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The metamorphosis or the 3D morphing is the
process of continuously transforming one object into
another. Many morphing techniques for polygonal
objects have been proposed. Most techniques par-
tition a given mesh into several patches. User of-
ten suffers from assigning partition path and patch
correspondence between objects. In this thesis, we
tried to alleviate such user intervention. In the pro-
posed morphing system, the user is required to spec-
ify correspondence of feature vertices among objects
by intuition. According to topological and geomet-
ric information, finding a suitable cutting path on
the mesh and then cutting mesh into a patch. We
apply mesh parameterization to assign a 2D para-
meter value to each vertex of patch. Then adjust
2D parameter value for each vertex, and construct
meshes’ correspondence on 2D coordinate. Using im-
age processing technique and constrained Delaunay

triangulation decides the point distribution of new
common mesh topology. According to the common
mesh topology and original mesh geometric position
constructs new object with the same mesh topology.
In morphing stage, interpolation mesh is constructed
by a traditional linear interpolation between corre-
sponding vertices.
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ëÝÎ��Í�7ÅE

T°�ËÍ��Î�Ä6�È7Å�×Í�!ÝÎ
��Ïî�A�i¦�iÖ��¬37ÅÝ2ýî
´0ETn;�

Kent�ParentõCarlson[9]XèÝ7ÅET°x�
ÎjEÏÏÎ� 1 �star-shape object��ã¸àï
��¼ÙÎ��êýÎ�/IÝ�TF�¬vE�
Î�ÝYw]'�orientation�� Þ�«îÝF7
ÅÕi¦î�¿à7Å3i¦îÝF8n�H0�
FÝETn;�h��]°EyÏÏÎ�Ý��b
�?Ý[��¬3×�Ý�µì� �9óÝÎ�¬
�Ð)ÏÏÎ�Ýf�� Lazarus õ VerroustXè
ÝÎ��«ãø°[2]�Î3Î�/I0Õ×f/L
Î�Ý`a�3`aø�EÎ��«¥±ãø� |
!øÝãøÄ�¼�ñÎ� FETn;�.h�
Î�/IÄ6D3×f`a�curve��
Î�Ý�
T�� 3h�T�îÝ��F�×Í��¿�Ý¿
«�h¿«�Î��«X6�¼Ý�ÏÄ6ÎÏÏ
9\� 2 �Ah��¸�T�'²EÎ��«0�
Ñ@ÝãøF�¬AhÎ�Ý�ÏµºbX§×�
¬�ÊàyXbÝÎ�î�
3Gregory[6]õKanai[8]Ý s¥P°]°��/
|¢óÕÞî¿«Ý sç}8!¥PÝ]P ¼
�xÎ� ÝcRETn;�ÞÎ�6vW9Í 
s�¸àïÄ63ËÎ�î5½��8ETÝF�
¬��ETF 8!Ý=#n;� 3Î��«î�
W��Ý�×ç}�control mesh��h�×ç}Þ
Î�Ý�«6vW´�Ý s�vËÎ�îX6v
WÝ só�Î8�vETÝ� #½Þ sç}£
]ETÕÞî¿«¡�-�|3¿«î´0FET
n;�3[6]õ[8]� ´0ETn;Ý]PÎ×lÝ�
¿à sÌ ¡���¥P)¿�¥P¡�Õ�X
b\ÝøF�±ÝøFÞæ¼Ý\6vW&9ð�
Q¡EXbÝF��âæ¼ÝFõ±ÝøF�õÍ
Ï�F �lãÎÍ
ë��Úx�ÞÎ�ç}ë
�;� h]P�ñ�¼ÝETç}�ãÌ Ý��
)¿¥P®ßÝ\øF�¼Ý�¸�ñÝç}®ß
8	9±ÝF�
3[13]�[11]�[10]��à|�ñÎ�� ÝETn
;]°
 ¥±EÎ�×lPÝãø�ÿÕ�«y
æ¼Î�Ýëîÿl�¸ÍÎ�=b8!ÝcRn
;� 36vç} sî�3[13]��¸àï���

1ÏÏÎ��star-shape object�Î¼Î�/I�KD3×Í
F��hF|&Ë�� � a�Nf aõÎ��«©�b×
ÍøF

2ÏÏ9\�Î¼9\�/ID3×ÍF�ãhF'9\�Ý
cF � a�N×f a�9\�Ý\`©øy×F
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6vç}W8!ó�Ý s� #ì¼�¸àï3×
×¼� s ÝETn;�¸Î� Ìb8!ó�
vET� s� 3[10]��
Ý3K¸àïÝ��
H�3��Ý s6vî�¸àï©m3Î�î¼
�°ÍETF��PqAh°ETFÞÎ�6vW
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3Ä�Ýç}��]°��
Ý¾Õ?Ýç}��
Ä�T¸àï��Ý��[�� ¸àïm��&9
` õÞß3¼�ËÎ�� ÝETn;î�LÍ
3[8],[11]� �¸àïÄ6�î&9` ¼�Î� 
Ý��ETFõ��ETF� Ý=�n;� ¬.

 s5vÝ`Æ�P°¼�ay�!ET s/
ÝF
ETF�¸ETFÝ¼�åÕ§×�P°¾
Õ��Ýç}��Ý[��
Í��x�ÝêÝ3y3K¸àï3¼� sE

Tî��H�%1
JÍ�ÙÝø�%� �Pèº¸

àï&«¯¸àï�qAàÆT�¾ÕÝç}��
[�¼�Î�ç}îÝETF� �PqA¸àïX
¼�ÝETF�¯8!òP�genus�ÝÎ�ç}=
b8ETÝ6v­5�Bã6v­5Þ�TÝÎ�
6vW×Í�×Ýëî sç}� �ºà¢ó;Ý
*�ÞÎ�Ýëîç}Ì ÕÞî¿«î�¸ëî
ç}õÞîç}Ìb×E×vÌWÝn;� Bã-
`�warping�ÝÄ��¸ËÎ�Ý©ÇETF�J
Õ8!Ý¢ó¿«�Hî�¸Î�3¢ó¿«î�
ñ8!ÝFETÝn;�
Î�îFETn;�ñ¡�|�ñ�!cRç}

Ý]P�ñÎ� ÝETn;�¥�ç}Þ2àã
ø�resampling�Ý]PX�Î�Ýç}5µ� 

ÝÝ\±cRç}ãøFÝ�H�ÞqAæ�ëî
Î�ç}Í�Ý©Põ¢ó;Ä��XCWæç}
õÞîç}Ý-²P� ®ß`£%�curvature�
õ«�´Ë%�area distortion map�� qA¸à
ï�!ÝmO5g`£%õ«�%f»®ß�×%
�control map��¥Pk�ñETn;Î�Ý�×
%� ¸ãøÝÎ�cRç}!`=b&Î�Ý©
P�¿àÅ	�§�����halftoning�Ý]P�
Þv$Ý�×%»ðWFpÝãø%� �ãø%î
AFÝ�HµÎÎ�îãøFÝ�H� �ÿÎ�î
FÝ�H¡�¿àqz¹ë�;�Delaunay triangu-
lation��ñãøF� Ý=�n;ÿÕ±ÝcRç
}� Þh�!ÝcRç}5½�à3&Î�î��
ÕÞîcRç}ET3&Î�ëîè îÝ�H�
Ah�¥±�ñÝÎ�=b8!cRç}¸Î� 
Ìb8ETÝn;�3ç}��ÝÄ��� /-8
ETFîÝ�H�°'��Ý�...��¾Õç}��
Ý���
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3cR.��&Æá¼u�Þ×Í�TÝ`«Ì 
Õ×ÍÞîÝè v ^b5P¨ésß�´���
3ç}î0Õ×àÊ)Ý\	®6vÝ­5�|6
v­5ÞÎ�6vWëîÝ s� Ahµ�5¿Þ
×�T`«¢ó;Õ×ÍÞîÝ¿«è î�
¬�0Õ×Ít·Ý6v­5�Í�Õ°Ý�
Õ�Ó�Î8	{Ý�Î×ÍNP-hardÝ®Þ�Æ
3[7]è�×Í�#åÝ] °��0Õ×Í)ÊÝ
��´��&Æ�BãÎ�Í�ÝcR©PÿáÎ
�ÝcRòP

