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Óüt�̂_� ìøÍ��(specular reflection)��H Óüt�̂_� F�|9� x9� l�
��<Æ&h� �̧�ª��̀¦ ³ð�&³
���HX< e��
#Q B�Äº ×�æ¹כô�Ç �_�¹�ès���.�����¾¡§|9כ ��z�́&h� E$��8a�A\�"f��H l��>r_� ²DG�è ìøÍ�� �̧4Sq
�̀¦��6 x
�#�a%~�Ér���õ�\�¦%3��̀¦Ãºe��t�ëß�,��6 x��_�ÅÒ�'as�×�ær�÷&��Hq���z�́&h�E$��8
a�A(non-photorealistic rendering)\�"f��H ��6 x���� "é¶
���H ìøÍ�� ò́õ�\�¦ ³ð�&³½+É Ãº e��#Q
��ô�Ç��.%7�Û¼%���H��6 x����f���'a&h�Ü¼�Ð"é¶
���HìøÍ�� ò́õ�\�¦³ð�&³½+ÉÃºe����HÃºéß�s�
 9,s�\�¦ �̧4Sq\�ÈÒ%ò

����"é¶
���HìøÍ��ò́õ�\�¦%3��̀¦Ãºe����.s�M:��6 x����H%7�Û¼%���
ÈÒ%ò
|̈c 0Au�ü< ß¼l�,~½Ó�¾Ó�̀¦ f��]X� v�áÔYUe��Ü¼�Ð &ñ
K� ×�¦ Ãº e����.Õª�Q�� �̧��H ìøÍ��
ò́õ�\�¦ ��6 x���� f��]X� &ñ
K�ï�r����H ��Ér	כ ������Ðî�r {9�s� 9, z�́r�çß� 6£x6 xì�r��\���H &h�
6 x½+ÉÃº\O���.�:r�7Hë�H\�"f��H²DG�èìøÍ���̧4Sq(local reflection model)õ�ÅÒ/BGÒ�¦(principal
curvature)K�$3��̀¦:�xK�ìøÍ�� ò́õ�_�0Au�,~½Ó�¾Ó,ß¼l�\�¦���&ñ

�l�0Aô�Ç%7�Û¼%�ÈÒ%ò
l�
_�Dh�Ðî�r[O�&ñ
~½ÓZO��̀¦]jr�ô�Ç��.F�g"é¶õ�r�&h�&ñ
�Ð\�¦��6 x
�#�ÈÒ%ò
l�_�0Au�\�¦&ñ


��¦,Óüt�̂_�ÅÒ~½Ó�¾Ó(principal direction)õ�/BGÒ�¦ìøÍt�2£§(radius of curvature)̀�¦s�6 x
�#�
ÈÒ%ò
l�_�~½Ó�¾Óõ�ÈÒ%ò
x���p�×¼_�ß¼l�\�¦&ñ
ô�Ç��.%7�Û¼%�ÈÒ%ò
l�_�éß�í�Hô�Çs�1lx,�r
����̀¦ :�x
�#� ìøÍ�� %ò
%i�_� s�1lx,�r��� x9� SX�@//»¡¤�è�� ��0px
���.�:r �7Hë�H\�"f ]jr�ô�Ç
~½ÓZO��Ér DirectX 9.0cü<áÔ�ÐÕªA�s���0pxô�Ç[Vs��8 2.0̀�¦��6 x
�#�GeForce FX 7800Õª
A�i��
�×¼\� ½̈�&³÷&%3���.�:r�7Hë�H_����½̈���õ���H>�e��õ�°ú �Érz�́r�çß�6£x6 xì�r��\���
6 x|̈cÃºe��Ü¼ 9,z�́+«>���õ�\�_�
����Ãº��;>h_�������̂ �̧4Sq\�@/ô�ÇE$��8a�A�̀¦z�́r�çß�
\�Ãº'��½+ÉÃºe����.
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1. "�Òeµ

(��ÉÓ'� ÕªA�i��Û¼ ���½̈ì�r��\�"f Óüto��<Æ&h� :£¤$í
\�

l�ìøÍô�Ç ��z�́$í
�̀¦ ÆÒ½̈
���H E�m�Bjs���� x9� E$��8a�A

ì�r��\� q�K� ���çß� y��$í
_� :£¤Ãº$í
\� l�ìøÍô�Ç q���z�́

&h�(non-photorealistic)E�m�Bjs���� x9� E$��8a�A ì�r��_�

µ1Ï���s� þj��H ¿º×¼�Qt��¦ e����. �r�o, ëß��o, ëß��o%ò
�o

ü<°ú s�e��ņqô�Çì�r��\�"fÂÒ'�>�e��õ�°ú s�þj��H\�ÅÒ

3lq~ÃÎ��H ì�r��\� s�ØÔl���t� q���z�́&h� E�m�Bjs���� x9�

E$��8a�A ì�r��_� 6£x6 xs� SX�@/÷&��H ÆÒ[js���.q���z�́&h�

E$��8a�A ���½̈ ì�r����H @/>h �r�o, ëß��o x9� {9��QÛ¼àÔYU

s����\�"f �Ð#�t���H ņqº���)a ��w�Û¼àÔ_� l�ZO��̀¦ (��ÉÓ

'�\�¦s�6 x
�#�¿9ª?/?/#Q�Ð��<Éªp��Ðî�r�o����̀¦%3���H

X<ÅÒ¹כô�Ç3lq&h�s�e����.

