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Motivation

Time, costs...

human visual system

field of view

of around 135x200 degrees,
but a typical camera

only 35 x 50 degrees...

FIGURE 1. The plenoptic function describes all of the
image information visible from a particular viewing

Plenoptic modeling... 1995  ~=

In the case of a dynamic scene. we can additionally choose the time,
1. at which we wish to evaluate the function. This results in the fol-
lowing form for the plenoptic function:

p=PO.OLV,.V,V.1) (M



Plenoptic modeling

Plenoptic modeling... Bishop & McMillan 1995

“Image-based rendering is a powerful new
approach for generating real-time photorealistic
computer graphics... convincing animations
without an explicit geometric representation.”

Tools: Dersch, Hugin, PTGui...

AutoStitch - Brown-Lowe 2003

http://matthewalunbrown.com/autostitch/autostitch.html

e 7D Plenoptic Function >> 2D panorama



Plenoptic function [BmM9s5]

FIGURE 1. The plenoptic function describes all of the
image information visible from a particular viewing
position.

In the case of a dynamic scene. we can additionally choose the iume.
7. at which we wish to evaluate the function. This results in the fol-
lowing form for the plenoptic function:

p=P@O.0.AV_ .V, V_ 1) (1)



Sea of Images 2002

Daniel G. Aliaga, Thomas Funkhouser, Dimah Yanovsky, Ingrid Carlbom




Photosynth 2006-10

Microsoft Photosynth WEPhotosynth 1w e Moo MWovosseds  TTRLD)

Soncder Meadows ty Commene ® At et U
A Vgt b

Photosynth technology showing Spider Meadows
Central Washington

Developer(s) Microsoft

Initial release August 20, 2008; 9 years ago e

Last release 2.110.317.1042 / March 18, 2( Soncder Meadhows o Lasse
7 years ago

Development status Discontinued!!

Type 3D modeling, panorama
stitching

Website photosynth.netg’






Process

e [BLO3]

Final Result

e http://matthewalunbrown.com/autostitch/autostitch.html




Principles of geometric
analysis and synthesis
of a mathematic model

e princip kontinuity

e (nepreryvnost: spojitost, koherencia)

e princip zhody

e (sootvetstvije: dodrziavanie, consistency, conformity)

e princip kompatibility

e (sovmestimost: zlucitelnost)

e Baganyan, GA. 1985. Masinnaja grafika v upravlenii. Jerevan: Ajastan.



History before computers

e Panorama of 'Old Edinburgh' by Robert Barker

e Barker's patent for painting panoramas expired in
1801, which meant the 360-degree images could
be produced by rival artists
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is Panorama of "Old Edinburgh’ by Robert Barker is still in exisiance and resides at the The Edinburgh Virtual Environment Centre, University of Edinburgh. The Panorama was as wide as 300 feet and as high as 50. It is known as "Edinburgh From The Crown Of St. Giles". Image Copyright @ City Aris Centre.



SIGGRAPH Slide Show

&,

1991 SIGGRAPH
Educators’ Slide Set

Editor
Steve C

unningham
California State University Stanislaus



The Shutterbug Rendering
Progression

This sequence illustrates the progressive refinement of rendering
algorithms.

The images range from wire frames to photo-realistic renditions
shadows,

including reflections and

The rendering algorithm affects the quality and information
three-dimensional

by the image, independent of the underlying

conveyed
model.

ShutterBug Credits
Produced by Tom Williams and H. B. Siegel, with the assistance of
M. W. Mantle

AH images rendered with PhotoRealistic RenderMan 3.2
Copyright Pixar, 1990

Crank

and Practice, Second

G s
Edition, by Foley, van Dam, Feiner, and Hughes
Copyright Addison-Wesley, 1990
















