otorecepce




Vyuziti vlastnosti svétla a jeho absorpce pfi pruchodu a odrazu.
Zrakem az 90% informaci.
Tvar, barva, umisteni v prostoru, rychlost a smer pohybu.

Gamma X rays Ultraviolet Infrared Microwaves Radio waves
rays

FM Shortwave AM



http://upload.wikimedia.org/wikipedia/commons/d/d9/Crepuscular_ray_sunset_from_telstra_tower_edit.jpg

Proteiny mohou absorbovat viditelné spektrum teprve ve spojeni s chromoforem —
cast molekuly odpovédna za absorbci zareni (také zvana kofaktor nebo prosteticka

skupina — nebilkovinna sl.)
-Stereoizometrie Retinalu
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Figure 13.13 Rhodopsin is a photopigment composed of two parts: retinal and opsin
(a) Chemical structures of vitamin A and of retinal.Vitamin A is shown both as a complete
structure (top) and as a skeleton structure (middle). Vitamin A is converted to retinal,
which has two isomers (11-cis and all-trans). (b) Three-dimensional structure of the pro-
tein (opsin) portion of vertebrate rhodopsin. Seven w-helical regions of the protein span
the membrane; retinal is attached to an amino acid residue within the seventh mem-

brane-spanning region.



* Opticky system oka

* Fotoreceptory sitnice
* Opticka draha

» Korova zrakova oblast

David Hubel's web page

parsE-


http://hubel.med.harvard.edu/index.html
http://hubel.med.harvard.edu/index.html

Od baktérii schopnost detekce.
Komorové oko — dokonaly opticky nastroj
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Variace na jedno téma.

olihen

hrebenatka
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stinici pigment

sitnice
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1. Sest modelovych
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Fotografie Zivo&icha
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o schematizovany
prarez jeho okem.
Snimky © Kristyna
Markova-Jonasova,
Jana RazZi¢kova, Roger
Hanlon a Marek Jindra.
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— B. Retina: Photosensor distribution, sensitivity in darkness and visual acuity

Optical axis
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Absorbce svétla - Karotenoidy (vit.A) a pyrolové kruhy

fa) Retinal and vitamin A
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Figure 13.13 Rhodopsin is a photopigment composed of two parts: retinal and opsin
{a) Chemical structures of vitamin A and of retinal.Vitamin A is shown both as a complete
structure (top) and as a skeleton structure (middle). Vitamin A is converted to retinal,
which has two isomers (11-cis and all-trans). (b) Three-dimensional structure of the pro-
tein (opsin) portion of vertebrate rhodopsin. Seven o-helical regions of the protein span
the membrane; retinal is attached to an amino acid residue within the seventh mem-

brane-spanning region.
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Absorbci svétla zajistuji i jiné kofaktoy — FAD

Fotosensitivni proteiny: Kryptochromy — rytmy zivocichl, magnetorecepce
Fotolyazy — opravy DNA
Flavoproteiny — kveteni, opad listu atd.
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Video aktivace rhodopsinu

Outer segment cell
membrane

Transducin
[2) (G protein)

Na™ channel

cGMP~—— cGMP |
: Na'
’P'H

5"-cGMP Na* l

Light Cytoplasm

Figure 13.14 Phototransduction closes cation channels in the outer vated. @ The activated rhodopsin stimulates a G protein (transducin in

segment of the photoreceptor membrane In the dark, the cation rods), which in turn activates cGMP phosphodiesterase. ® The phos-
channels are kept open by intracellular cGMP and conduct an inward phodiesterase catalyzes the breakdown of cGMP to 5-GMP. @ As the
current, carried largely by Na*.When light strikes the photoreceptor, cGMP concentration decreases, cGMP detaches from the cation chan-
these channels are closed by a G protein-coupled mechanism. @ nels, which close.

Rhodopsin molecules in the disc membrane absorb light and are acti-



Videa/rhodopsin.swf

— D.Podrazdéni a adaptace fotoreceptorli

] o i rodopsin "'\ 1 /,-"' - MR Il (metarodopsin |l) i
membrdna teréiku 7 ; f i
| | (o) > —8 4 51
; transducin._ - \ ) \
| B MR/~
G € o -70mV
- 40 mV lpoe & G ! Ippe | receptorovy
& PDE GDP A 20 PDE potencial
_ ! neaktivni GDP aktivai O‘ i@
B 'l—- za tmy @l § @
L eGMP) a . svételny podnét5 L GMP EGMP <7 g
—| - . )
— Na* nitrobunéc- l"--.._':5 i = (=
“E\ ny prostor =l S5 kanal uzaven
3 3 | — 2 \ -~ —
IO Y 115 o= 1 g—v) @
3 Lay = T35 o5 +
== — 4 ._'_: —\
E kanal otevien == kanal uzavien © (*
| I’
s = GCAP
: 1) / \L ';':_—;""‘-—__!, aktivovan et
LA ¢ _.’.Na‘ Ca2+/Na. |-;__',-‘ N Na+ < L o/
S — | [Ca“*]) klesa _ =
S [Ca**]i= influx i".l | [Ca®!], l =
5 350-500 nmol/l l ¥l l t' ‘ S
WD £ \ v )
& 6 .< X ( '| J‘
- IS depo- ‘O hyper- 7 AN é "
SAE CaM larizace '\ / polarizace CaM S |S
g | - o A s T |3
a3 p ¥ S |8
S |5 b =
S I35 < |5
3 | = fos- °— B Y ¥ fos- s |3
§ | g ducin-P ducin g 8
S S uvolnovanl glutamatu e~ N S
$|= adaptace na tmu zZvy3eno snizeno 15|
= e T adaptace na jas
signal: ,.svetIoJ




U chemorecepce ligand zpusobi zménu konformace membranového 7TM receptoru
tak, ze alfa podjednotka G proteinu je uvolnéna aby aktivovala membranoveé
enzymy.

