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Figure 1. The data flo w for j+kml�n>o�prqtspvu4qBwyxzqB{ gait analysis. The spatial distrib ution of
the optical flo w computed for each frame of a video sequence is characteriz ed by a
set of scalar s. Over the duration of the sequence , each scalar forms a time series
that is cyclic. The phase relationships among the time series give features that are
useful for gait recognition.
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Table 1. Summar y of scalar j+kml�n>o�prqtspvu4qBwyxzqB{ descriptor s. Summations are over the
entire image. ° and ± are the ² - and ³ -direction optical flo w values respectivel y. The
function ´ segments the image. ´�µ � for pix els that are moving and ´�µ m for
stationar y pix els.
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é?ðfç/ì«ê¤æ?âIë,à�ä4áHà�ë«ã�è²é�âIáHé�âAå�èÈå*ã*à�âsã�î�èÈã�çÄã�çKà{æ ñ ö?é?ä�è²ã�ç«êÄò�ùKì«ê¤è·¶ å�å�ìKõ�@*à�áHã�å�é?ð[ã*à�âIä�à�ë,é?ä�ã*à�ïIå*à�à�èÈâ«ö
ö�æ?è²ã�å�õAìKã�ã�çKé�ìKö�çsã�ã�ç«æTã�ã�çKàYö�æ?èÈã�îNæ?å�éWï«ï�ò9�3à�ä�ç«æTëAå�ã�çKàYéWï«ï«â«à�å�å�ä�à�ë«ä�à�å*à�âpã�å>æ¤ð æ?è ñ ì«ä�à:ã*éÊê¤æTë
ç/ì«ê¤æ?â�å*ã*ä�ì«áHã�ì«ä�à�é�âsã*é�ã�çKàaå*ã�èÈê{ì ñ ì«å�é�âAáHà>ã�ç«à>å�ì«õ�@�à�áHãuõ�à ñ è²à�í?à�åºã�ç«æTãuã�çKà>å�ã�èÈê�ì ñ ì«åfä�à�ë«ä�à�å*à�âsã�åºæ
ç/ì«ê¤æ?â�ò�NæTä�á ñ æ û ���f�T�²¬��%�,�,å�çKé6îºà�ïÊã�ç«æTãuæYïKà�ã*à�áHã�æTõ ñ à�æ?ê%é�ì«âsã�é?ð�ö?à�âAïKà�ä�ä�à�áHé?ö�âAè²ã�è²é�â�èÈå�ë�é�å�å�è²õ ñ àNðPä�é�ê-4�2'aå�ý�æ ñ ã�çKé�ì«ö�çÄã�çKà�ä�à�áHé?ö�â«è²ã�è²é�âgîNæ?å�é�â ñ²û å ñ è²ö�çsã ñ²û õ�à�ã*ã*à�ä�ã�ç«æ?â°á�çAæ?â«áHà?ò�ó�çAèÈå�à�íWèÈïKà�â«áHà{ïKésà�å
âKé?ãºèÈâ«ï«èÈá�æTã*àNã�çKà�ê%à�á�ç«æ?âAèÈå�ê ì«å�à�ï�ðPé?äfã�ç«à�ä�à�áHé?ö�â«è²ã�èÈé�â�ý�õAìKã�ã�ç«à�å�ì«á�áHà�å�åfé?ð,ã�ç«àa���/�4�«�H®*��©4®µ�¤�?� ���T�
æ ñ ö?é?ä4è²ã�ç«ê#å�ì«ö?ö?à�å*ã�å�ã�çAæTã�ú/è^âKà�ê¤æTã�èÈáLå�ã*ä�ì«áHã�ìKä�àLè^å�âKé?ã�âKà�áHà�å�å�æTä û òNüµâÄð[æ?áHã�ým�zè²ã*ã ñ àLæ?âAïi�ué û ï���
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å�ì«ö?ö?à�å*ã¤ã�ç«æTã¤æ ñ ã�ç«é�ìKö�ç³���/�S�K�H®*��©S®¯�¤�?� ���T� ð[à�æTã�ìKä�à�å¤æTä�àÄâ«é?ã�å�ã*ä�ì«áHã�ìKä�æ ñ^ñ²û õAæ?å*à�ï<ý�ã�çKà û ê¤æ û õ�à
å*à�âAå�è²ã�è²í?àNã*éLíTæTä�èÈæTã�è²é�âAå3è^â�ã�ç«à�õAì«è ñ ï�é?ðAã�ç«à�é?õAå*à�ä�í?à�ï%ë�à�ä�å�é�â�ý?à��/ë ñ æ?èÈâ«èÈâ«ö�ã�çKà�æ ñ ö?é?ä4è²ã�ç«ê¸¶ å¥æTõAè ñ è²ã û
ã*éaä�à�áHé?ö�â«èD��àNè^â«ï«è²íWèÈï«ì«æ ñ å�ò�ó�çKà	-4�2'¸à�íWèÈïKà�â«áHàNïKé/à�å�âKé?ã¥ë«ä�à�á ñ ì«ïKà�æaâKé�âKø�å*ã*ä�ì«áHã�ìKä4æ ñ ê%à�á4ç«æ?â«èÈå�êÄò�uà�ä�ã*à�âsã�ç«æ ñ æ?â«ï¹��èÈâsã*é èÈïKà�âsã�è²ð û ã�çKà`èÈê¤ë,é?ä�ã�æ?â«áHàIé?ðLëtç«æ?å*à´èÈâÁö�æ?è²ãxë�à�ä�áHà�ë«ã�èÈé�â]�%�&�bò ó�çKà�èÈä
à��Wë�à�ä�èÈê%à�âsã�åNì«å*à:æ�å*ã�èÈê{ì ñ è«ã�çAæTã�áHé�â«å�èÈå*ã�åué?ð3æ?â¸-0��'Àð[é?ä�æ{îuæ ñ ú?à�ä1ý«ê¤æ?å*ú?à�ïxõ û ïKé?ã�åNê%é6í/èÈâ«ö�è^â
ã�çKà�õAæ?á�úsö?ä�é�ì«â«ï�òYù/é�ê%à�é?ðºã�çKà{å�ã�èÈê�ì ñ èzæTä�à�ë�à�ä�ã�ìKä�õ,à�ïIõ û æ ñ ã*à�ä�èÈâKö�ã�çKà{ëAç«æ?å*à{é?ð�é�å�á�è ñÈñ æTã�è²é�âgé?ð
æ ñ è^êYõ<òLó�çKà û é?õAå�à�ä�í?à�ï´ã�ç«æTã:ë�à�ä�áHà�ë«ã�è²é�â°é?ðuö�æ?è²ãaðPä�é�ê ã�çKà¤ì«âKë�à�ä�ã�ìKä�õ,à�ïIå*ã�èÈê{ì ñ ì«å�îuæ?åLõ,à�ã*ã*à�ä
ã�ç«æ?âÊð[é?ä�ã�çKà�ë,à�ä�ã�ìKä�õ�à�ï�é�âKà?ý/õAìKãfõ�é?ã�ç¤îuà�ä�à>å�è²ö�â«è»ô,á�æ?âpã ñ²û õ�à�ã*ã*à�ä�ã�ç«æ?â�á�çAæ?â«áHà?òU�uà�ä�ã*à�âpã�çAæ ñ æ?â«ï�ºèÈâpã*é´æ?å�å�ìAê%à�ï�ã�ç«æTã{úWèÈâKà�ê¤æTã�èÈáÊå*ã*ä�ì«áHã�ì«ä�à£îNæ?å�è^ê%ë�é?ä�ã�æ?âpã{æ?â«ïÒë,à�ä�ã�ìKä�õ�à�ï`é�â ñ²û ã�çKà�ëAç«æ?å�à£é?ð



