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Recognition problems

ÅWhat is it?

ÅObject detection

ÅWho is it?

ÅRecognizing identity

ÅWhat are they doing?

ÅActivities

ÅAll of these are classification problems

ÅChoose one class from a list of possible candidates



How do human do recognition? 

ÅWe donôt completely know yet

ÅBut we have some experimental observations.



Observation 1:



Observation 1:

The ñMargaret Thatcher Illusionò, by Peter Thompson



Observation 1:

The ñMargaret Thatcher Illusionò, by Peter Thompson

Å http://www.wjh.harvard.edu/~lombrozo/home/illusions/thatcher.html#bottom

Å Human process up-side-down images seperately

http://www.wjh.harvard.edu/~lombrozo/home/illusions/thatcher.html


Observation 2:

Jim Carrey Kevin Costner

ÅHigh frequency information is not enough



Observation 3:



Observation 3:

ÅNegative contrast is difficult



Observation 4:

ÅImage Warping is OK



The list goes on

ÅFace Recognition by Humans: Nineteen Results All 

Computer Vision Researchers Should Know About 

http://web.mit.edu/bcs/sinha/papers/19results_sinha_

etal.pdf

http://web.mit.edu/bcs/sinha/papers/19results_sinha_etal.pdf
http://web.mit.edu/bcs/sinha/papers/19results_sinha_etal.pdf


Face detection

ÅHow to tell if a face is present?



One simple method:  skin detection

Å Skin pixels have a distinctive range of colors

ÅCorresponds to region(s) in RGB color space

ïfor visualization, only R and G components are shown above 

skin

Skin classifier

Å A pixel X = (R,G,B) is skin if it is in the skin region

Å But how to find this region?



Skin detection

Å Learn the skin region from examples

ÅManually label pixels in one or more ñtraining imagesò as skin or not skin

Å Plot the training data in RGB space

ïskin pixels shown in orange, non-skin pixels shown in blue

ïsome skin pixels may be outside the region, non-skin pixels inside.  Why?

Skin classifier

ÅGiven X = (R,G,B):  how to determine if it is skin or not?



Skin classification techniques

Skin classifier

ÅGiven X = (R,G,B):  how to determine if it is skin or not?

Å Nearest neighbor

ïfind labeled pixel closest to X

ïchoose the label for that pixel

ÅData modeling

ïfit a model (curve, surface, or volume) to each class

Å Probabilistic data modeling

ïfit a probability model to each class



Probability

ÅBasic probability

ÅX is a random variable

ÅP(X) is the probability that X achieves a certain value

Å

Å or 

ÅConditional probability:   P(X | Y)

ïprobability of X given that we already know Y

continuous X discrete X

called a PDF
-probability distribution/density function

-a 2D PDF is a surface, 3D PDF is a volume



Probabilistic skin classification

Å Now we can model uncertainty

Å Each pixel has a probability of being skin or not skin

ï

Skin classifier

ÅGiven X = (R,G,B):  how to determine if it is skin or not?

Å Choose interpretation of highest probability

ï set X to be a skin pixel if and only if 

Where do we get                    and                        ? 



Learning conditional PDFôs

Å We can calculate P(R | skin) from a set of training images

Å It is simply a histogram over the pixels in the training images

ïeach bin Ri contains the proportion of skin pixels with color Ri

This doesnôt work as well in higher-dimensional spaces.  Why not?

Approach:  fit parametric PDF functions 

Å common choice is rotated Gaussian 

ïcenter 

ïcovariance

» orientation, size defined by eigenvecs, eigenvals


