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EF;  2ACA/74 /10<^V/e6ZB�/12AI1^JC /eM96O/10�EFIe^JI72�^EC!25C /12A@ ;�KPGHEFI7CA254 ^JB<@kI72 ^VY EF;  25C /14 [<I72A4725B�/ 6ZBP/10<2`g�6Z@<2AE
6Z4e^>@<6��>C5:3Y8/9EF[ 25Bk[<I7EF;3YZ25= ��'eE M�@<EaM 2�25B<4?:<I72 /70_^V/9/1032 0_^V6ZI9EFBk^a4?K�B�/1032A/168C ^JC /1EFI9[<YZ^JC52A@
6ZB�^ =a25^J@<E M�EJG 4?Mc^ K�68B<U UFI7^J474cM968YZY =aE gJ2�C5EFB3476Z4 /12ABR/7Y8K>M968/70�/10<2�I?2 ^JY M96ZB<@ � 25Y8@�/10_^V/c=aE gJ25@
/10<^V/9UFI1^V474,"

�LBm/10<684�C ^V472J\ I1^ M�g�68@<25E�GHE�EJ/1^JUF2 C5^JB�; 2 472A25B ^J4 ^ DR68B<@�EJG
C5EJBR/7I7EFY8YZ2AIeGHEFI /10<2 =>EJ/76ZEFB�EJG
/1032P4?K�B�/10<2 /16ZCD0_^V6ZI@��= 2PC ^JY8Y /1036Z4 CAEFB<C52A[3/ $&%('*),+�%.-�/10*2 '�3�%.$�)4- 5�-6%.785�2(%9+:-_\-EFI � � T9. �Xh"0<2
47C 0325=a^aMc2 [<I7EF[ EF4?2 GHEFI � � T9. 6Z49/1EN^JB_^JYOK*?52 ^VBm6ZB<[3:3/ g�68@<25E�4?25QR:<2AB<C52V\ /1EN2���/1I1^VCA/ I?25YZ2 gV^JB�/
[_^JI7^J=>2A/12AI74 EJG
/70<2 =aEV/16ZEJBmEJG EF;  2ACA/14`68B /10<2 g�6Z@325E<\ ^VB<@�/1EP:<4?2 /70<254?2 [_^JI1^V=a2 /125I?4 /1ED@<I?68gJ2
/1032 =>EJ/168EFB EJG(4?K�B�/10<2 /16ZC EF;  25C /14�M90<68C 0�^JI?2 6ZB�/7I7E�@<:<C52A@�6ZB�/1E>/10<2 I725^JYX2ABRg�68I7EFB<=>25B�/ � �X68UF:<I72
��� � �4����B<2e^J6Z= EJG � � Te.*684(/1E�^JYZY8E M�4 K�BR/70<2A/76ZCeEF;  2ACA/14
/1E`; 29B_^V/1:3I1^JY<[<^JI?/76ZC568[_^JB�/14-68B>^ g�68@<25E>�
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Input Video Sequence

extract forces, velocity, acceleration
or statistics of the movement of
certain objects in the scene.

Information such as 
    force, velocity, acceleration, etc.

Apply such forces to computer
generated characters or objects.
Animate them.

Computer synthesized character
which responds to the forces derived
from the input video sequence.

computer generated movement

video input
background
sequence

�X6ZUF:3I72 ��� � � f 4?6ZB<U g�6Z@325E 6ZB<[3:3/"/1E @<I?68gF2`CAEF=a[3:3/12AI ^VB<6Z=a^V/168EFB �
h"0<684 EF[ 25B34 :<[ ^�0R:<UF2�^VB<@ G ^J4?C568B_^V/168B<U�I1^JB<UJ2aEJGS[<I7EF;3YZ25=>4@� ��:<I�UFE�^VY-6ZB /70<6Z4`/1032547684 684`/7E
24��[<Y8EFI72 47EF=>2�EJG(/10325472 [<I7EF;3YZ25=>45\_/7EagV^JYZ68@_^V/72`/70<2 ^V[<[<I7EF^JC 0 /103I7EF:<UJ0k/1032 @<2 gF25Y8EF[<=>25B�/�EVG
^
B<EFB�/7I768g�6Z^JY � � Te.�^J[<[3YZ6ZC5^V/168EFB \�^JB<@D/1E [ EF6ZB�/"/1032`Mc^ KP/1E GH:<I /10<2AIeI?254?:<Y8/74@�

 �!" # � �%$ 


bcEF=>[<:3/725I�UFI1^J[30<6ZCA4�0<^J4 2AB  E KF2A@ I1^J[36Z@ UFI7E M"/10 E gF25I�/10<2>[_^J4 / � G /LK�KF2 ^VI74@�B=*6O/10 @<I1^V=N^V/76ZC
/12AC 0<B<EFY8EFUF68C ^JYc^J@3gV^JB<CA254 6ZB ^JY8YS^JI?2 ^J4 EVG CAEF=a[3:3/12AI UFI1^V[<0<6ZCA4 47:<C 0�^J4 UF2AEF=a2 /1I?6ZCN=>E�@<25Y8YZ6ZB3U<\
I72AB<@<2AI76ZB3U<\_^JB<68=N^�/16ZEJB \�Mc2�^JI?2`^J;<YZ2�/7E =aE�@<2AY =aEJI72 ^JB3@�=>EFI?2�C5EF=>[<Y86ZC ^�/125@P4?C52AB<254A\ 2AB�g�68I7EFB*�
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=>25B�/ \ =>EJ/168EFB ^JB<@ 476O/1:_^V/76ZEFB ��' E Mc2 gF2AI5\X/70<2 @_^�?@?AYZ68B<UD;!25^J:3/LK ^JB<@ ^J=a^�?568B<UPC5EJ=a[<Y824��68/LK EJG
/1032 B_^�/1:<I7^JY I72 ^VY M EFI?YZ@ 4 /168YZY 0_^V4 = :<C 0k=aEJI72`/1E>E�C 2AI 68BkCAEF=>[<:3/12AI UJI1^J[<036ZC54 ^J[<[3YZ6ZC5^V/168EFB<4"68B
^J@<@368/168EFB /7E EFI(6ZB C5EF=>[_^JI?6Z47EJB /1E�M90_^V/-M 2"C ^VBa^VI?/16 � C56Z^JYZYOK UF2AB<25I7^V/12";�K CAEF=>[<:3/12AI-4768= :<Y ^�/16ZEJB �
�LB<CAI72 ^V476ZB3UFY8KJ\�I?254?2 ^JI?C 0<25I?4"^JI72e24��[<Y8EFI768B<U�@<6�C!25I?25B�/c[ EF4?476Z;36ZYZ6O/168254XEVG 41^V=a[<Y86ZB<U /70<2 I?2 ^JY_M EFI7Y8@>/7E
24��/7I1^JC / :3472AGH:3Y 68B3GHEFI?=N^V/76ZEFB>/1E>25B<I?6ZC 0�C5EF=>[<:3/725I"UFI7^J[<0<68C549^J[3[<YZ68C ^V/76ZEFB<4!�

