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/HYHO�RI�'HWDLO�7HFKQLTXHV

�������&RPSXWHU�*UDSKLFV
6FKRRO�RI�&RPSXWHU�6FLHQFH
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$QQRXQFHPHQWV
� 0RELOH�DQLPDWLRQ�DVVLJQPHQW�GXH�
WRQLJKW
± $Q\�TXHVWLRQV"

� 5HPLQGHUV
± 7XUQ�2))�ZULWLQJ�LPDJHV
± 7XUQ�LQ�5($'0(�ILOH

� 'HVFULSWLRQ�RI�VKDGRZ�DOJRULWKP
� ([WUD�FUHGLW�IHDWXUHV
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&* 3HUIRUPDQFH�JRDOV
� )UDPH�UDWH

± %H\RQG�D�FHUWDLQ�SRLQW��LW�GRHVQ¶W�DGG�DQ\�
SHUFHSWXDO�GLIIHUHQFH�WR�WKH�YLHZHU

� 5HVROXWLRQ
± �����[������LV�SUHWW\�JRRG�IRU�PRVW�
SXUSRVHV

� 6FHQH�FRPSOH[LW\
± &DQ�DOZD\V�LQFUHDVH
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6RPH�DFFHOHUDWLRQ DOJRULWKPV
� 6SDWLDO�GDWD�VWUXFWXUHV

± %RXQGLQJ�YROXPH�KLHUDUFKLHV��%9+�
± %63�WUHHV��RFWUHHV��VFHQH�JUDSKV

� &XOOLQJ�WHFKQLTXHV
± %DFNIDFH�FXOOLQJ
± 2FFOXVLRQ�FXOOLQJ
± 9LHZ�IUXVWXP�FXOOLQJ

� /HYHO�RI�GHWDLO
± 'HDO�ZLWK�REMHFW�FRPSOH[LW\
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7UDGH�RIIV

� :K\�QRW�ZDLW�IRU�EHWWHU�KDUGZDUH"
± 2EMHFW�FRPSOH[LW\�ZLOO�DOZD\V�FDWFK�XS
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9HU\�ODUJH�PRGHOV
� %RHLQJ����

± ��������XQLTXH�SDUWV
± ����������IDVWHQHUV
± ����PLOOLRQ�SRO\JRQV

� 'LJLWDO�0LFKHODQJHOR
± 6WDQIRUG�8QLYHUVLW\
± 0LFKHODQJHOR¶V�'DYLG

� ���PLOOLRQ�SRO\JRQV
� � ��������� ��� �	� �
��� 	�� � �
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+DUGZDUH�UHQGHULQJ�VSHHGV
� 0RUH�SRO\JRQV�LQ�\RXU�VFHQH

± 0RUH�GHWDLOHG�REMHFWV�VFHQHU\
± 9LVXDOO\�ULFKHU

� 0XVW�VWD\ ZLWKLQ�KDUGZDUH�DOORFDWLRQV�
IRU�UHDO�WLPH�UHQGHULQJ
± Q9LGLD�4XDGUR�);������� :RUNVWDWLRQ�FODVV

� ���PLOOLRQ�OLW�DQG�WH[WXUHG�WULDQJOHV�VHFRQG
± Q9LGLD�*H)RUFH�);�VHULHV�� 'HVNWRS�FODVV

� a���PLOOLRQ�WULDQJOHV�VHFRQG
± $7,�5DGHRQ������;7�� 'HVNWRS�FODVV

� a���PLOOLRQ�WULDQJOHV�VHFRQG
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/HYHO�RI�GHWDLO�LQ�D�QXWVKHOO
� $OORZ�REMHFWV�WR�EH�UHSUHVHQWHG�ZLWK�
GLIIHUHQW�QXPEHUV�RI�SRO\JRQV

