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Working Environment (�" OpenGL)Working Environment (�" OpenGL)
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– 418342 Principle of Computer Animation
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ก���� !�	!"#�	� (Rendering)
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http://en.wikipedia.org/wiki/Global_illumination

Physically Based Rendering
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http://en.wikipedia.org/wiki/Rendering

Non-Photorealistic Rendering
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The Legend of Zelda: The Wind Waker

http://en.wikipedia.org/wiki/Toon_shading
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• �"�" Physically Based Rendering
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 Rendering Equation
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http://en.wikipedia.org/wiki/Pixels
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Trichromatic Theory of Vision
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(1,0,0) (0,1,0)

(1,1,0)

(1,1,1)

(0,0,1)

(1,0,1) (0,1,1)

(1,1,1)

(0,0,0)

!��(��"�	 (Models)

http://en.wikipedia.org/wiki/3D_Models
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,#ก������ก http://en.wikipedia.org/wiki/Camera

Graphics Pipeline
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  Shade (�.��7�	ก�+�"�3")

  #
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Graphics Pipeline (�*�)


,#��ก http://ocw.mit.edu/ 
	�� 6.837: Computer Graphics (Fall 2003)

Graphics Pipeline (�*�)
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• Interreflection

• Caustics



Ray Tracing

• ���ก�
	 )� 7��
����
7%"�"� ��"73

• ����
���'��%"�
� 
– ก��"ก��
%, Monster Inc., Ratatouille

http://en.wikipedia.org/wiki/Ratatouille_%28film%29

Ray Tracing (�*�)
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Ray Tracing (�*�)


,#��ก http://ocw.mit.edu/ 
	�� 6.837: Computer Graphics (Fall 2003)

Ray Tracing (�*�)
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(x, y, z)

• �+�1���
ก���
�����	�	

• �
ก���
��	�!*

u,v,w

R
3 = {(x, y, z) : x, y, z ∈ R}

x = (1, 0, 0), y = (0, 1, 0), z = (0, 0, 1), 0 = (0, 0, 0)
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x xx
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• ก/�."��.�

• ก�
&
ก����&�
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�

u = (x1, y1, z1)

v = (x2, y2, z2)

• ก�
�,=�
ก���
���
%��ก��
�
u+ v = (x1 + x2, y1 + y2, z1 + z2)

cu = (cx1, cx2, cx3)

�.�����ก���%��ก������������ (�*�)

• ก�
&
ก = ��� ��%�2�.�


x

y

z

O

u

v

u+ v
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• ก�
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� = ก�
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x

y

z

O

u

c1u

c2u

Linear Combination

• �.�  �#:"�
ก���
���8 
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v1,v2, . . . ,vn

c1, c2, . . . , cn


2� linear combination 1��

c1v1 + c2v2 + . . .+ cnvn

v1,v2, . . . ,vn

Linear Combination (�*�)

• �
ก���
�����	�	 -ก�
ก���
��#:" linear combination 1�� 

x, y, ��� z

(x, y, z) = x(1, 0, 0) + y(0, 1, 0) + z(0, 0, 1) = xx+ yy + zz

Span

• 6��                        �#:"�
ก���
���8 ���


�
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2� span 1�� 

v1,v2, . . . ,vn

{c1v1 + c2v2 + · · ·+ cnvn : c1, c2, . . . , cn ∈ R}


2� span 1�� v1,v2, . . . ,vn



Span (�*�)

• Span 1�� x, y, ��� z �7�2�� 2�ก�&

• Span 1�� x �7�2�� 2�ก�&�ก" x

• Span 1�� y �7�2�� 2�ก�&�ก" y

• Span 1�� z �7�2�� 2�ก�&�ก" z

R
3

• Span 1�� z �7�2�� 2�ก�&�ก" z

• Span 1�� x ��� y �7�2�� 2�ก�&
�"�& xy

• Span 1�� x ��� z �7�2�� 2�ก�&
�"�& xz

• Span 1�� y ��� z �7�2�� 2�ก�&
�"�& yz

Linear Dependence

• �
�ก�2�

2�                       

�#:"ก�-2�1���
ก���
� 7� linearly dependent

6���7��ก��
�                       7��7��
����
.")���7�2�9�2� 2�ก�& 0

 7� /��.�

v1,v2, . . . ,vn

c1, c2, . . . , cn

 7� /��.�
c1v1 + c2v2 + . . .+ cnvn = 0

Linear Independence

• �
�1���ก�& linear dependence

• �
�ก�2�

2�   

�#:"ก�-2�1���
ก���
� 7� linearly independent

6���2�                     7� /��.�

v1,v2, . . . ,vn

6���2�                     7� /��.�

��� � 2�"�3" 

c1, c2, . . . , cn

c1v1 + c2v2 + . . .+ cnvn = 0

c1 = c2 = · · · = cn = 0

Linear Independence (�*�)