��������� �����
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�LB�C5EF=>[<:3/725I ^J:<UF=>25B�/725@�I72 ^VYZ68/LKJ\ I7254?2 ^JI?C 0<25I?4(^JI?2
6ZB�/12AI7254 /12A@ 6ZB`68BR/725UFI7^V/168B<U"4?K�B�/1032A/168Cc^VB<@ I?2 ^JY
6Z=a^JUF2AI?K��(h"0<25I?2 ^VI72 472 gF2AI1^JY 6ZB�/12AI72A4?/168B<U I72A472 ^VI7C 0 @36ZI72ACA/76ZEFB<4S/70_^V/e^JI?6Z4?2`GHI?EF= /70<6Z4"[3I7EF;<Y825= �

) �925CAE gJ25I CAEF=>=aEFB g�6Z2 M96ZB<Uk[_^JI1^V=a2 /125I?4@� =*0<25B32AgF2AI EFB<2 MS^VBR/74 /1E =a6 ��/10<I?252a@<6Z=>25B��
4?6ZEFB_^VY-C5EF=>[<:3/725I UJI1^J[<036ZC54`M968/70 GHE�EJ/1^JUF2 EJGS/70<2NI?2 ^JY-M EFI7Y8@ \XEFB32aB<2A25@<4 /1E =a^V/7C 0 /1032
CAEF=a[3:3/12AINUFI7^J[<0<68C54NC5^J=>25I1^ M968/70 /10<2 ^JCA/7:_^JYeC ^J=>25I7^ /70_^V/N/7E�E�D /70<2kGHE�EJ/1^JUF2���h"0<684
[<I?E�CA254?4>2AB<47:3I7254 /10<^V/ /10<2DCAEF=a[3:3/12AI UFI1^J[30<6ZCA4 25YZ2A=a2AB�/14 =N^�/1C 0 /10<2P[ 25I?47[ 25C /168gJ2 ^VB<@
=>E gF25=>25B�/eEJG,/10<2`I725^JY EF;  2ACA/74 68BD/70<2�I72 ^VY C ^J=>25I7^ 4?0<EJ/@� h"0<68496Z4"C ^VYZYZ2A@�* 5�7 )43 582 3 5+*-,/.
%.-+0 EFI�785�21*-2�7 +:$&%.-+0���h"0<2AI72>^JI72 472AgJ25I7^JY
C5EF=>=a2AI7CA6 ^JY8Y8KD^ gV^J6ZYZ^J;<Y82 4?EJG /LMS^VI72 [_^JC,D�^JUF2A4
/70_^V/9^J:�/1EF=a^V/12e/10<684 /1^J4 D \<4?:<C 0 ^V4S;!EJ:  EF:�GHI7EJ= lV@>� �HM"M"M � lV@6� � C5EJ=B�S^JB3@�d�C52AB<2 ] 25B<682
GHI?EF= �FT d�/7:<@<6ZEajk. ���
) . [<[<I7EA��6Z=a^V/72aCAEF=a=>EFB UFYZEJ;_^JY-6ZY8YZ:<=>6ZB<^V/168EFBkGHEFI�I725^JY
g�68@<25E ^JB<@ CAEF=>[<:3/12AI UJ25B<2AI1^V/725@
EF;  25CA/74@� . B�:3= ;!2AI�EJG
I?254725^JI7C 0325I74 � � ] � #���\!T� % #?"��,[<I?EF[!EJ4725@�@36�C!25I72AB�/`^J[<[<I?E�^JC 0<2A4
:<4?6ZB<UP@36�C!25I72AB�/�^J474?:<=a[�/16ZEJB ^JB<@ C5EFB34?/1I7^J6ZB�/74`^J;!EJ:3/ 47:3I?G ^JCA2 I72 �<25CA/1^JB<CA2a[<I?EF[ 25I?/76Z2A4�EJG
EF;  25CA/74 68BP/10<2`I725^JY g�6Z@325E>�
) �925CAE gJ25I 47:<I G ^JC52eI72 �_25C / ^JB<CA2 GH:<B3CA/168EFB GHI7EF= EJB<2 [30<EJ/1EJUFI1^J[30aEFI
= :3Y8/168[<YZ2c[<0<EJ/7EFUFI1^V[<0<4@�
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h"0<684`25B_^J;3YZ254`:<4 /7EkC 0_^VB<UF2 /10<2 YZ68UF0�/168B<U�C5EJB<@<68/76ZEFB ^VB<@ CAEFI7I?25C /1Y8KmI725B3@<25I`/10<2 4?:<I?G ^JCA2
EJG`EJ;  25C /14P:<B<@325I�@<6 C 2AI72ABR/�6ZYZY8:<=>6ZB_^V/76ZEFB ��j ^JB�K I?254725^JI7C 0325I74 � � T' #I#�\ % ] n�� ��0<^ gJ2
2��3[3YZEFI?25@D/10<684S/1EF[<68C 6ZBD@<2A[3/10 �

�LB /70<6Z4�/70<254?6Z45\�M 2 [<I7EF[ EF4?2 /7E�2���/1I1^VCA/k[_^JI1^V=a2 /125I?4DEJG GHEJI7C52A4 ^VB<@�/70<2 [_^JI7^J=a2 /12AI74DEJG
B_^V/7:<I1^VYS[<0<2AB<EF=>25B_^�M90<6ZC 0 C ^V:<472A@ EF;  2ACA/a=aEV/16ZEJB \(/10<2AB�:3472D/10<2D6ZB�GH25I7I?25@ 6ZB�GHEFI7=a^V/168EFB /7E
@<I?68gF2`/1032 ^JB<68=N^�/16ZEJBPEJG(CAEF=a[3:3/12AI 4 K�B�/70<254?6 ?52A@ EF;  25C / \ =N^ED�68B<U /10<2A= ^J[<[ 2 ^JI9/1Ea;!2�B_^V/7:<I1^JY
[_^JI /168C56Z[<^JB�/14 EVGe/70<2PI725^JY g�68@<25E>� h"0<2P@36�C!25I72AB�/ / ^J4 DR4>68B ^J:<UJ=a2ABR/725@ I?2 ^JY868/LK B_^V/1:3I1^JY8Y8K YZ68B>D
C5EJ=a[<:�/125I"g�6Z4?6ZEFBD^VB<@kCAEF=>[<:3/12AI"UFI1^V[<0<6ZCA49I7254?2 ^JI?C 0k/7EFUF2A/70<25I!�

��������� � "$� 	�# % ����� � ��"$#1'���%����	� ' ���
�����%��

h"0<2 =a2 /10<E�@<EFY8EFUJK ;!2A0<6ZB3@ � � Te. G ^JY8YZ4m68B�/1E /10<2 C5^V/12AUFEFI?K�EJGNg�6Z4?6ZEFB�@36ZI72ACA/725@ 47^J=>[<YZ68B<UE�
^JB_^VY8K�47684 �L4 K�BR/70<254?6Z4!� % K g�68476ZEJB�@<68I72ACA/12A@ 41^V=a[<Y86ZB<U:� ^JB_^VY8K�47684 �L4 K�BR/70<254?6Z4A\ M 2�^JI?2kI?2AGH25I?I768B<U /7E
^ /70<I72A2 4 /125[ [<I7E�C52A474@� �X68I74?/5\c47^J=a[3YZ2P/10<2kI725^JY"McEFI?YZ@�:<4768B<U 2AQ�:36Z[<=>25B�/14a47:<C 0*^V4aC5^J=a2AI1^3\
g�6Z@<2AE C5^J=>25I1^�\�2 /1CE�
d�25CAEFB<@ \3^JB_^JYOK*?52"/10<2968=N^JUJ254(M 2 EF;3/1^J6ZB325@ GHEFI
@<6�C!25I?25B�/ [<:<I7[ EF4?254 47:<C 0P^V4
24��/7I1^JC /16ZB3U�[<I7EJ[!2AI?/168254,^JB<@ [<^JI1^J=>2A/725I?4XEJG_EJ;  25C /14(68B /1032c47CA25B<2E�-h"0<25B \F:<472 /10<2 6ZB3GH2AI7I72A@ 6ZB�GHEFI �
=a^V/168EFB>/7E 4 K�B�/70<254?6 ?52 B32AM�6Z=a^JUF2A4 EJI 4?C525B3254"EFI 47C52AB_^JI?6ZEF4!�
�LBNG ^JCA/5\3^V4c@<6 C 2AI725B�/ gJ^VI76 ^�/16ZEJB<4-EJG
41^V=a[<Y86ZB<U:� ^JB_^VY8K�47684 �L4 K�BR/70<254?6Z4"^V[<[<I7EF^JC 0 2A=a2AI7UF2 68B ^ BR:<= ; 25IeEJG,I7254?2 ^JI?C 0�^JI?2 ^J496ZBDCAEF=a[3:3/12AI
UFI7^J[<0<68C545\-/70<25I?2P6Z4 ^mUFI?E M96ZB<U�68BR/725I?254?/ 68B /10<2P4 /1I?EFB<U�; EFB<@ ;!2 /LMc2A25B�C5EF=>[<:3/725I g�6Z4?6ZEFB ^VB<@
C5EJ=a[<:�/125I9UFI7^J[<0<68C54"I?254725^JI7C 0 �
�_EFI 6ZB<4 / ^JB3C52J\�I72A4725^JI7C 0<2AI74,I72 ^VYZ6 ?A25@ /10<^V/ /12���/7:<I72 =a^J[<[<68B<U9^JB<@`C5EJ=a[<:�/125I �L4 K�B�/70<254?6 ?52A@ /12�� �

/1:3I72 ;<^J472A@PEFB�=a^V/10<2A=N^�/16ZCA4-GHEFI7= :3Y ^J4 0_^ gF2 /70<2568I Y86Z=>68/1^V/168EFB<4@���925CA25B�/1YOKF\34?2AgJ25I1^VY I72A472 ^VI7C 0<2AI74
0_^ gF2e24��[ 25I?6Z=>25B�/12A@aM968/70a@36�C!25I72AB�/ /725C 0<B<68QR:<254 GHEFI-4?K�B�/10<2A476�?56ZB3U /12���/1:<I?254 /70_^V/ =a^V/1C 0 /10<2 ^J[��
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[ 2 ^JI7^JB<C52 EJG,^ UF68gJ25B�/724��/1:<I?2 41^J=>[<Y82 � ' % #?�R\ %cEJB #?"�\ � �-#I#�\�= � nFn3\�h,:3I1n �F\*= � n � � � jkEF4 /"EJG
/1032 ^J[3[<I7E�^VC 0<254e:<472�4?/1^V/1684?/76ZC ^VY =aE�@<2AYZ4SM90<68YZ2 EJ/70<25I?4 I?25Y8K�EFBk@32A/12AI7=>6ZB<684?/76ZC 4?/7I7:<C /1:<I7^JY =aE�@��
25Y84@� d�E�^V/?/1E 2A/a^JY ��� d�T =�n � �94?/1:3@<6Z2A@ @3K�B_^J=>6ZC�/724��/1:3I7254A\cM90<68C 0 ^JI?2�4?25QR:<2AB<C52A4�EJG 6Z=a^JUF254
EJG,=aE g�6ZB3U 47C52AB<254e/10_^�/924��0<6Z;368/9C52AI?/1^J6ZBD4?/1^V/168EFB_^JI?68/LKa[<I7EJ[!2AI?/16825496ZBP/76Z=>2��(h"0<2A472�6ZB<CAYZ:<@32 472 ^ �
Mc^ gJ254A\�4?=aE�DV2J\JGHEJYZ6 ^VUF2J\ M90<6ZI?Y8M968B<@ \V/1^JY DR68B<U G ^JCA254A\F/1I1^:�aCc47C52AB<254A\�2 /1CE�(h"0<2AK [<I72A472ABR/725@a^�B<E gF2AY
C 0_^JI7^JCA/725I?6 ? ^�/16ZEJBkEJGX@3K�B_^J=>6ZC /12���/1:<I?254 ;�K�YZ25^JI7B36ZB<U =>E�@<2AYZ4"EJGX/10<2�@3K�B_^J=>6ZC /12���/1:<I?254@� ��B<CA2
YZ25^JI7B325@ \ ^ =>E�@<2AY C ^VBk; 2 :<472A@k/7E>2���/1I1^V[!EFYZ^V/12 4 K�BR/70<2A/76ZC�472AQ�:325B<CA254�EJGX^JI?;<68/7I1^JI KNY825B<UJ/70 �

��������� ��"$� � "$#�� ��� ��� �
" �% ����� ��� ��� ����� �

�LB C5EF=>[<:3/725I UFI7^J[<0<68C54A\ Mc2>^JI?2 ^JY8Mc^ K�4�G ^V47C568B_^V/725@�M968/70 =a^�DR6ZB3U�EF;  2ACA/14`=>E gF2 I725^JYZ684?/76ZC ^VYZY8K��
%cEJ/70 ^JI?/76 � CA6 ^JY,6ZB�/12AYZYZ68UF25B3C52 ^VB<@ [<4?K�C 0<EFY8EFUJK I?254725^JI7C 0325I74�0_^ gF2a^JI?UF:<25@�GHEFI�/70<2 B<252A@ /7EDI725[*�
I72A472ABR/�
 C ^J:<47^JY �a6ZB3GHEJI7=a^V/168EFB�^J;!EJ:3/ /70<2 M EFI7Y8@m6ZBkEFI7@325I /7E�=N^EDJ2 68B3GH25I?25B<CA254!���LB�[_^JI /16ZCA:<Y ^VI5\
:<B<@325I74 / ^JB3@<6ZB<U =aEJ/76ZEFB>472AQR:<25B<CA2549I72AQR:<6ZI?254c/70<2�EF;<4?25I gF25I /1E [ EF4?/7:<Y ^�/129GHEFI7CA254SEFBNEF;  25C /14"^VB<@
GHEFI?C52 /1I7^JB<4?GH2AI9;!2 /LMc2A25Bm68BR/725I7^JCA/76ZB<U EF;  25CA/74 EJI9M96O/10<68BD^JB�EF;  25C /A� � � T9.�B_^V/1:3I1^JY8Y8KaY ^JB<@34"68/ �
472AY8G 6ZBa/10<684SI72A472 ^VI7C 0k^JI725^ �(h E [<:<470D/1032�I72AC5E gF2AI?KPEJG#
?C5^J:<47^JY � 68B3GHEFI?=N^V/76ZEFB>EFB<2 4 /12A[DGH:3I?/10325I5\
� � T9. [ EF472A4>QR:<2A4?/76ZEFB<4 B<EV/  :<4?/>^J; EF:3/ EJ;  25C /14 6ZB /1032P47C52AB<2�;<:3/>^JY847E ^J; EF:3/ /70<2PB_^V/7:<I1^JY
[<0<2AB<EF=>25B_^ M 2�C5^JB�EF;<472AI?gJ2 6ZB�/70<2`47CA25B<2E�

h"0<25I?2 ^JI72m^ BR:<= ; 25I�EJG`68B�/125I?254 /16ZB3U I7254?2 ^JI?C 0*I7254?:<Y8/74�6ZB C ^J:<47^JY 68B3GH25I?25B<CA2mEJG�6ZB�GHEFI7=a^:�
/168EFB ;_^J4?25@ EFB =aEJ/76ZEFB�:3B<@<25I?4?/1^JB<@<68B<U>� %cI72AUFYZ2AI 2A/ ^JY � � %Sb"dB#?"��-[<I?EF[ EF472 /1032>68@<2 ^PEJG g�6Z@<2AE
I72 M9I76O/12J\-M90<2AI72P/1032AK :<4?2D24��6Z4 /16ZB3Umg�68@<25E�GHE�EJ/ ^VUF2N/1E�CAI725^V/12�^J:3/7EF=a^V/168C ^JY8Y8K�B<2 M g�6Z@325E EJG ^
[ 25I74?EFB =>EF:3/70<6ZB<U�M EFI7@34a/10<^V/N4?0<2 @36Z@ B<EJ/a47[ 2 ^�D 6ZB /1032kEFI?6ZUF68B_^JYcGHE�EJ/1^JUF2�� �LB�/70<2 [_^V[!2AI
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[!2AEF[<YZ2a47EF=>2A/76Z=>254�C5I?2 ^V/72P^JI?/76 � CA6 ^JY-M968B<@
:<4?6ZB<U ^ G ^VBPEFIcI?E�C,DN^ C ^JI /1E UF6OgF25BD^V:<@<6Z2AB<C52A4S/10<2 6ZYZY8:<4768EFB /10_^V/ /10<2 C5^JIS684c; 256ZB3U @<I76OgF2ABPEFBD^
;<:<=>[�KPI7EF^J@ �

=*0<25B�M 2 /7I?K /1E :<472�4?:<C 0PI725^JY YZ68GH2"g�6Z@325E ;_^VC,D�UJI7EF:<B3@P6ZBNCAEF=>[<:3/12AIc^VB<6Z=a^V/168EFB>^JB<@�[3Y ^JCA2
C5EJ=a[<:�/125I,UF25B325I1^�/125@ EF;  25C /14(68B 6O/ \ /LK�[36ZC ^VYZY8KJ\�/70<2S^VI?/1684?/74��J^JB36Z=a^V/1EFI?4 ^JI72 I72A47[ EFB<4768;<YZ2
GHEFI =N^ED �
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6ZB3U 4?:<I72 /70_^V/ /10<2eg�6Z@<2AE ;_^JC,DRUFI?EF:<B<@D^VB<@N/1032 4 K�B�/70<2A/76ZC GHEFI?25UFI?EF:<B<@NEF;  25C /14c^JI72 C5EF=>[_^V/76Z;<Y82��
�_EFI�2��<^V=a[<Y82J\e68G`/1032 ;<^JC,DRUFI7EF:3B<@ 684P^ M96ZB<@�K 47CA25B<2V\�/10<2�4 K�BR/70<254?6 ?A25@�EF;  25CA/74��VC 0<^JI1^JC /12AI74
4703EF:<YZ@k;!2 ^JB<68=N^V/725@�C5EF=>[_^V/76Z;<YOKD^J4e68G(/70<2 M968B<@ 684 ^VYZ47Ea;<YZE M968B<UaEJBk/10325= � �LB UF25B<2AI1^JY \ ^JB<6 �
=a^V/1EFI?4,B32525@ /7E / ^�DV2SC ^VI72SEJG 4?6Z=>6ZYZ^JI 47CA25B<2"CAEFB�/16ZBR:<6O/LK ^JB<@ C5EJB<47684?/12AB<CAK [<I7EJ;<YZ2A= ^V4X6ZB I725UJ:<Y ^JI
C568B<25=a^V/7EFUFI1^V[<0�K��>h"0<6Z4 /LK�[!2>EJGc2!C!EFI?/`GHEFI =a^J6ZB�/1^J6ZB<68B<U�4?C525B32NC5EJB<47684?/12AB<CAK YZ^JI7UF2AY8K I725Y86Z2A4 EFB
/1032 ^JB36Z=a^V/1EFI � 4c6ZB�/1:<6O/168EFBD^JB<@�6ZB�/12AI7[<I?2A/1^V/168EFBDEJGX/70<2`I72 ^VY Y868GH2 g�68@<25E>6ZB<[3:3/A� h"0<2`/ ^J4 DP6Z4S/168=a2
C5EJB<47:<=>6ZB3Ua^VB<@�/725@<68EF:<4SGHEFI9^VB ^JB36Z=a^V/1EFI!�

h"0<2�QR:<254 /168EFB Mc2 ^V4 D EF:<I74?25YOgF254P684 � 
 =*0<68C 0 47C52AB<2�C5EJB<47684?/12AB<CAK I72AY ^V/76ZEFB<4aC ^JB M 2 ^J:��
/1EJ=N^V/76ZC5^JYZYOK�25B�GHEFI7CA2&" � �LB�EJ/10325I M EFI7@345\ C5^JBmMc2 ^JB_^JYOK�?A2 /1032 6ZB<[3:3/ g�6Z@325E�4?25QR:<25B3C52J\ 2���/7I1^JC /
[_^JI7^J=>2A/12AI74-^VB<@ 6ZB3GHEJI7=a^V/168EFB GHI7EF=�/10<2c=aEJ/76ZEFB EJG EF;  2ACA/74-6ZB /70<2S47CA25B<2e^JB3@ :<472c/70<254?29[_^JI1^V=��
2A/725I?4,/1E @<I76OgF2c^ C52AI?/1^J6ZB C5Y ^V474XEVG_=aEV/16ZEJB`GHEJI /70<2cCAEF=a[3:3/12AI,UF2AB<25I7^V/12A@ EF;  2ACA/74��VC 0_^VI1^JC /125I?4,"k. 4
M 2�0<^ gJ2 =>25B�/76ZEFB<2A@D;!2 GHEFI72V\3Mc2`C5^V/12AUFEFI76�?52�/70<6Z4"CAY ^J4?4"EJGX[3I7EF;<Y825= ^J4�� �;�-,Q���/ ����� � �4� 01,2
� ��;9:6L���A���� � � � ��� �

�_EFI�24�3^J=>[<Y82J\ 68B ^NM96ZB<@3K 47CA25B<2V\ M 2 =a68UF0�/ Mc^JB�/ /1E�
?I?2AgJ25I74?2a2AB<UF68B<252AI�D^�B_^V/7:<I1^VY([<0<2��
B<EF=>25B3EFB 4?:<C 0 ^J4 M96ZB3@ \J68B`/70<2
g�68@<25E 472AQ�:325B<CA2J\R^JB<@ :<472
/1032 2���/7I1^JC /12A@ M96ZB<@ � 25Y8@ [<^JI1^J=>2A/725I?4
/1E @<I76OgF2 B<2AM�C5EJ=a[<:�/125I ^JB<68=N^�/125@aEF;  2ACA/14!��=*0<25B�/70<2�^VB<6Z=a^V/1EJI-@<E�2A4cB<EV/S0_^ gF2 /1E /1^�DJ2 C ^JI?2