� 8VH�IHZHU�SRO\JRQV�IRU�GLVWDQW�REMHFWV
± /HVV�YLVXDO�FRQWULEXWLRQ

� 8VH�PRUH�SRO\JRQV�IRU�QHDU�REMHFWV
± 0RUH�YLVXDO�FRQWULEXWLRQ
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$�OLWWOH�KLVWRU\
� ,GHDV�ILUVW�LQWURGXFHG�
LQ�����
± -DPHV�&ODUN��
³+LHUDUFKLFDO�*HRPHWULF�
0RGHOV�IRU�9LVLEOH�
6XUIDFH�$OJRULWKPV´

� )OLJKW�VLPXODWRUV
± +DQG�PDGH�/2'¶V
± &RVW�HIIHFWLYH

���������	��

���
� ����� � �	������� �����	�	�
�����
��� � �

%XQQ\�H[DPSOH
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%XQQ\�H[DPSOH�,,
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/2'�)UDPHZRUNV�� ,
� 'LVFUHWH�������

± &UHDWH�IL[HG�REMHFW�UHSUHVHQWDWLRQV�RIIOLQH
± 6HOHFW�WKH�ULJKW�RQH�DW�UXQWLPH

� $GYDQWDJHV
± (DV\�WR�SURJUDP
± )LWV�PRGHUQ�JUDSKLFV�KDUGZDUH�ZHOO

� 'LVDGYDQWDJHV
± 'LIILFXOW�WR�SHUIRUP�ODUJH VLPSOLILFDWLRQV
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/2'�)UDPHZRUNV�� ,,
� &RQWLQXRXV�������

± &UHDWH�D�GDWD�VWUXFWXUH�
� HQFRGH�D�FRQWLQXRXV�VSHFWUXP�RI�GHWDLO

± 6HOHFW�DV�UHTXLUHG�DW�UXQ�WLPH
� $GYDQWDJHV

± %HWWHU�JUDQXODULW\��!�EHWWHU�ILGHOLW\
± /2'�VSHFLILHG�H[DFWO\
± )UHHV�XS�SRO\JRQV�IRU�RWKHU�REMHFWV��EHWWHU�
UHVRXUFH�XWLOL]DWLRQ

���������	��

���
� ����� � �	������� �����	�	�
�����
��� � �

/2'�)UDPHZRUNV�� ,,,
� 9LHZ�GHSHQGHQW�������

± ([WHQG�FRQWLQXRXV�/2'
± 8VH�FXUUHQW�YLHZ�SDUDPHWHUV�WR�
G\QDPLFDOO\�VHOHFW�EHVW�UHSUHVHQWDWLRQ�IRU�
WKH�FXUUHQW�YLHZ

� $GYDQWDQJHV
± *RRG�IRU�FRPSOH[�PRGHOV��UHSUHVHQWLQJ�
SK\VLFDOO\�ODUJH�REMHFWV

± (�J��,VRVXUIDFHV�IURP�PHGLFDO�YLVXDOL]DWLRQ�
UHVXOWV
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9LHZ�GHSHQGHQW�/2'

9LHZ�IURP�H\HSRLQW %LUG¶V�H\H�YLHZ
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/2'�7RSLFV
� /2'�*HQHUDWLRQ

± 0HVK�VLPSOLILFDWLRQ
� /2'�6ZLWFKLQJ

± %OHQGLQJ�EHWZHHQ�VLPSOLILHG�REMHFW�
UHSUHVHQWDWLRQV

� /2'�6HOHFWLRQ
± 'HFLGLQJ�ZKHQ�WR�SLFN�ZKLFK�
UHSUHVHQWDWLRQ
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/2'�*HQHUDWLRQ
� 0HVK�VLPSOLILFDWLRQ

