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2 KOTTOL €vVOTNTOLC

e JKOTIOC TNC EVOTNTOC £LvaL N mopouciacn Ko
eéolkelwon e ta akoAouBa oo ela
POUTIOTIKWY CUOCTNMUATWV:

e AAvoplBuoc SIFT



[leplexopeva evotnTtog

e AAvoplBuoc SIFT



‘Evvola tou SHIFT

e Sift=Scale Invariant Feature Transformation



Napadetypato SIFT

e AmotéAeopa
aAyopiBuou SIFT

Mnyn: Tony Lindeberg , “Scale-space: A framework for handling image structures at multiple
scales”, in Proc. CERN School of Computing, Egmond aan Zee, The Netherlands, 8-21
September, 1996, doi: 10.1.1.49.2448

Ewkova 1: Apxikn elkova kat emteéepyaoia pe Sift
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http://10.1.1.49.2448/

Napadetypato SIFT

e Edappoyn aiyopibuou
yla eUPECN AKPWV ME t
= 1.0, 16.0 kat 256.0

* Image compression?
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."'-_ i Mnyn: Tony Lindeberg , “Scale-space: A framework for handling image structures at multiple
e Lr scales”, in Proc. CERN School of Computing, Egmond aan Zee, The Netherlands, 8-21
" . September, 1996, doi: 10.1.1.49.2448
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) IEwkova 2: Edges and bright ridges detected at scale
L .

~ levels t = 1.0, 16.0 and 256.0, respectively



http://10.1.1.49.2448/

Aopn rniupapidoc

TOU HEeyeBoUC TNC ME
\\ TEXVLKEC €EopdaAuvonc
// i /\( "« (smoothing) kot umo-
y * ///// # SewypotoAnwiog

(subsampling)

Mnyn (apxikng elkévag): Richard Szeliski , “Computer Vis
Algorithms an dAplecatlons © 2010 Sp nger, URL: http // eliski.org/Book/
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Ewkova 3: Aoun mupapidog


http://szeliski.org/Book/

Edapuoyn

MNnyA: Tony Lindeberg & Bart M. ter Haar Romeny, “LINEAR SCALE-SPACE I:
BASIC THEORY”, in “Geometry-Driven Diffusion in Computer Vision” by Bart M
Haar Romeny, 2013 Springer Science & Business Media Springer, URL:
http://www.springer.com/gp/book/9780792330875 E'

e [kaouolavn (lowpass) nupauidba
neow eéopaluvonc (smoothing) kat
uTtO-SeLypatoAnyiac.

H mupapidba dnuovpyeital pe
ouvbuaouo tne e€lowonc:

f®=1 = REDUCE(f ™)
N

FEDE = > e FO@x —n)
n=-—N

Kat tou dutoAkov (bipolar)diktpou pe
TIUEC:
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http://www.springer.com/gp/book/9780792330875

MaBOnuatiko povte\o space-scale

 In summary, for any two dimensional signal f:R? - R, its scale-space
representation L: R* X R, — R is defined by:

L(x,y;t) = f Fc— &y —m)g(&m; DdEdn

(§.mER?
where g: R? X R, — R denotes the Gaussian kernel
) — 1 —(x%+y?)/2t
glx,y;t) = Znte (x“+y*°)/

and the variant t = o0“ of this kernel is referred to as the scale
parameter. Equivalently, the scale-space family can be obtained as the
solution of the (linear) diffusion equation with initial condition
L(x,y;t) =f . Then, based on this representation, scale-space
derivatives at any scale can be computed either by differentiating the
scale-space directly or by convolving the original image with Gaussian
derivative kernels:

Lynyn(=,—;t) = (Hxnyng(—, = t)) *f(=-)

MNnyA: Tony Lindeberg & Bart M. ter Haar Romeny, “LINEAR SCALE-SPACE I:

BASIC THEORY”, in “Geometry-Driven Diffusion in Computer Vision” by Bart M

Haar Romeny, 2013 Springer Science & Business Media Springer, URL: 9
http://www.springer.com/gp/book/9780792330875
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http://www.springer.com/gp/book/9780792330875

