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ŷ10ŵ�ǐĄ�� 

10.1 ǐĄ��v^} 

10.1.1 Êô§&ăŖ)ũƞ 

H99ƌ:�Ɂǡ9ĘŨâ8L03ˍˎɟ8ɪˎ'O!5�4�D'�ĘŨâ�ä�ȿ�Ɉƥ

4:�H99ƌSˋO!5:4�D)T (ĺ 115)� 

.�M5˒03ɄÇ84-MG8ʺS¸�3H�ɾÇ5%3ɪˎ'O!5:4�D)T�ĘŨ

â9Ɗ#:�ɍš8âȷ9â�ɄÇ˄̼4ĘŨ#P�ˍȾ8ú̔'O��nl8ȥ03ȞGOƘ

ˊ��ND'�̮ƍ¸��v�:�!9ĘŨ9��nlS�v�Ċ%-H94'� 

 

Ú 115 Êô§)įő 

10.1.2 §Ō)v^}Ä 

3DCG�Ɇ8͍̌7ïɏ�ȞGMPOe��c��WsblI�V�pX���q��c9̈́

反射光がないとき 反射光があるとき
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ł4:�âȷ8žˁâʥ�Ⱦâȷ�+P8l�sw�Xw9¡ɸ͈�L�ɔ�MPD' (ĺ 116)�

!PM9âȷ9è̋Ⱦ:��(PHŒ�#SƼ-7�Ⱦ4�O!54'�žˁâʥ:âȷ�ȿ̬

9ƏǛ8�Oņģ4�N�¼8âȷ�ǯ̬9Œ�#SƼ03�-5%3H�â9ĘŨ̼�MˋP

;Œ�#SƼ/D)T�D-l�sw�Xw:�â9ƹǒǛĦ8ƽĦƟSƼ-)-Ⱦâȷ4�O

5˒�D'�!9L�7âȷ9�v�: Omni Light (©ħÓ§Ō) 5��D'� 

âȷ9Œ�#�Ⱦ4�P;�âȷ:â9ǐŨ̼ɺSƼ-7�!587ND'�â�Ř9ˋ�7

�5!Q�MǐŨ#PO!5:�ɍš8:�NƓD)T�%�%�!9L�7âȷ9�v�4H�

šɔ¢:�+PM%��̮ƍSƓO!5�4�D'�ÈLN�!9�v�:˓ʇ̞�Ŭ7�'E

D'�âȷ9Œ�#SʮƦ8ãP-̮ƍ¸�:�̻Ż8Ǥ̩���ND'� 

+9 Ǜ4�!9L�7��$0<7�̃Ä�:�Ƌɀ�˟ŷ�SɒED'�!P:�ɒƧ#

P-ǣÞ9 CG ʶ#��V�uW9Æ#5%3ɪˎ#PD'�!P:̼âȷ769âȷ9̼ɺS

ʮƦ%-�v�Sɔ�O!58L03Œ��Ǐĳ#PD'�%�%�+P�'A34:�ND)

T�D-��V�uWS̆Ȟ'P;'OB6˓ʇ̞HŊĄ%D'��V�uW5��\���l 

(˄ɲƟʲ) :�w��x]�9̪Ñ8�ND'� 

 

Ú 116 àĲŤ'§Ō 

10.1.3 �ƐďÊôv^} 

°ʺƟĘŨ�v�4:�ĘŨâS�'A39ǛĦ8ľʅ8ǐŨ#POęĢÊô§5�ãŨâ9

ȔĘŨǛĦS˻8ĘŨ'OǊǘÊô§9°19Ƨó9İ5%3ƿ�D'� 

" ęĢÊô§ (diffuse) 

âȷ�M9ãŨâ:�ʹ�ɪMP3�ŐN�ɄÇ˄̼��O�:Ɵ˯9ɛ7Oâ9ř˯9ŉ

ɘ̼8��3�ŮƲ%3ê̚8̏ã'OƧó5�ȔĘŨ'OƧó8ó�PD' (ĺ 117)� 

平行光線 点光源 スポットライト
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Ú 117 øė§&ŃÊô§ 

!9�/ŮƲâ9Ƨó:�ɄÇ9Ǵ˯�̻̟Ų4�P;�ɄÇ9ê̚4Ģ�5ÔËSʪN̄%

-Ƒ�ì>§)¨ôŐ�6Ő̚8ǐò#PO5ʮ�D'�!PSęĢÊô§5��D' (ĺ 118)� 

!!4Ģ�:�â�ɛ7OâŞɆƟSƼ1Ǵ˯9ŉɘ̼769âŞɟ7¤̎ʠƟ8òÁ�!5

4ɜɒ'Oɍ˪4�N�!P8L03â:Ħ�Sŏ�OH99�â9̞:ŏĊ%7�5ʮ�D'�

!P8Ŧ%3ÔË:�Ʉ˯9ê̚4ɜɒ'Oɍ˪4�N�â�ɂ769·9ɸ͈9[|�a�8

ŏǈ#PO!58L03�â�ȭŕ'O!5S��D'� 

ƹǒĘŨâ:�ɄÇê̚9ɄÇê̚49ĩę8L03�ãŨâ8ĨDPOȨ̥9 ̚9Ƨó�

ȭŕ%3�D'�!9ʜǹ�ƹǒĘŨâ8:ɄÇ9ʺ�1�D'�D-�!9â:ɄÇê̚4ǒ

¬SʪN̄%-!58L03ƽĦƟSŕ03�N�'A39ǛĦ8Ŧ%3ľʅ8ǐŨ#PD'� 

 

