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ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #1 Digital Signals

Q1

Sketch and label carefully each of the following discrete time signals:
(@un-2]

(b) u[-n

(c)u[4—n]

(d) 29[n—5)

(e) 2h[n— 1] whereh[n] = 3[n] 4+ 8[n— 1] + d[n— 2]

(f) h[1—n] whereh[n] = d[n]+8[n—1] +d[n—2] +2d[n— 3|

(9) X[—1]8[n+ 1] wherex[n] = +33[n+1] —0.53[n] + 2 8[n — 1]

(h) cogn] uln—1]

(i) uk—n] whenk >0

() ulk—n] whenk < 0

Note thato[n] is the discrete-time unit impulse anfh| is the discrete-time unit step function respectively.

Also plot the signals in Matlab.
(see example digital signals plottedlin2_CommonSignals.m )

Q2
Write an equation to describe each of the following discrete time signals:
(a)
\nl
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Figure 1: Figure Q2(a)
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Figure 2: Figure Q2(b)
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ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #1 Solution

Q1

Please see attached pages 3 and 4.

Q2
(a)

yin =0.58[n+1]+2.58[n|+2.58n—1]+2.05[n—2]

(b)

y[n] =u[-1—n]—2.038[n—1]+2.03[n— 2]
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ANU

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #2-Transform

Q1

ENGN6612/4612

Using the definition of the-transform, find the-transform of the following discrete-time functions:

(a) 3[n]

(b) 8[n—K]

(c) u[n]

(d) c" u[n] wherec is a complex constant
(e) sifen]ju[n]

(f) codwn]uln]

(g) r"sin[cn]u[n]

(h) r"codwn|uln] (challenge problem )

Q2

Find thez- transform of the foIIowing discrete-time functions:

e =73l (4

(b)x[n] = ()" uln] +2(3)"uln

(c)x[n] = {l%Jrg(— 2" —3(- ) }uln] (challenge problem )

Problem Set #2
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ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #2 Solution

Q1
(a) Complete Solution

The given function is a discrete-time unit impulse given by
1 ifn=0
olnj _{ 0 ifn#0
Using definition ofz-transform, we have

Z@n) = 3 snz"

= --_-_+5[*2]Zz+5[*1]Zl+5[0]Z°+6[1}z‘1+6[2]z‘2+...
= 40+ (1)) +0+...
= 1

(b) Complete Solution

The given function is a time shifted discrete-time unit impulse given by

1 ifn=k
8n—K { 0 ifntk
Using definition ofz-transform, we have
n=-o0

zZ{dn—-K} = z dn—kz™"

n=—oo

= 40+ (K +0+...

1
o
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ANU ENGNG6612/4612
(c) Complete Solution

The given function is a discrete-time unit step given by

| 0 ifn<O
UN=71 in>o0

Using definition ofz-transform, we have

n=-o

Z{un} = unjz "
= u02+ujz 4 u2z 2+ u3z 3 +...
B S
= 4ot 5+
1
oz
T oz-1
Hence,
z
unj — ;3

(d) Complete Solution

The given function is a discrete-time exponential.

Using definition ofz-transform, we have

N=+-o00

z{c"un} = % clunz™"

-1
1-(3)
B z
- z—c
Hence,
z
cun] — ——
zZ—c¢C

Problem Set #2 page 3



ANU
(e) Complete Solution

The given function is a discrete-time sine wave.

Using definition ofz-transform, we have
n=-+oc

Z{sinjwnju[n]} = z sinfcnju[njz~

n=—oo

nto 2j
Let

c = e®

o = €1

Hence we have,

Z{sinwnjun} = = % (ci—c3)unz

2jz—c1 2jz—¢

z(c1 — )
2j(z—c1)(z— )
(%)
2—2z(93%2) +1
(sinw)z
Z2 — (2cow)z+1

Hence,

(sinw)z
22— (2cow)z+1

sinjwnju[n] «—

(f) Solution with Hint
Show that the final answer is

Z — (coqw))z

cogwn]u[n] 2 — (2cosw)z+1

Hint:- . ion
Coqwn] — (%)

Problem Set #2

N=-+00 (ejwn _ g jon

) unz ™"

— — 00

(using result of Q1 part d)

( C1C = l)

-3

_?jn
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ANY ENGN6612/4612
(g) Partial Solution

Using definition ofz-transform, we have

N=+-o00

Z{r"sinwnjun}} = % r"sinjwnjunjz"
N=-c0 ejwn_e—joon Z\ N
- 3 (57 )w ()
Let
o = e
o = e
Hence we have,
n=-+o0 _n
Z{r"sinfenuln]} = 2711,2, (&~ (%)