Mapadelypa

Mnyn: Tony Lindeberg, “Scale-Space”, Encyclopedia of Computer Science and Engineering (Benjamin Wah, ed), John
Wiley and Sons, Volume 1V, pages 2495-2504, Hoboken, New Jersey, 2009. dx.doi.org/10.1002/9780470050118.ecse609

Ewkova 5: Edappoyn scale-space o€ elkova peyebouc 560x240 yia eninedo
KAlLAKkwong t=1,8,64 (ney£On oe pixels)

10



Napadeyua

Mnyn: Tony Lindeberg & Bart M. ter Haar Romeny, “LINEAR SCALE-SPACE I:
BASIC THEORY”, in “Geometry-Driven Diffusion in Computer Vision” by Bart M
Haar Romeny, 2013 Springer Science & Business Media Springer, URL:
http://www.springer.com/gp/book/9780792330875

Scale-Space Pyramid

e TuAuaTa avamapactaoncg scale-space
TTOU XPNOLUOoTIoLloUVTaL YL
QTELKOVLION TNC neBodou nupapidac.

e Ta emineda KALLAKWONC €lval TETOLA
WOTE N TUTILKA altOKALON TNG
YKOLOUGLOWVHC VAL ELVOLL TLEPLTITOU
LOOTLUN TNC QVTLOTOLXNG CUVEALENC
Tou ouvbuaopou eEopdAuvonc Kal
vrtodetypatoAnyiog

I o ATIO KATW TIPOC TOL TTOVW:
0’ =0.5,2.5,10.5,42.5,270.5

Ewkova 6: Edpappoyn nupapidoac kat scale-space 11



http://www.springer.com/gp/book/9780792330875

Mapadelypa

Mnyn: Tony Lindeberg, “Scale-Space”, Encyclopedia of Computer Science and Engineering (Benjamin Wah, ed), John
Wiley and Sons, Volume 1V, pages 2495-2504, Hoboken, New Jersey, 2009. dx.doi.org/10.1002/9780470050118.ecse609

Elkova 7: TkoouoLlavog «Tuprvac» Kol apaywyot
Tou 2"S taénc yia Stodldotatn (2D) mepimtwon

noapaywyol 2" taéncg eival:
(Lx» Ly: Lxx» ny: Lyy)
e Avtiotowa ta diktpa ava
SdlevBuvon sivau:
0,L = cos@L, + sin@L,

0oL = COS *@Lyy +...
- .2€0S@SIN@L,,, + sin *@Ly,

e [La KABE KALLAKWON Ol LEPLKEC

12



MNapadeyua

From the five components in the 2-jet, four differential invariants can be constructed, which are invariant
to local rotations; the gradient magnitude |VL|, the Laplacian V2L, the determinant of the Hessian detH'L
and the rescaled level curve curvature 5 (L):

( VL% = L% + L%,
V2L = Ly + Ly

detHL = LyyLyy, — Ly,

Z(L) = Ly’ Lyy + Ly Loy — 2Ly Ly Ly,

A theoretically well-founded approach to feature detection is to use rotationally variant descriptors sucj as
the N-jet, directional filter banks or rotationally invariant differential invariants as primitives for expressing
visual modules. For example, with u denoting the gradient direction (L,, Ly)T, a different geometric
formulation of edge detection at a given scale can be expressed from the image points for which the

second-order directional derivative in the gradient direction L, is zero and the third-order directional
derivative L, is negative:

Loy = L2Lyy + 2Ly LyLyy, + L3Ly,, = 0

A single-scale blob detector responds to bright and dark blobs can be expressed from the minima and the
maxima of the Laplacian response V2L. An affine covariant blob detector that also responds to saddles
can be expressed from the maxima and the minima of the determinant of the Hessian detH L. A straight-
forward and affine covariant corner detector can be expressed from the maxima and the minima of the
rescaled level curve curvature #(L).

