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Opticky systém oka
Fotoreceptory sitnice
Opticka draha

Korova zrakova oblast
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Od baktérii schopnost detekce.

Komorové oko — dokonaly opticky nastroj
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Od baktérii schopnost detekce.
Evoluce oka

Komorové oko — dokonaly opticky nastroj

(a) Retinal plate  (b) Eyecup

(c) Camera eye (d) Compound eye

Photoreceptors



Variace na jedno téma. Nezavisle ziejmé vzniklo nékolikrat.
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Nerovnomerna distribuce recepcCnich bunek.

Optical axis
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Proteiny mohou absorbovat viditelné spektrum teprve ve spojeni s chromoforem —
cast molekuly odpovédna za absorbci zareni (také zvana kofaktor nebo prosteticka
skupina — nebilkovinna sl.)
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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.



Absorbce svétla - Karotenoidy (vit.A)

(b) Opsin SENSORY PRH¢
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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- VI deo ClS - trans
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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Absorpci svétla zajistuji i jiné kofaktoy — FAD

Fotosensitivni proteiny: Kryptochromy — rytmy zivoc€icht, magnetorecepce
Fotolyazy — opravy DNA
Flavoproteiny — kveteni, opad listu atd.

Svétlem excitovany flavin vytrhava e- z
proteinu (napf. kryptochromu — tzv.
fotoredukce flavinu ) a méni jeho
signalizacCni vlastnosti
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Video aktivace rhodopsinu

Outer segment cell
membrane

Dis¢ membrane

Rhodopsin Transducin cGMP phosphodiesterase
(1) 2} (G protein)

5-cGMP

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

A stejné je to i s opsinem. V tomto pfipade je vSak Cichova 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
pfeméni 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 aktivovanou alfa-GTP se nyni navaze inhibicni podjednotka cGMP-
fosfodiesterazy, PDE. Takto dezinhibovana PDE pak snizuje cytosolovou
koncentraci cGMP.
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Rada zpétnych vazeb a cykla:

= 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 ich, sluch)

= Regenerace pigmentu — umozni prijeti
dalsiho signalu
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Inaktivace a regenerace:
Samozhasnuti alfa Transducinu.
Vlastni aktivitou stépi GTP na GDP a
navazuje inhibicni podjednotku Ipde.
Katalyticka aktivita alfa podjednotky
tim konci.

GAP (GTPase activating protein)
podporuje cyklus a regeneraci.
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Inaktivace a adaptace cestou fosforylace Rodopsinu

klus rodopsinu '
2 cyklus rodop s lo:— rekoverin

- \arestin_—- P. \ > C-azjfé——jas
P 3\3. \ > U_;‘!. dRK e
T,/‘\__ /\V,/ & "K.// Ao (r?m?\ap;;; )

/‘ \l“ transducin
\ _ rodopsin  MRI /' ;
3 - ; : / b “
)/\./'/\ 1/—\;}\\ ,\/’_\ \ g
opsin i’ o | .\ 5\\ /"'
2 \ y - e d
- // -

Inaktivace rodopsinu:

MRII odhali vazebné misto pro RK. Fosforyluje se, navaze arestin a dal uz
nereaguje s transducinem. All-trans-retinal se oddéli. RK kompetuje s
transducinem o vazebné misto na MR Il.

Ca adaptace:

Ca zrychluje fosforylaci MRII na svétle s pomoci jiného Ca-zavislého proteinu
rekoverinu. Rekoverin citlivy na Ca se tak podili na redukci Zivotnosti rodopsinu.
Méne inhibuje RK je-li méné Ca — za podminek jasu.




Inaktivace rodopsinu je stejna jako u jinych GPCR

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

activated desensitized
GPCR GPCR
ACT IVATED ARRESTIN BINDS
GPCR STIMULATES

71y GRKTO PHOSPHORYLATED
PHOSPHORYLATE =17, = GPCR

THE GPCR ON . ’
arrestin

MULTIPLE SITES
GPCR kmase (GRK)

Figure 15-51 Molecular Biology of the Cell 5/e (€ Garland Science 2008)




Adaptace:

Prostorova sumace — vysSi citlivost za
cenu mensiho rozliSeni detaill

Casova sumace — vySSi citlivost za cenu
mensiho rozliSeni rychlych déju
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Adaptace:

Soutéz mezi fosducinem a alfa

podjednotkou o beta a gama podjednotky
Ve svétle je defosforylovan, vaze je, a tak

blokuje regeneraci transducinu
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Regenerace retinalu v pigmentovém epitelu

— E. Regeneracni cykly
1 cyklus retinalu 2 cyklus rodopsin\u

all-trans-retinal (7 <4— Oﬁéﬁ\ﬂ_ﬁ P
p

4
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pigmentovy epitel
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2
5
o,
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All-trans-retinol —
Vltamln A P‘r’.l g&:ir?;'hfrﬁ)mem ll-eis e ?e"tlx;'ln;ster
nedostatku Seroslepost.

retinyl ester

Fatty all-trans
ll-cls retinal -—— storage acid retinol
/
Inter- 4 7
photoreceptor IRBP IRBP
space
Rod
I- all-trans
outersegmaent lreﬁlrfal Opsin rellnol
all- frans
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Re!mol
¢ dehydrogenase
‘f Photon

Regeneration of 11-c/s retinal. Explanation In lext. IRBP Interphotoreceptor retinoid  binding  protein;
Rh* = activated rhodopsin. Simplified from Harding, 1997




Drosophila jako uziteCny model zrakové transdukce:
Mimoradné zesileni — reakce na jediny foton