Ú 118 ęĢÊô§ 

�����

������

	��

�


��

���

��

��

�	


�

�����
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ƹǒĘŨâ9Ɗƃ:ãŨâ9Ɗƃ8țÌ%D'��ˍȾǛĦ (ˏȵǛĦ) 8:Îŝ%D)T�

D-ãŨâ9Ɗƃ:�ãŨâ9Ťƃ8țÌ%D'��D�ãŨâSǙ̼ɺ d 9žˁâʥ.5ʮ

�D'�â9ĘŨ:ɄÇ˄̼9ƕˍɟ7ɻ̩4�v�Ċ#PO94�âȷ�ǯ̬9Åʫ8�03

H�čó̖�8�O ('7R/�žˁâʥ4�O) 5ˋ7'!5�4�D'� 

 

Ú 119 Lambert )�āŇº 

�D�ɄÇ˄̼9ȧʥǛĦ8Ŧ'OãŨâ9ãŨːS θi 5'P;�Ǚ̼ɺ d 9â�ɁŨ'O

̼ɺ: d / cos θi 87ND' (ĺ 119)�%-�03�!9ãŨâ9ɄÇ˄̼8��OŤƃ: cos θi 

8țÌ%D'�!PS Lambert )�āŇº5˒�D'�ɄÇ˄̼9ȧʥĐÅ�bw�S N�ã

Ũâ9ǛĦS L 5'P;�cos θi = N�L 4'� 

%-�03�ɄÇ˄̼9Ǵ˯9ƹǒĘŨÑǓS Kdiff�âȷƊƃ9ƹǒĘŨâƧóS Ldiff 5%

-5��ƹǒĘŨâ9Ɗƃ Idiff :ȑƅ8LNȞGO!5�4�D'� 

 (82) 

̮ƍ¸�S RGB ʺɻ̩4ˁ�7M�!9 Kdiff, Ldiff, Idiff :5H8 RGB 9¡19ˊʔSƼ/D

'���  : RGB 9ˊʔ"59ɺ9Ⱥʇś4'�7��Ldiff :âȷƊƃ9ƹǒĘŨâƧó4'��

š̲9âȷ8+9L�7Ƨó��OR�4:�ND)T� 

N 5 L 97'ː� π / 2S˳�O5 cos θi = N�L < 0 5703%D�D'��!P:ãŨâ�

ɄÇ˄̼9ˇÚ�MãŨ%3�O!587ND'�!P:ɄÇ�¤̉ǡ7M˲!ND)T%�Ď

̉ǡ4�03Hø9ïɏ87ND'94�+9ņģ:!PS 0 5%D'� 

 (83) 

ĺ 1208!9�v�8LOƹǒĘŨâ9̮ƍ9ÌSɲ%D'� 

���

����

����

d / cosθi

d

θi

N

L

��	

Idiff = cos ✓iKdiff ⌦ Ldiff = (N · L)Kdiff ⌦ Ldiff

Idiff = max(N · L, 0)Kdiff ⌦ Ldiff
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Ú 120 ęĢÊô§(58ǐĄ 

" ǊǘÊô§ (specular) 

ãŨâ�ɄÇ˄̼4ȔĘŨ%-Ƨó9�/�ˍȾ8ů�H9S�̤̼ĘŨâ5��D'� 

 

Ú 121 ǊǘÊô§ 

ȔĘŨâ:�ɄÇ˄̼9ʏ#8L03�ãŨâ9ȔĘŨǛĦS˻8óŹ'O5ʮ�D'�+�

%7�5�âȷ�Ⱦ4�O5¼Š%3�O-G8�ˍȾ�ȔĘŨǛĦ8ȿ�P;�̤̼ĘŨâ�

ˏȵ#P7�!58703%D�D'� 

D-�̤̼ĘŨâ:ɄÇ9˄̼49ĘŨ4�N�â�ɄÇ9ê̚Sʛɖ%D)T�+9-G�

ɄÇ9Ǵ˯�̻̟Ų4�P;�ĘŨâ:ɄÇ9ʺ9ƍ̾Sě�(�âȷ9ʺ�+9DDĘǣ#P

D'�!P8LN�ɄÇ˄̼¢8~X�XwSɒƧ%3�ɄÇS˿�)3ˋ)OĆǹSƓD'� 

�D�ĺ 122 9L�8ɄÇ˄̼9ȧʥĐÅ�bw�S N 5%�âȷ�ĐÅ�bw� L 9Ǜ

Ħ8�O5'P;�L 9ȔĘŨ�bw� R :ȑƅ4ȞGO!5�4�D'� 

 (84) 

������

���

��

	


N

L

V�����

R

R = 2(N · L)N� L
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Ú 122 ŃÊôħÓ 

̤̼ĘŨâ9Ɗƃ:�!9 R 5ˍȾ9ǛĦ9ĐÅ�bw� V 597'ː θr 8H52�3ȡ

Š%D'�R 5 V �̃�B6ĘŨâ�Ɗ�7O!5S cos θr = R�V 4�v�Ċ%D'�#M8�

ȔĘŨâ9Ɓ�NS�!9A�«4˄ɍ%D'� 

�D�ɄÇ˄̼9Ǵ˯9̤̼ĘŨÑǓS Kspec�âȷƊƃ9ƹǒĘŨâƧóS Lspec 5%-5��

ƹǒĘŨâ9Ɗƃ Ispec :ȑƅ8LNȞGO!5�4�D'�!PS Phong )ǐĄ��v^}5

��D'� 

 (85) 

!!4 Kshi :ȔĘŨâ9Ɓ�NSûƔ'OÑǓ4�!P�Œ��B6ȔĘŨâ:̡�7N�Ʉ

Ç˄̼¢8ɍPO~X�Xw:ū#�7ND'�!PSƸ� ģ (shininess) 5Į>D'� 

D-ƹǒĘŨâ5ĤȈ8�R 5 V 97'ː� π / 2S˳�O5 cos θr = R�V < 0 5703%

D�D'��!PHãŨâ�ɄÇ˄̼9ˇÚ�MãŨ%3�O!587ND'�!9ņģH�!

