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Visual	  Pathways:	  Re7na	  
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Rods Cones

Photoreceptors

Scotopic

High sensitivity

Low spatial resolution

Achromatic

Photopic

Lower sensitivity

High resolution

Chromatic

Rods:	  
Scotopic	  
High	  sensi7vity	  
Low	  spa7al	  resolu7on	  
Achroma7c	  

Cones:	  
Photopic	  
Lower	  sensi7vity	  
High	  resolu7on	  
Chroma7c	  



Recep7ve	  fields	  of	  visual	  neurons	  

A	  recep7ve	  field	  for	  a	  given	  neuron	  is	  the	  area	  of	  the	  re7na	  
where	  the	  paCern	  of	  light	  affects	  the	  cell’s	  firing	  paCern	  
	  
Recep7ve	  fields:	  
•  Correspond	  to	  loca7on	  in	  space	  
•  Can	  overlap	  
•  Can	  be	  different	  sizes	  



Re#nal	  Layers	  

Ganglion	  cell	  layer	  (GCL)	  
(ganglion	  cells)	  

Inner	  nuclear	  layer	  (INL)	  
(bipolar	  cells)	  

Outer	  nuclear	  layer	  
(photoreceptors)	  

light	  

Catch light 

Relay information 

Send signals to brain 
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Ganglion cell

Bipolar
cells

Photoreceptors

Linear receptive field model

Linear receptive field model

Neural image

Linear	  Recep7ve	  Field	  Model	  





The Blind Spot

(a) Close your left eye

Fixate on the F

Adjust distance til the 
red circle disappears

(b) Same thing, but you 

should see a 
continuous red line



Receptor Density Across the Retina



Eccentricity	  Magnifica7on	  Illustra7on	  

Image	   Representa#on	  



Horizontal	  processing	  
in	  the	  Re#na	  

Amacrine	  cells:	  
integrate	  across	  many	  
bipolar	  cells	  

Horizontal	  cells:	  
Integrate	  across	  many	  
(100s)	  photoreceptors	  

Calculate	  mean	  	  
Luminance	  
GABA	  

Feedback	  to	  bipolar	  &	  
ganglion	  cells	  
GABA	  





Center-‐Surround	  Organiza#on:	  Func#on	  
Center:	  excitatory	  

Surround:	  
Inhibitory	  

RGC	  Spikes	  

ON-‐center	  cell	  





Input image
(cornea)

“Neural image”
(retinal ganglion cells)

Center-surround receptive fields: emphasize edges.

Neural image



Location in space 

Actual 
lightness 

Perceived 

lightness 



Hermann Grid



Hermann Grid

What is going on?

Why donʼt you see a spot where you are 

fixating?



Visual	  Pathways:	  LGN	  



Visual Pathways



Myer’s loop 

Optic nerve 

Optic chiasm 

Optic tract 

Lateral geniculate nucleus 

Optic radiation 

Primary visual cortex 

Re7na	  to	  LGN	  to	  Primary	  Visual	  
Cortex	  





Conversion of information from eyes 
to visual fields

80% of the projections to LGN

20% to Superior Colliculus

visual orienting reflexes

eye movements

multisensory - auditory input

“where” pathway

80%	  of	  the	  projec7ons	  are	  to	  LGN	  
	  
20%	  to	  superior	  colliculus	  
•  Visual	  orien7ng	  
•  Eye	  movements	  
•  Mul7sensory	  –	  auditory	  input	  
•  “where	  pathway”	  
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Parallel	  visual	  processing	  streams:	  
•  Midget	  ganglion	  cells	  
•  Small	  –	  pools	  over	  fewer	  receptors	  
•  Have	  a	  sustained	  response	  
•  Involved	  in	  	  color,	  fine	  details,	  textures,	  and	  depth	  

processing	  
•  High	  resolu7on	  

•  Parasol	  ganglion	  cells	  
•  Large	  cells	  –	  pools	  over	  many	  receptors	  
•  Fire	  in	  bursts	  
•  Involved	  detec7on	  of	  mo7on	  
•  Low	  resolu7on	  

Parvocellular	  

Magnocellular	  



Visual	  Pathways:	  V1	  
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Projections from LGN to Cortex

Topographic mapping

There is an ordered 

representation throughout 

the visual system

Cortical magnification

Large portion of the cortex is 

devoted to a small portion of 

the retina

Sir Gordon Holmes (1944) looked at WWI veterans 

with brain injury

Projections from LGN to Cortex

Topographic mapping

There is an ordered 

representation throughout 

the visual system

Cortical magnification

Large portion of the cortex is 

devoted to a small portion of 

the retina

Sir Gordon Holmes (1944) looked at WWI veterans 

with brain injury

Projec7ons	  from	  LGN	  to	  V1	  

Topographic	  mapping	  
•  There	  is	  an	  ordered	  

representa7on	  throughout	  
the	  visual	  system	  

Cor7cal	  magnifica7on	  
•  Large	  por7on	  of	  the	  cortex	  is	  

devoted	  to	  a	  small	  por7on	  of	  
the	  re7na	  



Retinotopic map

Columnar architecture

Columnar architecture of V1

1 mm

Retinotopic map

Columnar 
architecture

1 mm

Columnar architecture of V1

Columnar architecture

White matter

Surface

Perpendicular electrode penetration: 
same orientation preferences and 
ocular dominance.

Tangential electrode 
penetration: orientation 
preference and/or 
ocular dominance varies.