Nizky Sum ve tmé (navzdory spontanni termalni izomerizaci)
Siroka adaptace — rozsah az 108 (zavisla na Ca)

Rychla terminace odpovédi (arestin)

10x rychlejsi GPCR signalni draha nez obratlovci -

A B Drosophila

SMC 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

Transducin cGMP phosphodiesterase
2) (G protein) 3}

] i 1 ] L y A = /
= | . '-.;.,_K = ‘:f. =5
> 4 = :
'. /\ == Na'

5-cGMP Na*

Rhadopsin
(1)

Na* channel

Light” Cytoplasm

vated. @ The activated rhodopsin stimulates a G protein (transducin in
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-

Figure 13.14 Phototransduction closes cation channels in the outer
segment of the photoreceptor membrane In the dark, the cation



Drosophila jako uzite€ny model zrakové transdukce:
Difuzni model signalového prfenosu x Signalplex, scaffolding proteins
Multimolekularni signaliza¢ni komplex

‘Rhodopsin

- L g
Q_\__‘ .:.;,'_:;:' ' ’ . ’ " ’ .
3 Cytoskeletal core



Drosophila jako uziteCny model zrakové transdukce:
Organizace signalnich protein(

v Case a prostoru — oddéleni, zhaseni

odpovédi na svétlo se ucastni i leSeni (scaffolding INAD

komplex)
a
N Cell membrane _ o )
noaonnooocod AN Thooonoooohooo: Figure 1| Phototransduction in Drosophila and
) ) W ! ) the INAD complex. a, The five PDZ domains
13883560068658 1 1] BEBE23088666: 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
P an oxidized state, whereby the formation of a
Dark ) disulphide bond between two cysteine residues
P o results in the unravelling of the a-helix and
Disulphide the distortion of the ligand-binding groove.

G bond e Following this conformational switch, the ligand
Reduce blee (arrowed) — putatively part of the PLC enzyme
— can no longer bind. (Adapted from ref. 2.)



Drosophila jako uziteCny model
zrakové transdukce:

Takova adaptace?

Translokace komplext s TRP —
mechanismus adaptace

na tmu a svétlo




Zpracovani primarni informace uz na periferi
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Podobnost architektury sensorickych obvodu a drah
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Konvergence — zesileni
Lateralni inhibice — zvySeni kontrastu pfechodu (viz dale)
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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”

Q> &
Roger W. Sperry David H. Hubel
1/2 of the prize 1/4 of the prize
USA USA
California Institute of Technology Harvard Medical School
Pasadena, CA, USA Boston, MA, USA
b. 1913 b. 1926

d. 1994 (in Windsor, ON, Canada)

Torsten N. Wiesel

1/4 of the prize
Sweden

Harvard Medical School
Boston, MA, USA

b. 1924
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Zrakova draha
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Zrakova draha — konvergence na periferii vétsi nez ve fovei

Optical axis

> L)
i 1
£

1 Photosensor distribution g %

Rods Cones

— B. Retina: Photosensor distribution, sensitivity in darkness and visual acuity

Nasal €— _—=gf=. —> Temporal

W 90c 2 Visual acuity, sensitivity in
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RGB Cipky, ale jen RG ve fovei. TyCinky jsou velmi Stihlé 2-5mm, Cipky v periferii 5-8

mm, ve fovei ale pouze 1,5 mm.




RozliSeni detailll a barevnost versus citlivost ke svétlu

TyCinky — videni za Sera
Cipky — vidéni za denniho svétla

TyCinky vyrazné konverguiji
na M gangliové bunky
(zelena).

Cipky konverguji mnohem
meéné na P gangliové bunky
(tyrkysova).

https://wolfede.sinauer.com/wa02.05.html
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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 zrakoveé kury v tylnim laloku. U ptakd a ryb se
S.C. nazyva optické tektum a hraje roli hlavni zrakové oblasti. U savct z CGL
vstupuji nervové signaly do primarni zrakové kury v tylnim (okcipitalnim laloku).
oblasti - sekundarni a terciarni zrakova kafe ve spankovém (temporalnim) a
temennim (parietalnim) laloku.
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| Right primary
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Zrakova draha

LGN — lateralni genikulatni jadro

6 vrstev, po sitnici dalSi zpracovani
zrakové radiace

Coronal section 10.16 Cross Section of the Monkey
Lateral Lateral Geniculate Nucleus
ventricle
Thalamus
Lateral

geniculate
nucleus

Hippocampus |

In the four main dorsal layers
(3-6), the cells are relatively
small (parvoceliular).

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 opposite side of
the body. Cells in layers 2, 3,
and 5 (blue) recelve input
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 {yellow), the central
bundle (green), and the dorsal bundle (bluel. LGN, lateral geniculate nucleus.




Dorsalni cesta
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Ventralni cesta

LGN = Corpus gen. lat.

Kromé oddéleni ipsi- a
kontralateralniho vstupu, take
dvé samostatné sub-drahy od
sitnice az po kuru.
Parvocelularni — jemné
rozliSovani tvaru a barev
Magnocelularni — pohyb a
orientace

Identifikace x lokalizace

X - 80% gangliovych bb

Y —10% g.b.

W - 10% g.b. — pohyby oci
Néktere se krizi, jiné ne.



Stnate Cortex

The very rear of the occipital lobe is
where the LGN projects.

The area has several different
names: primary visual cortex, V1,
area 17, or striate cortex (because
of the striped pattern it takes on
after staining).

It consists of 6 major layers, some
having sublayers.

Fibers from the LGN project mainly
into layer 4, with magnocellular
neurons (2 ventral LGN layers)
coming into layer 4Ca and
parvocellular neurons (4 dorsal
layers) coming into layer 4Cp.



