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Finding corners

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique
Computer Vision Lab @ University of California (USF), Spring
2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 1: Evtomiopog akpwv

e Key property: in the region
around a corner, image gradient
has two or more dominant
directions

e Corners are repeatable and
distinctive


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

The basic idea

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University of
California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,
Original creator: A. Efros, URL: http://www.cs.berkeley.edu/~efros/

“flat” region: “‘edge”: “corner”:

no change in no change significant

all directions along the edge change in all
direction directions

Ewkova 2: Baowkni AoyLkr) evtomiopol aKuwv

We should easily recognize
the point by looking
through a small window
Shifting a window in any

direction should give a large
change in intensity


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://www.cs.berkeley.edu/%7Eefros/

Harris Corner Detector

Change in appearance for the shift [u,v]:

Shifted
Intensity

Window

{ CI ntensity)
function
Window function w(x,y) = ‘ ‘ or

..... Lab @ Uni ty fCIf (USF) Sp gZOOSA ailable at:

edu/courses/c: p6411/ J)5415/
Szeli k URL http://szeliski.org/Book,

http //www cs.u f
Origin eator: R.

1 in window, O outside Gaussian

Ewkova 3: AAyoplBuog evtomiopol akpwv Harris



http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://szeliski.org/Book/

Harris Corner Detector

Change in appearance for the shift [u,v]:

Second-order Taylor expansion of E(u,v) about (0,0)
(bilinear approximation for small shifts):

E (0,0 Euu 0,0 Euv 0,0
E(U,v)~E(0.0)+[u V]{E“Eo o;}%[” V]{E Eo 0; E EO 0;}[:}

Mnyn: Lecture: p n by Khurram assa Shafique, Co mp r Vision Lab @ University of California (USF),
Spri g2003 A I bI h Q//WWW ucf.edu/co z ap6411/ca /
Original ¢ RSIkURLhtt:szeIko Bo



http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://szeliski.org/Book/

Harris Detector: Mathematics

The bilinear approximation simplifies to

where M is a 2x2 matrix computed from image derivatives:

| el D Id . I, B .
M= [Efwfy nyfz] =2 [ I ] [I: Iy] = > VI(VI)

Nnyn: Lec

s on Compute r Vision Lab @ University of California (USF),
Spring 2003 A ilable at: htt p//www f d ( p6411/ J35415/
Original ¢ r: R.Sz I k URL: http: szeI ski. or



http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://szeliski.org/Book/

Interpreting the second moment

matrix

The surface E(u,v) is locally approximated by a
guadratic form. Let’s try to understand its shape.

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University of California (USF),
Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,
Original creator: R. Szeliski, URL: http://szeliski.org/Book

Ewkova 4: Moﬁjcbr'] NG emidpAveLaC SLYPOHLKOU
LETAOXNUOTLOOU
9


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://szeliski.org/Book/

Interpreting the second moment
matrix

First, consider the axis-alighed case (gradients are either horizontal or vertical)

vy 121, [4 0
N L, 12 0 A,

If either A Is close to O, then this is not a corner, so look for
locations where both are large.



General Case

A O
Since M is symmetric, we have M — R_ R
0 4,

We can visualize M as an ellipse with axis lengths determined by the eigenvalues
and orientation determined by R

direction of the
Ellipse equation: fastest change

direction of the
slowest change

u
[u v] M = const
Vv

Elkova 5: Mopdn tou mivaka mapoywywv M

11



Harris detector: Steps

Compute Gaussian derivatives at each pixel

Compute second moment matrix M in a Gaussian windc
around each pixel

Compute corner response function R
Threshold R

Find local maxima of response function

12



Harris detector: Steps

Mnyn: Lectures on Computer Vision b Khurram Hassan Shafigue, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,

Elkova 6: AAyoplBuog evtomiopol akpwv Harris — AvaAutika (1)

13


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Harris detector: Steps

Compute corner response R

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University

of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,

Ewkova 7: AAyoplBuoc evtomiopol akpwv Harris — AvaAutika (I1)

14


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Harris detector: Steps

Find points with large corner response: R>threshold

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University

of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,

Elkova 8: AAyoplBuocg evtomiopol akpwv Harris — AvaAutka (l11)

