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RASTERIZATION



Projection Transformation

• 
����	 eye space 
��	 clip space

• ��ก���	 clip space �����
��	�����ก���
����
� 	 vertex ��
��!�"��
� 	 vertex ��

• ก����	ก�����#�	��: vertex $��
� 	��������• ก����	ก�����#�	��: vertex $��
� 	��������
– -1 ≤ x ≤ 1

– -1 ≤ y ≤ 1

– -1 ≤ z ≤ 1

• Projection transform �����%����ก&'�(��$��
��
� 	��ก
����



Projection Transform %� OpenGL

• OpenGL ���)� matrix ��� projection transform 

��"��

• 
������ก��
����	*�� projection matrix ���
����	 
mode ��� matrix 
��	 GL_PROJECTION ����+)�#���mode ��� matrix 
��	 GL_PROJECTION ����+)�#���
glMatrixMode(GL_PROJECTION);

• �����ก	�,	���+)�#����	ก��
����	*�� matrix �!�	*��
��� 
��	 
glLoadIdentity(), glMultMatrix(…), --

• #��	��ก
����#��� glLoadIdentity() $�	$������ก#��� 
glMatrixMode(GL_PROJECTION) 
#� �*�� 
�!��
+���.
+�� projection matrix ก��	�#�+������



Projection Transformation �#$��	�!& 2 ���

• Orthographic Projection

• Perspective Projection



Orthographic Projection

• �������������
�'$��
� 	
��	���/0�

• "���� foreshortening ก���+!� "��������1�����2��ก�"กก 
� 	
�	��
$��ก�	���

• �����ก3�ก 
#�	�	�	���
��	
#�	�	�	��2�• �����ก3�ก 
#�	�	�	���
��	
#�	�	�	��2�

• ����	4��*ก������
���	*��/CAD 
	!�����ก�	��������1�
��	
�!���
#)�+�5



Orthographic Projection (�(�)

http://www2.arts.ubc.ca/TheatreDesign/crslib/drft_1/orthint.htm



Orthographic Projection (�(�)

http://www2.arts.ubc.ca/TheatreDesign/crslib/drft_1/cad/wdstv.htm



ก	��� 	� Orthographic Projection

• 	����"��4��ก��	�������/0�����������$��
������ก�����
� 	
• ���/0�	�,#����1	����"���������
� 3 +2�
– left *� right --- ���
���	*	�*ก	 x
– top *� bottom --- ���
���	*	�*ก	 y*� ���
���	*	�*ก	 
– near *� far --- ���
���	*	�*ก	 -z (
����
������	*	� -z)

• +��$�,��ก
��	��ก���	 eye space

• ���/0�$��	����+!� 
{(x,y,z) : left ≤ x ≤ right, top ≤ y ≤ bottom,

near ≤ -z ≤ far}



*��+,�*���	���#$����-.�



ก	��� 	� Orthographic Projection (�(�)

• Matrix ��� orthographic projection ����$)���"����
– #�� x = left "� x = -1

– #�� x = right "� x = 1

– #�� y = bottom "� y = -1– #�� y = bottom "� y = -1

– #�� y = top "� y = 1

– #�� z = -far "� z = 1

– #�� z = -near "� z = -1



Matrix /�� Orthographic Projection
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��	�!$� OpenGL �ก#$ �ก!� 
Orthographic Projection

• glOrtho(left, right, bottom, top, near, far)
– +2' matrix �9�����	���� matrix ��� orthographic 

projection �	�	��ก��	
– ก��	���+��
���ก ก��	���+��
���ก 

glMatrixMode(GL_PROJECTION)

glLoadIdentity()

ก��	
�!��
����	 mode *�
+���.+�� projection matrix 
���

• glOrtho2D(left, right, bottom, top)
– 
��!�	ก�� glOrtho *�����+�� near 
��	 0 *� +�� far 
��	 1



Perspective Projection

• �������������
�'$��
� 	
��	 frustum (�:�����������)

