Introduction to Digital Filtering

Exercise 1
Given the difference equation with the input x(n) = (0.5)"u(n), calculate the system

response Y ) = x(n— 1) = 0.75p(n — 1) = 0.125y(n — 2)

forn =0,1,2,3,4 and initial condition x(-1) = -1, y(-2) = 2,y(-1) = 1

5olution /

Y(0)=-2, y(1)=2.3750, ¥(2)=-1.0312, y(3)=0.7266, y(4)=-0.2910




Exercise 2
For the difference equations find H(z)
a) yin) = 05x(n)+0.5x(n-1)

b) vin) = x(n)—02xn—-2)— Lly(n —1) — 0.28y{n — 1)

ing Z Transform:  y(z) = 0.5 X(2) + 0.5 27X (z) » Y(z) =[0.5 + 0.5 z71]X(2)

plying Z Transform:  y(z) = Xx(2) + 0.25 272X (2) — 1.1z~ 1Y (2) — 0.28 z2Y(2)

Y(2)

X =H(z) =05 +0.5z71 » H(::l =0.5 +{].5:_1

1-0.25z"

» Y(2)[1+ 1.1z71Y(2) + 0.28 z272Y(2)] = [1 + 0.25 z72]X(2) » H(z)= T T2 0087



Exercise 3
Convert each of the following transfer functions into difference equations:

= —0.25 22— 01z4+ 03

Q) HE) = F 77018 b) Hlz) =

-d
L

a) vin)=x(n)—025x(n—2)—-1.1v(n—1)—0.28y(n—-2)

b) vin)=x(n—1)—0.1x(n—2)+0.3x(n—3)



Exercise 4

Convert the following transfer function into pole-zero form:

| —0.16z72
H) = 107 0.1
olution /
(z+0.4)(z—0.4
H(z)= ) )

(z+0.2)(z+0.5)




Exercise 5

Given the following transfer function that describe digital system, sketch
the z-plane pole-zero plot and determine the stability of the digital system.

z—0.)
(z40.25)(z*+ z+40.8)

olution
zero: z=0.5. poles: z=-0.25 (|z[=0.25). z=-0.5+0.7416, (|z|=0.8944), stable
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Exercise 6
Given the digital system, with a sampling rate of 8,000 Hz,
yin) = 03x(n) +0.2x(n — 2)

Determine and plot the magnitude and phase frequency responses.
Determine the filter type.

olution

Y(2) = 0.5X(2) + 05272X(z) WP V(@) =[05+0527]X()

B D H(2)=05+0522, H(e™)=0.5+0.5¢>
X(z)

» H(e’?) = 0.5 + 0.5(cos(2Q) — jsin(2Q)) = 0.5(1 + cos(2Q)) — j0.5 sin(2Q)

&

‘H(Em)‘ - G'S\j{l"":':"ﬂ j"-ﬂ]] + (51'11 Efl]2 , ZH(e™) = tan‘l[

—5in 20 l
1 +cos 20)



Absolute magnitude

Q) (radians 0 i .
[ ) f =1—Eﬁ (Hz) ‘H{Eﬁ j‘ |H (e ]L:.a LH(e™)
0 0 1.000 0 dB 0.00°
0.25x 1000 0.707 -3.0102 dB —45.00"
0.50x 2000 0.0 —n dB ~90.00°
0.75x% 3000 0.707 -3.0102 dB 45 00"
1.00x 4000 1.000 0 dB 0.00°
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