Mnyn: Tony Lindeberg, “Scale-Space”, Encyclopedia of Computer Science and Engineering (Benjamin Wah, ed), John
Wiley and Sons, Volume 1V, pages 2495-2504, Hoboken, New Jersey, 2009. dx.doi.org/10.1002/9780470050118.ecse609
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Napadewypa ll

Mnyn: Tony Lindeberg, “Scale-Space”, Encyclopedia of Computer Science and Engineering (Benjamin Wah, ed), John
Wiley and Sons, Volume 1V, pages 2495-2504, Hoboken, New Jersey, 2009. dx.doi.org/10.1002/9780470050118.ecse609

Ewkova 8: Napadelypa eVPEONC AKUWV

(Aplotepa): ApxLkn eltkova peyebouc 180x180 px

(Mégon): H apvntikn TiHn Tou mAdtouc fabuwaonc
uTtoAoyLopEVN Vi t=1

(Ac€La): AlopOPLKEC YEWUETPLKEC OKMEC yia t=1 pe
T kotwdAiwonc Vt|VL|oto mAdtoc BdOpovoac

14



Napadeypa

Mnyn: Tony Lindeberg, “Scale-Space”, Encyclopedia of Computer Science and Engineering (Benjamin Wah, ed), John
Wiley and Sons, Volume 1V, pages 2495-2504, Hoboken, New Jersey, 2009. dx.doi.org/10.1002/9780470050118.ecse609

Fuovat 9: Differential descriptors for blob/interest pint detection
e (Aplotepa): ApxLkn ekovao peyEBouc 210x280 px
e (Méon): H AamAaotavr V2L urtohoylopévn yLa
t=16
e (Ae€La): H opilovoa tnc Eolovnc HATpoG
detH L vurtoAoylopevn ya t=16

15



Napadeyua IV

e Emaveéetaon apyLkou
rnopadeiypatoc

e Edappoyn aiyopibuou
yla eUPECN AKPWV ME t
= 1.0, 16.0 kat 256.0

Mnyn: Tony Lindeberg , “Scale-space: A framework for handling image structures at multiple
scales”, in Proc. CERN School of Computing, Egmond aan Zee, The Netherlands, 8-21
September, 1996, doi: 10.1.1.49.2448

Ewtkova 10: AKHEG Kol WTELVEC AKUEC yLa eTimeda
KAlpakwong t = 1.0, 16.0 and 256.0, avtiotowa

16


http://10.1.1.49.2448/

Invariance(ApetaBAntotnta)

e JTOXOC:

— Avaykn yia onueio-otolxeia ta onola Ba apouvotalovy
XanAo BaBbpuo evaoBnoiac N aAAtwe upnAo Babuo
oBevapotntac o€ MOLKIAEC LLKPEC LETAPOAEC TTOU
TPOKUTITOUV HETOEL VO ELKOVWV.

17



Types of invariance

Mnyn: Michal Erel, “Scale-space: A framework for handling image structures at multiple
scales”, in Public domain, URL: http://www.slideshare.net/wolf/michal-erels-sift-presentation

 |llumination

Ewkova 11: Enidpaon dwtiopol

18


http://www.slideshare.net/wolf/michal-erels-sift-presentation

Types of invariance

Mnyn: Michal Erel, “Scale-space: A framework for handling image structures at multiple
scales”, in Public domain, URL: http://www.slideshare.net/wolf/michal-erels-sift-presentation

* |llumination
e Scale

Ewkova 12: Enidpaon KALLAKWONC

19


http://www.slideshare.net/wolf/michal-erels-sift-presentation

Types of invariance

Mnyn: Michal Erel, “Scale-space: A framework for handling image structures at multiple
scales”, in Public domain, URL: http://www.slideshare.net/wolf/michal-erels-sift-presentation

e [llumination
e Scale
e Rotation

Ewkova 13: Enidpaon meplotpodrg

20


http://www.slideshare.net/wolf/michal-erels-sift-presentation

Types of invariance

Mnyn: Michal Erel, “Scale-space: A framework for handling image structures at multiple

scales”, in Public domain, URL: http://www.slideshare.net/wolf/michal-erels-sift-presentation

lllumination
Scale
Rotation
Affine

Ewkova 14: MNpo-kaBoplopevn petafAntotnta

21


http://www.slideshare.net/wolf/michal-erels-sift-presentation

Types of invariance

Mnyn: Michal Erel, “Scale-space: A framework for handling image structures at multiple

scales”, in Public domain, URL: http://www.slideshare.net/wolf/michal-erels-sift-presentation

lllumination
Scale

Rotation

Affine

Full Perspective

Ewkova 15: Enidpaon alAaynic 6€aong
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http://www.slideshare.net/wolf/michal-erels-sift-presentation

