ð+àÕ·V¹»º:¸�·V¹»º�¹»º�¼L¾AÃÅÆ:Æ�¸AÂ�º�¶�¾A¾�·VºJÇ-¿�Æ�º:¸A¹Ôº:Á�¹»¸TÌ
ÊJ¶m¿�Æ�ÃQ¶�¾R¸AÂ�¶�ÃË·V¹»º5¼�Æ'·u½�¹»º�¸9Â�¹»¾R½»¶�À�¶�½TÐRì\¾3Ù�¶�¿AÂ�Æ:Æ�¾9¶
¸9Â�¹»µ�Ç(Æ�µ�ÇÈ¶�µ �÷ÎT¾9Ø�½»¹»º�¶CÖ©Á�º`¿�¸9¹»Æ�ºi¾£ã�·�� K ¿ÏÆ�º:¸9¹»º:Á�¹»¸TÌ�¹»¾
¼�ÁJ·uµ�·uº'¸A¶�¶£Ç � , � Ð

	�� �-� æ	 "!�� ��� � ! #�� ) =@�-# B�!�� � ! # ç ���(=��  ùæ  ! ��#  ! � � � �z¶�º:Î¶�µ�·u½»½ÔÌH¾9Ø`¶£·VÚ:¹»º�¼Jã�¸9Â�¶�¸9Æ�¸�·V½%º:Á�ÃÉÊJ¶wµ�ÆVÖÜ¿�Æ�º:¸9µ9Æ�½
ØJÆ�¹»º'¸A¾0¹»¾0ÃÉÁJ¿AÂÅ¾9ÃË·V½»½»¶�µC¸9ÂJ·uº�¸9Â�¶)¸9Æ�¸�·V½Oº'ÁiÃÉÊJ¶�µCÆVÖ
¾9¶�¼�ÃÅ¶�º:¸0º�Æ�Ç:¶w¾£Ð0ò0Â�¹»¾\ÃÅ¶£·uº�¾0¸9ÂJ·u¸5¸AÂ�¶�¸9Æ�¸�·u½Rº:Á�ÃÉÎ
ÊJ¶wµ!ÆVÖ�Ö�Á�ºJ¿�¸A¹ÔÆ�º�¾!¹»º(¸9Â�¶0½»ÆVÙC¶�µ!¿�Æ�º:¸9µAÆ�½�½»¶�À�¶�½�¹»¾3ÃÉÁJ¿AÂ
½�·Vµ9¼�¶�µ0¸9Â`·Vº�¸AÂ�¶�¸AÆ�¸�·V½Rº:Á�ÃÉÊ`¶�µ0ÆuÖ!Ö©Á�ºJ¿Ï¸9¹»Æ�º�¾\¹»º�¸AÂ�¶
Â�¹»¼�Â�¶wµn¿�Æ�º:¸9µ9Æ�½7½»¶�À�¶�½TÐ3á:¹»ÃÅØ�½»¹×Ö©Ì:¹öºi¼0Ö©Á�º`¿�¸9¹»Æ�ºi¾�¹»ºÅ¸AÂ�¶
½»ÆVÙ�¶�µÅ¿ÏÆ�º:¸9µAÆ�½�½»¶�À�¶�½\Ù0¹»½Ô½\¾9¹»¼�ºi¹öÒ7¿�·Vº:¸9½»Ì�µ9¶£Ç:Á`¿�¶X¸AÂ�¶
¿�Æ�ÃQØ�Á�¸�·V¸9¹»Æ�º�¸A¹»ÃÅ¶�Ð\ì=¸9Â�¹»µ�Ç Æ�µ�ÇÈ¶�µ �÷Îø¾AØ�½»¹Ôºi¶�Ö©ÁiºJ¿AÎ
¸9¹»Æ�º�¹»¾�¾A¹ÔÃQØ�½»ÌÍ·%¾A¶£¿�Æ�ºJÇ�Æ�µ�Ç:¶�µÉØ`Æ�½»Ì:º�Æ�ÃQ¹�·V½3Ö©ÁiºJ¿AÎ
¸9¹»Æ�º � , � Ð

