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NAME

ppm - portable pixmap file format

DESCRIPTION

The portable pixmap format is a lowest common denominator

color image file format. The definition is as follows:

- A "magic number" for identifying the file type. A ppm

file’s magic number is the two characters "P3".

- Whitespace (blanks, TABs, CRs, LFs).

- A width, formatted as ASCII characters in decimal.

- Whitespace.



- A height, again in ASCII decimal.

- Whitespace.

- The maximum color-component value, again in ASCII deci-

mal.

- Whitespace.

- Width * height pixels, each three ASCII decimal values

between 0 and the specified maximum value, starting at

the top-left corner of the pixmap, proceeding in normal

English reading order. The three values for each pixel

represent red, green, and blue, respectively; a value of

0 means that color is off, and the maximum value means

that color is maxxed out.

- Characters from a "#" to the next end-of-line are

ignored (comments).

- No line should be longer than 70 characters.

Here is an example of a small pixmap in this format:

P3

# feep.ppm

4 4

15

0 0 0 0 0 0 0 0 0 15 0 15

0 0 0 0 15 7 0 0 0 0 0 0

0 0 0 0 0 0 0 15 7 0 0 0

15 0 15 0 0 0 0 0 0 0 0 0

Programs that read this format should be as lenient as

possible, accepting anything that looks remotely like a

pixmap.

There is also a variant on the format, available by set-

ting the RAWBITS option at compile time. This variant is

different in the following ways:

- The "magic number" is "P6" instead of "P3".



- The pixel values are stored as plain bytes, instead of

ASCII decimal.

- Whitespace is not allowed in the pixels area, and only a

single character of whitespace (typically a newline) is

allowed after the maxval.

- The files are smaller and many times faster to read and

write.

Note that this raw format can only be used for maxvals

less than or equal to 255. If you use the ppm library and

try to write a file with a larger maxval, it will automat-

ically fall back on the slower but more general plain for-

mat.
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1.0 ¯Bæ*ç7¯,â�è ¹ré7êRÙ(¶ ºëRÏ*Ð ä�ìRí@î ê*ïPð�ñ@ò Ý�ó�ô7õ÷ö�ø*ù7ú�û ä7å ðEü
• Material

– ambientColor : ý�þ5ÿ��������
– diffuseColor : �	���������
– specularColor : 
	���������
– shininess : 
	�����
���

• Coordinate3

• IndexedFaceSet

VRML
ú ñ������ ö��
���
õ ñ
����� ä7å����������� "!	# wrl ä*å ðBü Ò7Ê�$(Â	Þ �%'&7Ù�ü

#VRML V1.0 ascii

Material{

diffuseColor 1.0 1.0 0.0

}

Coordinate3{

point [

0.0 1.0 2.0,

2.0 0.0 3.0,

2.0 2.0 2.0,

1.5 6.0 0.5,

1.0 0.0 0.0

]

}

IndexedFaceSet{

coordIndex[

1, 2, 4, -1,

0, 2, 3, -1,

0, 4, 2, -1

]

}
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IndexFaceSet ( Ý?H*)�ú coordIndex
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Coordinate3
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#���g"h�iB�jE�k�l ð�m # Ø npo�q
r�s	t ä7å ð G Ù�ðun ] Î ö VRML 1.0
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Material ( ÝaH ERã ï	T ö�I ñ}+ Ý � HEú��F�5ö,����Ý*K + ."�"�/��ú�� ä�� 8X���� ð #}� I ñ}+ Ý � H n���� ú�V ä ö diffuseColor

t E�� ï�T 0.0 ≤ 1.0 E�� à
� ZL� Ú
(R,G,B)

ú*� ä�� %rØ	<7Ù�ðEü�Ú��,8 � shininess
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¡�¢
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8 �*ä � � ðEü t¿�Ø/Ù"Ú�Û ú�� åU%�� Y Ù�ð G ö �/] ú ¿�Ø�Ù"Ú�ÛU%�	�Ø�Ù µ��?EJð�ñ °�
 Ù�ð ~��,E�[ß 3 ß ï�ü�Ú��,8 � æ ð � å ú�¯ »�Z ö�
 î ß5ú ä
�Nð�ñ Ù�ð�� E���� ú Á ú è ¼U% ð
ñ Ù�ð A % ��� Ù�ð�� � #[å ðBü ø  }�
] ú ð�ñ[ZD� ð µ	� ú ]
G % � å µ��}� � å µ��� ä « � E � å G 8JT Í Ü � Ù(ð����U% ë å���� G���� üó�Ú �?]L� ø��Rö 6�7 î ö ´ Ø 6�7 î 3 ä Ø�<7Ù�ðEü ´ Ø 6�7 î ö ��� %	Ø7Ù	¿ �	�(ú� M�õ � E,â ��� %� l Ú | ú ä
����� ú ��ñ,~�� %�! � G"»*E�" R #$# ïRüJ¿�Ø�Ù�% ÝMax�ô�H �$� � ú â ; (xi, yi, zi)

T
ö ´ Ø 6�7 î ä ö (xi, yi, zi, 1.0)

T ä Ø�< äU» ð�ü�óEÚ �
´ Ø 6�7 (xa, ya, za, γ)T

ö�I���� %
γ ä ¾ �/ä,��O ú ¿�Ø�Ù�% Ý,MUx�ô"H �$� � úJ;[ú'&

3 (*),+.-0/'1.2436587�9;:4<*=?>.@?A?B�C;DFE*GIH4J*K*L*MONQP0RTS4U?V0E*G0NF@?W.XQ)*+.-?/�SZY0[?\9?]I1^NF_?`IA8aOE0G0:�]8NF+,-?/Ob6cIV*5OWFd0Re1QfFg�NFh0i�SFj?klNFm?nIbToO1Qp�qr7�s�tuW;v?w0x,yz0{ S;j?klN;m0n0@*|,}I\�90]I14El~^�?�*�Ib0EO96:
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¿�Ø/Ù"Ú	Û ü�ú���� G -aéJê