:£¤y� þj��H >�e���Ér ���ìøÍ&h�Ü¼�Ð 3	�"é¶ ÕªA�i��Û¼_�

l�Õüt�̀¦ ��6 x
��¦ e��Ü¼ 9 z�́r�çß�$í
_� ]j���Ü¼�Ð ���K�

"f²DG�èìøÍ�� �̧4Sq(local reflection model)\�l�ìøÍô�Çëß�

�o&h� [Vs�ç̀
(toon shading)l�ZO��̀¦ ÅÒ�Ð ��6 x
��¦ e��

�� [1, 2, 3]. Õª�Q��, l��>r_� ëß��o&h� [Vs�ç̀
 l�ZO��Ér

íß�êøÍ(diffuse reflection)́òõ�\� l�ìøÍ
�#� �̧4Sq\�"f Ò�o

�©�_�����o\�¦éß�í�H�o
���H~½ÓZO��̀¦��6 x
��¦e��l�M:ë�H

\��FK5Åq<�Ê�ÉrÄ»o�F�|9�_�B�ã¼�Qî�r³ð���\�"fìøÍ��
�

��H ìøÍ��F�g(specular reflection)_� ³ð�&³\� 2[���
���. ìøÍ
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��F�g�Ér Óüt�̂_� |9�y�� ³ð�&³õ� �̧4Sq_� ²DG�è&h� �̧�ª�, 8̈�

�â
���Ãº_�%ò
�¾Ó1px�̀¦ìøÍ%ò

���HÅÒ¹כô�Ç³ð�&³_�Ãºéß�s�

��. [Vs��8\�¦ ��6 x
���� ²DG�è ìøÍ�� �̧4Sqõ� l��>r_� ëß�

�o&h� [Vs�ç̀
 �̧4Sq�Ð ìøÍ��F�g�̀¦ ³ð�&³½+É Ãº e����. Õª�Q

�� >�e��\�"f ��ÅÒ 1px�©�
���H ��1lx	�_� ³ð��� <�Ê�Ér �½Ó,

ºú�õ� °ú �Ér �FK5Åq$í
_� F�|9��̀¦ ëß��o&h�Ü¼�Ð ³ð�&³
���HX<

��H ô�Ç>��� e����. ëß��o&h���� ìøÍ�� ò́õ��� ��z�́\� ��H��

ô�ÇÓüto�&h� �̧4Sq�Ð����H��6 x��_�ÅÒ�'a�̀¦ìøÍ%ò

�l�M:

ë�Hs���.ìøÍ���\�%7�Û¼%�\�ìøÍ�� ò́õ�\�¦�í�<Êr�v���H�â


Äº\���HF�g"é¶,r�&h�õ� �̧4Sqs�¹¡§f��s���H ò́õ�\�¦³ð�&³½+É

Ãº\O�����Héß�&h�s�e���� [2].

�:r�7Hë�H\�"f��H>�e��õ�°ú �Érz�́r�çß�6£x6 xì�r��\���

6 x½+ÉÃºe����Hëß��o&h�ìøÍ��ò́õ�³ð�&³�̀¦0AK�%7�Û¼%�ÈÒ

%ò
l�ZO� [4]�̀¦>h���
�#�áÔYUe��{9��'a$í
�̀¦�¾Ó�©�r����Dh

�Ðî�r~½ÓZO��̀¦]jr�ô�Ç��.

2. ®̧�Áo>¥o>Ä©

2–1 j�����
�\�ð5���¹ôø���d�Hÿb�

3	�"é¶ �̧4Sq\�@/ô�Çëß��o&h�³ð�&³l�ZO��̀¦þj�í�Ð]jr�

ô�Ç Lake_����½̈��H �̧4Sq_�ZO���� 7�'�ü<F�g"é¶�̀¦�¾Ó
���H

 7�'�(light vector)_�?/&h�°ú̀�כ¦e��>�°úכÜ¼�Ð
�#�Y>�>h

_�éß�í�Hô�Ç%ò
%i�Ü¼�Ð ½̈ì�rô�Ç%7�Û¼%�\�¦��6 x
�#�E$��8

a�A
���H ~½ÓZO��̀¦ ��6 x
�%i��� [5]. q�2�¤ #��Q éß�>�_� e��

>�°ú̀�כ¦¿º#QìøÍ��%ò
%i�õ�°ú s�¿º×¼�Qt�>�µ1ß�ÉrÂÒì�r

�̀¦ %�o�½+É Ãº e��t�ëß�,r�&h�õ� F�g"é¶_� 0Au�\� ���Ér ìøÍ

�� ò́õ�_� :£¤$í
�̀¦ ³ð�&³½+É Ãº \O�%3���. F�g"é¶õ� r�&h�\�

���Ér �̧4Sq_�ìøÍ��ò́õ�\�¦³ð�&³
�l�0AK� Blinn_�ìøÍ��

�̧4Sqx9�;�x[Vs�ç̀
 �̧4Sq�̀¦��6 x½+ÉÃºe���� [6, 7].s��Q

ô�ÇìøÍ�� �̧4Sq�ÉrÓüto��<Æ&h�:£¤$í
\�������z�́&h��o����̀¦

%3��̀¦Ãº��He��Ü¼��,_��̧&h����q���z�́&h����õ�\�¦%3���HX<

��Hô�Ç>���e����.