15


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Harris detector: Steps

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,

Ewkova 9: AAyoplBuoc evtomiopol akpwv Harris — AvaAutika (1V)

16


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

The Hough transform

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,

Ewkova 10: Metaoxnuatiopog Hough

17


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Parameter space representation

e Alinein the image corresponds to a point in Hough space

Image space Hough parameter space
y &~ b &

y = mox =+ b

by| e

.
- -

X mg m

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,
Original Image: Steven Seitz, University of Washington, http://homes.cs.washington.edu/~seitz/

Ewkova 11: Metaoxnuatiopog Hough (1)

18


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://homes.cs.washington.edu/%7Eseitz/

Parameter space representation

e What does a point (x0, y0) in the image space map to in the
Hough space?

Image space Hough parameter space
y A b A

Yo

o b= —zgm + yo
\

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University

of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,
Original Image: Steven Seitz, University of Washington, http://homes.cs.washington.edu/~seitz/

A J

Ewdva 12: Metaoxnuatiopoc Hough (11) 19


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://homes.cs.washington.edu/%7Eseitz/

Parameter space representation

e What does a point (x0, y0) in the image space map to in the
Hough space?

— Answer: the solutions of b = —x,m +y,

— This is a line in Hough space

Image space Hough parameter space
y A b A
o b= —xgm —+ yo
\
Yo
Xo X m

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,
Original Image: Steven Seitz, University of Washington, http://homes.cs.washington.edu/~seitz/

Ewkova 13: Metaoxnuatiopog Hough (I1)

20


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://homes.cs.washington.edu/%7Eseitz/

Parameter space representation

e Where is the line that contains both (x,, y,) and (x;, y,)?

Image space Hough parameter space
y A b A
[ ]
o b= —xom + yo
——
Yo
Xo X m

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,
Original Image: Steven Seitz, University of Washington, http://homes.cs.washington.edu/~seitz/

Ewkova 14: Metaoxnuatiopog Hough (1V)

21


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://homes.cs.washington.edu/%7Eseitz/

Parameter space representation

e Where is the line that contains both (x,, y,) and (x;, y,)?

» Itis the intersection of the lines b = —x,m + y,and
b=-xm+y,

Yo

Image space Hough parameter space

bll

@
o b= —xogm + yo
ﬁ
Xo X m

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,
Original Image: Steven Seitz, University of Washington, http://homes.cs.washington.edu/~seitz/

Ewkova 15: Metaoxnuatiopog Hough (V) 22


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://homes.cs.washington.edu/%7Eseitz/

Parameter space representation

e Problems with the (m,b) space:
— Unbounded parameter domain
— Vertical lines require infinite m

e Alternative: polar representation

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University
Yy of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,
Original Image: Steven Seitz, University of Washington, http://homes.cs.washington.edu/~seitz/

xXC0SH + ysind =p

Each point will add a sinusoid
o .
in the (0,p) parameter space

X

Ewkova 16: Metaoxnuatiopog Hough (Vi)

23


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://homes.cs.washington.edu/%7Eseitz/

Algorithm outline

Initialize accumulator H
to all zeros

For each edge point (x,y)
in the image
For 9 =0to 180
p=xcosO+ysinB
H(B, p) = H(6, p) + 1
end
end

Find the value(s) of (6, p)
where H(6, p) is a local
maximum

image is given by
p=xcosO+ysinB

The detected line in the

H: accumulator array (votes)

d

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University of
California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/,
Original Image: Steven Seitz, University of Washington, http://homes.cs.washington.edu/~seitz/

Ewkova 17: Metaoxnuatiopog Hough (Vi)

24


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://homes.cs.washington.edu/%7Eseitz/

Basic illustration

features votes

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 18: Metaoxnuatiopog Hough — Mapadeiypata (1) .