� G ß ðEü

3.1 �������^ W�ð�ñ n ö�÷ ð�ñ}�'�	��ñBG�|���ä�� ð�t G ö �'�$� ) E�å ð � M�õ �U% Æ/l
��ON�
EJµ�W?E ��� � ú â ; % � å µ�� I

� ú â ;�� ð	ñ Ù�ðNr�o ä7å ðBü ]��?E�ã ï�T ö � �
2 ä � !a8�Ú�� ®�# ö�� ï�� ÏÐ® ü ]	]rä ö ��� ú Ú�Û � Ü	q�r�s ö Z

õ ±Pú r,s E s�ïT*ï@ð | ú G 8 � � å µ	� ö z = zI ä à	v ZD� ð µ	�XG Ù(ðEü] ú GJ»N�6��� )�ú â ; P = (xp, yp, zp, 1)
T
ö � � å µ"� I

� ú â ; P ′ = (x′

p, y
′

p, zI , 1)
T

EJð	ñ�ZD� ðEü ]�� ö �










x′

p

y′p
zI

1











=











1 0 0 0

0 1 0 0

0 0 0 zI

0 0 0 1





















xp

yp

zp

1











(1)

ä Ø	< ZD� ðEü�Ú��?8 � ; P
% � å µ	� I E Þ���ô[õ Ù(ð�� E ö zI E �?��öRß ïRü?óÚ � � 2 E�­ ï�T zn ≤ z ≤ zf

%��PÚ�Ù
z
� %�� ã ���Pú�û #�ð	ñ�Ë��BG ß ��� � å	� EØ ZD� ðEü?ó�Ú � � å µ	� � ú*ë å���� ú�û # � å G 8�T Í Ü � ZD� ðEü

] ú r�o ö�� ��E Ã � z¥x�Ä/Å # ��� ä7å���h����[|l� ß ï G ï ® é ; #@å ð #,��� ïú�� ë��Pú `F®jE	���,E�å ð ��� G ú�� ERå ð ��� G³#}´�� ¯ »	Z2E ß ð G ï ®F �¡ è�¢£"; #¥¤ ðBü ] ú�¦¨§ � « � ú CG Ee© ï 3j� ð `}� ö CAD
¢ Á ú k�ª � � %�« � G"»ú `a®³Ee¬ o ú ��­�ZL#$® § 3j� ð ¨	R E�¯�©ºZ�� ð ]
GD#�{ ïRü

3.2 °�±����
ò Ü ð�ñ n³²¨´ ð�ñ�G�|T�Jä���µ t�¶ Æ	l¥µ/G�»�·0¸ = ¼ Aº¹ ��»�¼�½�¾¥¿�À�Á$ÂTÃ�Ä?éê ¶TÅ ¼�Æ�Ç � µ�È�É0Ê�¤$µÌË � 3

¶�Í�Î¥ÏÑÐ.Ò�Ó ½¨¦�§ · ¼ ó Ä?éNê'½�Ô¨Õe¾�Õ (0, 0, 0) Ö
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ZI

�
2: Ú�Û�Ü�Ý

¤ßÞOà�á ½�âßã�ä (0, 0,−1)
¶ ã�¼ à ¼ µ�å ½ É » µ Ð�æ ¦ ·Oç�è�Ú�é I

¾
z = zI(zI < 0)

Ö�ê�ëíì?îïµ�å ½ É » µ Ð�ð$ñ ½�¿$À�Á�Â�Ã�Ä�ò�ó Ê ä ç�è�Ú�é ä z = −zI Ö ¢ µ ¾ ·�ôõ�ö�÷�ø¥äeÔ�Õ¥½�ù�ú¥û,ü Ö'ç�è�Ú�é I
¾�ý Þ�à�åIþ$ÿ ¹ ä � ¼ Ð

È ½ É���·������ ½ ¸ Õ P = (xp, yp, zp, 1)
T
ä ·�ç�è�Ú�é ø�½ ¸ Õ P ′ = (x′

p, y
′

p, zI , 1)
T

Ö'Ü�Ý ìlîíµ ½
	e¾ ·�È ½ P ′
¶���� µ�
 � Ö�· æ��

P ′′ =











xp

yp

zp
zp

zI











=











1 0 0 0

0 1 0 0

0 0 1 0

0 0 1

zI
0





















xp

yp

zp

1











(2)

É ¼�� Û��$Ê Õ P ′′
¶���� µ Ð P ′′

ä
P ′ É���¸ ½
�ßÂ������
� �"! Ö�#�Ýíìlîïµ Õ Ê ý

µ Ð�$&% ½�'&(�½ P ′′
ä ��) �"!�*&+ � ½ Êß·�ç�è�Ú�é I

ø�½��"! ¶�, µ�
 � Ö�-�.�/&0
zp

zI
Ê P ′′

½�1&2 ¶43 Þ�à�5¥µ É�·�6 % ½879� Ö (x′

p, y
′

p, zI)
¾ ��� û îïµ Ð

1
zp

zI

P ′′ =











xp

yp

zp
zp

zI











=











zI

zp
xp

zI

zp
yp

zI

1











=











x′

p

y′p
zI

1











= P ′ (3)

ç�è�Ú�é ø Ö ä�: è<;&= ¾ ê�ëíìlî?> ½ ÊA@�B&C�Ü�Ý$Ê ä ç�è¥Ö'Ü�ÝíìIîD>FEHG ä&I 3

Ö�JíìIîD> 78� � .LK"M8N���O 	�P É � > Ð |zI | N�Q&R äeÔ�Õ Q<R É¨å�SLT¨î?> Ð : è&;=UNLVW��ì�X�Yeë É�Z�
�[&\H@ Ô�Õ Q<R�X�]_^�É,î�T<`Ua<b�c �edDf g$ä �4hi^ �kj @4lm<n�o�p
q ìlî9
�ç�è É � > Ð
r<s
t&u o l_^.Ö ý >v[<\U@�á"N�è o : è<;<=9w'Ê<V��x^ � > 78� Ö
y8>�
 � Ö ä @�z�h{Nâ n�o ý > Ð Y�h ä{|�ò'ó X t&u Ö m�} P > â n Ê ý j @�Y�h ä�Ô�Õ Q<R�X�V��x^~y8> â
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Zn Zf