Z primarni zrakové kury dvé cesty: Kde draha (X) a Co draha (Y)

Parietal lobe

e g P
,/'A —— 7""\
:/.l v\-
o 3 Y

N
\\
\f
e

= Wiere pathway /
| = What pathway \

Temporal lobe

Parietal lobe

Stiate : ‘\
P m }
1ot IM)’
Lateral !CO‘W') |
| [oseloutee=> IS0 ! 5;*.
nucleus ! '
g

Frontal Lobe

[T V3A (shapes) ._Parietal
| S— f V5 (movements] oS " lobe (PG)
Extrastriate pathway
cortex
>7v=(dvnaﬂlc shapes) . Temporal
Extrastriate {V4 {colours and shapes) ™" Jobe (TE)
| cortex (V2) Extrastriste Ventral -

cortex pathway



Koncept rysovych analyzatort — narlstajici komplexnost obrazcl od sitnice
po sek. kuru. Od bodu po tvare v X draze.
Podobné i rysy pohybovych vlastnosti v Y draze.

_—
o
~—

Respense of
TP3 cells

—

Response of
15(2) cells

Average prey-catching activity

Length of stimulus

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 15(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.)



Recording From Units in V1

* The first recordings in Area 17 were made by
Jung in Germany in the mid 1950's from cats.

— At the time, little was known about the responses
of the earlier cells in the pathway, and the study
was a dismal failure.

— Jung presented flashes of light and concluded that
90-95% of the cells in the visual cortex simply did
not respond to light.

— This was most likely due to the size of his flashes,
which produced a balance of inhibition and
excitation from the center-surround fields.



Recording From Units in V1

* All that changed in the late 1950’s with
the pioneering work of David Hubel and
Torsten Wiesel.



Recording From Units in V1

David Hubel and Torsten Wiesel knew what types of information
were passed along from lower levels of the system, since
Torsten Wiesel had worked in Stephen Kuffler's lab at Johns
Hopkins in 1955.

Kuffler had carried out measurements of receptive fields of cat
ganglion cells, and this knowledge of center-surround antagonism
meant that Hubel and Wiesel stood a much better chance of asking
intelligent questions of the cortex.

Because they knew of surround inhibition, they used patterned
stimuli that could maximize the probability of evoking responses.

Their major contribution was that they found cells whose receptive
fields were elongated, orientationally specific, and more spatially
selective than LGN cells.

Even with this knowledge, they still had difficulty getting cells to
respond to light.

As they gained a better understanding of what sorts of
information were being processed, a greater percentage of cells
could be driven.

In 1959 they claimed that 50% could be driven, but by 1962 the
percentage was around 90 (once they found the length specificity).

* They were awarded the Nobel Prize in Physiology or Medicine

o4




Receptivni pole ve zrakovéem
systéemu — primarni rysovy
analyzator
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Lateralni inhibice

Lateralni
inhibice [
fotoreceptoru

Vystup na

Osvétleni sitnice

zrakovém
nervu

b) Vystup na
,  sluchovém
¥, nhervu
e
Lateralni
inhibice
viaskovych
bunék ucha
B0

Obr. 4.17.Vyznam lateralni inhibice pfi zpracovani smyslovych vstupu. a) Kontrastni pfrechod mezi osvétlenou a neosvéetlenou sitnici je
jesté vice zvyraznén. b) Misto sluchového aparatu (hlemyzdé), kde jsou zvukoveé vibrace maximalni, je zvyraznéno proti méné vibrujicimu

okoli — kontrast je jesté ostrejsi.



Lateralni inhibice
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A + Dimension x

| SIDEVIEW

TOP VIEW
Spol af
light
Dimension x
B [nfluence of directly connecied photorooeptons only

Video receptivni pole

— —— e = Dark membrane potential
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— of bipolar neuron

http://sites.sinauer.com/wolfe4e/wa02.06.html| "

C [nfluence of horizontal celt only  Menbrune poleatial
of bipolar neuron
--—4: --------------- :-<— = Dark menthrane potential
ey X
Padition
D Sum of pholorecepeor and horizontal coll influences

== Durk membrane potential

Posiion


http://sites.sinauer.com/wolfe3e/chap2/ganglionF.htm
http://sites.sinauer.com/wolfe4e/wa02.06.html
Videa/receptivní pole.avi

| 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?
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Vysvétleni pres recepcCni pole gangliovych bunek.
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NEUROBIOLOGY
) Gary G. Matthews

sumarni

sumarni
#4 ucinek podnétu:0

ucinek po

C. Kontrast pomoci recepéniho pole (on-centrum)



Skladani recepcCnich poli. Hvezdicoveé neurony v CGL aktivuji jednoduché bunky IV.
korové vrstvy primarni zrakoveé oblasti smérové specifickym zplusobem.

receptivni pole hvézdi
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Jednoducha burika ,méri“
sklon svého kontrastniho pruhu
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Jednoduché bb konverguji na komplexni b.

Komplexni bunka nema jasné vyhranénou excitaCni a inhibiCni oblast - ,méfi* pouze
sklon kontrastniho pruhu bez ohledu na pozici na sitnici.

https://wolfed4e.sinauer.com/wa03.04.html

JEDNODUCHE
BUNKY

KOMPLEXNI
BUNKA

3 sousedici receptivni pole

jednoduchych bunék. V ramecku

zformované receptivni pole komplexni bunky.
X) - excitainizéna (&) - inhibitni z6na

https://www.youtube.com/watch?v=8VdFf3eqwfq
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Jednoducha bunka ,méfi“ pozici a sklon svého kontrastniho pruhu

Receptivni pole
jednoduché bunky

.9.._.
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- ¢ A SEEEP & awas & anaw.
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4

i

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
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Jednoduché bb konverguji na komplexni b.
Komplexni bunka nema jasné vyhranénou excitaCni a inhibiCni oblast - ,méfi* pouze
sklon kontrastniho pruhu bez ohledu na pozici na sitnici.