• �� foreshortening ก���+!� ��"�$����2��ก���
� 	��5�ก���
• �����ก3��*�� 
#�	�	�	�����"���	�	ก�	
��!�	
���

• ���+���
��	#������ 
����
��!�	ก��$����+	$)���	 $)����
��!�	
���• ���+���
��	#������ 
����
��!�	ก��$����+	$)���	 $)����
��!�	
���
"���2��	3�ก����;

• ���ก��4��*ก��$��+�����	
$��



Perspective Projection (�(�)



Perspective Projection (cont.)

orthographic perspective



ก	��� 	� Perspective Projection

• 	��������
� 6 ���
��!�	ก�� orthographic projection 



ก	��� 	� Perspective Projection (�(�)

• �������$�����
� 	+!��:�����������$�������
��	#��
�����

{(x,y,z) : left ≤ x ≤ right, bottom ≤ y ≤ top, 

z = -near}

/0����������	12ก3�����"��	10� z = -far/0����������	12ก3�����"��	10� z = -far



ก	��� 	� Perspective Projection (�(�)

• ������ (x,y,z) ���	 eye space *����	��12ก*��
��	��"��	 
clip space?

fzeye −=

1=clipx1−=clipx

nzeye −=

fzeye −=

lxeye =

zzeye =

(0,0,0)

rxeye =

(x,y,z)



ก	��� 	� Perspective Projection (�(�)

• �� x �	 clip space

fzeye −=

1=clipx1−=clipx
???=clipx

nzeye −=

fzeye −=

lxeye =

zzeye =

(0,0,0)

rxeye =

(x,y,z)



ก	��� 	� Perspective Projection (�(�)

• 
������กก���� x �	 eye space ���������#�����

fzeye −=

1=clipx1−=clipx
???=clipx

nzeye −=

eye

lxeye =

zzeye =

(0,0,0)

rxeye =

(x,y,z) ???, =righteyex???, =lefteyex



ก	��� 	� Perspective Projection (�(�)

• ��=��+����2�
�!���#��
�����+��� "�����

���	�,	

???=x

n

z

r

x righteye

−
=

,

n

zr
x righteye −=,

???, =righteyex

rxeye =

nzeye −=

zzeye =

(0,0,0)



ก	��� 	� Perspective Projection (�(�)

• $)�	��
����ก�	                              ���	�,	
n

z

l

x lefteye

−
=

,

n

zl
x lefteye −=,

nzeye −=

lxeye =

zzeye =

(0,0,0)

???, =lefteyex



ก	��� 	� Perspective Projection (�(�)

• 
���2����                          #)�����+��+�$�� a *� b ������ 

1=clipx
1−=clipx ???=clipx

baxxclip +=

zzeye =

(0,0,0)

(x,y,z)

n

zr
x righteye −=,

n

zl
x lefteye −=,



ก	��� 	� Perspective Projection (�(�)

• 
	!�����ก1�� x = -zl/n *�� xclip = -1

*�1�� x = -zr/n *�� xclip = 1

• "�����
b

n

zl
a +−=−1

• 
�!��*ก�#�ก����ก����"�����

b
n
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ก	��� 	� Perspective Projection (�(�)

• ก���+!�

• �	$)�	��
����ก�	
��ก ��"�����

lr

lr
x
zlr

n
xclip

−

+
−

−
−=

)(

2

• �	$)�	��
����ก�	
��ก ��"�����

bt

bt
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ก	��� 	� Perspective Projection (�(�)

• *�� zclip +������+��
$��"���?