ZI

I
3: B&C�Ü�Ý

n Ê ý > Ð ìTà{@ßå � Y�h�N â n ä�ù N 78� � å�N o<�{� û îD> 	H�W�8Ç Ð ú � 5�Ö¥È�Nâ n ä��&���"��� N"�¨Ê äL��� ÖL��ÿ¨îD>��L�8�"a��&� ý > Ð á"N öD� å �A� à�5 78� Ð

4 �������_��� ���_� � �¢¡¤£�¥¦<§ � ä @ |�ò�ó�Ô�Õ
¨<© Xeá
N |�ò�óe��!�ª N�« Õ @ |�ò�ó�â�ã X (0,0,-1) ¬�Z�
 o @Y
­ Ö ä{|�ò'ó�Ô�Õ"¨&©¯®°|�ò�ó�â ãeä�±&²&�
!�ª N ø Ö'ê�ëíìlî8@&³"´Lµ�¶&· å ±<²��!�ª N ø Ö'ê�ëïìlîD> Ð ¦<§ N�Ü�Ý�þ&¸9X�¹�º¥Ö
y8>�
 � Ö ä @ ±&²&�
!�ª Ö'ê�ëíìlîU
³"´Lµ�¶�·WX |�ò'ó4�"!�ª � *&+ Z � ^8à ä � û ��» ÐY
­ Ö&@�z
6�¼ �
!�ª N�½<¾H@�¿�ÀU@�Á�V�Â�Ã ä �
) �
!&*&+ X�Ä » >�¬ÆÅ â Û&�HN�Çõ N<5
��¹"º�Ö � > Ð8È î û N'Û�� *�+¥äL1 à
É�Û���X4ÊHh È ¬�Ö�Ë�ÌWZ 79�~Í h æ j @1 à{N�½<¾ ® ¿�À ® Á{V�Â�Ã ä�ù N 78� ��Î 5�\�ÿ&Ïïå ý�û Ð8Ñ �
Ò Y�h�N�Û&�Ó¬�Z�à *+ Z'à�ÔÕ^ È ¬ o ¹
º{� ý j @$á"N�É&Ç õ¥ä á"N�É�Û��UN"5�X �{� î{T 7 » È ¬eÖ � > Í×�Ø � T
ä

(tx, ty, tz) N�½<¾�X *<+ Z�@ Rx, Ry, Rz

ä
X,Y,Z Ù�¿ j N θx, θy, θz ¿�ÀH@ Sä

X,Y,Z Ù â ã�Ú N (sx, sy, sz) Û8N�Á{V
Â�Ã�X * y 4
Í

T =











1 0 0 tx

0 1 0 ty

0 0 1 tz

0 0 0 1











(4)

Rx =











1 0 0 0

0 cos(θx) − sin(θx) 0

0 sin(θx) cos(θx) 0

0 0 0 1











(5)

4 ÜÞÝFßáàÆâFãÆäáå�ßáàÆâvæèçÞé êeëÞìîí



Ry =











cos(θx) 0 sin(θx) 0

0 1 0 0

− sin(θx) 0 cos(θx) 0

0 0 0 1











(6)

Rz =











cos(θx) − sin(θx) 0 0

sin(θx) cos(θx) 0 0

0 0 1 0

0 0 0 1











(7)

S =











sx 0 0 0

0 sy 0 0

0 0 sz 0

0 0 0 1











(8)

5 ï�ðòñ óxô¢õiö÷��ø�ù
Y
­HÖ&@�z
6�¼�µ�¶�·UN�ú �~û8üeý ä�þ V<� ý j @ 1 à{NLú �ÿû8ü X�� ö y8>�Ö ä�� V� ô õ�� o�� / ¬ � > Í á È �A@	� ü�
k�vü�� Ö � / o ��» ú �~û9ü X
� ö�����Ðíû � ü
 �Fü�� � ö N�� »���� ����� 7 ^��Ay È ¬ o�� /HÖ � > Íz
6�¼�µ�¶&·UN4¶�a � N&w
Ö ä @TÚ�Û�Ü�Ý��"B<C�Ü�Ý�)<Ö : Ýíì?î ��» ú �~û8ü o�� æ

îD> Í ç�è�Ú�é ø N : è<;<= Ðíû ��1 Ö�!�"�Z�
�[�#�Ö�Ü�ÝïìlîD>�ú �~û8ü'ä � ü�
 �vü� y9> � / o ��» NL�A@�� ö N ����Ð û%$'& y8> Íæ 
�( ��ä @ t&u N *�ü N"5AZ Ð ¹�C�)�y8> � / o ��» Í å ú&��* @�+LB	, � t<u o ý>F[<\ ä�- � ý > o @ $ Ç'.<� ä�/ ÿ �&» Í á È �A@�é o C�0AÖ * X ã
P à » > Ð¥ù��~ÐN�1�ë�X<Z'à�@ * X ã » à »"��» é�X�� ö N ����Ðíû2$�& y8> Í È N31�ë ä @�á"N�ú �~ûü N n�4 ~np ¬�á"N�ú �~û8ü4Ú N�C 4'5 �76 · ~ep ¬4N�8�y�K�9 o π/2 :�;�� ý > Ð¥ù?�~ÐX q'< > Í�= h{N�8�y
K�9HN�> o?� / ¬ » � ÿ P � ä �&» NL�{@<�A@�X
B � ¬�@�1�ë 	&P
î ý î{T<6UN 78� Ö�C ��» ô õED b 6 ��F � > Í