Model >> Picture, context
System Architecture

Multidimensional
modeller with SUT

F-rep library

Operations

Ui

4

\

g

Modeller
with GUIL

HyperFun
models

A

HyperFun < Java
translator

Internet-based
empirical

4

Interpreter

modeller

Polygonization

Ray-Tracing

Skeleton-based
mplicits

Conwvolution
surfaces

Berzier patches
and volumes

Il

Animation

Vexelization

Painting/
p Non-photorealistic

rendering

FRep Library

Primitives

i

HfSphere, HfElipsoid,
HfCylinder,
HrElpticCylinder,
HfEllipticCone, HfTorus,
HiSuperellipsoid,
HrBlock, HfBlobby,
HfMetaball, HfSoft,
hFBezierVolume,
HfCubicSpline, HiNoiseG

Convolution objects:
HfConvPoint,
HfConvLine, HfConvAre,
HfConvTriangle,
HfConvCurve,
HfConvMesh

Operations

HfBlendingUnion,
HfBlendinglntersection,
HfScale, HIShift,
HfRotate, HfTwist,
HifStretch, HfTapering,
HfSpaceMapCubic

Specialist operations

for hypervolume
texturing:

HfColor, HfColorUnion,
HfGradient, HWave,
HfMapNoise,
HfColorPattern,
HfColorWall, ...



--This HyperFun program consists of one object:

-—-union of superellipsoid, torus and soft object
my_model{x[3], a[1])
{
array x0[9], y0[9], z0[9], d[9], center[3];
1

x1=x[1];
x2=x[2];
x3=x[3};

--superellipsoid by formula
superEll = 1.(x1/0.8)*4.(x2/10)*4.(x3/0.8)*4;

- torus by library function
center= [0, 9, 0];
torus = hfTorusY(x,center,3.5,1);

-- soft object

x0=[2.14, 14, 3, 3,0,25,5.,6.5]
y0=[8,8,8,65,5,45,3,21;
20=[0,-14,14,0,3,4,25,0, 1];
d=[25,25,25,25,25,25,25,217,3];
sum =0.;

i=1;

while (i<10) loop
xt= x[1] - x0[i];
yt=x[2] - yO[il;
zt = x[3] - z0[i];
= sqri(xCxt+yCyts zt°21);
if (r <= d[i]) then
2 =r'1; i = 12%12; 16 = i4712;

d2 = d[i]*2; d4 = d2%d2; d6 = d4"d2;

sum = sum + (1 - 22*12/(9°d2) +
17°14/(9"dd) - 4°16/(9%d6));
endif;
i=ie1;
endloop;
soft=sum -0.2;

--final model as set-theoretic union
my_model = superEll | torus | soft;

. https://www.wiley.com/legacy/compbooks/vrmI2sbk/ch02/02fig01.htm

Polygonization

Pasko et al.
[1988]

=« Command line
interface

= VRML export

= MAM/VRS +
Tcl/Tk

» Multi-Platform

5 Command Prompt - hfp tst.hf -g 35 _[o] x|

Figure 2.1
Your first VRML world
02ig01 wrl |Click on the image to view the VRML scene.

#VRML V2.0 utfs
# The VRML 2.0 Sourcebook
# Copyright (c) 1997
# Andrea L. Bmes, David R. Nadeau, and John L. Moreland
# A brown hut
Group {
children [
# Draw the hut walls
Shape {
appearance DEF Brown Appearance {
material Material {
diffuseColor 0.6 0.4 0.0
}
}
geometry Cylinder {
height 2.0
radius 2.0
}

b
4# Draw the hut roof
Transform {
translation 0.0 2.0 0.0
children Shape {
appearance USE Brown
geometry Cone {
height 2.0
bottomRadius 2.5



Virtual Heart of Central Europe, cuiture 2000

Virtual Heart of Central Europe H. .
Towers, Wells, and Rarities 3D On-line l'ﬁ |
A4

Castle and Well - VRML (Low resol lution)

W

Author(s) & Contributor(s): Stanislav Stanek i Big/Srmall 1

< W < B E

s
] Ehatin o Qe
Culture 2000

- .|
« Awarded by EuroPrix Quality Seal

www.VHCE.Info
« 330 kEUR, 150 KEUR from EC, Slovak Prix
« follow-up 2005-2006 (SK, SI, PL, CZ), submitted, 256 KEUR, rejected