nv − ne + nf = 2− 2g (1)
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Í�� nv � ne � nf 5½�îÎ�îF�\�«
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cRòP�ÿáÎ�cRòP¡� 5
½EòP
ëõ�yëÝÎ��Õ6v­5�
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EycRòP
ëÝÎ���¢×àÎ�îÝ6v
aµ�ÞÎ�6vWëîÝ s� ¬
Ý¸ëî
 sÝ\&8!ET�Æ6vÎ�Ý­5ô�bE
Tn;� �®ß��ETtàÆÝ]PµÎ¿à¸
àïX¼�ÝETF�qA¸àï¼�ÝG"ÍE
TF� 3ç}î0´Ï×ÍETFõÍ¡°ÍET
FÝty­5�|°f­5xWÎ�Ý6va�A
%2�

4.2.2 ÎÎÎ���cccRRRòòòPPP���yyyëëëÝÝÝ666vvv­­­555

	Î�ÝcRòP�yë`���Ý6v­5¬P
°5¿ÝÞ×Í�TÝ`«×E×ÝÌ Õ×ÍÞ
îÝ¿«î� Í��2à[7]�Ý]P0Õ)ÊÝ6
v­5�!`¬�á¸àï¼�ÝETFÝ���
¸6va�ºayETFî��¹®ßETFP°
�JÝ�µsß�
JÍ�Õ°5W°ÍM»�

% 2: cRòP
ëÝ­56v

1. 
Ý¸6v­abÃÍÝET�X|qA¸à
ïX¼�ÝÍ�×ÍETF�0ÍÏ�Ý×
Íë��	�R�F�seed triangle�� ÞR
�ë��õhë��Ý\Ét�µ�Þhë�
�Ï�Ýë��óá×ÍÌb8�5�Ý��
�priority queue��� h��µAë��õR
�ë��ÝûÒ4��

2. 3���ã�õR�FûÒt�Ýë���Þ
hë��õÍ\Ét�¬Þhë��Ï��Î
ÉtÝë���á���� ¥�M»2�àÕ
ÞXbÝë��Ét�Þ�Ië��Ét¡�
ºyìxW9Í�ÏÝ\�loop�õ�,Ý\
�dangling edge��

3. Àt�,Ý\�dangling edge��0�©b×
Í\=�ÝF�ÞhFõ\�dangling edge�É
t�¥�M»3�àÕXbFKbËÍ|îÝ\
8=� h`ºyì�ÈW�Ï=�Ý\�

4. yìÝ\ºxWÝ�(loop)�µAty­5Ý]
P�Þ�µ�ÝZà3K�Ý���t¡��
W6v­5�

	¸àï¼��ETFay¢ó¿«Ý\&ø�
`�ºCWFP°3¢óç}î��É�J�¸E
TFP°8!E��Æ3�Õ6v­5`� tÝ�
ÊÎ�ç}Í�ÝcR©P²�¬�ÞETF�á
���X|3M»2`�ÞETFø�ë��ÝJ�
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(a) Þ6vaîÝFH43\
&î

(b) �W/IFÝ¢ó;

% 3: ¢ó;Ä�

ª±�¸Íø�Ýë����Ét� Ah�ETF
µ�ºa36v­5î�

4.3 ëëëîîîççç}}}ÝÝÝ¢¢¢óóó;;;
&Æ¢�[4]Ý®°Þëîç}¢ó;�ÞîÝ¿«
î�´��Þëî s5WËI5�×I	Î\&
îÝF�¨×I	Î s/ÝF� ËI55½¿à
ì�]PÌ ÕÞîè î�
\&Ì ∂M→ ∂V �Í� ∂M Îëîè � 

s M Ý\&� � ∂V ÎÞî¢ó s V Ý\&�
34.2;��&ÆÿÕÝÎ�Ý6va�¬vµA6
va6�Î�®ßëî s��6�6vaµ�W
Ýhëî sÝ\&� qAëî s\&3ëîè
 Ý��õ�H�¶ïf»5µÝ]P�Þ&FH
43×Í��]sî�A%3(a)Xî�
/IÌ M → V�¿à[4]Ý]P�¸Ðóu�E

y/IÝN×ÍFvi�È��ì�ËÍ]�P�

u(vi) =
∑

k∈V(i)

λi,ku(vk), (2)