Achievement of illumination
Invariance

Mnyn: Qiang Ji, “Scale Invariant Feature Transform”, Computer Vision lectures @ Rensselaer
Polytechnic Institute, URL: http.//www.ecse.rpi.edu/Homepages/qji/CV/SIFTX.pdf

W
n’"l"im,...._.......Ill-,.,,ﬁ.

 The easy way
(normalized)

e Difference based

metrics (random tree,
Haar, and sift)

Ewkova 16: Emtitevén apetaBAntotntac o wTlopo

23


http://www.ecse.rpi.edu/Homepages/qji/CV/SIFTX.pdf

Achievement of scale invariance

 Pyramids
— Divide width and height by 2
— Take average of 4 pixels for each pixel (or Gaussian blur)
— Repeat until image is tiny
— Run filter over each size image and hope its robust

e Scale Space (DOG method)

24



MeBobdoc nupapidwv yia oBevapotnta
0€ KALLOKWON

Mnyn: Qiang Ji, “Scale Invariant Feature Transform”, Computer Vision lectures @ Rensselaer
Polytechnic Institute, URL: http://www.ecse.rpi.edu/Homepages/qji/CV/SIFTX.pdf

Ewkova 17: M£Bodoc nupapuidwv

25


http://www.ecse.rpi.edu/Homepages/qji/CV/SIFTX.pdf

Achievement of scale invariance (ll)

 Pyramids

e Scale Space (Difference Of Gaussians-DOG method)
— Pyramid but fill gaps with blurred images
— Like having a nice linear scaling without the expense

— Take features from differences of these images

— If the feature is repeatably present in between Difference
of Gaussians it is Scale Invariant and we should keep it.

26



Achievement of scale invariance
(DOG)

Mnyn: Qiang Ji, “Scale Invariant Feature Transform”, Computer Vision lectrues @ Rensselaer
Polytechnic Institute, URL: http.//www.ecse.rpi.edu/Homepages/qji/CV/SIFTX.pdf

Elkova 18: Gaussian pyramid vs dog method

27


http://www.ecse.rpi.edu/Homepages/qji/CV/SIFTX.pdf

Rotation invariance

 Rotate all features to go the same way in a
determined manner

e Take histogram of Gradient directions (36 in paper
for 1 every 10 degrees)

 Rotate to most dominant (maybe second if its good
enough, sub-Bin accuracy)

28



Rotation invariance

Mnyn: Qiang Ji, “Scale Invariant Feature Transform”, Computer Vision lectures @ Rensselaer
Polytechnic Institute, URL: http://www.ecse.rpi.edu/Homepages/qji/CV/SIFTX.pdf

Ewkova 19: Rotation invariance example

29


http://www.ecse.rpi.edu/Homepages/qji/CV/SIFTX.pdf

Affine Invariance

e Easy way: Warp your training and hope

 Fancy way: design your feature itself to be robust
against affine transformations (SIFT method)

30



Actual SIFT features

e Remember the gradient
h iStog ra m S We u S e d fo r I'Ir]v;']:tDavi(i.G Lol\jve, ”Dilsti?cctive In';agt‘e/'l:gatugeosogoerg gc(azlgt-)lz)variag;_l(lel\gpczjg'ﬁ", in
rotation invariance?

http://link.springer.com/article/10.1023%2FB%3AVISI.0000029664.99615.94
/.c__ T, T *
 Same theory, except AREVENE %K ;k
shown, 16 used) N ;’i

SEAPERE) >
NS -

keep N%histograms (4 (=55
Image gradients Keypoint descriptor

I

-4
x‘*/l‘f/

'

