
Lecture 4

Orientation 

Representation
The generic problem of attitude 

representation
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Euler Angles: Successive rotations are around 

the axes of the moving frame
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Basic 

rotation 

matrices
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Inverse Problem
• Determine α β γ from the    rotation matrix
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Singular Configurations (β=90°)

2nd rotation

β=90°

1st rotation α

3rd rotation γ
(X and Z axes aligned)



Singular Configurations

• World War 1 Vintage biplane : the gunner controls azimuth

and elevation (2dof) to target enemy planes

• Guiding question: At which of the two elevations 25o and 

80o, is targeting enemy plane easier?

• Guiding question: What about the targeting capability of the 

mechanism when the enemy plane is at 90o elevation? How 

many effective dofs are there at 90o elevation?

A mechanism is said to be 

locally degenerated when 

it behaves as if it has lost 

a one or more dofs, which 

happens at at some 

orientations, known as 

singularities
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Euler Parameter Representation

Direction Cosine Representation

Q.  Determine the Euler parameters for the   

following rotation

12



13 14

15