Anjyoü<Hiramitsu��H Blinn_�ìøÍ���̧4Sq\�_�
�#�>�

íß��)aìøÍ��%ò
%i�\�"f×�æçß� 7�'�(halfway vector)\�¦Ãº&ñ



�#�!sqE�m�Bjs����\�"f��6 x½+ÉÃºe����Hq���z�́&h�ìøÍ

��ò́õ�\�¦%3���H~½ÓZO��̀¦]jr�
�%i��� [8]. ìøÍ��%ò
%i�_�s�

1lx,�r���,»¡¤�è/SX�@/x9� �̧�ª�_�����â
�̀¦0AK�"fìøÍ4�¤&h�

Ü¼�ÐìøÍ��%ò
%i�_�×�æçß� 7�'�\�@/ô�Çl�
�x9�ÂÒÖ�¦���8̈�

�̀¦Ãº'��
�#�"é¶
���H �̧�ª��̀¦%3��̀¦Ãºe����.
�t�ëß�,s�

~½ÓZO��ÉrìøÍ��%ò
%i�_� �̧�ª��̀¦����or�v�l�0AK�×�æçß� 7�

'�\�¦Ãº&ñ

���H���íß�s�f���'a&h�s�t�·ú§����6 x����p�

[jô�ÇÃº&ñ
�̀¦
�l�\�&h�½+Ë
�t�·ú§Ü¼ 9,��Ö�¦�Q>�e��õ�

°ú �Érz�́r�çß�6£x6 xì�r��\�&h�6 x
�l�#Q�9î�réß�&h�s�e��

��.

z�́r�çß� 6£x6 x�̀¦ 0AK�"f %7�Û¼%� ÈÒ%ò
l�ZO��̀¦ s�6 xô�Ç

ëß��o&h� ìøÍ��ò́õ�\�¦ %3���H ~½ÓZO��̀¦ ��6 x½+É Ãº e���� [4].

%7�Û¼%� ÈÒ%ò
l�ZO��Ér ëß��o&h� [Vs�ç̀
\�"f ú́§s� ��6 x
�

��H
�×¼J?#Q��5Åql�_�l�0px�̀¦ ò́õ�&h�Ü¼�Ð��6 x½+ÉÃº

e��Ü¼ 9,ÈÒ%ò
÷&��H %7�Û¼%�_� �̧�ª��̀¦ ����â

�#� ìøÍ��%ò


%i�_� �̧�ª��̀¦f���'a&h�Ü¼�Ð����â
½+ÉÃºe���¦,ìøÍ��%ò
%i�_�

s�1lx,�r���,»¡¤�è/SX�@/��ÈÒ%ò
l�_�s�1lxx9�x9��r���Ü¼

�Ð�<H~1�>�s�ÀÒ#Qt���H�©�&h�s�e����.Õª�Q��l��>r_����

½̈���õ���H �̧4Sq, F�g"é¶, r�&h�s� s�1lx
���H �â
Äº áÔYUe��

{9��'a$í
�̀¦Ä»t�
�l�#Q�9î�réß�&h��̀¦��t��¦e����.

�:r �7Hë�H\�"f��H %7�Û¼%� ÈÒ%ò
l�ZO��̀¦ s�6 xô�Ç l��>r_�

���½̈���õ�\�"f áÔYUe�� {9��'a$í
�̀¦ >h���
�l� 0AK�, ÅÒ

/BGÒ�¦ K�$3�(principal curvature analysis)\� l�ìøÍ
�#� %7�

Û¼%� ÈÒ%ò
l�_� 0Au�ü< ~½Ó0A\�¦ [O�&ñ

���H Dh�Ðî�r ~½Ó

ZO��̀¦ ]jr�ô�Ç��. %7�Û¼%� ÈÒ%ò
l�_� 0Au�ü< ~½Ó0A��H ���

&h�Ü¼�Ð F�g"é¶õ� r�&h� x9� �̧4Sq_� ?/F�&h� :£¤$í
(intrinsic

property)��� ÅÒ/BGÒ�¦(principal curvature)õ� ÅÒ/BGÒ�¦ ~½Ó

�¾Ó(principal direction)Ü¼�Ð ÂÒ'� %3�#Q�����. �̧4Sq_� ?/

F�&h�:£¤$í
�Ér���+þA���8̈�\�Áº�'aô�Ç$í
|9�s�e��Ü¼Ù¼�Ð���

%�o�éß�>�\�"fô�Ç���ëß�>�íß�
�#�z�́'��r�çß�_�>�íß��ª�

�̀¦×�¦#�Ãº'��5Åq�̧\�¦>h���
���H ò́õ���e����.

2–2 �¿D�f�+כ����·B��7�

�:r���½̈\�"f��HìøÍ��%ò
%i�_�~½Ó�¾Óõ�ß¼l�\�¦&ñ

�l�

0AK�ÅÒ/BGÒ�¦~½Ó�¾Óõ�ÅÒ/BGÒ�¦&ñ
�Ð\�¦s�6 xô�Ç��.{9�§4�Ü¼

�Ð ÅÒ#Qt���H �̧4Sqs� ��Ä»/BG���(freeform surface)��� �â


Äº\���H p�ì�rl�
��<Æ_� ���½̈���õ�\�¦ ��6 x
�#� ÅÒ/BGÒ�¦

x9�ÅÒ/BGÒ�¦~½Ó�¾Ó�̀¦���&ñ
½+ÉÃºe���� [9]. ������̂ �̧4Sqs�

{9�§4�Ü¼�ÐÅÒ#Qt���H�â
Äº,������̂ �̧4Sq_�&ñ
&h�(vertex)

v\�@/ô�ÇÅÒ/BGÒ�¦x9�~½Ó�¾Ó�Ér��6£§õ�°ú �Érd��(1)�ÐÂÒ'�

���&ñ
½+ÉÃºe���� [10].

ℑ(v) =
1
|B| ∑

edgese

β (e) |e∩B| ē ē t , (1)

#�l�"f B��H&ñ
&h� v\�¦Ñüt�Qøß�%ò
%i�, |B|��H%ò
%i� B_�V,�

s�, e��H&ñ
&h� v\�¦/BNÄ»
���H���ì�r(edge),|e|��H���ì�r e_�

U�́s�, β (e)��H���ì�r e\�¦/BNÄ»
���H���]X�ô�Ç¿º���s�s�ÀÒ

��HÂÒ ñ\O���Hy��(unsigned angle),̄e��H���ì�r e_�éß�0A 7�
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'�s���.

