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Nw¢ mpoorabou e vor LEAETIOCOUE TOV EYKEDAAO?

O eykedpaloc cav Eva TANPo¢dopPLKO CUCTNHOL.

AnNpLovpywvToC UTTOAOYLOTLKA LOVTEAQ
YVWOTLKWV AELTOUPYLWV LLE OKOTIO Vol
OLUENOOULE TLC YVWOELG LOG YLAL TLG
OUYKEKPLUEVEC AELTOVUPYLEC.

MpoomnaBoupe va «avilypdPpoupe» tn
Aewtoupyia tou eykepAAouv HE OKOTIO va
NV ePaPUOCOUUE OE aAyOpLOpLOUC Kot
TEXVLKEG UTTOAOYLOTLKNG VOnHoouvng.



['VWOTIKA HOVTEAQ — Eva TOLPAOELYHAL.

YTTOAOYLOTLKO LOVTEAO OTITIKAC EMAEKTIKAC TTPOCGOXNC

EmAektikn mpocoyn: H duvatotnta evog atOoU OTO VAl ECTLAOEL
TNV MPOOOXHN TOU OE £EVOl CUYKEKPLUEVO EPEOLOUA EVW TTapAAAnAa
«amnoppeitely N «PLAtpapeL» OAa ta AAAa tov mapepBaiouv.

For example : The Cocktail party..




Computational neuroscience: The study of the nature of
intelligence.

Cognitive science is an interdisciplinary field with contributors from various fields

Sociolo
Cognitive psychology gy

Neuroscience
Abilities, concepts, theories

Biological implementation

w to study ATTENTION ?/dc°”e’“*es"

Computational Neuroscience of
Philosophy Attention

Linguistics

Biology
Computer science

Anthropology

Models and implementation



Ontikn EmAektikn Mpoooxn

E¢wyevic mpoooxn

Otav evtova YopaKTNPLOTIKA O€ ULO OTTTIKN) OKnvn «KEPSI{ouv»
TNV TPoooxN

Evéoyevic mpoooxn

Otav mAnpPo@opLEC yLa CUYKEKPLUEVOUC OTOXOUC OTTO TN
Aettoupyikn pvnun koedodnyouv tnv mpoocoxn.






The Garden of Earthly Delights by Hieronymous Bosch.



Neuroscience

Neuroimaging Techniques
MEGs, fMRI...

Visual cortex, PFC, anterior
cingulate cortex...

Single Cell Recordings.

Nature Reviews | Neuroscience



Visual area
of the thalamus

Signals produced by the neural cells in the retina are propagated then into the brain
through the optic nerve and reach a major relay station, the LGN (lateral geniculate
nucleus)



Ventral visyal stream seems to be involved in forming conscious representations
of the idenftity of objects —-What pathway...

The dorsal stream, sometimes called the "Where Pathway" or "How Pathway", is associated
with motion, representation of object locations, and control of the eyes and arms...



Receptive Field: “an area in which stimulation leads to response of a particular sensory

neuron”

For V1 neurons, the receptive field is small, in the range of approximately 1 degrees of
diameter, measured as a visual angle in the center of vision.

This area is very small to cover most complete recognizable visual objects, but only a
portion of it.

V1 Neuron

V1 Neuron’s receptive field

Rolls E.T. (2004) Invariant Object and Face recognition. The Visual Neuroscience Eds. Chalupa LM. and Werner JS.
p. 1165-1178.MIT press.



Receptive Field: “an area in which stimulation leads to response of a particular sensory
neuron”

In area V4 the neural receptive field becomes larger, in the range of 10 degrees in visual
angle diameter, and 20-50 degrees in inferotemporal cortex (IT).

Thatis in the IT it is possible that a single neuron might signal the recognition of a small
visual object (Rolls 2004).

V4 Neuron

o

V4 Neuron’s receptive field

Rolls E.T. (2004) Invariant Object and Face recognition. The Visual Neuroscience Eds. Chalupa LM. and Werner JS.
p. 1165-1178.MIT press.
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Increasing RF complexity and size
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Steven Yantis 2005, How visual salience wins the battle for awareness Nature Neuroscience 8, 975 - 977



Enteéepyaoio Stadpopwv
epeBlopatTwy...









Waéte yia Tov poupo KUKAO..