Simple cells
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field .
Stimulus / '

Simple-cell response

Complex-cell response
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—————
—
———
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Complex Cells

* "Complex" cells do not have discrete excitatory and inhibitory
subregions.

If their receptive fields are mapped with small spots of light, one
finds a mixture of small areas of excitation and inhibition, with only
very small responses.

The optimal stimulus is a light or dark bar somewhere in the field
that must not cover too large of a region.

Complex cells respond to the bar in any one of the subregions, but
the response diminishes as the bar covers more that one region at
a time; they all prefer moving bars.

About 25% are directionally selective, preferring a moving stimulus
in one direction across the field (125 vs. 52>1).

Like simple cells, complex cells are orientationally selective.

As it turns out, approximately 75% of cortical neurons are classified
as complex.

* As such, itis hardly surprising that researchers had difficulty getting
them to respond to light, since most used stationary stimuli.



Komplexni orientacné selektivni buriky primarni kury tvofi mozaiku nebo ,klavesnici®
podobnou tonotopicke.

IVa SLOUPCE

| ORIENTACGNI
1IVb SPECIFITY
IVc

l J
SLOUPCE OKULARNI
ipsilateraini DOMINACE kontralateralni

oko oko

OBR. 48A



Sloupce okularni dominance jsou charakteristicky organizovany jako sloupecCky kolmée
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.

I (d) Cortical regions driven by stimuli in
(c) 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,
il and has nothing to do with color
Computer to produce |

perception).
different stimulus
Orientations and
ord and process
| data from camera

L

Jsou orientovany jako rezy dortu kolem jednoho centra.
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Sloupec

Left Retina

Right Retina

V zavislosti na hloubce, nékteré
vlastnosti aktivacniho podnétu
zUstavaji, jiné se méni —
Sloupcova architektura.

Pro kazdé oko zvilast.

Bar Control Striate Cortex
Bar Shown In ‘

Left | Right
Orientation
7=\

~ Width

_Color

https://wolfed4e.sinauer.com/wa03.05.html

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

Left Retina

Right Retina

V1 kura je sloZzena z mnoha
malych kortikalnich modulu
zvanych hypersloupce. Lezi
kolmo k povrchu kury a prochazeji
v§emi 6 vrstvami. Kazdy 1mm?
reprezentuje plny rozsah orientaci
pro obé odi. Bar Controt

Analyza celé jedné &asti zorného Bar Shown In
Left | Right
pole | J

_Orientation

http://sites.sinauer.com/wolfe4e/wa03.05.html
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= Néekteré bunky odpovidaji nejlépe kdyz pruh
svetla konci jesté uvnitr receptivniho pole.
End-stopped cells

= http://sites.sinauer.com/wolfe4e/wa03.04.ht
ml

Receptive -

field

Stimulus ’ I. .. ..
R R L P ot S SRR SR AR

Hypercomplex" cells are like simple or complex cells, except that they are
end-stopped on one or both sides to produce length specificity.
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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

Impulses per second

Shit length (degrees)



Nekteré bunky odpovidaji nejlépe kdyz pruh svetla konci jesté uvnitr receptivniho
pole. End-stopped cells. Urcita délka je optimalni stimul.
Slit length (degrees)

I | SR

E ®
S| e
£
3 - .
3
=31 (B .

stopped cell, lengtifening the ling imprdves the response up to some limit, but

exceeding that limit in'one or both dlI‘CLthl‘lS reSults in a weaker response, as
Sht len ( arees)
shown in the bottom diagram on the facing page. Some cells, which we call

completely end stopped, do not respond at all to a long line. We call the region



End-stopped cells:
Pravdepodobné pro detekci
I zakfiveného okraje.

Recepeive-field
oncataton

This end-stopped sumple cell 1s assumed to
result from convergent mput from three
ordinary simple 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
mlibit.) Alternatively, the mput to this cell

Contour S

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



Adaptation

The rationale of psychophysical adaptation
studies is that long term exposure to a given
stimulus fatigues channels responsive to it,
so that later perception is based on an altered
distribution of activity across channels tuned
to some dimension.

This shift results in a change in the percept
experienced in the unadapted state.

This allows psychophysical studies to
elucidate the presence of tuned channels.

The following slides use orientation tuning as
an example....
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Vysveétleni:

20° buniky jsou po 1 min
adaptovany, unaveny
a prestavaji prispivat do

viemu vertikal.

Ve vysledku se vertikalni linie

kaci.
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Spatial Frequency Analysis

* No one doubts the contributions made by
Hubel and Wiesel, and the enormous leap
forward the visual science made on account
of their ability to “drive” visual cortical
neurons.

— At issue is the question of whether or not cells
truly prefer bars of different widths.

* | introduced the idea of a spatial modulation
transfer function as a measure of the ability of
humans to resolve spatial frequency.

— Threshold contrast was measured as a function of

the spatial frequency of sinusoidal gratings,
yielding functions like this:



(@) Low frequency yields weak response

\/\/
2 53

b) Medium frequency yields strong response

AVAVAVAYA

AEER—

(c) High frequency yvields weak response

BRI

This can be easily

explained on the

basis of center-

surround receptive

fields found at the

bipolar cell,
anglion cell, and
GN levels.