PS 0 5%D'� 

 (86) 

ĺ 123 8!9�v�8LOƹǒĘŨâ9̮ƍ9ÌSɲ%D'� 

����

��

��

N

L

V
θr

N�L

2(N�L)N

�L

��	��

R = 2(N�L)N�L

Ispec = cos

Kshi ✓iKspec ⌦ Lspec = (R ·V)

KshiKspec ⌦ Lspec

Ispec = max(R ·V, 0)KshiKspec ⌦ Lspec
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Ú 123 Phong )ǐĄ��v^}(58ǊǘÊô§)ǐĄ 

̤̼ĘŨâ9�v�8:�ãŨâ9ȔĘŨâ5ˍʥǛĦ59̪Ñ8H52�H99B�8�ĺ 

124 9L�8âȷ9ǛĦĐÅ�bw� L 5ˍʥ9ǛĦ V 9©̩�bw� H 5ɄÇ˄̼9ȧ

ʥĐÅ�bw� N 597'ː θh 8H52�3ȡŠ'OǛȧH�ND'�©̩�bw� H :�

ȑƅ8LNȞGO!5�4�D'� 

 (87) 

 

Ú 124 �ǍmJ_}(3&#�ǊǘÊô§ 

!9�v�9̤̼ĘŨâ9Ɗƃ:�!9 H 5ɄÇ˄̼9ȧʥĐÅ�bw� N 597'ː θh 

8H52�3ȡŠ%D'�!PH N 5 H �̃�B6ĘŨâ�Ɗ�7O!5S cos θh = N�H 4

�v�Ċ%�ȔĘŨâ9Ɓ�NS+9A�«4˄ɍ%D'�!P: Blinn-Phong )ǐĄ��v^

}��O�:Đ8 Blinn )ǐĄ��v^}5Į;PD'� 

 (88) 

!PH N 5 H 97'ː� π / 2S˳�3 cos θh = R�V < 0 57Oņģ: 0 5%D'�!P:

ˍȾ�âȷ96/M��ɄÇ˄̼9ʱƑ8�Oņģ4'� 

 (89) 

!9�v�: OpenGL 8��c����jZ�q�Ūã#POÿ9ĻŠȎʲ�X��X�4

H =
L+V

|L+V|

������

��	

	


�� θh

N

L
H = L + V|L + V|

V���	

Ispec = cos

Kshi ✓iKspec ⌦ Lspec = (N ·H)

KshiKspec ⌦ Lspec

Ispec = max(N ·H, 0)KshiKspec ⌦ Lspec
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ɔ�MP3�D%-�!9�v�8LO̮ƍS�ĺ 125 8ɲ%D'� 

 

Ú 125 Blinn )ǐĄ��v^}(58ǊǘÊô§)ǐĄ 

Phong 9�v�:�ëƌ9âȷ9ǣN̂ES�v�Ċ%-H9.5ƿ�O!5�4�D'�!

P8Ŧ%3 Blinn 9�v�:�ɄÇ˄̼9ñð9óŹS�v�Ċ%-H9.5ƿ�O!5�4�

D'�%-�03�Phong 9�v�:~X�Xw9ƌɈ:âȷ9ƌɈSĘǣ%-H95��®Ü

ɪ˧5 ʷ%D'��ɍš9~X�Xw9ƌɈ: Blinn 9�v�8Ä-H98703�D'� 

" Ƹ� ģ (shininess) 

ɄÇ˄̼:şä7ž̼4:7��ƕū7ñð�ŝļ%D'�̤̼ĘŨâ9Ɓ�N:�!9ñð

8LOɄÇ˄̼9ȹM�#9ɪˎSûƔ%D'� 

 

Ú 126 Ŕ�ƕǘ)Ŏ6��&d@{@_ 

物体表面が滑らかなとき 物体表面が粗いとき
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ĺ 126 :ɮʎ9Ī�¸�8LO�sw¶¢ Sǜ%-³̍Œɏɭ (ȍʳ) 9˄̼Sɲ%D'�

˄̼�ȹM�7B6�:0�N5%-~X�Xw�ɍP3�D'�ɮʎ9Ī�¸�9L�7Ǜȧ

4¸�MP-ɄÇ˄̼9ñð9ǛĦóŹ:�BCȔˌ˄ɍ8ƒ�D'� 

̤̼ĘŨâ9�v�Ċ8ɔ�MP3�O cosnθ 9�v���RJO cosine �v�9Ȇƌ:�

!9ȔˌóŹ8ʹ�Ä3�D'�˿�ÑǓ Kshi �Œ��7OB6óŹ�ƞŴ87ND'� 

 

Ú 127 cosine v^} 

!9-G�Kshi �Œ��7OB6�~X�Xw�ū#�7ND'� 

 