1 "t z\ " 1Nt z\ "
- zjan”[”(rcl) zjnm”[”(rcz)

l z i z
2jz—rcy 2jz—rcy

Show that this can be written in the form

Z{r"sinjwnuln]} = il (ClngZ)
C 2-2rz(932) 4r2

(rsinw)z
Z2 — (2r cosw)z+r2

Hence,

(rsinw)z

N
r'sinwnjuln]  «— 22 — (2r cosw)z+r2

(h) Solution
Show that the final answer is

Z —(rcoqw))z

22 — (2r cosw)z+r2

r"cogwnjuln] «——

Check answer in Matlab using the following commands

>> syms w n z

>> f=(r"'n)  *cos(w *n) * heaviside(n);
>> Ans=maple('ztrans’,f,n,z)

>> pretty(Ans)

Problem Set #2 page 5



ANU
Q2
(a) Complete Solution

Given that,

VRS
wl P
N———

>
=
=3
N
|‘N
w

Theztransform of the given functioK (z) is thus given by

7z 6z

X(z) = —— -2
9T 1

72(z—3) —62(z— %)
(z-3)(z-3)
2z-3)

(z-3)(z-3)

(b) Solution
3-371
X2 = (1_%;1)?1_%271)
(c) Solution
X(2) = 7(2z+3)

(z+2)(z+3)(z—-1)

Check answer in Matlab using the following commands

>> syms n z

>> f= ((5/12) + ((1/3) *(-2)'n) -((3/4) *(-3)n))
>> Ans=maple(’ztrans’,f,n,z)

>> pretty(simplify(Ans))

\%

Problem Set #2

* heaviside(n);
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ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #3 InverseTransform

Q1

Using properties of-transform, find the-transform of the following discrete-time functions:
(a)n uln]

(b) n? un|

(c) ncu[n] (challenge problem)

(d) uk—2]

Q2

Using the method based on patrtial fraction expansion, find x[n] if X(z) equals:
z+1

a e —

@ (z—2)(z+3)

2z2-3

(b) 2(z—0.5)(z+0.3)
z

(©)

(z—1)(z—4)
1007
@ (z—1.1)(z—-1)
0.1z(z+1)
©) (z—1)%(z—0.6)

Also plotx[n] forO<n< 4

(challenge problem)

Problem Set #3 page 1



ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #3 Solution

Q1

(a) Complete Solution

We know

A
unj — ;3

Hence

z{nun]} = _Z(;jz<z—21>

Lz 1)(1) =)
- 17

(z-17

(b) Solution with Hint
Show that

Hint:-

(c) Solution with Hint
Show that

nc'un «——

Hint:-

n

c"un — ——

(d) Complete Solution

We know
z
Um] — E:I
and
X(2)
Z'o
Hence using the time shifting property,

Z{xXn—no]} =

z{un-2)} = =t

Problem Set #3 page 2



ANU
Q2
(a) Complete Solution
Given that
z+1

XD = w2e

Rewriting
B z(z+1) (z+1)
X0 = e = e 2ers)

Using partial fraction expansion, we have

(z+1) _ AL B C
2(z—2)(z+3) z z—2 z+3

Evaluating the coefficients,

20| (z-2)(z+3)] 6
. z+1 3
5 = 0 Ghig) =10
. z+1 2
C = Ilm |2~ |—-_=
SaLL [ 2)(z—2) ] 15
Hence,
1
1 31 21
X _ _6, 2 _ =
@ 2172 T10z-2 15213

Taking the inverse-transform, we have

Xl = g8l + (2"l (-3l
For 0< n < 4, we have

x[0] = —% +(03)(2)° - 135(—3)0 =0

X1 = 0+(0.3)(2)!- 1%(_3)1 =1

X2 = 0+(0.3)(2)2— %(—3)2 =0

X3 = 0+(0.3)(2)°— 135(—3)3 =6

X4 = 0+(0.3)(2"*~ 1*25(73)4 =6

Using the initial value theorem to check the value, we have
X[0] = ZIim X(2)

z+1 . z+1 z1l4z72

= lim

0+0

Problem Set #3

7o (2—2)(z+3) z90Z+z-6 zowlt+z1-6z22 1+0+0

ENGN6612/4612
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ANU
The plot ofx[n] is shown below:-
6 ]
X=3
Y=6
4,
X=1
2lxo v=t X=2
Y:0 L] Y=0
2 = | "
2
:
< 2
_4,
X=4
Y=-6
_6 b
_8 L L L
0 1 2 3
Sample n

Figure 1: Question 1(a)