Low spatial .
frequencies excite
both center and
surround uniformly,
as do high spatial
frequencies.

Intermediate spatial
frequencies excite
the center but not
the surround (or
vice versa).



The figure below shows the relative contributions of
high and low spatial frequency information.

— (a) shows a complete face, (b) presents the same face
with only high spatial frequency components and (c)
shows the same face with only low spatial frequency
components.

— Low frequencies convey information about general shape
and form, while high frequency information provides the
detail.

(a) (b) (c)

http://www.slideshare.net/starfish57/cnshubelandwiesel



FIGURE 3.26 Demor
tial frequency (SF) and o

Skute€né mame and Campbell, 1969.)
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Sekundarni klira, hyperkomplexni buriky

e

g,

- -

ollan

AP

Viv rizného Ghlu kontrastniho
vizudiniho podnétu na elektrickou
aktivitu hyperkomplexni buftky.
Use&ka nad zaznamem elektrické
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Hierarchickeé skladani rysu a jejich
paralelni zpracovani
= http://sites.sinauer.com/wolfe4e/wa04.02.ht

ml 4.2 Pandemonium

Decision Demon
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(a)

10.21 Complex Stimuli Evoke
Strong Responses in Visual Cortex
(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
stimuli that evoke maximal responses from
cells in the anterior inferior temporal area.
(Part a from Gallant et al., 1993, courtesy
of Jack Gallant; b from K. Tanaka, 1993,
courtesy of Keiji Tanaka.)

(b)

Frontal Lobe _ —_——— Parietal

Lateral <y \><7 Lobes
Gemculate‘,_' : . y \ Occipital

Temporal Lobe RN

0 R
-

L S W

< S
inferotemporal ‘K\'\ \ Vay
cortex (ITC) . Cerebellum



,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.)




Retinotopic Map

* The layered sheets of cells that comprise
primary visual cortex within each hemisphere
are laid out in a retinotopic map of exactly half
the visual field.

* The map preserves retinal topography, with
nearby points on the retina projecting to nearby
cortical points.

* The metric properties of the map on the cortex
are distorted, however.

— The main distortion is due to cortical magnification of
central (foveal) areas relative to peripheral ones.



« Magnification is from the 2-deoxyglucose
study of Tootell et al. (1982).



 Tootel, Silverman, Switkes, and De Valois

(1 982) * Since glucose is the metabolite of cortical
neurons, more is used by active cells.

* 2-deoxyglucose (2DG) is taken up by cells
as if it were glucose, but it remains in cells
(isn’t actually metabolized).

* Since it is radioactive, one determines
where it accumulates when a particular
stimulus is presented.

* A “rings and rays” pattern (A) centered on
the fovea was presented while the monkey
was injected with 2DG.

0 The rings and rays display was
composed of small (randomly sized)

FIG 41 (A) Sumulus used for mapping the retinoloped jrogeciion Onko sirale oencs 2 R

(30 pusern f 3-0 aptche e sxcngus ot carin dured by thin smcken ot rectangles that flickered over time,
with the rings spaced logarithmically

JI8 204 Copyrght 1952, AAAS. Reprintod with pormission )
L Ewnena tha Anatan)




= |luze osvétleni — svételna stalost

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

Automatické predpoklady naseho vnimani
https://wolfede.sinauer.com/wa05.05.html
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5.5 Illusions of Lighting

L]

L

Introduction

Folded Card Illusion
Bumps and Dimples Illusion
Checkerboard Shadow Illusion

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.



5.5 Illusions of Lighting

1

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
their bottoms are lighter than their tops.

http://sites.sinauer.com/wolfe4e/wa05.05.html
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5.5 Illusions of Lighting

1 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.

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

gamma-rays

short



roliabicsiiWII The ability to detect ultraviolet light

Neznamena nutné barevné
vidéni

Insect's view (simulated
through UV film.




Barevné videéni:

Dalsi kvalita zraku

Jeden receptor barvu nerozezna, je potreba nejmene dva
druhy barevné selektivnich fotoreceptoru

Rozlisujeme: ton, sytost, jas



Barevné vidéni zalozeno na ruzné absorbujicich pigmentech.
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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)?
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5.3 Color Mixing

Filter Color #1

Oponentni kédovani, Hering
Neexistuje €ervenozelena nebo modrozluta

m
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luminance sensitive double opponent
retinal ganglion cell cortical cell

™~ surround:
red—

S TSR, © greend
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red+

green—

Barevna oponence

Neexistuje Cervenozelena S
nebo modroZluta >

Plate 4 Double opponent receptive fields,

Simultanni barevny kontrast
— zabarveni Sedeho

- - -

Plate 5 Simultancous colour contrast,



Negative afterimages
Selektivni adaptace a
barevné

selektivni buriky

http://sites.sinauer.com/wolfe
4e/wa05.04.html
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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 roztrouSseny mezi sloupci orientacni specifity.

Oznacuji se jako barevné sloupce (blobs).

| buriky s dvojitou oponenci projikuji do sekundarni zr. kury a mizeme je hierarchicky
rozdélit na jednoduché, komplexni a hyperkomplexni.