Compare Reality - Synthesis
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fotografia fotoaparat, objekt
alebo film kamera

vizualne proces :
vnimanie zobrazenia fotozaznam

J redlny svet

L]

geometncka
monitor pocitac reprezentacia

vizualne proces zmena geometricke) ;
vnimanie zobrazenia informacie na obrazovu |







STITCHING WORKFLOW USING PTGUI

o Load the 5 aerial pictures into PtGui

o Assuming RAW images have been processed with LR

Image

File

| width | Height |

R:\Pano\Kopter\Olympiapark\P1050983.JPG

R:\Pano\Kopter\Olympiapark\P1050985.JPG

R:\Pano\Kopter\Olympiapark\P1050987 JPG

R:\Pano\Kopter\Olympiapark\P1050989.JPG

R:\Pano\Kopter\Olympiapark\P1050992JPG

4000 3000
4000 3000
4000 3000
4000 3000
4000 3000



STITCHING WORKFLOW USING PTGUI

o Set Optimizer to Heavy + lens shift
o Align Images

Project Assistant | Source Images| Lens Settings| Panorama Settings| Crop | Mask | Image Parameters| Control Points) Optimizer

The Optimizer will adjust the image and lens parameters until the control points match as closely as possible.

Advanced > » |

Anchor image:

Optimize lens Field of View: [V

Minimize lens distortion: | Heavy + lens shift ».

Press the Run Optimizer button below to start the optimizer.




STITCHING WORKFLOW USING PTGUI

ﬂnpﬂ»\m{ Sowuhwuf mel PWW Crop  Mask  image Parameten | Cumi Optemwzer | Exposure / HOR . Pvu;«tm‘ Pw[ Creste Panorame

Here you can hide unwanted pants of your source smages by coloning them red Or pant green to force certain parts 10 appear i the blended pancrama.

o o[0]
7%

Pencd Size:

Use Mask to remove
objects like motor

and propeller




STITCHING WORKFLOW USING PTGUI

ProjectAss:stant Source]mages LensSdtmgs PanoramaSeﬁmgs - Crop | Mask lmage Parameters Control Peints Op_rmmer Exposure/ HDR PrqectSdtmgs VP Create Pano

Green masks to areas
you want to preserve




STITCHING WORKFLOW USING PTGUI

Align and optimize the spherical panorama

| Mode Edit Projecton  Tools  Help

B0+ E4++4 080 QAe|(@mmw|THe

l' Edit Panora.ma ‘




STITCHING WORKFLOW USING PTGUI

File Edit View Images Mask ControlPoints Tools Project Help

TR RE|eaifad e BE G @

Project Assistantl Source Imagesl Lens Settingsl Panorama Settingsl Crop lMask l Image Parametersl Control Points | Optimizer | Exposure / HDR | Project Settings | F

v N 9 N
“‘ -} v m
A

o Add 3 Zenith pictures

» Advantage of having enough overlap to remove lens
flares and ground objects

o Move the 3 pictures manually using the panorama
editor into the ‘right’ position

| l.loadimages.. |




STITCHING WORKFLOW USING PTGUI

o Mask ground objects and lens flares




STITCHING WORKFLOW USING PTGUI

o Check the panorama in Editor

Mode Ed_t Trg_ic:tcn Toels Hc‘p ) , . i -
WD+ E4++nudQ- | e muwTe
[P R R VN P [T P







Image-based rendering
motivates Image Processing...CV

Spracovanie obrazu je proces aplikovania akejkoPvek opericie na obraz alebo
obrazové data pre dany ucel. Napr. analyza scény, kompresia obrazu, konstrukcia 2D
alebo 3D modelov objektov, ai.