(b) Partial Solution

Given that
2z—-3
X@ = J7=05)z+03)
Rewriting
z(2z—3)
X@ = 27-05)z+03
(2z—-3)

| 2(z—05)(z+03)

Using partial fraction expansion, we have

2(z-05)(z+03)  z 2 z-05 z+03
Evaluating the coefficients,
. (2z—-3)
B = | — | =20
2 {(z— 0.5)(z+0.3)
. d (2z—3)
A= Ilm—|—————|=-4
270 dz [(z— 0.5)(z+ 0.3)} 0
. (2z-3)
= | — = | =-1
c = Jm [(22)(z+ 0.3) 0
_ (22-3) | _
b = zﬂ”&a{(ﬂ)(z_o& =50
Hence,
40 20 10 50
X@ = Z{z+zzz—0.5+z+0.3}
20 z z

50
z— 05 + z+0.3

Taking the inverse-transform, we have

x[n] = —403[n]+203[n— 1] —10(0.5)"u[n] +50(—0.3)"u[n]

= —40+=-10
z

The plotting is left as an exercise for the students.

Check your answer via Matlab or by comparing your answer with another student.

Problem Set #3
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ANU
(c) Solution
Show that
1
x[n = §(4" —1)uln]
The plot ofx[n] is shown below:-
9 ‘ : : ‘
wf =]
701 : 1
60
é 50
?407
7 h
20+ L
10[ x:0 éii ézg
CB : 2‘ 3 4
Sample n
Figure 2: Question 1(c)
(d) Solution
Show that
xn] = 110Q1.1)"u[n] —100Qu[n]
The plot ofx[n] is shown below:-
700
600 »
500
°
§ 400t
;% 300
2001
1008
OO 1 2 3 4
Sample n
Figure 3: Question 1(d)
(e) Solution
Show that
x[n] = {0.5n—1+(0.6)"}u[n]
The plot ofx[n] is shown below:-
14
1.2+ Y= 1.?2:92 )
1r 4
§ 08 VCons
;% 0.6
oal o
0.2 o éffl)l
il Y:0 T
0 1 2 3 4
Sample n

Figure 4: Question 1(e)

Problem Set #3
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ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #4 Difference Equations

Q1

Find the system transfer functidd(z) = Y(z)/X(z) when the LTI system is described by the following
difference equation:

@yl — 2yin—1) = x| + xjn—1]

(0) y[n] = y[n—1]+yln—2]+x[n—1]

(©)yln + %y[n -1]- %y[n —2|=3[n—1] —x[n—2] (challenge problem)

Also draw the pole-zero plot fdi (z) and determine if the system is stable or unstable.

Q2
Consider a discrete time LTI system with following impulse respdriseand input functiorx|n:

(@)

}hnl 1]
]
= L
1
05
---F--+--+--I—- i e N
3 2 41 0 3 =2 -1 0 1 2 3
Figure 1: Figure Q2(a)
(b)
| Hr | A
! 1
B v i S
3 2 - 3 =2 -

Figure 2: Figure Q2(b)

(c) x[n] = 8[n] — 8[n— 1] and
h[n] = d[n] + 8[n— 1] + 0.58[n — 2] + 0.56[n— 3] (challenge problem)

Determine the output{n] using both (i) graphical discrete time convolution and%itjansform method.

Problem Set #4 page 1



ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #4 Solution

Q1

(a) Complete Solution
The given difference equation is

yin] — 2yIn—1] =X + 3xin— 1

We know

X(2)
Z'o
Using the time shift property, we have

X[n — ng]

yin| «—— Y(2)
Y(2)
Tz
Y(2)
=z

yin-1 —

and

X

X — X(2
xn—1] «— @

Taking thez-transform of both sides of the difference equation, we have

Simplifying, we have

(1— 212) Y(zg = (1+ 31z> X(2)

Y(2) z+1
= 1
X(2) z—3
Hence the transfer function in standard form is
1+3z1
H (Z) 1 —_ lz*l

2

From the transfer functiort (z) has pole at = 3 and a zero at = —
As the pole lies within the unit circlg| = 1, system is stable.

Wl

Problem Set #4 page 2



ANU ENGN6612/4612
The pole-zero map is shown in the figure below:

0.5r

Imaginary Part
o
O
X

-1 -0.5 0 0.5 1
Real Part

Figure 3: Question 1(a)

Additional student exercise
Take the inverse-transform ofH(z) and show that the corresponding impulse respbifiges

Al = 28l + = (1/2)"uln]

(Hint: use the method based on partial fractions.)

