Hladanie objektov



Prikladanie Sablon

M Xx N obraz
P x Q Sablona
O(MNPQ)

Ak nepozname skalu sablony, este horsie



Najdi & v obraze

Ktoru mieru podobnosti
pouzit?
Korelacia

Korelacia s nulovym
priemerom




Korelacia

h[m,n]=> g[k, 1] f[m+k,n+I]




Korelacia s nulovym priemerom

h[m,n] :Z(g[k,l]—g) (fIm+k,n+1])




Suma stvorcov vzdialenosti

h[m,n] :Z(g[k,l]— f[m+k,n+1])°




h[m,n] :Z(g[k,l]— f[m+k,n+1])°
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Normalizovana korel







Ktoru mieru podobnosti pouzit™

Korelacia — rychla, znasobuje intenzity,
nevhodna

Korelacia s nulovym priemerom — rychila,
deteguje aj falosné vyskyty

Suma stvorcov vzdialenosti — pomalsia, citliva
na zmenu intenzity

Normalizovana korelacia — najpomalsia,
invariantna voCi zmene kontrastu a
Intenzity



Najdi @ v obraze




Hladanie objektov r6znych

velkosti

IMAGE
lixed scale

TARGET

at expanded scales
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Skalovanie

Zahod kazdy druhy riadok a stlpec



......

1/2 1/4 (2x zoom) 1/8 (4x zoom)



Dobré a zlé vzorkovanie

Dobré vzorkovanie:
DostatoCne vela
vzoriek, alebo
,dobré” vzorky

Zlé vzorkovanie:
Vysledkom je
aliasing!




Zahod kazdy druhy riadok a stipec



Skalovanie s rozostrenim

Gauss a potom skalovanie



Gaussian 1/2



1/4 (2x zoom) 1/8 (4x zoom)



Gaussovska pyramida

G, = (G, * gaussian) |, 2

G, = Image

EECS 741: Computer Vision

Brian Potetz




Gaussovska pyramida

G, = (G, * gaussian) |, 2

G, = (G, * gaussian) |, 2

G, = Image

EECS 741: Computer Vision

Brian Potetz




Gaussovska pyramida

B

G, = (G, * gaussian) |, 2

G, = (G, * gaussian) |, 2

G, = (G, * gaussian) |, 2

G, = Image

EECS 741: Computer Vision

Brian Potetz




G, = (G; * gaussian) |, 2
G; = (G, * gaussian) |, 2

G, = (G, * gaussian) | 2

G, = (G, * gaussian) | 2

G, = Image

EECS 741: Computer Vision

Brian Potetz



Priestorove prehladavanie

Pyramidovy pristup

Zacneme najviac degradovanou verziou
Najdeme kandidatne oblasti

Dalej hfadame len v tychto oblastiach






GP — vysoko redundantné udaje

Vv v n

suU v kazdom obraze
Nepotrebuje ulozit cely obraz, staCi chyba

Laplacovska pyramida



Laplacovska pyramida

Pri vyrobe GP, stracame info
Ulozime do LP



LP vs. GP

GP G, =L, +expand(G, ;) -
G <

.
«r%d




LP vs. GP

Frekvencie obsiahnute v jednotlivych urovniach




Kombinovanie obrazov




Jablranc




Kombinovanie regionov

Given two images 4 and B, and a mask M
Construct Laplacian Pyramids L, and L,

Construct a Gaussian Pyramid G,

Create a third Laplacian Pyramid Z_ where for
each level /

LGi.j)=G,G )L )+1-G,{. )L,.))

Sum all levels L. in to get the blended image




Horor foto
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© prof. dmartin



Multi-Sensor Fusion

Long Wave Medium Wave

Averaging > Selecting Maximum Laplacian Fusion



2000
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0C 600 800 1000 1200 1400 1600 1800 2000

Original signal

20

Odozva Laplacianu bude maximalna v strede
skvrny pri vhodnej skale



Normalizacia

Odozva Laplacianu pri réznej Skale
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2D LoG




charakteristicka skala skvrny
maximalna odpoved Laplacianu v strede skvrny




Detekcia gkfvn v SP

Odozva Laplacian obrazu pri roznych
skalach

Maxima v SP







sigma = 11.9912










Lokalne priznaky

Skladaju sa z dvoch cCasti:
— Detektor na najdenie zaujimavych bodov

— Deskriptor na ich popisanie

Porovnavanie
- Doélezita je metrika!

