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Ž7Ż�Ăńçģ 

7.1 ǣŖ°ş 

7.1.1 ÝćƜŲ)ėǥ 

OpenGL 9MPļƏˍɹ5;�Ș˕Čw�YmƇȍʘ£9˞ţ$Q4�Pc×t��dʂ̳�

N;Fô.̣õ;c×t��d$Q�ɝ͆9;ˍɹ$QE*U�&.�14�ÁƦ:Ŕ�$:ļ

ƏTˍɹ(P9;�,:ļƏTc×t��dʂ̳9ěEPM�9ƽŔʯŮ6ƁˊɽĉTˊ�ƛ˓

��OE(�ʊ 6ʆ5;�Ǌɝ&M�6(PļƏ�Ēʚ8±ȕâļƏ5�P"6�N�"QTň

Ǝ.Oɥ8ǟȬ5ˊ14�E&.� 

&�&�Ǌɝ&M�6(PļƏ�˒̿8ȋ̖Tǀ14�.O(P6�":M�8W�� ±5

;(�9˟�õ�N8�814&E�,�5(�,Q9 OpenGL ;�ǷǺ;¢ȕâļƏ:ˍɹ

Tˊ� API 5(�¢ȕâ:ļƏT±ȕâ:ʂ̳5�Pɝ͆£9ˍɹ(P9;�$N9ƴƐ6�

�ñɕIƛ˓98OE(� 

":ƴƐTĪH.¢ȕâļƏˍɹ92�4;�ǡ9ȍȽɥ8Ư͌�ʶ�NQ4�E(�¡ˀ9

d��Xtcmˍɹ:ũ˳68PƏɎw q;�˒Ǘ:�̣ĳ�5ȋƫ$Q4�E(�"QTʂ

̳ª9�̥ʳ�(P"69M14�k �Tȋƫ&E( (ļ 78)�":�̣ĳ:̥ʳ�:.H:

ƇȍőǌT�w�őǌ6˛�E(�ȕ9�̣ĳ�̥ʳ$Q.k �T_��:Çʳ�N˔.6�

:Ƈȍ9őǌ&E(�"QT�� őǌ6˛�E(�,&4ǱƔ9ƴƐőǌTˊ14�k �T

mc× �:Ș˕Čw�YmƇȍʘ£9ƴƐ&E(� 

":M�9�Ƈȍőǌ;�w�őǌ��� őǌ�ƴƐőǌ:͌9ˊSQP:5�"QI¡2

:˭ɕɥ8�Y��Y�6˔8("6�5�E(�":.H�"QTl^�x×�Y��Y�6

İ@"6��OE(��24;�":ñɕTl^�x×\�l�6ħ¹ NQ.Ūɚ:� yZ

[W5ˊ14�E&. ($N9,:ā; CPU 9MPp�xZ[Wñɕ5&.)� 
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ɓľ: GPU 5;�l^�x×�Y��Y�T� vtcmk[ r£9k[ r��d��

6&4Ťˏ&E( (ļ 79)�� vtcmk[ r;͉Ƀ�t�V9Ȅʙ$Q4�P͉ɃŵƢT

ĝ ĜO�"QN:Ƈȍőǌ9MOȘ˕ČƇȍʘ£:ƇȍÚTȣH4�,QTȕ:mv l9̐

OE(� 

 

Ý 78 ǎÚ)Ǐƒ 

 

Ý 79 ǣŖ°ş)f@k{@� 

 

Ý 80 v^}çģ 
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7.1.2 v^}çģ 

k �Tȋƫ(P̣ĳ (^�l[cx6İ<QE() ;�×�9ɐʽ:Ƈȍʘ5ţʴ$Q4�

E(�":ƇȍʘT� _�Ƈȍʘ6��E(�k �Tȋƫ(P9;�":̣ĳ:C�˖ɃJ

äȼ87T�� �yƇȍʘ6İ<QPĒ¡:Ƈȍʘ9̥ʳ&E(�":.H9ˊSQP� _

�Ƈȍʘ�N� �yƇȍʘA:ƇȍőǌT��w�őǌ6��E( (ļ 80)� 

�w�őǌ;̣ĳ#69˞ţ&E(�̣ĳ̳9͘Ȅ:M�8̹Ŷȋ̖��Q<�":őǌI̹

Ŷɥ9ĥƫ&4Ťˊ&E(��w�őǌƔ;�(B4:̣ĳ�� �yƇȍʘ£9Šľ&E(� 

7.1.3 gx�çģ 

� �yƇȍʘ5ȋʒ$Q.k �:˖ɃÇʳ�N˔.ǧàTÌƫ(P.H9�˖ɃTņȽ6

(P˖ɃƇȍʘ9k �æÉTƇȍőǌ&E(�":.H9ˊSQP� �yƇȍʘ�N˖ɃƇ

ȍʘA:őǌT�� őǌ6��E( (ļ 81)�8���w�őǌ6�� őǌ;̔ž>62:

Ƈȍőǌ9ĥƫ$QE(�":ĥƫőǌT�w��� őǌ6��E(� 

 

Ý 81 gx�çģ 

� _�Ƈȍʘ�� �yƇȍʘ�˖ɃƇȍʘ��M?mc× �:̴ÓT�ļ 82 9ɹ&E

(� 

 

Ý 82 ÒĂńƂ)Ǘ¡ 
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7.1.4 ĚĈçģ 

˖ɃƇȍʘ9̥ʳ$Q.k �Tmc× �9ƴƐ(PőǌTƴƐőǌ6��E(�wXm�

�Y:ˍɹ͎ń;ǳ̶5(�N�,"9ǧPk �:ʂ̳I̶ţ$QE(�":ʂ̳T�� �

×� � (View Volume) 6��E(�ƴƐőǌ;�":ʂ̳T�ªƚ�ĖɃ9�O¡̊:̯$� 

2 :ʅǟÉ:ʂ̳5�PȍȽ�� �×� � (Canonical View Volume) 9őƏ&E( (ļ 83)�

"Q;¢ȕâ:c×t��d͎ń5(� 

 

Ý 83 ńœgx�p|x�t 

ȍȽ�� �×� �A:őǌ;�őǌā:�� �×� �9ɩǟÉTɚ�Pňĥ6�ķ˙

̬ġTɚ�Pňĥ:±̔O��OE(�ɩǟÉTɚ�Q<ɩ³ƴƐ (Orthogonal Projection) 68

OE(�¡ǟ�ķ˙̬ġTɚ�Q<̒˖ƴƐ (Perspective Projection) 68OE( (ļ 19)�8��

":ķ˙̬ġ:�� �×� �;�Ɍ9�� ��mq� (View Frustum, ˖̧̬ġ�P�;˖

̬ġ) 6İ<QE(� 

 

Ý 84 Ŭ�ĚĈ&ǇƤĚĈ 
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7.2 ÔŇĂń 

7.2.1 >i?�çģ 

ʊ 6ʆ5ˊ14�.ƽŔʯŮ87:ʬƏőǌ6Ɓˊɽĉ:ʡFĥS*;�¡ˀ9W�X�őǌ

6İ<QE(�¡ȕâ:W�X�őǌ;ȕ:M�9ˍ("6�5�E(� 

 (1) 

"Q; x T a Ø&4�b / Ɓˊɽĉ&E(�ĦȌ9�±ȕâ�¢ȕâ:ňĥ;�,Q-Q

ȕ:M�98OE(� 

 (2) 

 (3) 

ˊ÷TÍ�6�(3) ƈTȕ:M�9ǯ�"6�5�E(� 

 (4) 

7.2.2 ÔŇĂń)ø© 

W�X�őǌ; (4) ƈ9ɹ(M�9�ʬƏőǌ:ʣǽTƁˊɽĉ&.I:6&4ˍ("6�5

�E(�&�&�ʁ6Ĳ:ʡFĥS*5;�˒Ǘ:W�X�őǌ:ĥƫőǌTˍ("6�͆Ù9

8OE(�,"5�x, y, z 9I�¡2ǗT̏Ć&4�ȕ:M�9ˍ("6Tʶ�4FE(� 

 (5) 