A stejné je to i s opsinem. V tomto pfipade je vSak €ichova nebo chutovy molekula
Vv jistém smyslu jiz pritomna a pfipojena k 7TM receptoru. Je to chromofor, 11cis
retinal. Ten je ve vazbe na lyzinovy zbytek ulozen do opsinu a je ve své poloze
stabilizovan slabymi interakcemi se dvéma dalSimi zbytky aminokyselin. Foton pak
pouze zméni konformaci retinalu z cis do trans pozice (2x10-14s, takze se uz déle
nevejde do vazebné polohy v dutiné opsinu.

To zpusobi, Ze opsin zméni svou konformaci a pres nékolik meziproduktu se
pfemeéni na koneCny metarodopsin Il. Ten reaguje s G-proteinem (transducinem),
ktery se nasledné, po nahradé GDP za GTP, stépi na alfa a beta gama podjednotky.

Alfa potom, jako u jinych modalit, aktivuje specifické enzymy v membrang, a to
takto: na aktivovany alfa-GTP se nyni navaze inhibi¢ni podjednotka cGMP-
fosfodiesterazy, PDE. Takto dezinhibovana PDE pak snizuje cytosolovou
koncentraci cGMP.

_ e
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Rada zpétnych vazeb a cyklu:

* Vypnuti, inaktivace — priprava na dalsi
signal. Arestin v G-prot. signalizaci, Ca

« Adaptace — rozsah od 1 po 10° fotonu /
sec, uloha Ca iontu (podobné i Cich, sluch)

* Regenerace — umozni prijeti dalsiho
signalu

P
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Inaktivace a adaptace cestou fosforylace Rodopsinu

2 cyklus rodopsinu

= l(— rekoverin
arestin e Ca*t«— jas

——

RK
. {rodopsin-
-kindza)

transducin
rodopsin MRII /‘ ,

Inaktivace rodopsinu:
MRII odhali vazebné misto pro RK. Fosforyluje se, navaze arestin a dal uz
nereaguje s transducinem. All-trans-retinal se oddéli.

Ca adaptace:
Ca zrychIUJe fosforylam MRII na svétle s pomom jiného Ca zawsleho protelnu




Inaktivace rodopsinu je stejna jako u jinych GPCR

Uloha GPCR kinazy a arestinu v GPCR desensitizaci
GPCR g - protein coupled cell surface receptor

activated
GPCR

—_—{
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GRKTO P PHOSPHORYLATED
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THE GPCRON m
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\

GPCR kinase (GRK)

Figure 15-51 Molecular Biology of the Cell 5/e (€ Garland Science 2008)
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A. Pribéh adaptace . Rozli$ovaci prah a intenzita svétla
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C. Mechanismy adaptace
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Adaptace:

Soutéz mezi fosducinem a alfa
podjednotkou o beta a gama podjednotky
Ve svétle je defosforylovan, vaze je, a tak
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Regenerace retinalu v pigmentovém epitelu

— E. Regeneracni cykly
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Drosophila jako uziteCny model zrakoveé transdukce:
Mimoradné zesileni — reakce na jediny foton

Nizky Sum ve tmé (navzdory spontanni termalni izomerizaci)
Siroka adaptace — rozsah az 106 (arestin, Ca)

Rychla terminace odpovedi

10x rychlejSi GPCR signalni draha nez obratlovci -

Drosophila

Rhabdomere

Current Biology



Drosophila jako uziteCny model zrakove transdukce:

Takova rychlost? PLC octomilky je jeden z nejvykonnéjSich znamych enzymu-
limitem je jen pfisun cGMP

Vykonnost transdukce omezena pouze difuznim pohybem v membrané.

Outer segment cell
membrane

Disc membrane

Rhodopsin Transducin cGMP phosphodiesterase

o 2) (C\.pmtvin) 3} \

5-cGMP

Light Cytoplasm

Figure 13.14 Phototransduction closes cation channels in the outer  vated. @ The activated rhodopsin stimulates a G protein (transducin in
segment of the photoreceptor membrane In the dark, the cation rods), which in turn activates cGMP phosphodiesterase. ® The phos-
channels are kept open by intracellular cGMP and conduct an inward phodiesterase catalyzes the breakdown of cGMP to 5-GMP. @ As the
current, carried largely by Na*.When light strikes the photoreceptor, cGMP concentration decreases, cGMP detaches from the cation chan-
these channels are closed by a G protein-coupled mechanism. @ nels, which close.