Klasifikacia
- Obvykle pocet zhod
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Vyber zaujimavych bodov

Naivne: Detektory:
Vsetky body Harris corners
Nahodné body SUSAN
Rovnomerne SIFT
rozmiestnene body SURF

FAST



Mﬂ“‘“‘“

FQ, e 3. Example of a scale-space before the DoG computatio

Hlada zaujimavé body v DoG priestore



DoG priestor

Rovnica prenosu tepla

oV°G = oG
oo

oG N G(ko)-G(o)

5; Ko—o

(k-1)o*V°G ~G(ko)-G(o)

D(X’ Y, 0) — VﬁormG(Xi Y, 6)* | (X1 y)



DoG priestor
D(X,Y,0)=0°V°G*|
~(G(ko)-G(o))*|
~G(ko)*l -G(o)*I

(next
octave)

40| =
220

Scale
(firstD
octave)

J20

J (X, y, G) = G(X, y, (7)* I (X, y) o Difference of

Gaussian Gaussian (DOG)




SIFT

Zaujimave body hlada v 26 okoli v DoG
Hladaju sa minima a maxima
— lokalne extremy v 26 okoli

Urcili sme poziciu a skalu
Orientacia

A(x, y) = arctan J(X,y+1)-J(x,y-1)

J(x+1y)-J(x-1,y)



Odstrania sa
malo kontrastne body

body pozdiZ hran
Hesseho matica druhych derivacii

Tr(H)=D,, +D, =a+p

a=rp

Det(H) =D,.D,, —(D,,)* =af3

Tr(H) _(a+f)* _ (tB+F) _ (r+1)°

Det(H)  af r 3 r



Figure 5. This figure shows the stages of keypoint selection. (a) The 233 x 189 pixel original image. (b) The initial 832 keypoints locations
at maxima and minima of the difference-of-Gaussian function. Keypoints are displayed as vectors indicating scale, orientation, and location.

(c) After applying a threshold on minimum contrast, 729 keypoints remain. (d) The final 536 keypoints that remain following an additional
threshold on ratio of principal curvatures.

D.Lowe. “Distinctive Image Features from Scale-Invariant Keypoints”. |[JCV 2004




SURF

Namiesto vytvarania Gaussovej pyramidy
filtruje obrazok roznymi velkostami filtrov

Filter = aproximacia druhych parcialnych
derivacii Gausianu

SURF: Speeded Up Robust Features
Herbert Bay, Tinne Tuytelaars, and Luc Van Gool, ECCV 2006



SIFT : H3T

approx

SURF : H>X" =

approx




Integralne obrazy

, (1,1)
Suma bodov viavo hore .

0 y) = 31, j)

i=1 j=1

Suma bodov v
obdiznikovom okne
(ABCD) p6vodneho
obrazu =

IO(A) — 10(B) — IO(C) +
1O( D)

(X,y)
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FAST

Porovnanie hodnoty intenzity bodu a jeho
susedov na Bresenhamovej kruznici s
polomerom r
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E. Rosten and T. Drummond. "Machine learning for high-speed corner detection,".
ECCV 2006



http://citeseer.ist.psu.edu/741064.html
http://citeseer.ist.psu.edu/741064.html
http://citeseer.ist.psu.edu/741064.html

Popis zaujimavych bodov

Raw data
HOG
SIFT
SURF
BRIEF



Raw data

Vektor intenzit okna . ey




HOG

Histogam of
Oriented
Gradients

CellSize = [2 2] CellSize = [4 4] CellSize = [3 8]
Feature length = 1764 Feature length = 324 Feature length = 36

—y— — — e e e



SIFT

Pouziva HOG

Okno okolo zaujimaveho bodu otoCi podla
orientacie



SIFT
24 X 4 x 8 hodnot HOG




SURF

Haar wavelet odozvy vo vertikalnom smere
a horizontalnom smere

» Description

4 priznaky x
16 oblasti =
64 hodnot




BRIEF

jeden z prvych binarnych deskriptorov

porovnava intenzitu dvojic plxlov \Y; okoI| ________
zaujimavych bodov

=> bitovy deskriptor
256 [ 128 bitov




Porovnanie bodov

Euklidovska vzdialenost

Hammingova vzdialenost

dy(p.q) Z o(p;.q;)/n
=1

where

o(p.q)

J 0if =(x<0Ay<O)V(x=0Ay=0)
l 1 if = otherwise '
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