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Chap. 5 — Edge Detection
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Outline

— Image segmentation algorithms: overview

= Discontinuity-based algorithms (or edge-based algorithms)
= Similarity-based algorithms (or region-based algorithms)
— Edge detection:
= Point detection
= Line detection

=  Edge detection:

| Basic gradient-based
| LoG
| Canny
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segmentation algorithms

Definition:
— Segmentation is to subdivide an image into its component regions or objects.
— Segmentation should stop when the objects of interest have been isolated.

Categories:

http://www.cs.bgu.ac.il/~klara/ATCS| | |/gonzales_10.1_10.2.pdf

— Segmentation algorithms for monochrome images generally are based on one of
two basic properties of image intensity values: discontinuity and similarity.

— Discontinuity-based algorithms. The idea is to partition an image based on abrupt
change in intensity, such as edge.

= Discontinuities detection: point, line, edge.

— Similarity-based algorithms. The principal approaches in the second category are
based on portioning an image into regions that are similar according to a set of
predefined criteria.

" Thresholding techniques, region-oriented approaches, watershed segmentation (generally
involve a prior knowledge).
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DISCONTINUITY-BASED ALGORITHMS
(edge-based algorithms)
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Laplacian mask

Principle:

Laplacian-based algorithm:

— Apply the mask over the image

— Apply thresholding
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other typical mask

masked image
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original image

thresholded image

http://www.cs.bgu.ac.il/~klara/ATCS| | |/gonzales_10.1_10.2.pdf



Principle:

Be aware that:
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Three edge types and definitions:
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step edge ramp edge roof edge

intensity profiles for different types of edges

http://www.cs.bgu.ac.il/~klara/ATCS| | |/gonzales_10.1_10.2.pdf
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Edge models: derivatives

Ist Derivative:

gray-scale
profile

2nd Derivative:
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derivative

2nd
derivative
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(cont’d)

Ist Derivative:

— Magnitude of the first derivative can be used
to detect an edge.

— Example (in the x-direction): m

" The gradient can be calculated by convolving
the original data with a mask [-1/2 0 +1/2]:

1 1
Gl = =12 10 1) #0160 + 12 it ) Gy(#) = =2 x6+0x 4+ x152

2nd Derivative:

— The sign of the second derivative indicates
the direction of the edge (black to white or
white to black)

— Example (in the x-direction):

=  The Laplcian can be calculated by convolving
the original data with a mask [+] -2 +I1]:

Ly(x) = I. f(x-1) -2 . f(x) + | . f(x+1) L,(4)=1x6-2x4+1x152
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Algorithm:

Sobel filter provides a
better noise supression
than Prewitt filter

original image |G Gyl |Gx+|Gyl
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Advanced edge detection

What does ‘“advanced” word mean?

— The basic edge detection method is based on simple filtering without taking note of
image characteristics and other information such as noise, scaling etc.

Two advanced techniques:

— Marr-Hildreth [1980] ; Canny [1986]
The leading idea:

— Marr and Hildreth argued that:

" |ntensity of changes is not independent of image scale.

®  Sudden intensity change will cause a zero-crossing of the second derivative.
— To cope with these two requirements, an edge detection operator should

" be capable of being tuned to any scale

" be capable of computing the first and second derivatives.



LoG edge detection (Marr-Hildreth)

Definition:

This method combines Gaussian
filtering with the Laplacian for edge
detection. It is known as “Laplacian

of Gaussian” (LOG).

How does it work?

The edge points of an image can be
detected by finding the zero
crossings of the 2"¢ derivative of the
image intensity.

But, the 2nd derivative is very
sensitive to noise. This means that
the noise should be filtered out
before edge detection. A Gaussian
filter is used to swipe away noise
from the image.
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function f

Ist derivative f’

2nd derivative f”

http://euclid.ii.metu.edu.tr/~ion528/demol/lectures/6/3/index.html
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M LoG edge detection (Marr-Hildreth)

Two alternatives:

Convolve the image with a Gaussian smoothing filter and compute the Laplacian
of the result:

L(x,y)®G(x,y) ® f(x,y)

Convolve the image with the linear filter that is the Laplacian of the Gaussian

filter LoG(f):

2,2 X4y’
LoG=VZG(x,y)=[X ﬂ:f‘ zol}e 20°

where the Gaussian is given by
_)Cz+y2

G(x,y)=e 20°

Since LoG filter is linear, the two constituent filters (Gaussian and
Laplacian) can be applied separately, thus allowing us to use different
sized filters for each of the actions.
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(1t alternative)

LoG edge detection algorithm (15%)
— Filtering.
»  nxn Gaussian filter is used to filter out noise
— Enhancement.

»  laplacian is used as the enhancement step, i.e., enhancement is done by transforming
edges into zero crossings. This is done using a 3x3 mask.

— Detection.