Bar Shown In
Left |Right

Orientation

|7 =\

Width
I

Color

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

http://sites.sinauer.com/wolfed4e/wa03.05.html
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= Barevnad stalost: ackoliv osvétlené ruznymi zdroji
svétla, barvy predmeétu se jevi stalé

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 v 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.
Systém vidi kontext.

https://wolfed4e.sinauer.com/essay05.03.html
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1. Start with a card 2. Fold it so that red

card 3. Light reflects from
half red, half white. faces white.

ret onto white

L%
\ - S -
Ay ’ \ N .
HY S | k‘ § 1
14 ~
) NN 2
Y NS ™
~
FIGURE 5.21 The experiment of
Bloj, Kersten, and Hurlbert (1999) shows .
us how assumptions about the physics 4. Ihv \ l}lt:ll system 5. Now, fool the visual 6. Without the reflection
of the world influence the psy- k_nnu_'s‘ about the system into thinking explanation, the
peor f col Sy reflection and knows the card is folded white side now
chophysics of color perception. to discount it, like a roof,

looks quite pink

5.5 Illusions of Lighting

Predpoklady a srovnavani deformuji skutecCny vjem. ’

http://sites.sinauer.com/wolfe4e/wa05.05.html

Introduction

Folded Card Illusion
Bumps and Dimples Illusion
Checkerboard Shadow Illusion
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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

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.

K ¢emu je dobra oponence?
Rozeznani objektl od jejich stinu
3vs 5

Figure 1 The image on the left is perceived as a red rectangle
above an orange square on a blue background, The figure on the

https://wo|fe4e_Sinauer.com/essavOSIO]_. htm| Fight is perceived as five different surfaces. These inferences are

easily made on the basis of opponent-process cell outputs,
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Vnimani pohybu

Parietal lobe

‘ = Wiere pathway /
= Whai pathway S

<~
lemporal lobe

Jak je pohyb dulezity http://sites.sinauer.com/wolfe4e/ch08.html
Zdéanlivé pohyby
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Detektor rychlosti

= http://sites.sinauer.com

/wolfede/wa08.01.html

“t MlGiviaswaa
direction
receptors ? Q
delay
o\

motion -
detector 4?

(a)

null diréction —

receptors ? Q

delay

motion -
detector ﬂ?

(b)

Figure 4.36 Principles of a simple
retinal motion detector. See text for
explanation.
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8.2 Types of Motion

http://sites.sinauer.com/wolfe4e/wa08.02.html

¢ Introduction

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
walker in Image 3.


http://sites.sinauer.com/wolfe3e/chap8/mottypesF.htm
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8.2 Types of Motion

http://sites.sinauer.com/wolfed4e/wa08.02.html

Play Stop

Pohyb pomaha rozlisit co je bliz a co dal. Okraj je vzdy ,nahofe”
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8.4 Motion Aftereffects

Introduction

why Does the MAE Occur?
Interocular Transfer
More Fun with the MAE

L

Unava analyzatoru pohybu

http://sites.sinauer.com/wolfe4e/wa08.04.html
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Motion-processing
parietal cortex

Lingual gyrus
(V3)

Primary
visual
cortex
(V1)

el e FIGURE 7.7 The middle temporal lobe and other

and middle superior , A L : :
Lateral fissure ~ Superior temporal sulcus temporal areas (V5)  regions of the cortex involved in motion perception.
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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

f

Intensity =
position (X,Y)
wavelength
time

eye (right/left)

Primary
Luminance
Spectral

Feature-based
Contrast

2D velocity
Disparity

2D orientation

1. 3D form

Shape
Size
Rigidity

. Surface properties

Colour (brightness, hue and saturation)
Visual texture

Specular reflectance

Transparency (shadows and highlights)

. 3D spatial relationships

Relative positions (X, Y and distance Z)
3D Orientation in space

. 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 eyes 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 zpGisobeny pohybem o¢i od vlastnich pohyb
predmétd
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8.5 Eye Movements

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

Yes [\ [o]
No Yes

Introduction

Voluntary Eye Movements
Object Movements

Top Views

Distinguishing Eye from Cbject
Movements

Involuntary Eye Movements

LI
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Vnimani prostoru



OBR. 57A + +

Sitnice pravého (R) A A
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OBR. 58A

HOROPTEROVA
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‘ fixadni bod

}
diplopie
Panumova
stereskopické oblast
vidéni
‘horopter
diplopie
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Prostorové videni (co je blize a co dal) zalozeno na schopnosti
merit odliSnosti v zobrazeni prave a leve sitnice.
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6.2 Binocular Disparity shifting Focus

HOROPTER .

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

http://sites.sinauer.com/wolfe4e/wa06.02.html
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= Binokularni neurony — zajistuji flizi obrazl do
urcitého stupneé disparace. Pak se obraz
rozpadne na dva.

= Sloupecky retinalni disparace — kazdy sloupec
hlasi jiny stupen disparace —a tedy i jinou
vzdalenost mezi dvéma pozorovanymi
predmeéty



DalSi metody konstrukce prostoru.
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Jsou stejné mali, ale nevypadaiji...




Interpretace vidéného
rozeznavani objektu
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Figure 4.51 Descriptive advantages of visual grouping. See text for explanation.

Seskupovani
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Figure 4.50 Examples of visual
grouping: (a) Grouping by spacing. (b)
Grouping by colour. (c¢) Grouping by

shape.
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[

This... ...looks like this... ...not like this.

(c) FIGURE 4.7 The Gestalt principle of good continuation.

Seskupovani

Podle kontrastnich
Linii
Hledani hran, kontur.

Zafazovani viemu do nachystanych kategorii:

- je to rychlé
- vystacCi to s fragmentarni informaci



lluze 2

lluze 1



Okluze - prekryvani
Co je obrazek na Cerné zdi a co dira ve zdi ?




Dvojznacénost objektl
Prepiname mezi dvéma intepretacemi. Neexistuje zadna stredni.