But the camera sees this:
194 210 201 212 199 213 215 195 178 158 182 20
180 189 190 221 209 205 191 167 147 115 129 163
114 126 140 188 176 165 152 140 170 106 78 88
87 103 115 154 143 142 149 153 173 101 57 57

128 84 38 66

ErEEEGENRES
vstup je dany vystup je dany ako SitiiiiiEL
Figure 1-1. To a comput
ako popis obrazok zvuk
> ....magel
popis sym.bollck'a poditatova grafika hlasovy vystup 1
manipulicia '
obrazok rozpoznavanie | spracovanie obrazu ! \
i i
obrazov : i
zvuk rozpoznavanie spracovanie zvuku '
zvuku e H
Obr. 1.4 Oblasti spracovania informdcie I .
Potitatovej grafike pribuzné Glohy riesi aj rozpoznavanie obrazcov (pattern re-
cognition). Vztahy tychto a d’alSich oblasti spracovania informécie objasiuje obr. 1.4, e
[SKAL93]. Prazdne policka oznacuju zatial’ nepomenované oblasti. e
p‘ .'1.
J

Figure 1-2. The ill-posed nature of vision: the 2D appearance of objects can change radically with
viewpoint

Learning OpenCV: Computer vision with the OpenCYV ... - Bradski Citované 5742-krat
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Interaktivna Uéebnica Spracovania Obrazu
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From digital image (Ruzicky)
to IBR (OpenCV pipeline)

Obrazovad funkcia na jednom riadku

Vezorkovany

signal

Obr. 6.1 Obrazova funkcia ziskana vzorkovanim

POCITACOVA GRAFIKA

O [HAANV

oo
4
D)

N
=
%
Z
A

SPRACOVANIE OBRAZL

Matematické zaklady spracovania obrazu
8.1. Uvod do Fourierovej transformacie
6.2. Diskrétna Founerova transformacia
6.3 Niektoré viastnosti Fourierovej transformacie

Jasova korekcia a filtracia obrazu .......

71, Uvod

7.2. Jasova korekcia

7.3. ZlepSenie obrazu pomocou histogramu
74. Filtrcia

7.5. Vyhiadenie obrazu

7.6. Ostrenie obrazu

Segmentacia a hranica obrazu .........

8.1 Uvod

8.2. Segmentacia prahovanim

8.3. Hranica a obrys binameho obrazu
8.4. Segmentacia obrysom

85 Segmentacia narastanim oblasti

Morfologické transformacie a skelet .....

8.1. Uvod do morfoldgie

92, Kondtrukcia elementarnych transformacil
8.3, Kostra (skelet) mnoZiny

9.4 Zakladné poymy

95 Algortmy skeletovania .

-----------------

-----------------

----------------

107
107
112
120
122

125
126
131
131
135

http://www.sccg.sk/~ferko/PGAS02012-bookmarks.pdf



Image-based renderin
(e.g. OpenCV pipeline)

Resize Sazlgc;tngzcahgeess Estimate camera
(medium |—| Findfeatures |——=| Match features |— =, |—> parameters rough
y subset to build M
resolution) pano initial guess
Registration
Wave
correction Refi
Registration efine camera
data parameters
Final pano globally
scale
estimation

Input . Compensate - 0
images \arirades exposure errors BlendImages

- Estimate Resize masks to
Compositing exposure errors the original
resolution
Resize (oW Warp images Find seam masks
resolution) pirag

Image registration is the process of transforming different sets of data into one coordinate system.



Image Registration

ROt s Ak e

Image registration, transforming different sets of
data into one coordinate system.

e.g. Diffeomorphism, an isomorphism of smooth
manifolds, an invertible function that maps one
differentiable manifold to another such that both the
function and its inverse are smooth

117777777777/ 1

|1 [ | ] ]/ /L LA efofofd ]

Why?

to see things previously impossible to see,
e.g. the distant Alps

https://en.wikipedia.org/wiki/Image_registration




History 2, Bratislava

/} Virtual 3D Bratislava - APVT Project - Microsoft Internet Explorer
Y | File Edt View Favoites Tooks Help

Map

Welcome
Project
Partners
Outcomes
Reports
City
Gallery
Links
Map

€] f_ f_ ,_ @? Local intranet 7

Veduta, malovana rovinna panorama a dvojpohladova vizualizacia, VrBa.