~np · ~ep ≥ 0 (9)È N â n ä “cull face”
æ 
 ä “backfacing” ¬ »�» @ 3D ú � û�ü�g�ó	G
H � ä È îxXI jKJ � û î?> 78� Ö � Þ�à » >F[&\ å ý > Í

r<s
å ú&��* @�Y�h�N�éHÖ
h » à�L Ðíû2M à�ålé o M � > 78� Ö
y8>�N � o 7 » [<\ å ���û îD> ÍAO ûîÐ N�P�Q × �{@ t<u �4OHÖ |�ò'ó o?R�S Z�à » ÞTàHZ æ Þ�
�[<\U@�á"N R�S

ìlîU
 t<u NLú �~û9ü'ä�|�ò'ó Ö � Z'à�L�é�X M Ï$àHZ æ � È ¬eÖ � j @ backfacing
× �ä á�î û N�é ä » � ��jKT � àHZ æ ��78� Ö M � > Í L�é{��å * JAyU>�ô õUD b 6 ¬�@ |ò'ó o t<u �4OHÖ R�S Z �&»WV �&» Z�C � ^�¬¨å R�S Z�
 È ¬�X
1�ë{y8>�X�ô õUD b 6 ¬N�Y�Z<\ » o�� /UÖ � > Í
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4: z"K�_8N Y Ù â ã N�`�a

6 bdcfegbghji kml óonqp õqr
�A� ø N
z<K�_{ú � û�ü�ä @ 3 s9N'Ü�Ý�þ�¸UÖ 7 j ç�è�t�é ø N�z<K�_8Ö�þ�¸ ìOî?> ÍÈ î�X ð$ñ Ö'ç�è ø Ö�u�ç{y8>�
 � Ö ä @ È N ð ý<*<+ � ý >Oç�è�t�é ø NLz
K?_�X�@ �v )�ì0îU
�ç"0AÖ�þ"¸8Z � ^;à ä � û �<» Í È î�X ð + yH> â n ä�w û ��å ��� û îW> o @x�y�z X ��{ y8>v[&\ ä @ � ��· ��|�} CG

* J�~&b d'} X����HÖ"Ô ^�¬e@��Ha �?G�� �� 8?�$ô?���"N�����)8X�Ì���Z

&��· ûi����} Ö
y8> � / o ý > Í h�� j @���� � ô õ Ö
`�a9Z���y » ��· ûi����} �?�&� z N3� » ��· ûi���'} X ��� > È ¬ o @�� � �����UN���U� �?��� z Ú N��{Ä z Ö������ ^ÞNL���	� Í�� �¡ �'¢�£ È¥¤ X�¦�b � ¦ |A� ¬�§©¨�ª�« ü�� ¬ »­¬ � n X�Ä »�®  �¯�° � Í È ¤�±²?³ x'y�zµ´�¶	· ��¸���¹�º ²	» Ð ¢�¼j½2¾©¿ � ¦ }�À 8 ´ F »�² ±ÂÁ ¶'ÃµÄ ®EÅ Á »Æ » Í
� ® £�Ç�È?_ ´�É�Ê Ö�`�a ° � » ± ¦�Ë�Ì?¦ |���Í £�Î ¤ ¢oÏ É�Ê ± É�Ð t�Ñ�¸ » Ç�È

_HÖ � Ä ®�Ò ¤ N Ò?»�ÓÕÔ � Ö ² �
Ö ´3×�ØµÄ £�Ç�È?_ ´ X Ù�Ú�Û�Ü�ÝUÞ ® ¦�Ë�Ì2`�a °
� Å3» Í ����ß�Î » X Ù�Ú�Û�Ü�ÝUÞ Æ Ïáà ´ Ë�â�ã�ä?¦ | ä�å
æ ¬ ß �'Á Ü�£�Ë�â�ã�ä?¦| ä�çµå�Ü�u É�É�Êµ´�è�é ° ��ß
¦?Ë	Ì�¦ |3� ´3ê �7Ü ° �3ë�ì » Ú�í�¢�£ É�Ð t�Ñ�¸ » Ç�È�î »�ï�ð ´ Y ñ�ò »�ó Üô Þ ®©õ�öø÷ Ä £Aù7ú »�ó ´ Å ì ï�ð Ü ô Þ ® Ç?È?î ´�û ì�Ü�ü�ý ° �3Ú�í Í ��þ ¬ ß�ÿ

4 Ü���æ ® £�Ç?È�î ABC
´ Ç?È�î ADB å2Ç?È�î CDB Ü�ü�� ° ��ß

¼�Ç�È�î ADB,CDB
» ¼ ï�ð�» ñ�ò » ×�Ø ¢�������� 	�
��
����� Í ×�Ø Í Ô ��ß��Æ £�ÿ 5

»��
PQ ¸ »�ð R

»3ó ¢ ï�ð�Òø¬ Ä »�� ü���Ü ô Þ ® ê�� Ü��
� Á ¤ ��ß�Î »��
PQ

± Ë�â�ã�ä?¦��?ä Í ����ß ð A
» ñ�ò ´ (xa, ya)

t
²�Ò å�� ° å�£ ×�Ø�� ¢! #" » ô ¬

Ü ² ��ß
(

xp

yp

)

= (1 − s) ·

(

xa

ya

)

+ s ·

(

xd

yd

)

(10)



A

D B

P Q

R

$%$$%$

ÿ 5: Ç?È�î » ¦�Ë	Ì?¦
�'&
(

xq

yq

)

= (1 − s) ·

(

xa

ya

)

+ s ·

(

xb

yb

)

(11)

s =
AP

AD
=

AQ

AB
(12)

(

xr

yr

)

= (1 − t) ·

(

xp

yp

)

+ t ·

(

xq

yq

)