": x’, y’, z’ I (3) ƈ6Ħ'I:98OE(�":M�9ˍ*<�őǌ:ĥƫTˊ÷:ʁ:F

5ˍ("6�5�E(� 

ĦȕƇȍ�(ǛȕƇȍ) ;�(5) ƈ:M�9�̱ ɓ&M�6(Pʂ̳:ȕâMO¡2œ�Ǘ:ʡ5

Ƈȍ (Ƀ:Çʳ) Tˍ(I:5(�±ȕâ8N¢2:Ǘ�¢ȕâ8Nķ2:Ǘ5ƇȍTˍ&E(�

̔ž:¢ȕâ:Ƈȍ (¼̵;ŤƇȍ6İ@"69&E() T (x*, y*, z*) 6ˍ(6��,Q6�,

:ĦȕƇȍ (x, y, z, w) 6:̳9;�ĦȕƇȍ:ţʴ9MOȕ:̴Ó��OE(� 

 (6) 

x

0 = ax+ b

x

0 = a

xx

x+ a

yx

y + b

x

y

0 = a

xy

x+ a

yy

y + b

y

x
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yx
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y
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xy

x+ a

yy

y + a

zy

z + b
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z

0 = a

xz
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0

@
a

xx

a

yx

a

zx

a

xy

a

yy

a

zy

a

xz

a

yz

a

zz

1
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0

@
b

x

b

y

b

z

1
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&.�14�ŤƇȍ� (x, y, z) 5�Q<�,:ĦȕƇȍ; (x, y, z, 1) 68OE(�E.�Ħȕ

Ƈȍ:ķ2ɨ:˓ʛ w � 09̌3 <�,:ŤƇȍ; (x, y, z) ǟĨ:Ʉ̶̟9Ĩ�14ɽĉ&

E(�CG 5;�ĦȕƇȍ (x, y, z, 0) ; (x, y, z) :ǟĨTˍ(I:6&4ɚ�NQE(� 

 (7) 

 (8) 

ĦȕƇȍ9m_� ÚTǄ 4I�ŤƇȍ;őSOE*U� 

 (9) 

CG 5;��PɃ�Nú:Ƀ9Ĩ��ǟĨĒÇ�cx�TȣH8 Q<8N8�"6�M��

OE(��E�±Ƀ P0, P1 :ÇʳT,Q-QĦȕƇȍ P0 = (x0, y0, z0, w0), P1 = (x1, y1, z1, w1) 5ˍ

(6��P0 �N P1 9Ĩ���cx�;�,Q-Q:ŤƇȍTȣH4źTȣHE(� 

 (10) 

"Q/6 w0 � w1 :70N�� 0 :Ǩ9˜ʎ5�8�:5�":¨̊9 w0w1 TǄ E(� 

 (11) 

(11) ƈ;Ɖ�ʎ9MOķ2ɨ:˓ʛ� 0 9814�P.H�ŤƇȍ5;8�ǟĨ:FTˍ&

E(�&�&�":˜ʎ; P0 6 P1 :70N�¡ǟ:ķ2ɨ:˓ʛ� 0�(8S0Ʉ̶̟9�

PňĥIňĥõ (P"6Ʉ�˜ʎ5�E(�E.�":˜ʎ;":ǨɃE5ăOʎTƛ˓6&

E*U�ɇǥ˜ʎ875 (11) ƈ:ʣǽTǟĨ6&4Í�ňĥ;�"QTȘ˕Č&E(�ŤƇȍ

�ƛ˓8N�"QT w0w1 5ăOE(� 

8��ĦȕƇȍ:Ĳ;ŤƇȍ:Ɓŀ98OE(� 

 (12) 

���
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7.3 çģƙ´ 

7.3.1 ÔŇĂń)Ăńçģ 

ƈ (5) :W�X�őǌ5;��cx�Jˊ÷:¡̣9 0 J 1 :ţǗ�å14�E&.�""

5;MO¡ˀɥ8ĦȕƇȍ9MPƇȍőǌ92�4ʶ�4FE(�ĦȕƇȍ5ˍ$Q.Ƀ:Çʳ 

v :őǌˊ÷ M 9MPƇȍőǌ v’ = Mv ;�ƈ (15) :M�9ˍ("6�5�E(� 

 (13) 

 (14) 

 (15) 

 (16) 

":�cx� v’ :Ĥ˓ʛ (x’, y’, z’, w’) ;ȕƈ9MOȣHNQE(� 

 (17) 

&.�14��cx� v’ :Ĥ˓ʛ;�ˊ÷ M :ĤˊT˓ʛ6(P�cx�6 v :ìʁ98

OE(�.6�<�x’ = (m0 m4 m8 m12)�(x y z w)T 5( ((17) ƈ)� 

 (18) 

l OpenGL )çģƙ´ 

ƈ (16) 9ɹ&. 4 ˊ 4 ÷:őǌˊ÷; OpenGL :Ƈȍőǌ:ņǷ68PI:5�GPU 5

ƇȍőǌTˊ�.H9�CPU Ü�N GPU Ü9͐ʱ9ȹ$QE(�./&�ˊ÷T̥÷őǗ9Ȅ

ʙ(P̼9;�̥÷:˓ʛ:͌ƅ;ˊ÷:˓ʛ:͌ƅTƢ���̃ʳ&.I:98OE(� 
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Ý 85 ƙ´)Ɯƪ&Ǐ´)ơƅ)ľƃǥĀ 

7.3.2 ÿƙŴÄ 

Ƀ:ÇʳT�ɓľ:Çʳ�N t = (tx, ty, tz) ̀Q.6"R9Ɓˊɽĉ(Pőǌˊ÷ T(tx, ty, tz) ;�

ȕ:M�98OE(� 

 (19) 

ŤƇȍ (x, y, z) 9ũ(P":őǌˊ÷9MPőǌ;�ȕ:M�98OE(� 

 (20) 

T(7, 8, 0) 6��őǌ;�ļ 86:M�8Ɓˊɽĉ98OE(� 

 

Ý 86 ÿƙŴÄ 

ĦȕƇȍ:ķ2ɨ:˓ʛ� 0:Ǩ;�":őǌ:Ɛ͈Tĝ E*U� 

 (20) 

l ÿƙŴÄ)çģƙ´;ƫò�8Ǘħ 

̥÷őǗ m 9Ɓˊɽĉ:őǌˊ÷T˞ţ(P̴Ǘ;�.6�<ȕ:M�98OE(� 

行列の表記 配列の要素の格納順序

M =

0

BB@

m0 m4 m8 m12

m1 m5 m9 m13

m2 m6 m10 m14

m3 m7 m11 m15

1

CCA

GLfloat(m[](=({
((m0, m1, m2, m3,
!!m4, m5, m6, m7,
!!m8, m9, m10, m11,
!!m12, m13, m14, m15
};

T(t) = T(t
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, t
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, t
z

) =
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// (x, y, z) ÿƙŴÄ�8çģƙ´; m (ƫò�8 
GLfloat *loadTranslate(GLfloat x, GLfloat y, GLfloat z, GLfloat *m) 
{ 
  m[12] = x; 
  m[13] = y; 
  m[14] = z; 
  m[ 1] = m[ 2] = m[ 3] = 
  m[ 4] = m[ 6] = m[ 7] = 
  m[ 8] = m[ 9] = m[11] = 0.0f; 
  m[ 0] = m[ 5] = m[10] = m[15] = 1.0f; 
  return m; 
} 

":̴Ǘ;�ƉǗ x, y, z 5¦�NQ.Çʳ9Ɓˊɽĉ(Pőǌˊ÷T�ƉǗ m 9¦�NQ. 

16 ˓ʛ:̥÷őǗ9Ȅʙ&E(�Ɓˊɽĉ:őǌˊ÷;�ƈ (20) MOƈ (15) :őǌˊ÷:ũ

˙˓ʛ m0�m5�m10�m15 9 1�m12 9 x�m13 9 y�m14 9 z Tºå&.I:98OE(�8

��":̴Ǘ;ƭOÚ6&4�ƉǗ:̥÷őǗ m :�Y�qT̍&E(� 

l Ç�ƙ´;ƫò�8Ǘħ 

Ɓˊɽĉ��P�;ȕ9̎BPƽŔʯŮ:őǌˊ÷T˞ţ(P̴ǗTÍ14�ĒÇˊ÷T˞ţ

(P̴ǗTÌP"6�5�E(�Ɓˊɽĉ:̴ǗTÍ�8N�ɽĉ̨T 0 9&E(� 

// Ç�ƙ´; m (ƫò�8 
GLfloat *loadIdentity(GLfloat *m) 
{ 
  return loadTranslate(0.0f, 0.0f, 0.0f, m); 
} 

7.3.3 ĝéƐù 

Ƀ:ÇʳT�ĖɃTªƚ9 s = (sx, sy, sz) Ø(Pőǌˊ÷ S(sx, sy, sz) ;�ȕ:M�98OE(� 

 (21) 

 

Ý 87 ĝéƐù 

ƽŔɒT sx, = sy, = sz = a 6&.ňĥ6 w ˓ʛ:ƽŔɒT 1/a 6&.ňĥ65;�ŤƇȍ;ʌ

S(s) = S(s
x

, s
y

, s
z

) =

0

BB@

s
x

0 0 0
0 s

y

0 0
0 0 s

z

0
0 0 0 1

1

CCA

x 

y 

O 

S(2, 2, 1)
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&�8OE(� 

 (22) 

