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Trackball: 2D integer change of mouse position → 3D rotation     
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Euler angles: rotation about axes    

➢ Anisotropy, Coordinate system dependence: 
○ Ordering and orientation of coordinate axes is important. 

(Parameters lack a simple, local geometric interpretation.)
➢ Finding the Euler angles for a given orientation is difficult

○  getMatrix () helps
➢ Gimbal Lock: a degree of freedom can vanish

➢ Easy to implement and widely used
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Euler angles: Gimbal Lock   

Mechanical problem: 
     gyroscopes using three nested rotating frames.
     after a y-rotation by π/2 (rotates x-axis onto −z-axis)
     an x-rotation by α equals z-rotation by −α.

• Objects seem to ‘stick’.
• Some orientations are difficult to obtain from ‘the wrong 
direction’.
• interpolation through singularity behaves unpredictable.

https://en.wikipedia.org/wiki/Gimbal_lock
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Euler angles: Gimbal Lock   

 If 

only one degree of freedom!

https://en.wikipedia.org/wiki/Gimbal_lock


Computer Graphics    Jorg Peters

Quaternions: motivating analogy 

2D rotation x = (x1 , x2) by angle α: 

or, alternatively, expressing x as the complex number 
as multiplication in the complex field by
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Quaternions: Definition and rules

https://en.wikipedia.org/wiki/Quaternion#:~:text=Quaternions%20were%20first%20described%20by,the%20quotient%20of%20two%20vectors.
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Quaternions: Construction and Use

https://en.wikipedia.org/wiki/Quaternion#:~:text=Quaternions%20were%20first%20described%20by,the%20quotient%20of%20two%20vectors.
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Quaternions: Example

https://en.wikipedia.org/wiki/Quaternion#:~:text=Quaternions%20were%20first%20described%20by,the%20quotient%20of%20two%20vectors.
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Quaternions: Example

https://en.wikipedia.org/wiki/Quaternion#:~:text=Quaternions%20were%20first%20described%20by,the%20quotient%20of%20two%20vectors.
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Quaternions: Example

Note: one can convert from Euler to Quaternion and from Quaternion to Euler
Relative rotation: roll,pitch yaw       angle-based: azimuth, elevation

https://en.wikipedia.org/wiki/Quaternion#:~:text=Quaternions%20were%20first%20described%20by,the%20quotient%20of%20two%20vectors.
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Quaternions

https://en.wikipedia.org/wiki/Quaternion#:~:text=Quaternions%20were%20first%20described%20by,the%20quotient%20of%20two%20vectors.