In general, attention in the neuronal level can be seen as a competitive process.

Whenever two or more stimuli are represented in the same receptive field of a single
cell, competition can result.

This competition is translated mainly by the mechanisms of selection by attention
and can be influenced by either bottom-up saliency cues or top- down volitional
cues.
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Responses of an example area V4 neuron as a function of attention and stimulus contrast.

John H. Reynolds & Leonardo Chelazzi, Annual Review of Neuroscience, 2004, 27: 611-647



Colour

Bottom-up attention

Intensity Orientation



Top-Down attention

Possible sources of attentional control signals

A
/7 Superior parietal lobule \

Frontal eye field Intraparietal sulcus

Targets of
attentional
control

Ventral temporal cortex

Eric I. Knudsen, Fundamental Components of Attention, Annu. Rev. Neurosci. 2007



Rate-based mechanism of selection

The simplest selection process is a rate-based mechanism.

-Responses of neurons in early processing stages that convey information to be selected
are made more prominent by raising their firing rates.

-Responses of neurons that convey information to be ignored are made less prominent by
suppressing or decreasing their firing rates.

Contrast gain

Neural response

- - - - Stimulus contrast

Yee Joon Kim et al., Attention induces
synchronization-based response gain in steady-
state visual evoked potentials

Nature Neuroscience
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Synchronization as a neuronal mechanism of selection.

The theoretical basis for synchrony as a mechanism for attentional selection was originally
proposed by Crick and Koch (1990).

Francis Crick (8 June 1916 — 28 July 2004)
The Nobel Prize in Physiology or Medicine 1962

It was suggested that visual selective attention functions in a way that there is a change
in the temporal structure of the neural spike trains representing the source that is to be
selected
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Semantic Top-Down attention

Neural activity is known to be affected by semantic top-down attention mostly in area V4, the
intermediate stage of visual object-processing pathway in the brain (Moran & Desimone, 1985;
Connor et al., 1997; Reynolds & Desimone, 2003).

*Increase of firing rate...
*Increase of synchronization in the neural activity...

Parietal and
frontdl lobes
Visual area V1 Visual area V4
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Spatial Top-Down attention

Parietal and
frontal lobes

—\

Visual cortex area V1
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Attention - Cognitive Psychology

Behavioral Experiments!

Important observations mainly studying accuracy and reaction time.



The Attentional Blink

Raymond, Shapiro and Arnell (1992).

Refers to the refractory period following the identification of a visual target (T1) within a
Rapid Serial Visual Presentation (RSVP).

During this period, the human ability of detecting a second visual target (T2) is
significantly decreased to approximately 300 to 500 ms.
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Raymond JE, Shapiro KL, Arnell KM (1992). "Temporary suppression of visual processing in an RSVP task: an
attentional blink?". J.of exp. psyc. Human perc, and performance



A Demonstration

T2 atLag 7




A Demonstration

T2 at Lag 7 — normal speed




A Demonstration

T2atlag3



A Demonstration

T2atlagl



The Attentional Blink

100

80

60

40

20




Computational modeling of visual selective attention.

ulations.

Rate and t dl[l':r
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Through simulations we can gain new knowledge and
information related with visual selective attention...

*Evaluate existing theories and contribute in the creation of new..

*Study the interaction and the importance of visual selective attention in
various social, medical and computational intelligence applications...
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MaOnpotikil avaAvucn Tou HOVTEAOU

Movtéla vevupwvwv Integrate and fire

dVv
Tm E = Eleqx — V(t) + les(t)

I;(t) = (Iampa () + Iympa (0)) + Ugapa, (®) + Igapa, ()

Is(t) = (Iexc (t) + Iinh(t)) = Yext (t)(ESext -V)+ ginh(t)(ESinh —-V)

Yexc (t) = Jexc Wextps(t) and ginh(t) = .g_inhwinhps(t)
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E¢wyevnc Mpoocoxn — UMTOAOYLOTLKI TPOOEYYLON

KavaAila avaAvouv SLadopEC xpwHATWY, Evtaonc, Kot KALoNG oTtnV OmTLk elkova o€ SLadopeg
XWPLKEC KALUOKEG.