 (23) 

l ĝéƐù)çģƙ´;ƫò�8Ǘħ 

Ɓˊɽĉ6ĦȌ9�ƽŔʯŮ:őǌˊ÷Tȕ:M�9&4ÌP"6�5�E(� 

// (x, y, z) ĝéƐù�8çģƙ´; m (ƫò�8 
GLfloat *loadScale(GLfloat x, GLfloat y, GLfloat z, GLfloat *m) 
{ 
  m[ 0] = x; 
  m[ 5] = y; 
  m[10] = z; 
  m[ 1] = m[ 2] = m[ 3] = 
  m[ 4] = m[ 6] = m[ 7] = 
  m[ 8] = m[ 9] = m[11] = 
  m[12] = m[13] = m[14] = 0.0f; 
  m[15] = 1.0f; 
  return m; 
} 

":̴Ǘ;�ƉǗ x, y, z 5¦�NQ.ăĥ5 x ̄ǟĨ�y ̄ǟĨ�z ̄ǟĨ9ƽŔʯŮ(P

őǌˊ÷T�ƉǗ m 9¦�NQ. 16 ˓ʛ:̥÷őǗ9Ȅʙ&E(�ƽŔʯŮ:őǌˊ÷;�

ƈ (23) MOƈ (15) :őǌˊ÷:ũ˙˓ʛ: m0 9 x�m5 9 y�m10 9 z�m15 9 1 Tºå&

.I:98OE(�":̴ǗIƭOÚ6&4�ƉǗ:̥÷őǗ m :�Y�qT̍&E(� 

7.3.4 �<ĩ 

*Uǝ;ƏɎ:ɡ8P̣õ9ɡ8PǟĨ9ĄT� .Ǩ9ɘ'PőƏ:"6T˛�E(� 

 

Ý 88 �<ĩ 

"Q;ƇȍÚ:�P̄:Ú9ÓǗT� .I:Tú:̄9Ć�P"69M14Ťɓ5�E(�

0

BB@

a 0 0 0
0 a 0 0
0 0 a 0
0 0 0 1

1

CCA

0

BB@

x

y

z

1

1

CCA =

0

BB@

ax

ay

az

1

1

CCA ) (ax, ay, az)

0

BB@

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1/a

1

CCA

0

BB@

x

y

z

1

1

CCA =

0

BB@

x

y

z

1/a

1

CCA ) (ax, ay, az)

O x

y

1s

1



 110 

ļ 88 :ňĥ; Y ƇȍÚ9 s T� .I:T X ƇȍÚ9˽&4�E(�"Q; (24) ƈ5ˍ

$QE(� 

 (24) 

":őǌ; x, y, z :Ĥ̄9ũ&4,Q-Q±2)2ţʴ$QP:5�æ̣5é2�OE(� 

 (25) 

7.3.5 ÜƼ 

ȕ:őǌ;�Ƀ:ÇʳT�ĖɃTªƚ9ĸ̃&E(� 

l X ƽ�ď)ÜƼ 

 

Ý 89 Xƽ�ď)ÜƼ 

 (21) 

H
xy

(s) =

0

BB@

1 s 0 0
0 1 0 0
0 0 1 0
0 0 0 1

1

CCA

H
xy

(s) =

0

BB@

1 s 0 0
0 1 0 0
0 0 1 0
0 0 0 1

1

CCA H
yz

(s) =

0

BB@

1 0 0 0
0 1 s 0
0 0 1 0
0 0 0 1

1

CCA H
zx

(s) =

0

BB@

1 0 0 0
0 1 0 0
s 0 1 0
0 0 0 1

1

CCA

H
yx

(s) =

0

BB@

1 0 0 0
s 1 0 0
0 0 1 0
0 0 0 1

1

CCA H
zy

(s) =

0

BB@

1 0 0 0
0 1 0 0
0 s 1 0
0 0 0 1

1

CCA H
xz

(s) =

0

BB@

1 0 s 0
0 1 0 0
0 0 1 0
0 0 0 1

1

CCA

θ!

R
x

(✓) =

0

BB@

1 0 0 0

0 cos ✓ � sin ✓ 0

0 sin ✓ cos ✓ 0

0 0 0 1

1

CCA
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l Y ƽ�ď)ÜƼ 

 

Ý 90 Yƽ�ď)ÜƼ 

 (22) 

l Z ƽ�ď)ÜƼ 

 

Ý 91 Zƽ�ď)ÜƼ 

 (23) 

l �Ĕ)ƽ�ď)ÜƼ 

ǟĨËƊ (l, m, n) T̄6&4�ĸ̃(Pőǌˊ÷;�ȕƈ9MOȣHP"6�5�E(� 

θ!

Ry(✓) =

0

BB@

cos ✓ 0 sin ✓ 0

0 1 0 0

� sin ✓ 0 cos ✓ 0

0 0 0 1

1

CCA

θ!

Rz(✓) =

0

BB@

cos ✓ � sin ✓ 0 0

sin ✓ cos ✓ 0 0

0 0 1 0

0 0 0 1

1

CCA
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Ý 92 �Ĕ)ƽ�ď)ÜƼ 

 (24) 

l �Ĕ)ƽ�ď)ÜƼ;ƫò�8Ǘħ 

ƈ (24) :őǌˊ÷TȣHP̴Ǘ:ÎT¼¤9ɹ&E(�":̴Ǘ;ƉǗ x, y, z 5¦�NQ.

�cx�T̄9ƉǗ a / ĸ̃(Pőǌˊ÷T m 9˞ţ&E(� 

// (x, y, z) ;ƽ( a ÜƼ�8çģƙ´; m (ƫò�8 
GLfloat *loadRotate(GLfloat a, GLfloat x, GLfloat y, GLfloat z, GLfloat *m) 
{ 
  const GLfloat d(sqrt(x * x + y * y + z * z)); 
 
  if (d > 0.0f) 
  { 
    const GLfloat l(x / d), m(y / d), n(z / d); 
    const GLfloat l2(l * l), m2(m * m), n2(n * n); 
    const GLfloat lm(l * m), mn(m * n), nl(n * l); 
    const GLfloat c(cos(a)), c1(1.0f – c), s(sin(a)); 
 
    m[ 0] = (1.0f - l2) * c + l2; 
    m[ 1] = lm * c1 + n * s; 
    m[ 2] = nl * c1 - m * s; 
 
    m[ 4] = lm * c1 - n * s; 
    m[ 5] = (1.0f - m2) * c + m2; 
    m[ 6] = mn * c1 + l * s; 
 
    m[ 8] = nl * c1 + m * s; 
    m[ 9] = mn * c1 - l * s; 
    m[10] = (1.0f - n2) * c + n2; 
 
    m[ 3] = m[ 7] = m[11] = m[12] = m[13] = m[14] = 0.0f; 
    m[15] = 1.0f; 
  } 
 
  return m; 
} 

(l,m,n) 

θ!

R(l,m, n, ✓)

=

0

BB@

l2 + (1� l2) cos ✓ lm(1� cos ✓)� n sin ✓ ln(1� cos ✓) +m sin ✓ 0

lm(1� cos ✓) + n sin ✓ m2
+ (1�m2

) cos ✓ mn(1� cos ✓)� l sin ✓ 0

ln(1� cos ✓)�m sin ✓ mn(1� cos ✓) + l sin ✓ n2
+ (1� n2

) cos ✓ 0

0 0 0 1

1

CCA
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7.4 Ŭ�ĂńƂ)çģ 

²�9ɩ³(P¢2:ĒÇ�cx� i’, j’, k’ T̄6(PƇȍʘ£:Ƀ:Çʳ p T�":Ƈȍ

ʘ6ĖɃTêǳ(P�ú:ɩ³(P¢2:ĒÇ�cx� i, j, k T̄6(PƇȍʘ9ɽ(őǌTȣ

HE(�":őǌ;ĸ̃:őǌ98OE(�,Q-Q:Ƈȍʘ9� P p :ƇȍÚT (x’, y’, z’) 

6 (x, y, z) 6(P6��p ;ȕ:M�9ˍ("6�5�E(� 

 (30) 

":ƈ;�ˊ÷Tɚ�4ȕ:M�9ǯ�"6�5�E(� 

 (31) 

&.�14 (x, y, z) ;�ȕƈ5ȣHP"6�5�E(� 

 (32) 

""5ˊ÷ (i j k), (i’ j’ k’) ;ɩ³ˊ÷5(�N�"QN:̑ˊ÷;̃ʳˊ÷6ʌ&�8OE(� 

 (33) 

&�.�14�ȕ:őǌˊ÷ M ; (x’, y’, z’) T (x, y, z) 9ĸ̃&E(� 

 (34) 

""5�": M 92�4ú: (0L16�7�) ˩ǥT&E(��E�²�9ɩ³(P¢2

:ĒÇ�cx�T r, s, t 6&E(� 

 (35) 

