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Chap. 6 — Image Segmentation




Outline

Image segmentation: a reminder
Image processing pipeline
Image segmentation techniques

Edge-based segmentation:
= Basic algorithm
=  Hough transform
Thresholding segmentation:
»  Global thresholding

= Local thresholding
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Image segmentation:
a reminder

Definition:
— Segmentation is to subdivide an image into its component regions or objects.

— Segmentation should stop when the objects of interest have been isolated.

Goal:
— Segmentation subdivides an image into its constituent regions or objects that have
similar descriptors according to a set of predefined criteria.
Descriptors?

— Intensity, histogram, mean, variance, energy, texture, etc.
Application Dependency:

— Segmentation depends on applications or the problems to solve
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EDGE-BASED SEGMENTATION



Usefulness:

Edge vs boundary:

Ideal edge model:
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Practical edge model:
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Edge detection (cont’d): Chapter 6: Image Segmentation
still another reminder

Edge detection: essentials |
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Edge segments

Edge point:

— We define a point in an image as being an edge point if its two-dimensional
first-order derivative is greater than a specified threshold.

Edge:

— A set of such points is defined as an edge if such pixels are connected according
to a predefined criterion of connectedness.

Edge segment:

— The term edge segment generically is used if the edge is short in relation to
the dimensions of the image.

Segmentation key problem:

How to link edge segments into longer edges?

edge detection = edge linking
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Edge linking

linking edge segments into longer edges = edge linking

Basic edge linking algorithm:

— One of the simplest approaches for linking edge points is to analyze the
characteristics of pixels in a small neighborhood.

— All points that are similar according to a set of predefined criteria are linked.

http://euclid.ii.metu.edu.tr/~ion528/demol/lectures/6/4/index.html

— Two principal properties (as criteria):

" The strength of the gradient: ‘Vf(X,)’) —Vf(x',y')\ =€

=  The direction of the gradient vector: ‘H(X,y) -0(x",y) =t

Recall that the direction of the edge at (xy) is
perpendicular to the direction of the gradient
vector at that point.
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Edge linking:
finding straight lines

Problem:

— Given n points in an image, suppose that we want to find subsets of these points
that lie on straight lines.

A possible solution:

http://euclid.ii.metu.edu.tr/~ion528/demol/lectures/6/4/index.html

— One possible solution is to first find all lines determined by every pair of points,
— then find all subsets of points that are close to particular lines.

— But, this involves finding n(n-1)/2 lines and then performing nxn(n-1)/2
comparisons!

A better solution:

Hough Transform [1962]
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Hough transform

Context:
— Performed after edge detection.
— Hough transform (1962): generalized template matching technique

Purpose:

— ltis a technique to isolate the curves (e.g., straight lines, circles, parabolas,
ellipses, etc) of a given shape / shapes in a given image.

— Requires that the curve be specified in some parametric form.

Generalization:
— Generalized HT when a simple analytic description of feature is not possible.
Advantages:

— The Hough Transform is tolerant of gaps in the edges
— ltis relatively unaffected by noise

— It is also unaffected by occlusion in the image



Hough transform for straight lines

Problem:

— Fit a straight line (or curve) to a set of edge
pixels.

Explicit form: y=mx+b

— This representation fails in case of vertical lines.

Normal form: xcosf + ysinf =p

— The normal for a given line is defined to be the
shortest segment between the line and the
origin.

— The normal form of the equation of a straight
line is given by the expression above.

— This parameterization avoids infinite-slope
problem.
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Hough transform for straight lines
(cont’d)

How does it work?:

— Points in the picture correspond to sinusoids in parameter space.

— Points in parameter space correspond to lines in the picture.

Sinusoids corresponding to co-linear
points intersecting at an unique point

Example:

Line: 0.6x+04y=24

Sinusoids intersect at: 1 \ 1 2
p=24 and 6=09273 | \ [

“a -2 0 2 4 6 8 0 05 1 15 2 25 3 35

y=mx+b xcosf + ysinf = p
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How does it work (again)?:

20 40 60 80 100

20

40

60

80

100

20 40 60 80

Chapter 6: Image Segmentation

100

18000
16000
14000
12000
10000
8000

8000

4000
2000

0

original image

Hough Transform



Chapter 6: Image Segmentation

Hough transform

Distance p
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The Hough space of the original image: the dark red
points are the points with the highest number of
intersections. Many dark red points are around 90°,
i.e., that the image has many horizontal lines.