M.x.

e 1 kavaAt yia dtadopec Evtaong

e 2 KavaAla yia SladopEC XpWHATWY (KOKKLVO — TPACLVO Kal UITAE — KiTpLvo).
* 4 kovaAla ta omoia kwdikomoloUv kAloelg (0°, 45°, 90°, 135°).

1(c,s) =|I(c) ®I(s)

[ Linear Filtering at 8 Spatial Scales jI

Orientatié_rl(c__l:m)anney COIo‘:r'(!hégm Inteniift}fj{ﬁmel RG (C, S) — (R(C) — G(C)) @ (G (S) — R(S))
(= E L
= b 7 BY(c,s) =|(B(c) - Y(c))®(Y(s) - B(s))
Cross Scale Center-Surround Differ_zinces ]
©°4@{@ % O(c,s,0) =|0(c,8) ®O(s, 6)

'\—l/'

The computation of the specific feature types is based on evidence suggesting their existence in
mammalian visual systems (Leventhal, 1991, Luschow & Nothdurft, 1993; Engel, Zhang & Wandell,
1997,DeValois, Albrecht & Thorell, 1982; Tootell, Hamilton, Silverman & Switkes, 1988).




Kwoéilkomoinon eL.oepXOeEVWV EpEBLOpATWY

Combined Receptive field

Input stimulus of the 12 input neurons
Receptive field of

neuron i

Spike‘tﬁr the input

neurons based on the
calculated firing rate.

Saliency map according
to the saliency toolbox

FRs; = a (Max(P))) + B ij
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I
[un

FRg; elvar n ouyvomta avtidopaong tov 12 vevpdvav 16000V Tov avTioTtotyovy otn 0éom tov epebicparog Si

Max(Pj) eivou n péyrot i omd OAa ta. pixels mov aviietoryobv oto gpébioua Si

Yi=1 Pj eivan 10 cuvokixo GBpoiopua 6wy Tov TipdY Tov N pixels Pj ov aviictorodv 6to epébicpo Si.



AAANAOETILOPACELC OTO VEUPWVLKO HIKTUO

Correlation control
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Top-Down attention

Possible sources of attentional control signals

A
/7 Superior parietal lobule \

Frontal eye field Intraparietal sulcus

Targets of
attentional
control

Ventral temporal cortex

Eric I. Knudsen, Fundamental Components of Attention, Annu. Rev. Neurosci. 2007



Evdoyeveic embpaocerg (top down interactions)

XwpKEG VOEELC ( spatial cues)

NU&eLc onpaoioloyiag (semantic cues)

Spatial Top — Down

ENDOGENOUS GOALS Semantic Top— Down

modulations. )
ODULE modulations.

Rate and temporal Control Signal

coding of incoming

stimuli _g*® = - - .

SEMANTIC CORRELATION
CONTROL

(Coincidence detector Nodes)

|

I

I

[

I
P‘ Higher Layer of Visual
i

[

VISUAL
INPUT

WORKING

Processing MEMORY — *

Temporal Filter

First stage of processingin

Primary visual cortices.

Pool of inhibitory interneurons
Second stage of processing.

Inhibitory interactions between

the two layers of processing



MaOnpotikil avaAvucn Tou HOVTEAOU

Spatial Top — Down
modulations.

Rate and temporal
coding of incoming
stimuli

VISUAL

Saliency filters 4
INPUT

First stage of processing in
Primary visual cortices.
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Semantic Top —
Down modulations.

S

WORKING
MEMORY

Visual Processing s mm = .I- >

Second stage of processing.



Possible applications of cognitive
modeling of visual selective attention



Medical applications...

Attention Deficit Hyperactivity Disorder

ADHD is the most commonly studied and diagnosed psychiatric disorder in
children, affecting about 3 to 5% of children globally with symptoms starting
before seven years of age.



Schizophrenia

Schizophrenia is a group of serious brain disorders
in which reality is interpreted abnormally...

Cognitive and attentional deficits have been
suggested to play a critical role in the original
descriptions of schizophrenia ...

Michie PT, Fox AM, Ward PB, Catts SV, McConaghy N: Event-related potential indices of selective
attention and cortical lateralization in schizophrenia. Psychophysiology 1990; 27:209— 227



Social applications...

Working safety..

Car accidents avoidance etc...




Applications in human computer
interactions — robotics...




Applications in computer vision...




Spatial Cognition

Virtual Reality