Ú 128 Ƹ� ģ&d@{@_)æ�� 

10.1.4 �)�)ǊǘÊôǎģ 

" Shlick )ƺ� 

 (90) 

 0

0.2

0.4

0.6

0.8

 1

-1.5 -1 -0.5  0  0.5  1  1.5

Kshi =   1
Kshi = 10
Kshi = 50
Kshi = 90

θ

cos    θKshi

Kshi = 10� Kshi = 50� Kshi = 90�

Kshi 大小

t = cosθr or t = cosθh

Ispec =
t

Kshi − tKshi + t
Kspec ⊗ Lspec
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" ���¢ t 

 (91) 

 

" Śã§ (ambient) 

ƹǒĘŨâI̤̼ĘŨâ:�âȷ�MɄÇ˄̼8ɣǃů�ŦĜ§9ĘŨâ4'�ɄÇ˄̼8:

ɣǃâ9·8�·9ɄÇ4ĘŨ%-ǍĜ§Hů�D'� 

%�%�̩ǃâ9úǶʛ˶:̻Ż8ˉ̵4�N��O̼�MǐŨ#P-ĘŨâ�ì>+9̼8

ú̔'OņģH�ND'�D-œɻâ9L�8�œɻäÇ�MúǶ'OâH�ND'�!9L�

8ɄÇ˄̼8:��N5�MJOǛĦ�M�ȿ̬9ʛ˶4â�ú̔%D'�!9ʐŤ7˓ʇS�

V�pX�8ˁ�!5:ĸ̷4'� 

+!4�e��c��WsblI�V�pX���q��c4:� ʸ8!PSŠǓ4˄%D

'�!9L�7âSŚã§5��D'� 

Ispec = max N ⋅H, 0( )− t#$ %&Kspec ⊗ Lspec
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Ú 129 ǍĜ§&çŲ§ 

ɑŉâ:'A39ǛĦ�MúǶ%-=�OSʣƺ%-H94'�M�+9ĘŨâƊƃ:ǛĦ8

Îŝ%D)T�ɄÇ˄̼9Ǵ˯9ɑŉâ8Ŧ'OĘŨÑǓS Kamb�âȷ9ɑŉâ9Ƨó9ƊƃS 

Lamb 5'O5�ɑŉâ9ĘŨâƊƃ:�ȑƅ8LNȞGO!5�4�D'� 

 (92) 

 ʸɟ8ɑŉâ8Ŧ'OĘŨÑǓ Kamb :�ƹǒĘŨÑǓ Kdiff 5 ʷ#)D'�!9ɑŉâ8

LO̮ƍ:�ɄÇ˄̼9Ħ�Iâȷ�ˍȾ9ǛĦ8Îŝ%7�-G�ĺ 130 9L�8 Ȉ7H

957ND'� 

 

Ú 130 Śã§(58ǐĄ 

" ŒĨħůĀ 

ǭʙɟ7ĘŨâ9Ɗƃ Itot :�ƹǒĘŨâ9Ɗƃ Idiff�̤̼ĘŨâ9Ɗƃ Ispec��L>ɑŉâ

9ĘŨâ9Ɗƃ Iamb Sģ˓%-H987ND'� 

 (93) 

���

��

���

���
�	
���

Iamb = Kamb ⌦ Lamb

I
tot

= I
amb

+ I
diff

+ I
spec
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Ú 131 ĮƂŤ'ǐĄ 

10.1.5 ƳǕŋƖ ģ 

âȷ�Ⱦâȷ9ņģ:�â9ǐŨ̼ɺ�˵̶9°«8țÌ%D'�%-�03Ⱦâȷ9â9Ť

ƃ:�âȷ�M9˵̶9°«8ĘțÌ%D'� 

 

Ú 132 Ő§Ō/%)ƳǕ 

�D�ɁŨȾ9ÅʫS P�Ⱦâȷ9ÅʫS Pl 5%D' (ĺ 132)�'O5�P 8��O�!9

˵̶8LOȳ˅9āģ (˵̶ȳ˅ÑǓ) d :�ȑƅ4ȞGMPD'� 

 (94) 

 (95) 

!9�v�:Ʉɏɟ8:Ȕ%�94'��š̲8Ëɔ'O5˵̶8Ŧ'Oâ9ȳ˅�ƞ'�3�

Ɂǡʜǹ:̻Ż8Ǩ�H987ND'�!P:ɦ0Ǩ7̚Ű9©4�YobSȾ�3H��Yo

Iamb

Idiff

Ispec

+

Pl

P

L r

r = |Pl �P|

d =
1

r2
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b9ĬĹ:ǡO�98̚Ű:äɀǡO�7M7�!5�MHó�ND'� 

+!4� ʸ8:ȑ9ƅ�ɔ�MPD'� 

 (96) 

!!4 sc :˵̶8Îŝ%7�Ƨó9āģ�sl :˵̶8ĘțÌ'OƧó9āģ�sq :˵̶9°

«8ĘțÌ'OƧó9āģS˄%D'�sc = 1, sl = 0, sq = 0 7Mâȷ9ǡO#:˵̶8Îŝ)(�

sc = 0, sl = 1, sq = 0 7M˵̶8ĘțÌ%�sc = 0, sl = 0, sq = 1 7M°«8ĘțÌ%D'� 

˵̶ȳ˅SʮƦ%-ɁǡǛɷƅ:�ȑ9L�87ND'� 

 (97) 

