Sledovanie pohybu oCi

Zorne pole:

Centralne videnie — najostrejsie (1-2 stupne)
Mimocentralne videnie — zaistuje priestorové videnie (30
stupriov)

Periférne videnie — reaguje na blikajuce objekty a nahly
]E)ortm)yl;) (15-50% ostrosti centralneho videnia, nerozpoznava
arby

115, 25







Pohyby ocCi

OcCi sa hybu stale (aj poCas spanku)
Rozne typy pohybov
Sledovanie

Chvenie

Otacanie

Drift
NajzaujimavejsSie su

Fixacie

Kmity



Fixacie
Obdobie relativnej stability, poCas ktorého vnimame

objekty

Relativna stabilita: oko nie je nehybné, ale mierne
driftuje (v ramci 1 stupna), vracia sa skokmi —
mikrosakadami

Informaciu o scéne dostavame len pocCas pocCas
fixacii

Trvanie 120-1000 ms, vacsinou okolo 200-600 ms

Nasledované kmitmi — sakadami



Kmity - sakady

Skoky spajajuce fixacie
Velmi kratke — trvaju 40-120 ms

Velmi rychle (az do 6000/s), vizualny systém je nefunkCny
pocas pohybu

V priebehu kmitu sa neda menit jeho smer alebo koncovy
bod, tieto su urcene pred zacatim kmitu

Pri kmitoch vacsich ako 30 stupnov sa hybe aj hlava



Metddy sledovania pohybov oka

Elektronicke
Mechanické

Videometody
Jednobodove

Dvojbodovée



Elektronicke metody

Elektrody na kozi okolo oka
meraju potencialové zmeny v
oku

Slaba presnost

Zachytava lepsie relativne
pohyby

Pouzitie pri neurologickej
diagnostike -
elektrookulografia




Mechanické metody

Kontaktne sosovky
Cievka v magnetickom poli

Velmi presné
Velmi neprijemné

Rozdiel medzi MM a VM 0.56°, 0.78°a 0.18° v
troch smeroch

Comparing the accuracy of video-oculography and the scleral search

coil system in human eye movement analysis

Takao Imai®”*, Kazunori Sekine®, Kousuke Hattori®, Noriaki Takeda®,
Loy . C rr it T d - A d
Izumi Koizuka®, Koji Nakamae®, Katsuyoshi Miura®,
Hiromu Fujioka®, Takeshi Kubo®




Jednobodove videometody

Sledovanie jednoho objektu vo
videu:
ZreniCka

Duhovka

SW analyzuje videosignal a
sleduje vybrany objekt

Kalibracna procedura

Prenosny, neprenosny



Dvojbodove videometody

Vyrazna zreniCka

o Odraz na rohovke

IR svetlo
Odraz na rohovke




Odraz na rohovke

Purkinove obrazky

Odraz na

1. Prednej strane rohovky
2. Zadnej strane rohovky
3. Prednej strane sosovky
4. Zadnej strane SoSovky

Vacsina systémov sleduje 1.




Odraz na rohovke

Transparent Overlay

Poloha odrazu voCi bl o g
N7 zrenicke urCuje smer

N 3 N £
SN pohladu / 3 \

Monitor

. ’ .
Calibration Target #1. ka I I b ra CI a Calibration Target #2.

Computer Display Reading Distant Highway Signs




Bez kalibracie

Viac kamier, viac svetiel
Light Sources ' ;
3 * Pozerame sa tam kam klikame
- * Pozerame sa na vyznamneé oblasti
% * Video z modelovanou saliency
'% * Vzor pozornosti od iného pouzivatela
. * Stereo sledovanie



Top down Saliency

Saliency model trénovany na datach z
eyetrackera.

