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The Visual System

Bbh 470 [B. Jones]
Christoph Rasche

Goal

• To familiarize with rough anatomy, 
structure and function of the visual system

• Basis: chapters 25-28 of Kandel et al
• To be done in two lectures

Jobs of the Visual System

• To make sense of the 
structures/shapes/forms in our visual 
environment ≈ object categorization)

• To detect & follow motion
• To analyze/investigate/interpret the image 

in detail (depth, color)
→ many, many functions!

Where does it work?

Where does it work ? (II)

• it’s not only the eye, but half of the brain

Overview of Visual Machinery
Outline brain
Legend 4 pathways

Different pathways for different jobs
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The Eye – The Input Device

Photoreceptors in the back!

Two Types 
of Photo-
receptors:
Rods and 

Cones

Rods for Night, Cones for Day (Color) The Retinal Layers

Vertical Pathway

• Parallel pathways:
Off: responds to offset
On: responds to onset

• analog to ‘digital’ 
conversion 

Ganglion
Cell Responses –

A Systematic 
Investigation

• receptive field concept
• circular stimulation 

works best

• bipolar cells have the
same response pat-
terns just without
spikes
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• Center determined 
by Photoreceptors 
(narrow area)

• Surround 
determined by 
Horizontal Cells
(broad area)

• Read from right to 
left

→ center-surround 
antagonism

How are Receptive Fields Created? Ganglion Cells: M and P

• Starting point of motion (magnocellular) 
and object (parvocellular) pathways

Zones of 
the

Visual Field

Lateral 
Geniculate

Nucleus (LGN)

• Gateway between 
retina and V1

• Cell responses 
similar to ganglion 
cell responses

Projections 
from Retina
to Primary

Visual Cortex
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V1

• = primary visual cortex
• = area 17 (Brodmann’s classification)
• = striate cortex (staining patterns)
• What does it code for? 
• Imagine the 50’s and 60’s
• Do V1 cells also respond to circular 

stimulation like in the retina, or may be 
even to objects?

V1cells respond to 
orientations

• orientation of 
specific angle
• ‘orientation-
selective’

Receptive 
Field 

Shapes of 
Simple Cells

• many different 
receptive field 
formations

Complex 
Cells

• orientation & 
motion sensitive

Who discovered those orientation-
selective cells?

• Described by Hubel and Wiesel in the 50’s and 
60’s. Won Nobel Prize for discovery and 
characterization.

• Accidental detection:

Layers of V1/Cortex
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How are V1 cells organized?...

• … in ‘orientation columns’

There also exist blobs…

• cells in blob regions tend to respond to color stimuli

Ocular Dominance Columns All together
(orientations, ocular 
dominance, blobs)

• Hypercolumns