���0+#:��"���%,.�12J� D ��2"8��0+ 3

$�8��0���1�����0+#:��"���(I ��1��1�
áÈ¹Ôº`¿�¶^¸AÂ�¶LÖ©µA¶�¶LÖ�Æ�µ9Ã Ç:¶ÏÖ©Æ�µAÃ�·V¸A¹»Æ�º�¹»¾�º�Æ�¸XÇ:¶�¾A¹»¼�º�¶£Ç
Ö�Æ�µ5·VºË·VµA¸9¹�¿�Á�½�·V¸A¶£ÇQÃÅÆ�Ç:¶�½Tã�¸9Â�¶wµ9¶�·uµ9¶�¾AÆ�ÃÅ¶\Á�ºJÇ:¶w¾9¹»µ9¶£Ç
Øiµ9Æ�Ø`¶�µA¸9¹»¶�¾3Ù0Â�¹�¿AÂEÃË·VÚ�¶[¿�Æ�º'¸Aµ9Æ�½'ÃQ¶�¾9Â�Ç:¶�¾A¹Ô¼�º�Ç:¹�
�¿�Á�½»¸mÐ
âTºË·�ÇÈ¶�Ö©Æ�µAÃ�·uÊ�½»¶0ÃÅÆ�Ç:¶�½TãV¾A¶�¼�ÃQ¶�º:¸9¾0·Vµ9¶�¿�½�·V¾A¾9¹×ÒJ¶£ÇQ¹»º:¸9Æ
¸TÙCÆÅ¿�·u¸9¶�¼�Æ�µ9¹»¶�¾mÐ�ñ\Á�¶�¸AÆ�¸AÂ�¶�Ç:¹4�7¶�µ9¶wº'¸�¿AÂJ·Vµ�·�¿�¸A¶�µ9¹»¾9¸A¹�¿�¾
Ö�Æ�µCÊJÆ�¸9ÂÅ¼�µ9Æ�Á�Ø�¾£ã�ÇÈ¹ �7¶�µA¶�º:¸EÇ:¶�¾A¹»¼�º�¿Ïµ9¹»¸9¶�µA¹�·�·uµ9¶�¹»ÃÅØ�½»¶�Î
ÃQ¶�º:¸9¶£Ç �
	��$�  "!©ç ��� æ	 ��� B �>��� �-#  B���ò0Â�¶+¾A¶�¼�ÃQ¶�º:¸9¾�¹Ôº ¸AÂ�¹»¾¼�µ9Æ�ÁiØRã`¾9ÁJ¿AÂL·V¾�½»¶�¼�¾�·VºJÇ�·uµ9ÃQ¾£ãJ·uµ9¶(¾9¹»ÃÅ¹»½�·VµC¸9ÆQ¸9Â�¶
½»Æ�ºi¼5¾9¶w¼�ÃÅ¶wº'¸3¹»º(¸9µ�·�Ç:¹»¸9¹»Æ�º`·V½'·uµ9¸A¹�¿ÏÁ�½�·V¸9¶mÇ(ÃÅÆ�Ç:¶�½»¹»º�¼JÐ
ò0ÂJ·u¸3¹Ô¾mã�¸AÂ�¶5Ç:¹»¾9¸�·VºJ¿Ï¶0ÊJ¶�¸TÙC¶�¶�º�ô�Æ�¹»º'¸A¾3¹Ô¾3½�·VµA¼�¶0¿�Æ�ÃõÎ
ØJ·uµ9¶£ÇQ¸AÆÉ¸9Â�¶�¾9¶w¼�ÃÅ¶wº'¸5¿Ïµ9Æ�¾A¾5¾A¶£¿�¸9¹»Æ�ºRÐ
á:¹»ºJ¿Ï¶X¸AÂ�¶ÍÇÈ¹Ô¾A¸�·uºJ¿�¶LÊ`¶�¸TÙ�¶w¶�º^ô�Æ�¹»º:¸9¾Q¹»¾�½�·uµ9¼�¶�ã0¸9Â�¶
·uµ9¸9¹�¿�Ái½�·u¸9¶£Çõ¶��7¶£¿�¸0½»¹»ÃÅ¹»¸9¾3¸9Âi¶5Ê`¶�ºJÇ:¹»º�¼ÉÇ:¶�Ö©Æ�µ9ÃË·V¸9¹»Æ�º
¹»º^·Ë¾AÃ�·V½»½3µ9¶w¼�¹»Æ�ºRÐÕò0Â�¶�µA¶�Ö©Æ�µA¶�ã!Ù0Âi¶�ºÜÇ:¶w¾9¹»¼�º�¹»º�¼%·
¿�Æ�º:¸9µ9Æ�½�ÃÅ¶w¾9Â)Ö©Æ�µ!·VºÉ·VµA¸9¹�¿�Á�½�·u¸9¶£Ç(¾A¶�¼�ÃQ¶�º:¸£ãVÙC¶0º�¶�¶£Ç
ÃQÆ�µ9¶C½�·mÌ�¶�µA¾!ÆVÖRÃQ¶�¾9Â(Æ�ºÉ¸AÂ�¶[ôÏÆ�¹»º:¸÷·uµ9¶£·iÐ!ðO¹Ô¼`Ð � ·uºJÇ
ðO¹»¼JÐ � 
 ·Vµ9¶Õ¸9Â�¶Ë¶	�J·VÃQØ�½»¶ËÆVÖzÇÈ¶�¾9¹»¼�ºi¹Ôºi¼^·L¿�Æ�º:¸9µAÆ�½
ÃQ¶�¾9ÂRÐ%âTº�ðR¹»¼`Ð � ã�·ÕÃÅÆ�µA¶ÅÇ:¶�º�¾A¶ËÃÅ¶�¾AÂ^¹»¾�ØiÁ�¸�Æ�º
¸AÂ�¶0Ú:º�¶�¶Rô�Æ�¹Ôº:¸3Ø`Æ�¾9¹»¸A¹ÔÆ�ºRÐ7ý�Âi¶�ºÉ¸9Â�¶0Ú:º�¶w¶0¹Ô¾3Ê`¶�º:¸!¹»º
ðO¹»¼JÐ � 
 ãm¸9Â�¶ZÊJ¶�º`Ç:¹»º�¼EÇ:¶ÏÖ©Æ�µAÃ�·V¸A¹»Æ�º0¹»¾R½»¹»ÃÅ¹»¸9¶mÇCÆ�º�¸9Â�¶
ô�Æ�¹»º'¸R·uµ9¶£·iÐ \¸9Â�¶wµ÷·uµ9¶£·u¾3Æ�º�½»Ì5µA¶£¿�¶�¹»À�¶�¾A¸9µ9¶w¸�¿AÂ�¹»º�¼(í©Æ�µ
¿�Æ�ÃÅØ�µA¶�¾9¾A¹»Æ�ºJïCÇ:¶�Ö©Æ�µ9ÃË·V¸9¹»Æ�ºRÐ