Rhodopsin molecules in the disc membrane absorb light and are acti-




Drosophila jako uzite€ny model zrakové transdukce:
Difuzni model signalového prenosu x Signalplex, scaffolding proteins

Multimolekularni signalizacni komplex

Rhodopsin



Drosophila jako uziteCny model zrakové transdukce:
Organizace signalnich proteinu
v Case a prostoru — oddéleni, zhaseni

odpovédi na svetlo se ucastni i leSeni (INAD komplex)

, Cell membrane
)- r ‘»':- ¢ 4 5 ) . B f Vs ". ,'~ " ')'

(f ({44
X IR KNI

Figure 1| Phototransduction in Drosophila and
the INAD complex. a, The five PDZ domains
of INAD (1-5) assemble components of the
phototransduction cascade, including PLC,
the TRP channel and PKC, into a signalling
complex at the cell membrane. b, Mishra et al?
report that, in response to light, the PDZ5
domain of INAD undergoes a conformational
change. In the dark, PDZ5 is in its canonical,
reduced form, in which a groove between an
a-helix and a [3-sheet serves as a ligand-binding
site. After stimulation with light, the PDZ5

Light . .
(,  — domain undergoes a conformational change to
A an oxidized state, whereby the formation of a

Dark disulphide bond between two cysteine residues

Ve results in the unravelling of the a-helix and

Disulphide the distortion of the ligand-binding groove.

bond o Following this conformational switch, the ligand
Reduced Oxidized

(arrowed) — putatively part of the PLC enzyme
— can no longer bind. (Adapted from ref. 2.)



Drosophila jako uziteCny model
zrakoveé transdukce:

Takova adaptace?
Translokace TRP —
mechanismus adaptace

na tmu a svétlo




The Nobel Prize in Physiology or
Medicine 1981

David Hubel’'s web page
http://hubel.med.harvard.edu/index.html

"for his discoveries "for their discoveries concerning information processing in
concerning the functional the visual system"

specialization of the cerebral
hemispheres”
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Roger W. Sperry David H. Hubel Torsten N. Wiesel

b. 1926

(in Windsor, ON, Canada)
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Zrakova draha
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VétSina vlaken zrakového nervu konéi v corpus geniculatum laterale (CGL)
v talamu, ostatni ve stfednim mozku (tektum, ¢tverohrboli, superior colliculus).
CGL je po sitnici dalsim mistem, kde nastava zpracovani vizualnich informaci
pfed jejich vstupem do primarni zrakove kury v tylnim laloku. Z CGL vstupuiji
nervoveé signaly do primarni zrakové kury v tylnim (okcipitalnim laloku).

Vig ViIwv s

oblasti - sekundarni a terciarni zrakova kafre ve spankovém (temporalnim) a
temennim (parietalnim) laloku.
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Mezencefalon -
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Zrakova draha

LGN — 6 vrstev, po sitnici dalSi zpracovani
zrakove radiace

Coronal section 10.16 Cross Section of the Monkey
Lateral Lateral Geniculate Nucleus
ventric h
Il‘.\lnnm\
Lateral
geniculate
ﬂdleU\

Brainstem 1 ——
— rln the four main dorsal layers
Dorsal (3-6), the cells are relatively
small (parvocellular)

- / ’
Hippocampus

| In the two main ventral layers
{1-2), the cells are large
(magnocellular)

Cells in layers 1,4, and 6
(vellow} receive input from
the eye on the oppuosite xidn of
the body. Cells in layers 2, 3,
and 5 (blue) receive mpul

| from the eye on the same side,

A Visual system

optic chiasm

optic nerve

optic tract

optic radiation

occipital pole

B Optic radiation

central bundle LGN occipital pole—

Meyer’s loop

dorsal bundle

FIGURE 1 | Schematic drawing of the human visual system. (A) Right- and
left-hemispheric fiber pathways. (B) Left-hemispheric optic radiation
comprising the anterior bundle termed Meyer's loop iyellow), the central
bundle (green), and the dorsal bundle (blue). LGN, lateral geniculate nucleus.

http://sites.sinauer.com/wolfe3e/chap2/vissyStemE.htm
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Magnoceluldrni vrstva

CORPUS GENICULATUM LATERALE

Parvocelularni vrstva

PRIMARNI ZRAKOVA KURA

Ventralni cesta

Dveé samostatne sub-drahy od
sitnice az po kuru.
Parvocelularni — jemné
rozlisovani tvaru a barev
Magnocelularni — pohyb a
orientace

|dentifikace x lokalizace

X - 80% gangliovych bb

Y —10% g.b.

W - 10% g.b. — pohyby ocCi
Neékteré se krizi, jiné ne.




Z primarni zrakové kury dvé cesty: Kde draha a Co draha
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Koncept rysovych analyzatort — narustajici komplexnost obrazcu od sitnice
po sek. kuru. Od bodu po tvare v X draze.
Podobné i rysy pohybovych vlastnosti v Y draze.
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Fig. 2.9 (a) Measuring the response of TP3 and T5(2) cells. (b) Comparison of the behavioral response of a toad to varying
moving stimuli with the activity of the animal’s TP3 and T5(2) cells. Refer back to Fig. 2.6 to compare these patterns to the
behavior of the toad. (From Ewart J-P. & von Wietershein, A. (1974) Pattern analysis by tectal and thalamus/pretectal
nerve nets in the visual system of the toad Bufo bufo (L.). Journal of Comparative Physiology, 92, 131-48. Reproduced with
permission of Springer-Verlag.)
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Lateralni inhibice:

Na sekundarnich neuronech

je zesilen kontrast.

Zmeéna velikosti a struktury
receptivniho pole.

