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Object RepresentationsObject Representations



2

What is an object?What is an object?

Anything Anything that is of interest for further 
analysis.

BoatsBoats
BirdsBirds
FishFish
HumansHumans
BublesBubles

What is an object?What is an object?

Study of birdsStudy of birds SurveillanceSurveillance Behavior of fishBehavior of fish

SurveillanceSurveillance Undersea studiesUndersea studies Autonomous vehicleAutonomous vehicle

Military applicationsMilitary applications
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Possible Object Possible Object 
RepresentationsRepresentations

Shape of objectsShape of objects
Appearance of objectsAppearance of objects

Object Shape Object Shape 
RepresentationsRepresentations



4

Shape Based Shape Based 
RepresentationsRepresentations

Point Representations: Point Representations: 
Suitable for objects that occupy small 
regions
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We will discuss point detection later…We will discuss point detection later…

Shape Based Shape Based 
RepresentationsRepresentations

Primitive Geometric Shapes:       
Suitable for rigid objects
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Shape Based Shape Based 
RepresentationsRepresentations

Object silhouette and contour:

We will discuss contours later…We will discuss contours later…

Shape Based Shape Based 
RepresentationsRepresentations

Articulated shape models:      
Composed of object parts that are held 
together with joints.

We won’t discuss these models…We won’t discuss these models…
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Shape Based Shape Based 
RepresentationsRepresentations

Skeletal models:                       
Extracted by applying medial axis 
transform

Medial Axis TransformMedial Axis Transform
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DefinitionDefinition
Shape representationShape representation
Provides skeleton of an objectProvides skeleton of an object
Points on medial axis are the centers of Points on medial axis are the centers of 
maximal circular neighborhoods contained in maximal circular neighborhoods contained in 
the shapethe shape

ExamplesExamples
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Iterative AlgorithmIterative Algorithm

Object Appearance Object Appearance 
RepresentationsRepresentations
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Appearance Appearance 
RepresentationsRepresentations

PDFsPDFs
TemplatesTemplates
MultiMulti--view appearance methodsview appearance methods

Probability Density Functions Probability Density Functions 
For Object RepresentationFor Object Representation

Describe the color, texture observationDescribe the color, texture observation
Provides reasonable range of valuesProvides reasonable range of values
Describes coDescribes co--occurrence of multiple occurrence of multiple 
attributesattributes
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A PDF of American Ages A PDF of American Ages 
in 2000in 2000

A PDF of American Ages A PDF of American Ages 
in 2000in 2000
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Properties of Properties of PDFsPDFs

Properties of Properties of PDFsPDFs
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In TwoIn Two--DimensionsDimensions
Let X,Y be a pair of continuous random 
variables, and let R be some region of (X,Y) 
space…

IndependenceIndependence

If X and Y are independent, knowing the If X and Y are independent, knowing the 
value of X does not help predict Yvalue of X does not help predict Y

Dependent Independent
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Marginal DistributionsMarginal Distributions

Conditional DistributionsConditional Distributions
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Conditional DistributionsConditional Distributions

Useful StuffUseful Stuff
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Template Based Template Based 
RepresentationsRepresentations

Templates are formed using simple 
geometric shapes or silhouettes
Difference from PDF: Encodes spatial 
coordinates implicitly

Test Your UnderstandingTest Your Understanding

How can we encode spatial coordinates How can we encode spatial coordinates 
into image into image PDFsPDFs??
Where can it be used?Where can it be used?
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MultiMulti--view Appearance view Appearance 
ModelsModels

Encode different views of an objectEncode different views of an object
Subspace from all possible views,Subspace from all possible views,

EigenspaceEigenspace decompositiondecomposition

Training a set of classifiers,Training a set of classifiers,
AdaboostAdaboost, SVM etc., SVM etc.
Requires training samples ahead of timeRequires training samples ahead of time

Different Car ViewsDifferent Car Views
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clear;clear;
names=names=lsls;;
for i=3:size(names,1)for i=3:size(names,1)

imgimg==imread(names(iimread(names(i,:));,:));
ims(iims(i--2,:,:)=(img(:,:,1)+img(:,:,2)+img(:,:,3))/3;2,:,:)=(img(:,:,1)+img(:,:,2)+img(:,:,3))/3;

end;end;
for i=1:size(names,1)for i=1:size(names,1)--22

a=a=ims(iims(i,:,:);,:,:);
b=a(:);b=a(:);
C(iC(i,:)=,:)=double(bdouble(b););

end;end;
meannmeann = = mean(Cmean(C););
for i=1:size(names,1)for i=1:size(names,1)--22

C(iC(i,:)=,:)=C(i,:)C(i,:)--meannmeann;;
endend
covvrcovvr=C*C';=C*C';
[[v,dv,d]=]=eig(covvreig(covvr););
eigencarseigencars=C'*d;=C'*d;
for i=1:12for i=1:12

g=g=eigencars(:,ieigencars(:,i)';)';
subplot(3,4,i);imagesc(reshape(g,[80 120]));subplot(3,4,i);imagesc(reshape(g,[80 120]));

end;end;

Mean CarMean Car


