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白い光

青い反射面 青い反射面

青い反射光 全体に暗くなる

× ×

|| ||

赤い光
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Lambert �����

cosθi =N ⋅L

N, L����������

d

d / cosθi

θi

N
L ����
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Idiff: 
��	��


Kdiff: ��%
��	��

Ldiff: ���
%
��	���

: ���"%�

N " L%#��� π / 2 ��#'
��	��
& 0:

Idiff, Kdiff, Ldiff&
RGB %� %
��)� 

Idiff =max N ⋅L, 0( )Kdiff ⊗ Ldiff

Idiff = cosθiKdiff ⊗ Ldiff = N ⋅L( )Kdiff ⊗ Ldiff

��%��$�*#����(�!&#�
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R = 2(L ⋅N)N−L

L
R
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L•N
(L•N)N

2(L•N)N

–L

N

cosθi
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Phong�&#'

cosKshi θr = R ⋅V( )Kshi

R, V���%"$'���

Kshi: ���� (shininess)
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θr

R

V ��
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Ispec = cos
Kshi θrKspec ⊗ Lspec = R ⋅V( )Kshi Kspec ⊗ Lspec

Ispec: �����	�

Kspec: ���������

Kshi: ����

R � V����� π / 2 ���������	�� 0:

Lspec: �
	�������
�

Ispec =max R ⋅V, 0( )Kshi Kspec ⊗ Lspec
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Blinn-Phong!)&*

H =
L+V
L+V

cosKshi θh = N ⋅H( )Kshi

L, N, V���(%'*!��
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Ispec = cos
Kshi θhKspec ⊗ Lspec = N ⋅H( )Kshi Kspec ⊗ Lspec

Ispec: �������

Kspec: ��+������

Kshi: �"��

N ( H+)%�! π / 2 ��)-�������, 0:

Lspec: ����+�������

Ispec =max N ⋅H, 0( )Kshi Kspec ⊗ Lspec

OpenGL +
���584120'��#.&637, Blinn-Phong 637

lobe9����
+��
��:*, Phong (	$

cosine 637/� 
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cosnθ
 lobe �
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(cosine lobe ���)
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Kshi = 1

Kshi = 10

Kshi = 50

Kshi = 90

!
2−!2

0

0
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Iamb = Kamb ⊗ Lamb

Iamb: ���������

Kamb: 

�����������	

Lamb: ��������
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Iamb
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Idiff
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Ispec

Itot = Iamb + Idiff + Ispec
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d = 1
sc + sl Lpos −P + sq Lpos −P

2

Itot = Iamb + d Idiff + Ispec( )

d = 1
Lpos −P

2
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sc, sl, sq( ) =
1,0, 0( )
(0,1, 0)
(0, 0,1)

!

"
#

$
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L

Lpos

P
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��$��"# ���,���-: Lglob

�����
: Lemi

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

��%�: n

Itot = Lglob ⊗Kamb + Lemi + cspot
k Iamb

k + dk Idiff
k + Ispec

k( ){ }
k=1

n

∑

'*()+&)%���	: Cspot

������: d
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