For 0< n < 4, the plot ofh[n] is shown below:-

im

X=0
Y=1
[ ]
0.8} =1
Y=0.83333
o 0.6
kel
2 X=2
[=% =
g | Y=0.41667
< 041
X=3
Y=0.20833
0.2} [ ] X=4 4
Y=0.10417
[ ]
o J
0 1 2 3 4
Sample n

Figure 4: Question 1(a)

Problem Set #4 page 3
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(b) Partial Solution

The given difference equation is
yinj = yin—1+yn—2/+xn—1]
Taking thez-transform of both sides of the difference equation , we have

Y@, Y@, X@
4

Y@ z z

Simplify and show that the transfer function in standard form is

z?! z
HEZ) = 1-z1-7z2 2_z-1
From the transfer functio (z) has poles az= —0.618 1.618 and a zero a= 0.
As one of the poles lies outside the unit cirize= 1, system is unstable.
The pole-zero map is shown in the figure below:

0.5r

Imaginary Part
o
X
©
X

-1 -0.5 0 0.5 1 15
Real Part

Figure 5: Question 1(b)

(c) Solution
Show that the transfer function is

2—22+%z-3) _ 2+ Bzl 372
Z+1)(z+3)(z-%) 1+3z14+1iz2-1z3

H(2)

System is stable (poles at= —1,—0.5,0.25 and zeros at= 0,0.4063+ j0.15).
The pole-zero map is shown in the figure below:

l F

0.5f
- O
g 0 X X O X
5 o
E

-0.5
_l F
-1 -0.5 0 0.5 1

Real Part
Figure 6: Question 1(c)

Problem Set #4 page 4
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Q2

(a) Complete Solution

Please see pages 6-8.

(b) Solution
Solution in time domain
yln]

|
I
| 2
|
|
)

1
--+--+--¢——I—- A

-3 -2 -1 0 1 2 3

o . Figure 7: Question 2(b)
Solution in zdomain

1\?2 2 1
Y(2) — (“;) —1+s+5
yinj = 9[n]+28[n—1]+9d[n—2]

(c) Solution

Solution in time domain

0.5r

y[n]

1 2 3 4
Sample n

Lo . Figure 8: Question 2(c)
Solution in zdomain

X(z) = 1—%

Hz = 1+ % + % + %

Y(z2 = H(@X(2 :1—%—%
y[n = 9[n]—0.58[n—2] — 0.58[n—4]

Problem Set #4 page 5
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ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #5 Discrete Time Fourier Transform (DTFT)

Q1

Find X (e/?) and sketchX (el®)| and ~X (el®) whenx[n] is given by the following:
(@ a"uln], a=-0.6

(b) 8[n— 3] (challenge problem)

Q2

Consider a discrete time filter described by the following difference equations:
@y[n] = 3 (x[n] +x[n—1]) (This is called a two-point moving-average filter)
(b) y[n] = x[n] 4 0.6y[n— 1]

(©)y[n = % (X[n+ 1] 4+ x[n] +x[n—1]) (challenge problem)

For each filter:-

e Find the transfer functiohl (z).

e Find whether the filter is FIR or lIR.

 Determine the frequency respori$¢e/®) .

e Determine and roughly sketch magnitude of the frequency response of the filtertforw < 1t

Problem Set #5 page 1



ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #5 Solution

Q1
(a) Partial Solution
Given that
x[n = a'uln, a=-0.6

Taking thez-transform , we have

Let

z = e
Hence the frequency response is given by
. ejw
J W —
X = elv—a

Magnitude Response

We have

Cosw+ j sinw
(cosw—a) + jsinw

X(e®) =

The magnitude response is given by

| cosw+- j Sinw|
|(cosw—a) + j sinw|
1
V1+a? —2acosw

Evaluating|X (el®’)| for —t < w < 11, we have

X&) =

w (rad/s) | |X(e!9)]
—T 2.5000
-3 24112
-2 1.0779
-m/2 | 0.8575
-1 0.7056
0 0.6250

1 0.7056
/2 0.8575
2 1.0779

3 24112
Tt 2.5000

Problem Set #5 page 2
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The plot of X (e/®)| is shown in the figure below:

IX(el )]

-T< W (rad/s) < T

Phase Response Figure 1: Question 1(a)

We have

cosw+ j sinw
(cosw—a) + jsinw

cosw+ j sinw (cosw—a) — jsinw
(cosw—a)+ jsinw  (cosw—a)— jsinw

X(e®) =

Show that the above expression simplifies to

1—acosw 4 —asinw
1+ a2 — 2acosw J1+a2—2acosm

X(e®) =
The phase response is given by

o - (G2

1( —asinw )
= tan —_—
1—acosw

Evaluating/X (e/®) for —t< w < 1, we have

w (rad/s) | ZX(e!?®) (degs)
—Tt 0
-3 -11.7802
-2 -36.0222
—T1/2 -30.9638
-1 -20.8708
0 0
1 20.8708
/2 30.9638
2 36.0222
3 11.7802
T 0

