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O Prior Methods for Rotations
O What is the Geometric Algebra?
O Rotafing with Geometric Algebra

O Further Applications
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Quaternions — 3D
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Quaternions — 3D

g=W+Xi+yj+zk










O Vectors and Scalars

O Same old algebra
O Scalar Multiplication, Addition

O Only one augmentation...




O Inner Product
O Standard Dot Product



O Inner Product
O Standard Dot Product
O Exterior Product
O Another multiplication scheme

O Represents planes




O Inner Product
O Standard Dot Product

O Exterior Product
O Another multiplication scheme

O Represents planes

O Geometric Product

ab=a-b+aNb

*Only for vectors
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O Unit a normal to a plane, Arbitrary v




O Unit a normal to a plane, Arbitrary v
O Projection

O v, =(-v)a
O Rejection

Ovy=v—v,=v—(a-v)a




O Reflect v on plane perpendicular to a

O v=y +v,




O Reflect v on plane perpendicular to a
O v=y +v,

O R(w)=vy,—v,




O Reflect v on plane perpendicular to a
O v=y +v,

O R(w)=vy,—v, a-v= E(av+va)




O Reflect v on plane perpendicular to a
O v=y +v,

O R,(v) =y —v, a-v= E(av+va)
=v—(a-v)a—(a-v)a
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Rot,,(v) = R,(R,(v)) = Ry(—ava) = —b(—ava)b = bavab




Rot,,(v) = R,(R,(v)) = Ry(—ava) = —b(—ava)b = bavab

(ba)(ab) = b(aa)b = bb = 1,ba = (ab)™?!




Rot,,(v) = R,(R,(v)) = Ry(—ava) = —b(—ava)b = bavab
(ba)(ab) = b(aa)b = bb = 1,ba = (ab)™?!

Rot,,(v) = (ab)~vab
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R=w=u-v+uiv=|u||lv|es
ab = |a||b|ePB = %8




R=w=u-v+uiv=|u||lv|eB
ab = |a||b|ePB = e%B
Rot,,(v) = (ab) tvab = e~ *Bpe9P




R=w=u-v+urv=|u||lv|es
ab = |a||b|ePB = ¢%B
Rot,,(v) = (ab) lvab = e~ *Bpe9P

6. 6
Rotgp(v) = e 25 pe2”
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q=w+xi+yj+zk
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Quaternions C Geometric Algebra
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O Geometric Calculus
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O Geometric Calculus
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O Homogeneous Geometric Algebra

O Represent objects not centered at the origin
O Projective Geometry



O Geometric Calculus
O Calculus in Gn

O Homogeneous Geometric Algebra
O Represent objects not centered at the origin
O Projective Geometry

O Conformal Geometric Algebra

O Better representations of points, lines, spheres, etc.
O Generalized operations for transformations
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Summary

In fields of machine learning of patterns most conventional methods of feature extraction do not pay much
attention to the geometric properties of data, even in cases where the data have spatial features. In this study we
introduce geometric algebras to systematically extract invariant geometric features from spatial data given in a vector
space. A geometric algebra is a multidimensional generalization of complex numbers and of quaternions, and able
to accurately describe oriented spatial objects and relations between them. We further propose a kernel to measure
similarity between two series of spatial vectors based on Hidden Markov Models. As an apllication, we demonstrate
our new method with the semi-supervised learning of online hand-written digits. The result shows that the feature
extraction with geometric algebra improved recognition rate in one-to-one semi-supervised learning problems of
online hand-written digits.




