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Reminder: The LIF Neuron
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τRC

(
v(t)− J

)
, if v(t) < 1 ,

v(t)← δ(t − tth) , if t = tth ,

v(t)← 0 , if t > tth and t ≥ tth + τref ,
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Temporal Decoding of Two Neurons
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Temporal Decoding of One Hundred Neurons
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Filtering by Convolution
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Gaussian Filter

h(t) = c exp
(
−t2
σ2

)
where c chosen s.t.

∫∞
−∞ h(t)dt = 1

Convolution

(
f ∗ g

)
(t) =

∫ ∞

−∞
f (t − τ)g(τ)dτ
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Filtering a Spike Train
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Random Signals
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Random Signals

0.0 0.5 1.0
Time t (s)

1

0

1

2

Si
gn

al
 x

Time domain

500 0 500
Frequency f (Hz)

0

10

20

30

40

Po
we

r s
pe

ct
ru

m
 |X

|

Frequency domain

20 10 0 10 20
Frequency f (Hz)

0

10

20

30

40

Po
we

r s
pe

ct
ru

m
 |X

|

Frequency domain (magnified)

White Noise
(zero mean)

0.0 0.5 1.0
Time t (s)

1.0

0.5

0.0

0.5

1.0

Si
gn

al
 x

Time domain

500 0 500
Frequency f (Hz)

0

50

100

150

200

Po
we

r s
pe

ct
ru

m
 |X

|

Frequency domain

20 10 0 10 20
Frequency f (Hz)

0

50

100

150

200

Po
we

r s
pe

ct
ru

m
 |X

|

Frequency domain (magnified)

Bandlimited
White Noise
(zero mean,
10 Hz bandwidth)

7 / 18



Filtering a Spike Train for a Random Signal
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Optimal Filter
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Filtering a Spike Train for a Random Signal (Optimal Filter)
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Filtering a Spike Train for a Random Signal (Optimal Filter)
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Filtering a Spike Train for a Random Signal (Optimal Filter)
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Optimal Filter (Improved)
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Filtering a Spike Train for a Random Signal (Improved Optimal Filter)
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Filtering a Spike Train for a Random Signal (Improved Optimal Filter)

0.0 0.2 0.4 0.6 0.8 1.0
Time t

1

2

Ne
ur

on
 in

de
x

Spike trains

0.0 0.2 0.4 0.6 0.8 1.0
Time t

1

0

1

De
co

de
d 

va
lu

e 
x(

t)

Filtered outputs

0.0 0.2 0.4 0.6 0.8 1.0
Time t

1

0

1

De
co

de
d 

va
lu

e 
x(

t)

Decoded output

Decoded x(t)
Ideal x(t)

0.0 0.2 0.4 0.6 0.8 1.0
Time t

1

0

1

De
co

de
d 

va
lu

e 
x(

t)

Filtered output sum

1

0

1

Fi
lte

re
d 

In
pu

t x
(t)

12 / 18



Filtering a Spike Train for a Random Signal (Improved Optimal Filter)
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Pros and Cons of the Optimal Filter
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We need to find a mechanism that low-pass filters spikes over time!
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Synapses as Filters

Synaptic vesicle

Voltage-gated
ion channel

Receptor

Neurotransmitter

Neurotransmitter
transporter

PRESYNAPTIC

NEURON

POSTSYNAPTIC

NEURON

POSTSYNAPTIC

NEURON

14 / 18



Synapses as Filters

Synaptic vesicle

Voltage-gated
ion channel

Receptor

Neurotransmitter

Neurotransmitter
transporter

PRESYNAPTIC

NEURON

POSTSYNAPTIC

NEURON

POSTSYNAPTIC

NEURON

Post-synaptic currents (EPSCs, IPSCs) are low-pass filtered spike trains!
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Exponential Low-Pass Filter (I)
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{
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0 otherwise ,
where c =
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0
tn exp−t/τ dt .
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Exponential Low-Pass Filter (II)
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Example: Synaptic Filter for Two Neurons
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Image sources

Title slide
“Captive balloon with clock face and bell, floating above the Eiffel Tower, Paris, France.”
Author: Camille Grávis, between 1889 and 1900.
From Wikimedia.

https://commons.wikimedia.org/wiki/File:Camille_Gr%C3%A1vis,_Captive_balloon_with_clock_face_and_bell,_floating_above_the_Eiffel_Tower,_Paris,_France.jpg