History 3... Street View 2007

Google Street View

The facades of buildings were =
texture-mapped onto 3D models. The
same 3D model was used to translate
2D screen coordinates into a database
of buildings in order to provide
hyperlinks to additional data.

Arcad junction in Manchester, England, showing
nine different angles

Aspen Movie Map, MBR >> IBR, 20 peta 2012 initial release  May 25, 2007; 10 years ago



Digital Image

Obrazovad funkcia na jednom riadku

oy

1.2 Vlastnosti digitilneho obrazu

Vzorkovany

signal

Stvorcova a hexagonalna vzorkovacia mriezka.

V tejto uéebnici slovo obraz, alebo $edotonovy obraz bude vyjadrovat’ dvojrozmernu jasovi funkciu fix, v). Definiénym oborom obrazove) funkcie bude rovinna oblast’ R:

R={{z, ) 0=x=x, 0=y y,} 1

kde x,v su celé éisla, X,, vy 50 maximalne soradnice. Obor hodndt je celoéiselna mnoZina jasovvch hodndt.
V digitalnom obraze mozeme zaviest’ vzdialenost’ medzi dvoma bodmi. Nech (1,3) (k.1) si dva obrazove elementy, potom vzdialenost mozeme definovat’ nasledujucimi spos«

Dp= (-_’t)g +[J_E)2 (2)
Dy =i-k|+|i-7] (3)
D, = max{|i k|| =1} )

Kde Dg je Euklidovska vzdialenost’, ktora ale nie je vhodna pre diskrétny obraz, lebo nemusi vratit’ celé éislo. Vzdialenosti Dy, Dy uréuyi naymensi poéet jednotkovych krok

mriezke V pripade Dy posun je povoleny len vo zvislom alebo vo vodorovnom smere. V pripade Dy su povolené aj diagonalne pohyby.
Dalgim dolezitym pojmom je susednost’. Rozlidujeme 4-susednost’ a S-susedmost’. 4-susedia daného obrazového elementu su body s jednotkovou vzdialenostou v

i

4-okolie 8-okoke

vzdialenost'ou v Dg. TieZ sa hovori 4-okolie, alebo 8-okolie




Digital Image Properties

Oblast’ je suvisla mnoZina obrazovych elementov, pre ktora plati, ze medz1 kazdymi dvoma bodmu existuje cesta patriaca cela do tejto mnoZzmy. Predpokladajme, ze Ri su oblasti obrazu. Nech R je oblast’ ktora vznikne zjednotenim wvietkych
oblasti Ri. Patom RE je mnozmovym doplnkom oblasti R nazyvame ho pozadim.
Objekty su oblasti, ktoré obvykle odpovedaji entitim zobrazovaného sveta. V jednoduchom praktickom pripade. ked’ ma bod jas va¢éi ako uréity prah. priradime ho k objektu.
Suvislost' a susednost’ definovana na diskrétne] $tvorcovej mriezke nés privedie k uréitym paradoxom. Predstavme si Usecku s 45 stupfiovym sklonom v digitalnom obraze. Ak uvazujeme 4-susednost’, potom tato usecka je v kazdom svojom bode
nestvisla. Dalsim paradoxom je, Ze dve pretinajice sa usecky v digitalnom obraze sa len dotykaji.

\
a) v pripade 4-susednosti. Bisecka je v kazdom svojom bode nesuvisld.
b) v pravo hore sa usecky pretinaju, kiym l'avo dole sa len dotykajo. tj. nemaji spoloény bod.
c) z euklidovske) geometrie plati, Ze uzavreta krivka deli priestor na dve ¢asti. V digitalnom obraze to ale nemusi byt pravda. Na obrazku vidime kruh, 5. uzavret krnivku, a usecku ktord ju nepretina, ale spaja bodv z vnitra s bodmi z vonkajska.