�:r�7Hë�H\�"f��H/BGÒ�¦J$�"f_�&ñ
SX�ô�Ç°úכ�Ð����H5Åq�̧

�¾Ó�©��̀¦0AK�%ò
%i� B\�¦&ñ
&h� v\�¦×�æd��Ü¼�ÐìøÍt�2£§ r�̀¦

°ú���H ½̈\� �í�<Ê÷&��H ���y��+þA[þt�Ð ��H��
�%i�Ü¼ 9,���y��

+þA_�ô�Ç&ñ
&h�s����̧ �í�<Ê�)a��������y��+þA����̂\�¦%ò
%i�

B\��í�<Êr�(����.s��â
Äº\� |e∩B|��H |e|��÷&�¦, |B|��H
�í�<Ê�)a���y��+þA[þt_�V,�s�½+Ës��)a��.

d��(1)\� @/
�#� �¦Ä»u� K�$3�(eigen analysis)̀�¦ Ãº'��


���� 3>h_� �¦Ä» 7�'�(eigenvector)ü< �¦Ä»°úכ(eigenval-

ue)̀�¦%3��̀¦Ãºe����.s�×�æ\�"fþj�è°ú̀�כ¦°ú���H�¦Ä»°úכ

\� K�{©�
���H ~½Ó�¾Ó�Ér &ñ
&h� v\�"f_� ZO����  7�'�\� K�{©�


� 9,�� Qt�¿º>h_� 7�'���&ñ
&h� v\�"f_�ÅÒ/BGÒ�¦~½Ó

�¾Ós� ÷&�¦ ¿º ÅÒ/BGÒ�¦ ~½Ó�¾Ó�Ér "f�Ð Ãºf��s���.þj�è �¦

Ä»°ú̀�כ¦]jü@ô�Ç¿º>h_��¦Ä»°úכ×�æ\�"f	�H°úכ\�K�{©�
�

��H�¦Ä» 7�'���þj�è/BGÒ�¦~½Ó�¾Ós�÷& 9,���Ér
���_��¦

Ä» 7�'���þj@//BGÒ�¦~½Ó�¾ÓÜ¼�Ð���&ñ
�)a��.

3. �̀câ«%� ÏÙÆZ�e��+ à�
Ça�

�:r�7Hë�H\�"f��H �̧4Sq_�ÅÒ/BGÒ�¦&ñ
�Ð\�¦s�6 x
�#�q�

��z�́&h�ìøÍ�� ò́õ�\�¦³ð�&³
�l�0Aô�Ç%7�Û¼%�ÈÒ%ò
l�\�¦

[O�&ñ

���H ~½ÓZO��̀¦ ]jr�ô�Ç��.]jr�÷&��H ~½ÓZO�_� >h|ÄÌ&h�

��� õ�&ñ
�Ér ��6£§õ� °ú ��.���$�,������̂ �̧4Sq�̀¦ ì�r$3�
�

#�&ñ
&h�éß�0A_�ÅÒ/BGÒ�¦õ�ÅÒ/BGÒ�¦~½Ó�¾Ó�̀¦���&ñ
ô�Ç��.F�g

"é¶õ�r�&h�_�&ñ
�Ð�ÐÂÒ'��̧4Sq_�þj@/�̧"î
&h��̀¦¹1Ô��,

%7�Û¼%� ÈÒ%ò
l�_� ÈÒ%ò
 ×�æd��(center of projection)Ü¼�Ð

�����H��.%7�Û¼%�ÈÒ%ò
l�\�¦ �̧4Sq_�ÅÒ~½Ó�¾Ó\�����"f{9�

u�r����Êê,ÅÒ/BGÒ�¦\�����"fÈÒ%ò
x���p�×¼_�ß¼l�\�¦

���&ñ
ô�Ç��.ìøÍ��%ò
%i�\�ÈÒ%ò
½+É%7�Û¼%�\�¦s��©�õ�°ú s�

[O�&ñ
�)a ÈÒ%ò
l�\�¦ ��6 x
�#� �̧4Sq\� ÈÒ%ò

���� q���z�́

&h�ìøÍ��³ð�&³�̀¦%3��̀¦Ãºe����.

3–1 i¦7��¿ÃZ��\�

�:r�7Hë�H\�"f��HìøÍ��%ò
%i�_�þj@/ �̧"î
&h��̀¦¹1Ô��ÈÒ

%ò
×�æd��Ü¼�Ð[O�&ñ

�l�0AK� Blinn_�ìøÍ���̧4Sq�̀¦��6 x


� 9,��6£§õ�°ú �Érd��Ü¼�Ð����èß��� [6].

Is = ks(N ·H)n,

H = (L +V)/2,
(2)

s�M:, Is��HìøÍ�� �̧"î
�̧(specular intensity)s� 9, ks��HìøÍ

�� �©�Ãº(specular coefficient),n�Ér ìøÍ��%ò
%i�_� |9�×�æ�̧

]j#Q �©�Ãº(specular exponent),N��H �̧4Sq_� ZO���� éß�0A

 7�'�, L�ÉrF�g"é¶�̀¦�¾Ó
���Héß�0A 7�'�, V��H
�Bj��\�¦�¾Ó


���Héß�0A 7�'�s� 9, H��H×�æçß� 7�'�s���.