ã�çKà¤ê¤é?ã�è²é�â�òCº ñ à�æTä ñ²û ý�ëAçAæ?å*à%èÈåaèÈê%ë�é?ä�ã�æ?âsã>ð[é?ä:ë�à�ä�áHà�ë«ã�è²é�â°é?ðNê%é?ã�è²é�â`èÈâ´ç/ì«ê¤æ?â«å�ýB@�ì«å*ã:æ?åLèÈãaè^å
ð[é?ä�ã�çKà%�4�/�4�K��®��*©4®µ�¤�?� � �?�8æ ñ ö?é?ä�è²ã�çAêhò

L>M�»2O�¼ `,��T�½A�D�K��T�¾�¿2T/�K� � �&Ts�ÀWJY;Á�Â<��Ã_^[�i[]WA��^_WJ`
�ué û ïÄæ?â«ï¸��è²ã*ã ñ àÀ�%�&�<é, �à�ä�à�ïxã�çKà:ð[é ñÈñ é1î�èÈâKö�áHé�â,@�à�áHã�ìKä�àLã*é%à��/ë ñ æ?èÈâÊã�çKà:ëAå û á�çKé?ëtç û å�èÈá�æ ñ é?õAå*à�ä�ø
íTæTã�è²é�â«å�ýKõtæ?å*à�ïÄìKë�é�â�ã�çKà����W�4�K�H®*��©S®¯�¤�?� ���T��æ ñ ö?é?ä4è²ã�ç«êhò�ºué�â«å�èÈïKà�äNã�çKàLèÈê¤æTö?à:é?ð¥æ�ë�à�ïKà�å*ã*ä�è^æ?âÊã*é
õ�àLæ£áHé ñ^ñ à�áHã�è²é�âhé?ð�ê%é6í/èÈâ«ö%ë,é�è^âpã�å�ò 5 å�æ¤å�èÈê%ë ñ à:æTë«ë«ä�é��WèÈê£æTã�è²é�â�ýKã�çKàYê¤é?ã�è²é�âhð[é?ä�à�æ?á�çgë�é�èÈâpã�è^â
ã�çKà�ë�à�ïKà�å*ã*ä4èÈæ?âgá�æ?â°õ�à{à��/ë«ä�à�å�å*à�ï´æ?å>ã�çKà%å�ì«ê�é?ðºæ ñ èÈâKà�æTäaê%é?ã�è²é�â´æ?â«ï´æ?â°é�å�á�è ñÈñ æTã*é?ä û ê%é?ã�è²é�â<ò�Ké?ä�à��Wæ?ê¤ë ñ à?ý ñ à�ã�ã�ç«à � ø�áHé/é?ä�ï«èÈâAæTã*à:é?ð¥æ?âIæTä�õAè²ã*ä�æTä û ë�é�èÈâsã�Äºõ�à

� «*þ_Å�ÿU� � «�Æ�e(£,ª,Å=e�Ç�«TáHé�å6þÉÈUÅ=eÊ|J«bÿ\� þË
1ÿ
î�ç«à�ä�à � «�Æ%èÈåYæIáHé�â«å*ã�æ?âsã�ý8£,ªÄèÈå:ã�çKà£ê¤à�æ?â�í?à ñ éWá�è²ã û é?ð�ã�çKà£ë,à�ä4å*é�â�ýzæ?â«ï�Ç�«µý�ÈÀæ?â«ï�|J«�æTä�à£ã�ç«à
æ?ê%ë ñ è²ã�ì«ïKà?ý?ð[ä�à3/ìKà�â«á û æ?â«ï%ëtç«æ?å*à�é?ð�ã�çKà�é�å�á�è ñÈñ æTã�èÈé�â�ò � «�Æ e¸£ ª Å�èÈå�ã�çKà ñ èÈâKà�æTä�ëAæTä�ã�é?ð�ã�çKà�ê%é?ã�è²é�â<ò5 ñÈñ ë,é�è^âpã�åºå�ç«æTä�à�ã�çKà>å�æ?ê%à�ð[ä�à3/ìKà�â«á û ý�È�ýWõAìKãfíTæTä û èÈâaÇ�«�æ?â«ï)|J«zï«à�ë,à�âAï«èÈâKö:é�â�î�çKà�ä�à�ã�çKà û æTä�à
èÈâxã�ç«àLõ�é/ï û òfó�çKà � ø�áHé/é?ä�ï«èÈâ«æTã*àYé?ð�ã�çKà�áHà�âpã*ä�é�è^ïÄèÈå

