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�� � : �������  #  
  

� .�����	 
���� 
� ����������� �
 ���� ������ ����� �� ������   

   !� .Cathode–Ray Tubes   �  .Raster–Scan   " .Flat–Planel         #  .Random–Scan    

$ . #%�� %#&��'�(��� ������ 	 �)� *
�#�+��,' -��� �
 ./��0 ���12� 3  

   !� .	#���	 �/4�� 5��6 �7 	%� ��& ���)� 8���# �9�� %�� :�4��//� .  

  � . #�;4���6� �/4���<�/=���%�� ��&��' .� �(��� ������� -�9�� ��)� *
�#�+ %# #�� �5> ?6@ �� -�9�� �#�A.  

  " .����(�����%�#  :&��' %#�(��� ������(��� 
� ���7 ����� � #�9��)� ��� C#�D42� ��!	 #�� ��)� *
�#�+ %# � 
� �

��& ��# 8�9���7 :�4��)� #�EF7 �� C#�D42� #�G�� ��#�� .  

  # .	#�����7 	 �/4�� 5��6�� � #�9��& ���)� 8���# �9�� %�67 :�4���	% .  

H .�����0 I��E� 3���7 J�)4K� 8� 5#�# 5�A� ��)� ��G	�L %# ���12� -���   

 !�.Normal Coordinate → Word Coordinate → Divice Coordinate   Master Coordinate →    

�.Word Coordinate → Master Coordinate → Divice Coordinate   Normal Coordinate →    

".Word Coordinate → Divice Coordinate → Normal Coordinate   Master Coordinate →  

#.Word Coordinate → Normal Coordinate → Divice Coordinate   Master Coordinate →  

M .��7� NL O2% y=mx+b *	% .7  (Digital Differential Analyzer) DDA �'� 1|m| >P� -�' ���7 �� �(step) -��� �

��12)7� R�S� T)y,x( aa �� )y,x( bb  (  

   !� .|xx| ab −       � .|yy| ab −       "    .|yx| ba −        #  .|xy| ba −      

V .%�<!� %#� -�F�
�7 O4(Bresenham’s Line Algorithm)�7 ��NS� 
� 
	�� �7 NL O2% (10, 20) ۀ �� (30,18) �2P 	  

)y,x( 33�12� -���   

  !�  .14 	 (24 ,13) �           .2 	 (22,12)        "     .-2 	 (24 ,13)       # .-2 	 (23 , 12)            

W .%�<!� %#�� .XS� O4����(Midpoint)��7 ��# O2% �� C�� ,��� .7  (0,0) 
�=� 	 �Y �2P 	 )y,x( 33�12� -���   

  !� .-6 	 (2 , 10)     �  .-1 	 (3,10)    "  .-6 	 (3 ,10)        # .-6 	 (4 ,10)    

Z .��7�7 O2% �;� �7 8rx =   	 6ry =�   �' C%��� :	�G��[�� %# O2% 8[��� 7ۀ�� O2% :	� �;� 	 	# C%��� :	�G �

7 O2% 8[����;�[�� %# $ ۀ� ���7 A	 B\�S� .] �� ���/��7   

  

 

                

 

 

 

 

 

   !� .A=(4,6)  	      B=(7,0)                        �  .A=(4,5)     	       B=(8,0)   

  "   .A=(4,5)      	      B=(7,0)                     #   .A=(4,6)    	        B=(8,0)    

  

  

k k2P  R�S� 

0 -151 (8,2) 

1 233 (8,1) 

2 745 B 

	# C%��� :	�G 

k k1P  R�S� 

0 -332 (1,6) 

1 -224 (2,6) 

2 -44 (3,6) 

3 208 A 

 C%��� :	�G��   
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�:�����%" –�	
� ������
�: ���!"�� � ����	���
�� ��
�� � : �������  #  

  

^ .�����%�<!� 
� ���� O4�
 ���7 �� 5#���+ �=_`�/] ���2 �	�7	% J%�)7 �� 8�@ �4=���/6  

 !� .Scan-Line Polygon Fill             

� .Boundary-Fill  

" .Flood-Fill                                         

# .4@�2 �7 .2 ��� �� �+ 5��6��//� .  

  

a .��7�
 86�  5#���+ �%�<!� 
� C#�D42� �7�� O4Boundary-Fill�7 �4������ 
� �<� ......................... �� #�� C#�D42� .��'�/]

�� 8��b� #%�� c�%�7 86� N##�'�+ � ).G�� :����� .��L 
� ��
  ) �XS� �(Pixel)12.� ۀ/���� ���� �86 

   !� . 	#.��'                               

  � .%�F].��'       

  " . ��.��'                            