� /RZ�OHYHO WHFKQLTXHV
± /RFDO�VLPSOLILFDWLRQ
± *OREDO�VLPSOLILFDWLRQ

� 0RUH�FRPSOLFDWHG�DOJRULWKPV
± )LWWLQJ�ZLWKLQ�/2'�IUDPHZRUNV

± 0HDVXULQJ�HUURU�PHWULFV
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%DVLF�WRSRORJ\
� ³7RSRORJ\´

± 6WUXFWXUH�RI�FRQQHFWHG�SRO\JRQDO�PHVK
� ³*HQXV´

± 7KLQN�QXPEHU�RI�KROHV�LQ�WKH�REMHFW
± *HQXV�RI�D�VSKHUH"�$�WRUXV"�$�SUHW]HO"



10

���������	��

���
� ����� � �	������� �����	�	�
�����
��� � �

0RUH�EDVLF�WRSRORJ\
� ³0DQLIROG´

± $Q\RQH"
± (YHU\�HGJH�VKDUHG�E\�
H[DFWO\���WULDQJOHV

± (YHU\�WULDQJOH�VKDUHV�DQ�
HGJH�ZLWK�H[DFWO\���
QHLJKERULQJ�WULDQJOHV

� 0HVK�WRSRORJ\�LV�DQ�
H[WHQVLYH�ILHOG�
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%DVLF�WRSRORJ\�� UHOHYDQFH�WR�
/2'�WHFKQLTXHV

� *HQXV
± 7RSRORJ\�SUHVHUYLQJ�DOJRULWKPV�UHVWULFW�
RYHU�VLPSOLILFDWLRQ�DQG�UHWDLQ�PDQLIROG�
FRQQHFWLYLW\

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.
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%DVLF�WRSRORJ\�� UHOHYDQFH�WR�
/2'�WHFKQLTXHV

� 0DQLIROG
± 0DQLIROG�PHVKHV�DUH�ZHOO�EHKDYHG
± $OPRVW�DQ\�VLPSOLILFDWLRQ�DOJRULWKP�ZLOO�
ZRUN

� 'LVFODLPHU��0RVW�DOJRULWKPV�RSHUDWH�RQ�
WULDQJOH�PHVKHV
± 0DQ\�WULDQJXODWLRQ�DOJRULWKPV�DURXQG«
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/RFDO�VLPSOLILFDWLRQ�RSHUDWRUV
� )XOO�HGJH�FROODSVH

± &ROODSVHG�WR�D�QHZQHZ YHUWH[
� 6LGH�HIIHFWV

± 0HVK�IROGRYHU
± 7RSRORJLFDO�LQFRQVLVWHQF\

)XOO�HGJH

9HUWH[�VSOLW
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/RFDO�VLPSOLILFDWLRQ�RSHUDWRUV

� 9HUWH[�SDLU�FROODSVH
9HUWH[�SDLU

9HUWH[�VSOLW

� +DOI�HGJH�FROODSVH
+DOI�HGJH

9HUWH[�VSOLW
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/RFDO�VLPSOLILFDWLRQ�RSHUDWRUV
� 9HUWH[�5HPRYDO

± &RPSOHWHO\�UHPRYH�D�YHUWH[
� ,QFOXGLQJ�HGJHV���WULDQJOHV

± 5HWULDQJXODWH�WKH�KROH�FUHDWHG�
� :LWK�IHZHU�WULDQJOHV
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*OREDO�VLPSOLILFDWLRQ�RSHUDWRUV
� 9ROXPH�SURFHVVLQJ

± ,GHD��YR[HOL]H WKH�LQSXW�PRGHO
± 6LPSOLI\�LQ�WKH�YROXPHWULF�GRPDLQ�ZLWK�ORFDO�
RSHUDWRUV

± 5HFRQYHUW�YROXPHWULF�GHQVLWLHV�LQWR�WULDQJOH�
PHVK

� $OSKD�KXOO�EDVHG�VLPSOLILFDWLRQ
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7KH�ELJJHU�SLFWXUH
� $VVXPH�HUURUV�DUH�QRW�D�SUREOHP
� +RZ�GR�ZH�DSSO\�WKHVH�RSHUDWRUV"
� 6HYHUDO�RSWLRQV