Ì� þ_Å�ÿU� 
d0Í « � «�þ_Å�ÿU�

diÍ «�Î � «�Æ�e(£,ª,Å=e�Ç�«?áHé�å1þÉÈUÅ2e�|J«�ÿXÏc� þ·��ÿ

î�ç«à�ä�à:d¼è^å:ã�çKàÊâ/ì«ê�õ�à�äYé?ð�èÈê¤æTö?àÊë�é�èÈâpã�åYèÈâ�ã�çKà£ë,à�ï«à�å*ã*ä�èÈæ?â�ò 5 åLëAæTä�ãYé?ð�à��Wã*ä�æ?áHã�èÈâKö°æÄëAç«æ?å�à
ð[à�æTã�ìKä�àLîuàYï«è^å�á�æTä�ïxã�çKà ñ è^âKà�æTä�ë�é?ä�ã�è²é�âxé?ð¥ã�çKàLê%é?ã�è²é�â ñ à�æ�íWèÈâKö

Ì� þ_Å*ÿU� 
d Í « Ç�«TáHé�å6þÉÈUÅ=eÊ|J«�ÿ\� þ·��ÿ
ó�ç«àÊå�ì«ê£ê¤æTã�è²é�â8è^â�/�3/ì«æTã�è²é�â·þ·��ÿLè^åLã�çKà�å�ì«ê&é?ð�æIå*à�ã{é?ð�ëAç«æ?å*à£í?à�áHã*é?ä�å�ýfé?ä{ëAç«æ?å*é?ä4å�ò#��ç«æ?å�à
í?à�áHã*é?ä�å�æTä�àÄáHé�ê¤ê¤é�â ñ²û ì«å*à�ï ã*é`ë�à�ä�ð[é?ä�ê áHé�ê%ëAìKã�æTã�èÈé�â«å%î�è²ã�çVä�é?ã�æTã�è^âKö�í?à�áHã*é?ä�å£ã�ç«æTã£å�ç«æTä�àxæ
áHé�ê¤ê¤é�â8ð[ä�à3/ìKà�â«á û ý¥å�ì«á�ç8æ?å�èÈâ�à ñ à�áHã*ä�èÈá�æ ñ ë�é6îºà�ä�å û å*ã*à�ê¤å�ò�üµâ8å�çKé?ä�ã�ý3ã�çKà£å�ìAê¤ê¤æTã�è²é�â�á�æ?â8õ�à
ã*ä�à�æTã*à�ï°æ?å�ã�çKà�å�ì«ê é?ð�æ¤å*à�ã�é?ð3í?à�áHã*é?ä�å�ýtà�æ?á�çgí?à�áHã*é?ä>çAæ�íWèÈâKö¤ê¤æTö�â«èÈã�ì«ïKàÐÇ�«�æ?â«ïIï«è²ä�à�áHã�è²é�â#|J«µò
ù/à�í?à�ä4æ ñ áHé�â«á ñ ì«å�è²é�â«å�ê¤æ û õ�àLïKä4æ�î�âxð[ä�é�ê
ã�ç«è^å�áHé�â&@�à�áHã�ì«ä�à?÷

Tò>ß�à�áHé?ö�â«èÈã�è²é�â£é?ðzé?õ�@�à�áHã�åNð[ä�é�êÑ-4�2'aåNïKésà�åuâKé?ã�âKà�áHà�å�å�æTä�è ñ²û ç«æTë«ë�à�âÊõ�à�á�æ?ì«å*à>ã�çKà û á�æTë«ã�ìKä�à
ã�çKà%å*ã*ä�ì«áHã�ì«ä�à�é?ðué?õ�@*à�áHã�å:èÈâ´æxå�áHà�âKà?ý<õAì«ã�õ�à�á�æ?ì«å*à�ã�çKà û æ?ïKà3/ì«æTã*à ñ²û å�æ?ê%ë ñ à{ã�çKà%ê%é?ã�è²é�â
é?ð�ë�é�èÈâsã�å�èÈâxã�çKàYà�âpã�è²ä�à:é?õ�@�à�áHã�ò

�/ò�ü¯ð3è²ã�èÈåNé�â ñ²û âKà�áHà�å�å�æTä û ð[é?ä�ã�çKàLïKé?ã�å�è^âhæ?â¸-0��' ã*éÊå�æ?ê%ë ñ àaã�çKàLê¤é?ã�è²é�â�ýKã�çKà�âxë�à�ä�áHà�ë«ã�èÈé�â
é?ð�ö�æ?èÈã�å�çKé�ì ñ ïhâKé?ã�ä�à3/ì«è²ä�àaã�ç«æTã�ã�çKàLïKé?ã�å�õ�àLæTã8@*é�èÈâsã�å�ý«å�èÈâAáHà:ã�ç«æTã�èÈåNëAì«ä�à ñ²û æ£å*ã*ä�ì«áHã�ìKä4æ ñ
áHé�â«áHà�ä�â�ò

�/ò 5 â û -0��' ã�ç«æTã�çAæ?å¥���/�S�K�H®*��©S®¯�¤�?� ���T�£ð[à�æTã�ìKä�à�å�áHé?ä�ä�à�å*ë�é�â«ïAèÈâKöNã*é�ö�æ?è²ã�å�çKé�ì ñ ïaõ�à�ë�à�ä�áHà�è²í?à�ï
æ?å�ö�æ?è²ã�ò

