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Outline of course

ÅThe biology of the retina

ïHow retinas uses adaptive photoreceptors and horizontal 

cells, together with bipolar cells, to compute rectified local 

contrast

ïThe Physiologistôs Friend Chip

ïThe Dynamic Vision Sensor 

ÅSilicon technology and the operation of a single 

transistor

ïCMOS vs. complementary channels in neurons

ÅNeuromorphic Engineering (NE)

ïContext of electronics (synchronous logic)

ïMotivation for NE by contrasting computers and brains
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Reading
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Practical work with
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Physiologistôs Friend Chip

Dynamic Vision Sensor 

(DVS) silicon retina



The Physiologistôs Friend Chip

Chip + Lens

BNC connector

Activity 

control

Onboard speaker

Output selector

External 

speaker jack
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1. Models transient pathway 

in retina.

2. Reduces redundancy

3. Responds quickly and 

preserves timing

4. Has wide dynamic range

Temporal Contrast Dynamic Vision Sensor (DVS)

1.This silicon retina 

asynchronously outputs 

pixel address-events. 

2.Each event represents a 

fixed temporal contrast 

(DlogI), corresponding to 

change in scene 

reflectance.
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Quiz and Grading

ÅYou will have 30 minutes to individually answer a quiz 

at the end of the course

ÅYour grade will be based on a combination of quiz 

and your group report
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Schedule

Day 1 (13:00-17:00)

ïLecture on biological retina

ïTutorial on using Physiologistôs Friend and DVS

ïStart first practical (split into groups and select either Physio Friend or 

DVS for first exercise)

ïRead parts of Physio Friend paper and Neuromorphic Sensory Systems

Day 2 (morning, 9:00-12:00)

ïLecture on electronics and transistors

ïPractical work

ïFinish reading papers

Afternoon (13:30-17:00)

ïLecture continued

ïFinish practical work, write reports

ïQuiz
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Biological Retinas
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How do we see?
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1011 neurons

1015 synapses

12W power consumption



Is your eye a camera?

clipped
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Light ranges
1 lux of sunlight is about 104 photons/um2/sec

Direktes Sonnenlicht 100ó000 Lux

Sonniger Tag 10ó000 Lux

Bedeckter Tag 1ó000 Lux

Büro 100 Lux

Einbrechende Dämmerung 10 Lux

Dämmerung 1 Lux

Vollmond 0.1 Lux

Viertelmond 0.01 Lux

Klare mondlose Nacht 0.001 Lux

Bedeckte mondlose Nacht 0.0001 Lux
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100 M photoreceptors

3mW power consumption

1 M output axons

108 dynamic range

Rodieck, 199813
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Cross 

section of 

human retina
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Rodieck16



The eyes power supply (arteries)
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All animals (from insects to us) partition vision 

into sustained and transient visual pathways

Sustained (Parvo, X)

Has sustained 

response
Sees color

Low contrast gain 

Higher spatial resolution

Slower

Transient 

(Magno, Y)

Blind to DC
Monochrome

High contrast gain

Lower spatial 

resolution

Faster

Standard image 

sensors do this

Temporal contrast

sensor does this
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Three layer retina model

Photoreceptors ïbipolar cells ïganglion cells
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Photodiodes

Photoreceptors

Bipolar cells

OFF channel

ON channel

Ganglion cells

Horizontal cell

OFFON

Represents signed 
quantities by 
rectifying into 
separate channels that 
typically have low 
activity

Averages over space & 
time to find context

Computes locally in 
analog and transmits 
long distances using 
spikes
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Physio Friend Layout

Photoreceptors

Bipolar/Horizontal cells
Ganglion & Simple cells

Synapses

Photodiodes

2.2mm

Biases
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