(13)

t =
PR

PQ
(14)

� Æ £�Î » É�Ê�×�Ø Ü���æ ® £ É�Ð »�Ó©Ô � ´'(�)©Ä ® ��æ ® £�ë+* ± É�Ð Ö Á ¢�,#-° ô ¬ ²+. ¨0/Õä »�1�2 Ü?¢�£ É�Ð Ö Á ¢�,�3 ° *�ü�Ü�ì�æ ® ¢!4�5 ´ ��6 ² æ ô ¬ Ü °
��ß�Î » 4�5 ´ §©¨�ª3«'ä87Uå
æ ¬ ß² ��£ ��9'Í »  �: � ¯ » Ç�È?î ´<;�=�> �¥¤ Æ É�Ê ¸
?A@�B ° �C4�5	¢�£<D
E ´GF Á� ² æµå ëAH�Ü�I�ã�J ö å
æ�6 ¤ � ¯�K ´+L ÔNM Î ° ß ��O
P�Í ¢AQ�R »�S�T ¢�I�ã�J ö»�U R�Ü8V Ä!W V�X ´<Y[Z ²]\ å Å ô æ�ß

7 ^`_babc d Z e fhgji
� ´ Û�æ W æ W�k�Ð�l�m Ü!��� Zonqp .sr /7ä ´�t Ë�Ì t �<& Ä!W�É�Ê Ü!@�B Ä�W æ�ÞW Å�u'v
w Ü Ò?» *�ü ±�x ��y�z�Ö 	 Ò?» Ñ »�Ò?» *�ü ± � ð Ü�ëA{�|�æ�Ö}� ´A¶�~©Ä ²\ W�� u�������� äA�A� ö Ì�7 t+�#����� Ë�Ü � Á � æ?ßN� É
�}p ð+�����!.]r /�ä�Ü ô ÞW��+�qZ�n�W æ � æ�Ö Ò�� Ö��G��� ��p 4�5�� � Ñ�4�5­å
æ � ß�Î n �<� é#��p Ú�í�Ü�ì

æ W
�8��� �#��  / r &%¡ ��¢�£ ZNn�W æ p ß7Î�Î Í � Z ¤ ����¥ í7Ü?ì�æ WA¦�§���p ß
Z ¤ �'��¥ í �+� Ñ�4�5 ��  / r &#¡ � ú Í �©¨ Þ'å ¨2ê�� � *�ª�Ü!« ��p ß%�G¬ u ÉÊ�­ Ü nbits

�
Z ¤ �<�%¥ ��®A¯ �}p ßG°�±�²+����³ t�´ ö Ì u�µ	ö�¶�·�¸!� Ü ¨ ô p ��u

10bits Ö�¹ 32bits º�»�¼�¹ n%W æ p�½ å ��¾ æ�ß Z ¤ �'�%¥ Ü � u'¿�À ��Á Z�n�W æ p ÁÂ ��u ¨ å ��Ã#Ä Ü��
Å p z ñ?ò ó�� (�Æ[Zon[p ß



Ç�O
P�È � u�É ´!t �'Ê ð Ü!Ë é�Ì u'Í �qÎ � z ñ�ò �8Ï æ�Ð#Ñ�Ò	Ü � p ô � Ü�ñ�ò
Ó��å�Þ W æ p�½ å�Ü!Ô�¯ �©p ß Ç�O#P�È � u z
ó���Õ Z æ�Ð#Ñ Ï \×Ö�Ø p °�± È Ø p8Ù�G¬ u 4�5 ��Ú�Û�Ö � Ú ¨ Õ Z ��ó 	ÝÜ�Î �
Þ �'ß�à ó ��� z

ó�Ö!á�â Ì!W � \ Ù Ø©ã� u!.sr /©ä8å ã<Ö
æ���� * ��ð �<� é#��p ã Î u�æ���ð�� z ñ?ò��<ç
è p!Ù�¨�Ì ¿�À��
z ñ?ò ô�é ÜêÎ�Å n#ë u
æ���ð � æ�� Á Â ó}Ö!ì ® Ì Z ¤ ����¥ ��ó �'í�î �©p8Ù Z ¤ ��%¥ � ��ï��<ð�ñ >���p�ò � Ö � ������� ��ó8ô�õ�Ö!ö�÷�ã " ÷ �GË�Å u�æ��+Ä
��ø�ù �
nbits

È � ¿ È Î p ô �úÖ8��û >©Ì8WAü : ��ï �©p �8� ô�ý 	 v :#È � Ü Õ ��ï ô©é ü :È � Ü Õ ��ï � Ð �þ��ÿ�� ; ����� ¹ � ý � Ù � � u Ç�O�P�È ����� 7 t ¡ v
	���Ö � uov	©� ê�
�Z � ò � � ¹ ��� Ö!v : ó ��ï Ì!W ô�ý Ù� � u Z ¤ ����¥ ��ó�� ��ï � u t à�� t �'& ã��
��Ö ��� ë���� � ô�ý Ù�½Nn}� u �� 7 t ¡ �� Õö �
������� \�� ë È ô�ý � ¹ È Ø p8Ù
Z ¤ � ��¥ í � . r /}ä � 4�5���� 	�� ö � � �+1 ���}�'�"!86+¬ u Ì � ¨ Á Â���# È ÿ�%$�&�� �
��¹ nqp�' ý
( í È Ø p ��u*)�ð ��´,+ r ��Ü ; Ö"-�. �}p�½ ã È Ø p!Ù µ�ö¶�·�¸8� > Ö"/ ÌAò10 í �
� È u<¿�À}� CG

