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Drag and drop “MainCamera” (in 

Hierarchy view) to “camera” (in 

inspector view) of Mover

Drag and drop “Capsule” 

(in Hierarchy view) to “capsule” 

(in inspector view) of Mover





Drag and drop “Cube” 

(in Hierarchy view) to “mainObject” 

(in inspector view) of Orbit
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P0

v1

v2

v3

P
v

𝛴𝛼𝑖𝑣𝑖 𝛼1 𝛼2 𝛼3 0

𝑣1

𝑣2

𝑣3

𝑃0



P0

v1

v2

v3

P
v𝛼1𝑣1 +𝛼2𝑣2 + 𝛼3𝑣3 + 𝑝0

𝛼1𝑣1 +𝛼2𝑣2 + 𝛼3𝑣3

𝛴𝛼𝑖𝑣𝑖 𝛼1 𝛼2 𝛼3 0

𝑣1

𝑣2

𝑣3

𝑃0



















M00*vx +M01*vy+M02*vz+M03*vw = vx

M10*vx +M11*vy+M12*vz+M13*vw vy

M20*vx +M21*vy+M22*vz+M23*vw vz

M30*vx +M31*vy+M32*vz+M33*vw M30 M31 M32 M33 vw



M00*vx +M01*vy+M02*vz+M03*vw = vx

M10*vx +M11*vy+M12*vz+M13*vw vy

M20*vx +M21*vy+M22*vz+M23*vw vz

M30*vx +M31*vy+M32*vz+M33*vw M30 M31 M32 M33 vw



M00*vx +M01*vy+M02*vz+M03*vw = vx

M10*vx +M11*vy+M12*vz+M13*vw vy

M20*vx +M21*vy+M22*vz+M23*vw vz

M30*vx +M31*vy+M32*vz+M33*vw M30 M31 M32 M33 vw

























x’ = x + y cot θ
y’ = y
z’ = z

y

(x, y) (x’, y’)

x
𝜃

+ 0

+ 0·x + 0

+ 0·x + 0·y

tan =
𝑦

𝑥′−𝑥
⇒ cot = 

𝑥′−𝑥

𝑦



x’ = x + y cot θ
y’ = y
z’ = z

y

(x, y) (x’, y’)

x
𝜃

tan =
𝑦

𝑥′−𝑥
⇒ cot = 

𝑥′−𝑥

𝑦



tan =
𝑦

𝑥′−𝑥
⇒ cot = 

𝑥′−𝑥

𝑦

x’ = x + y cot θ
y’ = y
z’ = z

y

(x, y) (x’, y’)

x
𝜃

x’ ≠ x 
y’ = y 

x’ - x

y 

cot = 𝑥′ − 𝑥, 𝑥′ = 𝑥 + cot𝜃 ∙ 𝑦





P’=Rz( )·P

R-1( ) = R(- )
R-1(𝜃) = RT (-𝜃)



P’=Rx( )·P



P’=Ry( )·P

















Matrix4x4.MultiplyPoint Transforms a position by this matrix (generic)

Matrix4x4.MultiplyPoint3x4 Transforms a position by this matrix (fast)

Matrix4x4.MultiplyVector Transforms a vector by this matrix



Matrix4x4.MultiplyPoint Transforms a position by this matrix (generic)

Matrix4x4.MultiplyPoint3x4 Transforms a position by this matrix (fast)

Matrix4x4.MultiplyVector Transforms a vector by this matrix



Matrix4x4.MultiplyPoint Transforms a position by this matrix (generic)

Matrix4x4.MultiplyPoint3x4 Transforms a position by this matrix (fast)