  # .1A�.��'   

�Y .<�% :�� %#� RGB �7  ^ #%
 c�% �c�% (Yellow)��� � -��� I��F<�% 
� ��
 ����12  

   !� .R	 B             � .B	 G           "  .G	 R      #  .R 	G	 B   

�� .��7�%�# .<� � c�% ��)� ��
 H$7 ���7 1� .7 c�%�� A�7 � 1	�#�O4�� RGB T4 %�>� �7 10242 * 1024 ۀ� 7. ����

��%�# 
��!�[ %# O� �7 .6� c�% :	�G �$VW .7 B7 �� c�% 1�%�# 
�� �OA	 B��/����   

  !�  .1024 1024 32BA ××==      � .2 1024 256BA ×==  

  "  .2 102432A256 32وB ×=×=      #  .2 102432A256وB ×==  

�$ .%#�2 �� O4�Grayscale,' -��� � ./�0��� 3�12�   

   !�.Intensity =0.5[min(r,g,b)+max(r,g,b)]�         . Intensity =0.7[min(r,g,b)+max(r,g,b)]  

  " .Intensity =0.5[min(r,b)+max(g,b)]     #. Intensity =0.5[min(r,g)+max(r,g)]  

�H.,' -���� ./�12� 12%#��  

   !� .)y,x(T)y,x(T)yy,xx(T ′′=+′+′   �  .)(R)(R)(R 2121 θ+θ=θθ  

  " .)0(R)(R)y,x(T)y,x(T)(R =θ−−−θ#             .)s,s(S)s2,s2(S)s,s(S yxyxyx −−=−−×   

�M .S�dX 










2

2
,

2

2
<7 �b�%# �%���
 Oxy	# )Rotation (���# � NL .7 1E�� ?(2	o455�% ۀ� <���7. ���� −= 

���
�7)Refection (���# �
���� .7���> C�<�> 	 O(2,0) ۀ:�S4�� )Translation (���# � C
���� .7 �% .XS� �L>%#	 O(3,3) 

S��e�)Scaling (���# �NS� �Oۀ �#�7 ����L .] 80�[ )
2

2
)45sin(,

2

2
)45(cos( 00 ==  

   !� .(6,-3)            � .(3,0)          " .(4,3)             #    .(5,2)   
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  ����	��	
� � �
�–�	
� ���� ��
� – ����	���
�� ��
�� �   !"  #"  

  ����	��	
� � �
�:�����%" –�	
� ������
�: ���!"�� � ����	���
�� ��
�� � : �������  #  

�V .�0 J%�E@ -�����12� 3  

   !� .f(2��E=6� T�E\ �=�(Natural Cubic Spline)�S� 
��
� �f(2�	 12� I���� T�1(Hermite Spline) 
�� 
� 

�	%#�7��(Interpolation) 

  � .f(2����� T�f(2� 	 1�#%�� T�:�/(Cardinal Spline)�	%# 
��
� 	#�� �7��� 
� 	#��	 �/4��  R�S� %# g4A� %��S

� C#�D42� :�4/���//�    .  

  " .f(2����� T��	%# 
�� 
� 1�7���F�L 	 12� �,7 ��S� 
�� 
� ��� C#�D42� :�4/� R�S� g4A� 
� 	# ��	 I��//�  .  

  # .f(2��#%�� T�:�/)Cardinal Spline (�	%# 
�� 
��7��	 12�  �F�L�,7 ��(Bezier curves)�S� 
�� 
� �I     .                

�W .#�S�� �d,c,b,a
 h7�� �� ����7 %�S] ���� �7 �� N0)2(S)0(S =′′=′′�f(2� �����7 T  







≤≤−

≤≤+−+−+−
=

2x1)2x(

1x0d)1x(c)1x(b)1x(a
)x(S

3

2

  

  !� .a=1  ,  b=3  ,  c=3 , d= -1        �. a=1  ,  b=3  ,  c=-3 , d= -1  

 ". a= -1  ,  b= -3  ,  c=3 , d=-1           #  .a= -1  ,  b=-3  ,  c=-3 , d= -1   

�Z .�9/+ �'�i (Window)  .�G	�L J�@f\��� ._j�� � J%�0 .7 #%�#�7 %# �%  86�
� ���7 � 	 J�)4K�

5>{ })5,5(),1,1(���K7	���7 �� R�S� O��9/+ .7 �% C�9/+ T87 ���ۀ�� � �(Viewport)J�)4K� �7 { })4,10(),2,2( :�S4��  

�#��7 O��S� dX (3,3)�# 
� ���=��	 ��# .7 ������ �� .XS� .] �� ���> ����L 12�7  

 !� .(6, 3)     

�.(3,4)   

".(3,2)   

#.(3, 6)   

 

 

  

  

  

  

�^ .%�<!� gE\�7� O4Cohen–Sutherland Line Clipping�9/+ �'� �7*ۀ� (clipping ) (5,5)}	 {(25,30) ��7 C�<�> ���7�  

 NL{B=(27,4) , A=(23,35)} AB �code (A) 	 code(B)��� .7 ���/���� I  

  !� .code(B)= 0100, code(A)=1001  �  .code(B)= 1110, code(A)=1000  

 " .code(B)= 0110, code(A)=1000               # . code(B)= 0110, code(A)=1010  

�a .%�<!� %#� O4Cohen–Sutherland Line Clipping �'� � code(B)= 1000, code(A)=1010C�<�> ���7...  

