L ecture-8

Haralick’ s Edge Detector

Haralick’ s Edge Detector

 Fit abi-quadratic polynomial to asmall
neighborhood of a pixel.

» Compute analytically second and third
directional derivativesin the direction of
gradient.

* If the second derivativeis equal to zero, and
the third derivative is negative, then that
point is an edge point.




Haralick’s Edge Detector

Bi-cubic polynomidl:
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Haralick’s Edge Detector

Flzy) = B+ Fox + kay + kaz® + kszy + key® + Brz® + ksa®y + Fozy® + Fwy”

T =psnf. y=pcosl

Jolp) = Co+ Crp + Cap® + Cap’ Homework

- r[] = JEL'].
(y = lysinf+ kyeosf.
(5 = kysin?f+ Ersinfcosf + byeos?8.

Cy = kysinf+ kysin®@ cosf + ky sinBeosd + kygeos™d.

Haralick’ s Edge Detector

JTolp) = Co+ Crp+ Cap™ + Cap’.

Fd(p) = Ci+20p+3Cq".
yfo'(p) = 205 +6Cap.
fd"(p) = 6Cs.

fs"(p) < 0. we get 6C3 < 0., or C3 < 0.

Ja"(p) = 2C1 + ﬁ'f._{;ﬁ =0, we get ]%[ < .




Haralick’s Edge Detector

First order polynomial (s y) = ky + fux + ksy.
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Haralick’ s Edge Detector

B=(ATAY AT s a 3 x D matrix

R = buft 4 biaf24 biaf3 4 buf4 + bisf5 4 bief6 4 bin ST+ bisf8 + biaf9
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Computing coefficients using

convolution
;
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Haralick’s Edge Detector

. Find By . Fy s oo - . ko vsing least square fit, or masks given in Figure 2.8,
2. Compute 8. sinf, cosé.
3. Compute (5, (5.

4. 5 =< 0 and |;%-‘—| < i then that point is an edge point.

Figure 2.9: The steps in Haralick’s Edge Detector.

Comparison of Three Edge

Detectors

* Marr-Hildreth
— Gaussian filter
— Zerocrossings in Laplacian
* Canny
— Gaussian filter
— Maximain gradient magnitude
o Haralick
— Smoothing through bi-cubic polynomial
— Zerocrossings in the second directional derivative, and
negative third derivative




L aplacian and the second Directional
Derivative and the direction of Gradient

Df=f, +f,="f +f

Df=f,+f,="f +f,

f, = f.cosq + f,sing

f, = (f, cosq+f, sing)cosy +(f, cosq+ f, sing)sing
f, = .+ f, +2f, cosgsing

f, = f.+ f, +2f, cosnsinn

f, = f o+ f,, +2f, cos( +90)sin(q +90)

f,=f,+f,-2f cosgsing

L aplacian and the second Directional
Derivative and the direction of Gradient
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Scales

» What should be valuefor Canny and LG
edge detection?
— Marr-Hildreth:

o If use multiple values (scales), how do
you combine multiple edge maps?

— Spatial Coincidence assumption:

 Zerocrossings that coincide over several scales are
physically significant.

Scale Space

* Apply whole spectrum of scales
* Plot zerocrossings vs scales in a scale-space

e Inter pret scale space contours
— Contours are arches, open at the bottom, closed at the
top
— Interval tree
» Each interval | correspondsto anodein atree, whose parent
node represents larger interval, from which interval | emerged,
and whose off springs represents smaller intervalsinto which |
subdivides.
« Stability of anodeisascale range over which theinterval
exits.




Scale Space

» Top level description

— |teratively remove nodes from the tree, splicing
out nodes that are less stable than any of their
parents and off springs

Scale Space

vl N R i '\

L il 1L Ligiy i
A T RUE TR L By Al ey
| IR ¥ il | 11 | &

RUSIFRLEITS 3te (08 S L r

Multiple smooth versionsof asignal ~ Zerocrossings at multiple scale




c'"“| LT Y |r " ol
L UTHE |
|| || IJ s 1 I'I”#luljlili’ill'ﬂi?t!!I HﬁJl‘ "r'

Scale Space Interval Tree

Scale Space

Ly

A top level description of Aty TR
several signals using stability = nilizE
criterion. b *’T ﬂ\_ o ’M
A |l - w»' o
=3 _#.J".H—»-u\_‘ 0
Y LJL..-u'-'*n.l [ Lt
\. —\_FHJ .'x —fﬂ-—"h'-.
i '\-H'_“”"“ui o I'III"’I'-"“"“J"'.'

10