Faul

e

* Note, use weighted
contributions to avoid
edge nastiness

Ewkova 20: Generating keypoint descriptors

31


http://link.springer.com/article/10.1023/B:VISI.0000029664.99615.94

SIFT overview

e Get tons of points from maxima+minima of DOGS

 Threshold on simple contrast (low contrast is
generally less reliable than high for feature points)

 Threshold based on principal curvatures (technical
term is linyness)

32



SIFT overview (lI)

* Gradient, histogram, Rotate
 Take old gradient, histogram regions using Gaussian
weighting

 Hand off beautiful robust feature to someone who
cares (i.e. object recognizer, navigation software
(SFM), or stereo matching algorithm)

33



SIFT final output

Keypoint detection Final keypoints with selected orientation and scale

c)
Ewova 21: a) Maxima of DoG across scales. b) Remaining Ewkova 22: Extracted keypoints, arrows

keypoints after removal of low contrast points. C) Remaining indicate scale and orientation

¢ ‘-:ffkeypoints after removal of edge responses (bottom)

Mnyn: 2004 F. Estrada & A. Jepson & D. Fleet, “Local Features Tutorial: Nov. 8, ’04”, from
Lectures on Computer Vision in University of Toronto, Department of Computer Science, URL: 34
http://www.cs.toronto.edu/~jepson/csc2503/tutSIFT04.pdf



http://www.cs.toronto.edu/%7Ejepson/csc2503/tutSIFT04.pdf

SIFT-Napadeypa e-class Project

e XTOXOC: EUpEON TPOYXLAC EVOC KIVOUUEVO POUTIOTLKOU
OXNHATOC SEOOUEVWV TWV ELKOVWY TIOU TtapOnkav
Qo AUTO Katd Tt OLAPKELO TNC KIVNONC Tou.

e KateBaloupe tov alyopOuo SIFT armno to site:
http://www.vifeat.org/

35


http://www.vlfeat.org/

SIFT-Mapadewypa e-class Project

Elkova 23: ApxLKO set elkOvwv yla eUpeon MOPELOC OXAMOATOC

36



SIFT-MNapadewypa e-class Project

[[eVIKA 0 aAyopIOuog SIFT aTtroTeAsiTal ATTo TA €€NG BriHaTa:

1.

3.

AVIXVEUCTN QKPOTATWY OTOV XWPO TnNC KAINAdkwong(scale-space
extrema detection). Apxika epappdoletal eva Gaussian @QIATpO 0g KABE
pixel TNC &€IKOVAC Kal OTnv OuvéXela Ppiokel Ta akKpOTATa TNG
ouvapTtnong diagopdg Tou Gauss.

. Evrommiopog onueiwv  KAsIDlwv. ApXIKA XPNOILOTIOIEiTAl yIa KABe

UTTOWNQ@IO  ONMEIO-KAEIDI  TTAPEUPOA]  TwWV  KOVTIVWV  OnHEiwV
TTaipvovTag TO TETPAYWVIKO avdtmTuypa Taylor tne ouvdptnong
dlagopdc Tou Gauss. 2TnV CUVEXEId BpIOKEl TNV TTApAywyo TN YIid
KABE utTOWn@Io onuEio KAEIOI. Eav n atmréoTacn ToU aKPOTATOU ATTO TO
UTTOWnN®@IO OnMEIo KAEIOI eival peyaAuTepn atrod eva threshold 161 auTo
agnMaivel 0TI TO AKPOTATO £ival TTIO KOVTA 0& AAAO OnNHEIO-KAEIDI QAAIWCG
N atréoTACn TTPOCTIBETAI OTO UTTOWN QIO CoNUEIO KAEIDI yIa va TTAPOUE
TNV B£0N TOU QKPOTATOU.

AvdBeon TIPOCAVATOAIOUOU O& KABe TreploXr &vOIQQEPOVTOC TTOU
EVTOTTIOTNKE YIATI TMBAvOV TO i0I0 AVTIKEIUEVO va £XEl pwToypaAPnOEi
HME OIAPOPETIKEG YWVIEC TTEPITPOPNG.