ìøÍ�� %ò
%i��̀¦ Is�� ÅÒ#Q��� e��>�u� s��©���� %ò
%i�s���

�¦½+ÉM:, Is��þj@/°ú̀�כ¦°ú���Ht�&h�(þj@/ �̧"î
&h�)�̀¦ìøÍ

�� %ò
%i�_� ÈÒ%ò
 ×�æd��Ü¼�Ð ���&ñ
ô�Ç��. ksü< n�Ér �©�Ãºs�

l�M:ë�H\�þj@/ �̧"î
°ú̀�כ¦°ú���H&ñ
&h��̀¦ ½̈
���HX<%ò
�¾Ó

�̀¦ÅÒt�·ú§��H��. Nõ� H��Héß�0A 7�'�s�Ù¼�Ð�:r�7Hë�H\�

"f��H þj@/ �̧"î
&h��̀¦ N ·H = 1��� t�&h�Ü¼�Ð &ñ
_�ô�Ç��.

����"fþj@/�̧"î
&h��̀¦¹1Ôl�0Aô�Çd���Ér��6£§õ�°ú s�çß�

|ÄÌ
�>�³ð�&³|̈cÃºe����.

N = H. (3)

�̧4Sq_�&ñ
&h�éß�0A�ÐÈÒ%ò
×�æd���̀¦���&ñ
½+É�â
Äºr�&h�,

F�g"é¶, �̧4Sqs�¹¡§f��{9�M:ìøÍ��%ò
%i�s�&ñ
&h�éß�0A�Ðs�1lx


�>�÷&#QáÔYUe��çß�_�{9��'a$í
�̀¦K�u�>��)a��.����"f,

E�m�Bjs����r�\��Ð��ÂÒ×¼�Qî�rìøÍ��%ò
%i�_�s�1lx�̀¦

0AK�"f��H&ñ
&h�éß�0A�Ð��[jx9�ô�Ç~½ÓZO�Ü¼�ÐÈÒ%ò
×�æd��

�̀¦ ½̈K��� ô�Ç��.;�x [Vs�ç̀
õ� °ú �Ér ��&ñ
Ü¼�Ð"f,���y��

+þA?/\�"f Nõ� H��t�%i�&h�Ü¼�Ð���+þA&h�s���½+ÉM:,þj

@/ �̧"î
&h��̀¦�í�<Ê
���H���y��+þA Fi , i = 0, . . . ,k−1_�[j

&ñ
&h�\�"f_� Nõ� H\�¦·ú���� N = H���t�&h��̀¦��6£§õ�°ú 

�Ér~½ÓZO�Ü¼�Ð¹1Ô�̀¦Ãºe����.

���y��+þA Fi\�"f y��_� &ñ
&h� 0Au�\�¦ p0,p1,p2�� 
��¦,

y�� &ñ
&h�\�"f_� ZO����  7�'�\�¦ N0, N1, N2, y�� &ñ
&h�\�

"f_� ×�æçß�  7�'�\�¦ H0,H1,H2�� 
���. þj@/ �̧"î
&h��̀¦

pmax�� 
���� ×�æd�� ýa³ð>�(barycentric coordinate sys-

tem)�Ðd��(4)ü<°ú s�����è­qÃºe����.

pmax= α(p1−p0)+β (p2−p0)+p0, (4)

#�l�"f 0≤ α,β ,α +β ≤ 1s���.

°ú �Ér ~½ÓZO�Ü¼�Ð þj@/ �̧"î
&h�\�"f_� Nmaxü< Hmax��H

d��(5)�Ð³ð�&³�)a��.

Nmax = α(N1−N0)+β (N2−N0)+N0,

Hmax = α(H1−H0)+β (H2−H0)+H0.
(5)

d��(3)�ÐÂÒ'� Nmax= Hmaxs�Ù¼�Ðs�\�¦d��(5)\�&h�6 x
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������6£§õ�°ú �Ér'��§>=d���̀¦ ½̈½+ÉÃºe����.

[∆N1−∆H1 ∆N2−∆H2]


 α

β


 = [H0−N0] , (6)

#�l�"f ∆Ni = Ni −N0, ∆H i = H i −H0, i = 1,2s���._�

��%i�'��§>=(pseudoinverse matrix)\�¦��6 x
�#�0A_�'��§>=

d��(6)̀�¦ó�rÊê,ÕªK�\�¦d��(4)\�@/{9�
����þj@/ �̧"î
&h�

pmax̀�¦ ½̈½+ÉÃºe����.Ãºu�&h� �̧ÀÓ\�¦�¦�9
�#�Ø�æì�ry�

����Ér ε\�@/K� 0− ε ≤ α,β ,α +β ≤ 1+ ε�̀¦ëß�7á¤
���H

K�ëß��̀¦��6 xô�Ç��.���]X�ô�Ç���\�"f ½̈ô�Çþj@/ �̧"î
&h�_�

0Au���×�æ4�¤÷&��H�â
Äº\���H
���ëß��̀¦���×þ�ô�Ç��.

þj@/ �̧"î
&ñ
&h�\�"f_�ÅÒ/BGÒ�¦x9�ÅÒ/BGÒ�¦~½Ó�¾ÓÜ¼�Ð

ÂÒ'�þj@/ �̧"î
&h�\�"f_�ÅÒ/BGÒ�¦x9�ÅÒ/BGÒ�¦~½Ó�¾Ó�̀¦°ú 

�Ér~½ÓZO��̀¦&h�6 x
�#� ½̈½+ÉÃºe����.

3–2 ÏÙÆZ�e��+k��\�£o>».É�ßjÝ~


�:r �7Hë�H\�"f��H ìøÍ��%ò
%i�\�"f_� ÅÒ/BGÒ�¦ ~½Ó�¾Ó�̀¦ %7�

Û¼%�ÈÒ%ò
l�_�~½Ó0A[O�&ñ
\���6 xô�Ç��.