E.�X̄�Ȳ�Z̄:,Q-Q:̄ǟĨ:ĒÇ�cx� x, y, z ;ȕ:M�9ˍ$QE(� 

 (36) 

r, s, t T x, y, z 9¡ʿ$*Pĸ̃:őǌˊ÷T M 6&E(� 

p = xi+ yj+ zk = x

0i0 + y

0j0 + z

0k0

�
i j k

�
0

@
x

y

z

1

A =
�
i0 j0 k0 �

0

@
x

0

y

0

z

0

1

A

0

@
x

y

z

1

A =
�
i j k

��1 �
i0 j0 k0 �

0

@
x

0

y

0

z

0

1

A

0

@
x

y

z

1

A =
�
i j k

�T �
i0 j0 k0 �

0

@
x

0

y

0

z

0

1

A

M =
�
i j k

�T �
i0 j0 k0 �

=

0

@
i · i0 i · j0 i · k0

j · i0 j · j0 j · k0

k · i0 k · j0 k · k0

1

A

r =

0

@
r
x

r
y

r
z

1

A , s =

0

@
s
x

s
y

s
z

1

A , t =

0

@
t
x

t
y

t
z

1

A

x =

0

@
1
0
0

1

A , y =

0

@
0
1
0

1

A , z =

0

@
0
0
1

1

A
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 (37) 

"QTˊ÷5ˍ(6�ȕ:M�98OE(� 

 (38) 

 

Ý 93 Ăńƽ)ÜƼ 

":Ź̊;ĒÇˊ÷98OE(� 

 (39) 

&.�14�":ňĥ: M ;ȕ:M�9&4ȣHP"6�5�E(� 

 (40) 

7.5 çģ)Óĕ 

7.5.1 Ơħ)çģ)Ɖ0Ó:� 

˒Ǘ:őǌ:ĥƫ;�őǌˊ÷:ʁ5ˍ("6�5�E(�.6�<�ļ 94 :M�9 x ǟ

Ĩ9 4 ɽĉ&.Ɣ�y ǟĨ9 3 ɽĉ(Pőǌ;�(41) ƈ:Ē¡:őǌˊ÷98OE(� 
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8
<

:

x = Mr

y = Ms

z = Mt

�
x y z

�
= M

�
r s t

�

x 

z 

y 

r 

s 

t 
M 

M 

M 

0

@
1 0 0
0 1 0
0 0 1

1

A = M

0

@
r
x

s
x

t
x

r
y

s
y

t
y

r
z

s
z

t
z

1

A

M =

0

@
r
x

s
x

t
x

r
y

s
y

t
y

r
z

s
z

t
z

1

A
�1

=

0

@
r
x

s
x

t
x

r
y

s
y

t
y

r
z

s
z

t
z

1

A
T

=

0

@
r
x

r
y

r
z

s
x

s
y

s
z

t
x

t
y

t
z

1

A =

0

@
rT

sT

tT

1

A

T(4, 3, 0)

T(4, 0, 0)

T(0, 3, 0)
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Ƈȍőǌ�":ɾƆ:Ɓˊɽĉ/ 8N�ƇȍÚ9ɩǇɽĉ̨TĆ�P6��Ťˏ5IŤɓ5

�E(�&�&�d��Xtcmñɕ9��4Ƈȍőǌ�Ɓˊɽĉ/ 5ȷG6��"6;E)

8�:5�":M�9őǌˊ÷6&4ˍɓ&.ǟ�ñɕTĒʚČ5��ʣǽɥ9æÉ:ñɕ̨:

Āȸ928�OE(� 

 (41) 

l ƙ´)ŷ;Ō28Ǘħ 

őǌ:ĥƫ9ɚ�Pˊ÷:ʁTȣHP̴Ǘ;�.6�<ȕ:M�98OE(�OpenGL 5;ˊ

÷�̥÷őǗ9˔� £̃ʳ&.Ə5Ȅʙ$Q4�P"6Tʶƪ&4�E(� 

// çģƙ´ m0 & m1 )ŷ; m (Ō28 
GLfloat *multiply(const GLfloat *m0, const GLfloat *m1, GLfloat *m) 
{ 
  for (int j = 0; j < 4; ++j) 
  { 
    for (int i = 0; i < 4; ++i) 
    { 
      const int ji(j * 4 + i); 
       
      m[ji] = 0.0f; 
      for (int k = 0; k < 4; ++k) 
        m[ji] += m0[k * 4 + i] * m1[j * 4 + k]; 
    } 
  } 
 
  return m; 
} 

�P�;�":M�9¢̦:� �9814�P:�Ȣ9͔S8 Q<�.6�<ȕ:M�9

ǯ�"6I5�E(� 

//çģƙ´ m0 & m1 )ŷ; m (Ō28 
GLfloat *multiply(const GLfloat *m0, const GLfloat *m1, GLfloat *m) 
{ 
  for (int ji = 0; ji < 16; ++ji) 
  { 
    const int i(ji & 3), j(ji & ~3); 
 
    m[ji] = m0[i] * m1[j] + m0[4 + i] * m1[j + 1] 
      + m0[8 + i] * m1[j + 2] + m0[12 + i] * m1[j + 3]; 
  } 
 
  return m; 
} 

T(0, 3, 0)T(4, 0, 0) =

0

BB@

1 0 0 0
0 1 0 3
0 0 1 0
0 0 0 1

1

CCA

0

BB@

1 0 0 4
0 1 0 0
0 0 1 0
0 0 0 1

1

CCA

=

0

BB@

1 0 0 4
0 1 0 3
0 0 1 0
0 0 0 1

1

CCA = T(4, 3, 0)
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7.5.2 ¾�çģ 

Ɓˊɽĉ6ĸ̃;�ʅÉ:ƏɎ9Ɛ͈T¦�E*U�,:.H�":±2TʡFĥS*.őǌ

;ĂÉőǌ6İ<QE(� 

 (42) 

M �ĂÉőǌ:őǌˊ÷5�Q<�,:Ĥ˓ʛ;ĸ̃:őǌˊ÷ ! 6Ɓˊɽĉ:�cx� t 

5ȋƫ$Q4�E(� 

 (43) 

7.5.3 �Ĕ)Ŗ;�ď(��ÜƼ 

7.3.5 5ɹ&.ĸ̃:őǌ;��)QIĖɃT̔P̄Tªƚ6&.I:5&.�ÁƦ:ɃT̔

P̄Tªƚ9ĸ̃(P9;�¡ǣ,:ɃTĖɃ9ɽ(ƁˊɽĉTˊ��ĸ̃&.Ɣ9â:Çʳ9

ƭ&E(�":őǌ;ȕ:¢2:őǌ:ĥƫőǌ M = T(p) Rz(θ) T(−p) 98OE(� 

 

Ý 95 �Ĕ)Ŗ;�ď&�8ÜƼ 

7.5.4 �Ĕ)Ŗ;�ď(��ĝéƐù 

l 5ɹ&.ƽŔʯŮ;�ĖɃTņȽ9&4�E(�,:.H�ƽŔʯŮTˊ�6(PļƏ�Ė

Ƀ�ǸQ4�P6�ļƏæÉ:ÇʳIő14&E�E(� 

M = T(t)R(l,m, n, ✓) =

0

BB@

r00 r10 r20 t
x

r01 r11 r21 t
y

r02 r12 r22 t
z

0 0 0 1

1

CCA

R̄ =

0

@
r00 r10 r20
r01 r11 r21
r02 r12 r22

1

A , t =

0

@
t
x

t
y

t
z

1

A ) M =

0

@
R̄ t

0T 1

1

A

p 

x 

y 

x 

y 

x 

y 

p 

T(�p) 
θ"

Rz(θ) T(p) 

M = T(�p) Rz(θ) T(p) 

O O O 
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Ý 96 ĝéƐù(��Ýć)ŴÄ 

ļƏT�,:ļƏ:Çʳ5ƽŔ(P.H9;�ƽŔʯŮTˊ�̼:ņȽɃTļƏ:Çʳ9ɽ(

ƛ˓��OE(�"Q;ņȽɃ�ĖɃ98PM�9ļƏTƁˊɽĉ&�,:Ɣ9ƽŔʯŮ&4�

â:Çʳ9ƭ("65Ťɓ&E(�":őǌ;ȕ:¢2:őǌ:ĥƫőǌ M = T(p) S(s) T(−p) 9

8OE(� 

 