  !� . .XS� NS&A7%# �*�7 %#�� 5	�)Clipping (#%�# %���    . 

 � .NL -��� AB#%�#%��� *�7 %#�� 8L�#%#   .  

 " . .XS� NS&B7%# �*�7 %#�� 5	�                      #%�# %��� 

 # .NL -��� AB#%�#%��� *�7 %#�� "%�L%#.  

)yw,xw(• 

maxxw minxw 

maxyw 

minyw 

)yv,xv(• 

maxxv minxv 

maxyv 

minyv 

Window Coordinate VeiwPort Coordinate 
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$Y .�9/+ .k��/]�7*ۀ  �X4�� �� J%�0 .7 	 ���E� 8�=_l�/] ��(polygon)%�<!� -��� C�<�>���7�� O4���7 ������ � 

�#�� .4&�' %�67 *�7  

  !� .Hodgeman                                  �.Sutherland–Hodgeman      

 " .Sutherland                                           # .%�<!���4���7 �� �#�G	 ._j�� T #%���.  

$�.�����%�<!� 
� ���� O4� NL *�7 (Line Clipping)
 ��2 ��� �4=���/��7   

  !�.Liang–Sutherland                              � .Cohen–Sutherland  

 ".Liang - Barskey                        # .���7��7 .2�� 1@�2 �b� 
�.  

$$ .���� -�&����4��%�+ h7�� � P(u)��7 .� � � 5	%# ��7��4��� � �(Hermite interpolation)7 � R�S� TkP 	 1kP + %�67 

���12� -��� �#	%   

  !� .[ ] 1u0,

d

c

b

a
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









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0uuu)u(P 23 ≤≤
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
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
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 "  .[ ] 1u0,

d

c

b

a

1uuu)u(P 23 <<











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


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d

c

b

a

1uuu)u(P 23 ≤≤
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



=   

  

$H . -����
#%��� 
� ����7 �� 
 #%���� �)/�/���� �,7 ��((Bezier Curves)�0 ��12� 3  

:	� #%�� :/�/�� ,7� ���� ���+%# �(Convex Hull)� %��� �' �#�.  

-	# #%�� :/�/��,7 �@�� ��/�/� �4��� �12� �.  

-�2 #%�� :/�/��,7 ���7 12� T6�� ��� .@��9� �� 12�7 R�S� 
� ����.  

 !�. m      -	#	 :	�H$Z�           ."                 -�2	 -	# .#            -�2	 :	� .#%�� .2��  

  

$M.���K7 �'� � O�/�/� ��,7 � R�S� .@��9�  �7 �}p,p,p,p{P jski=
 J%�0 .7 �/� O2% ������ �7 �O���� 
� �� R�S� I


�� ��� .7 5��� �/�/� T�2% ���  

   !� .:	� .XS�=kp-	# .XS� �=ip-�2 .XS� � =jpS� 	 -%�FG .X =sp  

  � .:	� .XS�=ip-	# .XS� �=jp-�2 .XS� � =sp-%�FG .XS� 	  =kp 

  " .:	� .XS�=kp-	# .XS� �=ip2 .XS� �-� =jp-%�FG .XS� 	  =sp 

  # .:	� .XS�=jp-	# .XS� �=ip-�2 .XS� � =sp-%�FG .XS� 	  =kp      

  

  

  

jp 

sp 

kp 

ip 
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� – ����	���
�� ��
�� �   !"  #"  

  ����	��	
� � �
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�: ���!"�� � ����	���
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�� � : �������  #  

  

$V .��7�� ._�G �/] ��4A��7 � T(Bernstein Polynomials)�0 .X7�% -��� ��12� 3  

   !�          .0)u(BEZ
n

0k

n,k =∑
=

�                           .n

k

n

0k

n,k log)u(BEZ =∑
=

             

  "         .1)u(BEZ
n

0k

n,k −=∑
=

#                              .1)u(BEZ
n

0k

n,k =∑
=

             

$W .��7�/�/� ��� � 7�- f(2��T)Spline Curves-B (,' -���� ./12� N_o�  

   !� .��7� �� n+1!�4/� .XS� �/�/� � e�2� �7 n+1  h7��  Blending� .4L�2 �#�� .  