Jednym riefenim pre tieto paradoxy je pouzit’ 8-susednost’ pre objekty a 4-susednost’ pre pozadie. Je to ale neprakticke riefeme. Dalou moznostou je pouzit’ hexagonalnu mriezku, v ktorej paradoxy nevznikayi. Narazime ale na realizaény problém,
pretoze vacsina grafickych zariadeni podporuje tvorcovy raster.

Pod pojmom hranica oblasti rozumieme mnozinu vietkych bodov, ktoré maji aspofi jedného suseda, ktory nepatri do oblasti. V digitalnom obraze rozlisujeme vonkajsiu a vmitorna hranicu. Pre vnitorni hranicu potom plati predosla definicia.
‘Vonkaj$ia hranica je hramcou pozadia.

DIP - Digital Image i ina uéebnica sp iz obraza

BT R [Ru], Wi, [Kalra]
W

‘ E RLEIRIR
sin x ‘ - . llllll:ll

-
' 1- hll.llnll

Modeling

Transformation ~ Viewing .
Transformation

sin x ‘m‘L‘A

The DCT transforms an 8=8 block &
sin x .nl}-‘i .u-'\;h of inputvalues to a linear combination
ofthese 64 patterns. The patterns are
referred to as the two-dimensional
) 5 DCT basis functions, and the output
a

" , ‘ ) ‘ ) - values are referred to as transform ﬂ Q |:|
Obr. 6.2 Signdl vyjadreny frekvenciou harmonickych funkcii coefficients. The horizontal index is u ma e

and the vertical index is v. Rasterization 2D Scene Projection
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Digital Image >> Model

Model>Picture: SetPixel
Model>Picture: GKS 6, polyline, polymarker, fill area, text, cell array, NUB (GDP)
Model>Picture: SVG 14, path, basic shapes, text... or feature sets

Image> Model: e.g. Harris Corner Detector, interaction
Image> Model: e.g. Harris Edge Detector, snake... CV (OCR etc.)

Image Registration
Mathematic Morphology

Image Correspondence
Image Segmentation

o Source image.

Le

Typical use case for epipolar geometry =
Two cameras take a picture of the zame scene
from different pointz of view. The epipolar

geometry then describes the relation between the

two FESIJﬂ:iI'Ig view's. Image after running k-means with k = 16. Note that a
common technique to improve performance for large
images is to downsample the image, compute the
clusters, and then reassign the values to the larger
image if necessary.



Digital Image >> Model

e Model>Picture: SetPixel
e Model>Picture: GKS 6, polyline, polymarker, fill area, text, cell array, NUB (GDP)
e Model>Picture: SVG 14, path, basic shapes, text... or feature sets

p

i

Continuous signals

P

Ml

Discretized signals

(b)

Figure 2.1: Image Formation. A 2D pixel p is formed by projecting
a 3D frustrum onto the camera sensor (a). Within this
pixel, continuous RGB signals are discretized to an average
RGB value, losing spatial resolution (b).

° Image> Model: e.g. Harris Corner Detector, interaction
o Image> Model: e.g. Harris Edge Detector, snake... CV (OCR etc.)

Image Registration
Mathematic Morphology



Digital Image Processing (Low Level)

e The negative of an image with gray levels in the range [0,255], s = 255 -r

e Contrast stretching by increasing the dynamic range [Benesoval]

3L/AL

~
ks
l

Quput gray level, s

L/l

~—T(r) _

[rlv Sl)

(rZ’ S2]

0

L/A  LJ2

Input gray level, r

3L/4 L —1

 The histogram of a digital image with gray levels in the range [0, L-1] is a
discrete function h (rk?‘n = n,, where r, is the k-th gray level and ni is the number

of pixels in the image
e Image averaging
e Image subtraction

e Smoothing/sharpening

1

aving gray level r, [Benesova] >> EQUAL

ZATION

T



— "= - _ Histogram Equalization

" — Corresponding histogram (red) and cumulative &3
Before Histogram Equalization &3 histogram (black)

| H

| M\WM

After Histogram Equalization &1 Corresponding histogram (red) and cumulative &
histogram (black)