ó�ç«à�ä�à�ê¤æ?è^â«ïKà�äfé?ð�ã�ç«è^åfëAæTë�à�äºï«à�å�áHä�è²õ�à�å�ã�çKà�à��/ë�à�ä�è^ê%à�âpã�îºà>ïKà�å�è²ö�âKà�ï£ã*é�ã*é�ã*à�å*ãuã�çKà�áHé�â&@*à�áHã�ìKä�à
é?ð��ué û ïIæ?â«ïi�zè²ã*ã ñ à?ò
Ò�Õ�Ó¸Ô7Õ�Ö�ÙAÞv×ØÖ¥×uØ�ÙfÖ�ÚKÞzKu×�G�×>ÛÜÛ�Ú�ØKÞµÚN×ÞÝNØKÞv× Übß*Þ
ó�ç«àÊáHé�â&@*à�áHã�ìKä�àxèÈâÒã�çKàÊëAä�à�í/èÈé�ì«åYå*à�áHã�èÈé�âÒèÈâAï«èÈá�æTã*à�å{çKé1î é�âKàxå�çKé�ì ñ ï�å û âpã�çKà�å�è���à�æ?âÒé?ë«ã�èÈá�æ ñ1 é6îÍôAà ñ ïhå*é%ã�ç«æTã�èÈå�ç«æ?å�ã�çKàYå�æ?ê%àYá�çAæTä�æ?áHã*à�ä�èÈå*ã�è^á�å�æ?å�ã�çKàLôAà ñ ïxð[é?ä�æ¤ç/ì«ê¤æ?âxö�æ?è²ã�ò	6`àLã*à�å*ã�ã�ç«à