Matrix4x4.MultiplyVector Transforms a vector by this matrix















=

𝑐𝑦𝑐𝑧 𝑐𝑦𝑠𝑧 −𝑠𝑦
𝑠𝑥𝑠𝑦𝑐𝑧 − 𝑐𝑥𝑠𝑧 𝑠𝑥𝑠𝑦𝑠𝑧 + 𝑐𝑥𝑐𝑧 𝑠𝑥𝑐𝑦
𝑐𝑥𝑠𝑦𝑐𝑧 + 𝑠𝑥𝑠𝑧 𝑐𝑥𝑠𝑦𝑠𝑧 − 𝑠𝑥𝑐𝑧 𝑐𝑥𝑐𝑦

𝐑𝑥 ⋅ 𝐑𝑦 ⋅ 𝐑𝑧 =
1 0 0
0 𝑐𝑥 𝑠𝑥
0 −𝑠𝑥 𝑐𝑥

⋅

𝑐𝑦 0 −𝑠𝑦
0 1 0
𝑠𝑦 0 𝑐𝑦

⋅
𝑐𝑧 𝑠𝑧 0
−𝑠𝑧 𝑐𝑧 0
0 0 1





𝜶

b

g



front of vehicle

+x

+y

z





















𝑹 = I cos θ + 𝐒𝐲𝐦𝐦𝐞𝐭𝐫𝐢𝐜 1 − cos 𝜃 + 𝐒𝐤𝐞𝐰𝐬𝐢𝐧𝛉

= 
1 0 0
0 1 0
0 0 1

cos 𝜃 + 

𝑎𝑥
2 𝑎𝑥𝑎𝑦 𝑎𝑥𝑎𝑧

𝑎𝑥𝑎𝑦 𝑎𝑦
2 𝑎𝑦𝑎𝑧

𝑎𝑥𝑎𝑧 𝑎𝑦𝑎𝑧 𝑎𝑧
2

1 − cos 𝜃 + 

0 −𝑎𝑧 𝑎𝑦

𝑎𝑧 0 −𝑎𝑥

−𝑎𝑦 𝑎𝑥 0
sin θ

= 

𝑎𝑥
2 + cos 𝜃 (1 − 𝑎𝑥

2) 𝑎𝑥𝑎𝑦 1 − cos 𝜃 − 𝑎𝑧 sin θ 𝑎𝑥𝑎𝑧 1 − cos𝜃 − 𝑎𝑦 sin θ

𝑎𝑥𝑎𝑦 1 − cos𝜃 + 𝑎𝑧 sin θ 𝑎𝑦
2 + cos 𝜃 (1 − 𝑎𝑦

2) 𝑎𝑦𝑎𝑧 1 − cos 𝜃 − 𝑎𝑥 sin θ

𝑎𝑥𝑎𝑧 1 − cos 𝜃 − 𝑎𝑦 sin θ 𝑎𝑦𝑎𝑧 1 − cos 𝜃 + 𝑎𝑥 sin θ 𝑎𝑧
2 + cos𝜃 (1 − 𝑎𝑧

2)

to. 교수님
출처 확인

부탁드립니다



𝑹 = I cos θ + 𝐒𝐲𝐦𝐦𝐞𝐭𝐫𝐢𝐜 1 − cos 𝜃 + 𝐒𝐤𝐞𝐰𝐬𝐢𝐧𝛉

= 
1 0 0
0 1 0
0 0 1

cos 𝜃 + 

𝑎𝑥
2 𝑎𝑥𝑎𝑦 𝑎𝑥𝑎𝑧

𝑎𝑥𝑎𝑦 𝑎𝑦
2 𝑎𝑦𝑎𝑧

𝑎𝑥𝑎𝑧 𝑎𝑦𝑎𝑧 𝑎𝑧
2

1 − cos 𝜃 + 

0 −𝑎𝑧 𝑎𝑦

𝑎𝑧 0 −𝑎𝑥

−𝑎𝑦 𝑎𝑥 0
sin θ

= 

𝑎𝑥
2 + cos 𝜃 (1 − 𝑎𝑥

2) 𝑎𝑥𝑎𝑦 1 − cos 𝜃 − 𝑎𝑧 sin θ 𝑎𝑥𝑎𝑧 1 − cos𝜃 − 𝑎𝑦 sin θ

𝑎𝑥𝑎𝑦 1 − cos𝜃 + 𝑎𝑧 sin θ 𝑎𝑦
2 + cos 𝜃 (1 − 𝑎𝑦

2) 𝑎𝑦𝑎𝑧 1 − cos 𝜃 − 𝑎𝑥 sin θ

𝑎𝑥𝑎𝑧 1 − cos 𝜃 − 𝑎𝑦 sin θ 𝑎𝑦𝑎𝑧 1 − cos 𝜃 + 𝑎𝑥 sin θ 𝑎𝑧
2 + cos𝜃 (1 − 𝑎𝑧

2)