= Detection is done by finding the zero crossings, i.e., the detection criterion is the
presence of a zero crossing in the second derivative with the corresponding large
peak in the first derivative.

"= To find a zero crossing it is possible to use 3x3mask that checks sign changes around a
pixel.
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X2+y2

G(x,y)=e LoG =V°G(x,y) = [
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LoG edge detection algorithm (2"9):
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cross section showing
zero crossings

- black is negative;
- gray is the zero plane
- white is positive
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Canny edge detection

Two basic objectives:

Low error rate: All edges should be found, with a minimum of spurious responses.

Edge points should be well localized: The distance between one detected point and
the true edge point should be minimum.

Single edge point response: Only one point should be detected for each true edge
point.

Canny algorithm:

Smooth image: Smooth the input image with a Gaussian filter.

Compute gradient: Compute the gradient magnitude and angles images.

Non-maxima suppression: Apply nonmaxima suppression to the gradient magnitude
image.

Double thresholding: Use the double thresholding and connectivity analysis to
detect and link edges.

http://euclid.ii.metu.edu.tr/~ion528/demol/lectures/6/4/index.html
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Canny edge detection (It step):
smooth image

Smooth image:

— Let f(x,y) denote the image; be G ,(x,y) a Gaussian smoothing filter where O is
the spread of the Gaussian that controls the degree of smoothing. The result of
convolution of f(x,y) with G (x,y) gives an array of smoothed data as follows:

S(x,y) = Ga(xay) X f(-x,Y)

Output: a smoothed/nonnoisy image S(x,y)
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Canny edge detection (2"9 step):
compute gradient

Compute gradient:

— Firstly, the gradient of the smoothed array S(x,y) is used to produce the x and y
partial derivatives Gy(x,y) and Gy(x,y) respectively as follows:

G, (x,y) = [S(x,y +D)-Sx,y)+S(x+Ly+1)-S(x+ 1,y)]/2
G, (x,y) =[S(x,y) = S(x +1,y) + S(x,y +1) = S(x + Ly + ) ]/2
i.e., as a result from averaging the finite differences over the 2x2 square.

— From the standard formulas for rectangular-to-polar conversion, the magnitude
and orientation of the gradient can be computed as:

G(x,y) =/G2 (x,y) + G2(x.y)

$G(x,y).
" — #1 Y ’
(x,y) =tan 08/16;7;2( (x,y)%

Output: 2 arrays of the same size as the image:
- gradient magnitude array G(x,y)
- gradient angle array 6 (x,y)
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non-maxima suppression

Non-maxima suppression (NMS):

— Problem: Edges generated using gradient typically contain wide ridges around local
maxima.

— We use non-maxima suppression to thin those ridges, i.e., to find thin edges
corresponding to local maxima.

NMS algorithm (for each pixel):

—  Pre-condition: A 3x3 region centered at every pixel (x,y) defines 4 discrete
orientations d. of the edge normal (gradient vector): horizontal, 45° vertical, -45°

— Find the direction d. that is closest to 8 (x,y)

— If the value of G(x,y) is less that at least one of its two neighbors along d, let N(x,y)
=0 (suppression); otherwise, let N(x,y)=G(x,y), where N(x,y) is the non.maxima
suppressed image.

Output: | array of the same size as the image:
- non-maxima suppressed array N(x,y)
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Canny edge detection (4" step):
double thresholding (hysteresis thresholding)

Double thresholding = false edge point reduction + edge linking

Double thresholding:

— Problem: The received image may still contain false edge points.
False edge point reduction algorithm:
— Input:
" Non-maxima suppressed array N(x,y)

" Low and high thresholds, T, and T, (the suggested ratio is |:3 or 2:3)
— Determine N, (x,y) after thresholding N(x,y) with T

— Determine N (x,y) after thresholding N(x,y) with T,,.
(It is clear that N, (x,y) contains N,(x,y))

—  N(xy) = N (xy) - Ny(xy)

(It is clear that N, (x,y) include the “weak” edge pixels and N (x,y) include the
“strong” edge pixels
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Canny edge detection (cont’d):
double thresholding

Double thresholding = false edge point reduction + edge linking

Edge linking:
— Problem: The edges in N (x,y) typically have gaps.
— Input:
" Thresholded array N, (x,y)
= Thresholded array N, (x,y)
— For each unvisited non-zero pixel p in N, (x,y)
" Mark as valid pixels all the weak pixels in N, (x,y) that are connected to p
— Set all the unmarked pixels in N (x,y) to 0

—  Return Ny, (x,y)+N, (x,y)
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Summary:

— Image segmentation algorithms: overview

= Discontinuity-based algorithms (or edge-based algorithms)
= Similarity-based algorithms (or region-based algorithms)
— Edge detection:
= Point detection
= Line detection

=  Edge detection:

| Basic gradient-based
| LoG
| Canny



