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REMINDER 1: Properties of 
Rotation Matrices

SO(n) = Special Orthogonal Group of Order n



REMINDER 2: Meanings of R



REMINDER 3: Composition of 
Rotations



REMINDER 4: Rotation in Fixed 
Frame
 Rotation around one axis in a frame followed by

another rotation around another axis in the
ORIGINAL frame



Rotation Representation
1. Direction Cosines

2. Eular Angle

3. Roll-Pitch-Yaw

4. Axis/Angle

 Any 3D object possesses only 3 rotational degrees of
freedom



Eular Angles
 Φ,Θ,Ψ

 RZYZ



From Eular Angles to R
 Given Φ,Θ,Ψ
 Find R



From R to Eular Angles
 Given R

 Find Φ,Θ,Ψ

 If r13 and r23 are not both zero

 sΘ≠0, r31 and r32 are not both zero, r33 ≠±1, cΘ= r33 , sΘ = 331 r 



Direction Cosines
 Principal axis of the new frame in the reference frame

 Vectors of the Rotation Matrix



From R to Eular Angles 2
 Given R

 Find Φ,Θ,Ψ

 If r13 and r23 are both zeros

 sΘ=0, r31 = r32 =0, r33 =±1, cΘ= 1 , Θ=0 (Two rotations around Z)



Roll Pitch Yaw

 X Y  Z around fixed access

 Z  Y  X around current access



Rotation around a general axis



From R to Axis/Angle representation



Translation



Rigid Transformation
 Rotation + Translation



Rigid Transformation 2



Homogeneous Transformation



Inverse Homogeneous



Basic Homogeneous Trans.



Anatomy of Homogeneous Trans.

Direction
Cosines

Translation
Vector



Composition Rules
 Around current axis

 Around fixed axis



Example



General Homogeneous Transformation