Nizka: intenzita, farba, orientacia
Stredna: horizont, Center prior

Vysoka: tvare, fudia

SVM na prahovanych gaze mapach

Learning to Predict Where Humans Look

Tilke Judd Krista Ehinger édo Durand / Torralba

tju .edu kehir t.edu fre mit.edu torre .mit.edu

MIT Computer Science Artificial Intelligence L and M ain a e Sciences




Top down Saliency

Original Img t from 1 i b 102 Center prior:

10% Ithi Map

Original Saliency Map 10 10% 10
Image from SVM SVM map Itti Map Center Saliency Map

Learning to Predict Where Humans Look

Tilke Judd Krista Ehinger Frédo Durand Antonio Torralba




Terminy

Presnost

Ocakavany rozdiel medzi skutoCnou poziciou oka a
vypocitanou

VacsSinou do 1°

Priestorove rozlisenie
NajmesSia zachytitelna zmena pozicie oka (0.03-0.2°)

Casové rozlisenie
PocCet zachytenych pozicii oka za sekundu (30-500Hz)



Spracovanie dat

Data priamo z eye-trackera nepouzitefné
Treba ich analyzovat, vizualizovat




Vizualizacia

Teplotne mapy
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Teplotne mapy

e




Teplotne mapy




Miera rozdielnosti teplotnych map

Kullback-Leiblerova divergencia
Teplotna mapa = hustota pravdepodobnosti

D(f|lg) >
D I[ J"'_| | g ] =0 iff f [ X ] =g |[ X ] for all x € X:
D(|l&) # D(gl|F):

(a) KL=2 944 (b) KL=3.246

I ‘; _[_ I ) | P, g I| = ,-' . |I P | - ]-'| — | T '| '| * 1{_} '_E_' |I 1 | T I| q |I T I| '

relm q



Trajektoria pohladu s fixaciami

Kruhy oznacuju fixacie

Polomer urcCuje dobu stravenu pri danej fixacii

Ciarou spojené kruhy — trajektoria, Casova postupnost
fixacii, urCuje sakadicky pohyb

f?&p&[:h& Mode

ﬁ!ll Crazy Ater Al These Years
Lk Vig

H¢el Calfomia
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Just looking Looking to remember

http://gurneyjourney.blogspot.sk/2009/11/do-artists-see-differently.html



Fixacie urcuju, kam sa Clovek pozera,
ale nie, Ci dany obraz vnima




HDR



Dynamicky rozsah

Pomer maximalnej a minimalnej hodnoty merania

Scena: pomer najjasnejSieho a najtmavsieho miesta v scéne
Fotoaparat: pomer nasytenia (preteCenia senzoru) a Sumu

Displej: pomer maximalnej a minimalnej vyzarovane;
Intenzity

16EV

1/250sec,f/22,1S0200

O

viastni

dynamicky
10EV rozsah
1/30sec,f/8,1S0200

O




Spravna expozicia sceny zalezi na obsahu
scény a dynamickom rozsahu




Render for background
Render for foreground
2000

= 1500

-
[
=
O
—
o
[ h]
@
L

1000

-1.0 -05 0.0 0.5
Relative Log Scene Luminance

Histogram log-intenzit scény
Na fotku dokazeme preniest’ 1.8 log-jednotiek



Digitalna uprava “dodge-and-burn”



1850 Gustave Le Gray
Kombinacia dvoch negativov
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| v
3




Ansel Adams

Clearing Winter Storm,
Yosemite National Park

Burning In :
stmavenie &asti fotografie
Dodging
zjasnenie Casti fotografie

prekrytie miest, na ktore
nema dopadat tolko svetla
pri vyvolani




The Burn in Mask is
alwayvs kept in motion while
making an exposure. The
light 1s ipaintedi on the photo
to make a portion of the print
darker.

The dodge tool is a piece of
plastic or cardboard on the
end of a metal wand. This
tool is also kept in motion

during exposure. It is used to
hold back light from a
portion of a print to make it
lighter.




Dynamicky rozsah fotoaparatu

CCD chip 1:1000
cas 1:100
clona ~1:100
citlivost' (1SO) ~1:10

Celkovy operacny rozsah  1:100,000,000

Jediny obrazok 1:1000



nizka hodnota nizka hodnota (napr. f/1.4)
(napr. ISO 100) viac svetla, mensia hibka
menej svetla, viac detailov, ostrosti
menej Sumu

citlivost senzoru
fotoaparatu na svetlo

reguluje mnozstvo
svetla prechadzajuceho

objektivom
clona

XPOZICIA
vysoka hodnota vysoka hodnota (napr. f/22)
(napr. ISO 12 800) expozicny €as menel svetla, vicsia hioka

viac svetla, menej detailov, ostrosti
viac Sumu >

kratky ¢as (napr. 1/1000 s.)
menej svetla, zmrazenie pohybu

dihy ¢as (napr. 1 s.)