± 1RQRSWLPL]LQJ
� $OO�RSHUDWLRQV�LQ�DUELWUDU\�RUGHU

± *UHHG\
± /D]\
± (VWLPDWLQJ
± ,QGHSHQGHQW
± ,QWHUOHDYHG
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6LPSOLILFDWLRQ�IUDPHZRUNV
� *UHHG\

± %RXQG�HUURU�DIWHU�HDFK�SRVVLEOH�RSHUDWLRQ
for each possible operation op

compute_cost(op)

Q->insert(op)

while Q not empty

op = Q->extract_min()

apply_operator(op)

for each neighbor operation i

compute_cost(i)

Q->change_key(i)

• /D]\��UHGXFH���RI�FDOOV�WR�FRPSXWHBFRVW��
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6LPSOLILFDWLRQ�HUURU�PHWULFV
� *XLGH�DQG�LPSURYH�WKH�VLPSOLILFDWLRQ
� 0HDVXUH�WKH�TXDOLW\�RI�WKH�UHVXOWV
� .QRZ�ZKHQ�WR�VKRZ�DQ�/2'
� %DODQFH�TXDOLW\�DFURVV�D�ODUJH�
HQYLURQPHQW
± .QDSVDFN�RSWLPL]DWLRQ�SUREOHP
± +DUG�
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7\SHV�RI�HUURU�PHDVXUHPHQWV
� *HRPHWULF

± +DXVGRUII�'LVWDQFH
± 0DSSLQJ�'LVWDQFH
± 6FUHHQ�VSDFH�HUURU

� $WWULEXWH
± &RORUV
± 1RUPDOV
± 7H[WXUH�FR�RUGLQDWHV
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6DPSOH�GLVWDQFH�DOJRULWKPV
� 9HUWH[�YHUWH[�GLVWDQFH
� 9HUWH[�HGJH�GLVWDQFH
� 6XUIDFH�VXUIDFH�GLVWDQFH
� 9HUWH[�VXUIDFH�GLVWDQFH

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.
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&DVH�VWXG\�� SURJUHVVLYH�PHVK
� +XJXHV�+RSSH��0LFURVRIW�5HVHDUFK

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.
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&DVH�6WXG\�� 3URJUHVVLYH�0HVK�
�+XJXHV�+RSSH�

� ,GHD��$SSO\�VHTXHQFH�RI�HGJH�FROODSVHV
HFRO�YHFRO�YV�V���YYWW ����YYVV ��

vvll vvrr

vvtt

vvss

vvss
vvll vvrr

((RSWLPL]DWLRQ))

’’

’’
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6LPSOLILFDWLRQ�SURFHVV

13,54613,546 500500 152152 150150

MM00MM11MM175175

ecolecol00ecolecoliiecolecolnn--11

M=MM=Mnn^̂
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$SSOLFDWLRQ��&RQWLQXRXV�
UHVROXWLRQ�/2'

)URP�30��H[WUDFW�0L RI�DQ\�GHVLUHG�FRPSOH[LW\�
MM00 vsplvspl00 vsplvspl11 vsplvsplii--11 vsplvsplnn--11

MMii

MM00 MMnn=M=M̂̂MMii

100K100K faces/sec!faces/sec!200K200K faces/sec!faces/sec!
(166 MHz Pentium)(166 MHz Pentium)
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+RZ�WR�VHOHFW�HGJH�FROODSVHV"
� 3UHVHUYH�
DSSHDUDQFH�
± JHRPHWULF�VKDSH
± VFDODU�ILHOGV �H�J��FRORU�
± GLVFRQWLQXLW\�FXUYHV

E e e dA e dLshape scalars disc � �³ ³( ) ( )
face areas disc. edges

66 66
pointspoints pointspoints
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!