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Other shapes

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University

of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 19: Metaoxnuatiopoc Hough — Napadeiypata (I1)

26


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Other shapes

Square Circle

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 20: Metaoxnuatiopoc Hough — Mapadeiypata (l1l)

27


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Several lines

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafiqgue, Computer Vision Lab @ University

of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 21: Metaoxnuatiopog Hough — Mapadeiypata (1V)

28


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Effect of noise

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafiqgue, Computer Vision Lab @
University of California (USF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/
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features votes

e Peak gets fuzzy and hard to locate

Ewkova 22: Metaoxnuatiopog Hough — Napadeiypata (V)


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
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features votes

Uniform noise can lead to spurious peaks in the array

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 23: Metaoxnuatiopog Hough — Mapadeiypata (VI)


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Practical details

Try to get rid of irrelevant features
— Take only edge points with significant gradient magnitude

Choose a good grid / discretization

— Too coarse: large votes obtained when too many different
lines correspond to a single bucket

— Too fine: miss lines because some points that are not
exactly collinear cast votes for different buckets

Increment neighboring bins (smoothing in
accumulator array)

Who belongs to which line?
— Tag the votes

31



Hough transform: Pros

e Can deal with non-locality and occlusion

e Can detect multiple instances of a model in a single
pass

e Some robustness to noise: noise points unlikely to
contribute consistently to any single bin

32



Hough transform: Cons

e Complexity of search time increases exponentially with
the number of model parameters

e Non-target shapes can produce spurious peaks in
parameter space

e |t's hard to pick a good grid size

33



Hough Extension:
Using image gradients
e When an edge point is detected, __[of o
thegradientgdirpectizn is ktm\;cvn ‘{g V= [3—£’3—£]

e But this means that the line
is uniquely determined!

e Modified Hough transform: f = tan— 1 (90f / of
Ooy! Ox
For each edge point (x,y) B T S A ot Computrison 0

http://www.cs.ucf.edu/courses/cap6411/cap5415/

O = gradient orientation at (x,y)
p=xcosO+ysinB
H(B, p) = H(6, p) +1

end

Ewkova 24: Eméxtaon petaoxnuatiopou Hough (1)

34


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Extension: Cascaded Hough
transform

Let’s go back to the original (m,b) parametrization
A line in the image maps to a pencil of lines in the Hough space
What do we get with parallel lines or a pencil of lines?

— Collinear peaks in the Hough space!

So we can apply a Hough transform to the output of the first Hough transform to find
vanishing points

Issue: dealing with unbounded parameter space

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

b bfa
i1 HENEN R

“Hla b

aee 3. NG

T. Tuytelaars, M. Proesmans, L. Van Gool "The cascaded Hough transform,”
ICIP, vol. I, pp. 736-739, 1997.

Ewkova 25: Enéktaon petaoxnuoatiopov Hough (11)
35


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Hough transform for circles

image space Hough parameter space
'

=
(x.y) \

X
(x,»)=rVf(x.y)

y

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 26: Eméxktaon petaoxnuatiopov Hough (111)

36


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Generalized Hough transform

e \We want to find a shape defined by its boundary
points and a reference point

D. Ballard, Generalizing the Hough

Transform to Detect Arbitrary

Shapes, Pattern Recognition 13(2),
a 1981, pp. 111-122.

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision
Lab @ University of California (USF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 27: MevikeupEvoc petaoxnpatiopnoc Hough (1)

37


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://www.cs.rochester.edu/%7Edana/HoughT.pdf

Generalized Hough transform

e \We want to find a shape defined by its boundary
points and a reference point

e For every boundary point p, we can compute the
displacement vector r = a — p as a function of
gradient orientation 0

D. Ballard, Generalizing the Hough
Transform to Detect Arbitrary

a Shapes, Pattern Recognition 13(2),
1981, pp. 111-122.

r(6)

p Mnyn: Lectures on Computer Vision by Khurram Hassan Shafiqgue, Computer Vision Lab @ University
of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 28: Mevikeupévog petaoxnuatiopoc Hough (11)
38


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://www.cs.rochester.edu/%7Edana/HoughT.pdf

Teloc Evotntoc



Xpnuotodotnon

To apov ekmaldeUTLKO UALKO €XeL avarmtuxBel oto mAaiolo Tou
ekmaldeuTIKOU €pyou Tou dtdbdokovta.