ë�à�ä�áHà�ë«ã�èÈé�â�é?ð 1 é6îËå û âsã�çKà�å�è���à�ïÒã�ç«èÈåYîuæ û ý�ã*é°å*à�àxè²ð�è²ãYè^åYèÈâ«ï«à�à�ï�ë�à�ä�áHà�è²í?à�ïÒæ?å{ægçsìAê¤æ?â�ö�æ?è²ã�ò
ó�ç«à>ì«å�à�é?ðzæ?âxæ ñ ö?é?ä4è²ã�ç«ê)ðPé?äNë�à�ä�áHà�ë«ã�è²é�â�æ?åNæ{ã*ésé ñ ð[é?äuå û âsã�çKà�å�èÈåNá�æ?â�ë�é�èÈâpãºã*é�ã�çKà>å�ë,à�á�è²ôtá�ëAæTä�ã
é?ð¥ã�çKàLê%é?ã�èÈé�âÄã�ç«æTã�ã�çKà�æ ñ ö?é?ä�è²ã�ç«ê
è^å�å*à�â«å�èÈã�è²í?àaã*éKò6`à:ì«å*à>æYð æ?áHã*é?ä�èÈæ ñ à��Wë,à�ä4èÈê%à�âsã�ã*é{ã*à�å*ãºã�ç«à�ë�à�ä�áHà�ë«ã�èÈé�â�ò¥üµïKà�æ ñ^ñ²û ýpîuà>å�çKé�ì ñ ï¤ìAå*à�ã�ç«à��W�D�H�����S�H� ®
�T�A�Î¡´���T�A� �*�T��¨?�*�T�6�³¢p�S�S�»¨��Vï«à�å�áHä�è²õ�à�ï´õ û ºNæ?ê¤ë«õ�à ñÈñ æ?â«ïÒù/ã�æ?â ñ à û �à���bý�õAìKã:ã�çKà£â/ì«ê�õ�à�ä:é?ðNìAâWø
é?ä�ï«à�ä�à�ïgáHé�ê�õAèÈâAæTã�è²é�â«å�é?ðfð[æ?áHã*é?ä4å:èÈå�ã*é/éxâsì«ê¤à�ä�é�ì«å>æ?â«ïIð[é?ä�áHà�åaì«å�ã*éhì«å*à�å�é�ê%à�ä�à�ë,à�æTã*à�ï´ê%à�æDø
å�ì«ä�à�å�òxùWà�áHã�è²é�â$�KòD
£ï«à�å�áHä�è²õ�à�åaã�çKà£æ?áHã�ìAæ ñ ê%à�ã�ç«é/ï`îuà£ì«å�à�ï�èÈâ`é�ìKäYëAè ñ é?ãLå*ã�ìAï û ò�6`àÊïAèÈå�á�ì«å�å:æ
ôtâAæ ñ ïKà�å�è²ö�âÄè^âIù/à�áHã�è²é�âi�/ò
ü�âhã�çKà�à��/ë�à�ä�èÈê¤à�âpã�ýKîuàYë«ä�à�å*à�âpã�å�ìKõ�@*à�áHã�å�î�èÈã�çÄæ¤ê%é?ã�è²é�âgå*ã�èÈê{ì ñ ì«å�æ?âAïÄæ?å*úhã�çKà�êkã*é£ä�à�áHé?ä�ï<ý
èÈâÒâKé?ã�ê%é?ä�à£ã�çAæ?âÒã¯îºé°é?ä�ã�çKä�à�àÊîºé?ä�ïAå�ý¥î�ç«æTãYã�ç«à û ë�à�ä�áHà�è²í?àÊè^â�ã�çKà�ê%é?ã�è²é�â�ò06`à�ïKà�å�è²ö�â8ã�ç«à
å*ã�è^ê�ì ñ è�ã*é�çAæ�í?à�å*ë�à�á�è»ôtá:ë«ä�é?ë,à�ä�ã�è²à�å�ã�ç«æTãaæTä�à{áHé�âpã*ä�é ñ^ñ à�ïIõ û æ�å*à�ã�é?ð�ð æ?áHã*é?ä�å�ò>ó�çKà�ð[æ?áHã*é?ä�å�ýté�ìKä
èÈâAïKà�ë�à�â«ïKà�âsãºíTæTä�èÈæTõ ñ à�å�ý«æTä�à?÷
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Figure 2. Sample images from motion stim uli: ( qB{>p��,qBx·{>wZj ) the Cutting canonical
walker MLD sequence , ( q��;p��,qBx·{>w·j ) walker with dots on the bod y, but moved away
from joints, ( q��;p���q
	�� ) walker with dots randoml y displaced from joints, ( q�j��prq��;p���q
	�� )
walker with dots displaced from joints by oscillating distance of random amplitude
and phase , and ( �rl�{�	<qBu¸prq�j� ) a set of random dots moving cyclicall y with random
phase and amplitude , same frequenc y as qB{>p��,qBx·{>w·j .
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Table 2. Summar y of j+kml�n>o�prqtspvu4qBwyxzqB{ features for the five motion stim uli. Values are
phases scaled to lie in the rang e ��� m�������m������ . Values in the parenthesis are deviations
from the feature value for qB{>p��,qBx·{>wZj scaled by � (in the right column). � s are the
between-per son standar d deviation for the feature computed for earlier recognition
experiments. These are used as a rough guide onl y for comparing features.
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Figure 3. Examples of images in a motion stim ulus illustrating the two encoding
methods: (a) MLD and (b) random dot encoding. Nothing can be seen in the random
dot image without any motion since there is no correlation between pix els.
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å�ì<�ÊáHà?ò��Ké?ä�ã�çKàLëAè ñ é?ãNå�ã�ì«ï û ýKîuàYì«å*à:ð[é�ìKä�ï«ìKä4æTã�è²é�â«å�ý=
;:pý<��:�ý<��:�ý«æ?â«ï0?�:�ò
=�Õ?>�ÞvßµÚfØfÝNØKÜ>ÛA@
6`à´áHé ñÈñ à�áHã*à�ï¸ï«æTã�æ�ð[é?äÊæ8ëAè ñ é?ã¤å*ã�ìAï û �%?&��ã*éÒï«à�õAìKö�ã�çKàgïKà�å�è²ö�â¼é?ð>ã�ç«àIà��Wë,à�ä4èÈê%à�âsã�ò³ó�çAèÈå
å*à�áHã�èÈé�âÄë«ä�à�å�à�âpã�å�ã�ç«àLà��/ë�à�ä�è^ê%à�âpã�æ ñ ê¤à�ã�çKé/ïIæ?â«ïhæ¤å�æ?ê%ë ñ àLæ?â«æ ñ²û å�èÈåNé?ð3ã�çKàLä�à�å�ì ñ ã�å�ò
B2M.NJO []Tp� Q W>¾
ó�ç«àÊôtí?àÄê%é?ã�è²é�âÁå*ã�è^ê�ì ñ è>þ*�T�A®ÎÌ��T�[�A�[�4ýL��Ï�®|Ì��T�P�t�[�4ý:��Ï�®�¿���¢T¡TýL�D����®*��Ï�®�¿���¢T¡TýNæ?â«ï �*�T�t¢��?�{®*�D���6ÿ4ý
ã�çKà{ã�îuéhê%é?ã�è²é�â°à�â«áHéWï«èÈâKö�å{þC6 æ?â«ï`�:ÿ�æ?â«ï°ð[é�ìKä>ïAìKä�æTã�è²é�â«å{þË
;:�ý=��:pýJ��:pý�æ?â«ï ?�:Dÿ�ö�è²í?à�æ£ã*é?ã�æ ñ
é?ð��c*Êå*à�ëAæTä�æTã*à�ê%é?ã�è²é�âgå*à3sì«à�â«áHà�å�è^âhã�çKàYð æ?áHã*é?ä�èÈæ ñ à��Wë,à�ä4èÈê%à�âsã�ò	6`à�áHä�à�æTã*à�ï°ï«è²ö�è²ã�æ ñ ê¤é1íWè²à�å�æTã
æ�ä�à�å*é ñ ì«ã�è²é�â£é?ð2�&�c*$DJÄ � , # :Lõ û ���,*$D<Ä � , # :�ýWð[é?äuà�æ?á4çxé?ð�ã�çKà�å*à:å*à3/ìKà�â«áHà�åNì«å�è^âKöYæ%ùWè ñ èÈáHé�âFE>ä�æTëAç«è^á�å
îué?ä�úWå*ã�æTã�è²é�â�ò06`à�ã�ç«à�â8ã*ä�æ?âAå*ðPà�ä�ä�à�ï�ã�çKàxå*à3/ìKà�â«áHà�å�é�âpã*é`æ?âÂù�Gb"aù�í/è^ïKà�éÄã�æTë�à?ýfèÈâ8ægä�æ?â«ï«é�ê
é?ä�ï«à�ä�ýuå�á�æ ñ èÈâKö´ã�çKàIè^ê¤æTö?à�å¤ã*é�@�ì«å*ã{ô ñ^ñ ã�çKàhà�âpã�èÈä�àIå�áHä�à�à�â<ò�6`àIå*à ñ à�áHã*à�ï¸æ`ö?ä�é�ìKë¼é?ð>å�ì«õ�@�à�áHã�å
þ å*ã�ìAïKà�âpã�å�èÈâxæ{áHé�ê¤ëAìKã*à�ä�íWèÈå�è²é�â�á ñ æ?å�åSÿ�æ?âAïhå�çKé1îuà�ïhà�í?à�ä û å�ìKõï@�à�áHãNà�í?à�ä û å*ã�èÈê{ì ñ ì«åuèÈâ�ã�çKà:å�æ?ê%à
é?ä�ï«à�ä�ò��uà�ðPé?ä�à�íWè²à�î�èÈâ«ö%ã�çKà{å�ã�èÈê�ì ñ è�ýKîuà�ö�æ1í?à{ã�ç«à�å�ìKõï@�à�áHã�å>æ£å�ç«à�à�ã�é?ð�ëAæTë�à�ä�î�è²ã�çIè^â«å*ã*ä�ì«áHã�èÈé�â«å
å�æ û è^âKö¤ã�ç«æTã�÷

H ã�çKà û æTä�àYæTõ�é�ìKã�ã*é£å*à�à�æ¤å*à�ä�è²à�å�é?ð��c*%íWèÈïKà�é¤á ñ è²ëAå�ý
H ã�çKàLá ñ è²ëtåNíDæTä û èÈâhï«ì«ä�æTã�è²é�âxð[ä�é�ê#æTõ�é�ìKã�é�âKàYå�à�áHé�â«ïÄìKëhã*éÊà�è²ö�çpã�ýtæ?â«ï
H ã�çKà û å�çKé�ì ñ ïhè^â«ï«èÈá�æTã*àaî�ç«æTã�ã�ç«àLõ�à ñ è²à�í?à:èÈå�ã�çKàLá�æ?ìAå*àLé?ð¥ã�çKàLê%é?ã�è²é�âIèÈâxà�æ?á�ç°á ñ è²ë<ò