reguluje dobu, pocas ktorej
gt L ) viac svetla, pohybova neostrost

bude svetlo dopadat’
na senzor
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http://www.lifehack.org/articles/lifestyle/picture-show-you-clearly-the-effects-aperture-
shutter-speed-and-iso-image



=2 [ 0q- (% yerture? s m— L
S (092 | perture Shutter speed

EV+1...s/2 aleboa*V2 i}
EV-1...2*s alebo a2 [ \

D

BN

EVO0 EV1 EV2

Fixna clona a => rovnaka hibka ostrosti

ExpoziCny Cas:
Ya, 1/8, 1/15, 1/30, 1/60, 1/125, 1/250, 1/500,
1/1000 sec

V skutocnosti:

Ya, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256, 1/512,
1/1024 sec



http://sk.wikipedia.org/wiki/Ohniskov%C3%A1_vzdialenos%C5%A5
http://sk.wikipedia.org/wiki/%C5%A0o%C5%A1ovka
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of ex ;‘Irﬁ'urtﬂ—hrarlmt#fi ime E,i:' sepa H’i i)\,f one f—_,tnp The shortest « hn'-'
exposure tinw is 1-'hﬂ sec (top left), the longe (bottom right). Aperture fixed at 2.6,
ISO 100. Taken with NiPun CoolPix 995, 5uurc . Axel Jacobs




Mapovanie osvetlenia sceny na hodnoty intenzity — krivka
reakcie na svetlo

Nie je znama, liSi sa podla vyrobcu, modelu, fotoaparatu...

Kodak Ektachrome-100plus Green 1~ Cannon Optura
Kodak Ektachrome-64 Green | ' , ' ' = -] oq Kodak DCS 315 Green
Agfachrome CTPrecisa100 Green | . B P Sony DXC-950

Agfachrome RSX2 050 Blue —f-

Agfacolor Futura 100 Green —}- _
Agfacolor HDC 100 plus Green —{ Vv, . 2 0.6
Agfacolor Ultra 050 plus Green — 7, '

Agfapan APX 025 —{-/
Agfa Scala 200x |
Fuji F400 Green - [
Fuji F125 Green |/

0.7

0.5

04

Intensity

0.3

. o 0.2
Kodak Max Zoom 800 Green ~ |£ - gamma curve,d=0.6
Kodak KAI0372 ccD ~ ff 4 gzmm: z:x:,g:}g
e [ L = - 2 " " a = 0 ,9=1.
Kodak KAF2001CCD ¢~ g1 0.2 0.3 04 05 06 07 08 09 1 gammacurve,d=18

Irradiance




Zvysenie DR

Technika viacerych expozicii > 8 )
— vyuziva operacny rozsah | ¢ ' I

— kombinuje viacero fotiek do jednej + response
curve
Problémy: . linearized images
i ] , ' ;,} + scaling
— neznama reakcia fotoaparatu ¥/ + weighting
na svetlo function

— neznama sumova charakeristika

floating point
HDR image




Recovering High Dynamic Range Radiance
Maps from Photographs
Paul E. Debevec, Jitendra Malik, 1997

vstup: fotky scény z rovnakeho miesta s r6znymi Casmi
expozicie Atj

predpoklad: scéna je staticka, proces snimania je rychly =>
osvetlenie scény v bode i: Ei je konstantné

Zij — hodnota intenzity v bode i pri Case Atj

Zij = f(EiAt;)

Inf '(Z ii) =In E; +In At;

g(Zi;) = In E; + In At;




g(Zij) = In E; + In At

minimalizujem

N P Sanam
O=Y S [9(Z;) —mE; —In At;]* + )

i=]1 ;=1

kvoli hladkosti krivky g(z)

— ~min > = (Zmin T Zmax)

> (Zmin T Zmax)

stredna intenzita zodpoveda
jednotkovej expozicii



len N bodov
v P fotografiach

Spravne urceny systém rovnic
N(P - 1) > (Zmax — Zmin)

ak (Zmax - Zmin) = 255, P = 11
N = 50

Vyber bodov: vhodné rozlozenie intenzit z intervalu Zmin to Zmax
zaroven vhodne priestorovo rozlozené v obraze v oblastiach
relativne konstantnej intenzity
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Finm'e 3: (a) Eleven gray seale *mmc}ﬂw*}.'m ,;:lf';;r;-z Indoor scene ac-
T

{ﬁm'm with a Kodak DCS460 digital u imera, with shutter speeds
progres M 1-stop increments ﬁ om —” c.v__f a second to 30 seconds.

