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Fast intersection kernel SVMs 
and other generalizations of linear SVMs

- IKSVM is a (simple) generalization of a linear SVM

- Can be evaluated very efficiently

- Other kernels (including        ) have a similar form

- Novel features based on pyramid of oriented energy.

- Methods applicable to current most successful 

object recognition/detection strategies.
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varying position, scale, multiple categoriesé
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but same underlying question!
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Support Vector Machines

Â Linear Separators (aka. Perceptrons)
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Support Vector Machines

Â Other possible solutions
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Support Vector Machines

Â Which one is better? B1 or B2?

Â How do you define better?
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Support Vector Machines

Â Find hyperplane maximizes the margin => B1 is better than 
B2
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Kernel Support Vector Machines

Kernel :

ÅInner Product in Hilbert Space

ÅCan Learn Non Linear Boundaries
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Feature Representation

Discriminative Classifier

(+ examples) ( - examples)

Training Stage



Our Multiscale HOG-like feature

Concatenate orientation histograms for each orange region.

Differences from HOG:

-- Hierarchy of regions

-- Only performing L1 normalization once (at 16x16)



Comparison to HOG (Dalal & Triggs)



ÂSmaller Dimensional (1360 vs. 3780)

ÂSimple Implementation (Convolutions)

ÂFaster to compute 
+ No non-local Normalization

+ No gaussian weighting

+ No color normalization

Comparison to HOG (Dalal & Triggs)



What is the Intersection Kernel?

Histogram Intersection kernel  between histograms a, b



What is the Intersection Kernel?

Histogram Intersection kernel  between histograms a, b

K small -> a, b are different

K large -> a, b are similar

Intro. by Swain and Ballard 1991 to compare color histograms.

Odone et al 2005 proved positive definiteness.

Can be used directly as a kernel for an SVM.

Compare to  



linear SVM, Kernelized SVM, IKSVM

Decision function is                          where:

Linear:

Non-linear

Using

Kernel

Histogram

Intersection

Kernel



Kernelized SVMs slow to evaluate

Arbitrary 

Kernel

Histogram

Intersection

Kernel

Feature corresponding 

to a support vector l

Feature vector 

to evaluate

Kernel EvaluationSum over all 

support vectors

SVM with Kernel Cost:

# Support Vectors  x  Cost of kernel comp.

IKSVM Cost:

# Support Vectors  x  # feature dimensions

Decision function is                          where:



The Trick

Decision function is                          where:

Just sort the support vector

values in each coordinate, and

pre-compute 

To evaluate, find position of

in the sorted support vector

values        (cost: log #sv)

look up values, multiply & add