	�� ��� B � � � !»è � B �"��� ��#  B��!ò0Â�¹»¾C¼�µAÆ�Á�ØRã:¹»ºJ¿Ï½ÔÁ`Ç:¹»º�¼�¸9Æ�µ9¾AÆ·uºJÇQº�¶£¿AÚË¾9¶�¼�ÃÅ¶�º:¸9¾mã�ÂJ·u¾5·0ô�Æ�¹»º:¸0¿9Â`·V¹»ºRÐ!âTºi¾9¹�Ç:¶�¸9Â�¶
ô�Æ�¹»º'¸3¿AÂJ·V¹»ºRãm¸9Âi¶nÇ:¹»¾A¸�·Vº`¿�¶0ÊJ¶w¸TÙ�¶�¶wºÉ¸TÙ�Æ�¿�Æ�º�¾9¶£¿ÏÁ�¸9¹»À�¶
ô�Æ�¹»º'¸A¾�¹»¾0¾AÃ�·V½»½J¿ÏÆ�ÃÅØ`·Vµ9¶mÇÅ¸AÆ�¸AÂ�¶�¿�µAÆ�¾A¾5¾9¶m¿�¸9¹»Æ�ºOÐ
ñ\Á�¶0¸AÆ�¸AÂ�¹»¾3Öø·�¿Ï¶�ã:¸9Â�¶\¾9ÆuÖ©¸!¸9¹»¾A¾9Á�¶�ÂJ·u¾!¸9Â�¶\¸9¶�º`Ç:¶�ºJ¿�Ì
¸AÆÅ¾9ÃQÆ:Æ�¸9ÂËÆ�Á�¸�¸9Â�¶É·VµA¸9¹�¿�Á�½�·V¸A¶£ÇÕ¶��Ó¶m¿�¸£Ð)ò0Â�¶�µ9¶ÏÖ©Æ�µA¶�ã
¸AÂ�¶0Ù0Â�Æ�½»¶C¾9¶�¼�ÃÅ¶�º:¸3µ9¶m¿�¶�¹»À�¶�¾CÊ`¶�ºJÇ:¹»º�¼�Ç:¶�Ö�Æ�µ9ÃË·V¸A¹ÔÆ�ºRÐ
ò3Æ�ÇÈ¶�¾9¹»¼�ºÕ¸9Â�¶É¿�Æ�º:¸Aµ9Æ�½ZÃÅ¶�¾AÂRã7·V¾9¾A¹»¼�º�¹»º�¼Å·õ½�·mÌ�¶�µ�ÆVÖ
ÃQ¶�¾9Â�¸AÆ5¶£·�¿AÂ5ô�Æ�¹»º:¸7¹»¾[¾AÁ 
�¿�¹»¶�º:¸£ÐOì5¾3¸AÂ�¶Rô�Æ�¹»º:¸R·Vºi¼�½»¶
¿AÂJ·uº�¼�¶�¾mã�¸AÂ�¶5¿�Æ�µ9µ9¶w¾9Ø`Æ�ºJÇ:¹»º�¼)½�·mÌ�¶�µ9¾ZÆVÖJÃQ¶�¾9ÂÉ·VµA¶0µ9ÆVÎ
¸�·V¸9¶mÇ7Ð3ò0Â�¶0Ø�µAÆ�Ê�½»¶�Ã�¹Ôº(¸9Âi¹Ô¾Z¼�µ9Æ�Á�ØÉ¹»¾3Ù0¹Ô¸AÂ�¸AÂ�¶E¿ÏÆ�µTÎ
µA¶£¿�¸!ô�Æ�¹»º:¸0½»Æ�¿�·V¸A¹ÔÆ�ºRÐ0ì\¾EØ`·Vµ9¸\ÆVÖ�¸AÂ�¶É¿9Â`·Vµ�·�¿�¸9¶wµ9¹»¾9¸A¹�¿
ÆuÖ[¾9Øi½Ô¹»º�¶(¿�Á�µ9À�¶�¾£ã`¸AÂ�¶�ô�Æ�¹Ôº:¸CØJÆ�¾9¹»¸9¹»Æ�º ·ëÖ©¸9¶wµ5µ9Æ�¸�·u¸9¹»Æ�º
¹»¾Å¾A½»¹Ô¼�Â:¸9½»ÌLÆ ��¸9Â�¶L¿�Æ�µ9µ9¶m¿�¸ËØJÆ�¾9¹»¸9¹»Æ�ºOÐ�ò0Â�¹»¾ÅØ�µAÆ�Ê:Î
½»¶�Ã�Ù0¹»½»½7Ê`¶z·�¿�¿�Á�ÃÉÁi½�·u¸9¶£ÇQÙ0Â�¶wº ·uØ�Ø�½»¹»¶£ÇÉ¸AÆÅ·0ô�Æ�¹»º:¸
¿AÂJ·u¹ÔºOã£¾AÁJ¿AÂÅ·V¾3¸9Âi¶�¾AØ�¹»º�¶�ÐOò[Æ�¿�Æ�µAµ9¶£¿Ï¸�¸AÂ�¹»¾[Øiµ9Æ�Êi½Ô¶wÃXã
·Ë¿�Æ�µ9µ9¶m¿�¸9¹»Æ�ºLØiµ9Æ�¼�µ�·uÃ ¹Ô¾(·VØ�Ø�½»¹»¶£Ç�·ëÖ©¸9¶wµ�¶£·�¿AÂ%µ9Æ�¸�·mÎ
¸A¹ÔÆ�ºRÐ�ðO¹»¼JÐ �"� ¹»¾�·ÅÇ:¶ÏÖ©Æ�µAÃ�·VÊi½Ô¶�Á�ØiØJ¶�µ)¸9Æ�µA¾9ÆËÙ0Â�¹�¿AÂ
Á�¾A¶�¾É·Vº%¶�¹»¼�Â:¸9¶�¶wº^½�·mÌ�¶�µ�¿�Æ�º:¸9µ9Æ�½�ÃQ¶�¾9Â%¸9ÆÕ¾9¹»ÃÉÁ�½�·V¸A¶
¶�¹»¼�Â'¸A¶�¶�º�ô�Æ�¹Ôº:¸A¾£Ð