. Tepiypapny Twv onueiwv  KAsIOIwWy  PE  €va OlAVUCUQ, TO OTIOIO

TTePIAQUBAvEl TTANpo@oOpia yia TNV B£0on ,TOV TTPOCAVATOAIOUO KAl TNV
KAIJOKQ TOu.

37



SIFT-Mapadewypa e-class Project

e Apxka edpoppoloupe tov adyoplOpo SIFT yua
SLaOOXLKEC ELKOVEC WOTE va BpoUE Kolva
XOLPOKTNPLOTLKAL:

ob tentative matches

38



SIFT-MNapadewypa e-class Project

e [Maipvovtac To HECO OPOo AVTWV yla KaBe dtadoxiko (evyapl
ELKOVWV KATAANYOUME OTO €MIBUUNTO amoteAeouaL:

Ewkova 25: AnotéAeopa SIFT

39



SIFT-MNapadewypa e-class Project

e Matlab kwokoc:



%Fakelos pou periexeil to vifeat toolbox
addpath([pwd "\vifeat-0.9.8\toolbox"]);

vl _setup;

%fakelos me fotografies

addpath([pwd "\ph*]);

%diabazoume tis fotografies

for 1=0:31

a=["im" num2str(i) "=imread(""im" num2str(i)
TLnfftt) v

eval(a);

end

x=[0 0 1]°;

X=[1;

H=[1:

h t=1;

mosaic=1m0;

%upologismos metatopishs kathe fotografias
for 1=1:31

%sigrinoume thn trexousa eikona me thn
proigoumenh gia na broume poso metatopisthke
a=["[h]=sift_mosaic(im® num2str(i-1) °,im"
num2str(1) °“,mosaic);"];

eval (@) ;

h=1nv(h);

%olikh metatopish ths trexousas photografias apo
thn arxikh

h t= h_t*h;

a=[ "h" num2str(i) "=h_t;"];

eval(a);

x=h_t*[128 128 1]~;

X=[X x]7;

H=[H; h];

hold on;

plot(x(1),x(2),"0")

pause(0.2);



end

figure;

%dhmiourgoume thn eitkona pou tha mpei sto mosaic
xp=abs(round(min(x(1))))+256;
yp=abs(round(min(x(2))))+256;
mosaic=zeros(1044 , 1728);

%Gra kathe eitkona tuponoume ta stoixeia ths
metatopismena analoga

for 1=1:31

disp(1n)

a=[ "aa=1im" num2str(i1) “:°];

eval(a);

as=size(aa)

a=[ “"hc=(h" num2str(i1) ");"];eval(a);
for k=1l:as(l)

for 1I=1:as(2)

%metatopish stoixeiwn

X=round(-hc*[I k 1]")+1;
iT(mosaic(X(1)+xp,X(2)+yp)==0)
mosaic(X(1)+xp,X(2)+yp)=aa(k,1);

end

end

end

imshow(mosaic,[1 255]);

pause(0.1);

end

mosaic=mosaic;

imwrite(mosaic, 'unititle.jpg’,'JPEG")
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Xpnuotodotnon

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

To £pyo «Avoikta Akadnpaika Madnipata oto Maveniotipo Natpwv»

EXEL XpnuatodotAoeL povo tnv avadlapopdwaon Tou eKTTOLOEUTIKOU
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
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2 NUELWLOTOL



2NUelwpa lotopkou Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0

44



>NUElwpo Avadopag

Copyright Navemotipio Natpwv, Avtwviog Tleg, Euayyelog Aeppatadg,

«Poumotika Zuotipata. O alyoptOuocg SIFT». Ekdoon: 1.0. Natpa 2015.