• x, y, ��� z --- linearly independent

• (1,2,0) ��� (2,4,0) --- linearly dependent

��
�� 2*(1,2,0) – (2,4,0) = (0,0,0)

• (1,0,1), (2,3,0), (2,1.5,1) --- linearly dependent

��
�� (1,0,1) + 0.5*(2,3,0) – (2,1.5,1) = (0,0,0)

• (0,0,0) --- linearly dependent

��
�� c(0,0,0) = (0,0,0) �/�.
�&�2� c ��8  7�9�2� 2�ก�& 0
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• 6�� ���
 span 1�� u ������"�
� 7�42�"�-� O ��� u

x

u �= 0

{cu : c ∈ R}

y

z

O

u

R

�#%��

• 6�� u ��� v �#:"�
ก���
� 7� linearly independent ก�"���


span 1�� u ��� v ���
�"�& 7�42�"�-� O, u, ��� v

{c u+ c v : c , c ∈ R}

x

v

u

{c1u+ c2v : c1, c2 ∈ R}

y

z

O
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• 6�� u, v, ��� w �#:"�
ก���
� 7� linearly independent ก�"
���
 span 1�� u, v, ��� w �+�1���
ก���
�����	�	 �3�.��

x

v

u

{c1u+ c2v + c3w : c1, c2, c3 ∈ R}

y

z

O

Basis

• 6�� span 1�� u, v, ��� w
�7�2�� 2�ก�&�+�1���
ก���
�����	�	 �3�.�� 

�
��
7%ก u, v, ��� w 
2��#:" basis 1��#
	',�	�
ก���
�����	�	



Basis (�*�)

• x, y, ��� z �#:" basis 1��#
	',�	�
ก���
�����	�	

• (1,1,0), (0,1,1), ��� (1,0,1) ก0�#:" basis

• ��2 (1,0,1), (2,3,0), (2,1.5,1) 9�2��2

��
����"9�2 linearly independent

/"�-0��ก"���

• 4��,=��ก��
� (dot product)

• 1"���
ก���
�
u · v = x1x2 + y1y2 + z1z2

‖ ‖
√

2 2 2 ·
1

• ��&��	�2��8

‖u‖ =
√
x2
1
+ y2

1
+ z2

1
= (u · u)

1

2

u · v = v · u

u · (v +w) = u · v + u ·w

u · (cv) = c(u · v)

‖u+ v‖2 = ‖u‖2 + ‖v‖2 + 2(u · v)

‖cu‖ = c‖u‖

/"�-0��ก"��� (�*�)

• ��&��	

����� θ ����-�
�.
2�� u ก�& v

u · v = ‖u‖‖v‖ cos θ

• u ก�& v ��3�;�กก�"ก0�2������ 

u

vθ

u · v = 0
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•  
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                         ����
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1�� v �������ก�
�9#�" 	!1�� u

‖u‖ = 1

                         ����
��%�
1�� v �������ก�
�9#�" 	!1�� uu · v = ‖v‖ cos θ
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• 4��,=�
ก���
� (cross product)
u× v = (y1z2 − y2z1, z1x2 − z2x1, x1y2 − x2y1)

= (y1z2 − y2z1)x+ (z1x2 − z2x1)y + (x1y2 − x2y1)z

=

∣∣∣∣∣

x y z

x1 y1 z1

∣∣∣∣∣

• ��3�;�กก�& �3� u ��� v

•

=

∣∣∣∣∣∣
x1 y1 z1
x2 y2 z2

∣∣∣∣∣∣

u× v

θ

u× v
‖u× v‖ = ‖u‖‖v‖ sin θ

/"�-0��ก����� (�*�)

•  	! ��1��          �	����ก�������
– ������1
��739#��� 	!1�� u �.�DE����.�"9# �� v

–            ��3�;�กก�&
�"�& 7�"	%��$�% u ก�& v �-2���ก9#DFG� 7�"	3
$#H�1
��%,2

u× v

u× v

u

v

u× v �-2��1��ก
���*

v

u

u× v �-2���กก
���*

/"�-0��ก����� (�*�)

• ��&��	�2��8
u× v = −v × u

u× (v +w) = u× v + u×w

u× (rv) = (ru)× v = r(u× v)