!X;Z2547@9?\8:69;!2\8
´C½»¶£·uµ9½»Ì:ã3À'¹»µA¸9ÁJ·u½�Â:Á�ÃË·Vº�¾�·uµ9¶�·Vº�¹»ÃÅØ`Æ�µ9¸�·Vº:¸�ØJ·VµA¸ÉÆVÖ
ÃË·Vº:Ì5·VØiØ�½»¹�¿w·V¸9¹»Æ�º�¾£Ð!å:æ�çÏè[Øiµ9ÆVÀ:¹�Ç:¶�¾R·ZäJ¶	��¹»Ê�½»¶3¶�º:À:¹ÔµAÆ�º:Î
ÃQ¶�º:¸\Ö©Æ�µ\¸9Â�¶Å¿�µA¶£·V¸A¹»Æ�º^·Vº`Ç�ÃË·Vº�¹»Ø�Á�½�·u¸9¹»Æ�ºQÆVÖ0À'¹»µA¸9ÁJ·u½
Â:Á�ÃË·Vº�¾ZÙ0¹Ô¸AÂËÊJÆ�¸9ÂÅµA¶£·V½»¹»¾9¸A¹�¿E·uØ�Ø`¶£·Vµ�·VºJ¿�¶(·VºJÇõÊJ¶�Â`·mÀ�Î
¹»Æ�µ£Ð

