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Structure	of	a	neuron
•	~	1011 neurons	in	the	brain
•	~	1.5	million	ganglion	cells	in	the	retina

dendrites	receive	inputs	
from	other	neurons

cell	body	is	neuron’s	life	
support	– integrates	inputs,
generates	output	signal

axon	passes	signal	
to	other	neurons

terminal	branches	of	
axon	form	junctions	with	
other	neurons	at	synapses

real	neurons	
& microelectrode

neural	impulses	
(action	potentials)	
travel	down	axon	
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Neural	signals

firing	rate	=	(number	of	spikes)/time

excitation:	higher	firing	rate inhibition:	lower	firing	rate
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Rods	and	cones	in	the	retina	
fovea:
•	central	2◦ of	visual	angle
•	» 250	receptors	across		
•	high	spatial	acuity

cones:
•		sensitive	to	color
•		operate	in	daylight
•		adapt	quickly	to	changing	light

rods:
•		not	sensitive	to	color
•		operate	at	low	light	levels
•		adapt	slowly	to	changing	light
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+

Retinal	ganglion	cells

“on-center”	ganglion	cell “off-center”	ganglion	cell

•	receptive	fields have	center-surround structure
•	cross-section	~	difference	of	two	Gaussians

light	on

neural	response	
over	time

flash	
spot	in	
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flash	
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surround

light	on

neural	response	
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•		retinal	processing	is	very	similar	to	
the	convolution	computation

•		difference-of-Gaussians	is	very	similar	
to	the	Laplacian-of-Gaussian

Emergence	of	center-surround	receptive	field

retinal	ganglion	cells

receptive	field	
center

receptive	field	
surround

photoreceptors

bipolar	cell
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horizontal	cell

direct	excitation	of	
bipolar	cell	from	
photoreceptors

inhibition	of	bipolar	cell	
via	horizontal	cell

resulting	
bipolar	cell	
response

7

Analyzing	intensity	changes	in	a	2D	image
image	after	smoothing	
&	second	derivative
convolution	with	
Ñ2G	operator
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•	on-center	cells	carry	positive	part	
•	off-center	cells	carry	negative	part

~	convolution	of	the	retinal	image	is	
passed	up	the	optic	nerve
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Detecting	intensity	changes	at	multiple	scales
human	vision:
•	multiple	receptive	field	sizes	
in	the	same	region	of	the	
visual	field

•	receptive	field	sizes	increase	
with	eccentricity	(distance	
from	the	center	of	the	eye)
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