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Goal:

 Enable Computers to
Recognize Different
Categories of Objects
In Images.
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Components

e Model

— Generative Probabllistic Model
— Location, Scale, and Appearance

e Learning
— Estimate Parameters Via EM
* Recognition
— Evaluate Image Using Model and Threshold



Model: Constellation Of Parts
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Parts Selected by
Interest Operator

Kadir and Brady's Interest Operator.
Finds Maxima in Entropy Over Scale and Location
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Representation of Appearance

Composite of features
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Generative Probabilistic Model

Start with Recognition:

p(Object| X, S, A
p(No object| X, S, A)
p(X,S, A|Object) p(Object)
p( X, S, A|No object) p(No object)
p(X.,S,Al#) p(Object)
p(X, S, Alfy, ) p(No object)

p(X.8,Al0) =) p(X.S.A.h[6) =
heH
Y p(AX.S, h.6)p(X[S,h.0) p(S|h.6) p(h6)
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Appearance

p(AX,S,h,0) ﬁ( G(A(hy)[c,, V) )dp
)

p(A|X S, h,6,) b G(A(hy)[Chy, Vig

Gaussian Part Appearance PDF Gaussian Appearance PDF




Shape

p(X|S. h.#)
p(X]|S. h,b,)

= G(X(h)|p. ) af

Gaussian Shape PDF Uniform Shape PDF
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Scale
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Uniform
A Relative Scale PDF

Gaussian
A Relative Scale PDF

Log(scale)

Log(scale)

Prob. of detection
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Occlusion and Part Statistics
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Learning

 Train Model Parameters 0 — (1,5, c, V. M,p(d|d),t,U}
USIng EM Onrr, = argmaz p(X,S, Al6)
e Optimize Parameters '

e Optimize Assignments
» Repeat Until Convergence




Recognition

Make This:

p(Object| X, S, A)
p(No object| X, S, A)
p(X. S, A|Object) p(Object)

p(X, S, A|No object) p(No object)
p(X.,S, Al#) p(Object)
p(X, S, Alfy, ) p(No object)
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Greater Than Threshold



RESULTS



Equal error rate: 7.5% M OtOrbI kes
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Motorbike shape model
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Background Images
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Equal error rate: 4.6% F rO n tal faces Face shape mode|

Part 1 — Det:5e—21

DEERINDRRE -
[TFPFFOOer - - -

:

8
.-’/{J

8
Q.

&

Part 3 — Det'1e-36

'ﬂ'ﬂrﬂrﬂiﬂﬂm#w;lr - ]
3 glils

ﬁrivquyvléf“h

Part 5 — Det:3e-25

99RRE0Tg0 L

8
| /.,.-
b

nd — Det:2e—19

mﬁ!lﬁﬂmfunf




Equal error rate: 9.8% Al rplan eS

Airplane shape model
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Scale-Invariant Cats  =wwen-
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-l eror edal€-lnvariant cars

Cars (rear) scale—invariant shape model
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% correct

Robustness of Algorithm

Face dataset
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ROC equal error rates

Pre-Scaled Data (ldentical Settings):

Model
Total size ~ Object width

Dataset of dataset (pixels) Motorbikes Faces Airplanes Spotted Cats
Motorbikes 800 200 925 50 51 56
Faces 435 300 33 96.4 32 32
Airplanes 800 300 64 63 90.2 53

Spotted Cats 200 80 48 44 51 900
Scale-Invariant Learning and Recognition:
Total size Object size Pre-scaled Unscaled

Dataset of dataset | range (pixels) | performance | performance
Motorbikes 800 200-480 95.0 93.3
Airplanes 800 200-500 94.0 93.0
Cars (Rear) 800 100-550 84.8 90.3




Scale-Invariant Cars

Cars (Rearnn imaaese sices
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The End
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Wiotorbke image sizes

Cars (Rear) image sizes
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