𝑥′

𝑦′

𝑧′

= 𝐒𝐲𝐦𝐦𝐞𝐭𝐫𝐢𝐜

𝑎𝑥

𝑎𝑦

𝑎𝑧

1 − cos 𝜃 + 𝐒𝐤𝐞𝐰

𝑎𝑥

𝑎𝑦

𝑎𝑧

𝐬𝐢𝐧𝛉 + 𝐈 𝐜𝐨𝐬𝛉
𝑥
𝑦
𝑧





𝑥′

𝑦′

𝑧′

= 𝐒𝐲𝐦𝐦𝐞𝐭𝐫𝐢𝐜

𝑎𝑥

𝑎𝑦

𝑎𝑧

1 − cos 𝜃 + 𝐒𝐤𝐞𝐰

𝑎𝑥

𝑎𝑦

𝑎𝑧

𝐬𝐢𝐧𝛉 + 𝐈 𝐜𝐨𝐬𝛉
𝑥
𝑦
𝑧

a

R(x)

𝐑∥(x)

𝐑⊥(x)



𝑤 =  𝑎 ×  𝑥⊥

=  𝑎 × (  𝑥 −  𝑥∥)

= (  𝑎 ×  𝑥) − (  𝑎 ×  𝑥∥)

=  𝑎 ×  𝑥

R  𝑥⊥ = cos 𝜃  𝑥⊥ + sin 𝜃 𝑤

R  𝑥 = R  𝑥∥ + R  𝑥⊥

= R  𝑥∥ + cos 𝜃  𝑥⊥ + sin 𝜃 𝑤

= (  𝑎 ⋅  𝑥)  𝑎 + cos 𝜃 (  𝑥 − (  𝑎 ⋅  𝑥)  𝑎) + sin 𝜃 𝑤

= cos 𝜃  𝑥 + 1 − cos 𝜃 (  𝑎 ⋅  𝑥)  𝑎 + sin 𝜃(  𝑎 ×  𝑥)

 𝑥∥ = (  𝑎 ⋅  𝑥)  𝑎

 𝑥⊥ =  𝑥 −  𝑥∥ =  𝑥 − (  𝑎 ⋅  𝑥)  𝑎

sin 𝜃 𝑤

cos𝜃  𝑥⊥



𝑤 =  𝑎 ×  𝑥⊥

=  𝑎 × (  𝑥 −  𝑥∥)

= (  𝑎 ×  𝑥) − (  𝑎 ×  𝑥∥)

=  𝑎 ×  𝑥

R  𝑥⊥ = cos 𝜃  𝑥⊥ + sin 𝜃 𝑤

R  𝑥 = R  𝑥∥ + R  𝑥⊥

= R  𝑥∥ + cos 𝜃  𝑥⊥ + sin 𝜃 𝑤

= (  𝑎 ⋅  𝑥)  𝑎 + cos 𝜃 (  𝑥 − (  𝑎 ⋅  𝑥)  𝑎) + sin 𝜃 𝑤

= cos 𝜃  𝑥 + 1 − cos 𝜃 (  𝑎 ⋅  𝑥)  𝑎 + sin 𝜃(  𝑎 ×  𝑥)

 𝑥∥ = (  𝑎 ⋅  𝑥)  𝑎

 𝑥⊥ =  𝑥 −  𝑥∥ =  𝑥 − (  𝑎 ⋅  𝑥)  𝑎

sin 𝜃 𝑤

cos𝜃  𝑥⊥



sin 𝜃 𝑤

cos𝜃  𝑥⊥

cos 𝜃 =
𝛼𝑥⊥

𝑅 𝑥⊥

= 𝛼𝑥⊥ = cos 𝜃 𝑅 𝑥⊥

𝛼  𝑥⊥

R(  𝑥⊥)

