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Phase Response v.s. Impulse Response

In this section, we will explore the relation between phase response and impulse response.
What is the definition minimum phase ? What will its impulse response look like ? Given
another system with the same magnitude response, but different phase response, how will
the phase response affect its impulse response ? Finally, we will discuss the relation of these
two system using All Pass filter.

Given an IIR filter,

H1(z) =
1 − 0.8z−1 + 5z−10 − 4z−11

1 − 0.5z−1
=

(1 + 5z−10)(1 − 0.8z−1)

1 − 0.5z−1

which has poles at z=0.5 and 0, zeros at z=0.8 and 50.1ej(π+2πk)/10, where k=1,2,...10.
Those are shown in the pole zero plot.
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As we know the system transfer function, we can design a system using simulink. Fig.1 shows
the system model of H1(z).

Figure 1: Simulink Model of H1(z)

After building this system, we can analyze its impulse response, magnitude and phase
response in frequency domain.

Figure 2: (Left Column) Input and Impulse Response of H1(z), (Right Column) Magnitude
and Phase Response of H1(z)
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Give another system,

H2(z) =
1 − 0.8z−1 + 0.2z−10 − 0.16z−11

1 − 0.5z−1
=

(1 + 0.2z−10)(1 − 0.8z−1)

1 − 0.5z−1

In the same way, we can find that there exist poles at z=0 and z=0.5 , and zeros at z=0.8 and
z=(0.2)0.1ej(π+2πk)/10, where k= 1,2,...10.

Figure 3: Pole Zero Plot of H2(z)

From the pole zero plot, we can observe that all the poles and zeros are now inside the unit
circle. We also can design this system using simulink, and its model is show as followed,

Figure 4: Simulink Model of H2(z)
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After building this system, we can analyze its impulse response, magnitude and phase
response in frequency domain. Comparing the Figure 5 with Figure 2, it can be seen that

Figure 5: (Left Column) Input and Impulse Response of H2(z), (Right Column) Magnitude
and Phase Response of H2(z)

H1(z) and H2(z) have the same magnitude response, but the impulse response of H1(z)
is a delay term of H2(z). In addition, we can observe that the group delay of H2(z)
is smaller than H1(z). Hence, our simulation implies that The impulse response
delayness is propotional to its group. That is, the smaller group delay the reaction of
the system is faster.

All Pass Filter

From previous section, we know that H2(z) and H1(z) have the same magnitude response
but their group delay are different. However, we would like to know the relation between
H1(z) and H2(z).

Before doing discussion about the H1(z) and H2(z) relation, we hope to mention another
filer, call , All Pass Filter, and its general form is,

A(z) =

∑N
k=0 akz

−k∑N
k=0 aN−kz−k

Note that, the coefficients in numerators is flipped order in denominator.
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Given a all pass filter,

A(z) =
1 + 5z−10

5 + z−10

This filter is degisned with coefficient a0 = 1, a1 = 0,a2 = 0,a3 = 0,a4 = 0,a5 = 0,a6 =
0,a7 = 0,a8 = 0,a9 = 0,a10 = 5. In addition, their poles are at z=(0.2)0.1ej(π+2πk)/10, where
k= 1,2,...10 and zeros are at z=50.1ej(π+2πk)/10 We can also design an all pass filter using

Figure 6: Pole Zero Plot of A(z)

simulink system. We can see its model shown below.

Figure 7: Simulink Model of A(z)
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Also, its impulse response, magnitude and phase response can be simulated. From simula-

Figure 8: (Left Column) Input and Impulse Response of A(z), (Right Column) Magnitude
and Phase Response of A(z)

tions above, it can be seen that, this all pass filter A(z) has a delayed impulse response and
it magnitude is almost 1 for all frequencies , and its phase is linear phase.

Now, we should take a look at the relation between H1(z) and H2(z), mathematically.

H2(z) =
(1 + 0.2z−10)(1 − 0.8z−1)

1 − 0.5z−1

H1(z) =
(1 + 5z−10)(1 − 0.8z−1)

1 − 0.5z−1

=
1 + 5z−10

5 + z−10
× (5 + z−10)(1 − 0.8z−1)

1 − 0.5z−1

= A(z)H2(z)

From equations above, it is known that H1(z) = H2(z)A(z). Also, from definition, the
minimum phase defines that all the poles and zeros are inside the unit circle. Finally, we
can conclude that if a system is not minimum phase system, it can always be designed by
cascade a minimum phase system with an all pass filter.
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