µ�ö�¶�·A¸8��� Ð ã�2 Ñ � Ç ( � � ì ® Ì!Wý p8Ù
3�4�5�687
¯	ÿ�9 Ö Z ¤ �<�%¥ í��*:
® Ì � Å n�ë u Ñ 2
�<;�=AÖ+� p È Ø þ �>� Ù � ò u*? ¯ Ö

z
ó}�"@%A � â n%B � W 	 Ï ý Ð#Ñ���Á ZNnqp ô ��Ö �©p �'Á�C��!R
D �©p ã<u Ñ ��� pÈ Ø þ �>� Ù�ò 3 Ì u,E�F � backfacing � Ì � ý7ô ��Ö Ì�W � ��� ý ãGu,G ¨ �+Á Z�n �ý x
H%I �}Ø p8Ù æ�� ô ���<;�=AÖ�J�Ä ��K �q¹ nqp 3�þ �L� Ù� ò u Á Â å ãGÖ ý�M!ý�M Z ¤ �'�%¥ È ��ï ��p � �ONOP ¹ Ì ý 	RQC4�5 ��S�T � È Øp ã ý ��¢ � ( ¨ Ø p!Ù È � u!��Ö Ñ � ��p (�U ��¢ �q¹ nqp 3�þ �L� Ù
3�4�5�6WV
v � Ç�X�È�Y è ò Z ¤ �C�
¥ �8ÿ�� (�U � uo� Ì ý Z ¤ �C�
¥[Z ��\�� � ý Ù ã ½O] �%uv
w
Ö ��� 7 t ¡
�,^`_ W , W�¨ u�acbO� Ì ýed Á�C � R
D Z�nêp�½ ã � Ð ã�2 Ñ � ý Ù�ZW u�É ´!t ãN.sr /©ä � Ñ � ý � #�f�g�h Ö�� p ã ½ �"i , ��j�k}Ö�� p 3 ] �L� Ù

8 l monqp rtsvuZ<W u °�± � Ñ �"w�� Á�C ö}� Ñ � #�f Ö"x p ��ã ý � !"y Ö�z ý W�� 3 { b}|�~ 6 {È
��� ÌAò ��u È � æ��"w#Ö Ñ ��|}� ��� ( Á Â�Z ) �GË�� �8n�ë | ý � È Ø ] �>� Ù � ã°�± �1� I ã��ew ã'� g�h � ¹ ½Nn � � � ��p �8�<��¸
� � � ä�� È Ø p8Ù½Cn ��� � ò�� Ö � u ��� ��� I ã °
± � � ���%��Ö g��`� « I�� æ1�©ÖO��� + �  � Ü��}� �����}Ö�� �8Ù Ç�����È�� Ü�� ��� § È Ø � ã�  � �¡� � È � �%� + �  }Ö�z ý¢ � ¢�£ Ì�¤ ý Ù



8.1 ¥�¦¨§�©}ª�
� Ö � � Ü�« Ì ¢O¬ � �
­ ã®w �
�%¯ Ø �8Ù¬ � �O­ �
°e±%² |�³ ¤}´ ²8È � S�µ Ï Ö #�f©ÌAò w �O� ã·¶ ¤�¸©½ ã ´ È Î �!Ù ¬ ��
­ ²1¹�º<� � �
� (�» ã � ²�¼`½�²�¾ ¯�+ �%¿ ã Ì ¢OÀ�Á�Â Ø �8ÙÃ ( � w �O� � Ø � Ã w��WÄ �
¯�Å%Æ ÄÇ� � æ ² #�f ã�È�É�ã ² ø�ù ¯�Ê�� ½1Ë�Ì`Í`ÎÏ�Ð ¸���Ñ w �
� ²1¹�º � w �
� ² ´�Ò ²�¼`½OÓ
I
� È�É ²�Ô � Ã w Ë
ÕOÖ ¸�� � ²�¼`½Ó

Ip

�O×�Ø Ò w �O�¨Ò ²�Ù�Ú¡Ó
d
Ò·¸���Ò �

Ip ∝ I
d2

² g�h�¯ Ô �"Ñ w �O� ÓÜÛeÝ ¸ �%Þ �ß �
à ² |�³ ¤�­��
�%á�â<ã ¿ ² |¡³ ¤�ä��
� Ó å � ¸�� Ø Ò�´,æ
ç Â Ô ��Ñè�é ² Ø Ò®ê Ä �"ë ��� Â � è�ì ² ³,í Ã�î�ï è�é ² �
� Ó ðeñ ¸¡� Ø Ò*Ñ
1.
¬ � �
�

• ò�ó`ô ¤%õ
•
� ²�¼`½1�

0.0 ≤ 1.0
Ë"ö�åe÷ø½ ��ù

(R,G,B)
Â
ú�û ¸¡�

2.
w �
�

• Ip ∝ I
d2

Â ò�ó ¸¡� �ýü�þ�ÿ�� ô ù ò�ó����%¿ Ó"ñ õ ¢ ´ | õ �
•
w ��� ²��	�	
��<Ë�� õ ¢ � � ²O¼`½1�

0.0 ≤ 1.0
Ë"ö%åe÷ ½ ��ù

(R,G,B)
Âú�û ¸¡�

ù�
 ô � �O����� Ó�����Ë�� Ï ¸�� Ø Ò � Ã�� Ë × ² ����¿ ÷ ¯���� Â Ô � ² Â � �O�Ó����<Ë ú�� ¸�� Ø Ò ��� ô õ�Ñ × ² |�³ ¤ ¹�º�� � � �O� �"!�#"��$�% é ² �O� ���%¿Ò « Ë ¶�&�' ² �(�%¿ Ó1ñ�) ô ¢ Ô � ¹�º ¯�*<õ�Ñ

8.2 +-,� ²�. ã ¿0/ � ¯ È�É ² ú ä Ë
ÕOÖ ¸���Ò �21�3	4 ��� 4 ��5 � ²26 z ê � ¯87�9 Ë�:Ø ��Ñ ë�; è=< Â � ��Ø ² ³Üí*��� Ë?> õ ¢�@ & ¢ õ Î Ñû�A ��B ¯ È�É ú ä Â ��� ¸�� ¹�º�� � Û�C ��� ÒED�ä ��� ²�F î�ï Â �(��¿ ÷ Â Í �Ò @ & Ä � ¢ õ���Ñ Ø � Ó(F�G�H ��� �(�%¿ Ò*õ ³ Ñ