Ý 97 �Ĕ)ãœŖ(58ĝéƐù 

7.5.5 śòīÖ.)ĝéƐù 

l 5ɹ&.ƽŔʯŮ;�E. X�Y�Z :,Q-Q:̄ǟĨ9ũ(PƽŔʯŮ&�ˊ�"6�

5�E*U�ÁƦ:ǟĨ9ũ&4ƽŔʯŮTˊ�.H9;�,:ǟĨT¡ǣ X�Y�Z ̄:ǟĨ

9ĥS*4�NƽŔʯŮTˊ��,Q�Nâ:Ĩ�9ƭ&E(��E�̄�cx� (x y z) T,

Q-Q (r s t) ǟĨ9ĸ̃(Pőǌˊ÷T F�sr�ss�st T,Q-Q X�Y�Z ̄ǟĨ:ƽŔɒ6

(PƽŔʯŮ:őǌˊ÷ S 6(P6��":őǌ; M = FSFT 68OE(� 

 (44) 

O x

y

(移動)

x 

y 

x 

y 

p 

T(-p) T(p) 

M = T(�p) S (s) T(p) 

S(s) 

p 

x 

y 

O O O 

F =

✓
r s t 0
0 0 0 1

◆



 118 

 (45) 

 

Ý 98 śòīÖ.)ĝéƐù 

7.5.6 çģ)ǥĀ 

őǌ:ĥƫ;ˊ÷:ʁ5ˍ$QE(��́ ÷:ʁ;³ǌ:Ȭÿ�ƫOʅ0E*U�&.�14�

Ħ'őǌˊ÷Tĥƫ&.ňĥ5I�,:͌ƅ�ɡ8Q<�ĥƫőǌ:ʣǽ;ɡ8OE(� 

 

Ý 99 çģ)ǥĀ(58Óĕçģ)ƊĹ)Ǌ� 

7.6 F@{�çģ 

7.6.1 F@{�Ʀ&F@{�çģ 

ĖɃTªƚ6&.ÁƦ:ĸ̃;�X, Y, Z :¢2:̄ªƚ:ĸ̃Tĥƫ&4ˍ("6�5�E(�

":ĸ̃Tˍ(Ĥ̄ªƚ:ĸ̃˙:ʡTF@{�Ʀ6İ?�,Q9M14ˍ$QPĸ̃:őǌT

^Y� őǌ6İ?E(� 

S =

0

BB@

sr 0 0 0
0 ss 0 0
0 0 st 0
0 0 0 1

1

CCA

FT F S x�

y�s�
r�

O�

s�

r�O�

s�

r�O� x�

y�s�
r�

O�

M = FT S  F 

R(θ) 

R(θ) 

S(s) 

S(s) 

x�

y�

O� x�

y�

O� x�

y�

O�

x�

y�

O� x�

y�

O� x�

y�

O�
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Ý 100 F@{�Ʀ 

ĥƫőǌ;őǌˊ÷:ʁ5ˍ$QE(��ˊ÷:ʁ9;³ǌȬÿ�ƫOʅ.0E*U�&.�

14^Y� őǌ:ʣǽ;�Ĥ̄ªƚ:ĸ̃Tĥƫ(P͌ƅ9M14őČ&E(�""5;�Z ̄

ªƚ:ĸ̃ (roll, bank) � X ̄ªƚ:ĸ̃ (pitch) � Y ̄ªƚ:ĸ̃ (heading, yaw) :͌9ő

ǌ(PI:6&E(�E.�,Q-Q:˙ƆT r, p, h 5ˍ&E(� 

� r: roll, bank (Z ̄ªƚ:ĸ̃˙) 

� p: pitch (X ̄ªƚ:ĸ̃˙) 

� h: heading, yaw (Y ̄ªƚ:ĸ̃˙) 

":6��^Y� őǌ E(h, p, r) ;ȕƈ5ˍ$QE(� 

 (46) 

7.6.2 S�e}�[J 

^Y� ˙:�0�p = �/ 2 :ňĥTʶ�E(�":6��sin p = 1, cos p = 0 68OE(�

N�(46) ƈ;ȕ:M�98OE(� 

 (47) 

heading 

pitch roll 

z x 

y 

E(h, p, r) = R
y

(h)R
x

(p)R
z

(r)

=

0

BB@

cosh 0 sinh 0

0 1 0 0

� sinh 0 cosh 0

0 0 0 1

1

CCA

0

BB@

1 0 0 0

0 cos p � sin p 0

0 sin p cos p 0

0 0 0 1

1

CCA

0

BB@

cos r � sin r 0 0

sin r cos r 0 0

0 0 1 0

0 0 0 1

1

CCA

=

0

BB@

sinh sin p sin r + cosh cos r sinh sin p cos r � cosh sin r sinh cos p 0

cos p sin r cos p cos r � sin p 0

cosh sin p sin r � sinh cos r cosh sin p cos r + sinh sin r cosh cos p 0

0 0 0 1

1

CCA

E(h,⇡/2, r) =

0

BB@

sinh sin r + cosh cos r sinh cos r � cosh sin r 0 0

0 0 �1 0

cosh sin r � sinh cos r cosh cos r + sinh sin r 0 0

0 0 0 1

1

CCA
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"Q;�ĆȬţɕ9MO�ȕ:M�9ǯ�ǌ�NQE(� 

 (48) 

":ĸ̃; (h - r) 6��Ē¡:˙Ɔ5Ȧţ$QP�¡2:̄9MPĸ̃5(�":.H�r 6 

h :70NTőČ$*4IĦ'ĸ̃98O�̔ ɜƆ�¡2ȸ14&E�E(�p = �/ 2 :ĸ̃9

M14 r :ĸ̃̄ (Z ̄) � h :ĸ̃̄6¡ʿ&E(�":ɓ˳TS�e}�[J6İ?E(� 

7.6.3 ÜƼçģƙ´�6F@{�Ʀ)ƀ± 

�Pĸ̃őǌˊ÷ M �^Y� őǌ E(h, p, r) 9I63�I:5�1.6&E(� 

 (49) 

m1 6 m5 :̴Ó�N�r TȣHP"6�5�E(� 

 (50) 

ĦȌ9�m8 6 m10 :̴Ó�N�h TȣHP"6�5�E(� 

 (51) 

p ; m9 �NȣHP"6�5�E(� 

 (52) 

./&�m1 = m5 = 0 :6�; cos p = 0 8:5�p = ��/ 2 68OE(�"Q;l����t

c�ɢɘ&4�PɎƩ5�O�(50) ƈJ (51) ƈ5 r J h TȣHP"6�5�E*U�,:ň

ĥ;�Î�< h = 0 6&�m0 6 m14 :̴Ó�N�h TȣHP"6�5�E(� 

 (53) 

7.7 gx�çģ 

7.7.1 ƤŖ)�ƒ)ŴÄ 

˖Ƀ:ÇʳT¢ȕâʂ̳ª:ú:ňƮ9ɽ&4�,"�N˔.ļƏTǊ�"6Tʶ�4FE(�

�� őǌ;ļƏT˖Ƀ:Çʳ6ǟĨ�NF.Ƈȍʘ (˖ɃƇȍʘ) 9ɽ(Ƈȍőǌ5(� 

""5ɓľ:ɎƩ�(8S0±ȕâ:ļƏTˍɹ&4�PɎƩ5�˖Ƀ:Çʳ�7"9�P�

ʶ�4FE(�ɝ͆£5;ĢǟĨ9 x ̄�Å?�£ǟĨ9 y ̄�Å?4�E(�z ̄; x ̄6 

E(h,⇡/2, r) =

0

BB@

cos(h� r) sin(h� r) 0 0

0 0 �1 0

� sin(h� r) cos(h� r) 0 0

0 0 0 1

1

CCA

M =

0

BB@

m0 m4 m8 m12

m1 m5 m9 m13

m2 m6 m10 m14

m3 m7 m11 m15

1

CCA = E(h, p, r)

m1 = cos p sin r
m5 = cos p cos r

�
! r = atan2(m5,m1)

m8 = sinh cos p
m10 = cosh cos p

�
! h = atan2(m10,m8)

m9 = � sin p ! p = asin(�m9)

m0 = cos(h⌥ r)
m4 = sin(h⌥ r)

�
! h = 0, r = �atan2(m0,m4)
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y ̄:¨ǟ6ɩ³&4�E(�N�ɝ͆9ũ&4Łɩ9Å?4�P;)5(�OpenGL 5;ĢƯ

ʘ (ļ 101) :ƇȍʘTɚ�E(�N�z ̄;ɝ͆�N˔4�P´:ǟ9Ĩ�14Å?4�E(� 

 

Ý 101 ÐėƂ&ýėƂ 

"Q;�˛�ǌ�Q<�˖Ƀ;ĖɃ9�O�z ̄:˴:ǟĨTĨ�4�P"698OE(��

� őǌ;¢ȕâʂ̳ª9ʳ�Q.˖Ƀ:ÇʳTĖɃ6&�̟ ʬT z ̄:˴:ǟĨ6&.6�:�

ļƏ:ÇʳTȣHPñɕ98OE(� 

 
Ý 102 gx�çģ 

7.7.2 gx�çģƙ´ 

l ƤŖ)ƫò 

":őǌˊ÷TȣHP̴ǗTÌOE(�˖Ƀ:ÇʳT e = (ex, ey, ez)�˖ʬ£9�PɨȍɃ:Ç

ʳT g = (gx, gy, gz) 6&E(�":C��":˖Ƀ:�£ǟĨ�:�cx�T u = (ux, uy, uz) 6&

E(�£ǟĨT y ̄ǟĨ6(P8N�"Q9 (0, 1, 0) T˞ţ&E(� 
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x
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z
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z
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O x

y

z

O x

y

z

u = (ux , uy , uz)

g = (gx , gy , gz)

