ECE 346: Digital Signal Processing Spring 2021
Soo Min Kwon Week of April 5, 2021

Recitation #9: Window-based FIR Filter Design

Objective & Outline

e Problems 1 — 4: recitation problems

e Problem 5: self-assessment problem

The problems start on the following page.



Problem 1 (FIR Filter Design). Suppose that we were designing a low-pass filter using the rect-
angular window method. The desired specifications for this filter are as follows:

e Passband cutoff frequency: w, = 0.37

e Stopband cutoff frequency: ws = 0.57

(a) Determine the cutoff frequency (w.) of this filter.

(b) Determine the minimum length (N) of this filter.

(c) Determine the mainlobe width (Ajpz) of this filter.
)

(d) What is the designed impulse response of this filter?
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Problem 2 (FIR Filter Design). Suppose we were designing a bandstop FIR filter using the rect-
angular window method. The design specifications for our filter are given as follows:

e Passband gain: G =2
e Passband frequencies: wy, = 0.567 and wy, = 0.837

e Stopband frequencies: wgs, = 0.647 and ws, = 0.747

(a) What is the smallest length of the filter (equivalently, the rectangular window) that will result
in an FIR filter with the desired specifications?

(b) What will be the maximum (absolute) values of the ripples in passband (d,) and stopband
(05)7

(c) Provide a closed-form expression for the impulse response of the designed FIR filter.
(d) How many poles and zeros will this filter have?

(e) What is the type of this FIR filter?
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Problem 3 (FIR Filter Design). Consider the following block diagram of a DSP system:

x(t)
oo h{n] e |P©
i 1
ro_1_ _ 1
~ 2000 T= 2000

It is desired that the equivalent system act as a low-pass filter with a cutoff frequency of 500 Hz.
Suppose z(t) is bandlimited to 1kHz. Design a rectangular window-based FIR filter with a length

of 7 to achieve the desired system.

(a) Determine the desired impulse response, hg[n].

(b) Determine the designed impulse response, h[n].

(c) What type of filter is h[n|?
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Problem 4 (FIR Filter Design). Consider the following block diagram of a DSP system:

x(t)
— 2 ¢ o hin] \ e 2O
[ i
r=_1 _ 1
3000 T=3000

Suppose the input z(t) was bandlimited to 1kHz. It is desired that the equivalent system act as a
low-pass filter with the following specifications:

e Passband gain: G =5
e Passband cutoff: f, = 400Hz
e Stopband cutoff: fs = 600Hz

e Passband and stopband ripples: § = 0.1
(a) What are the specifications of this digital filter in discrete-time?

(b) Express the size of the ripples in dB.

(c) What is the ideal (or desired) impulse response of this digital filter?
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Problem 5 (Self-assessment). As usual, try to work on these problems together in break-out rooms.
Consider the following block diagram of a DSP system:

x(t)

— oo {  h{n] 4 o PO
! i
T=_-_ 1
6000 T'= %000

It is desired that the equivalent system act as a high-pass filter with a cutoff frequency of 1kHz

and gain 2. Suppose z(t) is bandlimited to 3kHz. Design a rectangular window-based FIR filter
with a length of 7 to achieve the desired system.

(a) What are the specifications of this digital filter in discrete-time?
(b) Determine the desired impulse response, hq[n].
(c¢) Determine the designed impulse response, h[n].
)

(d) What type of filter is h[n]?
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