Problem Set #5
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ANU ENGN6612/4612

The plot of ZX(el®) is shown in the figure below:

180~
120 1
60 1
EN
§<'i 0
_60 L . -
-120 b
-180* - - - - - -
-3 -2 -1 0 1 2 3
-T< W (rad/s) < T
Figure 2: Question 1(a)
(b) Solution
The frequency response is given by
X(e®) = gl

The plot of|X (e/?)| is shown in the figure below:
2 T T

15}

(el
-

0.5r

-3 -2 -1 0 1 2 3
- w (rad/s) < T

. Fi%ure 3: Question 1(b)
The plot of £X(e!?) is shown in the figure below:
180 T

120+

60

_3"
x O
_60 L

-1201

_180 L . . . . .
-3 -2 -1 0 1 2 3
- w(rad/s) s

Figure 4: Question 1(b)

Problem Set #5 page 4



(a) Partial Solution

ANU
Q2
H(2)
h{n]
H(e®)

e —e

-1
%é[n —1] (FIR filter)
(1+e %)
0/2(gi0/2 | gi/2)

= e 192coqw/2)

Evaluating|H (e/®)| for —1< w < 11, we have

w (rad/s) | [H(e!?)]
—T 0.0000

-3 0.0707

-2 0.5403

-1 0.8776

0 1.0000

1 0.8776

2 0.5403

3 0.0707

Tt 0.0000

The plots are shown below:-

Problem Set #5

[HE 9

<H@E D

2

151

0.5

-3 -2 -1 0 1 2 3
-n<w (rad/s) <

180

_180 L L L L L L L
-3 -2 -1 0 1 2 3
-m<w(rad/s) <1

ENGN6612/4612

page 5
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(b) Solution
1
HEZ) = 1061
hin] = (0.6)"uln] (IR filter)
I

Evaluating|H (e/®)| for —1< @ < 11, we have

w (rad/s) | [H(e!?)]
—T 0.6250

-3 0.6265

-2 0.7334

-1 1.1854

0 2.5000

1 1.1854

2 0.7334

3 0.6265

L 0.6250

The plot is shown below:-

[HE )

-< w (rad/s) <1

Figure 5: Question 2(b)

Problem Set #5

ENGN6612/4612
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(c) Solution
This is a three-point moving-average filter.
1 . 114zt z?
hi = %(6[n+ U+ +8n—1)  (FIR filter)
H(e®) = %(ej‘*q— 1+e19) = %(14—2003»)

Evaluating|H (e/®)| for —1< @ < 11, we have

w (rad/s) | [H(e!?9)]
—T 0.3333

-3 0.3267

-2 0.0559

-1 0.6935

0 1.0000

1 0.6935

2 0.0559

3 0.3267

Tt 0.3333

The plots are shown below:-

27

151

[HE )
P

0.5r

ol { i i i
-3 -2 -1 0 1
-n<w (rad/s) <

Check answer in Matlab using the following commands

>> num=[1/3 1/3 1/3];

>> den=[0 1 0];

>> w=[-pi:0.01:pi];

>> [H,W]=freqz(num,den,w)
>> plot(W,abs(H))

\Y

Challenge Question

ENGN6612/4612

Why doesfvtool  give an error for 3 point moving-average FIR filter coefficients defined above?

Problem Set #5
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ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #6 Discrete Fourier Transform (DFT)

Q1

The periodic functiorx[n] is defined as:

@ 1 f 4 +2
B orn=4 +
x[n]_{ 0 elsewhere
(b)
X[r] = 1 forn=4landn=4+3
"1 2 forn=4+1landn=41+2

(c)(challenge problem)

0 forn=4l
xnf=q 1 forn=4l+1andn=41+3
2 forn=4+2

with | =0,£1,£2,---.

For eachxn]:

Plot the fundamental interval fogn].

Calculate the\-point DFT ofx[n].

Calculate and plot the magnitude and phase of DFT.
Calculate and plot the real and imaginary parts of DFT..

Q2
TheN-point DFT X[K] is defined as:
(aN=4
1 fork=4landk=4l+1andk=41+2andk=4l+3
X[k| =
0 elsewhere
(b)N=14

XK=4¢ 2 fork=4+3

2 fork=4l+1
0 elsewhere

(c) N = 16 (challenge problem)

XK=< 1 fork=16+3andk=16+13

2 fork=16l+1andk=16 +15
0 elsewhere

with| =0,£1,£2,---.

