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L’occhio e la visione

 L’occhio e la retina

 I fotorecettori: coni e bastoncelli

 Il rilevamento di elementi di base 
nell’immagine: contorni, colori

 La proiezione dell’immagine sulla corteccia 
cerebrale

 I movimenti oculari



L’occhio umano



Formazione delle immagini nell’occhio 
umano

 Controllo dell’esposizione 

 Iride, pupilla (1-8 mm)

 Rifrazione della luce

 Cornea, cristallino

 Formazione immagine

 Retina

 Campo visivo

 160° x 135°

 330-730 nm



La proiezione delle immagini 
nell’occhio



La formazione delle immagini 
nell’occhio



Si può schematizzare il 

neurone in 4 parti principali:

1. Il corpo cellulare (soma)

2. un prolungamento assonico

3. un insieme di dendriti (strato 

d’input)

4. un insieme di terminazioni 

sinaptiche (strato d’output)

neurone sensitivoneurone motorio

Il neurone: anatomia



Le terminazioni sinaptiche 

controllano la trasmissione degli 

impulsi nervosi da un neurone 

all’altro tramite rilascio di sostanze 

chimiche (neuro-trasmettitori) 

contenute all’interno di vescicole 

presenti nelle terminazioni 

presinaptiche. I neuro-trasmettitori 

si diffondono attraverso le fessure 

sinaptiche e vengono “catturati” da 

appositi recettori post-sinaptici 

generando un flusso di corrente 

verso la membrana che avvolge il 

soma del neurone target.

Il neurone: le sinapsi



I fotorecettori: coni e bastoncelli



I fotorecettori: coni e bastoncelli



I fotorecettori: coni e bastoncelli



I fotorecettori: coni e bastoncelli



I fotorecettori: coni e bastoncelli



I fotorecettori: coni e bastoncelli



La distribuzione dei fotorecettori 
nella retina



Sensibilità dei fotorecettori



La distribuzione dei fotorecettori 
nella retina



I campi recettivi







Tipi di campi recettivi delle cellule 
gangliari della retina



Campi recettivi “centro-on”



Campi recettivi “centro-on”







La percezione del colore











La percezione del colore nell’Uomo



La percezione del colore nell’Uomo



La percezione del colore nell’Uomo



La proiezione nel cervello



La proiezione sul corpo genicolato 
laterale (LGN – Lateral Geniculate Nucleus)
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Localizzazione della corteccia visiva





Le cellule semplici



Le cellule complesse



La percezione del movimento





I movimenti oculari



I movimenti oculari

Eye Muscles



Types of Eye Movement

Saccades:

 Quick “jumps” that connect fixations

 Duration is typically between 30 and 120 ms 

 Very fast (up to 700 degrees/second) 

 Saccades are ballistic, i.e., the target of a saccade 
cannot be changed during the movement.

 Vision is suppressed during saccades to allow 
stable perception of surroundings.

 Saccades are used to move the fovea to the next 
object/region of interest.



Example of 10° saccade 
(1000 samples per second)

 The subject 
executes a saccade 
150 ms after the 
target shift and 
complete the 
saccadic movement 
in 200 ms

Latency is about 150 ms and it is thought to be the time required by the CNS 

(Central Nervous System) to determine whether to execute the saccades, to 

calculate the shift and to transform the retinic error in muscle activity



Types of Eye Movement

Smooth Pursuit Eye Movements:

 Smooth movement of the eyes for visually tracking 
a moving object

 Cannot be performed in static scenes 
(fixation/saccade behavior instead) 



A model of smooth pursuit
T. Shibata, S. Schaal. A model of smooth pursuit in primates based on

learning the target dynamics. Neural Networks 18 (2005) 213–224.

Cause the information processing delays in the visual pathways, high performance of the smooth 

pursuit system cannot be achieved solely with standard negative feedback methods based on 

visual error signals

This circuit consists of two subsystems: 

1) a recurrent neural network (RNN) mapped onto medial superior temporal area (MST), which 

receives the retinal slip with delays and predicts the current target motion, and 

2) an inverse dynamics controller (IDC) of the oculomotor system, mapped onto the cerebellum 

and the brainstem.



Types of Eye Movement

Vergence Eye Movements:

 Slow, smooth movements changing the vergence 
angle (the angle between the two viewing axes)

 Used for changing gaze from a near to a far object 
or vice versa

 Can take up to one second

 Execution is often interrupted if no thorough 
inspection of the object is required.



Vergenza



VOR (Vestibulo-Ocular Reflex)



VOR (Vestibulo-Ocular Reflex)

 Reflex eye movement that stabilizes images on the retina 
during head movement by producing an eye movement in 
the direction opposite to head movement, thus preserving 
the image on the center of the visual field

 since slight head movements are present all the time, the 
VOR is very important for stabilizing vision: patients whose 
VOR is impaired cannot read, because they cannot stabilize 
the eyes during small head tremors

 the VOR reflex does not depend on visual input and works 
even in total darkness or when the eyes are closed

 Latency of 14 ms (time between the head and the eye 
movement)



The Vestibulo-Ocular Reflex (VOR)

http://en.wikipedia.org/wiki/Image:ThreeNeuronArc.png


Vestibulo-ocular Reflex



Vestibulo-ocular Reflex



Vestibulo-ocular Reflex



OKR (OptoKinetic Response)



OKR (OptoKinetic Response)

 The optokinetic reflex allows the eye to follow 
objects in motion when the head remains 
stationary 

 The OKR is activated when the image of the 
world slips on a large part of the retina

 This reflex is based on the visual information

 The latency is longer than in VOR



Other Eye Movements

Torsional Eye Movements:

 Rotation of the eye around the viewing axis

 Stabilization of visual scene by compensating body 
rotation (up to about 15 degrees) 



Other Eye Movements

Fixations:

 The eye is almost motionless, for example,  while 
reading a single, short word

 The information from the scene is almost entirely 
acquired during fixation

 Duration varies from 100-1000 ms, typically 
between 200-600 ms

 Typical fixation frequency is about 3 Hz

 Fixations are interspersed with saccades



Other Eye Movements

Tremor:

 Fast, low-amplitude (seconds of arc) eye-
movement “jitter” 

 Improves the perception of high spatial 
frequencies

 Prevents the fading of static images during 
fixations