10.1.6 Tq[_{@_ 

l�sw�Xw:â9ɁŨʊĹSû̬%-Ⱦâȷ4'�ɁŨʊĹ9û̬8:�Phong 9̮ƍ¸

��v�5ĤȈ8�cosine �v�9óŹ�Ëɔ4�D'� 

 

Ú 133 Tq[_{@_ 

ɁŨÅʫ P 8��OâȷǛĦS L�l�sw�Xw9ɁŨǛĦS Ldir 5'O5��l�sw

�Xw9ÑǓ cspot :ȑƅ8LNȞGO!5�4�D'�!!4 Lexp :l�sw�Xw9Ɓ�N

SûƔ'OÑǓ4�!P�Œ��B6l�sw�Xw�̡�7ND'� 

 (98) 

 (99) 

!9l�sw�Xw9�v�4:�â9ɁŨʊĹ9ŐĬ9C�9̞SûƔ'O!5�4�D)

T��0�N5%-l�sw�XwSƓO8:�ø9�v�Sɔ�OƘˊ��ND'� 

10.1.7 æßŚã§ 

!PD4̅A3Ƕ-ɁǡǛɷƅ9ɑŉâ9ĘŨâƧó Iamb :�+9âȷ�M9̩ǃȇƧóS

D5G-H9.5ʮ��+9Ɗ#:âȷ9Ɗ#8Îŝ%3�D'�œɻâ76�âȷ8Îŝ%7

d =
1

sc + slr + sqr2

I
tot

= I
amb

+ d(I
diff

+ I
spec

)

Pl

P

Ldir

L

c
spot

= max(�L · L
dir

, 0)Lexp

I
tot

= c
spot

(I
amb

+ d(i
diff

+ I
spec

))
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�ɑŉâ (ʱǦâ) :�!P5:ø8ȞGD'�!PSŒłɑŉâ5��D'�D-�ɄÇʵÇ

�ɜâ'O��RJOʵŸɜâS˄ɍ%-�ņģH�ND'� 

Œłɑŉâ9Ɗ#S Lglob�ɄÇ˄̼9Œłɑŉâ8Ŧ'OĘŨÑǓS Kamb 5'O5ɁǡǛɷ

ƅ:ȑƅ9L�87ND'� 

 (100) 

âȷ� n Õ�Oņģ:�ȑƅ9L�87ND'� 

 (101) 

7��!9�v�4:ɄÇ9ʵŸɜâ8LOâ�·9ɄÇSɁǡ'O!5:ʮƦ%3�D)T� 

10.2 q|O�(Ɛ;��8 

10.2.1 ǘ©�)ǐĄ 

!PD48̅A3�-̮ƍ¸��v�:�ɄÇ˄̼¢9 Ⱦ8��OĘŨâ9ƊƃSȞGOH

94%-�ĺƌSǆ�8:�ĺƌ9˄̼äÇ81�3�̮ƍSȞGOƘˊ��ND'�!P:ǳ

Ƕ�ɄÇ˄̼9ɗ̼@9ưƍÞ9 Ⱦ Ⱦ81�3ĘŨâ9ƊƃSȞGO!58L03šɍ#P

D'�%�%�̮ƍ9˓ʇ8:ő�9šǓ˓ʇSĨDPO-G�!P:flw9͍�ïɏ87N

D'� 

+!4ĘŨâƊƃ9˓ʇ:̿Ⱦ81�39Eˁ��̼ê9̮ƍ:̿Ⱦ8��OĘŨâƊƃSˈ

̩%3ȞGO5��ƫȘ�ɔ�MPD'� 

" ǚŐŇƇmJ_} 

" ŇƇ)äğƒ³ 

10.2.2 ǚŐùď)ƘǍ 

ĺƌ9Ģ̿Ⱦ8:�ÅʫIʺ�ȧʥ�bw��ublr�Ƅȉ76�Ȉ�7̿ȾŲƟSāNƋ

3O!5�4�D'���usbljZ�q4:�!PMSH58ʚÊEŏǓ gl_Position 8

ØS¹ã%�ȑ9�lp�Xi9lu�k4+9ØS̿Ⱦ5'Oĺƌ9ňNȼ%Sˁ�D'�+

9B�9̿ȾŲƟ:���usbljZ�q9 out ŏǓ8¹ã'O!58L03�lp�Xi8

L03ˈ̩#P�ňNȼ'ɗʔSïɏ'O��c��wjZ�q8ˈ̩Ø5%3ȴ#PD'� 

�D�ĺ 134 9L�8¡ːƌ9Ģ̿Ⱦ8 (P0, C0), (P1, C1), (P2, C2) 5��̿ȾŲƟ�āNƋ3

MP3�O5%D'� 

Itot = Kamb ⊗ Lglob + Lemi + cspot Iamb + d Idiff + Ispec( ){ }

Itot = Kamb ⊗ Lglob + Lemi + cspot
k Iamb

k + dk Idiff
k + Ispec

k( ){ }
k=1

n

∑



 154 

 

Ú 134 ǚŐùď)óč�� 

!95��P0, P1, P2 S̿Ⱦ5'O¡ːƌ9ê̚9Ⱦ P 8��O�̿ȾŲƟ C0, C1, C2 9ˈ̩

Ø C :�ȑ9L�8%3ȞGO!5�4�D'� 

¡ːƌ9°́8ȥ0-�bw� P1 − P0, P2 − P0 S+P,P u, v 5%D' (ĺ 135)� 

 (102) 

 

