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Introduction
... Q(BGU
Boundary Definition

A Boundary Is a contour In the image

pl ane that represent
ownership from one object or surface to
another.

Example Image Human Subject Human Subject Human Subject
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Edge vs. Boundary

Edge

Bo ry
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Types of Boundaries

Brightness Boundary Texture Boundary Brightness and
Texture Boundaries
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Introduction

Motivation

The performance of many high-level
computer vision tasks, such as
segmentation and object recognition, IS
highly dependent upon the boundary map
of an image.
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Human vs. Machine

There are wide variety of algorithms for
boundary detection, but none have come
close to human proficiency.
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Example image Human Machine
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Introduction

To develop boundary detectors that
exhibit human-level performance

To use existing theory as inspiration
for experimental design in GP

To study the visual mechanism
underlying boundary detection from
the best evolved computer programs
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Local Image Measurements

Three types of receptive fields of simple
cells in the visual cortex.
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Brighthness-based Models

Model brightness boundaries as step
edges (Canny, 1986).

The Oriented Energy (OE) approach
(Peronaand Malik, 1990)

I =K

odd symmetric

2 =K

even_symmetric
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Brighthness-based Models

Brightness Gradient BG(x,y,r, Q)
c? difference in grayscale distribution

c*gn =>4 (g_::\)
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Brightness-based Models .

Example Images Oriented Energy Brightness Gradient
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Texture-based Models

Texture Gradient (Malik et al. 1999).

Convolving the image with a bank of linear
filters tuned to various orientations and
scales.

Considering the filter output as points in a
high-dimensionality space.

Clustering the filter responses into a small set
of prototype response points, called textons.
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Scientific Background

Texture-based Models

Texture Gradient TG(x,y,r, Q)
Difference of distributions of textons
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Texture-based Models .
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Brightness/Texture Models

The cue combination problem

The problem of combining the cues into a
single detector.

Posed the cue combination problem as
supervised learning problem.

Learning using classifier.
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Berkeley Dataset and Benchmark

Contains 300 natural images manually
segmented by humans subject.

Divided into two independent sets of
Images:

Training set of 200 images

Test set of 100 images
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Berkeley Dataset and Benchmark
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Berkeley Dataset and Benchmark
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The Precision-Recall Framework

We consider any boundary marked by a
human subject to be valid.

Threshold the output boundary map into
many levels in order to compare it to the
ground truth boundaries.

Apply the PrecisionrRecall Framework at each
level.
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The Precision-Recall Framework

0 01 02 03 04 05 06 0F 08 09
Recall

1

Precision(P): The fraction of
detections that are true
nositives.

Recall(R): The fraction of
true boundaries that are
detected.

The Measure:

F(P.R) =——
"7 aR+(1L- a)P
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Evolutionary Algorithm and GP
Genetic Algorithms

Environment Optimization Problem

Individuals (Population) living in Feasible solutions
that environment

An 1 ndidegree afa | Solution quality
adaptation to his surrounding (Fitness function)
environment

Selection, recombination and Stochastic operators: selection,
mut at i on ievolutionary recombination and mutation
process
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