Bipolarni (gangliové) bufiky jsou prvni
rysove analyzatory

http://sites.sinauer.com/wolfe3e/chap2/ga

| SIDEVIEW

[nfluence of directy connected photoroeepeors only

= Dark membrane potentia
—_— Menhane poleatial
Postion

of bipolar neuron

[nfluence of horizontal cell only Membrune poleatal

of bipolar neuron
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== Durk menbrane potential
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| Receptivni polé
gangliové burnky

ON-centrum ~ OFF-centrum

osviceni
centra
svetelnou
skvrnou

osviceni
periferie
svételnym
prstencem
nebo
skvrnou

1]

difusni —

covaperd I

Zaznam elektrické aktivity gangliovych bunék sitnice s ON a OFF centrem pfi osviceni jednotlivych &asti
jejich receptivniho pole. Usedka nad zaznamem elektrické aktivity znadi trvani osvétieni v sekundach.
AP — potencial. k —~ excitaéni zona A - inhibi¢ni zéna




ProcC ty Sede flicky?




ProcC ty Sedé fliCky?
Vysveétleni pres recepcCni pole gangliovych bunek.

NEUROBIOLOGY
) Gary G. Matthews

sumarni sumarni
ucinek po 4 ucinek podnétu:0

C. Kontrast pomoci recepéniho pole (on-centrum)



Skladani recepcCnich poli. Hvezdicove a jednoduché bunky IV. korove

vrstvy primarni zrakové oblasti.

JEDNODUCHA
BUNKA

receptivni pole hvézdicovitych
bunék burk

A
A
4
~——

TN
X

X

X

A

A
A

® HVEZDICOVITE NEURONY

X —excitatni zéna
4 —inhibi¢ni zéna

receptivni pole jednoduché



Jednoducha bunka ,méri“
sklon svého kontrastniho pruhu
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senes uf on-cenler
retinal ganglhon cells

Recveplive ficld

Bar ol hieht

Bor of light porpendicular 10
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Jednoducha bunka ,méfi“ pozici a sklon svého kontrastniho pruhu

Receptivni pole
jednoduché bunky

.9.._.

x

- ¢ A SEEEP & awas & anaw.
x

_.6

4

svételny | l l l l l
pruh

Vliv orientace vizuéiniho podnétu na elektrickou aktivitu jednoduché burky.Use&ka nad zéznamef
elektricke aktivity znadi trvani osvétieni v sekundach. AP — ak&ni potencial. 1

X - excitaéni zéna A —inhibi¢ni zéna . |
N OBR. 45A i

(-



Komplexni burika nema jasné vyhranénou excitacni a inhibiCni oblast - ,méfi* sklon
kontrastniho pruhu bez ohledu na pozici na sitnici.
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JEDNODUCHE
BUNKY

KOMPLEXNI
BUNKA

3 sousedici receptivni pole

jednoduchych bunék. V ramecku

zformované receptivni pole komplexni bunky.
X) - excitainizéna (&) - inhibitni z6na
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Komplexni orientacné selektivni bunky primarni kdry tvofi mozaiku nebo ,klavesnici*
podobnou tonotopicke.

IVa SLOUPCE

- ORIENTACNI
IVb SPECIFITY
IVc

| |
SLOUPCE OKULARNI
DOMINACE kontralateralni

ipsilateralni OBR. 48A

oko oko




Sloupce okularni dominance jsou charakteristicky organizovany jako sloupecCky kolme
k povrchu kary. Sousedici prouzky obsahuji neurony, jejichz receptivni pole jsou
lokalizovana v identickych mistech sitnic.

Sloupce orientacni specifity jsou seskupeny tak, ze v kazdém sousednim sloupecku je
funkéni orientace receptivniho pole sto¢ena o 10°.

Hyperkolumna je elementarni funkcni modul primarni z.k.
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Komplexni orientacné selektivni bunky primarni zrakové kary makaka.

(d) Cortical regions driven by stimuli in
(¢) Method for visualization four different orientations are each
of orientation columns coded in a different color (note that,
as in part b, the color coding is arbitrary,
and has nothing to do with color
perception).

Computer to produce
different stimulus

orientations and

record and process

data from camera 3
0,

Separatni analyzatory pro barvu, tloustku a orientaci kontrastniho pruhu z kazdého
oka zvlast.

B http://sites.sinauer.cOm/wolfe3e/Chap3/hypercelgmnsEhtm ‘
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Hypersloupec

V zavislosti na hloubce, nékteré
vlastnosti aktivacniho podnétu
zUstavaji, jiné se méni —
Sloupcova architektura.
Analyza celé Casti zorného pole

Left Retina

Bar Control

Bar Shown In
Left | Right
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|7 —N\
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Color
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(a) Before adaptation

High -
:
Vysvétleni: =5 =7
20° bunky jsou po 1 min . B .
1 |

Low !
-90
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Selektivni adaptace a
kontrastné
selektivni bunky

Po adaptaci na
Konkrétni ,frekvenci®,
je prave tato utlumena

Orientation

FIGURE 3.26 Demo
tial frequency (SF) and o
and Campbell, 1969.)




* Nekteré bunky odpovidaji nejlépe kdyz
pruh svetla konci jeste uvnitr receptivniho
pole. End-stopped cells

 http://sites.sinauer.com/wolfe3e/chap3/stri
aterfk.htm
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END STOPPING
One additional kind of specificity occurs prominently in the striate cortex. An
ordiary simple or complex cell usually shows length summation:
the longer the stimulus line, the better 1s the response, until the line 1s as long
as the receptive field; making the line still longer has no etfect. For an end

LIELALLUN
E o i® B o
2
e (-]
£
-2 o
g °
G | 1 L 1 ] 1 1
| 0O

Shit length (degrees)



Shit length (degrees)

npulses per second

stopped cell, lengtifening the line imprdves esponse up to some limit, but
exceeding that limit in'one oL b|Oth| directions re$ults in a weaker response, as
St length (degrees!

shown 1n the bottom diagram on the tacing page. Some cells, which we call
completely end stopped., do not respond at all to a long line. We call the region



Pravdepodobné pro detekci
' zakriveneého okraje.