<Ü4i_025;7W^@ANRM\q!NRF�NO2!b
ò0Âi¹Ô¾Hµ9¶�¾A¶£·Vµ�¿9Âî¹»¾�ØJ·uµ9¸A¹�·u½»½ÔÌ ¾AÁ�Ø�Ø`Æ�µ9¸A¶£ÇÊ:Ìþì ÿ 
ñßì5ì � 
 �ëÎB; � Î9´ZÎ 
"
 � � ¹»ºJ¿Ï½ÔÁ`Ç:¹»º�¼óÛ)Ð á7Ð:ì5µAÃÉÌ ÿ ¶�¾A¶£·Vµ�¿9Â
� ·VÊ`Æ�µ�·V¸9Æ�µ9Ì-í©ì\ÊJ¶wµ�Ç:¶�¶wºJï�ã��5·V¸A¹�¿9Ú � ·VÊ`Æ�µ�·V¸AÆ�µ9Ì ��Û)Ð áeÐ
ì\¹»µÍðiÆ�µ�¿�¶�ñ��ZÑ3ò5Þd¸AÂ�µ9Æ�Á�¼�Â=Þ0Á�¼�Â�¶�¾^àË¹»¾A¾9¹»½»¶Üá:Ì:¾TÎ
¸A¶�ÃÅ¾%ð � � 5 ��� Î �G� Îù´ZÎ 
�
"
G� ��\·mÀ�·V½�ò3µ�·u¹»º�¹»º�¼Üá:Ì:¾A¸9¶�ÃQ¾
´C¶wº'¸A¶�µ � 5G� � � � Î � �mÎ9àQÎ 
 ; , �@�7á�·uºJÇ:¹�· � ·VÊ�¾)ì �\Î 5"
 : 5 �
ñ�à�á �¸9Â�µAÆ�Á�¼�Â�¸AÂ�¶0Û0º�¹»À�¶wµ9¾9¹»¸TÌ�ÆuÖJâTÆVÙ0·@���ßìEá:ì�ú�á�´



ðO¹»¼�Áiµ9¶ � �!ñ\¶�Ö©Æ�µ9ÃË·VÊ�½»¶0½»¶�¼(Ù0¹Ô¸AÂ�Æ�Ái¸0ÊJ¶�º`Ç:¹»º�¼

ðO¹»¼�Á�µA¶ ��
 �!ñ\¶�Ö�Æ�µ9ÃË·VÊ�½»¶0½»¶�¼(Ù0¹»¸9Â ��
 Ç:¶�¼�µ9¶�¶�Ê`¶�ºJÇÈ¹Ôºi¼

�0ì � ��
 Î 
G� � � �Åà �´ (ã�âTºJ¿VÐ � �5á�ð ´Câ9á � ´0ñ0ì%;);mÎ
� � : � � ã�·VºJÇ âTº�¾9¸Aµ9Á�ÃQ¶�º:¸�·u¸9¹»Æ�º�·VºJÇ � ·uÊJÆ�µ�·u¸9Æ�µAÌ�âTÃÉÎ
Ø�µAÆVÀ�¶�ÃQ¶�º:¸nÑ3µAÆ�¼�µ�·VÃ��ÉÛ5á �OÎ � ��� � ��
 ��Ð