• +�� zclip ��12ก���
��	 >+���0ก? ��� fragment 

• zclip ��������+�'#�����#�����ก��
– 1�� z 	��� z ก ����	������"�����– 1�� z 	��� zclip ก ����	������"�����

– perspective matrix ������#��
#�	���"����
#�	���

• �������� zclip $�����"��"��
– zclip=z

–  222 zyxzclip ++=



ก	��� 	� Perspective Projection (�(�)

• zclip $�� OpenGL ������2�

• 
	!�����ก z = -1 1�� z = -n

z

B
Azclip +=

• 
	!�����ก zclip= -1 1�� z = -n

*� zclip= 1 1�� z = -f

��"�����

f

B
A

n

B
A

−=

−=−

1

1



ก	��� 	� Perspective Projection (�(�)

• 
�!��*ก�#�ก����ก��*����"�����

nf
A

nf

fn
B

+
=

−
=
2

• ก���+!�
nf

nf
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fn
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ก	��� 	� Perspective Projection (�(�)

• ก���+!� perspective projection matrix ������#��
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Matrix /�� Perspective Projection
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��	�!$� OpenGL �ก#$ �ก!� 
Perspective Projection

• glFrustum(left, right, bottom, top, near, far)

– +2' matrix �9�����	���� matrix ��� perspective 

projection �	�	��ก��	

– ก��	���+��
���ก – ก��	���+��
���ก 

glMatrixMode(GL_PROJECTION)

glLoadIdentity()

ก��	
�!��
����	 mode *�
+���.+�� projection matrix 
���



��	�!$� OpenGL �ก#$ �ก!� 
Perspective Projection (�(�)

• gluPerspective(fovy, aspect, near, far)

– +2' matrix �9�����	���� perspective projection matrix 

��	
����ก�� glFrustrum

– ��%
��!�	ก��#��� glFrustum 4��"��– ��%
��!�	ก��#��� glFrustum 4��"��
• top = near * tan(fovy / 2)

• bottom = -top

• right = aspect * top

• left = -right



��	�!$� OpenGL �ก#$ �ก!� 
Perspective Projection (�(�)

– fovy �������ก field of view Y ����10�+���ก����������������
*	�*ก	 y (���	���
��	��=�)

– aspect +!� aspect ratio ����	���������:�����

– �:�����$�� gluPerspective #�������	����
��	����������– �:�����$�� gluPerspective #�������	����
��	����������



��	�!$� OpenGL �ก#$ �ก!� 
Perspective Projection (�(�)

• #��
ก����+)�#��� glFrustum #����1#�����:�����$��"��#��������
*ก	 z "��

• *���:�����$��#�������� gluPerspective ��
��	�:�����$��#�����
���*ก	 z 
#�����*ก	 z 
#��



RASTERIZATION



























































HIDDEN SURFACE REMOVAL

































DEPTH BUFFER �� OPENGL



��0$� Render 1 2�(�# Depth Buffer



3���4 ���� code �*5�� (	��#"

glColor3d(0.5, 1, 0.5);

glBegin(GL_TRIANGLES);

glVertex3d(0, 0.5, 0);

glVertex3d(-0.5, -0.5, 0);

glVertex3d(0.5, -0.5, 0);

glEnd();glEnd();

glColor3d(1, 0.5, 0.5);

glBegin(GL_TRIANGLES);

glVertex3d(0, -0.75, 1);

glVertex3d(0.40, 0, 1);

glVertex3d(-0.40, 0.30, -1);

glEnd();



3���4 �����	
���36�*5�����#"



ก	�%7� Depth Buffer %� GLUT

• 
��#��� glutInitDisplayMode ���
���� GLUT_DEPTH 
����
glutInitDisplayMode(GLUT_RGB | GLUT_DOUBLE | GLUT_DEPTH)

• 
���ก glEnable(GL_DEPTH_TEST)

• 
��
���ก glClear ���
���� GL_DEPTH_BUFFER_BIT

glClear(GL_COLOR_BUFFER_BIT | GLUT_DEPTH_BUFFER_BIT)



1���!�� (	�

int main(int argc, char **argv)

{

glutInit(&argc, argv);

glutInitDisplayMode(GLUT_RGBA | 
GLUT_DOUBLE);

glutInitWindowSize(600, 600);

glutCreateWindow("No Depth Buffering");

glutDisplayFunc(display);

glEnable(GL_DEPTH_TEST);

glutMainLoop();

return 0;

}



ILLUMINATION










































