Receptive-held
onicatation

Contour -

This end-stopped sumple cell 18 assumed to
result from convergent mput from three
ordmary sumple cells. (One cell, with the
middle on-center field, could excite the cell
m question; the two others could be off
center and also excite or be on center and
mhibit.) Alternatively, the mput to this cell

For an end-stopped cell such as the one shown
on the previous page, a curved border should
be an effective stimulus.



Sekundarni klira, hyperkomplexni bunky

e

g,

- -

ollan

AP

Viv rizného Ghlu kontrastniho
vizudiniho podnétu na elektrickou
aktivitu hyperkomplexni buftky.
Use&ka nad zaznamem elektrické
aktivity znadi trvani osvétleni

v sekundach.

AP - akéni potencial.

OBR. 49A




- ! Parietal
10.21 Complex Stimuli Evoke e N Lobes
Strong Responses in Visual Cortex ; ’<7 Occipital
(a) These concentric and radial stimuli evoke
maximal responses from some cells in visual
cortical area V4. The stimuli that evoked
the highest response rates (see scale bar)
are shown in red and orange. (b) These 12

examples illustrate the critical features of S peaw
stimuli that evoke maximal responses from ) ] V2
cells in the anterior inferior temporal area. e e V1
(Part a from Gallant et al., 1993, courtesy W PR NP
of Jack Gallant; b from K. Tanaka, 1993, inferotemporal ‘tﬁ‘\'ﬁ \ vay

. Cerebellum

courtesy of Keiji Tanaka.) cortex (ITC)




,Grandmother’s cells®
Na tvar selektivni bunky

FIGURE 4.33 Cells in the inferotemporal cortex of
macaque monkeys are interested in very specific stimuli.
In this case, the cell responds vigorously to a monkey

face and to some other stimuli that seem related. (After
Gross, Rocha-Miranda, and Bender, 1972.)



yokladani“ tvari z jednodussich rysu.




Hierarchickeé skladani rysu a jejich
paralelni zpracovani

 http://sites.sinauer.com/wolfe3e/chap4/pan
demoniumF.htm

4.2 Pandemonium

Decision Demon

| |AIAH]TIX]A[O|GIR[b[A
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e |luze osvétleni — svetelna stalost

Hnéda Cokolada za jasného dne odrazi mené svétla nez papir za Sera, ale
stejné ji vnimame jako tmavou. Predpoklady a zkuSenost usnadnuiji
interpretaci. To, co vidime, neni realita, ale zkuSenost.

Automatické predpoklady naseho vnimani

http://sites.sinauer.com/wolfe3e/chap5/illusio
nsk.htm
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5.5 Illusions of Lighting The visual system makes the assumption that there is a
dark vertical stripe printed on the card, and that changes
In luminance from left to right in the image are due to
changes in the surface reflectance of the card. The visual
system assumes that the changes in luminance are due to
lighting shifts caused by the folds in the card, not to
changes in surface reflectance. The middle section of the
card probably appears to be in a shadow, which means
that the light source is above the card. This is a
reasonable assumption to make: the card clearly seems
to be folded, and it is unlikely that the folds occur exactly
at points where the surface reflectance changes abruptly.

Introduction

Folded Card Illusion

Bumps and Dimples Illusion
Checkerboard Shadow Illusion

http://sites.sinauer.com/wolfe3e/chap5b/illusionsF.htm
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5.5 Illusions of Lighting

These images reveal two more
assumptions that the visual system makes
in order to interpret changes in illumination
across an image. First, we know that a
portion of a surface that faces toward a
light source will be brighter than a portion
of the surface facing away from the light.
Second, all else being equal, we assume
that the lighting in a scene is coming from
above.

In Image 1, the lightest parts of the circles
in the X pattern are on top, while the
darkest parts are at the bottoms of the
circles. If the lighting was coming from
above, these circles would have to be
bumps, since this configuration would
make the lighter portions of the circles face
towards the light. Conversely, the other
circles would have to be dimples because



5.5 Illusions of Lighting B As with the folded card illusion, this illusion happens
because your visual system cannot disregard its
Interpretation of the light sources in scenes when making
judgments about the brightness of surfaces. The marked
square near the center of the image falls in the shadow of
the cylinder. Since we assume that shadows make
surfaces less bright, we boost our estimate of the
reflectance of this square accordingly. We also assume
that the checkerboard pattern is regular, so that the lighter
squares in the pattern are all the same lightness and the
darker squares are all the same darkness. These
assumptions lead us to strongly believe that the more
central marked square in the shadow is lighter than the
marked square on the edge of the board, so we are
tricked into thinking that the former is brighter than the
latter, too.

As the creator of this image, Edward Adelson at MIT,
says, “The visual system is not very good at being a
physical light meter, but that is not its purpose.” The
assumptions used by our visual systems are designed to
help us determine the qualities of surfaces in the world,
not the light reflecting off the surfaces. It is the surfaces

_ themselves that we:want to-know'a
happen to be they are illuminated.