��N 4�NO/�NR2\47NR8
�	��� ðiµ�·Vº`¿�¹»¾�¿�ÆLì\û�Á�Æ�½�·iã)�0Æ�µ9ÃË·VºLâ�Ð��C·�Ç:½»¶�µmã�ò3¶�ÆLú(Ð
Þ0Æ:Æ�ºRã�·VºJÇËá:Ái¾�·VºiºJ·(ýL¶�¹TÐ[ái·V¾9¾0À7Ð � Ð � ·uº:¸9Â�µAÆ�Ø`ÆVÎ
ÃÅ¶w¸9µ9¹�¿õ¾9Ø�µA¶£·�Ç:¾AÂ�¶�¶�¸Ë·VºJÇLÇi·V¸�·uÊJ·V¾A¶QÖ©Æ�µ�¸AÂ�¶Ë¹»µ9¹»¾£Ð
ò3¶£¿AÂ�º�¹�¿�·u½�µ9¶�Ø`Æ�µA¸£ã%ñ5¶wØJ·VµA¸9ÃÅ¶wº'¸�ÆVÖÍ´CÆ�ÃÅØ�Ái¸9¶�µ
·Vº`Ç%âTº:Ö©Æ�µAÃ�·u¸9¹»Æ�º�á�¿�¹»¶�º`¿�¶�ã!Û0ºi¹ÔÀ�¶�µ9¾A¹»¸TÌXÆuÖßÑO¶�º�ºÈÎ
¾9Ì:½»À�·Vºi¹�·iã � ��� ��Ð

��� � �0Æ�µ9ÃË·VºÅâ�Ð �C·�ÇÈ½Ô¶wµ£ãJ´0·uµ9Ì��5Ð`Ñ3Â�¹»½»½Ô¹»Ø�¾mã'·uºJÇ��!Æ�º:Î
º�¹»¶ � Ì'ºiº�ýL¶�Ê�Ê`¶�µ£Ð���! � ��� æ  ! #���� ��� æ # B�� 
 ��� �
= �  ���
	 � æ =@? !©ç�B �$# ! � æ	 "! ��# æ #���
 ��#  ����� Ð  �:ÎÖ©Æ�µ�ÇËÛ0º�¹»À�¶�µ9¾A¹Ô¸TÌËÑ3µ9¶w¾9¾£ã1�ß¶�Ù��CÆ�µ9Ú7ã � ��� �iÐ

� � � ý�¹»½×Ö©µ9¶mÇ ò!·mÌ:½»Æ�µYñ\¶�ÃQØ�¾9¸A¶�µ£Ð áÈØJ·�¿�¶Hµ9¶£Ä�Á�¹»µ9¶ÏÎ
ÃÅ¶wº'¸A¾�ÆuÖE¸AÂ�¶Ë¾9¶£·u¸9¶£Ç�Æ�Ø`¶�µ�·V¸9Æ�µ£Ð�ò3¶£¿AÂ�º�¹�¿�·V½ ÿ ¶�Î
Ø`Æ�µ9¸Cý�ì�ñE´�ò ÿ � � Î ���"� ãVýLµA¹Ô¼�Â:¸TÎ9Ñ[·u¸9¸A¶�µ9¾AÆ�ºÉì5¹»µ
ðiÆ�µ�¿Ï¶ ��·u¾9¶�ã \Â�¹»ÆJãJ��Ái½ÔÌ ��� � � Ð

� , � ��¶�µ�·V½�Ç%ðJ·uµ9¹»ºRÐ 
 ��� � � BÅæ #� � ����� æ�ç � B �
��� 
 ��� �
= �  ��� � ! �����	 ����� �  � !©ç�Ð�ìE¿w·�Ç:¶�ÃQ¹�¿[Ñ÷µ9¶�¾A¾£ã:â �5´�Ð»ãá�·uº ñ\¹»¶�¼�ÆJã�´Cì�ã � ���"
 Ð

��� � ´C½�·V¹»µ9¶5´�Ð ��Æ�µ�Ç:Æ�ºRã �Zµ9Á`¿�¶ �!µ�·�Ç:¸AÃÅ¹»½»½Ô¶wµ£ãVò0Â�Æ�Ã�·u¾
´CÂ:Á�µ�¿AÂ�¹»½»½TãE´CÂ`·Vµ9½»¶�¾��0Ð5´C½�·VÁ�¾A¶�µ£ã���Æ�Â�º�ò�Ð0à�¿�Î
´CÆ�º:À:¹»½»½Ô¶�ã£âT½»¾A¶0ò[¶wÊ�ÊJ¶w¸9¸9¾mã'·uºJÇ ÿ Æ�Ê`¶�µA¸!ì�Ðmý^·V½»Ú�¶�µ£Ð
��� ;);þ·Vº:¸9Âiµ9Æ�Ø`Æ�ÃQ¶�¸9µA¹�¿ ¾9Á�µAÀ�¶�Ì ÆVÖ ÁOÐ ¾mÐÜ·uµ9ÃÉÌ