Ú 135 �Ɵă¬)Ő)þŀ 

Ⱦ P 9ÅʫS�P0 SĔȾ5% u, v S˻5'OƄȉʑSɔ�3�ȑ9L�8˄%D'� 

 (103) 

!!4 x = (1, 0), y = (0, 1), u = (xu, yu), v = (xv, yv), P0 = (x0, y0) 5'P;�(103) ƅ:ȑ9̎ɾǛɷ

ƅ87ND'� 

P2 C2

P C

P1 C1

P0 C0

⇢
u = P1 �P0

v = P2 �P0

x

y

O

u

v

x

y

v = P2 - P0

(x, y) = (u, v)

P0

u = P1 - P0

P

P1

P = xx+ yy = uu+ vv +P0
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 (104) 

!PS u, v 81�3ˑ�D'� 

 (105) 

!9 u, v SË03¡ːƌ9̿Ⱦ P0, P1, P2 9+P,P8āNƋ3MP-̿ȾŲƟ C0, C1, C2 

Sˈ̩%D' (ĺ 136)� 

 (106) 

 

Ú 136 ǚŐùď)ƘǍ 

%�%�ĺ 137 9Ŷ9L�8ɫƌS°19¡ːƌ4˄ɍ%3�Oņģ�!PSĠ9L�8ŏ

ƌ'O5�ɫƌê̚9ˈ̩ʜǹ:¡ːƌ8ȥ03ǩ�03%D�D'� 

 

Ú 137 ƿƝĖĄ)ĄǙ 

!9L�7ŏƌ:�¡ȑàƌɈS̉ˍưƍ%-ņģ8ɍPD'�!9ƍ̾8LN�ɄÇ�lb

���5žˁ7˻4Ķ˺'Oņģ768�ɄÇ˄̼9̮ƍIublr���ɄÇ˄̼¢Sć�3

�OL�8ˋ�Oņģ��ND'� 

⇢
x = uxu + vxv + x0

y = uyu + vyv + y0

8
><

>:

u =
(x� x0)yv � (y � y0)xv

xuyv � xvyu

v =
(y � y0)xu � (x� x0)yu

xuyv � xvyu

C = u(C1 �C0) + v(C2 �C0) +C0

= (1� u� v)C0 + uC1 + vC2

C1

C1

C2

C

u

v
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Ú 138 ƇăƘǍ)ƾƿƝĖĄ 

+!4�!9ˈ̩SĤȑƄȉʑ4ˁ�!5Sʮ�D'�ĺ 138 8��3�°Ⱦ A = (xa, za)�B 

= (xb, zb) SʀȾ5'Oʥó AB 9 z = h @9ưƍ CD S t : (1 − t) 4êó'OȾ P S�AB ¢

8̈ưƍ%-Åʫ Q = (xq, zq) :�ȑƅ8LNȞGO!5�4�D'� 

 (107) 

'7R/�zq : za, zb 9̈ǓSʥƌˈ̩%-H99̈Ǔ4�N�xq : xa, xb 9+P,PS za, 

zb 4ā0-H99ʥƌˈ̩8 zq Sǀ�-H987ND'� 

%-�03ĤȑƄȉ (x, y, z, w) 9ņģ:�+9šƄȉ: (x / w, y / w, z / w) 794�̿ ȾŲƟ C0, 

C1, C2 S+P,P9ǚŐ�Ƌ) w ƚſ4ā0-H9S u, v 4ʥƌˈ̩%�+P8̿ȾÅʫ9 w 

ˊʔ9̈ǓS u, v 4ʥƌˈ̩%-H99̈ǓSǀ�D' (ĺ 139)� 

 (108) 

O x

z
A=(xa, za)

B=(xb, zb)

Q=(xq, zq)

z = hh
t 1−t

C P D

8
>>>>>>><

>>>>>>>:

xq =

xa

za
(1� t) +

xb

zb
t

1

za
(1� t) +

1

zb
t

zq =
1

1

za
(1� t) +

1

zb
t

C = w

⇢
(1� u� v)