上方向の
ベクトル

目標点の位置
e = (ex , ey , ez)
視点の位置
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l ƤŖ;ÈŖ(ÿƙŴÄ 

E)�˖Ƀ e = (ex, ey, ez) TĖɃ O = (0, 0, 0) 9Ɓˊɽĉ(Pőǌˊ÷ Tv TÌOE(� 

 (54) 

l ƤŖĂńƂ)ƽ r, s, t 

˖Ƀ:Çʳ e TĖɃ9ɽ(6�ɨȍɃ:Çʳ;ɨȍɃ:Çʳ; g – e 98OE(�"Q6£ǟ

Ĩ:�cx� u �N�˖ɃTĖɃ6&.Ƈȍʘ5�P˖ɃƇȍʘ:̄�cx�TȣHE(�"

QT (r s t) 6&E(� 

 

Ý 104 ƤŖĂńƂ)ƽmJ_} (r s t) 

˖ɃƇȍʘ9� P z ̄9ɪƎ(P�cx� t = (tx, ty, tz) ;�̟ ʬǟĨ:̑�cx� e − g 9

8OE(�̟ ɃƇȍʘ: x ̄9ɪƎ(P�cx� r = (rx, ry, rz) ;�£ǟĨ:�cx� u 6 t 6

:Œʁ u × t 9MOȣHE(�˖Ƀ:Ƈȍʘ: y ̄9ɪƎ(P�cx� s = (sx, sy, sz) T��c

x� t 6�cx� r :Œʁ t × r 5ȣHE(� 

 (55) 

l Ƥƍ;ūńŖ(Ö�$ÜƼ 

ƖNQ.˖ɃƇȍʘ:̄�cx� (r s t) T,Q-QȘ˕Č&�ƈ (40) 9I63�4ƈ (56) 

9ɹ(ĸ̃:őǌˊ÷ Rv TÌOE(� 

T
v

=

0

BB@

1 0 0 �e
x

0 1 0 �e
y

0 0 1 �e
z

0 0 0 1

1

CCA

O x

y

z

t

g e

t = e − g r = u × t

O x

y

z

u
t

r

s = t × r

O x

y

z

s
t

r

t = e� g =

0

@
e
x

� g
x

e
y

� g
y

e
z

� g
z

1

A =
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@
t
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t
y

t
z

1

A

r = u⇥ t =

0
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u
y

t
z

� u
z

t
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t
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� u
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t
z

u
x

t
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� u
y

t
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1

A =

0

@
r
x

r
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r
z

1

A

s = t⇥ r =

0

@
t
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r
z

� t
z

r
y
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� t
x

r
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t
x
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y

� t
y

r
x

1

A =

0

@
s
x

s
y

s
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1
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 (56) 

E)��cx� s:̯$TˬBE(�"Q� 0 58 Q<��cx� r 6�cx� t :̯$

;�6I9 0 5;�OE*U�":6��"QNTȘ˕Č&4�4 × 4 = 16 ˓ʛ:̥÷őǗ rv :

Ź£: 3 × 3 :˓ʛ9Ȅʙ&E(� 

l gx�çģƙ´ 

Ɓˊɽĉ:őǌˊ÷ Tv 9ĸ̃:őǌˊ÷ Rv T¬'4��� őǌˊ÷TȣHE(� 

 (57) 

 

Ý 105 ÜƼ)çģǋŢĊ)ƤŖĂńƂ)Ăńƽ 

l gx�çģƙ´;ƫò�8Ǘħ 

// gx�çģƙ´; m (ƫò�8 
GLfloat *loadLookat( 
  GLfloat ex, GLfloat ey, GLfloat ez,   // ƤŖ)�ƒ 
  GLfloat gx, GLfloat gy, GLfloat gz,   // ūńŖ)�ƒ 
  GLfloat ux, GLfloat uy, GLfloat uz,   // �īÖ)mJ_} 
  GLfloat *m) 
{ 
  // ÿƙŴÄ)çģƙ´ 
  GLfloat tv[16]; 
  loadTranslate(-ex, -ey, -ez, tv); 
 
  // t ƽ = e - g 
  const GLfloat tx(ex - gx); 
  const GLfloat ty(ey - gy); 
  const GLfloat tz(ez - gz); 
 
  // r ƽ = u x t ƽ 
  const GLfloat rx(uy * tz - uz * ty); 
  const GLfloat ry(uz * tx - ux * tz); 
  const GLfloat rz(ux * ty - uy * tx); 

R
v

=

0

BBBBBBBBB@

rT

|r| 0

sT

|s| 0

tT

|t| 0

0 0 0 1

1

CCCCCCCCCA

=

0

BBBBBBBBB@

r
x

|r|
r
y

|r|
r
z

|r| 0

s
x

|s|
s
y

|s|
s
z

|s| 0

t
x

|t|
t
y

|t|
t
z

|t| 0

0 0 0 1

1

CCCCCCCCCA

Mv = RvTv

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

(0, 1, 0)

O x

y

z

z
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  // s ƽ = t ƽ x r ƽ 
  const GLfloat sx(ty * rz - tz * ry); 
  const GLfloat sy(tz * rx - tx * rz); 
  const GLfloat sz(tx * ry - ty * rx); 
 
  // s ƽ)ǔ�)ZC[J 
  const GLfloat s2(sx * sx + sy * sy + sz * sz); 
  if (s2 == 0.0f) return m; 
 
  // ÜƼ)çģƙ´ 
  GLfloat rv[16]; 
   
  // r ƽ;ňƣÅ�$Ǐ´çħ(ľƃ 
  const GLfloat r(sqrt(rx * rx + ry * ry + rz * rz)); 
  rv[ 0] = rx / r; 
  rv[ 4] = ry / r; 
  rv[ 8] = rz / r; 
 
  // s ƽ;ňƣÅ�$Ǐ´çħ(ľƃ 
  const GLfloat s(sqrt(s2)); 
  rv[ 1] = sx / s; 
  rv[ 5] = sy / s; 
  rv[ 9] = sz / s; 
 
  // t ƽ;ňƣÅ�$Ǐ´çħ(ľƃ 
  const GLfloat t(sqrt(tx * tx + ty * ty + tz * tz)); 
  rv[ 2] = tx / t; 
  rv[ 6] = ty / t; 
  rv[10] = tz / t; 
   
  // ŉ7)ĕ² 
  rv[ 3] = rv[ 7] = rv[11] = rv[12] = rv[13] = rv[14] = 0.0f; 
  rv[15] = 1.0f; 
 
  // ƤŖ)ÿƙŴÄ)çģƙ´(Ƥƍ)ÜƼ)çģƙ´;��8 
  return multiply(rv, tv, m); 
} 

7.8 ĚĈçģ 

7.8.1 ńœƤ�ŷ 

±ȕâ:ļƏˍɹ5;�ɝ͆£:ˍɹ͎ń (�� � x) 9Ș˕Čw�YmƇȍʘ:c×t

��d͎ńì:I:�ˍɹ$QE(�":͎ń9;Őā (Řˊ�) ǟĨ9IˍɹĠʺ8ʑĻ�˞

ţ$Q4�O�"Q;ļ 106 9ɹ(Ĥ̄ [-1, 1] :ʑĻ:ʅǟÉ:ʂ̳5(�"QTńœƤ�ŷ 

(Canonical View Volume) 6��E(�ɝ͆9;�": xy Ɓ͆£A:ƴƐà�ˍɹ$QE(� 

":.H�¢ȕâʂ̳:ÁƦ:͎ń9ʳ�Q.ɊÉTɝ͆9ˍɹ(P9;�ˍɹ&M�6(P

͎ńT�":ȍȽ˖Éʁ9ěHPƛ˓��OE(�"Q;ƴƐőǌ9MOˊ�E(� 

ƴƐőǌ:ǟȬ9;�̟�Ǐ�IĦ'Ŕ�$5ˍɹ$QPŬ�ĚĈ6�̟�I:C7Ů$�

ˍɹ$QPǇƤĚĈ��OE(�"QN¼Œ9I�.6�<̟�I:C7Ŕ��ˍɹ&.O�͚

ɭ��n:M�9ȚE*4ˍɹ&.O(PƴƐǟȬ87I�OE(��""5;ĜOƱ�E*U� 
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Ý 106 ńœƤ�ŷ 