ðO¹»¼�Á�µA¶ ��� �!ñ\¶�Ö�Æ�µ9ÃË·VÊ�½»¶0¸AÆ�µ9¾AÆ

ðO¹»¼�Á�µA¶ � � �3á:¶�¼�ÃÅ¶�º:¸9¶mÇÅ¸AÆ�µA¾9Æ

ØJ¶wµ9¾9Æ�º�º�¶�½ � àË¶�¸9ÂiÆÈÇÈ¾+·VºJÇü¾9ÁiÃÅÃ�·uµ9Ì ¾9¸�·u¸9¹»¾TÎ
¸9¹�¿�¾mÐ ò[¶m¿9Âiº�¹�¿�·V½ ÿ ¶�Ø`Æ�µA¸-�5·u¸9¹�¿AÚ��Vò ÿ Î!; � � 
 ,),Jã
Û�Ð á7ÐVì\µ9ÃÉÌ �5·u¸9¹�¿AÚ ÿ ¶�¾9¶m·Vµ�¿AÂRã�ñ\¶�À�¶�½»Æ�Ø�ÃQ¶�º:¸[·uºJÇ
�3º�¼�¹Ôºi¶�¶�µ9¹»º�¼Å´C¶wº'¸A¶�µ£ã`á:¶�Ø�¸A¶�ÃÉÊ`¶�µ � � ; � Ð

�65 � â�Ð ì�Ð3úE·uÚ�·�Ç:¹�·uµ9¹»¾£ã!ñ(Ð!àË¶�¸�· �J·V¾mã0·VºJÇ ÿ Ð��C·�ô�¿�¾AÌ'Ð
ìE¿�¸A¹»À�¶ÉØJ·uµ9¸TÎ9Ç:¶£¿ÏÆ�ÃÅØ`Æ�¾A¸9¹»Æ�ºOã3¾9ÂJ·uØJ¶Ë·VºJÇ%ÃQÆ�¸9¹»Æ�º
¶�¾9¸A¹»Ã�·V¸A¹»Æ�º%ÆVÖz·uµ9¸A¹�¿ÏÁ�½�·V¸9¶mÇLÆ�Ê�ôÏ¶£¿�¸9¾ �Ëì Ø�Â:Ì:¾9¹�¿�¾TÎ
ÊJ·V¾A¶£Ç%·VØ�Ø�µAÆ'·�¿9ÂOÐ�������� 
 ��� = �  �-�
� ! B�! ��# æ #��
� æ	  ����# � � ç � � # !6 ! ��#�
 ��#��
�-�/�-# ç � ã � ��� ,JÐ

� : � ñ(ÐJàË¶�¸�· �J·V¾mÐ � ? �	B !�ç�B��5æ	B ����� �
����� ! #�� �"��M��# �
� ! � ! ��� ���
� ç  CB �
��� � !6B ! ��# æ #��!	 � æ = ? !©ç B�Ð�Ñ3ÂJñ¸9Â�¶w¾9¹»¾£ã�ñ\¶�ØJ·uµ9¸AÃÅ¶�º:¸!ÆuÖ[´CÆ�ÃÅØiÁ�¸9¶�µCá�¿�¹»¶�ºJ¿�¶�ãJÛ0ºi¹öÎ
À�¶�µA¾9¹»¸TÌÅÆuÖ[ò3Æ�µAÆ�º:¸9Æ`ã�ò3Æ�µ9Æ�º:¸AÆJã�´0·Vº`·�Ç�·iã ����� � Ð

� ; � ñ(Ð[àË¶w¸�· �J·u¾Å·VºJÇ�ñ�ÐOò3¶�µ9ûwÆ�Ø`Æ�Á�½»Æ�¾mÐ^á:ÂJ·uØJ¶�·uºJÇ
º�Æ�ºiµ9¹»¼�¹�Ç-ÃÅÆ�¸9¹»Æ�º�¶w¾9¸9¹»ÃË·V¸9¹»Æ�º�¸9Â�µAÆ�Á�¼�Â�Ø�Â:Ì:¾9¹�¿�¾
ÊJ·V¾A¶£ÇL¾AÌ:º'¸AÂ�¶�¾A¹Ô¾mÐ"������� �� æ # B$# � æ  C ���-# �$# æ � �
�	B�! Bóæ #�%� æ�ç ? ! #�� � #  �-��� ! ���-# ç � ã ��� í 5 ï�� � ; 
'& �"�G� ã
���"� ��Ð