50 o

https://en.wikipedia.org/wiki/Histogram_equalization

Qriginal Equalized

ne e ane T

Histogram of Original image  Histogram of Equalized image

& e
T T3 1

[ ac [T 13c [T [T 158




Digital Image Transformations

e Translation, rotation, scale, symmetry, skew >> dip.sccg.sk

e Pixel ag_proximation: nearest neighbour (1 pixel), bilinear interpolation (4
pixels), bicubic interpolation (9 pixels)

WV praxi sa tato rovnica nahradzuje bilineirnou transformaciou, alebo afinnou transformiciou. Bilinearna transformacia ma tvar:

X =ap taxta,y+axy

¥ =8y i th v+ hoxy

(3)
Na jeho uréenie potrebujeme ityri dvojice vetupnveh a vvstupnych bodov
Na uréenie afinnej transformacie stacia tr1 dvojice bodov, a ma tvar:
=ap tax+a,y ) T
¥ =8t thy @ -I [ -l
Pomocou homogénnych siradnic mozeme afinné transformacie vyjadnt v maticovom tvare 1,?9%?&?3:' Linear Cubic
X g dy &y || X I
yi|=|80 By by |y l" \
1 o o 1|1 -
©) 2D t
n ei?;?l?)rgjr_ Bilinear Bicubic

https://en.wikipedia.org/wiki/Bicubic_interpolation#/media/File:Comparison_of_1D_and_2D_interpolation.svg

e Fourier transform >> dip.sccg.sk, Ruzicky, Sikudova



Fourier Transform Visually

=

Time Domain FT Frequency Domain
s(t) S(w)

The Fourier Transform

A visualization of the Fredholm kernel of the continuous Fourier transform

1PN
1

Frequency —»

Time —»

Frequency — »

Time—»
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Obr. 8.2 Histogram globdineho prahovania
Z toho dovodu uréime hranice v horizontdlnom aj vertikdlnom smere dvoma pre-

chodmi obrazom fx, y). Vo vieobecnosti mdzu byt’ uréené intervaly hodndt B1, B2, ..,
Bn,

Algoritmus vyhladania hranice

1. Pre kazdy riadok v obraze f{x, y) (t]. y =0, 1, ..., N-1), vytvorime prisiudny riadok
v pomocnom obraze g,(x, y) pou2itim nasledovného vztahupre x = 1,2 . N-1
gx. V=L, akflx, y)afix-1, y) st v réznych intervaloch, (1)

Ly, Inak,
kde L, a L, sU Specifikované urovne hranice (edge) a pozadia (background)

2. Pre ka2dy stipec v obraze flx, y) (tj. x=0, 1, ..., N-1), vytvorime prisiusny stipec
v pomocnom obraze g,(x, y) pouZitim nasledovného vztahupre y = 1,2, ..., N-1
@ y) =L, akflx, y)afx y-1)si v réznych intervaloch, @)

L, Inak

3. Po2adovany obraz, pozostavajici z hranice objektov odlidenych od pozadia
je ziskany pou2itim nasledovného vztahupre x, y= 1,2, . N1
gx. V) =L, ak g,(x, y) alebo g,(x, y) je rovné L,

Ll. Inak
Predpokladime, 2e oblast’ je zadand vo vnitri a nie na okraji obdiznika obrazovej mapy
h[i, j], pretoZe pre tieto body funkcia neighb h nie je definovana jednoznaéne.