To £pyo «Avolkta Akadnpaika Madipata oto MNaveniotipio Natpwvy

EXEL XpnUatodotAoEL povo tTnv avadlapopdwaon Tou eKTOLOEUTIKOU
UALKOU.

To £pyo vAomoleital oto rAaiolo Tou Emyelpnotakol Mpoypappatoc
«Ekmaiidevon kot Ata Blou Mabnon» kat cuyxpnuatodoteital oo tnv
Evpwmnaikni Evwon (Evpwraiko Kowvwviko Tapeio) kot oo BvVikoug
TTOPOUC.

EMIXEIPHEIAKO TMPOIPAMMA
G EKMAIAEYZH KAl AlA BIOY MAGHZH 5 EZI-IA
: : enévduen GTnv Uotvwvia TNe. YVwen
* o Kk EE=] < [ npdypopo yo v vl

YNOYPTEIO MAIAEIAL KAl BPHEKEYMATON

Evpwmnaikr 'Evwon EIAIKH YMHPEZIA AIAXEIPIZIHE

Evpwmaiké Koivwviko Tapeio . ; .
Me ) ouyxpnparodétnon tng EAAGdag kat tng Evpwmnaikig Evwong

40



2 NUELWLOTOL



2NUelwpa lotopkou Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0

42



>NUElwpo Avadopag

Copyright Navemotipio Natpwv, Avtwviog Tleg, Euayyelog Aeppatadg,

«Poumotika Zuotiuata. Evtomiopog akpwv». Ekdoon: 1.0. MNatpa 2015.

AwaBgopo amno tn diktuakn dtevBuvon:
https://eclass.upatras.gr/courses/EE804/index.php
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https://eclass.upatras.gr/courses/EE804/index.php

>NUelwpa Adelodotnonc

To mapov VALKO SlatiBetal pe toucg opouc tng adetac xpnong Creative Commons Avadopa,
Noapopota Atavopun 4.0 [1] § petayeveotepn, AteBvnc Ekdoon. E€alpouvtal Ta auTtoTeAn £pya
Tpltwv T.Y. Ppwrtoypadieg, Staypappota K.A.1T., T OTtolo EUTIEPLEXOVTAL OE AUTO KOL TOL OTtoLaL
avadEpovtal pall He TOUC OPOUC XPRONCE TOUC 0TO «2npeiwpa Xpnong Epywv Tplitwvy.

@ 06

[1] http://creativecommons.org/licenses/by-sa/4.0/

J0udwva e avtiv thv adeta o Sikatouxog oo divel o dikaiwpa va:

Molpaoteite — avilypaPete kol ovaSLAVEUETE TO UALKO

Npoocapuoote — avapeifte, TPOMOMOLAOTE Kal SNULOUPYNOTE MAVW OTO UALKO yla KABe okomo
Y16 toug aakoAouBOoug 6poug:

Avadopad Anpovpyol — Oa MPEMEL va Kataxwploste avadopd oto dSnuloupyo , e cUVOECHO
NG adelag

Napopola Atavopl — Av avapeifete, TPOMOMOLNOETE, 1) SNULOUPYNOETE TIAVW OTO UALKO,
TPETIEL VAL OLOVELUETE TIG OLKEC o oLUVELODOPEC UTIO TNV dLla Adela OwE Kol TO TIPWTOTUTIO
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AloTtnpnon ZNUELWLATWY

Ornoladnmnote avamapoywyn N dSlookeun Tou UALKOU Ba TtpeETmel
va cupreplthapBavet:

" 10 2nueilwpa Avadopdc

" 10 2nuelwpa Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

" 10 2nueilwpa Xpriong Epywv Tpitwv (epooov utapyel)

nall pe Toug cuvodEVOUEVOUC UTIEPOUVOECUOUC.
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Ynuelwpo Xpnonc Epywv Tpttwv (1/5)
To Epyo auTo KAVEL Xprion Twv aKOAOUBwV £pywv:
Ewkoveg/Zxnpata/Aaypappata/Pwrtoypadisg

