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How many gradations of color
can the human brain
distinguish?

2200 hued

The brain transforms the single
wavelengths of light seen in rainbow into a
color circle. Hues on opposite sides of the
citcle are complementary.

b}L-'ﬂ' levels of sammticnl

Combinations of two more wavelengths.
When complementary wavelengths are
combine equally cne gets white.

cj 500 brightness levels
Any color on the cirele can be made

brighter or darker.

Remarkably with only 3 cones types we can
see 500x200=20 = 2,000,000 gradations of

color

brightness

hues
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PRSI

When the ciliary muscles are relaxed When the ciliary muscles are contracted,
the lens is flat and distant cbjects are the lens becomes more round and a close
focused onto the retina object 1s focused onto the retina



a) The shape of the eye ball.

too long too short

b) The shape of the lens

lens too flat

lens too round

Here one cannof focus on near targets.
One s far sighted & needs a convex
lens. &

[

Here one cannot focus on far targets.
One is near sighted & needs a

concave lens.  wy )
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Choroid

Ciliary body

Fig. 1.1. A drawing of a section through the human eye
with a schematic enlargement of the retina.
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Fig. 12b. Vertical section of the monkey fovea from Hagerman and Johnson (1991).
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iIsodensity maps
of cone densities (X1000)
in the human retina

Fig. 21. Cone densities in human relina as revealed in whole mount.
The foveal area is enlaged in B. (from Curcio et al., 1987).



Periphery

i

In the fovea, there are only cones (small ones)

that are packed in a hexagonal pattern. In the
periphery, there are large cones and lots of rods.
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Sites of interaction
Phosphorylation sites with cytoplasmic proteins

Retinal

attachment site
e e _ ; adapted from
Region containing oligosaccharides Hararave et al. 1984

Piantanida, 1991

Fig. 9. Structural model of rhodopsin showing seven transmembrane
components and the attachment site for retinal.
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From Dowling's book (1987).
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stage 1
Fig. 12. Diagrammatic representation of disc shedding and
phagosome retrieval into the pigment epithelial cell.
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Fig. 3 Response-intensity familics recorded from two cones, one
in normal Ringer's solution (&) and the other in the test salution
with the Ca** feedback removed (B Single trials in all traces,
620 nm light throughout. The dark current in 2 was very stable
throughout the experiment, but that in & showed some variations
batween light steps, To compensate for thess vanations in dark
current, each response amplitude plotted in Fig. 4 has been normal-
ized against the dark current amplitude at the time the response
was elicited. Insets, averaged responses of the cones to dim flashes
in the control and the test solutions. From calculations, the normal-
ized flagh sensitivity (k) and the response integration time (1) are
1.0% 107" photon™ pum?, 0.19 5 in 4 and 5.8 % 10~° photon™ pm?,
0455 in &
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Figure 6.9. Circuicry of the mammalian rod pathway. R, rod; C, cone; RB, rod
bipolar; CB, cone bipolar; All, 2 specific type of amacrine cell; GC, ganglion cell.



Light to a cone in the centre

e _ Light to a cone in the surround
produces excitation of the ganglion cell.

produces inhibition of the ganglion cell.

= > C—=

e ﬁ g | =

"~ #£M inhibitory synapse -
ol U@ O
+* % excitatory synapse I
and 32 1'2,;6;.:

This 15 becanse: This 15 because:
1) light decreases the cone voltage 1) light decreases the surround cone's voltage
and the cone releases less inhibitory and the cone releases less excitatory transmitter
transmitter 2) the voltage inside the honizontal cell decreases
2) the voltage inside the bipolar cell and it releases less inhibitory transmitter
INCTeases 3) the voltage inside the center cone increases
and it releases more transmitter and it releases more inhibitory transmitter
3) the ganglion cell 1s excited 4) the voltage inside the bipolar cell decreases
and 1t fires more often. and it releases less excitatory transmitter

53) the ganglion cell 15 inhibited
and it fires less often.
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M- & P-cell properties

* M-cells

— Large receptive fields

— Respond well to rapid changes
» P-cells

— Outnumber M-cells

— Smaller receptive fields

— Respond selectively to specific wavelengths

(mouvement)

(couleur)
periphery
fovea
Mimagnocelular)
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VWhat
IL /
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Retinal Ganglion Cells

* Respond to simple visual stimuli (spots of
light) in their receptive field

« Come in “On-center” and “Off-center”
flavors

» Another functional categorization: M-cells
(‘magno’ = large) & P-cells (‘parvo’ =
small).
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Visual Pathways

*90% of retinal projections

go to LGN
*(but only 10-20% of the

: LGN’s input comes from the
" Temporal retina!)
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Cortex visuel primaire

Areal7
(V1, primary visual cortex)

Pulvinar nucleus
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Optic radiation
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The visual pathways

Human brain {viewed from underneath)

The visual cortex is organized in
columns that receive input from the left
eve (hlue) and the right eye (vellow),

Right'™\ Left Right | Left
eye  eye  eye  eye

LoD

Ve “F-’& AT
NCONEON ,fﬁ‘%iﬁf
Y/ IR AJRNY 21X

Rla}r arcas

= Binocular cells at the borders of
Optic chiasm in thalamus

columns receive input from both
the left and the right eyes.
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Simple Cell

WL L L
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1
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Figure 8.9. Schematic examples of simple (top) and complex (bottom) cortical
receptive fields. The on areas (plus signs) and off areas (minus signs) are spatially
separate in the receprive fields of simple cells, and superimposed in complex cells.
The' position of the stimulus in the receptive field is critical for the simple cell,
but noc for the complex cell (lefr). Changing the orientation of the elongared
stimulus from its oprimum reduces the responses of both kinds of cells (right).
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The bar of light moves || As the cat views the screen,

across the screen. the electrode records the

= ; ™
A mrjving bar of Eugh1 stimiilates
receptive fields in retina.

cells in the occipital cortex.
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>/
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Neurons that code for similar objects
or object features are organized in
columns in inferotemporal cortex

Optical Imaging ?? N
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response in I'T to complex stimulus
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LIP plays a role in the initiation of
voluntary saccades to visual targets

PRR plays a role in the initiation of
reaching movements to visual
targets

Snyder, Batista and Andersen, 1997

| /

FLASH

LIP

PRR

FLASH

PRR

L

It

Recording from anterior intraparietal

suleus (AIP)  visual control of grasping




Ventral Stream Dorsal Stream

Scene parsing and Visual control of
object identification motor output

Scene-based frame Effector-based frames
of reference of reference

Relational metrics Absolute mefrics

Long-term Moment-to-moment
representations computations

Contents of visual Visuomotor transformations
consciousness for (un)conscious acts

Goodale, M.A. & Humphrey, G.K. (1888). Cognition
Goodale, M.A. & Milner, A.D. (2004). Sight Unseen (Oxford University Press)
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CONCLUSION

Fonction sensorielle dont on conndit le fonctionnement a plusieurs échelles :
moléculaire, du neurone et des systemes.

Réle des propriétés intrinseques et de réseau dans le traitement de l'information

Complexité du traitement a tous les niveaux (extraction de composantes
abstraites de |'environnement deés le niveau rétinien).

Principes communs de fonctionnement des systemes sensoriels : traitement en
paralléle (rapidité: 100-150 ms pour identifier un objet) et en série
(complexification) des informations, divergence et convergence (compression de
I'image), inhibition latérale (contraste), etc.

Controles en retour des informations visuelles et mécanismes attentionnels
(filtrage).

Relations étroites avec la motricité (contrdle visuo moteur).

Plasticité fonctionnelle



