Computergrafik 2:
Ubung 7

Hough Transformation



Organisation

KLAUSURANMELDUNG
(UNIWORX) NICHT
VERGESSEN!




Quiz

Berechnung der ,ersten Ableitung” eines Bildes?

Berechnung der ,zweiten Ableitung” eines Bildes?

Was ist ein Gradient?

Wozu dient die Laplace-Funktion?
Was ist ein LoG-Filter? Was ist ein DoG-Filter?

Canny Edge Detection? Algorithmus?

Hough-Transform: Prinzip?

Rohs / Kratz, LMU Munchen Computergrafik 2 - SS2012



Besprechung Ubung 6

 Anmerkungen?
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Erste und zweite Ableitung von Bildern
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Abbildung: © R. C. Gonzalez & R. E. Woods, Digital Image Processing
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Gradienten finden: Konvolution mit dem
Sobel-Operator

Rohs / Kratz, LMU Munchen Computergrafik 2 — SS2012



Elemente des Gradienten

D - C
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Laplace-Funktion

« zweite Ableitung in x-Richtung

f<x>—8f<x+1>— f(x)
9 x

—(f(X+1) J(x)- (f(X) J(x=1))

=fGx-D=2f(0)+ f(x+])

« zweite Ableitung in y-Richtung
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Laplace-Funktion

« Summe der partiellen zweiten Ableitungen
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« Summe aller partiellen Ableitungen, um
rotationsinvarianten Operator zu erhalten
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Marr-Hildreth-Filter = LoG-Filter

LoG-Filter: Laplace-Operator auf Gauldfunktion angewandt
d.h. der Faltung mit dem Laplacefilter geht eine

Glattung mit einer Gauldfunktion voraus
y

LoG Operator

Auch genannt: ,Mexican hat" filter

Rohs / Kratz, LMU Munchen Computergrafik 2 - SS2012



Edge Linking verbindet Kantenpixel
zu Kantenzugen

« Starte Kantenzug mit starker Kante
« Betrachte Nachbarpixel orthogonal zur Gradientenrichtung

« Setzte Kantenzug fort auch bei schwacher Kante fort
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Hough Transformation fur Geraden

Suche von Geraden in einem Binarbild
Geradenreprasentation: x cos(a) + y sin(a) — d(a) =0

Hough Transformation:

Suche alle Parameter (a,qd) fur
Geraden, die durch einen Punkt
(Xn,Y,) gehen

d(a) = x,cos(a)+y, sin(a)
d(a) 4 Der Raum, der durch (a,d)

/\ aufgespannt wird,
—  heil’st Hough-Raum
xn,yn(a) \/ a
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Hough-Transformation
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Geradendarstellung:

d(o) = x,cos(Q) + yysin( o)
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Hough-Transformation: Tipps

o Starkes Gaul¥filter anwenden:

« Statt Inkrementierung Gradientenlange verwenden

« Gradientenorientierung berucksichtigen
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Hough-Transformation: Tipps
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Hough-Transformation fur Kreise

I\ A .-
> | >
Ortsraum Hough-Raum
X Xe+ 1 cos(Ql)

y Ve + 1 sin(o)
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Hough Transform fur Kreise: Tipps

« Gradientenlange verwenden, um Kreise zu finden
M(xi,yj) = /G(xi)*+ G(y;)?
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Generalisierte Hough Transformation

« Hough Transformation fur beliebige Formen

0° (dx,dy,)

10° (dxz,dYQ), (dX3,dY3), (dx5,dy6)
20°

170°  (dx,,dy,), (dxg,dys)

-

dx = ¢cX - X (X,y) X
dy=cy-y

D.H. Ballard: Generalizing the Hough Transform to Detect Arbitrary Shapes.
Pattern Recognition, Vol. 13, No. 2, pp. 111-122, 1981
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Numpy: ndimage Library

* http://docs.scipy.org/doc/scipy/reference/ndimage.html

0] f @

() docs.scipy.org/doc/scipy/reference/ndimage.html

Numpy and Scipy Documentation » SciPy v0.10.dev Reference Guide (DRAFT) » previous | next | modules | modules | index r
Multi-dimensional image processing (scipy.ndimage)

This package contains various functions for multi-dimensional image processing.