Barevneé vidéni

wavelength/nm
700 600 500 400

visible light

radio vV microwaves infrared S ultraviolet X-rays gamma-rays
< 3
700 400
long short

\/\/\/ wavelength/nm —» \/\/\/\/\

Plate 1 The electromagnetic spectrum. The visible spectrum is shown in colour.




o e o e, The ability to detect ultraviolet light

Neznamena nutné barevné
vidéni

Insect's view (simulated
through UV film.




Barevné vidéni:

Dalsi kvalita zraku
Jeden receptor barvu nerozezna, je potreba nejmene dva

druhy barevné selektivnich fotoreceptort




Trichromatické teorie, Young-Helmhotz
Oponentni kddovani, Hering

Why trade one three-dimensional color space (red, green, blue) for
another three-dimensional color space (R/G, B/Y, BI/Wh)?

Receptory Mozek

cerveno-zeleny kanal

iCerno-hily
kanal

Elute-modry kanal




Trichromatické
skladani

mimo viditelné svétlo
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ralativni
absorpce

500
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5.3 Color Mixing

Filter Color #1

Oponentni kédovani, Hering _
Neexistuje Cervenozelena nebo modrozluta i

B -+0

Filter Color #2

http://sites.sinauer.com/wolfe3e/chap5/mixingF.htm
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luminance sensitive
retinal ganglion cell

Barevna oponence

Neexistuje Cervenozelena
nebo modrozluta

Plate 4 Double opponent receptive fields.

Simultanni barevny kontrast
— zabarveni Sedého
obdélnicku

Plate 5 Simultancous colour contrast.

double opponent
cortical cell

surround:
red
greensd

centre:
red+
green




Negative afterimages
Selektivni adaptace a
barevné

selektivni bunky

http://sites.sinauer.com/wolfe
3e/chapb/afterimagesF.htm



http://www.sinauer.com/wolfe/chap5/afterimagesF.htm
http://sites.sinauer.com/wolfe3e/chap5/afterimagesF.htm
http://sites.sinauer.com/wolfe3e/chap5/afterimagesF.htm

A

Cell No
excled rospanse
AL I R A
Light Red spot only Lange red spot Light
I (I ) on center of on catie N 1 [P A

ecepave mooephave
fiekl field

Cell No
eacitd response
e —R -

| Green nng Large green |
J_ll 1— only on spot on —l_l'
Laght Gr—— —— Liglu
_I_‘_ surraund of enlire _I—l_
receplve Lelkd receplive field
Cell strongly No

Rexd spot Sondl white

excrled . rCsponse
o~y an recepive | spot oaly on s —
ficld centeramd | center of W M O N 1Y
green hackgroand | receptive fickd : 2
Laght Light

I | Receptive Lield ol I I

double-opponent
cortical neurnom

B Cenler Surround

e
~ Sing le-opponent
receplive helds

Sangle-opponent i

receplive Gekls -~

Pouble-opposent
corbcal newron
To olher

cortical cells




depolarization A

(= positive
response)
=

= resting potential

2 (= no response)
2.
hyperpolarization
(= negative
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Figure 4.35 Response of a typical colour opponent bipolar cell.




Dopad zeleného svétla na periferii receptivhiho pole bunék s dvojitou oponenci s
cervenym excitaénim centrem a zelenou excitacni periferii vyvola jejich aktivaci. Stejnot
odezvu ale vyvola dopad Cerveného svétla na centrum tohoto r.p. Vysledkem stimulace
periferie zelenym svétlem tedy je souCasny vznik naCervenalého viemu v té Casti
zorného prostoru, ktera odpovida centru receptivniho pole.

Neurony s dvojitou oponenci jsou v primarni z.k. seskupeny do koliCkovitych struktur
kolmych k povrchu kury, které jsou roztrouSeny mezi sloupci orientacni specifity.
Oznacuji se jako barevné sloupce (blobs).

| bunky s dvojitou oponenci projikuji do sekundarni zr. kdry, na bunky, které muzeme
hierarchicky rozdelit na jednoduché, komplexni a hyperkomplexni.

Bar Control Striate Cortex
Bar Shown In
Left |Right

Orientation

Clené&ni primarni zrakové
kury — barevné sloupce (blobs)
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Clenéni primarni zrakové
kury — barevné sloupce (blobs)

Cokr-sensitive cclls (blobs)




Clenéni primarni zrakové
J kiry — barevné sloupce (blobs)

TRINT S
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» Barevna stalost: ackoliv osvetlené ruznymi

zdroji svétla, barvy predmetu se jevi stale

1. Take a collection of 2. The “gray” patch 4. Change the illuminant 5. Now, what was the “green”
color patches under a excites S-, M-, and to a reddish light. patch excites S-, M-, and L-
“white” light. L-cones equally. cones equally.

3. The gray patch looks 6. The gray patch still looks
gray, and the green gray, and the green patch
patch looks green. still looks green.

Figure 1

UziteCna deformace: vétSinou jsou kontrasty mezi povrchy ne mezi zdroji svétla.




1. Start with a card 2. Fold it so that red 3. Light reflects from
half red, half white. faces white. red onto white

‘ Vst e
qurte pirtk

FIGURE 5.21 The experiment of
Bloj, Kersten, and Hurlbert (1999) shows

us how assumptions about the physics 4. Irn \ l:\-u:‘l[“ \.’.‘-.‘Il\ 5 \,“,“' Iof»l the v |~..1.1.1A 6. Without ;I1(' reflection
f the world influence the psy- nows” about the system into thinking explanation, the

0 : Ps) reflection and knows the card is folded white side now

chophys:cs of color perception. to discount it, like a roof. looks guite pink

5.5 Illusions of Lighting 1

Predpoklady a srovnavani deformuji skutecny vjem.