C0

w0
+ u

C1

w1
+ v

C2

w2

�

w =
1

(1� u� v)
1

w0
+ u

1

w1
+ v

1

w2
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Ú 139 Ñłþŀ)ƇăƘǍ 

10.2.3 (��8ǐĄ�� 

̮ƍ¸� (jZ�vW�c�shading) 5:�CG 8��3�ɄÇ8âSƋ3-5�9ɄÇ˄̼

9ĘŨâƊƃSȞGO!5S��D'�!9-G8:�ɄÇ9˄̼8â9ĘŨÑǓ�'7R/ʺ

769Ǵ˯S˕Š%�ɄÇ˄̼9ƌɈ�âȷ9ÅʫIǛĦ�ɆƟ76SH58�ɄÇ˄̼5â5

9ɤ±ÊɔS˓ʇ%D'� 

GPU 4̮ƍ¸�Sˁ�ņģ:�CPU �Mĺƌ9̿ȾŲƟ5%3�̿ȾÅʫ9·8�̿Ⱦ9ȧ

ʥ�bw�ṠND'�!95��ɄÇ˄̼9â9ĘŨÑǓ769Ǵ˯ƠŅ:ǆɗĐÅê4:ŏ

Ǫ#P7� uniform ŏǓ8˕Š%D'�Ǵ˯9ûƔSǆɗĐÅLNʗ��ˁ�ņģ:�!PH̿

ȾŲƟ5%3 GPU 8̇O��ublr�76Sɔ�D'� 

GPU 4:� ʸɟ8��usbljZ�q8��3�̿Ⱦ9Ƅȉ˓ʇ55H8Ɂǡ˓ʇSˁ

��ƓMP-ĘŨâƊƃSȑ9lu�k8̇ND'�ȑ9lu�k��lp�Xi4�P;��

lp�Xi:ĺƌ9ňNȼ%Ǥ8̿ȾʺSˈ̩%�ïɏŦ˪9ɗʔ9̮ƍSȡŠ%D'� 

10.2.4 ǚŐƐ;ěï��Úă)ĝŝ 

D(�»£9jZ�q9o�l��c��8LOĺƌ9ǆɗ81�3ʮ�D'���usbl

jZ�q4:�̿ȾŲƟ5%3̿Ⱦ9ÅʫSě�ĚO in ŏǓ pv 8Ą�3�̿Ⱦ9ʺSě�Ě

O cv 5��ŏǓS̆Ą%3�D'�!PS+9DD out ŏǓ vc 8¹ã%�ȑ9lu�k8̇

ND'�k]�w�jZ�qSËɔ%7�P;�ȑ9lu�k:�lp�Xi4'� 

#version*150*core*
in*vec4*pv;*
in*vec4*cv;*
uniform*mat4*mc;*
out*vec4*vc;*
void*main(void)*
{*
**vc*=*cv;*
**gl_Position*=*mc***pv;*
}*

C2

C

u

v

P2 = (x2, y2, z2, w2)

C0P0 = (x0, y0, z0, w0)

C1P1 = (x1, y1, z1, w1)

2, y2, z2, w2

1, y1, z1, w1

0, y0, z0, w0
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��c��wjZ�q4:�ÿ9lu�k�'7R/�lp�Xi8LNˈ̩#P-̿Ⱦ9ʺ

S in ŏǓ vc 8LNě�ĚN�!PS+9DDòĂ'O^���s�U8Ŧƚ%- out ŏǓ fc 

8Ȁʒ%D'� 

#version*150*core*
in*vec4*vc;*
out*vec4*fc;*
void*main(void)*
{*
**fc*=*vc;*
}*

!!4ȩƢ%3Ȓ%�9:���usbljZ�q9 out ŏǓ vc 5���c��wjZ�q

9 in ŏǓ vc ��Ĥ&H9S˄'R�4:ȿ�Ⱦ4' (ĺ 140)���c��wjZ�q9 in ŏ

Ǔ:�̿Ⱦ"58òĂ#PO��usbljZ�q9 out ŏǓS�ĺƌê4ˈ̩%-H94'� 

 

Ú 140 {TX{@Q(58ǚŐùď)ƘǍ 

!PM9jZ�q9o�l��c��SˡÊT4���c��]�kZbwSÊƧ%D'�

ˡÊT.jZ�q9jZ�q9o�l��c��Sf��X�%�ÊƧ#P-jZ�q]�k

ZbwS glCreateShader() 4ÊƧ#P-��c��]�kZbw8ʚÊT.Ƒ���b%D'�

+9̲�̿ȾŲƟ9ãĂ8Ë� in ŏǓ9X�vsblI�ɗʔ9ʺ9òĂá4�O^���s

�U9ɚġSƽŠ%D'�»£4:�!PM9§Ǜ5H8 0 SƽŠ%3�D'� 

//*k�K{tFjSCJ_)�đ*
GLuint*program*=*glCreateProgram();*
*
�*(W�Tk�K{t)Ʃ0ƹ0,*N�f@},*Ì7��Ÿ)*
*
//*k�K{tFjSCJ_)|�J*
glBindAttribLocation(program,*0,*"pv");****//*in*äģ)@�^[JT*
glBindFragDataLocation(program,*0,*"fc");**//*°¿¦)G{�e[i=ŠÎ*
glLinkProgram(program);*

in ŏǓ9X�vsbl:���c��]�kZbw9��bƑ8 glGetAttribLocation() SË0

3ĚNò'!5H4�D'�!9o�l��c��4:�̿ȾŲƟ5%3�̿Ⱦ9ÅʫSě�Ě

O¢˔9 pv 8Ą�3�̿Ⱦ9ʺSě�ĚO cv 5��ŏǓSjZ�q9o�l��c��8̆

VC

VC

VC

VC

フラグメント
シェーダの

in 変数 バーテックス
シェーダの

out 変数
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Ą%3�D'�!9X�vsblS£˔9ƫʠ�8LNĚNò%3�cvLoc 8Òŝ%D'� 

//*in*(attribute)*äģ*cv*)@�^[JT)Ļƀǡƛ"�6'�9+*K1Ǣ*
GLint*cvLoc*=*glGetAttribLocation(program,*”cv");*

uniform ŏǓ9X�vsbl:���c��]�kZbw�M glGetUniformLocation() SË0

3ĚNò%D'� 

//*uniform*äģ*mc*)@�^[JT)Ļƀǡƛ"�6'�9+*K1Ǣ*
GLint*mcLoc*=*glGetUniformLocation(program,*"mc");*

ĺƌ9ǆɗ:̿Ⱦ̛õ]�kZbw (Vertex Array Object, VAO) Sµ%3ˁ�D'�D(�̿

Ⱦ̛õ]�kZbwSÊƧ%�+PSʜģ%D'� 

//*ǚŐǆ³FjSCJ_*
GLuint*vao;*
glGenVertexArrays(1,*&vao);*
glBindVertexArray(vao);*