6HOHFWLQJ�HGJH�FROODSVHV
� *UHHG\�DOJRULWKP��DOZD\V�FROODSVH�HGJH�
UHVXOWLQJ�LQ�VPDOOHVW�'E

� 6LPSOLILFDWLRQ�UDWHV��a���IDFHV�VHFRQG
± 2II�OLQH�SURFHVV
± &RXOG�XVH�VLPSOHU�KHXULVWLFV
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$SSOLFDWLRQV�IRU�SURJUHVVLYH�
PHVK

� 6PRRWK�WUDQVLWLRQV
� 0HVK�FRPSUHVVLRQ
� 3URJUHVVLYH�WUDQVPLVVLRQ
� &RQWLQXRXV�UHVROXWLRQ�/2'
� 6HOHFWLYH�UHILQHPHQW
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/2'�6ZLWFKLQJ
� 3UREOHPV"

� 3RSSLQJ
± $EUXSW�VZLWFK�IURP�RQH�/2'�WR�DQRWKHU

� /2'�6ZLWFKLQJ�QHHGV�WR�EH�VHDPOHVV
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7KH�REYLRXV�VROXWLRQ
� $Q\RQH"

� 'LVFUHWH�6ZDS�/2'¶V
± *HQHUDWH�D�ORW�RI /2'¶V
± 6ZLWFK�EHWZHHQ�WKHP�DW�VSHFLILF�GLVWDQFHV

� $GYDQWDJHV
± 3XOO�LQGH[HG�WULDQJOH�VWULSV�GLUHFWO\�IURP�
KDUGZDUH
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7KH�QH[W�REYLRXV�VROXWLRQ
� $Q\RQH"

� %OHQG�/2'¶V
± %OHQG�WZR�GLIIHUHQW /2'¶V�RYHU�D�VKRUW
SHULRG�RI�WLPH

� 'LVDGYDQWDJHV
± &RPSXWDWLRQDO�FRVW�RI�EOHQGLQJ�WZR�REMHFWV
± %OHQGLQJ D�����PLOOLRQ�SRO\JRQ�%RHLQJ�����
GRZQ�WR���� PLOOLRQ�SRO\JRQV"
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%OHQGLQJ /2'¶V
� 0LJKW�VWLOO�EH�SURILWDEOH

± 6KRUW�DPRXQW�RI�WLPH
± 1RW�DOO�REMHFWV�LQ�D�VFHQH�DW�WKH�VDPH�WLPH
± (�J��FRXOG�ORVH�VRPH�REMHFWV�ZKLOH�VKLIWLQJ
± 8VH WKH�H[WUD�WLPH�WR�FRPSXWH�EOHQG

� +RZ�LV�WKH�EOHQG�FRPSXWHG"
± $Q\�LGHDV"
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'LIIHUHQW /2'�6ZLWFKLQJ
� &RQWLQXRXV�VFKHPHV

± 6LPSO\�XVH�GDWD�VWUXFWXUH�IURP�
&RQWLQXRXV�/2'�PHWKRG

± 6HOHFW�DV�UHTXLUHG
� *HRPRUSK�/2'¶V

± 8VHG�LQ�WKH�³8QUHDO´�JDPH�
HQJLQH

± *HRPHWULFDOO\�LQWHUSRODWH�
EHWZHHQ�GLIIHUHQW�REMHFW�
UHSUHVHQWDWLRQV

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.
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/2' 6HOHFWLRQ
� 0DQ\�SRVVLEOH�GHFLVLRQV�IRU�VHOHFWLRQ