þj@/ �̧"î
&h�\�"f_� ÅÒ/BGÒ�¦ ~½Ó�¾Ó�̀¦ emax,emin�� 
�

��� (emin,emax,−N)��H "f�Ð Ãºf����� éß�0A  7�'��Ð"f 3	�

"é¶ /BNçß��̀¦ SX��©�(span)
�Ù¼�Ð (±emin,±emax,−N)�̀¦ %7�

Û¼%�ÈÒ%ò
l�_�~½Ó0A�Ð��6 x½+ÉÃºe���� (ÕªaË> 1�ÃÐ�̧).

#�l�"f, emaxü< emin, N�Ér y��y�� þj@/ �̧"î
&h�\�"f_� þj

@/ /BGÒ�¦ ~½Ó�¾Ó, þj�è /BGÒ�¦ ~½Ó�¾Ó, ZO����  7�'�s���. s�M:

ÈÒ%ò
l�_� �©��¾Ó  7�'�\�¦ þj@/ /BGÒ�¦ ~½Ó�¾Ó <�Ê�Ér þj�è /BG

Ò�¦ ~½Ó�¾Ó ×�æ\�"f ô�Ç ~½Ó�¾ÓÜ¼�Ð ���&ñ

����, ÈÒ%ò
l�_� Äº

�¾Ó 7�'���H�� Qt�
����Ð�����Û¼XO�>����&ñ
�)a��.#�l�

"f emax,emin_�ÂÒ ñ��Hë�H]j��÷&t�·ú§Ü¼ 9, �̧�Ér�<Hýa

³ð>�<�Ê�Ér¢,a�<Hýa³ð>�_����×þ�#�ÂÒ\�����"f&h�]X�y�

���×þ�½+ÉÃºe����.

ÈÒ%ò
÷&��H %7�Û¼%�\� ~½Ó�¾Ó$í
s� \O�s� &h�@/g�A��� �â
Äº

\���H ÈÒ%ò
l�_� �©��¾Ó  7�'��Ð þj@/ <�Ê�Ér þj�è /BGÒ�¦ ~½Ó

�¾Ó ×�æ #QÖ¼ �¦̀�	כ ���×þ�
�#��̧ ë�H]j�� ÷&t� ·ú§��H��.ÈÒ

%ò
l�_��©��¾Ó 7�'�[O�&ñ
�Ér%7�Û¼%�_�:£¤fç
\�_��>r&h�s�

 9,�:r�7Hë�H\�"f��H emax_�~½Ó�¾Ó�̀¦�©��¾Ó 7�'��Ð��6 x
�

%i���(ÕªaË> 2�ÃÐ�̧).

�:r�7Hë�H\�"f��H î̈
'��ÈÒ%ò
'��§>=�̀¦��6 x
�l�M:ë�H\�,

ÈÒ%ò
 ×�æd��õ�_� ��o�\� �©��'a\O�s� ÈÒ%ò
l�_� ~½Ó0Aëß�Ü¼

�ÐÈÒ%ò
l�_�r�&h����8̈�'��§>=�̀¦��6£§õ�°ú s�[O�&ñ
½+ÉÃº

ÕªaË> 1:ÈÒ%ò
l�_�~½Ó0A[O�&ñ
.

(a) (b) (c)

ÕªaË> 2: (a)~½Ó�¾Ó$í
s� e����H %7�Û¼%�, (b) �©��¾Ó  7�'��Ð
þj@//BGÒ�¦~½Ó�¾Ó�̀¦��6 xô�Ç�â
Äº, (c)�©��¾Ó 7�'��Ðþj�è
/BGÒ�¦~½Ó�¾Ó�̀¦��6 xô�Ç�â
Äº.

e����.

Vp = [emin emax −N]T . (7)

3–3 ÏÙÆZ�e��+ÏÙÆZ�£o>».É�ßjÝ~


%7�Û¼%�ÈÒ%ò
l�_�[O�&ñ
�̀¦0AK���t�}��Ü¼�Ðz���Érë�H

]j��H ÈÒ%ò
l�_� ÈÒ%ò
 ���8̈� '��§>=(projection transforma-

tion matrix)̀�¦ ½̈
���Hë�H]js���.�:r�7Hë�H\�"f��HÈÒ%ò
_�

×�æd���̀¦�¾Ó
���H~½Ó�¾Ó\�"f�©�
�,ýaÄº�Ð@/g�A&h����ß¼l�

\�¦°ú���HÈÒ%ò
�̀¦��&ñ
ô�Ç��.ÈÒ%ò
l�_�ÈÒ%ò
���8̈�'��§>=�Ér

ÈÒ%ò
x���p�×¼_��©�
�,ýaÄº_�ß¼l�\�%ò
�¾Ó�̀¦~ÃÎ��H��.

ìøÍ��%ò
%i�\�"f_�ÅÒ/BGÒ�¦~½Ó�¾Ós�Õª@/�ÐÈÒ%ò
l�_��©�

�¾Ó x9� Äº�¾Ó  7�'��Ð [O�&ñ
 ÷&%3�Ü¼Ù¼�Ð,ÈÒ%ò
 ���8̈� '��§>=

�̀¦ ½̈
���Hë�H]j��HìøÍ��%ò
%i�_�ÅÒ/BGÒ�¦~½Ó�¾ÓÜ¼�Ð_�ß¼

l�\�¦ ½̈
���Hë�H]j�Ðéß�í�H�o�)a��.

�:r �7Hë�H\�"f��H /BGÒ�¦ ìøÍt�2£§(radius of curvature)̀�¦

s�6 x
�#� ÈÒ%ò
 x���p�×¼_� ß¼l�\�¦ ��H��&h�Ü¼�Ð >�íß�


���H~½ÓZO��̀¦]jr�ô�Ç��.d��(1)_�/BGÒ�¦J$�"f�ÐÂÒ'�%3��Ér

�¦Ä»°ú̀�כ¦ κ��ô�Ç�����,/BGÒ�¦ìøÍt�2£§�Ér 1/|κ|s��)a��.