∑

k∈V(i)

λi,k = 1, i = 1, 2, ..., n (3)

Í��V(i)�îFviÏ�ÝF�1-ring��n
 s�
FÝÍó�

4.4 EEETTTFFF333¢¢¢óóóèèè   îîîÝÝÝ���JJJ
Bã4.3¢ó;¡ÝÞîç}� µÌbETn;�
¬hETn;©�ÊÎ�Í�ëîç}Ý¿¢©

P� Æm¢ã¸àïX¼�Ý©ÇETF�¢ã
©ÇFÝET¸Þîç} �=b¸àïXm�Ý
ETn;� ãy¢ó;��¬^b�Ê©ÇFÝ�
H�Æ�!Î�Ý©ÇETFºay�!Ý¢óè
 �Hî�&ÆÞ¢ã�J¢óç} �HÝ]P�
ÞÎ�Ý©ÇFÉ�Õ8!Ý¢óè �Hî�¸
©ÇF3¢óè �8E�� &Æ2à[5]Ý]P¼
�JÞîç}Ý�H�Í�Õ°�5Wì�M»�

1. ¼�ETF�J¡Ý�H�|ETF3&Î�
¢óè �HÝ¿íÂ	�t¡�JÝêÝ�
H�ª±¢óç}�JÝ-²��

2. �ñ��ç}�ã¢ó¿«Ý°ÍÐFõÍ
/IÝETF�BãÞîÝqz¹ë�;�
ñ� Ý=�n;��ñÍ��ç}�warp
mesh��

3. �Õ¢óç}îÝF3X3Ý��ç}ë��
�Ý¥T2ý�barycentric coordinate��

4. �J��ç}�óã$ÎÉ�ÕêÝ2ÝE
TF�É�ETFÕêÝ�Hî�É�Ä�
�� 3æ��HõêÝ�H� ¿àÞ-¨
´�binary search�Ý]P�¾\ÎÍºCW�
�ç}ë��ö´¯�Ýsß�ub�J�J
��ç}Ýë�;n;� ¬¥±�Õay��
ç}ë��î&FÝ¥T2ý�barycentric co-
ordinate��¥�M»4�×àÕXbETF/
�JÕêÝ�Hî�

5. ¥±�Õ¢óç}Ý�H�¿à¢óç}î&
FB�Ý¥T2ý�barycentric coordinate�õ
�J¡Ý��ç}ë��ÐF�H�¥±�Õ
F3¢ó¿«�H�

6. ãy¢ó¿«ç}BãZ4�CW¢óç}´
�¢ó;Ý©P�t¡�Þ�á	IÝ�J�
�J&©ÇFÝ�H�ª±¢ó;XCWÝ´
Ë��|¾Õ´?Ý¢ó;���

ãy[5]Ý�Õ°ÊàyÅ	Ý-`�warping�
î��ºà3Ì¢óç}Ý¿«��`�º¸ ¬
y��ç}îÝë��Bãç}�J¡CW¢ó
ç}5PÝ¨é�h5P¨é3¢óç}îÎ�)
°Ý�3h�
Ý�¹¬��ç}Ýë��D3�
&ÆÞº½��ç}îÝ\6væ�ç}îÝë�
��¸æ¼¬y�!��ç}îÝë��6vWË
Í�|�¹5P¨éÝ®ß�A%4Xî�
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(a) ¢ó;ç} (b) �ñ��ç}

(c) qA��ç}6væ�
ç}

(d) �Wç}��

% 4: ç}��ø�

4.5 ¥¥¥���ççç}}}
&ÆÞ2à&í8(non-uniform)Ý]P¼¥�ç
}�&Æ¿àãø�resampling�[1]Ý]P� qA
æ�ç}Ý`£�;õ¢ó;Ä�XCWÝÞî£
]Ý´Ë��ñÞî`£5µ%õ«�´Ë%� Þ
`£%õ«�´Ë%�)�ñ�×%�¿à�×%
v$��5µÝ�µX�±Î�Ýãø5µ� ¢
ãÅ	�§����Ý]PÞv$Ý�×%»ðW
FpÝãø%�3ãø%�AFÝ5µµÎãøF
3¢óè îÝ�H� qAãøF3¢óè Ý
�H�¿àå§×Ýqz¹ë�;�ñç}8=n
;�

4.5.1 ���ñññãããøøø%%%

ãy¢ó;*�Ý§×�ëîç}ë��«�P°
¶ïf»¢ó;�ÞîÝç}î�h`� u&Æ3
Þîè îí8ãø�ÍãøFET3ëîè î
¬�×�í8Ý5µ�Æ3X�ãøÝ��`� &
ÆÞ�á¢ó;Ä�XCWÝ«�´Ë��¸ãø
F�3ëîè îí8Ý5µ�
3����&ÆÞæ�Î�`£õ¢ó;Ä�
XCWÝç}´Ë��á���5½�C«�´
Ë%�area distortion map�õ `£%�curvature
map��¸àï�µ�
ÝmO�J«�´Ë%õ`
£%Ýf»�®ß�×%�control map�� �×%

v$ÝÅ	Ý�v²�
`£T«�´Ë�´{
Ý2]�¿àÅ	�§���� Ý]P�Þ�×%
»ðWãø%�¯æ��×%v$��´{Ý2]
�ÿ´{ÝãøÛ��|ìÞ@M××1��

1. �ñ«�´Ë%�&Æ�áëîÎ�ç}3B
Ä¢ó;ÝÄ�¡�¢ó;è �Ýë��«
�õæ¼3ëîè �P°1¹8�� X|

Ýÿáë��3ëîè õ¢ó;è Ý«�
-²��ÕNÍë��´Ë� A3D/A2D � Í
�A3D 
ë��3ëîè �Ý«�� A2D 

ë��3¢óè îÝ«�Â�3Þî¢óè
 î�.ë��ëcFqA A3D/A2D 	®cF
v$ÝÝ�0%3¢ó¿«î� Þë��××
i��ÿÕ«�´Ë%�

2. �ñ`£%�&ÆENÍÎ�ëîè îÝF
�ÕÍ{ú`£�´��EXbFvi�ÕÍF
õø�ë��X�WÝvoronoi region�A%5X
î� ë��v�I5
FP3ë��PQRî
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Ývoronoi region��Õ��ë��õ&��ë
��voronoi region]P�!� uë��
&
��ë���non-obtuse��JF3hë��
Ývoronoi regoion


AV oronoi =
1
8

∑

j∈N1(i)

(cot(αij)+cot(βij)‖ xi − xj ‖2

(4)
uë��
��ë���Jà£�Ý]Pãÿ
��ë��îÝvoronoi regoion�uF
ë�
�î����JF3hë��îÝvoronoi re-
goion
hë��«�ÝÞ5�×� uF�Îë
��îÝ���voronoi regoion
hë��«�
Ý°5�×� J�ÕÎ�îF3ø�ë��X
�WÝvoronoi regoionÝ]P�|�Õ°Ý]P
¼�î
1�

Algorithm 1 �Õ voronoi regoion
AMixed = 0
for each triangle T from the 1-ring neighborhood
of x do

if T is non-obtuse then
AMixed+=Voronoi region of x in T //Voronoi
safe,Add Voronoi formula

else
//Voronoi inappropriate,Add either area(T)/2
or area(T)/4
if the angle of T at x is obtuse then

AMixed+ = area(T )/2
else

AMixed+ = area(T )/4
end if

end if
end for

�J�ÕhFÝ{ú`£


KG(Xi) = (2π −
#f∑

j=1

θj)/AMixed (5)

�ÿÕNFÝ{ú`£�¿à{ú`£��	
®FÝÝ��Þë��××0%�¼�ÿÕ`
£%�

3. qA¸àïÝmO��)«�´Ë%õ`£
%��ñ�×%� 
Ý¸ãøFÝ5µÌb

% 5: voronoi regoionî�%

&Î�Ý©P�Þ&Î�Ý�×%¿íÿÕ�
!Ý�×%�

4. Þ�×%Bã����§�ÿÕãø%���
�
Å	�§�Þ×v$%n»ðW×AçF
p%Ý�Õ°� 3�×%��¯Î�`£{Ý
I5õ«�´Ë�ÝI5Ý�´��¸Bã�
���§¡ÿÕ´{Û�Ýãøf»� æ¼�
���Õ°ºCWi÷2 �dead zone��¸
Å	��2]ºãø���
Ý�¹i÷2 
Ý¨é� Þ�×%DH¬�%×	ÞæbÝÅ
	õ�%ÝÅ	îìPw�W±ÝÅ	� hÅ
	DÄ����§ÿÕîìPwÝãø%�ã
Íî]ÝI5
Î�ÝÞîãø�H��¹ã
ø��Ý¨é�

4.5.2 ���ñññççç}}}£££GGG

�ñFpÝãø%¡�[ã�%�A�FÝ2ý�
H�h2ý�H
±ãøFÝ�H� �ÊãøFÝ
5µõëîç}\&Ý=�P�±�ñÝÎ�ÝF
�Àãø%îÝãøF�¢óç}\&îÝFõ¸
àïX¼�ÝETF� �ÿÎ�FÝÞî�H¡�
ÞBãå§×Ýqz¹ë�; ¥�F� Ý=�£
G�¥�ç}£]�
�ñ�!ÝÞîç}¡�&Î�qAh�!Ýç

}cRõæbÝÎ�¿¢Ý�H�ÞÞîç}î
ÝF»ðÕëîÝ�Hî�Ah��ñ±ÝëîÎ
�� �ÕÞîè �F3ëîîÝ�H�Ä6�X
�hFayøÍæ�¢óç}ë��î�u�××
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Ç�Ý¨´��Õ�Ó�8	{�
Ý�>�Õ�
&ÆÞ�ñ«õS%�face index map�� 
Ý�
ñ«õS%�¯���ç}îÝë���!ÝÝ�
Â�µAë��Ý�Þç}0%3«õS%î� ã
yÅ	ÝÝ����Ý§×�X|Î�ç}«ÝÍ
ó���y16581375(255*255*255)�tÝç}ë�
�ÍóÝ§×� Å	Ý�����õÒ÷Ý©P¸
�ÕFÝaF®Þ`bì�ëË���

1. Ñ@ÝÿÕFÝaF�H�FÝ�Hayë�
�3«õS%îÝªAÝ�H� Æ©�à#�
ÕF3«õSîÝÝ��µ�ÿáFÝ3ç}
îÝaF�H�

2. ãÿ�Ñ@ÝaF�H�.
Å	ÌbÒ÷Ý
©P��ãøFÝ2ý
=�ÝÂ� ÆãøF
�HBã�;�quantization�»ð�Ò÷Å	
Ý�Hî�¬h�;ÝÄ�ºCW aF¾\Ý
ý0î�h`�¢ã¨´Å	îÏ�FÝÝ�
�¹�`ÝÇ�¨´M»�

3. ^bÑ@Ýë��Ý�õS�ãyÅ	���
b§�Æç}îÝë��P°3«õS%îª
b Ý��h`3µÇ�¨´Ý]PX�FÝa
Fë���

	X�FayøÍë��¡�¿à¢óè Ý2
ý��ÕhF3hë��Ý¥T2ý�barycentric
coordinate�� �¿àh¥T2ýõë��3ëîè
 Ý2ý�H��ÕF3ëîè �Ý�H�

4.5.3 ëëëîîîÎÎÎ���ççç}}}ttt···;;;

34.5.2;��qz¹ë�;qAÞîè Ý£G�
ñç}Ý=��H�¬hë�;Ý��3ëîè 
¬�×�Ê	� Æ��ÊëîÝ£GÞç}=�Ñ
;�¾Õ?Ý=#n;�ht·;5Wì«¿ÍI
5�

1. 8ÌP�regularity���J8=n;�¢ãø
ð\=�]'�edge swap�¸ç}îNF8=
Ý\Íó8��

2. «Ý«�õø�f»�face aspect ratio��¢
ãøð\=�]'�edge swap�¸Î�Ý îN
Í«Ý�«�/ø� 2 ÝÂt���¹«�ë�
�ÝD3�

3. ;�¿¢Ý�H�°��JF3ëîè �Ý
�H�¸JÍÎ�?�¿â�smooth��Í]
P
ì�]�P�

4p = 4t
∑

i∈N (p)

wi(qi − p) (6)