AwaBgopo amno tn diktuakn dtevBuvon:
https://eclass.upatras.gr/courses/EE804/index.php
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>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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>nueiwpa Xpnonc Epywv Tplitwv (1/4)

To Epyo auto KAVEL Xprion Twv akOAoUBwv £pywv:
Ewkoveg/Zxnuata/Ataypappota/Pwtoypadicg

Ewkova 1: Apxikn elkova kal eme€epyaoia pe Shift, Tony Lindeberg , “Scale-space: A framework for handling image
structures at multiple scales”, in Proc. CERN School of Computing, Egmond aan Zee, The Netherlands, 8-21 September,
1996, doi: 10.1.1.49.2448

Ewkova 2: Edges and bright ridges detected at scale levels t = 1.0, 16.0 and 256.0, respectively, Tony Lindeberg , “Scale-
space: A framework for handling image structures at multiple scales”, in Proc. CERN School of Computing, Egmond aan
Zee, The Netherlands, 8-21 September, 1996, doi: 10.1.1.49.2448

Ewkova 3: Aoun mupapidag, Richard Szeliski , “Computer Vision:Algorithms and Applications”, © 2010 Springer, URL:
http://szeliski.org/Book/

Ewkova 4: Epappoyn doung mupapidag, Tony Lindeberg & Bart M. ter Haar Romeny, “LINEAR SCALE-SPACE |: BASIC
THEORY”, in “Geometry-Driven Diffusion in Computer Vision” by Bart M Haar Romeny, 2013 Springer Science & Business
Media Springer, URL: http://www.springer.com/gp/book/9780792330875

Ewkova 5: Epappoyn scale-space og elkova pey€Boug 560x240 yia eminedo kApakwong t=1,8,64 (uey€0n os pixels),
Tony Lindeberg, “Scale-Space”, Encyclopedia of Computer Science and Engineering (Benjamin Wah, ed), John Wiley and
Sons, Volume IV, pages 2495-2504, Hoboken, New Jersey, 2009. dx.doi.org/10.1002/9780470050118.ecse609

Ewkova 6: Epappoyn mupapidag kat scale-space, Tony Lindeberg & Bart M. ter Haar Romeny, “LINEAR SCALE-SPACE I:
BASIC THEORY”, in “Geometry-Driven Diffusion in Computer Vision” by Bart M Haar Romeny, 2013 Springer Science &
Business Media Springer, URL: http://www.springer.com/gp/book/9780792330875
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>nueiwpa Xpnonc Epywv Tplitwv (2/4)
To Epyo auto KAVEL Xprion Twv akOAoUBwv £pywv:
Ewkoveg/Zxnuata/Ataypappota/Pwrtoypadicg

Elkova 7: TKaouoLavog «Tupnvac» Kol mopdywyotl tou 21 taéng yla Stodlaotatn (2D) mepintwon, Tony Lindeberg,
“Scale-Space”, Encyclopedia of Computer Science and Engineering (Benjamin Wah, ed), John Wiley and Sons, Volume |V,
pages 2495—-2504, Hoboken, New Jersey, 2009. dx.doi.org/10.1002/9780470050118.ecse609

Ewkova 8: MNapadelypoa evpeong akpwy, Tony Lindeberg, “Scale-Space”, Encyclopedia of Computer Science and
Engineering (Benjamin Wah, ed), John Wiley and Sons, Volume |V, pages 2495-2504, Hoboken, New Jersey, 2009.
dx.doi.org/10.1002/9780470050118.ecse609

Ewkova 9: Differential descriptors for blob/interest pint detection, Tony Lindeberg, “Scale-Space”, Encyclopedia of
Computer Science and Engineering (Benjamin Wah, ed), John Wiley and Sons, Volume IV, pages 2495-2504, Hoboken,
New Jersey, 2009. dx.doi.org/10.1002/9780470050118.ecse609

Ewkova 10: AKPEC Kal PWTELVEC aKMEC yia emtimeda kKAlpAakwong t = 1.0, 16.0 and 256.0, avtiotowxa, Tony Lindeberg,
“Scale-space: A framework for handling image structures at multiple scales”, in Proc. CERN School of Computing,
Egmond aan Zee, The Netherlands, 8-21 September, 1996, doi: 10.1.1.49.2448

Ewkova 11: Enidpaon pwtiopou, Michal Erel, “Scale-space: A framework for handling image structures at multiple
scales”, in Public domain, URL: http://www.slideshare.net/wolf/michal-erels-sift-presentation