Neckerova kostka

http://sites.sinauer.com/wolfe4de/wa04.03.html
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Objekty potfebujeme identifikovat z riznych uhlu.

Zkusenost — rozezname tvar i z riiznych uhlu

(Ii) ([,) 4 e

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

middle (midlevel) vision A loosely defined
stage of visual processing come after basic
features have heen extractad fram tha imana




Objekty potfebujeme identifikovat z riznych uhlu.
Obracené tvare vnimame hure nez normalné orientované
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Psychofyziologie

Pozornost

Provadi selekci jen nékterych objektl prichazejicich ze
smyslovych organll nebo pamétovych stop. Ty, které jsou
vyhodnoceny jako dulezité, maji prednost. Filtr toho
dulezitého.

Sestupné drahy od centra k periferii mohou ovladat uz
smyslovy vstup (vlaskové buriky hlemyzdé, receptory sitnice).

http://sites.sinauer.com/wolfe4e/wa07.05.ht
ml
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Psychofyziologie

(podle Kralicka, 1995)

= Poznavaci procesy
= VVnimani — prvni stupen kognitivniho procesu.
Obrazy jevu podrZzeny v paméti.
o Mysleni — vyssi faze. Myslenkové operace
prohlubuje pouziti symbolu reci.
= Motivace
= Emoce

= Chovani



Psychofyziologie

= Poznavaci procesy
= Asociacni korové oblasti jsou anatomickym
substratem kognitivni €innosti.
= Parasensorické
* Prefrontalni

= Paralimbicka



Parasensorické

= Unimodalni — sekundarni korovée oblasti

jednotlivych smyslu obklopujici primarni karu.
Léze nevedou ke ztrate vsi funkce, ale k
agnosiim.
o Zrakoveé:

* Pro kresby

* Prosopagnosie — pro tvare

* Pro pohyb

* Pro hloubku prostoru



Parasensorické

= Unimodalni — sekundarni korovée oblasti
jednotlivych smyslu obklopujici primarni karu.
Léze nevedou ke ztrate vsi funkce, ale k
agnosiim.
— Sluchoveé:

e Cista slovni hluchota, ale porozuméni mluvenému,
ctenému, psani zachovano

e Pro neverbalni zvuky



Parasensorické

= Unimodalni — sekundarni korovée oblasti
jednotlivych smyslu obklopujici primarni karu.
Léze nevedou ke ztrate vsi funkce, ale k
agnosiim.

— Somatosensorické:
e Astereognosie — neschopnost poznat hmatem



Parasensorické

e Polymodalni

— Hemineglect syndrom: ignorace vizualnich,
somatosensorickych, sluchovych podnétu z
jedné poloviny téla

— Schopnost pravé hemisféry sdélovat a vnimat
emocionalni komponentu reci.

— Ztrata funkce - Aprosodie: motoricka
(neschopnost vyjadrit), sensoricka
(neschopnost vnimat).



Neékolik poznamek na zaver

Smysly jsou branami, kterymi vstupuje vnéjsi svét do naseho vnitrniho a utvari je;.
To nemohlo zUstat stranou zajmu filosofie. Vlastné to byli filosofové, kteri polozili
zaklad védeckého zkoumani. V oblasti neurovéd, smyslové fyziologie a
epistemologie (véda o poznavani) jedno jméno vynika: René Descartes (1596-
1650). Ve snaze najit néco nezpochybnitelného, o co by bylo mozné se opfit, kdyz
kolem néj bylo tolik mylnych vychodisek, dosel k myslence, ze pravé jeho
pochybovani je tim nezpochybnitelnym a pevnym bodem. Pochybovat o ném
nedava smysl. Myslim — tedy jsem. To jediné je pevné, smysly mohou lhat, jako
fantomova bolest neexistujiciho udu.




Neékolik poznamek na zaver

Venkovni svét, o kterém je mozno pochybovat, véci existujicich v prostoru nazval
res extensa. Jak souvisi se svétem vnitrnim res cogitans? Definoval tak problém
duse (védomi) a téla, ktery zaméstnava filosofy dodnes.

Dnesni terminologii knih (a filmQ): jak vime, Ze nejsme jen mozky s dobre
stimulovanymi smyslovymi vstupy? Zijici ve virtualnim svété? Jak si mGZzeme byt
jisti? Co vlastné vime jisté?

Podobné jako Descartese, stopa vede do naseho védomi. Vnimame-li bolest nebo
oranzovou nebo hrom, tézko pochybovat o tom vjemu, o tom prozitku. Ta
zkuSenost se neda popfit. Nase prozivani je ta nejjistéjivéc‘i\a sveté kterou mame.




Neékolik poznamek na zaver

e Jsme ,prozivaci“, zZijeme v prozitcich a k prozitkim mame intimni pfistup. Tato
privatnost ale plsobi, ze do nasi zkusenosti v celé Sifi neumime nikoho prenést.
Nas prozitek, kdyz jej popiSeme, popisujeme slovy, jejichz vyznam se druhy naucil
na zakladé svého prozitku, a nemuzeme si byt jisti, Ze se shoduji. Maminka mi
ukazala Cervenou, Vam Vase také. Ale jestli vnimame stejné, nevime.

e Neumime se vcitit do netopyra, jak napsal Thomas Nagel: “What is it like to be a
bat? (1974). | kdybych znal naprosto vsechny pochody v mozku, nebudu védét,
jaké to je, byt netopyrem.

e S obrovskym rozvojem neurozobrazovacich metod neni nerealné si predstavit, ze
budeme zndat do detaill, co se déje v nasem mozku napt. pfi prudké bolesti (tzv.
,Shadny problém“ védomi). Ale védét, co to je bolest citit, budeme zase jen my, a
to srovnanim s jinymi nasimi zkusenostmi.