Í�� 4t 
×Í��ÝðóÂ� N (p) Î«F
p 8=ÝF�qi 
pÝ8=F� wi 
ìP�

wi =
(A3D

i cot(αi) + A3D
i−1 cot(βi))∑n

j=1 A3D
j

(7)

Ï1�2I5x�¸ç}=�t·;�connectivity
optimization� � Ï3I 5 
 ¿ ¢ Ý t · ;
�geometry optimization�� Î��¥�Bã
hëI5�¸Î��¼�¿â�smooth��

4.6 ççç}}}������

k��ÝÎ�Bãî�ÝM»¡�¿à�!ÝcR
ç}®ß±ÝÎ��¸Î� ÝFõF�\õ\�
«õ«Kb×E×vÌWÝn; �X|3��ÝÄ
���©mÞËÎ�ETFÝ�H�qA` �a
P/-�µ�¾Õç}��ÝêÝ�

5 ���������DDD¡¡¡

Í � � Ý @ ® Î |C/C+++ � 
 Ã � � g
)OpenGL0%ÐP0õGLUT;àÚ�Ñ§ÐP
0�3MS windows 2000®¼�Ùì� ¿àVisual
C++6.0Ý�Ps"�(
��ÙÝ�s�8n?
��Î3AMD Athlon�TM�XP 1500MHz CPU�
î 512MB DDRAMÝ PCî�g)Nvidia Geforce4
Ti 4400Ý�îþnXÿ�Ía ??;
GH�§Ý�
��5.1;
��Ä����

5.1 ççç}}}������������

A% 6�Î�B�����°òù�Ý]P?Î
�A��� µ¸àï¼�Î�]'õETFÝ]P
Ý�!Þº¸��Ä�b�×øÝÓ¨[��
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% 6: ����
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5.2 ççç}}}������***������fff´́́
|9\��î°Ó¨ÝÎ�ç}���Õ°��´
OÎ� ÝETn;ÎtæpôÎt¥�Ý×��
�½Î�ÝcRòPÝ�Ó�¦�õ-²PÝ��
�Þº¸�Õ°?��Óvp|�×��ÝÄ��
3[12]õ[14]��à#3ëîÝè ��ÕÎ� 
ÝETn;� 
Ý3K�ÕÝ�Ó���Þæ�Î
�ç}Bãç}�;ÝÄ��¸&Î�9\��;
�8!ÝÍó�3ëîè ��Õ ç}ë�� Ý
¿¢ûÒ�|¿¢ûÒ
µA´0Î�ë�� Ý
ET�ÿÕË�;ç} ÝETn;¡��;Ýç
} Bã8!M»ÝL]6v�subdivision scheme�
��ÿÕ#�æ�Î�vÌETn;Ýç}ÿl�
h]Pà#¿à Î�¿¢ûÒÝ-û�ñETn
;�4QBã�;Ä�3K�Õ�Ó��¬h]P
´Êày�Ï8�ÝÎ�î�vp|E ©ÇF� 
ÝET�)§Ý�×�
3[8]õ[11]��¿àÎ� ÝET©ÇF6vç}

W9Íëîç} s� Þæ��ÓÝ©ÇFETÝ
®Þ�;W s� ÝET�4Qh]P3ç}�
��b�?Ý[��¬º¦�¸àï 3¼�©ÇF
õ©ÇF� =�Ý�H��uÎ�Í�ÝcRò
P�Ó`��Ê	Ýç}6vX®ßÝëîç}Þ
P°Ì �¿«� CWç}¢ó;îÝæp�vã
y¼�6vÝ�Ó�{¸�V;�©ÇFÞÎ×Í
pÞ�
Í��¿à�Õ°
%´08!cRòPÎ� 

ÝET6v]P�ÞÎ�6vW�×Ýëîç}�
à#3¢ó;ç}î¢ã ©ÇFÝET�ñJÍÎ
�ÝETn;�h]P�3K¸àï3¼�©ÇF
îÝ�H�v.
6v]På©ÇFÝÅ(���
Æ@�6v]P¡���V;�©ÇFÝ'��¬
êG6vÎ�W�× sÝ�Õ°�Ó��½Î�
cRòP�Ó��¦�� ÆA¢�Õ�×Í?ÝE
T6v�Õ°ÞÎh]PÝ×Í¥��Þ�
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