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Outline 9 — Visual Cortex

Primary and Secondary Visual Areas

Synthetic Overview: Image Processing, Receptive Fields, Physiological ‘Laws’
Not All Visual Areas Contain Consciously Accessible Representation — Eye
Rivalry

Magnocellular and Parvocellular Pathways

V1, V2, V3, V4, MT (=V5) and Other Areas

Modalities of Vision Based on Cortical Processing

Features not Residing in Unique Areas: Stereo Disparity, Color

Features Located To Areas: Dorsal (Location and Motion) versus Ventral
(Object) Streams

Controversies

Processing Hierarchy of the Visual Cortex



Ventral and Dorsal Stream




THIS PANEL IS A SPECULATIVE ATTEMPT TO CLASSIFY BRODMANN
AREAS DIFFERENTLY

“Binary Trees of Brodmann Areas” and Beyond Brodmann Areas

- Bit 1: (Left) vs. (Right) Hemisphere

- Bit 2 and 3: (Motor/ Frontal Lobe) (Somatosensory/ Parietal L.)

- Bit 2 and 3: (Auditory/ Temporal L.) (Visual/ Occipital L.)

- Bit 4: (Primary) vs. (Secondary) Sensory projection areas

- Bits 5, 6, 7: subdivisions of visual/ sensory areas

- Sensory Domains: Bits 1 and 7: (Left/ Right) vs. (Bottom/ Top) Extensions,
Retinotopy, Spatial Maps

- Bit 8: Temporal encodings: subcortical

- Bit 9: Other modality encodings — Hippocampus (Archi-cortex)/ space
navigation, and so on.

Olfactory cortex and Hippocampus (Archi-cortex), Olfacory Bulb (Paleo-cortex),
Vestibular Cortex (Part of Temporal lobe), Cortical Projections, Remaining senses:
Olfaction, Taste and Touch



CORTICAL MICROCIRCUIT

Neocortex and Other Cortices #,
(Paleocortex, Olfact. Only: 3 Layers,
Archicortex, Olfact. and Hippocar

3 or 4 Layers)
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Cortex Consists of Columns as Functional
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Brodmann Areas (Outer Hemisphere Part)
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Brodmann Areas (Outer and Inner
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Visual Pathway Inner Workings

— C. Receptive field-related contrast (on ganglion cells)

Sum of stimuli: +4  Sum of stimuli: 0




Experimental Construction of Receptive Fields:
Simple and Complex Cells in Primary Visual Cortex, Area V1,
lllusory Contours by von der Heydt, Area V2, and Higher Areas
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V1 simple & complex cells

simple cells respond best to edges or bars
of a particular position, orientation, and
sign of contrast

tuning curve
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In V2
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ty for stereo boundar
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Von der Heydt & colleagues:

Some V2 cells are selective for
the orientation, contrast, and

side of border ownership of an
edge ... for edges defined by

luminance or stereo disparity

”

“anti-correlated” stereogram

Later, in area V4, neural responses to stereo disparity appear

to correspond more closely to perceived depth
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Too Complicated Way to Explain Visual Cortex

Connectivity and Function... %
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Van Essen D.C. et al. 1770, (ld Spring Harkw Sq). Quant Biol., £5:679-636



Alternative Way to Explain Vision...

| A
Overview E‘% B G
of higher - —

functions
of visual
cortex

Early vs. Late
vision

Motion Color Form



Face recognition — to recognize
these blurred faces, some degree
visual acuity Is needed
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Blurred faces, however these
famous people are recogizable
from the context

2G. Bush Sr.[+] - 5B. Obama - 4G.W. Bush - 3B. Clinton - 1J. Carter
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2G. Bush Sr.[+] - 5B. Obama - 4G.W. Bush - 3B. Clinton - 1J. Carter
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Ventral
Dorsal

and
Stream
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Co je HC? Higher Center, Hippocampus,
Hommunculus,..., je vubec néco na vrcholu
hierarchie projekcnich oblasti mozkove kury?

Je primarni a sekundarni zrakova kura
What je ve (ventralnich=) v prednich
korovych projekcnich oblastech
\Where je v (dorzalnich=) v zadnich
korovych projekcnich oblastech N




Retreating to Sensory Diagnostic
Methods

Magnetic Resonance Imaging (MRI)
(Spatial Domain)

Functional MRI, fMRI

(Spatial and Time Domain)

Evoked Responses, ER, EP, EEG
(Time Domain)
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Around year 2000:

Caltech’s 3.0 T Trio
Siemens magnetic

scanner
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Auditory brainstem responses

Talk no. 4 — Hearing Loss, Diagnostic Methods in Audiology

@ Auditory brainstem reponses
(ABR or BERA) can be
recorded by using eletrodes
placed on the scalp

@ Responses are evoked
potentials, i.e. electrical
potentials generated in the
neural system due to external
stimulation (acoustical
stimulation in case of ABR)

@ Evoking stimulus is a transient

Slgnal (C“Ck) Taken from https://www.audiologyonline. com/
articles/evoked-potentials—-part-1-good-23607
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Auditory and Visual Cortical AEP —Auditory EP

Evoked (Response) Potentials

Averaging

VEP — Visual EP

Ti amplitude [uY]
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Overview of visual pathway
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Binocular Focusing is Realized
by Eye Con- and Di-Vergence

Vergence eye movements

Either blur or retina disparity will generate vergence.