Canny edge |
detected image
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Hough transform with the peaks made visible.
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Hough transform algorithm

Outline:
— Voting in the parameter space (Hough space)
— Using directional information

— Error compensation: smoothing
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Algorithm:
— pE[-D,D] 6 €[0,7)
p = x,cos6 +y,sin6 Vo eE[0,m)
A(p,0) = A(p,0) +1

RS MU S S
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threshold at A(p,0) = 30 threshold at A(,0) =20 threshold at A(p,0) =15
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Hough transform algorithm reformulated:
using gradient direction to reduce computation load

Let us then reformulate:
— Let p€[-D,D] and 0 €[0,7)

— For each edge point (x,y,), compute: @ = tan‘l(i)
X

p =x,co80 +y,sinf
A(p,0) =A(p,0)+1
— For each bin of the accumulator A(p, 0) :
" Search for the maximum value of A(p, 0)
" Calculate the equation of the line

— To reduce the effect of noise more than one element (elements in a
neighborhood) in the accumulator array are increased.
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Hough transform: recap

In detecting lines:

— The parameters p and 0 were found relative to the origin (0,0).
— We had a priori knowledge of the shape.
Generalization:

— The idea can be extended to shapes like ellipses, parabolas, etc:

Analytic Form | Parameters | Equation ______

Line p, 0 cosO+ysinf=p
Circle Xo» Yoo O (X-Xo)*+(y=yo)*=r?
Parabola Xo Yo 00 (Yo =4p(x-x,)

Ellipse Xgs Yo 3, b, O (x-x,)¥a%+(y-y,)*/b*=1
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A classification for image segmentation techniques

Taxonomy:
— Intensity-based segmentation: Thresholding
— Edge-based segmentation

— Region-based segmentation
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THRESHOLDING

(or intensity-based segmentation)
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Assumptions:

original image threshold=50 threshold=75
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Thresholding

How does it work?:

— Thresholding is usually the first step in any segmentation approach.
— Image thresholding classifies pixels into two categories:

" Those to which some property measured from the image falls below a threshold T,

= and those at which the property equals or exceeds a threshold T.

— Thresholding creates a binary image : binarization.

Two big categories:

— Global (or fixed) thresholding. The threshold value is held constant throughout
the image:

0 f(x,y)<T

g(x,y) = {1 Flry) =T

— Local (or dynamic or adaptive) thresholding depends on the position in the
image. The image is divided into overlapping sections which are thresholded one
by one.
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Example:

original image

threshold too low
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thresholded image

threshold too high
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Basic global thresholding

How does it work?:

1|1 i [T
a n

— It is based on the histogram of an image.

— Partition the image histogram using a single global threshold. The success of this
technique very strongly depends on how well the histogram can be partitioned.

Algorithm (to obtain T automatically):

— Step I: Select an initial estimate for T (typically the average grey level in the
image)

— Step 2: Segment the image using T to produce two groups of pixels: G, consisting
of pixels with grey levels >T and G, consisting pixels with grey levels < T

— Step 3: Compute the average grey levels of pixels in G, to give u |, and G, to give

!
+
— Step 4: Compute a new threshold value: 7 = %

— Step 5: Repeat steps 2 — 4 until the difference in T in successive iterations is less
than a predefined limit T...
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Problem | (single thresholding):

T
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Problem 2 (illumination):
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Context:
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Summary:

— In this lecture we overview the image processing pipeline.
— We reminded the edge detection techniques.
— We overview the segmentation techniques.

— We approached the edge-based segmentation technique, with a particular focus
on Hough transform.

— We saw the basic global thresholding algorithm and its shortcomings.

— We also saw a simple way to overcome some of these limitations using local
(adaptive) thresholding.



