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What is and is not a face ...
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Errors
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1. false negative

2. false positives ) ¢
3. localization q‘»
Problems:

e where is the boarder between 1. + 2. and 3. ?
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Viola — Jones (2001)
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Breakthrough #1

* speed depends on negative
examples only

* sequential decision making
addresses the problem

Stage 1

Stage 2
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Input Signal (Image Window)
40%
1 Weak Classifier -
60% Class 2 (Non-Face)
60%
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5 Weak Classifiers -
l 60%
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Breakthrough #2 - bootstrap Receiver operating characteristi 2
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Viola — Jones (2001)

Breakthrough #3

* Fast features ﬂ.-nﬂ
\\\\\-HIIII;
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* Gabor filters approximated by \
piecewise constant functions - Haar
wavelets, 1 0 <t<y,

Y(t)= -1 1/2 <t<1,
0 otherwise.
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Fast calculation of Haar wavelets

ss(x, y-1

s(x-1,y) N

Image
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row sum

Integral image

/‘\
(@
N

CENTER FOR MACHINE
PERCEPTION

S(X, y) = S(X_ll y) + i(XI y)
: ss(x, y) = ss(x, y=1) +s(x, y)

MATLAB: ss = cumsum(cumsum(double(i)), 2);

Integral image

O(1 23
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Fast calculation of Haar wavelets
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e values at A,B,C,D are read out
form the integral image

e Sum of the intensities within the D B
rectangle is equal to:

sum=A-B-C+D

e Each rectangle requires 3
addtion/subtraction operations!
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AdaBoost (Schapire a Freund, 1997) used for training the cIa55|f|ers
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Adaboost Detector R

e Selected features:
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The two features have 100% detection rate and 50% false
alarms
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Thank you for your attention.
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