!9Ɉƥ4�̿Ⱦ�s�U]�kZbwSÊƧ%D'�̿Ⱦ9Åʫ pv 5̿Ⱦ9ʺ cv 9°1

9̿ȾŲƟSËɔ%D'�M�̿Ⱦ�s�U]�kZbwH°1ɔƢ%D'� 

//*ǚŐe[i=FjSCJ_*
GLuint*vbo[2];*
glGenBuffers(2,*vbo);*

 !9 1ɢ9̿Ⱦ�s�U]�kZbw8�̿Ⱦ9Åʫ9v�pS˺̇%D'� 

//*ǚŐ)�Ƌ*
static*const*GLfloat*pv[][3]*=*
{*
**{*K1.0f,*K0.8660254f,*0.0f*},*
**{**1.0f,*K0.8660254f,*0.0f*},*
**{**0.0f,**0.8660254f,*0.0f*},*
};*
*
//*ǚŐ)ģ*
static*const*int*points*=*sizeof*pv*/*sizeof*pv[0];*
*
//*�"ť)ǚŐe[i=FjSCJ_(ǚŐ)�Ƌ)^�X;Ƶƽ�8*
glBindBuffer(GL_ARRAY_BUFFER,*vbo[0]);**//*�"ť)ǚŐe[i=FjSCJ_*
glBufferData(GL_ARRAY_BUFFER,*sizeof*pv,*pv,*GL_STATIC_DRAW);*

D-�!9̿Ⱦ�s�U]�kZbw8Ȁʒ#P3�O̿ȾŲƟS�X�vsbl� 0 9 in 

ŏǓ�MĚNò)OL�8%D'�!!4: in ŏǓ pv 9X�vsblS 0 8%3�D'� 

//*�)ǚŐe[i=FjSCJ_;*index*==*0*)*in*äģ�6Ìć�8*
glVertexAttribPointer(0,*3,*GL_FLOAT,*GL_FALSE,*0,*0);*
glEnableVertexAttribArray(0);*

D-�°1ɢ9̿Ⱦ�s�U]�kZbw8�̿Ⱦ9ʺ9v�pS˺̇%D'� 

//*ǚŐ)Ɛ*
static*const*GLfloat*cv[][3]*=*
{*
**{*1.0f,*0.0f,*0.0f*},**//*ư*
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**{*0.0f,*1.0f,*0.0f*},**//*Ɔ*
**{*0.0f,*0.0f,*1.0f*},**//*ǖ*
};*
*
//*�"ť)ǚŐe[i=FjSCJ_(Ɛ)^�X;Ƶƽ�8*
glBindBuffer(GL_ARRAY_BUFFER,*vbo[1]);**//*�"ť)ǚŐe[i=FjSCJ_*
glBufferData(GL_ARRAY_BUFFER,*sizeof*cv,*cv,*GL_STATIC_DRAW);*

!9̿Ⱦ�s�U]�kZbw8Ȁʒ#P3�O̿ȾŲƟ:�cvLoc 8Òŝ%3��-X�v

sbl9 in ŏǓ�MĚNò)OL�8%D'�cvLoc 8: in ŏǓ cv 9X�vsbl�Òŝ

#P3�D'� 

//*�)ǚŐe[i=FjSCJ_;*index*==*cvLoc*)*in*äģ�6Ìć�8*
glVertexAttribPointer(cvLoc,*3,*GL_FLOAT,*GL_FALSE,*0,*0);*
glEnableVertexAttribArray(cvLoc);*

 ĺƌ9ǆɗ:�̿Ⱦ̛õ]�kZbwSƽŠ%3ˁ�D'� 

//*RC�Yk�K{t)ǄĘ*
glUseProgram(program);*
*
//*uniform*äģ*mc*(v^}gx��ĖĄäğƒ³)*;Ƥï�8*
glUniformMatrix4fv(mcLoc,*1,*GL_FALSE,*mc);*
*
//*ĝŝ(��ǚŐǆ³FjSCJ_)ěï*
glBindVertexArray(vao);*
*
//*Úă)ĝŝ*
glDrawArrays(GL_TRIANGLES,*0,*points);*

!9L�8̿Ⱦ"58ʺSƽŠ%-ņģ8˄ɲ#POĺƌSĺ 141 8ɲ%D'�!9ņģ�

Ģ̿Ⱦ8˕Š%-ʺ:ĺƌê4ˈ̩#P�ɗʔ9ʺ8ɔ�MPD'� 
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Ú 141 ǚŐƐ;ěï��Úă)ĝŝ 

10.2.5 OpenGL (��8ƘǍ 

OpenGL / GLSL 9�lp�Xi:�ȉȸ4!9̉ˍưƍŏǈSʮƦ%-ˈ̩Sˁ�D'�7��

out / in ŏǓ9Ţ˒8 noperspective 5��Ô͉śS¸�O!58LN�̉ˍưƍŏǈ9ƍ̾Sʮ

Ʀ%7�ˈ̩Sˁ�!5�4�D' (ȉȸ: smooth)�D-�flat 5��Ô͉śS¸�O5�ˈ̩

:ˁRP7�7ND'�!9ņģ�ǭƑ8ƽŠ#P-̿Ⱦ9̿ȾŲƟ�ɔ�MPD'� 

noperspective*out*vec4*vc;**//*e�][JTRC�Y�6ł)T]�S.)°¿*
noperspective*in*vec4*vc;***//*i{Ku�_RC�Y)¨¿*


