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Pattern Detection

A given pattern Is sought in an Image.

e The pattern may appear at any location in the image.

 The pattern may be subject to any transformation
(within a given transformation group).
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Why Is It Expensive?

The search in Spatial Domain

Searching for faces in a
1000x1000 image, Is - :
applied 1e6 times, for each § . < £
pixel location. |

A very expensive search problem



Why Is It difficult?

The Search In Transformation Domain

A pattern under transformations draws a very complex manifold

In “pattern space’:
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— Inavery high dimensional space.

— Non convex.
— Non regular (two similarly perceived patterns may be distant in pattern
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Efficient Search In the
Trransformation Domain
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Trranstformation Manifold

A pattern P can be represented as a point in 93kxk

T(a)P 1s a transformation T(a) applied to pattern P.

T(a)P for all o forms an orbit in 9k
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Fast Search in Group Orbit

e Assume d(Q,P) Is a distance metric.
 We would like to find

A(Q,P)=min_d(Q, T(a)P)

A(Q,P) T(a)P



Fast Search in Group Orbit (Cont.)

 In the general case A(Q,P) Is not a metric.
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e Observation: if d(Q,P)=d(T(a)Q, T(ct)P)

 A(Q,P) Is a metric
e Point-to-Orbit dist. = Orbit-to-Orbit dist.




Fast Search in Group Orbit (Cont.)

The metric property of A(Q,P) implies triangular inequality on
the distances.



Orbit Decomposition
e Inpractice T(a) Issampled into T (e1)=T_(1), 1=1,2,...

* We can divide T_(i)P Into two sub-orbits:
T,.()P and T, ()P’ where P’=T_(1) P



Orbit Decomposition (Cont.)
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A,(Q,P)=Min{A,,(Q,P).A,,(Q,P))




Orbit Decomposition (Cont.)
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Since A,, Isametric and A, (P,P’) can be calculated in advance
we may save calculations using the triangle inequality constraint.



The Orbit Tree

* The sub-group subdivision can be applied recursively.
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2 sub-orbits
4 sub-orbits
8 sub-orbits
16 sub-orbits
= 32 sub-orbits
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Rejection Rate
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# Distance Calculations

Average number of distance computations per pixel is 2.868



Fast Search in Group Orbit: Conclusions

Observation 1: Orbit distance is a metric when the point distance

IS transformation invariant.

Observation 2: Fast search in orbit distance space can be applied

using recursive orbit decomposition.
Distant patterns are rejected fast.

Important: Can be applied to metric spaces (Non Euclidean).
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