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Learning goals

• Diversity of image processing in the retina

• Many neural circuits specialized for specific 
functions (feature extraction)

• Diversity of cell types (ganglion cells, 
amacrine cells)

• Diversity of synaptic interactions

• Retina as approachable part of the brain 
allows to study such interactions

• Examples for experimental approaches

http://www.cin.uni-tuebingen.de/research/research-groups/retinal-circuits-and-optogenetics
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Amacrine cells – a diverse cell class

Inner plexiform layer (IPL)
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Outline – The tricks of the retina

Examples for sophisticated image processing:
Analysis of image movement

• Direction Selectivity

• Object-motion sensitivity

Technical aspects:

Extracellular recordings and spike sorting
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Bill Levick             Horace Barlow

Detecting Motion 
Direction in the Retina

Barlow and Levick, 1965
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Responses of DS ganglion cells
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Responses of DS ganglion cells: 4 sub-types
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Responses of DS ganglion cells: 4 sub-types
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NULL

Spiking

9. & 16.06.2010 From molecules to circuits – the retina as a model system

How is the directionally selective 

spiking generated?

Directional Asymmetries

PREF
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PREF

side

NULL

side 

Starburst amacrine cells
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PREF

side

NULL

side 

20 pA

1 sec

Starburst amacrine cells
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Asymmetric inhibition

DS

NULL direction
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Outline – The tricks of the retina

Examples for sophisticated image processing:
Analysis of image movement

• Direction Selectivity

• Object-motion sensitivity

Technical aspects:

Extracellular recordings and spike sorting
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Problem: 
Detect moving objects within 
a constantly moving environment
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Problem: 
Detect moving objects within 
a constantly moving environment

Method:

Multi-electrode-array (MEA) recordings
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Object motion sensitive ganglion cells
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Object motion sensitive ganglion cells

Strongly rectifying

0

Input

Output

→ Sequence of temporally sparse events

Polyaxonal amacrine cells

Bipolar cells
Problem: 
Detect moving objects 
within 
a constantly moving environment
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Object motion sensitive ganglion cells

Strongly rectifying

0

Input

Output

→ Sequence of temporally sparse events

- large axonal fields
- coupled 
- active properties (action potentials)
- high threshold

→ Sequence of temporally sparse events,
But ONLY if there is corellated activity
accross large parts of the retinaVölgyi et al (2001) J Comp Neur

Input

Polyaxonal amacrine cells

Bipolar cells
Problem: 
Detect moving objects 
within 
a constantly moving environment

dendrites    axons
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0 0Excitatory Activity Inhibitory ActivityCANCEL

Object motion sensitive ganglion cells
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0 0Inhibitory ActivityCANCEL0Excitatory Activity OMS cell active

Object motion sensitive ganglion cells
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Object motion sensitive ganglion cells

Strongly rectifying

0

Input

Output

→ Sequence of temporally sparse events

- large axonal fields
- coupled 
- active properties (action potentials)
- high threshold

→ Sequence of temporally sparse events,
But ONLY if there is corellated activity
accross large parts of the retina

Polyaxonal amacrine cells

Bipolar cells
Problem: 
Detect moving objects 
within 
a constantly moving environment
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Summary

Object-motion sensitivty

• Key inhibitory interneuron: polyaxonal amacrine cell

• inhibition (triggerd by large, spatially coherent motion 

patterns) interferes with excitation if it is triggered by same 

motion pattern

• several ganglion cell types are OMS

Methodology:

Retinal wholemount preparation, patterned light stimuli, 

multi-electrode array recordings



26.06.2018

13

18.6.2018 Medizintechnik - Implantology

Outline – The tricks of the retina

Examples for sophisticated image processing:
Analysis of image movement

• Direction Selectivity

• Object-motion sensitivity

Technical aspects:

Extracellular recordings and spike sorting
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MEA recordings:

- Extracellular recording technique

- Records changes in the electric field between 

recording electrode and a distant ground electrode

- “Flat” retinal anatomy allows recordings of ganglion 

cell activity with flat electrode arrays

- Most important factor influencing the data quality: 

Distance between cell and electrode

badgood
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pMEA layout (60pMEA200/30iR)

200 µm interelectrode distance

30 µm electrode diameter

59 recording electrodes

Base material: Polyimide foil

Hole diameter: 90, 75, 50, 30, 

20 μm
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Perfusion system: ground plate

Perfusion IN

Perfusion OUT (vacuum 

pump)

Isolating ring
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Retina 

Isolation Multi-Electrode 

Array (MEA)

Projector

9 8 7 6 5 4 3 2 1 0

Neutral Density

Filters

……

Time   

In
te

n
s
it
y 

  


2 sec

8 sec

Experimental Paradigm

Full-Field

Grayscale Stimuli
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Typical raw data

multi-unit activity
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Cell 1

Cell 2

Electrode trace
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Processing

1. Preliminary Thresholding

2. Extract waveforms exceeding threshold

3. Plotting of the amplitudes of all these peaks
and setting of threshold to exclude most of
the noise.
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Thresholding

„real spikes“: peaks originating from a cell 

because amplitude is higher than noise 

amplitude and due to the ~Gaussian 

distributionN
u
m

b
e
r

o
f
p
e
a
k
s

Data, which will be used 

for further analysis

New threshold: exclusion of most of the

noise (right), but inclusion of some noise

for easier separation later on (left)

Noise: electrical and very small 

spikes (huge amount of peaks 

with the same, small amplitude)
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Processing

1. Preliminary Thresholding

2. Extract waveforms exceeding threshold

3. Plotting of the amplitudes of all these peaks
and setting of threshold to exclude most of
the noise.

4. Clustering (assigning of a spike to a cell) 
based on principal components and
amplitude.
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Clustering

Data from 1 electrode after thresholding. 
Each point (middle) = 1 peak with a certain waveform (left) and a certain time point, when it 
occured.

Amplitude of all peaks at 

the point marked by the 

read line (~middle of the 

waveform)

Time 

(beginning of 

experiment -> 

end)

Spikes, which 

presumably 

belong to 1 single 

cell
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Clustering:
Data from a different electrode: 2 separated units (~cells) in green and yellow. The 
left-over gray peaks are noise or spikes similar to noise.
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After spike sorting…

Analysis of each unit (= spikes from 1 cell):

Characterization of the units by analysis of its
responses to the different stimuli.
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Outline – The tricks of the retina

Examples for sophisticated image processing:
Analysis of image movement

• Direction Selectivity

• Object-motion sensitivity

Technical aspects:

Extracellular recordings and spike sorting