For eachXK]:

¢ Plot the fundamental interval fot[k].
o Calculate theN-point IDFT of X[K].
e Plot the fundamental interval fofn.

Problem Set #6 page 1
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AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #6 Solution

Q1
(a) Complete Solution

Given that
X[n] = 1 forn=4l+2
1 0 elsewhere

For fundamental intervadl= 0. Hence

X[n] = 1 forn=2
~ 1 0 forn=0,1,3

The plot of fundamental interval ofn] is shown in the figure below:

Periodic Signal: Fundamental Period
15 ; .

x[n]

0.5r

0 1 2 3
Sample n

Figure 1: Question 1(a)

The 4-point DFT ofx[n] is

N-1

i 2m
X[k = X[nje~ I wkn
2
3 ki
= x[nje~12""
2,
x[2)e I
e Ik
Hence
X[0] = el0=1=1,0
X[1] = em"=_-1=1/180
X2 = elM=1=1/0°
X[3] e %= _1=1,180C

Problem Set #6 page 2
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The plot of magnitudéX[k]| and phase/X[K] is shown in the figures below:

DFT Magnitude DFT Phase
2 T 180
1201
1.5
60
— g a
i 10 PS % °
_60 L
051
-1201
0 -180
0 1 2 3 0 1 2 3
Sample k Sample k
Figure 2: Question 1(a): Magnitude of DFT Figure 3: Question 1(a): Phase of DFT

The plot of real parf1{X[k]} and imaginary parfl{X[k]} is shown in the figures below:

DFT Real Part DFT Imaginary Part
2 T 2 T T
15 15
10 1
g g
X 05f X 05
2 E
0 ® ®
-0.51 -0.5
-1 : -1
0 1 2 3 0 1 2 3
Sample k Sample k

Figure 4: Question 1(a): Real part of DFT Figure 5: Question 1(a): Imaginary part of DFT

Check answer in Matlab using the following commands

>> n=[0 1 2 3];

>> x=[0 0 1 0];

>> X=fft(x);

>> MagX=abs(X);

>> PhaseX=angle(X) 180/pi;
>> RealX=real(X);

>> ImagX=imag(X)

Problem Set #6 page 3
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(b) Solution
The plot of fundamental interval ofn] is shown in the figure below:
Periodic Signal: Fundamental Period
3 T T
25¢
2r [ ] [ ]
Z15¢
1e
0.5r
0
0 1 2
Sample n

ENGN6612/4612

The plot of magnitudéX k]|, phase/X K], real part]{X[k]} and imaginary parfl{ X[k }are:

DFT Magnitude DFT Phase
7 ‘ 180
®
69 120} ]
5l
60
_4r —
x~ = -
< | % °
_60 F
2 L 4
X=1
. [ f' _120} | Y=-135
0 @ -180
0 1 2 3 0 1 2
Sample k Sample k
Figure 6: Question 1(b): Magnitude of DFT Figure 7: Question 1(b): Phase of DFT
DFT Real Part DFT Imaginary Part
7 7 T T
60 6t
5r 5r
4t 4t
= 3f = 3f
23 3
g 2t £ 2t
1r 1r
0 X=1 L} @
Y=-1
-1 u ® -1 i
-2 - -2
0 1 2 3 0 1 2
Sample k Sample k

Figure 8: Question 1(b): Real part of DFT

Problem Set #6

Figure 9: Question 1(b): Imaginary part of DFT
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(c) Solution

ENGN6612/4612

The plot of fundamental interval ofn] is shown in the figure below:

Periodic Signal: Fundamental Period

25

2t

15}

1+

x[n]

051

Sample n

The plot of magnitudéX k]|, phase/X K], real part]{X[k]} and imaginary parfl{ X[k }are:

DFT Magnitude

40

[X[K]|

o
N®

Sample k

Figure 10: Question 1(c): Magnitude of DFT

DFT Real Part

5

40

3t

N

Re{X[k]}

o
®

Sample k

Figure 12: Question 1(c): Real part of DFT

Problem Set #6

<X[K]

