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Finite Impulse Response (1)
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∞
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 convolution sum
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Finite Impulse Response (2)

y [n ] = b0 x [n ]  b1 x [n−1 ] ⋯ bM x [n−M ]

[n ]

h [n]

Impulse Response 
input output

y [n]
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h[n] has a finite duration 

 y[n] as a 
 difference equation

FIR (Finite Impulse Response) Filter

Special Case:

y [n ] = ∑
k=0

M

h[k ] x [n−k ]
 y[n] as a 
 convolution sum
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Infinite Impulse Response (1)
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Infinite Impulse Response (2)

[n ]

h [n]

Impulse Response 
input output

x [n] y [n]

Feedback
h[n] has a infinite duration 

Special Case:

y [n]

 b0 x [n ]  b1 x [n−1] ⋯ bM x [n−M ]

 y[n] as a 
 difference equation

IIR (Infinite Impulse Response) Filter

y [n ] = ∑
k=−∞

∞

h [k ] x [n−k ]
 y[n] as a 
 convolution sum

y [n ] = a1 y [n−1]  a2 y [n−2] ⋯ aN y [n−N ]
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Infinite Impulse Response (3)

y [n ] = a1 y [n−1] + b0 x [n]

x [n]

h [n]

Impulse Response 
input output

x [n] y [n]

y [n]
?

y [0 ] = a1 y [−1] + b0 x [0]
0

y [1] = a1 y [0] + b0 x [1] = a1b0+ b0

= b0

y [2] = a1 y [1] + b0 x [2] = a1(a1b0 + b0)+b0 = b0(a1
2 + a1+1)

y [3] = a1 y [2] + b0 x [3 ] = a1(a1
2b0+ a1b0+b0)+b0 = b0(a1

3 + a1
2+ a1 + 1)

= b0(a1+1)

= b0

y [M ] = a1 y [M−1] + b0 x [M ] = b0(a1
M + a1

M−1+⋯+ a1 + 1)

S N = a1
M  a1

M−1⋯ a1  1
a1 S N = a1

M1  a1
M ⋯ a1

2  a1
S N = a1

M  a1
M−1⋯ a1  1
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Infinite Impulse Response (4)

y [n ] = a1 y [n−1] + b0 x [n]

y [M ] = a1 y [M−1] + b0 x [M ] = b0(a1
M + a1

M−1+⋯+ a1 + 1)

S N = a1
M  a1

M−1⋯ a1  1
a1 S N = a1

M1  a1
M ⋯ a1

2  a1

1−a1S N = 1−a1
M1

1 − a1
M1

1− a1
a1≠1

S N =
M a1=1

Geometric Sequence 

lim
N∞

S N =
1

1− a1
∣a1∣1 

= b0
1− a1

M+1

1− a1
y [M ] = b0(a1

M + a1
M−1+ ⋯+ a1+ 1)
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Infinite Impulse Response (4)

y [n ] = a1 y [n−1] + b0 x [n]

x [n]

h [n]

Impulse Response 
input output

x [n] y [n]

y [n]
?

M

x [n] = δ[n] → y [n] = h[n ]

h [n ] = a1h[n−1 ] + b0 δ[n]
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