ÕªaË> 3\�"f ÈÒ%ò
 ×�æd��s� d��(3)̀�¦ ëß�7á¤
��¦ H�� ���
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ÕªaË> 3:ÈÒ%ò
x���p�×¼_�ß¼l�.


�t�·ú§��H�����,ÈÒ%ò
x���p�×¼_�ß¼l���Hd��(8)ü<°ú s�

³ð�&³�)a��.

s= min

{
2r,

2
|κ |

√
1−σ2

}
, (8)

#�l�"f σ��H e��_��Ð ÅÒ#Q��� e��>�u��Ð"f, ìøÍ��%ò
%i��Ér

N ·H > σ�Ð ���&ñ
�)a��. r�Ér /BGÒ�¦ J$�"f\�¦ ½̈
�l� 0AK�

[O�&ñ
ô�Ç %ò
%i� |B|_� ìøÍt�2£§Ü¼�Ð κ�� 0\� ����0>4R ÈÒ

%ò
x���p�×¼_�ß¼l���t���u�>�&�t���H�
jô�Ç[¦̀�	כ�

l�0AK���6 x÷&%3���.

s��©�õ�°ú �Ér~½ÓZO�Ü¼�ÐÈÒ%ò
_�×�æd��Ü¼�ÐÂÒ'�ÈÒ%ò


x���p�×¼_� �©�
�,ýaÄº_� ß¼l�\�¦ ½̈½+É Ãº e��Ü¼ 9,s�

\�¦s�6 x
�#� î̈
'��ÈÒ%ò
'��§>=�̀¦ ½̈½+ÉÃºe����.

3–4 ÏÙÆZ� �̀câ«%��+l��â ,m¬¦�>,��È7������́�¿

l��>r_� q���z�́&h� ìøÍ��%ò
%i��̀¦ ³ð�&³
���H ~½ÓZO��Ér ìøÍ

��%ò
%i�_�0Au�x9� �̧�ª��̀¦s�1lx,�r���,SX�@/x9�»¡¤�è
�

l�0AK�"f������̂ �̧4Sq_�&ñ
&h�\�"f×�æçß� 7�'�\�¦l�
�

���8̈��̀¦ :�x
�#� _��̧&h�Ü¼�Ð �=/BG
���H ~½ÓZO��̀¦ ��6 x
�

�¦ e���� [8]. &ñ
&h�\� @/ô�Ç ×�æçß�  7�'�\�¦ ����â

���� N ·
H_����õ���²ú���4R;�x[Vs�ç̀
l�ZO��̀¦&h�6 x
�#�ìøÍ��

%ò
%i�_�0Au�x9� �̧�ª�\�@/ô�Ç���+þA���8̈����õ�\�¦%3��̀¦Ãº

e����. 
�t�ëß� l�
����íß��̀¦ 0AK�"f &ñ
&h�\�"f �r���, s�

1lx,»¡¤�èSX�@/
�#�����â
|̈c%ò
%i�_�&ñ
&h��̀¦%3��ÉrÊê,���

�o÷&��H�ª�\�@/ô�Ç~½Ó�¾Óõ�ß¼l�\�¦p�o�·ú��������íß�d��

�̀¦>�íß�½+ÉÃºe��#Q,��6 x����f��]X�f���'a&h�Ü¼�Ð]j#Q
�

l�#Q�9î�réß�&h��̀¦��t��¦e����.

�:r �7Hë�H\�"f ]jr�ô�Ç ~½ÓZO��̀¦ ��6 x
���� ìøÍ��%ò
%i�_�

s�1lx,�r��� »¡¤�è x9� SX�@/�� y��y�� ÈÒ%ò
l� 0Au�_� �©��¾Ó

x9�Äº�¾Ó 7�'�\�¦���Érs�1lx,r���� 7�'�\�@/ô�Ç�r���,ÈÒ

%ò
x���p�×¼_�ß¼l� �̧]X��̀¦:�xK�"ff���'a&h�Ü¼�Ð]j#Q

½+ÉÃºe����.ÕªaË> 4��H1lx{9�ô�Ç �̧4Sq\�@/
�#�ìøÍ��%ò
%i�

(a) (b) (c) (d)

ÕªaË> 4: (a)�:rA�_�ìøÍ��%ò
%i�, (b)ìøÍ��%ò
%i�_�»¡¤�èx9�
SX�@/, (c)ìøÍ��%ò
%i�_��r���, (d)ìøÍ��%ò
%i�_�s�1lx.

(a) (b)

ÕªaË> 5: (a)"é¶Ü¼�Ð ³ðr��)a ÂÒì�r�Ér ú̧�3lw�)a ÈÒ%ò
_� \V,
(b)���ô�Ç%ò
%i��Ér&h�]X�ô�ÇÈÒ%ò
�̀¦0AK�]jô�Ç�)a%ò
%i�.

�̀¦s�1lx,�r���»¡¤�èx9�SX�@/���íß��̀¦&h�6 xô�Ç\Vs���.

4. ÏÙÆZ� �̀câ«%��+��d�Hÿb�

4–1 �̀câ«%���Ø̧à�
Ça�

ÈÒ%ò
 %7�Û¼%��� &h�6 x|̈c �̧4Sq_� &ñ
&h� 0Au�\�¦ p�� ½+É

M:, ÈÒ%ò
l�_� r�&h�-ÈÒ%ò
 ���8̈� '��§>= MÜ¼�Ð ÂÒ'� &ñ
&h�

p_�%7�Û¼%�ýa³ð (u,v)��H��6£§õ�°ú s����&ñ
�)a��.

q = Mp,

< u,v > = < qx+1
2 ,

1−qy
2 > .

