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Linear systems and filtering

Lateral inhibition and linear systems

Where we left off:

•What can be computed with lateral inhibition?

•What cannot be computed?

•What is an appropriate abstraction?

Output: Spike measurements

Input: Light



Linear systems and filtering
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Continuous-time signals

Continuous signal – a time (or space)varying function x(t) of one (or more) independent variables

t



Linear systems and filtering

][nx

Discrete-time signals

Discrete signal – sequence x[n] of time (or space)ordered samples of a continuous signal

n
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Discrete-time signals

Discrete signal – sequence x[n] of time (or space)ordered samples of a continuous signal
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Some special signals

Unit step function
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Approximation of continuous-time signals
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Some special signals
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Dirac’s Delta function (impulse)
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Kronecker’s Delta function

t





=

≠
=

01

00
][

n

n
nδ



Linear systems and filtering

Where this Delta comes from?
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Delta function properties
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Shift invariant linear systems

L)(tx )]([)( txLty =

][][ xLxL ⋅=⋅ ααHomogeneity: 

][][][ 2121 xLxLxxL +=+Additivity: 

Superposition: ][][][ 2121 xLxLxxL ⋅+⋅=⋅+⋅ βαβα

Shift invariance: )]([)( txLty = )]([)( stxLsty −=−⇔
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Predicting output of linear systems
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Predicting output of linear systems
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Impulse response / Point spread function
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Predicting output of linear systems

)()()( thtxty ∗=Convolution :

Impulse linear filtering :
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Properties of convolutions
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Commutative :

Associative :

Distributive :
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2D impulse response

2D convolutions
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Discrete convolutions on regular grids
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A system is shift invariant linear iff the response is a weighted sum on the inputs

)(xh

x

)(xI

x

x

∑
+∞

−∞=

−⋅=
'

00 )'()'()(
x

xxhxIxOut

x

)(xout



Linear systems and filtering

Back to lateral inhibition

-0.1-0.2
-0.2

-0.1

+1.0

Lateral inhibition = FIR (Finite Impulse Filter) 
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Neural plexus

Light (I)

?

Spike rate

Linear systems and periodic signals
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Linear systems and periodic signals
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Linear systems and periodic signals
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Linear systems and filtering
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I bet I got you now…

Linear systems and periodic signals



Linear systems and filtering

)]([)( tLth δ=

)2sin( tπω L

Linear systems and periodic signals

)2sin( ωω φπωα +t
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Linear systems and periodic signals
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Periodic signals and The Fourier transform 
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Periodic signals and The Fourier transform 
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Periodic signals and The Fourier transform 
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Periodic signals and The Fourier transform 

ωθπω ωω dtAtx ∫
∞

+=
0

)2sin()(



Linear systems and filtering

ωθπω ωω dtAtx ∫
∞

+=
0

)2sin()(

)2sin( tπω L )2sin( ωω φπωα +t

Linear systems and periodic signals

1:
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Linear systems and periodic signals
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Linear systems and periodic signals

Wavelength
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Linear filtering and the Modulation Transfer Functi on (MTF)
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Linear systems and periodic signals

Assume

the human visual system is linear

Design

an experiment that retrieves that MTF of the human visual 
system



Adapt…
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Linear systems and periodic signals

Is the human visual system linear? 