8.2.1 I	J�K�LÛ�C�M � Ò � ��B ¯ È�É ú ä ²2N�O�P�Q�²	ROË(SUTWV<¾ ��X #�Y	Z ¤ M � Ó�[\TW] ô ùÔ Ò�^�_ ú ä%ê Ä�` Ë » ê-a ¢ õ Î B ²2b�c}Ó ���%¿ ÷ ô ù ´ ² Â Ô�d Ñfe=g S?h B ¯ '»
~i
Â ¼ø½

Il

Ò ô g È�É ²2i ­kjmlon ¿ Ó ~n
Ò,¸ d

5
Ñ ù?
 ô jplon ¿=q(r0s�t 
 jplon¿ Ò·¸ d Ñ Lambert

²�u�v�ikw�ËoxyT g�z { ' »
~e | ²�M�h B ²�¼`½ Id q

Id = −(~i · ~n)kdIl (15)

5 }�~E�����������E�f�W�����E���������E�������f�����



�������f�����f�������f��������f�����f�������f��������f�����f�������f��������f�����f�������f��������f�����f�������f��������f�����f�������f��������f�����f�������f��������f�����f�������f�

n
i

������

�
6:
Û�C	M�h

Â $�% Â Í?d Ñ kd q Û�C	M?h	��  (VRML:diffuseColor)
Â

0 ≤ kd ≤ 1
Ó�¡ ù ¸ È�É Ë

¢2£ ²�¤ Â Ô�d Ñ0¥ ù g
−(~i · ~n) q ~i

Ò
~n
²�¦ ¸�§�¨8© u�v Â ÔªT g

−(~i · ~n) « ö�¤ Â	¬ õÒ Í q M?h q ¬ õ}Ò�­ d Ñ Ø © Id q z?® ' ¯ Ë�°�± ô ¬ õ�Ñf­ ¬�² í g�z�{ Ó ÿ & s ³ ©'�¯ ê Ä�´ s¶µ 7	·OÊ d	¸ Ò ¬ d Ñ Ø�¹ q(º Ë(» á�¼�½ ¬ ³ Ë�¾?¿ ¬�À ¯ Ò ¸ ¹ s õ d Ñ

8.2.2 ÁkÂ�K�L
D�ä M?h q g�Ã�Ä ú ä Ó�Å�Æ ô ù Ò Í1Ë?Ç & d�ÈoÉ X É nËÊ�Ì8© b�c¡Ó ����Í ÷ ô ù µ©�Î Ô0d ÑfÏ ; Ò27	· xyÐ�Ñ ÿ  }Ó Ò d Ñ2D�ä M�h q�Ò�Ó ¬(Ô�Õ=Ö Ä H�Ñ�×�ØÚÙ « g ë�ÛÜ Î q OpenGL

Î ���kÍ ÷m¸ ¹ s õ dfÝ�Þ Ö�ß t ¬ D%ä M�h �(�kÍ Ó"ñ õ d Ñ�z { '=¯
| © M�h B ©�à ¸ Is q�á�â Î ú�û ¸ ¹ d Ñ

Is = (~s · ~n)mksIl (16)

~s =
~e −~i

|~e −~i|
(17)

Ø�Ø Î0g
Il q S�h B ©�à ¸ g ~e q Ô�ã é ©�ä�{ P

êªå�z�® | © t 
 '�¯ jplon Í g ~i qB�æ êçå�{
P
¥�Î0© S�h B © t 
 ' ¯ j-lyn Í g ~n q Ô�ã ©�ä=© t 
�i ®	j¶l8n Í g ks qÔ	ã ©�D%ä M�h8Ñ��kè8d��� 

(VRML:specularColor)
g

m ≥ 0 éëê0ì Ñ q 1.0
è%é Î ¬ õ

í�î-í�ï ³ )�ð q ¬ õkñ q D�ä M?h ©�à�¨ (VRML:shiness) ò � ­
Ñ Ø�¹ µ Û�C�M?h 7 b g
(~s · ~n) « ö�¤ Î ¬ õ í�ó q M�h q ¬ õ í ­ d © «�ôoõ Î0ö d Ñ

8.2.3 ÷�ø0ùûúü÷�ø	K�L
ý w Ö Ñ q Û�C�M?h í D�ä M?h Î CG

© $�%=q æOç Î ö d « g û ê�þ�ÿ Î���� Ñ ¬ d ©
q S?h B «8³ Ø êçå�� d ê�Î0ö d Ñ ����Í Î��	� ­ d�
 �=Ö?¬
�	� B�æ á�{ B�æ qkõ�� Sh B © £�� ¦ Ì Î ö d « g × ©�� Ñ µ ×�¹ å�© B�æ êçå�© B « �8© Ô�ã Î M?h ô ù�� Î��



����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

n
i

������

e

s

�
7:
D�ä M�h

© Ô�ã © ú ä Ñ���Ö ô�s õ d Ø í « @ & å ¹ d Ñ�ä � Ñ Ø�¹ ò���� M?h í õ Ð Ñ Ø�¹ ò����Ñ $�% ­ d�b � ¬ ' i µ"!	# ¸ ¹ s õ d « g%$ ¹ å q ³ ¹ µ"&%' ¬ $�%)(+* n ò�,�- í­ d Ñ
. $�Î g/$�© �/� M?h ò�0�1 Ñ�2 õ�à43 ¬
5/6 Î ú�û ­ d © «/7	8 B:9 7�8 M�h Î ö d Ñ
7;8 B ©�à ¸ Ie òfá�â Î ú ­
Ñ