Im{X[k]}

DFT Phase

180

120+

601

—-60 1

=120

-180
Sample k

Figure 11: Question 1(c): Phase of DFT

DFT Imaginary Part

0.5r

Sample k

Figure 13: Question 1(c): Imaginary part of DFT

page 5
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Q2

(a) Complete Solution
Given that

ENGN6612/4612

X[K _{ 1 fork=4landk=4l+1andk=4l+2andk=4l+3

0 elsewhere

For fundamental intervdl= 0. Hence

X[k]=1fork=0,1,2,3

The 4-point IDFT ofX[K] is

N-1

xn = 1 X klel fkn
N &
3
= 15 neite
4&
1 - i i £
- 21{x[O]eJOer[l]eJ?”er[Z]eJ"”—FX[ff’]eJ%n}
= %{1+ej%”+ejm+ej%”}
Hence
. . . 1
x[0 = }{1+e15‘°+e1"°+e13*5[°}zf(1+1+1+1)=1
4 4
1 ST H i 3n 1
_ = 05 e Tl i1 )=
x[1] 4{1+e2+e +e 2} Z1ti-1-j)=0
1 . , ; 1
X2 = F{1+eM+e e =2(1-1+1-1)=0
1 - 3m : s on 1
_ = i gitn gl _ g i 1=
X[3] 4{1+e2 +e +e2} g1-i-1+j)=0

The plot of fundamental interval o€[k] andx[n| is shown in the figures below:

DFT: Fundamental Interval

15}

X[k]
x[n]

0.5r

Sample k

Figure 14: Question 2(a): DFT Fundamental Interval

Discrete Time Signal

0.5r

0 1 2 3
Time n (samples)

Figure 15: Question 2(a): Periodic signal

Check answer in Matlab using the following commands

>> k=[0 1 2 3]
>> X=[1 11 1J;
>> x=ifft(X);

Problem Set #6
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Q2
(b) Partial Solution

Given that

2 fork=4l+3
0 elsewhere

2 fork=4l+1
X[k =

For fundamental intervdl= 0. Hence

2 fork=13
X[k]_{ 0 fork=0,2

The 4-point IDFT ofX[K] is

W N =z
Il
IMT

X
X,
@
Zy
=
>

X

3,

@
N
=

=}

— |7|\_
X,
=
@
NI
=}
_l’_
X
i)
@
N
=}
—

@
NI
>
4
ml
N
S
H,—/

I

')
o]
[%2]

Il

o

o

w
/7

)
h‘:l\)‘

v

>
|
3 —

The plot of fundamental interval o€[k] andx[n] is shown in the figures below:

DFT Fundametal Interval Periodic Signal: Fundamental Period
3 15 . :
2.5 1 1e
2 ® [ ] 0.5
z = &
& 157 %z 0 ®
1 -05
05 4 -1t
L4 -15 -
0 1 2 3 0 1 2 3
Sample k Sample n

Figure 16: Question 2(b): DFT Fundamental Interval  Figure 17: Question 2(b): Periodic signal

Problem Set #6 page 7
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Q3

(c) Solution
Show that 4-point IDFT oK[K] is

X[n = %cos(nn/S)Jr%cos(Snn/S)

The plot of fundamental interval o€[k] andx[n] is shown in the figures below:

DFT: Fundamental Interval Discrete Time Signal
3 — —— — 1 —— — T
25¢
2 ® 05¢
®
15 1 T °
r 1 £ hd PR e *
= 0

0.5r

X[K]
°
——e
p

-0.5F

0 1 2 3 45 6 7 8 9 1011 12 13 14 15 01 2 3 45 6 7 8 9 1011 12 13 14 15
Sample k Time n (samples)

Figure 18: Question 2(c): DFT Fundamental Interval  Figure 19: Question 2(c): Periodic signal

Check answer in Matlab usinfft command.
See alsd.10_DFT.m
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AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #7 Fast Fourier Transform (FFT)

Q1

A discrete signak[n] is defined as:

@ 1 f 4 +2
B orn=4 +
X[ _{ 0 elsewhere

with | =0,£1,£2,---.

(b)

forn=0
forn=1,3
forn=2
elsewhere

ONPF O

For eachx[n]:

o State whether the signal is periodic, (non-periodic) finite or (non-periodic) finite duration.

e Calculate the 8-point DFT offn].

e Assumingx[n| is a finite duration signal (that exists only forOn < 8), calculate the DTFT af[n|.
e Show that DFT is sampled version of DTFT (consider both real and imaginary parts).

Q2

Show that the FFT shown schematically in the figure below corresponds to a 4-poirch&llenge problem)

O X[0]

O X[1]

Figure 1: Question 2

Problem Set #7 page 1
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Q3

A discrete signak[n] is defined as:

(@)

Xn] = 1 forn=4l+2
1 0 elsewhere

with | =0,+1,+2,.--.

(b)

X[n] = n+1 forO<n<4
o 0 elsewhere

For this signal:

e CalculateX[K] using definition of DFT (tak&l = 4).
e CalculateX[k] by making use of the diagram shown in Question 2.