Camera

Screen

Projector

video sequence

�X68UF:<I72 ��� � � %S^JC,D [3I7E  2ACA/168EFB 472 / � :<[ 6ZB CA6ZB<2A=N^�/1EFUFI7^J[<0�K�� � 6Z@325E GHE�EJ/ ^JUJ2k684�:<472A@�^J4N/1032;_^JC,DRUFI?EF:<B<@ �
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EJGc47:<C 0 /725@<68EF:<4�@<2A/1^J6ZY845\ /1032AK C ^JB C5EFB3C525B�/7I1^V/72N=>EFI72 EFB /10<2a^JI?/76Z4 /16ZC ^VB<@ CAI72 ^�/168gJ2aCAEF=>[!EE�
B<2ABR/74
EJG!/70<2"47CA25B<2 ^JB<@ C 0_^VI1^JC /125I ^JB36Z=a^V/168EFB �,jkEFI?25E gF2AI5\�/10<684-@<E�254-B<EJ/
0<^ gJ2e/7E ;!2"I?254 /1I768CA/725@
/1E  :<4 /`/10<2 ;_^JC,DRUFI?EF:<B<@*� GHEFI?25UFI?EF:<B<@ I72AY ^V/76ZEFBmEVG /70<2 47C52AB<2����LB C5EF=>[<:3/725I`^JB36Z=a^V/168EFB \!/70<25I?2
^JI?2a=a^JB�K�C5I?2 ^V/768gJ2aMc^ K�4�/10_^V/�/1032aCAEF=a[3:3/12AI�UJ25B<2AI1^V/725@ EF;  25CA/74 C5^JB 68BR/725I7^JCA/�M968/70 ^JB3@ ; 2
@<I?68gF2ABk;�KP/70<2`25B�g�6ZI7EJB<=a2AB�/96ZBP/10<2 g�6Z@325E>6ZB<[<:�/A�

h"0<25I?2"^JI?2 =a^JB�K�^J[<[<Y86ZC5^V/168EFB<4 GHEFI � � T9. \�47:<C 0 ^J4X=>E g�682
=N^�DR68B<U<\V^JB<6Z=a^V/76ZEFB [<I?EJ/1EV/LK�[36ZB<U<\
g�6ZI /1:_^JY�I725^JYZ6O/LK`4768= :<Y ^�/16ZEJB<45\�^JB<@ YZ^JB<@<4?C ^J[ 2c@3254768UFB \J/7E�B_^J=>2S^9GH2AM ��� /X6Z4,C 0_^JYZY825B<UJ6ZB<U ;!2AC ^J:<4?2
68/�I725QR:<68I72A4D/70_^V/�M 2�/10<68B>D ^V;!EF:�/P/10<68B<UF4�68B*^ B32AM Mc^ K�� = 2�B<252A@�/7E C ^J[<6O/ ^JY86 ?A2 EFB /1032
24��684?/168B<U C5EJ=a[<:�/125I(g�68476ZEJB /1E�EFYZ4A\�^JB<@ [<:<4?0aEJ:<I74?25Y8gJ254-/1E`68BRgJ25B�/ B<2AM C5EF=>[<:3/725I(g�6Z4?6ZEFB /7E�EJYZ4,/7E
41^�/16Z4 G K�/1032 I?25QR:<68I725=>25B�/74,EJG3C5EF=>[<:3/725I UFI7^J[<0<68C54 ^J[<[<Y86ZC5^V/168EFB<4@� �_EFI CAEF=>[<:3/12AI UFI1^J[30<6ZCA45\ � � T9.
6ZB�/7I7E�@<:<C52A4(^ I?6ZC 0 B32AM 47EJ:<I7CA2cGHEFI(^VB<6Z=a^V/168EFB`C5I?2 ^V/76ZEFB ^JB<@ ^JB36Z=a^V/168EFB`C5EFB�/1I?EFY9� � /-^VYZYZE M94 :<4,/7E
:<4?2�g�68@<25E /7E UF68gJ2�6ZB<@36ZI72ACA/c6ZB<[<:�/145\347:<C 0k^J4SGHEFI?C52549^VB<@PC5EFB34?/1I7^J6ZB�/745\3/7E C5EF=>[<:3/725I9^JB<68=N^�/16ZEJB �
� � T9.*C5EF= ;<6ZB<2A4-/10<2e4?/7I725B3UJ/10>EJG CAEF=>[<:3/12AI-g�684768EFB>^JB<@>C5EF=>[<:3/725I
UFI1^V[<0<6ZCA45\�^JB<@a^V/
/1032e47^J=>2
/168=a2V\ [<:3470<2A4`/70<2 2ABRgJ25Y8EF[!2A4`6ZBm; EJ/10 � 25YZ@34@� � � T9. 6Z4 6ZB<0<2AI72ABR/7Y8Kk[<0<2AB<EF=>25B<EFY8EFUF68C ^JY \ M9036ZC 0
YZ682549^V/"/70<2`C5EFI?2`EJGX; EJ/70�CAEF=>[<:3/12AI9UFI1^J[30<6ZCA49^JB<@�C5EF=>[<:3/725ISg�6Z4?6ZEFB �

 �!�� � ��� 
<� ��� 	 � � ��� � � 
<��� � � ��
 �

=*0<2ABm^ � � T9. ^V[<[<YZ68C ^V/76ZEFB�/1^�DJ2A4 ^ [<0�K�4768C54 ;<^J472A@m^J[<[3I7E�^JC 0 \<Mc2 =a68UF0�/";!2�C5EJB<C52AI7B<2A@kM968/70
472 gF2AI1^JY /LK�[!2A4 EVG,GHEFI?C52A4�� �X6ZUF:3I72 ���$� � �
) /70<2 GHEFI7CA254"/10_^�/9B_^V/1:3I1^JY [<0325B<EF=>25B<^>4?:<C 0m^J4"M968B<@D24��25I / C5^JBD24��25I / EFBDEF;  25CA/74 �
) /70<2�GHEJI7C52A4�^JB EF;  2ACA/NC ^JB�24��25I /�EFB�EJ/10<2AI EF;  25C /14A\9^JB<@�/70<6Z4 GHEFI?C52�C ^JB�;!2�EF;<4?25I?gJ25@
M96O/10<EF:�/ D�B3E M968B<Ua^ Y8EJ/9^J; EF:3/"/70<2`6ZB<B325I94?/7I7:<C /1:<I?2 EJG /1032�EJ;  25C / �
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force transfer

OBJECT

NATURAL PHENOMENON
e.g., wind or water wave

exerts on objects
forces the environment

within the object

forces the object
could potentially exert on
other things.