Latency for vergence .
movements is ~160 Eeie- il I =
ms.

Maximum velocity 1s
20°/sec.

(Con)vergence disorder is called strabism.

28



Binocular Rivalry in Conflicting
Images To Left and Right Eye

What Functional Purpose This
May Have?

- Not All Visual Areas
Contain Consciously
Accessible
Representation —>
Eye Rivalry
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Blindsight (= slepo-zrakost...)
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Fig. 2.3 Binocular visual field, subjective view. The bin-
ocular visual field spans 40,000 deg %. The homonymous
visual defect typically affects one quadrant (here top

right) while the region of best visual acuity (fovea) is
spared, due to the overlap of left and right optic radiation
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Binocular Fusion

— A. Binocular visual field — B. Horopter

Binocular
visual field

XK

— X/

Left Right
visual field visual field

Corresponding areas
on retina
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Binocular Fusion

— C. Three-dimensional vision (binocular vision)
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Color Opponent Processes

.b.
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Understanding and
Interpretation Difficulties,
Reprinting Errors, Et Cetera...
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— . Abnormalities of Visual chesshg
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Atlas of Patophysiology, 1st English edition, 2000, p. 327 37




Summary - Visual Cortex

Primary and Secondary Visual Areas

Synthetic Overview: Image Processing, Receptive Fields, Physiological ‘Laws’
Not All Visual Areas Contain Consciously Accessible Representation — Eye
Rivalry

Magnocellular and Parvocellular Pathways

V1, V2, V3, MT and other areas

Modalities of Vision Based on Cortical Processing

Features not Residing in Unique Areas: Stereo Disparity, Color

Features Located To areas: Dorsal (Location and Motion) versus Ventral
(Object) Streams

Controversies

Processing Hierarchy of the Visual Cortex
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Thanks for your attention

CTU FEE

Warning: neither the PDF, nor the PPT, PPTX, etc.
versions of this presentation are official study materials.
For internal use only. Do not distribute.

Contacts:
Petr.Marsalek@FEL.CVUT.CZ
Petr.Marsalek@LF1.CUNI.CZ

http://nemo.lf1.cuni.cz/imlab/ftp/PPT-CVUT/
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Ceské vysoké uceni technické v Praze, Fakulta elektrotechnicka Pravni dolozka (licence) k tomuto Dilu
(elektronicky material) Ceské vysoké uéeni technické v Praze (dale jen CVUT) je ve smyslu autorského
zakona vykonavatelem majetkovych prav k Dilu ¢i drZitelem licence k uZiti Dila. UZivat Dilo smi pouze
student nebo zaméstnanec CVUT (dale jen UZivatel), a to za podminek déle uvedenych.

CVUT poskytuje podle autorského zakona, v platném znéni, opravnéni k uZiti tohoto Dila pouze
UZivateli a pouze ke studijnim nebo pedagogickym téellim na CVUT. Toto Dilo ani jeho &ast nesmi byt
dale Sifena (elektronicky, tiskové, vizualné, audiem a jinym zplsobem), rozmnoZovana (elektronicky,
tiskové, vizualné, audiem a jinym zpUsobem), vyuzivana na Skoleni, a to ani jako doplrikovy material.
Dilo nebo jeho &ast nesmi byt bez souhlasu CVUT vyuZivana ke komerénim tceltim. UZivateli je
povoleno ponechat si Dilo i po skon&eni studia ¢i pedagogické ¢innosti na CVUT, vyhradné pro vlastni
osobni potfebu. Tim neni dotéeno pravo zékazu vyse zminéného uZiti Dila bez souhlasu CVUT.
Soucasné neni dovoleno jakymkoliv zplisobem manipulovat s obsahem materialu, zejména ménit jeho
obsah véetné elektronickych popisnych dat, odstrafiovat nebo ménit zabezpeceni véetné vodoznaku a
odstranovat nebo ménit tyto licen¢ni podminky.

V pfipadé, Ze UZivatel nebo jina osoba, ktera drzi toto Dilo (Drzitel dila), nesouhlasi s touto licenci,
nebo je touto licenci vyloucena z uziti Dila, je jeho povinnosti zdrZet se uzivani Dila a je povinen toto
Dilo trvale odstranit véetné veskerych kopii (elektronické, tiskové, vizualni, audio a zhotovenych jinym
zpusobem) z elektronického zafizeni a vSech zdznamovych zafizeni, na které jej Drzitel dila umistil.