Introduction

Folded Card Illusion
Bumps and Dimples Illusion
Checkerboard Shadow Illusion

- &




The shadows in Figure 1 (left) produce exactly the same outputs as their backgrounds in
the R/G and B/Y “channels” of the opponent process system. The orange square, for
example, activates R+G— and Y+B- cells (because orange can be described as reddish
yellow). Since the shadow of the small rectangle is the same hue, it also activates these
same opponent process cells. The difference between the shadow and its background
will only be registered in the output of the BI/Wh opponent process: the Wh+BI- cells will
respond more strongly to the brighter orange square than to the darker shadow. In
Figure 1 (right), on the other hand, all five shapes are different hues, so all five will
produce different outputs in the R/G and B/Y channels.

Although we almost never notice them, shadows—nbrightness differences—are scattered
throughout almost every visual scene (if you look around carefully now, you will probably
see them everywhere). But shadows are rarely of interest to us, whereas hue
boundaries are important. They divide the visual scene into component surfaces which
higher-level vision can then combine into objects. Thus, recoding light wavelengths into
dimensions that de-emphasize shadows and highlight surfaces is a very good thing.

K ¢emu je dobra oponence?
Rozeznani objektl od jejich stinu

ﬁ _ - l Figure 1 The image on the leftis perceived as a red rectangle
above an orange square on a blue The figure on the

right is perceived as five different surfaces, These inferences are
easily made on the basis of opponent-process cell outputs,




Vnimani pohybu

Parietal lobe

| = Where pathway
&= What pathway

Temporal lobe

Jak je pohyb dulezity - http://sites.sinauer.com/wolfe3e/chap8/startF.htm

Zdanlive pohyby

htip://sites.sinauereom/wolfesdelchap4/occlusionEhtm
B
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Detektor rychlosti

 http://sites.sinauer.c
om/wolfe3e/chap8/m
otdetectorF.htm

direction

receptors .

+
motion -
detector

null diréction —_—

Figure 4.36 Principles of a simple

retinal motion detector, See text for
explanation.
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R = S o P

8.2 Types of Motion

http://sites.sinauer.com/wolfe3e/chap8/mottypesk.htm

Image 1 and Image 2 of this part of the activity may at first look like random
collections of white dots. But when we put a series of these images together and play
them as a movie, as in Image 3, you should get the immediate and compelling
perception of a human being walking to the right.

Researchers have found that a great deal of information can be gathered about the
activities and even identities of people featured in “dot walker” displays such as this.
For example, it has been shown that observers can usually identify the gender of the
walker, possibly by calculating the width of his or her shoulders and hips (males
typically have broader shoulders and narrower hips than females).

Interestingly, biological motion displays are much easier to identify when the character
In the movie is performing a familiar action. Image 4 shows the frames of the movie in
Image 3 reversed, so that the person is walking backwards. Although the motion in
this movie does appear vaguely familiar, it seems less “natural” than the forward
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8.2 Types of Motion

http://sites.sinauer.com/wolfe3e/chap8/mottypesk.htm

Play Stop

Okraj je vzdy ,nahore”
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8.4 Motion Aftereffects

Introduction

why Does the MAE Occur?
Interocular Transfer

More Fun with the MAE

Unava analyzatoru pohybu
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Central sulcus
i // Postcentral suclus

Motion-processing
parietal cortex

~Lingual gyrus
(V3)

—Primary
visual
cortex
(V1)

/ Middle temporal .
/ i Lm;idlet,zlperior FIGURE 7.7 The middle temporal lobe and other

regions of the cortex involved in motion perception.

Lateral fissure  Superior temporal sulcus temporal areas (V5)

Parietal lobe

= Wiere pathway /
= What pathway

Temporal lobe
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Paralelni zpracovani ve zrakove

draze

Box 1 | From retinal input to cortical processing and perception

Visual input s initially encoded in the retina as a two-dimensional (2D) distribution of
light intensity, expressed as a function of position, wavelength and time in each of the
two eyes. This retinal image is transferred to the visual cortex, where sensory cues and,
later, inferred attributes are eventually computed (see the figure). Parallel processing
strategies are used from the outset to overcome the constraints of individual ganglion
cells’ limited bandwidth and the anatomical bottleneck of the optic nerve. Figure is
modified, with permission, from REF. 9 © (1988) Elsevier.

Retinal images Sensory cues Inferred attributes
" |1. 3D form
Shape
Size
Rigidity
' P .
LSnr:‘i?g]ce 2. Surface properties
Intensity = Spectral Colour (brightness, hue and saturation)
position (XY) ) Visual texture
wavelength < | Feature-based | < Specular reflectance L
f time Contrast Transparency (shadows and highlights)
ight/left 2D velocit
eye (right/left) Dis[:jr?i;l 4 3. 3D spatial relationships
2D orientation Relative positions (X, Y and distance Z)
“ 3D Orientation in space

4. 3D movement
Trajectory
Rotation




Pohyby oCi — sakkadické pohyby

A picture is viewed by an observer while we
monitor eye position and hance directinon of gaze
the eves jump, come to rest momentarily
(producing a small dot on the record). then jump t
a new locus of interest.

It seems difficult to jump to a void - a

place lacking abrupt luminance changes.