  � ./�/��7 �-f(2����47� .XS� 
� ��	,! T���� �#%p' .  

  " ./�/���� �,7 �0�L 1!�[ ��/�/� 
� ��� �7 � q f(2���/4�� T.  

  # . �'��6�!�4/� R�S� 
� �/�/� � 7� q f(2�� T/� �97�G �%�/�/� 8� C�%���  �O�P� ��� ���/�     . mHHW  

$Z ./�/�%#� 7� q f(2��T B-Spline !�4/� R�S� #��=� �'� �� 10I��/ۀ� 	 ��/� �H%�#�7����7 Knot�#%�# %��S� �/] ��   

   !�.�H               �   .�M     " .�Y            #.H   

$^ .!�4��&�=7� (Fractal Dimension)���/����#�L #��=� 	  (Self-Similar)/�/� %# � r� (Koch Curve)��� .7 � 
� I

] .7 12�%�12� -��� s  

   !�.
3ln

4
 	 3         �  .

4ln

3
 	 4        

  " . 
3ln

4
 	 4    #  .

4ln

3
 	 3     

  

$a .��&
 :�4��%�# ���/] �+ �/���� �.� �����7   

   !� .$                      

  � .H                     

  " .Mm   HZY               

  # .1��F/�7  

  

  

HY .�� .@��9� t�7 %#�!	u ��(Julia set)��7 � h7�� 2z)z(f =NS� .k��/] 0 ۀz h7�� 1�� �% f� /� .E2������� �7 O� 
� �

����
 N� .XS� � �0z _�@ 
� ?+�J� ���!��4� �7 %# � �F��!	u .@��9� 
� %	# 1�� %��� �� '��#�  

   !�. 1|z| >       �.1|z| <                 "  .1|z| =                  #       .1|z| −=                   

H� ..XS� 
� %�b/� ��pG ) Attractor( !	u .@��9� t�7 %# �] ����1�  

   !� .� .XS��9� 8L�# %# 12� �!	u .@��!	u .@��9� 8L�# R�S� 1����2 .� ���2 .7 ��12� 5> .  

  � .� .@��9��!	u .@��9� 5��/@ .7 .� 12� R�S� 
� �12�7 �� �> ��/.  

  " .� .XS��7 %# 12� �9� 5	��!	u .@��7 R�S� 1����2 .� ��!	u .@��9� 5	���2 .7 ��12� 5> .  

  # .!	� .XS��� .�� 
	�� �7 O2% %�� .� ���7 �#�� .  

  

 

 
                    



  

  #

  ������	
� ���
�� –���� �� �	
���
��  ��  ��  �  

  ����	��	
� � �
�–�	
� ���� ��
� – ����	���
�� ��
�� �   !"  #"  

  ����	��	
� � �
�:�����%" –�	
� ������
�: ���!"�� � ����	���
�� ��
�� � : �������  #  

  

 »�((((((()
 �*��((((((�+,�«   

  

  

� .%�<!��� .XS� O4����(Midpoint)��7 �% ��# O2% �� C�� ,��� .7 (0,0) 
�=� 	  r_�� �� .����7 	 C#�� 8���7 8��� � 5> 

�/7�����  

  

$ .%�<!�� O4Liang-Barsky Line Clipping8��� %�X7 ���> 	 C#�# v�� �% �/7 �����  

  

H .������� ?��E� � 8Shear�� 1FG %# � X 	 Y C#%	> 12�7 �% 	!�w� ��,7 ���  

  

M .��7� H!�4/� .XS� �� �����K� O�/�/� �� B-Spline  
� .E���H/� O2% � .!�E�# .6�> x�& �7 �Oknot  	 �D0 
� 
	�� �7 �� 

�2 .��#� %#�!��4� #��@� �� �2��� 12� ��_X� ����7 �=7 .7 h7�� .E)u(B 3,3�   )��/��%�� :
 N7�	% 
��/� C#�D42� ���(  

  

{ }?
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1ii

1,i u,
w.o0
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
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kr ...,,3,2=  

  

V . ���
 J�[fX0� 
� �� �% �%#l�� �X2 .2 �# 3���.  

   !�. parallel projection  

  � .Perspective projection  

  

 
�y/+
 :��2 � �7�K4�� :��2 .2 .7�F/���# r2�+ ��.  

 :��2 ��WZ/�)� 	 �1)�1D� 	 -�0  (�A� :��2 .2	#%�# C������Y�/V) %# y/+� � (1��# ����L C���.  

7 5#�# ���G 
�7 .���+ :��2 .2 
� ��/� ,�
 ��� %# ����)� :	� :��2 .2 �F/� J%�0 T��� ����L 3. 