��� � ��·VµAÌÅàËÆ�ºiÂ�¶�¹»¸n·uºJÇC�0Æ�µ9Ã�·uºÉâ�Ð ��·�Ç:½»¶�µ£Ð3ì�Ú:¹»º�¶�Î
Ã�·u¸9¹�¿QÃÅÆ�Ç:¶�½�ÆVÖ(¸9Â�¶LÂ:Á�ÃË·Vº�¾9Ø�¹»º�¶L·Vº`Ç�¸AÆ�µ9¾AÆJÐ
�����(� 
 ���(=��  �-��	 � æ =@? !©ç�BÜæ #�� � =�=� !©ç�æ	 "! ��# B�ã
��� í � ïwã � ��� � Ð

�	� 
 � ´0·VµAÌ��\ÐëÑ÷Â�¹»½Ô½»¹»Ø�¾mÐ��:·�¿AÚ � Á�¾9¶wµ£Ý ¾3¼�Á�¹�Ç:¶�Ðuò[¶m¿9Âiº�¹�¿�·V½
ÿ ¶�Ø`Æ�µA¸Xà�á�Î9´Câ9á�Î �G� ÎB: ;�ã�ñ\¶�ØJ·uµ9¸9ÃQ¶�º:¸�ÆVÖ�´CÆ�ÃÉÎ
Ø�Á�¸A¶�µÅ·VºJÇ�âTº:Ö©Æ�µ9Ã�·u¸9¹»Æ�ºLá�¿�¹»¶�º`¿�¶�ã0Û0º�¹»À�¶�µ9¾A¹Ô¸TÌ�ÆVÖ
ÑO¶�º�º�¾AÌ'½»À�·uº�¹�·�ã ����� � Ð



�	����� ò0Â�Æ�Ã�·V¾Õý�Ð�á:¶£Ç:¶wµ9Ê`¶�µ9¼=·VºJÇ=á�¿�Æ�¸9¸ ÿ ÐEÑ3·VµAµ9Ì:Ð
ðiµ9¶�¶�Î�Ö©Æ�µ9Ã ÇÈ¶�Ö©Æ�µAÃ�·u¸9¹»Æ�º�ÆVÖ7¾9Æ�½»¹�Çz¼�¶�Æ�ÃÅ¶�¸Aµ9¹�¿3ÃÅÆ�Ç�Î
¶�½»¾£Ð � ��� ç ����� ! #�� B �>� � � 	 	 � � � � � ���uã ��
 í�,:ï � ��� ��&
�$5"
 ã � � ; 5 Ð

�	��� � ñ(Ð5ò3¶�µAû�Æ�Ø`Æ�Ái½ÔÆ�¾Í·uºJÇ�ñ(Ð�àË¶�¸�· �J·V¾mÐkñ\Ì'º`·VÃÅ¹�¿
��Ç ÃQÆ�Ç:¶�½»¾�Ù0¹Ô¸AÂ ½»ÆÈ¿w·V½L·VºJÇ ¼�½ÔÆ�ÊJ·V½�Ç:¶ÏÖ©Æ�µAÃ�·mÎ
¸9¹»Æ�º�¾��Rñ\¶�Ö�Æ�µ9ÃË·VÊ�½»¶O¾9Á�Ø`¶�µ�Ä�ÁJ·�Ç:µ9¹�¿�¾mÐ ������� �� æ # B$#
� æ  C ���-# �$# æ � �	B !6B æ #�� � æ�ç ? ! #�� � #  ����� ! ����# ç � ã
� �ÈíF:�ï �6: 
 � & : � ,`ã ���"�G� Ð

�	� � � ��¹�·uº�ÃÅ¹»º��`ÂJ·VÆ`Ð � � �	! #�� � � B� ���/� � � ç ��# B� ��� ç  ! ��#
������� � �-� B =.� ç  !�� � � �/� �
� ç� "! ��# B �"� å � ! #  ����� ! � ���/�
� �  "! ��# ÐEÑ3Â`ñ�¸AÂ�¶�¾A¹Ô¾mã7Û0º�¹»À�¶wµ9¾9¹»¸TÌËÆVÖ�ÑO¶�º�ºi¾9Ì:½»À�·mÎº�¹�·�ã � ��� ��Ð


	University of Pennsylvania
	ScholarlyCommons
	June 1994

	Building Anthropometry-Based Virtual Human Models
	Francisco Azuola
	Norman I. Badler
	Pei-Hwa Ho
	Ioannis Kakadiaris
	Dimitris Metaxas
	See next page for additional authors
	Recommended Citation

	Building Anthropometry-Based Virtual Human Models
	Abstract
	Comments
	Author(s)


	tmp.1185294550.pdf.thP4H