J.
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Figure 4: The response function of the DCS460 recovered by our al-
gorithm, with the underlyving (E; At ;, Z;; ) data shown as light cir-
cles. The logarithm is base e.
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Encoding Color Space Bits/pixel Dynamic Relative
Range (log10) Error (%)

sRGB RGB in [0,1] range 24 1.6 orders variable

RGBE positive RGB 32 76 orders 1.0

XYZE (CIE) XYZ 32 76 orders 1.0

IEEE RGB RGB 96 79 orders 0.000003

LogLuv24 logY + /., V) 24 4.8 orders 1.1

LogLuv32 logY + @/, V) 32 38 orders 0.3

Half RGB RGB 48 10.7 orders 0.1

TABLE 3.2  HDR pixel encodings in the order of introduction.




I/O Performance

10 20 3.0 40 50 6.0
Mpixels/s

Size efficiency

EXR Half

LogLuv 32

Radiance XYZE

0.0 10 20 30 40
Mbytes/Mpixel

i il Losgl e EXH half







24-bit LogLuv 32-bit LogLuv




Figure 8: A spherical HDR capture on top of Mount Vesuvius.
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Brightside DR37- P
teraz Dolby |
prototyp

- Over 3,000 cd/m2 brightness
- 0.015 cd/m2 black level

»+ Contrast ratio > 200,000:1

- High-definition 1,920 x 1,080
- 37-inch screen

-+ 16 bits per color



SIM2 HDR47E S 4K

Technology

HDR LCD DisES) with individually
controlled LED backlight modulation

Resolution

1920 x 1080 pixels

Display size

47"

Panel aspect ratio

16:9

Number of real
colours

16 bit per channel

Number of LED

2202

Brightness

4000 cd/m2

ANSI Contrast

>20.000:1

FULL ON/OFF
Contrast

Fg8y B




Tone Mapping

4



Tone Mapping

Tone Beproduction Dizplay with
Ohperator Linuted Capabilities

e R I .
SEl-rrorid

Figure 2: Ideal tone reproduction process




Typy operatorov

Globalne

Rovnaka nelinearna krivka aplikovana na vsetky body
obrazu

Lokalne
Adaptacna krivka je rozna pre kazdy bod podla jeho
okolia

Frekvencne
DR je meneny podla frekvencii obsiahnutych v obraze

Gradientné
Meni sa derivacia obrazu



A review of tone reproduction techniques

Kate Devlin

Time dependant

Tumblin +
Fushmeier
1993 [41]

Durand~Dorsey
2000[7]

Scheel et al.
2000 [33]

Spatially

Liniform

Ward Larson
et al.
1997 [18]

L,(x.y)=mL (x.y)

Ferwerda et al.
1996 [10]

Cohen et al.
2001 [8]

Clhiu et al.
1993 [3]

Spatially Stockham
Farying 1993 [38]

L,(x.yv)=m(x,y)L, (x.¥)

Oppenheim et al.
1968 [26]

Schlick
1994 [34]




Globalny Operator

A Contrast-based Scalefactor for
Luminance Display
Ward, 1994
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Perception Motivated Hybrid Approach
to Tone Mapping
Martin Cadik, 2007

HDR Image i-l Global TM | /T LDR Image
| "/




Enhancement map



Fast Bilateral Filtering for the Display of HDR Images
Fredo Durand & Julie Dorsey

Fast Bilateral Filtering
[Tomasi a Manduchi 1998]

Intenzita P Baza

Detail

—

Detail = Intenzita — baza




Bilateralny filter

J(x,¢)




Jxe)  gl(S)—1(x))
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