�X68UF:<I?2 ��� � �-h"0<2 GHEFI7CA25496ZBP/1032`g�68@<25E>472AQ�:325B<CA2 M90<68C 0k=>6ZUF0�/"; 2`EJG,6ZB�/12AI7254 /9/1E :<4@�
) /70<2 GHEFI7CA254e^JB�EF;  25C /e24��25I /14eEFBD68/14?25YOG �

�LB�/725I?=a49EJG /LK�[!2A4 EJG,EF;  2ACA/e[<I?6Z=>68/16OgF2A4c/10_^�/ � � T9.�=>6ZUJ0R/S;!2 @<25^JYZ68B<U M968/70 \_0<2AI72 Mc2`Y86Z4?/
47EJ=a2 EJG,/10<2`[<I?6Z=>68/768gF2A4 �

) �_:36Z@<4947:3C 0kMc^V/12AI ^VB<@�M968B<@ �

) I?6ZUF68@�EF;  2ACA/14e47:3C 0m^J4"/1032�; E�@3KPEJGX^ C ^JI!�

) ^JI /168C5:<YZ^V/12A@PEF;  25C /14 � � UF:<I?254 47:<C 0 ^J49^JB<68=N^JY84@�

) @<2 GHEFI7=a^J;<Y82�EF;  2ACA/74 4?:<C 0m^J4"/7I7252`;<I7^JB<C 0<2A4 ^VB<@k0<^J6ZI!�

) [_^VI?/168C5Y8254"47:3C 0m^J4"4?B<E M �

h"0<2AI72�6Z4e^>UJI72 ^�/ @32 ^JY EJGXC5EF=>[<:3/725I"g�6Z4?6ZEFB�I72A472 ^VI7C 0kM9036ZC 0 @32 ^JY849M96O/10�I768UF6Z@D^JB3@ ^JI /168C5:<YZ^V/12A@
EF;  2ACA/74@�9h"0<2 Y86Z4 /e^J;!E gJ2 @<E�254eB<EJ/ 24��0_^J:34?/ 2 gF25I KD/LK�[ 2 EVG-[<I768=a6O/16OgF2�� h"0<2AI72 =>6ZUJ0R/e; 2 EV/10<2AI
[<I?6Z=>68/16OgF2A4S[!2AEF[<Y82 =a68UF0�/SMS^VBR/e/1E @<25^JY M968/70�^JB<@k^J@<@P/1E /1036Z49YZ684?/A�
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scan synthesizemodel
(extract parameters)

�X68UF:<I?2 ��� � �-h"0<I72A2 4 / ^JUF2A49EJGXEJ:<I9[<I7EF;3YZ25= �
 �!�� � ��	 � 	 � � � 	 � � �

h"0<29UFE�^VY<EJG � � T9.*6Z4(/1E 2���/1I1^VCA/ [_^JI7^J=a2 /12AI74(GHI7EJ= ^ ;_^JC,DRUFI?EF:<B<@>g�68@<25E`4?25QR:<25B3C52J\3^JB<@ /1E`:<4?2
/10325472 [_^JI1^V=a2 /125I?4 /7E�@<I76OgF2 /70<2 ^VB<6Z=a^V/168EFBDEJG-/1032 GHEFI72AUFI7EJ:<B<@mCAEF=a[3:3/12AI UF2AB<25I7^V/12A@�EF;  25C /14!�
��B<2-6Z=>[ EFI?/1^JB�/ ^J[<[3YZ6ZC5^V/168EFB�EJG � � Te. 684 /1E9=N^EDJ2(/1032-C5EF=>[<:3/725I UF2AB<25I7^V/12A@�GHEFI?25UFI?EF:<B<@`EF;  25CA/74
^J[<[ 2 ^VI9^J49B_^V/1:3I1^JY [_^VI?/168C568[_^JB�/14SEVGX/1032`g�68@<25E C ^V[3/1:<I?25@�;_^JC,DRUFI?EF:<B<@ �

h"0<2"[<I?E�CA25474XC5EFB<4?6Z4 /14(EJG_/70<I72A2S4?/1^JUF2A4-^J4X@325[<68CA/12A@ 6ZB �X6ZUF:3I72 ��� � � 4?C ^JB \�=>E�@<25Y \V4 K�B�/70<254?6 ?52E�
h"0<2 3&�I68 4?/1^JUF2P^VB_^JY8K*?A254 /70<2P6ZB<[3:3/ g�6Z@325E�472AQR:<25B<CA2�� � / M EF:<YZ@ GHE�C5:34 EFB /1032�[_^JI / EJG9/1032
47CA25B<2`EFI EF;  2ACA/14968BN/10<2 47C52AB<2 M90<6ZC 0PM 2`^JI72 6ZB�/12AI7254 /12A@�68B \�^JB<@D[!2AI70_^V[<4S6ZUJB<EFI72 = :<C 0DEJG /1032
I72A4?/@� d�C5^JB<B<68B<UmM96ZY8Y EVG /125B 2A=a[<Y8E K /725C 0<B<68QR:<254 GHI7EJ= CAEF=a[3:3/12AI g�6Z4768EFB � h"0<2 9:� ��,2@ 4 / ^JUJ2
254 / ^J;3YZ6Z4?0<254cI72 ^V47EFB_^V;<YZ2 =aE�@<25Y84 EVG EF;<4?25I?gJ25@�EF;  2ACA/14cEFIcB_^�/1:<I7^JY![30<25B<EJ=a2AB_^ 6ZB>M90<6ZC 0�M 2 ^JI?2
6ZB�/725I72A4?/725@ \ ^JB3@k^ =>E�@325Y =>6ZUJ0R/S0_^ gF2`:<B>DRB<E M9B [<^JI1^J=>2A/725IcgV^JY8:<254"68B<68/76 ^JY8Y8K�� = 2�^JB_^JYOK*?52�/1032
6ZB�GHEFI7=a^V/168EFB EF;3/1^J6ZB<2A@ 68B /1032N47C5^JB<B<68B<Um4 / ^JUF2N^JC5CAEFI7@36ZB<U�/1E /70<2N=>E�@325Y9�Ph"036Z4 ^VYZYZE M94�:<4 /7E
254 /168=N^V/72 ^VB<@m24��/7I1^JC /`^a=>E�@325Y � 4e[_^JI1^V=a2 /125I?4@� d�EF=>2 2��<^V=a[<Y8254 EJG(/1032 [_^JI7^J=>2A/12AI74 6ZBkM9036ZC 0
M 2 ^JI72 6ZB�/12AI72A4?/12A@ =N^ K�;!2 DR6ZB<2A=N^V/76ZCV\ 4?:<C 0 ^J4 [ EF4?68/168EFB EJI gF2AYZE�C56O/LKkEVG-EF;  2ACA/14A\ M90<68YZ2 EV/10<2AI
[_^JI7^J=>2A/12AI74 =a^ K ; 2�@�K�B<^J=a68CJ\
47:3C 0 ^J4 @<2 /12AI7=>6ZB<68B<Um/10<2�GHEJI7C52A4 24��25I /125@�EFB EF;  2ACA/14!� h"0<2
3 �-���*�,23&���?, 4?/1^JUF2 :<4?254 /1032 [_^JI7^J=a2 /12AI74 M 2 24��/7I1^JC /125@ 68B /10<2 =aE�@<25Y8YZ68B<U 4?/ ^VUF2 /1EP@3I768gJ2 /1032
^JB<68=N^�/16ZEJB�EJG,C5EF=>[<:3/725I"UF2AB<25I7^V/12A@ EF;  2ACA/74@�

T�:<2 /1E /1032 I76ZC 03B<254?4 ^JB3@�CAEF=>[<YZ2��36O/LK�EJG /1032 B_^V/1:3I1^JY ^J4SM 25Y8Y ^J4"=a^JB��L=a^J@<2 25B�g�6ZI7EJB<=a2AB�/
47:3I7I7EJ:<B<@<68B<U�:<4A\ /10<2AI72 ^VI72 =a^JB�Kk^J47[ 25C /14�/1Ea/10<684 [<I?EF;<YZ2A= � ' 2AB<C52 /70<25I?2 ^JI?2 ^NUFI?2 ^V/ =N^JB�K
6ZB�/725I72A4?/76ZB<U<\-68=a[ EFI / ^JB�/ ^VB<@ [!EJ/725B�/16Z^JYZYOK @<6��>CA:<Y8/ 47:<;�� /1EF[36ZC54 EVG � � Te. M9036ZC 0 ^ MS^J6O/ 4?/7:<@3K��
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inverse problem of
harmonic oscillation

VIDA

extract
wind speed
parameters

extract
water elevation

parameters

�X68UF:<I?2 ��� ! �-h"0<2�Y ^ KFEF:�/9EJG,/70<2`C5EF=>[ EFB<25B�/74eEVG,/70<6Z4"/1032547684@�
= 2 C5^JBNB<EV/c0<EJ[!29/1E�C5E gF2AIS^JY8Y</10<2A472 [<I7EF;3YZ25=>4
6ZBa^�4?6ZB<UJYZ2"/10<2A47684@� = 2 68B<4?/72 ^J@a470_^VYZY_254 / ^J;3YZ6Z4?0
/1032k68=a[ EFI?/1^JB<CA2PEJG /70<2k68@<2 ^ ^JB<@ @<2A=aEFB34?/1I7^V/12�68/ /70<I7EJ:<UF0 4?2AgJ25I1^VY DV2AK C5EFB�/7I76Z;3:3/168EFB<4@� �LB
[_^JI /168C5:<YZ^JI5\FM 2 68@<25B�/16OG K /10<2e[<I?6ZB<CA6Z[<Y82"EJG 0_^JI?=aEJB<6ZC9EF4?C56ZY8Y ^V/76ZEFB ^J4c^VBN24��/7I725=>25YOK>2!C!25CA/768gJ2 Mc^ K
EJG,=aE�@<2AYZYZ68B<U /70<2`[_^J4?4768gJ2 =>EJ/76ZEFB�EVG(=a^JB�K�EF;  2ACA/74eM90<2AB @<684?/7:<I7; 25@D;�KD24��/12AI7B_^VY GHEJI7C52A4@�

 �!�� ��� ����� ��� � � �A� � � 
<� �@�

�LB /70<6Z4 /10<2A476845\JM 2cM EF:<YZ@ YZ6 DV2 /7E @<2A=aEJB<4?/7I1^V/72 /1032c;_^J4?6ZC [<I768B<C568[<YZ2A4 ; 25036ZB<@ � � Te.�;�K 4 /1:<@3K�68B<U
/1032 68B�gF25I?472 [<I7EJ;<YZ2A= /1E 0_^VI7=>EFB<6ZC EF47CA6ZYZYZ^V/168EFB ^VB<@ :3472 68/�/7E 
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harmonic oscillation
of object

natural phenomenon
which induced the
driving force

driving force
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Story Line Driven Animation

e.g., character’s expressions
+

use VIDA if possible done by animators

Environment Driven Animation

e.g., animation due to wind
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frequency domain response for the tree top data (ν=0..1046)
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frequncy domain response for the tree top data (ν=0..523)
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−5 (b) The expected power density spectrum of noise in the estimated force
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compare power density spectrum of estimated force and expected noise in force
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displacement
magnitudeper unit generalized mass

generalized force
oscillator

0
p

eff
*

m *

ω
γ

*

*
χ ( t )
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per unit generalized mass

x

displacement
beam top

0

effective driving force oscillator

p
(eff

* ω
γ

*

*
t )

ϕ
max

m *

property
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fluid
e.g., wind

cylinder
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ζ w(x    , t)
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h

h

waterplane area A

∆

excess buoyancy

x x
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still water surfaceb b
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wave
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properties

wave elevation

= damping coefficient
= natural frequency
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