Visual Pathways



V1	  Ocular	  dominance	  and	  orienta7on	  columns	  	  
(Hubel	  &	  Wiesel;	  Ice	  cube	  model)	  

Ver7cal	  column:	  same	  orienta7on,	  ocular	  dominance	  
Next	  column:	  nearby	  orienta7on,	  ocular	  dominance	  
Systema7c	  changes	  across	  cor7cal	  surface	  
Hypercolumn	  =	  func7onal	  unit	  

Func*on	  of	  V1:	  Bring	  together	  informa7on	  for	  the	  two	  eyes	  and	  reorganize	  the	  
inputs	  so	  that	  cells	  respond	  best	  to	  oriented	  lines.	  



V1 Computational Theory

V1 orientation tuning
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Stimulus orientation (deg)

No stimulus in 
receptive field: 
no response

Non-preferred stimulus: 
no response

Preferred stimulus: 
large response

Orientation selectivity model



Single	  unit	  recordings	  in	  V1:	  
Orienta7on	  selec7vity	  

V1 data Stimulus orientation (deg) 



hCp://www.youtube.com/watch?
v=X8AukcNn_Zk	  



Mechanisms of light/dark adaptation

1.  Pupil size

2.  Switchover between rods and cones

3.  Bleaching/regeneration of photopigment

4.  Feedback from horizontal cells to control the 

responsiveness of photoreceptors
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Contrast

Time or space

mean = 1

contrast = 50%

mean = 1

contrast = 100%

mean = 2

contrast = 50%

contrast =
amp of modulation

mean

Responses increase with contrast



Functional 
specialization

Parallel visual 
pathways

Dorsal & ventral 
streams: what vs. 
where





Functional compartments in V2 (Lu et al 2010)

Figure 1. Functional Architecture in Macaque Visual Cortex V1 and V2 (Case #1, Monkey M1, Anesthetized)
(A) Illustration of a macaque brain and the approximate location of imaging area. L.S., location of lunate sulcus.

(B) Surface blood vessel pattern of the imaging area.

(C) Ocular dominance map (left-eye minus right-eye stimulation) reveals ocular dominance columns in V1 and lack thereof in V2. The imageable area of V2 is

located between the V1/V2 border and the lunate sulcus.

(D) Retinotopic mapping (subtraction of two stationary phase-shifted vertical squarewave gratings) reveals cortical representation of vertical lines in the visual

field. Left side of the image is closer to the fovea and has higher cortical magnification.

Neuron

A Direction Map in V2

1004 Neuron 68, 1002–1013, December 9, 2010 ª2010 Elsevier Inc.

(A) Illustration of a macaque brain and the approximate 
location of imaging area. L.S., location of lunate sulcus.
\(B) Surface blood vessel pattern of the imaging area.
(C) Ocular dominance map (left-eye minus right-eye 
stimulation) reveals ocular dominance columns in V1 and 
lack thereof in V2. The imageable area of V2 is located 
between the V1/V2 border and the lunate sulcus.
(D) Retinotopic mapping (subtraction of two stationary 
phase-shifted vertical squarewave gratings) reveals 
cortical representation of vertical lines in the visual field. 
Left side of the image is closer to the fovea and has higher 
cortical magnification.
(E) Orientation vector map. Different colors represent 
different orientation preferences 
(F) Orientation map (45-135 deg gratings) reveals 
locations of orientation-selective domains corresponding 
to thick/pale stripe locations in V2 (indicated by cyan bars 
in top panel of J).
(G) Color map (isoluminant red/green minus luminance 
gratings) reveals blobs in V1 and color preference 
domains corresponding to thin stripe locations in V2 
(indicated by green arrowheads in middle panel of J).
(H) Motion direction map (rightward minus leftward drifting 
random dots). Red arrowheads: areas in V2 with 
directional response preference. No directional preference 
domains are seen in V1 and other parts of V2. (I) Enlarged 
view of (H).
(J) f, g, and h: Enlarged view of boxed regions of V2 
shown in (F), (G), and (H), respectively.
Strong blood vessel noise overlying large vessel in lunate 
sulcus is replaced with even gray (top portion of each 
panel). Thick/pale stripes (indicated by cyan bars) contain 
orientation preference domains (f). Thin stripes (indicated 
by green arrowheads) contain color preference domains 
(g). Note that color preference regions (green arrowheads 
in g) occur in regions with poor orientation selectivity (even 
gray zones aligned with spaces between cyan bars in f) 
and interdigitate with orientation-selective regions. 
Directional domains (h, red arrow- heads) fall within thick/
pale stripe zones and avoid thin stripe zones. Maps (C)–
(J) are displayed using the gray scale shown on the lower-
right corner (SD: standard deviation of pixel distributions 
for each individual maps).



Visual	  Pathways:	  beyond	  V1	  





Normal observer’s brain

Lateral Occipital area 

(area LO) activation

Control DF

DF’s brain

area LO

lesion

Intact Line Drawings

versus scrambled

Each image presented for 4 s 

with 12-s ISI

Dorsal & ventral 
streams: action vs. 
perception

Increasing receptive field size

V2

V3

MT
V3A

MST

Increasingly complex selectivity
STS

MT MST STS





Visual	  Streams	  

ACen7on	  
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Vision	  beyond	  iden*fica*on	  



Neuropsychological Evidence

A. Lesions to the ventral pathway in monkeys
resulted in failure in the object discrimination
task

B. Lesions to the dorsal pathway in monkeys
resulted in failure in the landmark discrimination
task





Visual	  Streams	  

ACen7on	  



Adapted from John Maunsell



Hierarchical	  Organiza7on	  


