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REMINDER 1:What is convolution?
 A mathematical operation that takes two signals and 

produces a third one.

 X[n]*Y[n]=Z[n]

 For us:
 A way to get the output signal given the input signal and a 

representation of system function

From now one we will deal only with discrete signals if not 
otherwise specified



REMINDER 2: How to calculate the 
output

 Input length = N
 Impulse Response length = M

 Output length = N+M-1

 For example a 81 points input convolved with a 31 points impulse 
response gives 111 points output



REMINDER 3: Two ways to 
understand it
 Input Signal Viewpoint (Input Side Algorithm)

 How each input impulse contributes to the output signal.

 Good for your understanding

 Output Signal Viewpoint  (Output Side Algorithm)

 How each output impulse is calculated from input signal.

 Good for your calculator



REMINDER 4: Input Side Algorithm



REMINDER 5: Output Side 
Algorithm



Common Impulse Responses
 Identity System: 

 Amplifier/Attenuator:

 Delay/Shift:  

 Echo:      
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          x n n n s x n x n s      



Discretizing Calculus
 First Difference :  

 Discrete equivalent of differentiation
 Discrete Derivative

 Running Sum:  

 Discrete equivalent of integration

 Discrete Integral
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Properties of Convolution
 Commutative Property:

 Associative Property:
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Properties of Convolution (2)
 Distributive Property:

 Central Limit Theory:
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Transference Between Input and Output



Correlation
 Cross Correlation

 Self Correlation

 Measures similarity (if correctly normalized!!!!)
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Calculating Correlation
 Convolution without flipping 

second signal



Just Touching Filters
 Major Types

 Low Pass Filter

 High Pass Filter



Low Pass Filters



High Pass Filters



Causal Systems (from Impulse Response)



Zero, Linear and nonlinear Phase 
Systems
Symmetric around 0 Symmetric around another point

Asymmetric


