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Preview: Rotating a Point

Goal

Method1) Rotation Matrix Method2) Quaternion



Quaternion
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What is the Quaternion
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William Rowan Hamilton

• Number System extends the complex numbers.

• It were First described by the Irish Mathematician Hamilton in 1843

• 4-dim vector

*Form

*Pros

• Geometric Stability: It prevents gimbal lock

• Computational Efficiency

• Interpolation(SLERP)

*Quaternion



Operation of Quaternion
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*Addition

*Multiplication

*Quaternion

Scalar

Vector



Multiplication of Quaternion
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Imaginary
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Multiplication of Quaternion



Axis-angles
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The Relation: Rotation Vector, Rotation Matrix, Quaternion, Rodrigues Formula
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Rotation 
vector

Rotation 
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Quaternion to Matrix

*e.g
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Quaternion to Matrix
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Quaternion Representation using Dot product and Cross product

Scalar

Vector

*Scalar

Scalar

Vector
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Quaternion Representation using Dot product and Cross product

*Vector

*Scalar  + Vector
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Special Case) Dot product, Cross product and Quaternion

Scalar Part = 0

*Dot product *Cross product

Scalar

Vector



Quaternion & Rodrigues
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Axis-angles
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The Relation: Rotation Vector, Rotation Matrix, Quaternion, Rodrigues Formula
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vector
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Rodrigues Formula
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The Rodrigues rotation formula is formula that rotates a vector in three-dimensional space using an
arbitrary axis and angle of rotation.

• It allows vectors to be rotated without directly computing rotation matrices.
• high computational efficiency
• computer graphics, robotics, SLAM(Simultaneous Localization And Mapping)
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Rodrigues Formula

3D rotation

*Special Case *General Case
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Quaternion and Rodrigues: Special Case

*Form

*Vector to Quaternion

Vector → Quaternion
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Quaternion and Rodrigues: Special Case

*Special Case

*e.g

*input

*output

*input

*output

*Equation

*input
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Quaternion and Rodrigues: General Case

*Form

*Vector to Quaternion



Q&A
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