7.8.2 Ŭ�ĚĈ 

l Ŭ�ĚĈ)ėǥ 

¢ȕâʂ̳ª:ÁƦ:͎ńTȍȽ˖Éʁ9ěHP.H9�ɩ³ƴƐ5;� �yƇȍʘ£: 2 

Ƀ (left, bottom) �M? (right, top) Tũ˙:͉Ƀ6(PɲƏ:ˍɹ͎ń:¸9�ȵƆǟĨ:ʑĻ 

(near, far) Iǁţ&E(� 

�E�˖Ƀ�ĖɃ9�O�˖ʬ� xy Ɓ͆9Łɩ8 z ̄£:˴:ǟĨTĨ�4�P (ĢƯʘ) 

6&E(�near ;ˍɹTˊ�I16I˖Ƀ9˖ʬ9Łɩ8Ɓ͆:ȵƆ (xy Ɓ͆�N:˾̀) 5

�O�far ;ǱI̟ǟ9�PƁ͆:ȵƆ5(�"QN9M14ȦEPɩǟÉ:͎ńT�Ƥ�ŷ 

(View Volume) 6��E(� 

 

Ý 107 Ƥ�ŷ 

":˖Ƀ9̌�C�:Ɓ͆T½īǡ (hither) �̟�ǟ:͆TĊīǡ (yon) 6��E(�˖̧ő

ǌ9M14˖Ƀ; z ̄ǟĨ:˴:ǟĨ9Ĩ�4�E(�N�āǟ͆6Ɣǟ͆: z Ú;�,Q-

Q −near�−far 98OE(� 

x

y

z

OO
11

11

11

−−11
−−11

−−11

前方面
(hither)

視体積
(view volume)

後方面
(yon)

視点
x

y

z

−near −far

leftleft
rightright

bottombottom

toptop
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":˖Éʁì:ļƏTȍȽ˖Éʁ9ěHP9;�˖Éʁ:ªƚ�ĖɃ98PM�9Ɓˊɽĉ&�

¡̊:̯$� 2 98PM�9ƽŔʯŮ&E(� 

  

Ý 108 Ŭ�ĚĈ)ėǥ 

l �ď�ÈŖ('85�ÿƙŴÄ 

E)�̟ Éʁ:ªƚ:ÇʳTȣH�,"�ĖɃ98PM�9Ɓˊɽĉ(Pőǌˊ÷TȣHE(�

˖Éʁ:ªƚ; ((right + left) / 2, (top + bottom) / 2, −(far + near) / 2) 5(� 

  

Ý 109 �ď�ÈŖ&'85�(ÿƙŴÄ 

":őǌˊ÷;Ɓˊɽĉ:őǌˊ÷ (21) MO�(58) ƈ:M�98OE(�far 6 near 9˴ģ

�¹�4�P:5�Z 9̴&4;̑9˴ģ�Ʉ�814�E(� 

 (58) 

x

z

y

x

z

y

x

z

y

OOOOO OOO

中心が原点になるよう平行移動 大きさを正規化

+
2

+
2

Mcentering =

0

BBBBBBBB@

1 0 0 �right+ left

2

0 1 0 � top+ bottom

2

0 0 1
far + near

2
0 0 0 1

1

CCCCCCCCA
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l é��;ňƣÅ 

˖Éʁ:ſ�͙$��M?ȵƆTȣH�,QN:̯$� 2 98PM�9ƽŔʯŮ(Pőǌˊ

÷TȣHE(�̟ Éʁ:ſ�͙ $�ȵƆ;�,Q-Q right – left�top – bottom�–(far – near) 5(� 

  

Ý 110 �ǀ)ǔ�� 2 ('85�ĝéƐù 

":őǌˊ÷;ƽŔʯŮ:őǌˊ÷ (21) MO (59) ƈ:M�98OE(�"QI far 6 near 

9˴ģ�¹�4�P:5�Z 9̴&4;˴ģ�¹�4�E(� 

 (59) 

l Ŭ�ĚĈçģƙ´ 

ɩ³ƴƐőǌˊ÷ Mo ;�":±2:őǌˊ÷ Mcentering 6 Mscaling T¬'.I:5(� 

 (60) 

l Ŭ�ĚĈçģƙ´;ƫò�8Ǘħ 

̥÷őǗ m 9ɩ³ƴƐ:őǌˊ÷T˞ţ(P̴Ǘ;�.6�<ȕ:M�98OE(� 

// Ŭ�ĚĈçģƙ´; m (ƫò�8 
GLfloat *loadOrthogonal(GLfloat left, GLfloat right, 
  GLfloat bottom, GLfloat top, GLfloat zNear, GLfloat zFar, GLfloat *m) 
{ 
  const GLfloat dx(right - left); 

1

1

1 122

22

Mscaling =

0

BBBBBBB@

2

right� left

0 0 0

0
2

top� bottom

0 0

0 0 � 2

far � near

0

0 0 0 1

1

CCCCCCCA

M
o

= M
scaling

M
centering

=

0

BBBBBBBB@

2

right� left

0 0 �right+ left

right� left

0
2

top� bottom

0 � top+ bottom

top� bottom

0 0 � 2

far � near

�far + near

far � near

0 0 0 1

1

CCCCCCCCA
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  const GLfloat dy(top - bottom); 
  const GLfloat dz(zFar - zNear); 
 
  if (dx != 0.0f && dy != 0.0f && dz != 0.0f) 
  { 
    m[ 0] = 2.0f / dx; 
    m[ 5] = 2.0f / dy; 
    m[10] = -2.0f / dz; 
    m[12] = -(right + left) / dx; 
    m[13] = -(top + bottom) / dy; 
    m[14] = -(zFar + zNear) / dz; 
    m[15] = 1.0f; 
    m[ 1] = m[ 2] = m[ 3] = m[ 4] = m[ 6] = m[ 7] = m[ 8] = m[ 9] = m[11] = 0.0f; 
  } 
 
  return m; 
} 

7.8.3 ǇƤĚĈ 

̒˖ƴƐIɩ³ƴƐ6ĦȌ9�āǟ͆£: 2 Ƀ (left, bottom) �M? (right, top) Tũ˙:͉Ƀ

6(PɲƏ:ˍɹ͎ń6�ȵƆǟĨ:ʑĻ (near, far) Tǁţ&E(�./&̒˖ƴƐ:ňĥ;�

˖ɃT͉Ƀ6(Pķ˙̬Tāǟ͆5öOˆ6&.ʂ̳ (̬ġ) TȍȽ˖Éʁ9ěHE(�":ʂ

̳TƤǑÏ (View Frustum) 6��E(� 

  
Ý 111 ƤǑÏ 

":˖̬ġì:ļƏTȍȽ˖Éʁ9ěHP9;�˖̬ġ:ªƚ̄�˖ʬ (z ̄) 6¡ʿ(PM

�9*UǝőƏ&�,QT̒˖őǌ&.Ɣ�ªƚ�ĖɃ98PM�9Ɓˊɽĉ&�ǱƔ9¡̊:

̯$� 2 98PM�9ƽŔʯŮ&E(� 

前方面
(hither)

後方面
(yon)

視点
x

y

z

−near −far

leftleft
rightright

bottombottom

toptop

視錐台
(view frustum)
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Ý 112 ǇƤĚĈ)ėǥ 

l �<ĩçć 

̒˖ƴƐ:ňĥ;�āǟ͆£:ɲƏ:ˍɹ͎ń:ªƚT z ̄�̔PM�9(P.H9�̟ ̬ġ

æÉT*UǝőƏ&E(�āǟ͆; –near :Çʳ9�O�,:£:ˍɹ͎ń:ªƚ; ((right + 

left) / 2, (top + bottom) / 2) 9�OE(�N�z = –1 9� Pɽĉ̨; ((right + left) / 2near, (top + 

bottom) / 2 near) 98OE(� 
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 (61) 

l ǇƤçģ 

̒˖ƴƐ5;�ɊÉ:˔� :Ŕ�$�˾̀ (ȵƆ, z Ú) 9ĚȠÎ&E(�(x, y, z) :Çʳ9

�PɃ; –near :Çʳ9�Pāǟ͆: (–near x / z, –near y / z) :Çʳ9ƴƐ$QE(�z Ú9̴

&4;�l :ǇƤŐāTĘɇ&4�/$�� 

x
z

y

x
z

y

x

z

y

OOOO OOO

Z軸が中心を通るようにせん断変形 透視変換して平行移動と正規化

−−−−

−

2

−1

2

Mshear =

0

BBBBBB@

1 0
right+ left

2near
0

0 1
top+ bottom

2near
0

0 0 1 0
0 0 0 1

1

CCCCCCA
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Ý 114 ǇƤçģ 

 (62) 

l ǇƤĚĈçģƙ´ 

̒˖ƴƐőǌˊ÷ Mp ;�":±2:őǌˊ÷ Mperspective 6 Mshear :ʁ9�Ŕ�$TȘ˕Č

(Pőǌˊ÷ Mscaling T¬'.I:5(� 

 (63) 

l ǇƤĚĈçģƙ´;ƫò�8Ǘħ 

̥÷őǗ m 9̒˖ƴƐ:őǌˊ÷T˞ţ(P̴Ǘ;�.6�<ȕ:M�98OE(� 

// ǇƤĚĈçģƙ´; m (ƫò�8 
GLfloat *loadFrustum(GLfloat left, GLfloat right, 
  GLfloat bottom, GLfloat top, GLfloat zNear, GLfloat zFar, GLfloat *m) 
{ 
  const GLfloat dx(right - left); 
  const GLfloat dy(top - bottom); 
  const GLfloat dz(zFar - zNear); 
 
  if (dx != 0.0f && dy != 0.0f && dz != 0.0f) 
  { 
    m[ 0] = 2.0f * zNear / dx; 
    m[ 5] = 2.0f * zNear / dy; 
    m[ 8] = (right + left) / dx; 
    m[ 9] = (top + bottom) / dy; 

near
z− y

−near
z −farz

y
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前方面
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後方面
(yon)