ó�ç«à û ä�à�áHà�è²í?à�ïVâKéÄé?ã�çKà�ä%èÈâKð[é?ä�ê¤æTã�èÈé�â�æTõ�é�ìKãLã�çKàÊà��/ë�à�ä�èÈê¤à�âpã�òhó�çKàÊëAæTë�à�äYç«æ?ï��c*Iâ/ì«ê�õ,à�ä�à�ï
õ ñ æ?âKú/å<î�è²ã�çLå*ëtæ?áHàfðPé?ä3æTã�ê%é�å�ã��Né?ä���îué?ä�ï«å<èÈâLî�ç«èÈá4ç:ã�çKà�å�ì«õ�@�à�áHã�å�áHé�ì ñ ï:ä�à�áHé?ä�ïLã�çKà�èÈäzä�à�å*ë�é�â«å�à�å�ò6`à{ä�à�íWè²à�îÀã�çKàYä�à�å*ë�é�â«å*à�å�æ?â«ïIá�æTã*à�ö?é?ä�èD��à�ã�çKà�êÄòNó�ç«èÈå�èÈå�æ£å�ìKõï@�à�áHã�è²í?à�ë«ä�éWáHà�å�å�ý«õtìKã ñ à�æ1í?à�å�ã�ç«à
å�ì«õ�@�à�áHã�å�ðPä�à�àYé?ð�à��Wë�à�áHã�æTã�è²é�â«å�æTõ�é�ìKã�ã�ç«àYå*ã�èÈê{ì ñ è�òA âAáHàuã�ç«àuä�à�å*ë�é�â«å*à�å¥æTä�à�á�æTã*à�ö?é?ä�è���à�ï�ýsã�çKàNä�æ�îÁïAæTã�æ:áHé�â«å�èÈå*ã�å3é?ð�æ>ã�ìKë ñ à�å¥áHé�âsã�æ?èÈâ«èÈâKö>ã�çKà ñ à�í?à ñ å
é?ð�ã�çKàYã�çKä�à�àYèÈâAïKà�ë�à�â«ïKà�âsãuíTæTä�èÈæTõ ñ à�å�ý«æ?â«ïhã�ç«àYïKà�ë�à�â«ïKà�âsã�íTæTä�èÈæTõ ñ à?ýKã�ç«àYá�æTã*à�ö?é?ä�è���à�ï°ä�à�å*ë�é�â«å�à�å�ò
ó�ç«à�ä�à:æTä�àÐ�c*%ã�ìKë ñ à�åºð[é?ä�à�æ?á�çgå�ìKõ�@*à�áHã�ýKõAæTä�ä4èÈâKö�ê£èÈå�å�èÈâ«ö{ï«æTã�æWò�6`àLðPé?ä4ê ã�çKà:ï«æTã�æ¤èÈâsã*é%æC�Tøbîuæ û
áHé�âsã�èÈâKö?à�â«á û ã�æTõ ñ àaæ?âAïhã*à�å*ã�ð[é?ä�ïKà�ë�à�â«ïKà�â«á�èÈà�åuæ?ê¤é�âKö%ã�çKà:íTæTä�èÈæTõ ñ à�åÐ��
íWý<?Ký=
r�bò A ìKä�æ?â«æ ñ²û å�èÈå�è^å
ïKà�å�áHä�è²õ�à�ïxð[ì«ä�ã�çKà�ä�èÈâIù/à�áHã�èÈé�â¸�Kò �/ò6`àLä�à�áHé?ö�â«è���àLã�ç«æTã�õ û å�çKé6î�èÈâKö%æ ñÈñ å�ì«õ�@�à�áHã�å�è^ïKà�âpã�è^á�æ ñ å*ã�èÈê{ì ñ è�èÈâxã�çKàLå�æ?ê¤à:é?ä�ïKà�ä�áHé�âKð[é�ì«â«ïAå
íTæ ñ èÈï«èÈã û ï«ìKàLã*é�ã�çKà�à� ,à�áHã�åaé?ðfê{ì ñ ã�è²ë ñ àLê%à�æ?å�ìKä�à�å�òh6·è²ã�ç#�c*�å*ã�èÈê{ì ñ è<èÈã�îNæ?å�å�è^ê%ë ñ²û áHé�âpí?à�âAè²à�âpã
ã*éhå�çKé6î æÊå�è^âKö ñ àYö?ä�é�ìKë`æ ñÈñ ã�ç«à{å*ã�è^ê�ì ñ èzèÈâIé�âKà%å�çKé?ã�ò�6³ç«è ñ àYã�çKà%ï«æTã�æ�èÈâgã�çKà{ëAè ñ é?ã>å*ã�ì«ï û ê¤æ û
âKé?ã ñ à�æ?ï¤ã*é�íDæ ñ èÈï¤áHé�â«á ñ ìAå�è²é�â«å�ýsè²ã�èÈåfå�ì5�Êá�è²à�âsãfð[é?ä�ã�çKà�ëAìKä�ë�é�å*à�å¥é?ð�ã�çKà�ëAè ñ é?ã�å�ã�ì«ï û ò¥üµâ�ù/à�áHã�è²é�âa�
îuà�ïKà�å�áHä�è²õ�à�æ:õ�à�ã*ã*à�äºê%à�ã�çKéWï¤ð[é?ä�áHé ñÈñ à�áHã�èÈâKöYï«æTã�æYã�ç«æTãfî�è ñÈñ ä�à�ï«ì«áHà�ã�ç«à�ë«ä�é?õ ñ à�ê¤å¥î�è²ã�ç¤ê{ì ñ ã�èÈë ñ à
ê%à�æ?å�ìKä�à�å�èÈâÄã�çKàLì ñ ã�èÈê£æTã*à:à��/ë�à�ä�èÈê¤à�âpã�ò
B2MDL=O ��`z�<ÃÉÂ<��^[�
ó�ç«àhôAä�å*ã¤å�ã*à�ë³èÈâ¼æ?â«æ ñ²û å�èÈå%é?ðaã�çKà°ï«æTã�æ�îNæ?å£ã*éVá�æTã*à�ö?é?ä�è���à°ã�çKàgå�ìKõ�@*à�áHã¤ä�à�å*ë�é�â«å*à�å�ò 5 ðPã*à�ä
å�á�æ?âAâ«èÈâKö%ã�çKàLïAæTã�æWý«îºà�ïKà�á�èÈïKà�ïhã�çAæTã�ã�çKà:ä�à�å*ë�é�â«å�à�åNðPà ñÈñ âAæTã�ìKä�æ ñÈñ²û èÈâsã*é%ã�çKä�à�àYá�æTã*à�ö?é?ä�èÈà�å�÷