Ewkova 1: Evtormiopog akpwy, Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @
Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 2: Baowkn Aoyikn evtoniopoU akpwv, Lectures on Computer Vision by Khurram Hassan Shafique, Computer
Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 3:AAyoplOuo¢g evtomiopou akpwy Harris, Lectures on Computer Vision by Khurram Hassan Shafique, Computer
Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 4: Mopdn tng emipavelag SlypappLkol petacxnuatiopou, Lectures on Computer Vision by Khurram Hassan
Shafique, Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 5: Mopdn tou nivaka mapaywywv M, Lectures on Computer Vision by Khurram Hassan Shafique, Computer
Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 6: AAyOpLBpog evtomiopol akpwv Harris — AvaAutika (1), Lectures on Computer Vision by Khurram Hassan
Shafique, Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/
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>nuelwpo Xpnonc Epywv Tpttwv (2/5)
To Epyo auTo KAVEL Xprion Twv aKOAOUBwV £pywv:
Ewkoveg/Zxnpata/Aaypappata/Pwrtoypadisg

Ewkova 7: AAyopLBpog evtomiopol akpwv Harris — AvaAutika (11), Lectures on Computer Vision by Khurram Hassan
Shafique, Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 8: AAyopLBuog evtomiopol akpwv Harris — AvaAutika (1), Lectures on Computer Vision by Khurram Hassan
Shafique, Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 9: AAyopLBuog evtomiopol akpwv Harris — AvaAutika (1V), Lectures on Computer Vision by Khurram Hassan
Shafique, Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 10: Metaoxnuatiopodg Hough, Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab @
Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 11: Metaoxnuatiopog Hough (1), Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab
@ Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 12: Metaoxnuatiopog Hough (I1), Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab
@ Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/
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Ynueilwpo Xpnonc Epywv Tpltwv (3/5)
To Epyo auTo KAVEL Xprion Twv aKOAOUBwV £pywv:
Ewkoveg/Zxnpata/Aaypappata/Pwrtoypadisg

Ewkova 13: Metaoxnuatiopog Hough (111), Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab
@ Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 14: Metaoxnuatiopog Hough (1V), Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab
@ Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 15: Metaoxnuatiopog Hough (V), Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab
@ Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 16: Metaoxnuatiopog Hough (VI), Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab
@ Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 17: Metaoxnuatiopog Hough (VIN), Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision
Lab @ Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 18: Metaoxnuatiopnog Hough — Napadeiypata (1), Lectures on Computer Vision by Khurram Hassan Shafique,
Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 19: Metaoxnuatiopnog Hough — Napadeiypata (1), Lectures on Computer Vision by Khurram Hassan Shafique,
Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/
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Ynuelwpo Xpnonc Epywv Tplttwv (4/5)
To Epyo auTo KAVEL Xprion Twv aKOAOUBwV £pywv:
Ewkoveg/Zxnpata/Aaypappata/Pwrtoypadisg

Ewkova 20: Metaoxnuatiopnog Hough — Napadeiypata (1), Lectures on Computer Vision by Khurram Hassan Shafique,
Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 21: Metaoxnuatiopnog Hough — Napadeiypata (1V), Lectures on Computer Vision by Khurram Hassan Shafique,
Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 22: Metaoxnpatiopog Hough — Napadeiypata (V), Lectures on Computer Vision by Khurram Hassan Shafique,
Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 23: Metaoxnuatiopog Hough — Napadeiypata (VI), Lectures on Computer Vision by Khurram Hassan Shafique,
Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 24: Eméktaon petacynuotiopol Hough (1), Lectures on Computer Vision by Khurram Hassan Shafique, Computer
Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 25: Eméktaon petaocxnuoatiopol Hough (I1), Lectures on Computer Vision by Khurram Hassan Shafique, Computer
Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/
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>nueiwpa Xpnonc Epywv Tpitwv (5/5)
Ewkoveg/Zxnpata/Aaypappata/Pwrtoypadisg

Ewkova 26: Eméktaon petaocxnuoatiopol Hough (IIl), Lectures on Computer Vision by Khurram Hassan Shafique, Computer
Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 27: M'evikeupévog petaoyxnpoatiopog Hough (1), Lectures on Computer Vision by Khurram Hassan Shafique,
Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 28: M'evikeupévog petaoxnpoatiopog Hough (11), Lectures on Computer Vision by Khurram Hassan Shafique,
Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/
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