± 'LVWDQFH
± 6L]H
± 3ULRULW\
± +\VWHUHVLV
± (QYLURQPHQWDO�&RQGLWLRQV
± 3HUFHSWXDO�)DFWRUV

� 3RWHQWLDO�,VVXHV
± :KDW�KDSSHQV�ZKHQ�WKH�WKUHVKROG�GLVWDQFH�JHWV�
WRJJOHG�UHSHDWHGO\"
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0RUH�DOJRULWKPV
� 6XUIDFH�6LPSOLILFDWLRQ�
XVLQJ�4XDGULF�(UURU�
0HWULFV��6,**5$3+�����
± 0LFKDHO�*DUODQG��3DXO�
+HFNEHUW

� 2XW�RI�&RUH�
&RPSUHVVLRQ�IRU�*LJDQWLF�
3RO\JRQ�0HVKHV��
6,**5$3+�����
± 0DUWLQ�,VHQEXUJ��6WHIDQ�
*XPKROG

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.
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*DPLQJ�RSWLPL]DWLRQV
� 0RVWO\�VWLOO�XVH�GLVFUHWH�DSSURDFK
� 9HU\�SRSXODU�IRU�WHUUDLQ�UHSUHVHQWDWLRQV
� *DPH�HQYLURQPHQW�LVVXHV

± &RQVWDQW�IUDPH�UDWH
± /RZ�PHPRU\
± 0XOWLSOH�LQVWDQWLDWLRQV

� (�J��ERWV�LQ�³+DOR´
± 6FDODEOH�SODWIRUPV
± )LOO�UDWH�YV��7ULDQJOH�UDWH
± $YHUDJH�WULDQJOH�VL]H
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8QUHDO�7RXUQDPHQW

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.
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/2'�LQ�*DPHV
� 7DNH�DGYDQWDJH�RI�KDUGZDUH

± 3HUIRUP�DV�PXFK�RIIOLQH�SURFHVVLQJ�DV�SRVVLEOH
� (WHUQDO�GHYHORSHU¶V�QLJKWPDUH�

± 7U\LQJ�WR�GHYHORS�QH[W�JHQHUDWLRQ�JUDSKLFV�RQ�
\HVWHUGD\¶V�KDUGZDUH

± 3XVK�IRU�EHWWHU�DOJRULWKPV
� ,QWHU�SODWIRUP�GLIIHUHQFHV�LQ�YHUWH[�KDQGOLQJ

± 3OD\6WDWLRQ���;ER[��*DPH&XEH
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5HPHPEHU«
� /2'�WHFKQLTXHV�DUH�RQO\�RQH�
FRPSRQHQW�RI�WKH�ODUJHU�UHDO�WLPH�
UHQGHULQJ�SLFWXUH«
± 3DUDOOHO�UHQGHULQJ�RSWLRQV
± &XOOLQJ��VSDWLDO�GDWD�VWUXFWXUHV

� 4XHVWLRQV"
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/LEUDULHV�5HVRXUFHV
� $�ORW�RI�OLEUDULHV�DURXQG«
� 4VOLP��*DUODQG���+HFNEHUW�

± &RGH�DYDLODEOH�DW�
� KWWS���JUDSKLFV�FV�XLXF�HGX�aJDUODQG�VRIWZDUH�TVOLP�KWPO

� 52$0��57�2SWLPDOO\�$GDSWLQJ�0HVKHV�
± &RGH�DYDLODEOH�DW�

� KWWS���ZZZ�FRJQLJUDSK�FRP�52$0BKRPHSDJH�
� 6HH�KWWS���ORGERRN�FRP�VRXUFH� IRU�PRUH�
GHWDLOV�DQG�IXOO�OLVW
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5HIHUHQFHV
� ³/HYHO�RI�'HWDLO�IRU��'�*UDSKLFV´

± 'DYLG�/XHENH��0DUWLQ�5HGG\��-RQDWKDQ�
&RKHQ��$PLWDEK�9DUVKQH\��%HQMDPLQ�
:DWVRQ��5REHUW�+XHEQHU

� ³5HDO�7LPH�5HQGHULQJ´
± 7RPDV�$NHQLQH�0ROOHU��(ULF�+DLQHV