𝛼𝑣
 𝑥⊥

𝜃

cos 𝜃 𝑅 𝑥⊥  𝑥⊥

= cos 𝜃 𝑥⊥
𝑥⊥

𝑥⊥

= cos 𝜃 𝑥⊥



sin 𝜃 𝑤

cos𝜃  𝑥⊥ cos 𝜃 𝑅 𝑥⊥  𝑥⊥

= cos 𝜃 𝑥⊥
𝑥⊥

𝑥⊥

= cos 𝜃 𝑥⊥

Sin 𝜃 𝑅 𝑥⊥  𝑤

= Sin𝜃 𝑤

𝑅 𝑥⊥ = 𝑥⊥ = 𝑤

= Sin𝜃 𝑤



𝑤 =  𝑎 ×  𝑥⊥

=  𝑎 × (  𝑥 −  𝑥∥)

= (  𝑎 ×  𝑥) − (  𝑎 ×  𝑥∥)

=  𝑎 ×  𝑥

R  𝑥⊥ = cos 𝜃  𝑥⊥ + sin 𝜃 𝑤

R  𝑥 = R  𝑥∥ + R  𝑥⊥

= R  𝑥∥ + cos 𝜃  𝑥⊥ + sin 𝜃 𝑤

= (  𝑎 ⋅  𝑥)  𝑎 + cos 𝜃 (  𝑥 − (  𝑎 ⋅  𝑥)  𝑎) + sin 𝜃 𝑤

= cos 𝜃  𝑥 + 1 − cos 𝜃 (  𝑎 ⋅  𝑥)  𝑎 + sin 𝜃(  𝑎 ×  𝑥)