Algoritmus postupného prehladavania hraniénych bodov
Procedure Bound_8, { farby su: 0 - dopinok, 1 - mnoina )

in
for /.= 1 to Xmax do
for /= 1to Ymax do
in
ifh(i, )} = 1 then
begin
if neighb_h (i, j, 0 ) = 0 then h[), | = 2 else { bod z dopinku mnoziny )
if neighb_h (i, j, 2 ) = 0 then h/, = 2 else
if neighb_h (i j. 4 ) = 0 then h[j, /] = 2 else
if neighb_h (/. j, 8 ) = 0 then h[j, jj=2
end
end

md'I

{ bod z mnoiny }
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" "
. .
o s wm.
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Obr. 8.5 Rozdiel medzi 8-obrysom a 4-obrysom tej istej oblasti

8.3.2 Jednoduchy algoritmus obrysu
Predpokladajme ako v predchadzajicej ¢asti, Ze oblast’ mame zadani v mativi hi].

Urime prvy hraniény bod, ktory bude prvym bodom postupnosti obrysu. Tento bod
vyhladame napriklad tak, Ze postupne prehl'adavame body v riadkoch, aZ kym nendjde-
me prvy bod s hodnotou | (pozri obr. 8.6). Tito procediru vyhl'adania prvého bodu o-
znatme first. Aktudlny bod obrysu oznatme P
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Obr. 8.6 Vyhladanie prvého bodu v algoritme uréenia obrysu
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Z who dovodu urtime hranice v horizontdlnom aj vertikdlnom smere dvoma pre-
chodmi obrazom flx, y). Vo vieobecnosti méZu byt’ uréené intervaly hodndt B1, B2, ...,

Bn,
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Algoritmus vyhladania hranice

1. Pre ka2dy riadok v obraze fix, y) (tJ. y=0, 1, ..., N-1), vytvorime prisiusny riadok
v pomocnom obraze g,(x, y) pou2itim nasledovného vztahupre x = 1, 2, . N-1
g(x, V) =L, akflx, y)afix-1, y) st v réznych intervaloch, 1)

L, inak,
kde L, a L,‘w $pecifikované urovne hranice (edge) a pozadia (background)

2, Pre ka2dy stipec v obraze flx, y) (tj x=0, 1, ..., N-1), vytvorime prisiusny stipec
v pomocnom obraze g,(x, y) pouZitim nasledovného vzfahupre y =1, 2, .. N-1
gx 0= li,. ak :(x. y) a f(x, y-1) sU v rOznych intervaloch, )

s INa

3. Po2adovany obraz, pozostavajuci z hranice objektov odli$enych od pozadia

Je zlsl_un‘y pouzitim nulodovn.ho vzf‘.hu prex, y= 1__ 2., N1

Predpokladime, 2e oblast’ je zadana vo vnitri a nie na okraji obdiZnika obrazovej mapy

h[i, /], pretoZe pre tieto body funkcia neighb h nie je definovana jednoznaéne.

Algoritmus postupného prehladavania hraniénych bodov

Procedure Bound 8, { farby su: 0 - dopinok, 1 - mnotina )

begin
for = 1to Xmax do
forj=1to Ymax do
begin
if hli, ) = 1 then { bod z mnoiny }
begin
if neighb_h (i, j. 0 ) = 0 then h[/, /1 = 2 else { bod z dopinku mnoZiny )
if neighb_h (i, /. 2) = 0 then h[) j| = 2 else
if neighb_h (i, /. 4 ) = 0 then h[j /| = 2 else
if neighb_h (/. /, 6 )= 0 then hjj. =2
end
end
."d.

e

8.3.2 Jednoduchy algoritmus obryvsu
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Obr. 8.5 Rozdiel medzi 8-obrysom a 4-obrysom tej istej oblasti

8.3.2 Jednoduchy algoritmus obrysu

Predpokladajme ako v predchadzajicej ¢asti, Ze oblast’ mame zadani v mativi hi].
Urime prvy hraniény bod, ktory bude prvym bodom postupnosti obrysu. Tento bod
vyhladame napriklad tak, Ze postupne prehl'adavame body v riadkoch, aZ kym nendjde-
me prvy bod s hodnotou | (pozri obr. 8.6). Tito procediru vyhl'adania prvého bodu o-
znatme first. Aktudlny bod obrysu oznatme P
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Obr. 8.6 Vyhladanie prvého bodu v algoritme uréenia obrysu



Uvod do pocitacovej grafiky
bez geometrie: Image-based Rendering

Andrej FERKO

Comenius University Bratislava
21. marca 2018, FMFI UK