Ukol rozeznat pohyb na sitnici zptisobeny pohybem oéi od vlastnich
pohybu predmétu

http://sites.sinauer.com/wolfe3e/chap8/eye
movementsk.htm

8.5 Eye Movements

Retinal Movement? | Eye Movement? | Object Movement?
No \\[o] No
Yes Yes No
Yes No Yes
No Yes Yes

Introduction

Voluntary Eye Movements
Object Movements

Top Views

Distinguishing Eye from Cbject
Movements

Involuntary Eye Movements



http://sites.sinauer.com/wolfe3e/chap8/eyemovementsF.htm
http://sites.sinauer.com/wolfe3e/chap8/eyemovementsF.htm

Vnimani prostoru



OBR. 57A + +

Sitnice pravého (R) A A

a levého (L) oka. Body ® ——

A a A’ znadf polohu iden-

tickych mist. Cerna skvrna

znézorfiuje centraini _

jamku. R L

OBR. 58A

HOROPTEROVA
KRUZNICE




‘ fixadni bod

}
diplopie
Panumova
stereskopické oblast
vidéni
‘horopter
diplopie

QN

http://sites.sinauer.com/wolfe3e/cha arityF.htm
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6.2 Binocular Disparity Shifting Focus

. The figures at left now show what happens if the disembodied eyeballs’ gaze is shifted, so that they are focused on the green

cylinder rather than the red cylinder, {Click any of the cylinders or the link below to toggle back and forth between focusing on
the green and red cylinders.) As you can see, disparity information shifts as gaze direction is shifted (although the changes
are made much more dramatic than normal in this scene because the objects are all placed so close to the wiewer),

HOROPTER

. In particular, note that images of the blue cylinder, which fall on corresponding retinal points when the eyeballs are focused on
the red cylinder, fall on disparate retinal points when gaze is shifted to the green cylinder. Indeed, the whole horopter shifts
along with the shift in foous, This illustrates the fact that binocular disparity provides only relative depth information: The
disparities of the various objects in the environment tell us how far away objects are relative to the horopter, but we cannot
tell exactly how far away the horopter is, and furthermore the horopter changes every time we look at a new object!

Thiz demonstration should also impress upon you the incredible amount of computation that the visual system must carry
out to achieve stereopsis. Every time we shift our gaze, the system instantansously recalculates the disparity information
from every object in wiew, updating our sense of three-dimensional space,

+ Toggle focus
¢ Do another disparity demonstration
¢ Return to the activity introduction

http://sites.sinauer.com/wolfe3e/chap6/disparityF.htm
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 Binokularni neurony — fuze obrazu
» SloupecCky retinalni disparace




DalSi metody konstrukce prostoru.

D. Cues for depth vision

Shadow

Size Haze
differences Contour

! .
ULN LM

ey Direction of traln MOVEMENt s————

http://sites.sinauer.com/wolfe3e/chapb6/moncuesk.ht
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Jsou stejné mali, ale nevypadaji...




Interpretace videného
rozeznavani objektu




—>

(d)
Descriptive advantages of visual grouping. See text for explanation.

O O O© © O

Seskupovani , http://sites.sinauer.com/wolfe3e/chap4/g
Podle kontrastnich estaltF.htm
linif '

Figure 4.50 Examples of visual
grouping: (a) Grouping by spacing. (b)
Grouping by colour. (¢) Grouping by
shape.
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(a) (b) (c) FIGURE 4.7 The Gestalt principle of good continuation.
This... ...looks like this... ...not like this.

Seskupovani

Podle kontrastnich
Linii

Hledani hran, kontur




Okluze - prekryvani
Co je obrazek a co dira?




Orientace v prostoru nesmi byt zasadni pro intepretaci
Obracené tvare vnimame jinak (hGfe) nez normalné orientované







Zkusenost — rozezname tvar i z rtznych uhlu

FIGURE 4.1 (a) A house. (b) Paul Cézanne’s Chateau
Noir (1902-05). (¢) Even though a viewpoint shift has radi-
cally changed the retinal image, you know that this is the
same house as in Figure 4.1a,

middle (midlevel) vision A loosely defined
stage of visual processing come after basic

Y






lluze 3

Zdanlivy pohyb Jak je pohyb dulezity

Analyza biologického pohybu
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Psychofyziologie

* Poznavaci procesy

— Asociacni koroveé oblasti
» Parasensorické
* Prefrontalni
» Paralimbicka




Parasensorickée

* Unimodalni — sekundarni korove oblasti
jednotlivych smyslu. Léze vedou k
agnosiim.

— Zrakove:

* Pro kreshy

* Prosopagnosie — pro tvare
* Pro pohyb

* Pro hloubku prostoru




Parasensorickée

* Unimodalni — sekundarni korove oblasti
jednotlivych smyslu. Léze vedou k
agnosiim.

— Sluchove:

- Cista slovni hluchota, ale mluveni, &teni, psani ano
* Pro neverbalni zvuky




Parasensorickée

* Unimodalni — sekundarni korove oblasti
jednotlivych smyslu. Léze vedou k
agnosiim.

— Somatosensorickeé:
« Astereognosie — neschopnost poznat hmatem

e



Parasensorickée

* Polymodalni
— Hemineglect syndrom: ignorace vizualnich,

somatosensorickych, sluchovych podnétu z
jedné poloviny tela

Schopnost prave hemisfery sdelovat a vnimat
emocionalni komponentu reci.

Aprosodie- neschopnost: motoricka,