Symmetric Skew

 𝑥∥ = (  𝑎 ⋅  𝑥)  𝑎

 𝑥⊥ =  𝑥 −  𝑥∥ =  𝑥 − (  𝑎 ⋅  𝑥)  𝑎

sin 𝜃 𝑤

cos𝜃  𝑥⊥





𝑥′

𝑦′

𝑧′

= 𝐒𝐲𝐦𝐦𝐞𝐭𝐫𝐢𝐜

𝑎𝑥

𝑎𝑦

𝑎𝑧

1 − cos 𝜃 + 𝐒𝐤𝐞𝐰

𝑎𝑥

𝑎𝑦

𝑎𝑧

𝐬𝐢𝐧 𝛉 + 𝐈 𝐜𝐨𝐬𝛉
𝑥
𝑦
𝑧



𝐒𝐲𝐦𝐦𝐞𝐭𝐫𝐢𝐜

𝑎𝑥

𝑎𝑦

𝑎𝑧

=

𝑎𝑥

𝑎𝑦

𝑎𝑧

[𝑎𝑥 𝑎𝑦 𝑎𝑧] = 

𝑎𝑥
2 𝑎𝑥𝑎𝑦 𝑎𝑥𝑎𝑧

𝑎𝑥𝑎𝑦 𝑎𝑦
2 𝑎𝑦𝑎𝑧

𝑎𝑥𝑎𝑧 𝑎𝑦𝑎𝑧 𝑎𝑧
2

𝐒𝐲𝐦𝐦𝐞𝐭𝐫𝐢𝐜

𝑎𝑥

𝑎𝑦

𝑎𝑧

𝑥
𝑦
𝑧

=  𝑎  𝑎 ⋅  𝑥

𝑥
𝑦
𝑧

= 𝑎𝑥
2𝑥 + 𝑎𝑥𝑎𝑦 𝑎𝑥𝑎𝑧𝑥′

𝑦′

𝑧′
= 𝑎𝑥𝑎𝑦𝑥 + 𝑎𝑦

2 𝑎𝑦𝑎𝑧

= 𝑎𝑥𝑎𝑧𝑥 + 𝑎𝑦𝑎𝑧 𝑎𝑧
2



𝐒𝐲𝐦𝐦𝐞𝐭𝐫𝐢𝐜 = 𝑎 ⋅ 𝑥 𝑎

(𝑎𝑥
𝑥 + 𝑎𝑦

𝑦
𝑎𝑧

𝑧

𝑎𝑥

𝑎𝑦

𝑎𝑧

𝑥′ = 𝑎𝑥
2𝑥 + 𝑎𝑥𝑎𝑦 𝑎𝑥𝑎𝑧

𝑦′ = 𝑎𝑥𝑎𝑦𝑥 + 𝑎𝑦
2 𝑎𝑦𝑎𝑧

𝑧′ = 𝑎𝑥𝑎𝑧𝑥 + 𝑎𝑦𝑎𝑧 𝑎𝑧
2



𝐒𝐲𝐦𝐦𝐞𝐭𝐫𝐢𝐜

𝑎𝑥

𝑎𝑦

𝑎𝑧

=

𝑎𝑥

𝑎𝑦

𝑎𝑧

[𝑎𝑥 𝑎𝑦 𝑎𝑧] = 

𝑎𝑥
2 𝑎𝑥𝑎𝑦 𝑎𝑥𝑎𝑧

𝑎𝑥𝑎𝑦 𝑎𝑦
2 𝑎𝑦𝑎𝑧

𝑎𝑥𝑎𝑧 𝑎𝑦𝑎𝑧 𝑎𝑧
2

𝐒𝐲𝐦𝐦𝐞𝐭𝐫𝐢𝐜

𝑎𝑥

𝑎𝑦

𝑎𝑧

𝑥
𝑦
𝑧

=  𝑎  𝑎 ⋅  𝑥

𝑥
𝑦
𝑧

= 𝑎𝑥
2𝑥 + 𝑎𝑥𝑎𝑦 𝑎𝑥𝑎𝑧𝑥′

𝑦′

𝑧′
= 𝑎𝑥𝑎𝑦𝑥 + 𝑎𝑦

2 𝑎𝑦𝑎𝑧

= 𝑎𝑥𝑎𝑧𝑥 + 𝑎𝑦𝑎𝑧 𝑎𝑧
2



𝐒𝐤𝐞𝐰

𝑎𝑥

𝑎𝑦

𝑎𝑧

=

0 −𝑎𝑧 𝑎𝑦

𝑎𝑧 0 −𝑎𝑥

−𝑎𝑦 𝑎𝑥 0

𝐒𝐤𝐞𝐰  𝑎 =  𝑎 ×  𝑥
𝑎𝑥

𝑎𝑦

𝑎𝑧

×
𝑥
𝑦
𝑧

= 

𝑎𝑦𝑧 − 𝑎𝑧𝑦

−𝑎𝑥𝑧 + 𝑎𝑧𝑥
𝑎𝑥𝑦 − 𝑎𝑦𝑥



𝐑𝐨𝐭𝐚𝐭𝐞

𝑎𝑥

𝑎𝑦

𝑎𝑧

, 0 =

𝑎𝑥
2 𝑎𝑥𝑎𝑦 𝑎𝑥𝑎𝑧

𝑎𝑥𝑎𝑦 𝑎𝑦
2 𝑎𝑦𝑎𝑧

𝑎𝑥𝑎𝑧 𝑎𝑦𝑎𝑧 𝑎𝑧
2

(1−1) + 

0 −𝑎𝑧 𝑎𝑦

𝑎𝑧 0 −𝑎𝑥

−𝑎𝑦 𝑎𝑥 0
0 +

1 0 0
0 1 0
0 0 1

1 = 
1 0 0
0 1 0
0 0 1

𝐑𝐨𝐭𝐚𝐭𝐞
1
0
0

, 𝜃 =
1 0 0
0 0 0
0 0 0

(1− cos 𝜃) + 
0 0 0
0 0 −1
0 1 0