Ie = kaIa (18)$�$fÎ=g
Ia q+7�8 B à�¨ í õ%õ g B?æ ���kÍ © º;< ¬ â X>=�?A@ í ô(s/B �=­ d Ñ=¥ù g

ka q Ô�ã Ñ ¢f£ © 7	8 B+C C�M?h��?  (VRML:ambientColor)
Î

0 ≤ ka ≤ 1
Î ö d Ñ

8.2.4 K�L4DFE4G�H
C C	M�h g�D�ä M�h g 7;8 M�h q . ¹4I�¹ RGB J	K Ñ $�%`ô g�¥ ù Ò   © B�æ « ö dL�M q . ©�N�O «	P�Q Ö?¬�Ô�ã © G í�¬ d Ñ CG

Î ��� ò�R ¦ ­ d ì Ñ q g RGB S 8bits©�T ce÷/UAV ò�W�XZY ¬;[ xoÐ�Ñ
\�] Y ¬ Ù s	q ¬ å ¬;[ Ñ

8.3 ^`_�a bFcAdfehg%i:j	k4lnmFb%o
Ï�pp¥fÎ�Î�q�r4s B í M?h ©ut+vFw�x Í�q g r s Ô�ã	y ©�ä?{ ò�z�{ Ñ Y s µ ©(Î0ö=as�Ñ Y�|}Y ¬ « å�g Ô�ã	y © r s ©�{ Ñ�~ [ s y	� © S t+v ò � Ð í tuv�T q
&�' ¬ µ ©Ñ ¬ d Ñ í $��2Î g�� Û Ü © xyÐ�Ñ+� á;� Ô�ã ò��	��Y�s [ d L�M g Ô�ã © ����t��0q�����>� Î0ö d Ñ . $�Î g�Ï	pp¥fÎ0©
t+vFw�x Í-ò [ | Ñ � ���>� Ñ���� Y�s�S/�	� ©�� ò���0­f� | Ñ/~ [/� q%r��"Ñ



8.3.1 �/�
�A���}���Z���u�¡ u��¢
Pmµ ß�£ ¬�¤�¥4¦�§ ä ~ © � �¨�A� Ñ+~ [+� s+©�ä ~ ©�ª ¥ ®;«�¬A­ Í í¯® æ «�¬A­ Í §°;±�«Z¬>­ Íoò � [�§ ./² � ���>� Ñ z	³�´ �¶µ	·	¸ � ò £ ä�� (

ä+���
:Constant color)Î�¹»º ~�¼ ´ ¤u¥ Î öF�"Ñ�½/¾4w
x Í ² tuv Ñ�¿ � Ù � �/À4Á�Â ² tuv�Ã � ���>�
Ä í Ñ

Y�| �;Å�ÆFÇ�[ ²uÈ § tuv�T ¦
É4ÇËÊ��uÌ>Í�Î ( � * @ � ­¯Ï%Ð ? xÒÑ ��Ó+È�Ô�Õ×Ö Æ �
CG ��Ø ¦uÙ;Ú ª ²�Û M�Ü ²>ÝfÞ�ß/à�á � Îâ+ã ��ä�å�æ ß ¦ � ���>� ¦+ç�è Öué â ~ ²
È §�ê ² UFV�ë ²�ì ± È%² °	í�«Z¬>­ïî ¦ð�ñ È Ç;[

( ò °�ó	ô ²�õ	ö ) Y §
®+÷ «Z¬f­¨î â ð�ñ È ¦	Ç;[ (
± ®+÷ ²�õ	ö

)
Î Y�|>Y §øuù ß �/Ø ß z>Y � � �¨�}��² ó/ô Ö Æ �úµ/· ¦�û�ü4ý�Ú Ö [ ²
È § � ¤�¥ È ¦�þ ° ´ � Î

8.3.2 ¢��Aÿ
�/�)���u�¡ u��¢
� ���>� w�x�î ¦ s [��;[ ²�õ	ö § Ý º���� | Ç�� Ü é�� ª È	��
 Y � �	��Y ��[ � ²È §/ê ²
������� â ��� | ß �	Ã��:º�� Å � Ý>Þ ß/à/á ��� Þ Ã���� Y [ õ�ö Ã��4� Î��Æ é å �4´ � ² Ã Ó! !"� Ï4Ð  x Ñ �
Ó (Gouraud Shading)

È �A� Î
#�$ ý ß ¦�§ ì ª ²
%�&�'

(
�

)
é tuv Y s��)( §+* º ö:Þ ª-, Þ Y ²
%�&�'fé � [+�	.ø�/ Á
Â È�%0&�'Zé�1�243 § �5� | Ç %0&�'}² �!6 ß Ç � ÝfÞ�ß ´ � ¤u¥ È �F� Îå%æ ² tuv ¦ / ²}Ý>Þ ß Ç � Î �87 ì�9 ± ß�:�; � ª ² ¥ í�«Z¬>­¨î é
<!= � Î 9 ± ²¥ í%«×¬f­�î ¦�§�ê ²�9 ± ß *?> ´ ��ª;¸ � ² ª ¥ í%«×¬�­�î ²��0@Zé (u� 6

Î%ê ² ¥ í
«Z¬}­¨î é â ( ß § 9 ± ²
%�&�'

(
�

)
é ½/¾4w�x�î ² tuv | � ��A ´ � Î ; � § ó	ô Ö ÆB � ���f� ABC

ß ~ ; �%§
AB

(
AC
y ² ± é

P, Q
§

PQ
y ²?<!= ��± é

R
( ´ � Î±

P, Q
ÈF²+%0&�'

I(P ), I(Q)
¦�§ /�C È � Ö Æ � Î

I(P ) = (1 − s) · I(A) + s · I(B) (19)

s =
AP

AB
(20)

I(Q) = (1 − t) · I(A) + t · I(C) (21)
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AQ
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(22)
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I(R) = (1 − u) · I(P ) + u · I(Q) (23)

u =
PR

PQ
(24)
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