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Reminder: The LIF Neuron
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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

Filter magnitude

Gaussian Filter (Time Domain)
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Filtering a Spike Train

Decoded value x(t)
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Random Signals

Time domain Fr yd Fr y d (magnified)
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Random Signals

Signal x

Signal x

Time domain Fr yd Fr y d in (magnified)
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Random Signals
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Signal x

Time domain Fr yd Fr y d in (magnified)
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Filtering a Spike Train for a Random Signal
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-~ F1. o £ 149 -~
x /N - < % /N
g2 2N N s e L NPT N\
c 4 \ 2 2
£ 1 = © 12
c \ r0 £ > 04 \ f \
o \ ° y A\ A
2 < 1 ~-r4-L T 3 <=7 r— ———<oc
S 1 ¢ o 1
914 \ b o] <] \ /
=z \ F= o \
o/ F-1& @ -1+ o/
T T T T T ] T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Time t Time t
Decoded output Filtered output sum
= 1 -~ N = 1A -~
‘; Il AN — Decoded x(t) ‘; II AN N\
Ej | !1”””*”"‘”! 'IFID\TIMF!X?“ ‘ 2 / S0 ! ~\
© ©
> 04 > 04
® -~ \ -t T ~=7 “ 1 RS LA
° 1 ° 1
3 N\ 3 \ 7
o -1 7 0 -119 /
o T T T > T T T ] T T T > T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Time t Time t

8/18



Optimal Filter

Time domain Frequency domain Frequency domain (magnified)
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e
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)

Spike trains Filtered outputs
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Filtering a Spike Train for a Random Signal (Optimal Filter)

Spike trains Filtered outputs

~ - =

x - oS L7 T X 054
Y 24 / - [
2 \ / 3 2

= / \ Y N Fog £ 0.0

3

e L1 v L 3 3
3 1- / N ¢ 3

z \/ £ g 7037

N/ i
T T T T T T = a
0.0 0.2 0.4 0.6 0.8 1.0
Time t Time t
Decoded output Filtered output sum
=) -~ =)
< 051 -~ ~_7 \ x
%) A 4 \ 9}
. / \ =
g 0.0 g
° ’ » . °
3 \ +—— Decoded X(t) \_ N [}
- - \ Y4 ~ °
o -0.5 I}
o] \ ¢ == Ideal x(t) o]
ja} N/ o}
o T T T T T T a
0.0 0.2 0.4 0.6 0.8 1.0

Time t

10/18



Optimal Filter (Improved)

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

Spike trains Filtered outputs
7Y s g
x \ -~ X
824 NP N\ S v
5 >
£ \ 1 2 B
c N, F0 £ >
S | °
3 - ] T B2
Q14 vy 7} o
= AW L1 = @
T T > T " a
0.0 0.2 0.4 0.6 0.8 1.0
Time t
Decoded output
s 14 I’\ N =)
x \ “x— Decoded x(t x
[} / Neon ! \ ® [}
3 Y 1 1dea) x(t) 2
© ©
> 04 >
3 |- 1T 3
o = \ 1 °
o \ / o
o —1- \W o
~
o T T T T T T a
0.0 0.2 0.4 0.6 0.8 1.0
Time t Time t

12/18



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

Decoded value x(t)
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Pros and Cons of the Optimal Filter

Neuron Index
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Pros and Cons of the Optimal Filter
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Pros and Cons of the Optimal Filter
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Does not describe a biological process

We need to find a mechanism that low-pass filters spikes over time!
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Synapses as Filters
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Synapses as Filters

PRESYNAPTIC
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Post-synaptic currents (EPSCs, IPSCs) are low-pass filtered spike trains!
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Exponential Low-Pass Filter (I)
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Exponential Low-Pass Filter (II)
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Example: Synaptic Filter for Two Neurons
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Example: Synaptic Filter for One Hundred Neurons

Spike trains Filtered outputs
........ 1 o = 14 ——=C

x 81 “;’ x Pad S

() f, - [} 7’ N,

261 a2 = /7 AN

— = ©

c x}:mﬁmm isivg 0o £ % ol \ .
5 411 r ‘i"l‘.‘.‘lf!'.‘:‘.'.'.’f.!‘.’!*l..'fe T 2 N R4
2 1 IR 3 3 S R

o . N ——
1- N -1 o -1 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Time t Time t
Decoded output Filtered output sum

=) =
X —— Decoded x(t) X

o 14 o

=] == |deal x(t) 3

S S

o 07 o

[0 ()

e e

S -1+ S

[ [

] T T T T T T ]

0.0 0.2 0.4 0.6 0.8 1.0
Time t

T=bms,n=1

18/18



Image sources

Title slide

“Captive balloon with clock face and bell, floating above the Eiffel Tower, Paris, France."
Author: Camille Gravis, 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