(9)

d��(9)��H&ñ
&h�_�&ñ
�Ð\�¦����â
½+É�9¹כ���\O�l�M:ë�H\�,

áÔ�ÐÕªÏþ�s���0pxô�Ç&ñ
&h�[Vs��8\�¦��6 x
�#����Érr�

çß�\�>�íß�s���0px
���.

4–2 ÏÙÆZ�ÆZ��]�

%7�Û¼%� ÈÒ%ò
 ~½Ód���Ér ÈÒ%ò
l��� �����Ð��H ~½Ó�¾ÓÜ¼�Ð

ÈÒ%ò
x���p�×¼?/\�0Au�
���H �̧��H&ñ
&h�\�%7�Û¼%���

ÈÒ%ò
�)a��. ����"f ÕªaË> 5(a)\�"f%�!3� ÈÒ%ò
l�\�"f ��

���Ð��¤�̀¦M:"é¶
���HÈÒ%ò
%ò
%i�_�+'Aá¤<�Ê�Ér·ú¡Aá¤\�ìøÍ

�� ò́õ��� ë�By���H �â
Äº�� µ1ÏÒqt½+É Ãº e����."é¶
���H %ò


%i�\�ëß�ìøÍ�� ò́õ���ë�By��̧2�¤
�l�0AK�"f�-q�Äº���

�ÃÐÒ�o(breadth-first-search)̀�¦��6 xô�Ç��.ìøÍ��%ò
%i�\��í

�<Ê÷&��H���y��+þA�ÉrÈÒ%ò
x���p�×¼?/\�{9�ÂÒ ¢̧��H����̂
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(a) (b) (c)

ÕªaË> 6: ÈÒ%ò
 %7�Û¼%�\�¦ ��6 xô�Ç ~½ÓZO�õ� ;�x [Vs�ç̀
�̀¦
��6 xô�Ç ~½ÓZO�_� ���õ� q��§, (a) ìøÍ�� %ò
%i�\� ;�x

[Vs�ç̀
�̀¦��6 xô�Ç���õ�, (b)"é¶%7�Û¼%�\�¦ÈÒ%ò
ô�Ç���õ�,
(c)Ö¼,��³ð%7�Û¼%�\�¦ÈÒ%ò
ô�Ç���õ�.

(a) (b)

ÕªaË> 7: q���z�́&h� ìøÍ�� %ò
%i� E$��8a�A ���õ�\�¦

(a) Gouraud[Vs�ç̀
\� &h�6 xô�Ç ���õ�ü< (b) ëß��o&h�
[Vs�ç̀
\�&h�6 xô�Ç���õ�.

���í�<Ê÷&#Q
� 9,���y��+þA���_�ZO���� 7�'�\�¦ Ns���½+É

M:, N ·Nmax> 0�̀¦ëß�7á¤K���ô�Ç��(ÕªaË> 5(b)�ÃÐ�̧).

5. ��
��@Úr
ø�

ÕªaË> 6�Ér �:r �7Hë�H\�"f ]jr�ô�Ç ~½ÓZO�õ� ��z�́&h� ìøÍ��

%ò
%i��̀¦ ³ðr�
���H ;�x [Vs�ç̀
_� E$��8a�A ���õ�\�¦ q��§


�%i���. ÕªaË> 7�Ér y��y�� Gouraud[Vs�ç̀
õ� ëß��o&h� [V

s�ç̀
_����õ�\�@/
�#�ìøÍ�� ò́õ�\�¦&h�6 xô�Ç���õ�Óüts�

��.ìøÍ��%ò
%i�_�³ð�&³�ÉrZ>��̧_�E$��8a�Aõ�&ñ
(rendering

pass)\�¦ ��6 x
�#� &h�6 x÷&l� M:ë�H\� ìøÍ��%ò
%i��̀¦ ]jü@

ô�ÇÓüt�̂_�[Vs�ç̀
\�#Q*�ô�Ç~½ÓZO��̀¦��6 x
�#��̧,ìøÍ��

%ò
%i�ëß��̀¦q���z�́&h�Ü¼�Ð³ð�&³½+ÉÃºe���̧2�¤ ½̈�&³½+ÉÃº

e����.ÕªaË> 8�ÉrB�[þv
�H �̧4Sq�̀¦�r���r�&�%3��ÉrE�m�Bj

s����_����õ�s���.Óüt�̂��¹¡§f��{9�M:ìøÍ��%ò
%i�_�s�1lx

õ�ß¼l�_�����o�� �̧4Sq_����%ò
%i�\����5g"fÂÒ×¼XO�>�

s�ÀÒ#Qt��¦e��6£§�̀¦·ú�Ãºe����.

³ð 1�Ér�:r�7Hë�H\�"f]jr�ô�Ç~½ÓZO�_�Ãº'��$í
0px�̀¦�Ð

#�ï�r��.�:r�7Hë�H\�"f]jr�ô�ÇìøÍ��%ò
%i�_�q���z�́&h�E$�

�8a�A ~½ÓZO��̀¦ AMD AthlonXP 3200áÔ�Ð[j"f, Nvidia

Geforce 7800_� 8̈��â
\�"f DirectX 9.0̀�¦ s�6 x
�#� ½̈

�&³
�%i���.����̂&h����Ãº'��5Åq�̧��HìøÍ��%ò
%i�_�Ãº\� ú́§

�̧4Sq ���Ãº ìøÍ��%ò
%i�Ãº FPS

½̈ 840 1 2164

B�[þv
�H 2880
6 808
7 750

��;�� 2232
19 418
29 289

��1lx	� 23829
9 147
11 137

³ð 1:Ãº'��$í
0px.

�Ér %ò
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Devillers, Bruno Ĺevy, and Mathieu Desbrun.
Anisotropic polygonal remeshing. ACM Trans.
Graph., 22(3):485–493, 2003.

1권 877




