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FIR Filters

• High Pass Filter - Impulse Response

Given a discrete system impulse response, it is simple to calculate its z transform. For
example,

y[n] = x[n] − x[n− 1] = x[n] ∗ (δ[n] − δ[n− 1])

its z-transform is,

Y (z) = X(z)[1 − z−1] = X(z) − z−1X(z)

hence, we can calculate its system transfer function,

Y (z)

X(z)
= H(z) = 1 − z−1

also, its corresponding system impulse response is,

h[n] = δ[n] − δ[n− 1]

Therefore, we can design system model as followed, and at the second row, it shows
the input signal(left) and output signal(right).

2



• Low Pass Filter - Impulse Response

Given a discrete system impulse response, it is simple to calculate its z transform. For
example,

y[n] = x[n] + x[n− 1] = x[n] ∗ (δ[n] + δ[n− 1])

its z-transform is,

Y (z) = X(z)[1 + z−1] = X(z) + z−1X(z)

hence, we can calculate its system transfer function,

Y (z)

X(z)
= H(z) = 1 + z−1

also, its corresponding system impulse response is,

h[n] = δ[n] + δ[n− 1]

Therefore, we can design system model as followed, and at the second row, it shows
the input signal(left) and output signal(right).
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• Band Pass Filter - Impulse Response

Given a discrete system impulse response, it is simple to calculate its z transform. For
example,

y[n] = x[n] − x[n− 2] = x[n] ∗ (δ[n] − δ[n− 2])

its z-transform is,

Y (z) = X(z)[1 − z−2] = X(z) − z−2X(z)

hence, we can calculate its system transfer function,

Y (z)

X(z)
= H(z) = 1 − z−2

also, its corresponding system impulse response is,

h[n] = δ[n] − δ[n− 2]

Therefore, we can design system model as followed, and at the second row, it shows
the input signal(left) and output signal(right).
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Frequency Domain

• Low Pass - Spectrum

Seeing previous impulse response, it is not intuitively straight forward to figure out
whether it is low pass, band pass, or high pass. However, it can be easier if we calculate
its zero location. For the low pass case, we know its transfer function is,

H(z) = 1 + z−1,

which means that, there exists a zero at z=-1. If we use polar coordinate system,
z=rejω, the zero is at r=1 with ω=π (radius). Hence, mathematically, we can observe
that it should be zero when radius is at π, and it is a low pass filter. Also, we can use
simulink to find its spectrum.
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• High Pass - Spectrum

Seeing previous impulse response, it is not intuitively straight forward to figure out
whether it is low pass, band pass, or high pass. However, it can be easier if we calculate
its zero location. For the high pass case, we know its transfer function is,

H(z) = 1 − z−1,

which means that, there exists a zero at z=1. In other words, if we use polar coordinate
system, z=rejω, the zero locates at r=1 with ω=0 (radius). Hence, mathematically,
we can observe that it should be zero when radius is at 0, and it is a low pass filter.
Also, we can use simulink to find its spectrum.
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• Band Pass - Spectrum

Seeing previous impulse response, it is not intuitively straight forward to figure out
whether it is low pass, band pass, or high pass. However, it can be easier if we calculate
its zero location. For the band pass case, we know its transfer function is,

H(z) = 1 − z−2,

which means that, there are zeros at z=1 and z=-1. If they are represented by the
zeros in polar coordinate system, which is z=rejω, they are r=1 with ω=0 (radius)
and r=1 with ω=π. Hence, mathematically, we can observe that it should be zero
when radius is at π and 0, and it is a band pass filter. Also, we can use simulink to
find its spectrum.
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IIR Filters

IIR stands for infinitive impulse response. It means that there are infinitive impulse re-
sponses. For example, given a difference equation,

y[n] = x[n] +
1

3
y[n− 1]

its z-transform is,

Y (z) = X(z) +
1

3
z−1Y (z)

furthermore, we can calculate the system transfer function,

Y (z)

X(z)
=

1

1 − 1
3z

−1
= H(z)

therefore, for a causal LTI system, its impulse response is,

h[n] = (
1

3
)nU(n)

where U(n) is a step function. We can tell that this system has infinitive impulse response.
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IIR Filter Spectrum

From previous section, we observed the infinitive impulse response converges to zero. Now,
we want to explore its corresponding spectrum using simulink.

9



Comb Filter - FIR

As we know about low pass, band pass and high pass filter, we would like to explore
comb filter. Comb filter adds delayed version of a signal to itself, causing constructive and
destructive interference. Here is a example of FIR comb filter,

H(z) = 1 − αnz−n

Given α = 0.9 and n = 3, the corresponding transfer function is

H(z) = 1 − 0.93z−3

Also, it can be seen that there are three zeros at z = 0.9e−j0, 0.9e−j
2π
3 and z = 0.9ej

4π
3

From the frequency response, it is clear that while ω=0,2π3 and 4π
3 , the magnitude ap-

proaches zero.
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Comb Filter - IIR

For IIR comb filter, its general form is,

H(z) =
1

1 − αnz−n

given that α= 0.8 and n=5, we can write the equation as,

H(z) =
1

1 − 0.85z−5

For this system, we can find poles at z=0.8ej0, 0.8ej
2π
5 , 0.8ej

4π
5 , 0.8ej

6π
5 , 0.8ej

8π
5 For this case,

we can observe that the magnitude response increases as ω= 0 , 2π
5 , 4π

5 , 6π
5 , and 8π

5
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