Sin 𝜃 +
1 0 0
0 1 0
0 0 1

cos 𝜃

𝐑𝐨𝐭𝐚𝐭𝐞
1
0
0

, 𝜃 =
1 0 0
0 cos 𝜃 −Sin 𝜃
0 Sin 𝜃 cos 𝜃



𝐑𝐨𝐭𝐚𝐭𝐞
0
1
0

, 𝜃 =
0 0 0
0 1 0
0 0 0

(1− cos 𝜃) + 
0 0 1
0 0 0
−1 0 0

Sin 𝜃 +
1 0 0
0 1 0
0 0 1

cos 𝜃

𝐑𝐨𝐭𝐚𝐭𝐞
0
1
0

, 𝜃 =
cos 𝜃 0 Sin 𝜃
0 1 0

−Sin 𝜃 0 cos 𝜃

𝐑𝐨𝐭𝐚𝐭𝐞
0
0
1

, 𝜃 =
0 0 0
0 0 0
0 0 1

(1− cos 𝜃) + 
0 −1 0
1 0 0
0 0 0

Sin 𝜃 +
1 0 0
0 1 0
0 0 1

cos 𝜃

𝐑𝐨𝐭𝐚𝐭𝐞
0
0
1

, 𝜃 =
cos 𝜃 −Sin 𝜃 0
Sin 𝜃 cos 𝜃 0
0 0 1









𝐚 = 𝐛 = 𝐜 = 1
𝐚 = 𝐛 × 𝐜
𝐛 = 𝐜 × 𝐚
𝐜 = 𝐚 × 𝐛





𝐪 = 𝑥 𝑦 𝑧 𝑤



𝐪 = 𝑥𝑖 + 𝑦𝑗 + 𝑧𝑘 + 𝑤

𝑖2 = 𝑗2 = 𝑘2 = 𝑖𝑗𝑘 = −1

𝑖 = 𝑗𝑘 = −𝑘𝑗

𝑗 = 𝑘𝑖 = −𝑖𝑘

𝑘 = 𝑖𝑗 = −𝑗𝑖



𝐪 = 𝑥 𝑦 𝑧 𝑤



𝐪 = 𝑥𝑖 + 𝑦𝑗 + 𝑧𝑘 + 𝑤

𝑖2 = 𝑗2 = 𝑘2 = 𝑖𝑗𝑘 = −1

𝑖 = 𝑗𝑘 = −𝑘𝑗

𝑗 = 𝑘𝑖 = −𝑖𝑘

𝑘 = 𝑖𝑗 = −𝑗𝑖



𝐪 = 𝐯, 𝑠
𝑣 = 𝑥, 𝑦, 𝑧
𝑠 = 𝑤



𝐪 = 0,0,0,1 = 0𝑖 + 0𝑗 + 0𝑘 + 1

𝐪 = 0,0,0,0



𝐪 = 𝑥2 + 𝑦2 + 𝑧2 + 𝑤2 = 1

𝑞 =  
𝑞

𝐪 =  
𝑞

𝑥2 + 𝑦2 + 𝑧2 + 𝑤2



𝐪 = 𝑎𝑥 sin
𝜃

2
, 𝑎𝑦 sin

𝜃

2
, 𝑎𝑧 sin

𝜃

2
, cos

𝜃

2
𝑜𝑟

𝐪 = 𝐚 sin
𝜃

2
, cos

𝜃

2



𝐪 = 𝑥2 + 𝑦2 + 𝑧2 + 𝑤2

= 𝑎𝑥
2 sin2 𝜃

2
+ 𝑎𝑦

2 sin2 𝜃

2
+ 𝑎𝑧

2 sin2 𝜃

2
+ cos2

𝜃

2

= sin2 𝜃

2
𝑎𝑥
2 + 𝑎𝑦

2 + 𝑎𝑧
2 + cos2

𝜃

2

= sin2 𝜃

2
𝐚 2 + cos2

𝜃

2
= sin2 𝜃

2
+ cos2

𝜃

2

= 1 = 1