Ewkova 12: Emidpaon kAlpakwong, Michal Erel, “Scale-space: A framework for handling image structures at multiple
scales”, in Public domain, URL: http://www.slideshare.net/wolf/michal-erels-sift-presentation

Ewkova 13: Enidpaon neplotpodric, Michal Erel, “Scale-space: A framework for handling image structures at multiple
scales”, in Public domain, URL: http://www.slideshare.net/wolf/michal-erels-sift-presentation
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>nueiwpa Xpnonc Epywv Tplitwv (3/4)

To Epyo auto KAVEL Xprion Twv akOAoUBwv £pywv:
Ewkoveg/Zxnuata/Ataypappota/Pwrtoypadicg

Ewkova 14: MNpo-kaBoplopevn petapfAntotnta, Michal Erel, “Scale-space: A framework for handling image structures at
multiple scales”, in Public domain, URL: http://www.slideshare.net/wolf/michal-erels-sift-presentation

Ewkova 15: Enidpaon aAdayng B€aong, Michal Erel, “Scale-space: A framework for handling image structures at multiple
scales”, in Public domain, URL: http://www.slideshare.net/wolf/michal-erels-sift-presentation

Ewkova 16: Enitevén apetafAntotntag os pwtiopo, Qiang Ji, “Scale Invariant Feature Transform”, Computer Vision
lectures @ Rensselaer Polytechnic Institute, URL: http://www.ecse.rpi.edu/Homepages/qji/CV/SIFTX.pdf

Ewkova 17: MéBoboc nupauidwyv, Qiang Ji, “Scale Invariant Feature Transform”, Computer Vision lectures @ Rensselaer
Polytechnic Institute, URL: http://www.ecse.rpi.edu/Homepages/qji/CV/SIFTX.pdf

Ewkova 18: Gaussian pyramid vs dog method, Qiang Ji, “Scale Invariant Feature Transform”, Computer Vision lectures @
Rensselaer Polytechnic Institute, URL: http://www.ecse.rpi.edu/Homepages/qji/CV/SIFTX.pdf

Elkova 19: Rotation invariance example, Qiang Ji, “Scale Invariant Feature Transform”, Computer Vision lectures @
Rensselaer Polytechnic Institute, URL: http://www.ecse.rpi.edu/Homepages/qji/CV/SIFTX.pdf

Ewkova 20: Generating keypoint descriptors, David G Lowe, “Distinctive Image Features from Scale-Invariant Keypoints”,
in International Journal of Computer Vision, 2004, 60,2 (2004), pp 91-110, URL:
http://link.springer.com/article/10.1023%2FB%3AVIS1.0000029664.99615.94
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>nueiwpa Xpnonc Epywv Tplitwv (4/4)

To Epyo auto KAVEL Xprion Twv akOAoUBwv £pywv:
Ewkoveg/Zxnuata/Ataypappota/Pwrtoypadicg

Ewkova 21: a) Maxima of DoG across scales. b) Remaining keypoints after removal of low contrast points. C) Remaining
keypoints after removal of edge responses (bottom), 2004 F. Estrada & A. Jepson & D. Fleet, “Local Features Tutorial:
Nov. 8, '04”, from Lectures on Computer Vision in University of Toronto, Department of Computer Science, URL:
http://www.cs.toronto.edu/~jepson/csc2503/tutSIFT04.pdf

Ewkova 22: Extracted keypoints, arrows indicate scale and orientation, 2004 F. Estrada & A. Jepson & D. Fleet, “Local
Features Tutorial: Nov. 8, '04”, from Lectures on Computer Vision in University of Toronto, Department of Computer
Science, URL: http://www.cs.toronto.edu/~jepson/csc2503/tutSIFT04.pdf

Ewkova 23: ApxLko set elkOvwv yLa eUpeon opeiag oxnpatog, 160 €pyo
Ewkova 24: Epappoyn SIFT yia 26tadoxikeég lKOVEG, 1610 €pyo

Ewkova 25: AnotéAeopa SIFT, 1610 £pyo
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