
Transformation

Computer Graphics



Last Lecture
• Vectors

- Basic operations: addition, multiplication

• Dot Product

- Forward / backward (dot product positive /negative)

• Cross Product

- Left / right (cross product outward / inward)

• Matrices
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向量加法满足以下哪种定律？

交换律

结合律

分配律

三角律

A

B

C

D

提交

多选题 1分
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Dot Product的作用有哪些？

计算向量夹角

计算向量的长度

评估两个向量的相近程度

做向量加法

A

B

C

D

提交

向量分解E

判断forward / backwardF

多选题 1分
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对于Cross Product，下来哪些公式或说法是正确的？

A

B

C

D

提交

1

若两向量相互垂直，

Cross Product满足左手法则E

多选题 1分



Outline

• Why study transformation

- Modeling

- Viewing

• 2D transformations

• Homogeneous coordinates
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Why Transformation?
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Why Transformation?

Modeling: rotation
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Why Transformation?

Viewing: (3D to 2D) projection
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Outline

• Why study transformation

• 2D transformations

- Representing transformations using matrices

- Rotation, scale, shear

• Homogeneous coordinates
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Scale

S0.5
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Scale Transform

S0.5
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Scale Matrix

S0.5
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Scale (Non-Uniform)

S0.5,1.0
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Reflection Matrix

Horizontal reflection:
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Shear Matrix

Hints:

Horizontal shift is 0 at y=0

Horizontal shift is a at y=1

Vertical shift is always 0

a

1
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Rotate (about the origin (0, 0), CCW by default)

R45
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Rotation Matrix
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Linear Transforms （线性变换） = Matrices
(of the same dimension)
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Questions?
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Outline

• Why study transformation

• 2D transformations

• Homogeneous coordinates

-

-

Why homogeneous coordinates  

Affine transformation
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T1,1T tx,ty
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Translation



Translation??

T1,1T tx,ty
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Why Homogeneous Coordinates

• Translation cannot be represented in matrix form

(So, translation is NOT lineartransform!)

• But we don’t want translation to be aspecial case

• Is there a unified way to represent alltransformations?  

(and what’s the cost?)
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Solution: Homogenous Coordinates

Add a third coordinate (w-coordinate)

• 2D point = (x, y, 1)T

• 2D vector = (x, y, 0)T

Matrix representation of translations

What if you translate a vector?
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Homogenous Coordinates

Valid operation if w-coordinate of result is 1 or 0

• vector + vector = vector

• point – point = vector

• point + vector = point

• point + point = ??

In homogeneous coordinates,
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Affine Transformations （仿射变换）

Affine map = linear map +translation

Using homogenous coordinates:
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2D Transformations

Scale

Rotation

Translation
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What’s the order?

Linear Transform firs t  or Translationfirst?

homogenous coordinates



Inverse Transform

is the inverse of transform  
and geometric sense

in both a matrix
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GAMES101 30 Lingqi Yan, UC SantaBarbara

Composing Transforms

组合变换
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Composite Transform

?
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Translate Then Rotate?
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Rotate Then Translate！
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Transform Ordering Matters!
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Transform Ordering Matters!

Matrix multiplication is not commutative

≠

Note that matrices are applied right to left:
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Composing Transforms

Sequence of affine transforms A1, A2, A3, ...

• Compose by matrix multiplication

Pre-multiply n matrices to obtain a  

single matrix representing combined transform
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Very important for performance!



Decomposing Complex Transforms

How to rotate around a given point c?
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Decomposing Complex Transforms

How to rotate around a given point c?
1.Translate center to origin

2.Rotate

3.Translate back

Matrix representation?
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3D Transforms
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3D Transformations

Use homogeneous coordinates again:

• 3D point = (x, y, z, 1)T

• 3D vector = (x, y, z, 0)T

In general, (x, y, z, w) (w != 0) is the 3D point:

(x/w, y/w, z/w)
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Use 4×4 matrices for affine transformations

3D Transformations
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3D Transformations

Scale

Translation
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3D Transformations

Rotation around x-, y-, or z-axis y

z

Rotat ion  

around  

x-axis

x

Anything strange about Ry?
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3D Rotations

Compose any 3D rotation from Rx, Ry, Rz?

• So-called Euler angles

• Often used in flight simulators: roll, pitch, yaw
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Rodrigues’ Rotation Formula

Rotation by angle α around axis n

How to prove this magic formula?

Check out the supplementary material on the course website!
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Rodrigues’ Rotation Formula



Thank you!
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