Tò>æ�ë�à�ä�å*é�âhîNæ ñ úWèÈâKöÄþTÅ·ÿ4ý
�/ò>æ�ë�à�ä�å*é�âhîNæ ñ úWèÈâKö�õAìKã�èÈâhæ?âIì«âsìAå�ì«æ ñ ê¤æ?â«âKà�ä{þTÅJI�ÿ4ýAæ?âAï
�/ò>æ%å*é�ê%àLé?ã�ç«à�ä�ê%é?ã�è²é�âIâKé?ã�ä�à ñ æTã*à�ïIã*é£çsìAê¤æ?â«åNé?ä�ç/ì«ê¤æ?â ñ é/áHé�ê%é?ã�èÈé�âzþLKgÿ4ò
üµã�îNæ?å�é?õ/í/è²é�ìAå�î�çKà�âÄæ£å�ìKõ�@*à�áHã�ë�à�ä�áHà�è²í?à�ïÄæ¤â«é?ä�ê¤æ ñ ç/ì«ê¤æ?âhö�æ?è²ã�òuß�à�å*ë�é�â«å�à�å�ã�ç«æTã�îuàYá�æTã*à�ö?éTø
ä�èD��à�ïÄæ?å�îNæ ñ ú/è^âKöKýKõAìKã�å*ã*ä4æ?âKö?àYèÈâ«á ñ ì«ïKà�ï

H ã�çKàLå*ë�à�á�è»ôtá>ä�à�å�ë,é�âAå*à:ã�ç«æTã�è²ã�îNæ?å�æ?âIé/ï«ïhç/ì«ê¤æ?âxö�æ?èÈã�ý
H æ%çsìAê¤æ?âhö�æ?è²ã�ý«õtìKã�ã�çKà:ë�à�ä�å*é�âhèÈå�á�æTä�ä û èÈâKö%å*é�ê%à�ã�ç«è^âKöKý
H æ%çsìAê¤æ?âhö�æ?è²ã�ý«õtìKã�ã�çKà:ë�à�ä�å*é�âhèÈå�å*ã*à�ë«ëAèÈâ«ö{õtæ?á�úhæ?â«ïhð[é?ä�ã�ç�ý«æ?â«ï
H æ%çsìAê¤æ?âhä�ì«âAâ«èÈâKöKò

/U�/ë ñ æ?â«æTã�è²é�â«åNð[é?ä�ã�çKàLä4æ?â«ïKé�ê ñ²û é�å�á�è ñÈñ æTã�èÈâKö{ë,é�è^âpã�å�è^â«á ñ ì«ïKà�ï<÷
H ë�é�èÈâpã�å�å�î�è²ä ñ è^âKö�èÈâxã�ç«àLî�èÈâ«ï<ý
H ä�é?ã�æTã�è²é�âhé?ð�å*é�ê¤àYå*é?ä�ã�ý
H ä�æ?â«ïKé�ê
ê¤é1í?à�ê%à�âsã�ý
H æ�í?é?ä�ã*à���ý
H áHà ñÈñ ì ñ æTäNê¤é?ã�è²é�â�ý«æ?â«ï
H ä�é?ã�æTã�èÈâKö�'b� 5 çKà ñ è���ò

º ñ à�æTä ñ²û ã�ç«àYå*ã�èÈê{ì ñ ì«åuö�æ1í?àYã�çKàYè^ê%ë«ä�à�å�å�è²é�â£é?ð¥ä�é?ã�æTã�èÈé�â�ò 5 ñ ã�çKé�ìKö�çxã�çKàYë«ä�éWáHà�å�åNé?ð�á�æTã*à�ö?é?ä�è���èÈâKö
ã�çKà:ï«æTã�æ�èÈåNå�ì«õ�@�à�áHã�èÈí?à?ý/îuà:á�æ?â�ö�è²í?àaã�çKà:á�æTã*à�ö?é?ä�è²à�å�å*é�ê¤à>íTæ ñ èÈïAè²ã û õ û ö?à�ã*ã�èÈâKö�é�âKàaé?ä�ã¯îºé%é?ã�çKà�ä
ë�à�é?ë ñ à:ã*éÊá�æTã*à�ö?é?ä�è���àYã�ç«àLä�à�å*ë�é�â«å*à�å�è^â«ïKà�ë�à�â«ïKà�âsã ñ²û ò
ó�éhæ?â«æ ñ²û ��à�ã�çKà%á�æTã*à�ö?é?ä�èD��à�ï´ä�à�å*ë�é�â«å*à�å�ý,îuà{ð[é?ä�ê æ�áHé�âpã�èÈâ«ö?à�â«á û ã�æTõ ñ à{æ?â«ï ñ é/é?úÄð[é?ä:ïKà�ë�à�âWø
ïKà�âAá�è²à�å�æ?ê%é�âKö:ã�çKà�íTæTä�èÈæTõ ñ à�å�ò�ó3æTõ ñ à�åU�aæ?âAïC�LáHé�êYõAè^âKà�ï%å�çKé6îÂã�çKà�áHé�ê%ë ñ à�ã*à�áHé�âsã�èÈâKö?à�âAá û ã�æTõ ñ à
ð[é?ä�ã�çKàLëtè ñ é?ã�å*ã�ì«ï û ï«æTã�æWò