𝑥2 − 𝑦2 − 𝑧2 + 𝑤2 2𝑥𝑦 − 2𝑤𝑧 2𝑥𝑧 + 2𝑤𝑦

2𝑥𝑦 + 2𝑤𝑧 −𝑥2 + 𝑦2 − 𝑧2 + 𝑤2 2𝑦𝑧 − 2𝑤𝑥

2𝑥𝑧 − 2𝑤𝑦 2𝑦𝑧 + 2𝑤𝑥 −𝑥2 − 𝑦2 + 𝑧2 + 𝑤2

1 − 2𝑦2 − 2𝑧2 2𝑥𝑦 − 2𝑤𝑧 2𝑥𝑧 + 2𝑤𝑦

2𝑥𝑦 + 2𝑤𝑧 1 − 2𝑥2 − 2𝑧2 2𝑦𝑧 − 2𝑤𝑥

2𝑥𝑧 − 2𝑤𝑦 2𝑦𝑧 + 2𝑤𝑥 1 − 2𝑥2 − 2𝑦2



𝑺𝒄𝒂𝒍𝒆 = 𝒙𝟐 + 𝒚𝟐 + 𝒛𝟐 𝒐𝒓 𝑺𝒊𝒏 𝐚𝐜𝐨𝐬 𝒘

𝒂𝒙 =  𝒙 𝑺𝒄𝒂𝒍𝒆

𝒂𝒚 =  
𝒚

𝑺𝒄𝒂𝒍𝒆

𝒂𝒛 =  𝒛 𝑺𝒄𝒂𝒍𝒆

𝜽 = 𝟐𝒂𝒄𝒐𝒔 𝒘





𝒘 =
𝒎𝟏𝟏 + 𝒎𝟐𝟐 + 𝒎𝟑𝟑 + 𝟏

𝟐

𝒙 =
𝒎𝟐𝟑 − 𝒎𝟑𝟐

𝟒𝒘
𝒚 =

𝒎𝟑𝟏 − 𝒎𝟏𝟑

𝟒𝒘
𝒛 =

𝒎𝟏𝟐 − 𝒎𝟐𝟏

𝟒𝒘



𝐩 ⋅ 𝐪 = 𝑥𝑝𝑥𝑞 + 𝑦𝑝𝑦𝑞 + 𝑧𝑝𝑧𝑞 + 𝑤𝑝𝑤𝑞 = 𝐩 𝐪 cos𝜙



𝐪𝐪′ = 𝑥𝑖 + 𝑦𝑗 + 𝑧𝑘 + 𝑤 𝑥′𝑖 + 𝑦′𝑗 + 𝑧′𝑘 + 𝑤′
= 𝑠𝐯′ + 𝑠′𝐯 + 𝐯′ × 𝐯, 𝑠𝑠′ − 𝐯 ⋅ 𝐯′











p

q

0 ≤ t ≤ 1



v



i

j

k

1q

2q



21
sin

sin

sin

)1(sin
)( q

t
q

t
tq













)(cos 21

1 qq  

to. 교수님
출처 확인

부탁드립니다.
혹시 고화질

이미지가 있다면
함께 전달

부탁드립니다.



𝑆𝑙𝑒𝑟𝑝(𝐩, 𝐪, 𝑡) =
sin 1 − 𝑡 𝜃

sin 𝜃
𝐩 +

sin 𝑡𝜃

sin 𝜃
𝐪

𝑤ℎ𝑒𝑟𝑒 𝜃 = acos 𝐩 ⋅ 𝐪





Linear Interpolation

Spline Interpolation

q1

q2

q3

q4

q5



𝑎𝑖 = 𝑞𝑖 ∗ exp
− log( 𝑞𝑖

−1 ∗ 𝑞𝑖−1) + log( 𝑞𝑖
−1 ∗ 𝑞𝑖+1)

4

𝑎𝑖+1 = 𝑞𝑖+1 ∗ exp
− log( 𝑞𝑖+1

−1 ∗ 𝑞𝑖) + log( 𝑞𝑖+1
−1 ∗ 𝑞𝑖+2)

4

𝑆𝑞𝑢𝑎𝑑(𝑄𝑖 , 𝑞𝑖+1, 𝑎𝑖 , 𝑎𝑖+1, 𝑡)

= 𝑠𝑙𝑒𝑟𝑝(𝑠𝑙𝑒𝑟𝑝(𝑄𝑖 , 𝑞𝑖+1, 𝑡), 𝑠𝑙𝑒𝑟𝑝(𝑎𝑖 , 𝑎𝑖+1, 𝑡), 2t(1 − 𝑡)) 
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