Neékolik poznamek na zaver

Neni to zvlastni? Nase Zivoty jsou postaveny na barvach, vinich, vyznamech slov a
vztahU, oCekavanich, radostech a trapenich a prirodni védy k tomu nemaiji pristup!
V normalnim zivoteé to nijak nevadi a problém vlastné neni nijak palCivy a je mozné
jej docela dobre ignorovat, ale hluboka puklina v nasem svété tu je a provokuje.

Popsat korelace mezi mozkovou aktivitou a védomymi stavy je véci techniky a dafi
se stale |épe. Jak je ale propojeno subjektivni prozivani (,,Qualia“) a pochody
naseho mozku je tzv. ,Tézkym problémem® filosofie a véd. Bylo u¢inéno mnoho
pokusl jej rozlousknout, ale bez obecné prijatelného reseni.

Lze Fict, Ze tu rozpor neni a zkoumanim mozku rozlustime vse (redukcionalisticky
fyzikalismus mnoha prirodovédcll). Nebo jako Thomas Nagel fict, Ze pfirodni védy
a evolucionismus védomi vysvétlit nedokazou a rika, ze sam kosmos inklinuje ke
vzniku védomi (emergentismus). Lze jit cestou Cartesianského dualismu (duse a
télo jsou nezavislé substance) nebo panpsychismu (kazdé jsoucno ma jisté
védomi). Jini, jako Colin McGinn jsou pfipraveni akceptovat, Ze tato oblast je
prosté ,intelektualné uzavrena®



Neékolik poznamek na zaver

Descartes otevrel neobycejné plodnou cestu empirické védé. Z jeho pochybovani
vychazi metodologicka skepse védecké metody, ktera nevéfri jen tak nécemu. Jako
metodu si stanovi redukcionismus, ktery nebere neméritelné (a nefalsifikovatelné -
K.R. Popper) v Uvahu. Zajem o ,rozlehla jsoucna“ pfinesl obrovsky technologicky
pokrok, res cogitans byla z metodickych dlivod( dana stranou.

Duse urcité je zavisla na téle (mozku). Nase vnimani je tak lehce chemicky
ovlivnitelné! Urazy mozku tak zasadné ovliviiuji nade chovani a proZivani. Pamét a s
ni i nas vnitrni svét kamsi mizi pri méritelné mozkové degeneraci. Uz se podafilo
precist jednoduché myslenky pomoci zobrazovacich metod.

Jedno je zavislé na druhém. Zivot obsahuje obé slozky nedélitelné, ale t&zky
problém tim nezmizi. Ponechme stranou problém svobodné viile, ktery je pro nas
bézny Zivot také dost zasadni — stoji na ném nase sliby, pojem rozhodovani a také
odpovédnosti a prava - a drzme se otazky: Pro€ prozivam?



Neékolik poznamek na zaver

Prozivani neni pro zZivot nezbytné. Je zcela ve shodé s uzitecnym — udrzovat zivot
jidlem, pitim, sexem, vyhybanim se bolesti je ucelné, ale evoluce mohla
zkonstruovat roboty bez emoci a prozitk(i (Nagel). Programy by se mohly
zdokonalovat ucenim (jak jsme svédky u poslednich generaci automatu). Ale zrodi
se jim v koncertu jejich elektronickych signalt prozitek? Asi ne. A budou fungovat
bezchybné dal, naopak nase zavislosti, deprese, psychické problémy, mnoho
chybnych rozhodnuti stoji na existenci prozitkového svéta. Proc tedy? Tezko
uverit, ze to co je pro nas tak podstatné, je jen podruznost.

Zivotu obratlovct jsou evidentné prozitky vlastni a nevidime kam na cesté k
bezobratlym a jednobunécénym polozit hranici, kde uz zivot urcité je bez
elementarniho prozitku.

Nemusime hned vérit v nesmrtelnou dusi, ale nemusime také vérit
redukcionalistické, fyzikalistické prirodovédé, kdyz nam rika, ze ma na to aby o
zivoté rekla vSe a dokonce, Ze jen ona na to ma narok a vSichni ostatni jsou
podvodnici (R. Dawkins). KdyZz nam neni schopna objasnit tak podstatny aspekt
naseho Zivota.

Zivot je zvlastni a vztah téla a védomi je opravdu zahadal!



Neékolik poznamek na zaver

V 18. stoleti Zil dalsi filosof, ktery ovlivnil zptisob mysleni soucasné
védy: Immanuel Kant (1724-1804). Podobné jako Kopernik lidem
zpristupnil poznani, ze ne nebeska klenba, ale my se pohybujeme,
ukazal, ze to, jak se nam svét jevi, zrcadli nase vlastnosti stejné jako
svéta kolem. Mozek a zkuSenost jsou velmi aktivni pfi zpracovani
reality.

Edmund Husserl (1859-1938) déale ukazal, Zze nase zkusenost,
predpoklady a apriorni a treba i nedefinovana presvédceni urcuji, ze
nejsme nestrannymi pozorovateli, ale dostavame jen takovy typ
odpovédi, jaky cekame. Pfi poznavani je treba jit k Cistym fe

o




Neékolik poznamek na zaver

Smith, C.U.M. Biology of sensory systems. Wiley-Blackwell. 2008. ISBN: 978-0-470-
51862-5

http://casopis.vesmir.cz/clanek/panpsychismus-zleva-zprava

http://www.prospectmagazine.co.uk/philosophy/thomas-nagel-mind-and-cosmos-
review-leiter-nation