Filters scipy.ndimage.filters

convolve (input, weights|, output, mode, ...]) Multi-dimensional convolution.

convolveld(input, weights], axis, output, ...])  Calculate a one-dimensional convolution along the given axis.
correlate(input, weights[, output, mode, ...)  Multi-dimensional correlation.

correlateld(input, weights], axis, output, ...])  Calculate a one-dimensional correlation along the given axis.

Table Of Contents gaussian_ti1ter(input, sigmal, order, ...]) Multi-dimensional Gaussian filter.
Multi-dimensional image gaussian_filterid(input, sigmal, axis, ...]) One-dimensional Gaussian filter.
processing (scipy.ndimage) gaussian_gradient_magnitude(input, sigmal, ...]) Calculate a multidimensional gradient magnitude using gaussian derivatives.
’:E‘ie's dimace. filtere gaussian_laplace(input, sigmal, output, ...]) Calculate a multidimensional laplace filter using gaussian second derivatives. o
Fouprfér nner: ' generic_tilter(input, functionl, size, ...]) Calculates a multi-dimensional filter using the given function.
I‘r:l*ei;;gl‘;[‘i::‘-“- ke generic_tilterid(input, function, filter_size)  Calculate a one-dimensional filter along the given axis.
scipy.ndimage.interpolation  generic_gradient_magnitude(input, derivative) Calculate a gradient magnitude using the provided function for the gradient.
Measurements generic_laplace(input, derivative?|, ...]) Calculate a multidimensional laplace filter using the provided second derivative function.
scipy.ndimage.measurements A S N B N " - . -
Morphology 1ap1ace(input], output, mode, cval]) Calculate a multidimensional laplace filter using an estimation for the second derivative based on
scipy.ndimage.morphology differences.
Utility maximun_ti1ter(input], size, footprint, ...]) Calculates a multi-dimensional maximum filter.
Previous topic maximum_filterid(input, size[, axis, ...]) Calculate a one-dimensional maximum filter along the given axis.
scipy.misc.toimage median_tilter(input], size, footprint, ...]) Calculates a multi-dimensional median filter.
X minimum_filter(input], size, footprint, ...]) Calculates a multi-dimensional minimum filter.
Next topic minimum_tilterid(iNput, size[, axis, ...)) Calculate a one-dimensional minimum filter along the given axis.
scipy.ndimage filters.convolve percentile_tilter(input, percentile, size, ..]) Calculates a multi-dimensional percentile filter.
This Page prewitt (input], axis, output, mode, cval]) Calculate a Prewitt filter.
rank_tilter(input, rank|, size, footprint, ...]) Calculates a multi-dimensional rank filter.
ST ERIE sobe1 (input], axis, output, mode, cval]) Calculate a Sobel filter.
Edit page uniform_tilter(input], size, output, mode, ...J) Multi-dimensional uniform filter.
Quick search uniform_tilterid(input, size[, axis, ...]) Calculate a one-dimensional uniform filter along the given axis.
= Fourier filters scipy.ndimage. fourier
D NI fourier_ellipsoid(input, size[, n, axis, output]) Multi-dimensional ellipsoid fourier filter.
class or function name. ' fourier_gaussian(input, sigmal, n, axis, output]) Multi-dimensional Gaussian fourier filter.
tourier_shift(input, shiftf, n, axis, output]) Multi-dimensional fourier shift filter. 4
tourier uniform(input, size[, n, axis, output]) Multi-dimensional uniform fourier filter. v
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Numpy: Array-Sortierung

« Mit index-Arrays lasst sich der Sortierschlussel
bestimmen
A.shape sei (<n>,3)
A[A[:,2].argsort(), :]
—> Sortiert alle Eintrage aus a nach dem 3. Eintrag

 Alternativ: Python itemgetter und sorted() verwenden
from operator import itemgetter

sorted items = sorted(A, key=itemgetter(2), reverse =
True)
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