視錐台
(view frustum)

Mperspective =
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2
far near
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1
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Mp = MscalingMperspectiveMshear
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2near
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0 0 �far + near

far � near

� 2 far near

far � near
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    m[10] = -(zFar + zNear) / dz; 
    m[11] = -1.0f; 
    m[14] = -2.0f * zFar * zNear / dz; 
    m[ 1] = m[ 2] = m[ 3] = m[ 4] = m[ 6] = m[ 7] = m[12] = m[13] = m[15] = 0.0f; 
  } 
 
  return m; 
} 

7.8.4 ǇƤŐā 

̒˖ƴƐ5;�ƴƐà:Ŕ�$�ȵƆ (z Ú) 9ĚȠÎ&E(�̒˖ƴƐƔ:ȵƆ9I�â:

ȵƆ:̑ǗTɚ�E(�"Q9MO�̒˖őǌƔ:Çʳ:ʗƆ;āǟ͆9̌�C7͙��āǟ͆

�ǸQPC7È�8OE(�":M�8ȵƆTǇƤŐā6˛�E(� 

�Eļ 115 9��4�xzƁ͆£:Ƀ A = (xa, za) �M? B = (xb, zb) � z = �near :Çʳ9�P

āǟ͆9ƴƐ$Q.ÇʳT�,Q-Q C �M? D 6&E(� 

 

Ý 115 ĚĈǡ�)ƍćƟǖ 

":ʬõ CD T t : 1 – t 5ìõ(PɃT P 6(P6��P T AB £9̑̒˖ƴƐ&.Ƀ:Ç

ʳ Q = (xq, zq) ;�ƈ (64) 9MOȣHP"6�5�E(� 

 (64) 

ƈ (64) : Q : z ƫõ zq ;�A : z ƫõ za 6 B : z ƫõ zb :ǆħ;ƍćƟǖ��3

))ǆħ98OE(��mqČñɕ5;ɝ͆£:ɝʛ:Çʳ9� PȵƆTȣHPƛ˓��OE

(��"Q;̒˖ȵƆTʬƏˑ̳&.I::̑Ǘ6&4ƖNQE(� 

Q : x ƫõ xq :õŞ;�":Ƀ: z = 1 :ƴƐ͆£5:ÇʳTʬƏˑ̳9MOȣH.I:

5(�¡ǟ�õȞ; Q :̒˖ȵƆ�(8S0 zq :̑Ǘ5(� 

O x
z

t 1−t

A = (xa, za)

Q = (xq, zq)

B = (xb, zb)

C P D�near

8
>>>>>>><

>>>>>>>:

xq =

xa

za
(1� t) +

xb

zb
t

1

za
(1� t) +

1

zb
t

zq =
1

1

za
(1� t) +

1

zb
t
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./&̑Ǘ,:EE/6�āǟ͆9̌�C7Ŕ��̟�8P92Q4Ů$�814&E�:5�

̽͆Ȳėñɕ:̼9̤ĥ�ƣ�814&E�E(�E.�":ȵƆTȍȽ˖Éʁ9ěHPƛ˓I

�OE(� 

,"5�ȵƆ (z Ú) :̑Ǘ9 −far near T¬'�"Q�N (far − near) / 2 Tȸ'4 0 Ƀ�ª

Ŗ9ǺPM�9Ɓˊɽĉ&E(�,&4ǱƔ9ƈ (59) : Mscaling 9MO −2 / (far − near) Ø&4�

[-1, 1] :ʑĻ9Ș˕Č&E(�"Q9M14�˖Ƀ�N̟�C7Ŕ�8Ú�98OE(� 

 

Ý 116 ǇƤŐā)ňƣÅ 

¼£9MO�":̒˖őǌ;ƈ (62) 5ˍ$QE(�  

 (65) 

":őǌTˊ÷5ˍ(6�ƈ (62) : Mperspective 98OE(�ŤƇȍ (x, y, z) 9":őǌT̠

ɚ(Q<�ƈ (66) MOƈ (67) 9ɹ(ĦǨƇȍ�ƖNQE(� 

 (66) 

 (67) 

"Q�NŤƇȍ (x*, y*, z*) TȣHQ<�ƈ (65) �ƖNQE(� 

-farz

1

-1

O
-near

Oz
-far

-near

far - near
2

far - near
2

-

Oz

far

near

-far-near

�far near

z
�far � near

2
⇥� 2

far � near

x

⇤ = �near

z

x

y

⇤ = �near

z

y

z

⇤ = �far near

z

� far + near

2

0

BB@

x

0

y

0

z

0

w

0

1

CCA =

0

BBB@

near 0 0 0
0 near 0 0

0 0
far + near

2
far near

0 0 �1 0

1

CCCA

0

BB@

x

y

z

1

1

CCA

x

0 = near x

y

0 = near y

z

0 =
far + near

2
z + far near

w

0 = �z
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7.8.5 ţƦ&ƏŅŋ;(3&#�ǇƤĚĈçģƙ´ 

˖̬ġ:ǁţ9MP̒˖ƴƐőǌˊ÷:˞ţ;�ȤɚƢ;͙�I::�ɩƨɥ9;ɕ˚&3N

�I:��OE(�,"5�_��:��n: y ǟĨ:ţƦ (fovy) 6ɝ͆:ƏŅŋ͝ aspect ratio͞

TÍ14̒˖ƴƐőǌˊ÷T˞ţ(PǟȬ�&<&<ɚ�NQE(� 

ƈ (68) : f ;ɝ˙ fovy 5£¤ʇ��2:ƴƐ͆9ƴƐ&.Ǩ:�ƴƐ͆E5:˾̀ (ɅɃ˾

̀) 5(�&.�14 z = −near :Çʳ9�Pāǟ͆£:ˍɹ͎ń;�−bottom = top = near / f�−left 

= right = aspect near / f 68OE(�"QTƈ (63) 9ºå(Q<�ƈ (69) �ƖNQE(� 

  

Ý 117 ţƦ&ƏŅŋ(3&#�ǇƤĚĈçģƙ´ 

 (68) 

 (69) 

l ţƦ;�!$ǇƤĚĈçģƙ´;ƫò�8Ǘħ 

ɝ˙Tǁţ&4̒˖ƴƐ:őǌˊ÷T̥÷őǗ m 9˞ţ(P̴Ǘ:ÎT¼¤9ɹ&E(� 

// ţƦ;ğò�$ǇƤĚĈçģƙ´; m (ƫò�8 
GLfloat *loadPerspective(GLfloat fovy, GLfloat aspect, 
  GLfloat zNear, GLfloat zFar, GLfloat *m) 
{ 
  const GLfloat dz(zFar - zNear); 
 
  if (dz != 0.0f) 
  { 
    m[ 5] = 1.0f / tan(fovy * 0.5f); 
    m[ 0] = m[5] / aspect; 
    m[10] = -(zFar + zNear) / dz; 

1

x

y

z
−near −far

fovy
O

y

z
O

−near

−far

fovy

−f

−1

f =

1

tan

✓
fovy

2

◆
= cot

✓
fovy

2

◆

Mp =

0

BBBBB@

f

aspect
0 0 0

0 f 0 0

0 0 �far + near

far � near
� 2 far near

far � near
0 0 �1 0

1

CCCCCA
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    m[11] = -1.0f; 
    m[14] = -2.0f * zFar * zNear / dz; 
    m[ 1] = m[ 2] = m[ 3] = m[ 4] = 
    m[ 6] = m[ 7] = m[ 8] = m[ 9] = 
    m[12] = m[13] = m[15] = 0.0f; 
  } 
 
  return m; 
} 


