
Orientation & Rotation
0x01

1

DaeYong Kim

Dept. of Artificial Intelligence, Ajou University



Our Journey

Orientation and Rotation 2D 3D

• DoF
• Definition
• Rotation
• Representations

• Polar Coordinate(angle)
• Complex Number

• Euler Formula
• Taylor expansion
• rotation composition

• Euler angle
• Gimble lock

• Rotation Vector & Axis-angle
• Rodrigues Formula
• Euler parameters
• Quaternions

2

1. Theory

2. Coding(If there is a enough time…)

• Visual Studio(XCode)
• Opengl
• C/C++

Lie Theory

• Lie Group
• Lie algebra
• SO(3)
• SE(3)
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Why Do We learn the quaternion

1. 알고 있으면 있어 보인다

2. Gimble lock 없다

3. Rotation을 interpolation 할 수 있다(Slerp)

4. 연산이 효율적이다

5. 메모리 아낄 수 있다(9 -> 4)

6. 컴퓨터 그래픽스, 로보틱스, 게임, 어플 개발 등 많이 쓴다

장점 단점

1. 이해하기 쉽지 않다



Orientation && Rotation
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Orientation & Rotation: DoF

What is the DoF of 2D rotation?

What is the DoF of 3D rotation?

What is the DoF of 4D rotation?

What is the DoF of nD rotation?

Questions
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Orientation & Rotation: DoF

What is the DoF of 2D rotation?
ans) 1

What is the DoF of 3D rotation?
ans) 3

What is the DoF of 4D rotation?
ans) 6

What is the DoF of nD rotation?
ans) nC2

Questions
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Orientation & Rotation: Definition

What is the Rotation?

7
https://en.wikipedia.org/wiki/Rotation



Orientation & Rotation: Definition

What is the Orientation?
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https://en.wikipedia.org/wiki/Orientation_(geometry)



Orientation & Rotation: Definition

Rotation(Vector): Circular movement

- It describes the action of turning an object around an axis.

Orientation(Position): State

- It describes the state of an object’s direction after it has been rotated.

<Rotation>
<Orientation>
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https://en.wikipedia.org/wiki/Rotation



Orientation & Rotation

There are many ways to describe the rotation

1. Rotation Matrix
2. Euler angle
3. Axis-angle
4. Rodrigues Formula
5. Rotation Vector
6. Unit Quaternion

(Euler Parameters)

<1>
<2>

<3>

<4>

<5>
<6>
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https://en.wikipedia.org/wiki/



2D
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Orientation: 2D

12

How to express this orientation?



Orientation: 2D
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Polar Coordinate(angle)

Orientation: 𝜃

What is the problem?



Orientation: 2D
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Polar Coordinate(angle)

<Continuous Motion> but… Representation is not continuous

Singular point



Orientation: 2D
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What is the problem?
: Over-parameterized

DoF: 1 -> 2

Cartesian Coordinate

How can we Solve this problem?
: Constraint

<Cartesian Coordinate>



Orientation: 2D
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<Cartesian Coordinate>

<2x2 Rotation Matrix>

It has a 1 DoF because it belongs to SO(2) group.

S: Special
O: Orthogonal
2: 2x2

Cartesian Coordinate: Rotation matrix



Orientation: 2D
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Complex Plane

<Cartesian Coordinate> <Complex Plane>



Orientation: 2D
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Euler Formula: Proof

Differentiation
Taylor Expansion



Orientation: 2D
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Euler Formula

𝑒𝑖(𝜃+∅) = 𝑒𝑖𝜃𝑒𝑖∅



Orientation: 2D
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Euler Formula

𝑒𝑖(𝜃+∅) = 𝑒𝑖𝜃𝑒𝑖∅

What is the problem?



Orientation: 2D
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Complex Plane

𝑒𝑖(𝜃+∅) = 𝑒𝑖𝛼

Advantage)
• There is no singularity.
• It can handle multiple rotations through the 

multiplication of complex numbers.

Dis-Advantage)
• The representation of Orientation is not unique.



Orientation: 2D
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Summary

<Cartesian Coordinate><Polar Coordinate> <Complex Plane>

𝑒𝑖(𝜃+∅) = 𝑒𝑖𝜃𝑒𝑖∅

<Euler Formula>



Next: 3D
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Bonus Lecture
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Motion capture dataset

Mourot, L., Hoyet, L., Le Clerc, F., Schnitzler, F. and Hellier, P. 
(2022),
A Survey on Deep Learning for Skeleton-Based Human 
Animation.
Computer Graphics Forum, 41: 122-157.
https://doi.org/10.1111/cgf.14426

https://doi.org/10.1111/cgf.14426
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Which motion capture data should we choose among the many available?

Motion capture dataset
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Which motion capture data should we choose among the many available?

Motion capture dataset
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Which motion capture data should we choose among the many available?

CMU Graphics Lab Motion Capture DatabaseHuman3.6M

• http://vision.imar.ro/human3.6m/description.php
• Institue of Mathematics of the Romanian Academy
• 3.6M frames Large dataset
• 3D motion capture data, 2d image
• 4 views of camera

• public x

• http://mocap.cs.cmu.edu/
• CMU Graphics Lab
• there are various motion tasks
• 144 subjects, #2605, 6categories

23 subcategories
• 3D motion capture data

(c3d, asf/amc, vsk.v, txt)

• public

Motion capture dataset

http://vision.imar.ro/human3.6m/description.php
http://mocap.cs.cmu.edu/
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