���t���1¢T�P�/¨ ¢T�W���?� ���T� �¤�?� ���T� �*�H�b�W�T�«���
Å ÅJI K6 
;: �T�A®ÎÌ��T�[�A�[� � � *

��Ï�®ÎÌ��T�[�A�[� � 
 

��Ï�®*¿���¢T¡ * � �
�D����®*��Ï�®�¿���¢?¡ * � �
�*�T�t¢��?�{®*�D��� * * ���: �T�A®ÎÌ��T�[�A�[� � 
 *
��Ï�®ÎÌ��T�[�A�[� � � *
��Ï�®*¿���¢T¡ * � �
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 � 
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 � 

�*�T�t¢��?�{®*�D��� * * �?�: �T�A®ÎÌ��T�[�A�[� � 
 *
��Ï�®ÎÌ��T�[�A�[� � � 

��Ï�®*¿���¢T¡ * � �
�D����®*��Ï�®�¿���¢?¡ 
 � 

�*�T�t¢��?�{®*�D��� * * �

Table 3. Pilot-stud y conting ency table for MLD motion encoding onl y, sho wing fre-
quencies split by all variab les. Categories for responses are: ( M ) person walking,
( MON ) person walking, but strang ely, and ( P ) explanations other than human loco-
motion. Duration values are:

�RQ
,
l5Q

,
qSQ

, and T Q . Descriptions for motions are in
Section 3.1.

ó�ç«àYôAä4å*ã�ã�çAèÈâKö£îuà ñ é/é?úgæTã:èÈâgã�çKà%æ?â«æ ñ²û å�èÈå>èÈå>ã*éxï«à�ã*à�ä�ê¤èÈâKà�è²ð�ã�çKà�ä�à�è^å>æ?â û ïKà�ë�à�â«ï«à�â«á û é?ð
ã�çKàLå�ìKõ�@*à�áHãuä�à�å*ë�é�â«å*à�åuã*é%ã�çKàað[æ?áHã*é?ä4å�ò��Ké?ä�ã�çAèÈåuîºàLì«å�àaæ{ã¯îºéTøbîNæ û áHé�âsã�èÈâKö?à�â«á û ã�æTõ ñ à:æ?â«æ ñÈû å�è^å�ý
áHé�ê%ëtæTä�èÈâKöxã�çKà%ä�à�å�ë,é�âAå*à�åaæTö�æ?èÈâ«å*ã:ã�çKà7@*é�èÈâsãaïAèÈå*ã*ä�è²õtìKã�è²é�âÄé?ðuà�â«áHéWï«èÈâKöKý�ï«ì«ä�æTã�è²é�â´æ?â«ï`ê%é?ã�è²é�â<ý
è�òÓà?ý�ã�çKà�áHé�âAá�æTã*à�â«æTã�è²é�âÂé?ð>ó�æTõ ñ à�åî�°æ?â«ï(�Kò$6`àÄì«å*à�ã�çKàFUWV�å*ã�æTã�èÈå*ã�è^á£ã*é´ã*à�å*ã%ã�çKàxç û ë�é?ã�çKà�å�è^å
ã�ç«æTã�ã�ç«à>íTæTä�èÈæTõ ñ à�åºæTä�àLèÈâ«ïKà�ë�à�â«ïKà�âsã�ò¥ó�çKàYX å*ã�æTã�èÈå*ã�èÈáÀ�%?&�<èÈåNæ{ë�é?ëAì ñ æTäNæ ñ ã*à�ä�âAæTã�è²í?à?ýKõAìKãuðPé?ä�ã�ç«à
ëAè ñ é?ã�å*ã�ì«ï û ïAæTã�æÊæTã ñ à�æ?å*ã�ý,ã�çKà�ä�à{æTä�à�å*à�í?à�ä4æ ñ ��à�ä�éÊð[ä�à3/ìKà�â«á�è²à�å�ðPé?ä>î�ç«èÈá4çZX)èÈå�ìAâ«ïKàHôtâKà�ï<òuó�ç«à
ä�à�å�ì ñ ã�é?ð¥ã�çKàLã*à�å�ã�ð[é?ä�èÈâAïKà�ë�à�â«ïKà�â«áHàaö�è²í?à�å9U V ���,*c��� �¤î�è²ã�çÄïKà�ö?ä�à�à�å�é?ð¥ðPä�à�à�ïKé�ê\[^]0� �,?/ò�ó�ç«à
ë«ä�é?õAæTõAè ñ èÈã û ã�ç«æTã:å�ì«á4çIíTæ ñ ìKà�å>éWá�á�ìKä:è²ð�ã�çKà{íDæTä�è^æTõ ñ à�å>æTä�à%èÈâ«ïKà�ë�à�â«ïKà�âsã�èÈå_Da` *��à*�*�*ï
Tò;6`à¤á�æ?â
å�æTð[à ñ²û áHé�â«á ñ ì«ï«à%ã�ç«æTã:ä�à�å*ë�é�â«å*à�å:ï«à�ë,à�âAïa@�é�èÈâsã ñ²û é�â`à�â«áHéWï«èÈâKöKý<ï«ì«ä�æTã�è²é�â`æ?â«ï�ê¤é?ã�è²é�â�ò%ó�ç«èÈå:è^å
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Table 4. Pilot stud y conting ency table for random-dot motion encoding onl y, sho w-
ing frequencies split by all variab les. Categories for responses are: ( M ) person
walking, ( MnN ) person walking, but strang ely, and ( P ) explanations other than hu-
man locomotion. Duration values are:

�RQ
,
l5Q

,
qSQ

, and T Q . Descriptions for motions
are in Section 3.1.
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Table 5. Comparison of perception of q��;p��,qBx·{>w·j , q��;p���q
	�� and q�j��prq��;p���q
	�� to qB{>p��,qBx·{>wZj
and �\l�{�	<qBu¸prq�j� . � V values and the degrees of freedom in parentheses are the sums� V s for the two-way comparisons of subject response versus motion conditions on
the joint distrib ution of encoding and duration.
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