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REMINDER 1: How To Do It
 Problem 1

 Make our goal mathematical …
From words to equations (and
back!!)

 This is called Representation and
will be our first task

 Examples:
 How to represent all points of the

robot as compactly as possible?
 How to represent a rotation in space?
 How can we move between different

vintage points (reference frames)?
 ……….



Representing Location
 p is a point

 p0 is the point p with respect to 
reference frame x0y0

 v1 is a vector specifying the 
distance and direction of p
with respect to origin o0

 Free vectors have no position
 Points have no direction

 Vectors ≠ Points 



Coordinate Conventions

 To use algebraic operations all vectors MUST
be in the same frame (has same super script)



Representing Rotation
 Solution 1

 Just Specify Θ

 Disadvantage

 Discontinuous

 Does Not Scale

 Solution 2

 Rotation Matrix



Rotation Matrix
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Properties of Rotation Matrices
SO(n) = Special Orthogonal Group of Order n



Rotation in 3D



Rotation Around Z axis



Rotation Around x and y



Rotational Transformation



Rotation of rigid objects



Meanings of R



Composition of Rotations



Example Composition
 Rotation around y axis followed by a rotation around 

the new z axis



Example composition 2
 Rotation around z axis followed by rotation around the 

new y axis



Rotation in Fixed Frame
 Rotation around one axis in a frame followed by

another rotation around another axis in the
ORIGINAL frame



Composition of Rotations in Fixed 
Frame
 Same as in current frame but with reversed order

 Why R was not called R2
1????????



Example of Rotation composition