Q4
Consider the periodic sequenogsn| andhp[n] (with periodN = 4):

(@)

[ n+l for0<n<3
ho[] { 0 elsewhere

n = 1 forn=12
1 0 elsewhere
(b)
o[ n for0O<n<3
PLY™ Y 0 elsewhere

X[ = 1 forn=2
PLI™ ) 0 elsewhere

Determine the outpudy[n] = X, [N ® hp[n] using both (i) graphical discrete-time circular convolution and (ii)
DFT method.

Problem Set #7 page 2
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AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #7 Solution

Q1

(a) Complete Solution

The given signal is periodic with peridd = 4.
The plot of first 8 samples of the signal is shown below:-

Periodic Signal

15

x[n]

0.5r

= J

2 3 4
Time sample n

"n@

Figure 2: Question 1(a)
DFT

The 8-point DFT of[n] is

XK = ;x[n]e—i%’?k"

= x[2e 124 x[6le 1 7

= ik eiFk
HenceX[0] = 2, X[1] = 0, X[2] = —2, X[3] = 0, X[4] = 2, X[5] = 0, X[6] = —2, X[7] = 0.

The result is summarised in the table below:-

Frequency Sample | Discrete Frequenoyy = % (rad/s) | O{X[K]} | O{X[K|}
0 0 2 0
1 7 0 0
2 U -2 0
3 %‘ 0 0
4 T 2 0
5 sn 0 0
6 an -2 0
7 2n 0 0

Problem Set #7 page 3
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DTFT

Assumingx[n] is a finite duration signal (that exists only forxOn < 8), we have

X[ = 9[n—2]+3n—6
X(z) = 2—12 + %
X(e®) = e 129 718 _ fcoq2w) +cog6w)} + j {— sin(2w) — sin(6w)}

Evaluatingd {X (e/®)} and0{X(el®’)} for the fundamental interval € w < 21, we have

Frequencyw (rad/s) | O{X(e!®)} = coq2w) + cog6w) | O{X(e!?)} = —sin(2w) — sin(6w)

0 2 0
> 0
2 -

Sn 0 0
L 2 0
272 0 0
3n -2 0
2n 0 0

Comparing the results in the two tables, we see that DFT is sampled version of DTFT.

The plots are shown in the figures below:

DFT is sampled version of DTFT DFT is sampled version of DTFT
2 T T T T 1 5 T T T T T T =]
—@ DFT Real part —® DFT Imag part
15} DTFT Real part| DTFT Imag part
1r ]
1
0.5
051
= LA ATIVA
X 0 X o »
" el U VRV )
-0.51
-0.5
_l F
_l F
-15¢
2 . . . . -15 . . . . . . E|
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Sample k Sample k

Figure 3: Question 1(a): DFT and DTFT Real paRigure 4: Question 1(a): DFT and DTFT Imaginary
part

Compare with 4-point DFT evaluated Rroblem Set 6: Qla.
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(b) Partial Solution

The given signal is (non-periodic) finite duration.
The plot of first 8 samples of the signal is shown below:-

Signal
2.5 T T
2 ®
15}
l F
0.5F
o® L 4 L 4 L 4
0 1 2 3 4 5 6
Time sample n
Figure 5: Question 1(b)
DFT
The 8-point DFT of[n] is
Xk = elikyeizky ik
DTFT
X(e®) = e 94 pgi20 gl

The results are summarised in the tables below:-

Frequencyw (rad/s) | O{X(e!®)} | O{X(e!®)}
0 4 0
I 0 -3.4142
Z -2 0
3;" 0 0.5858
Lt 0 0
= 0 -0.5858
& 2 0
2
2m 0 3.4142

Problem Set #7

ENGN6612/4612
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Frequency Sample | Discrete Frequenoyy = % (rad/s) | O{X[K} | O{X[K}
0 0 4 0
1 1 0 -3.4142
2 3’21 -2 0
3 = 0 0.5858
4 s 0 0
5 = 0 -0.5858
6 3n -2 0
7 2n 0 3.4142

The plots are shown in the figures below:
DFT is sampled version of DTFT DFT is sampled version of DTFT
‘ ‘ ‘—0 bFT Rea‘l part 3} ‘ ‘ ‘ ‘—0 E)FT Imaé part [

DTFT Real part | DTFT Imag part

VA N

= =
< 1r 53 ®
: D Y
0 ./\=/_\. _l F
Gl / | f
_3 L
-2r ‘ . ‘ ‘ ‘ R ] ‘ ‘ ‘ ‘ ‘
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Sample k Sample k

Figure 6: Question 1(b): DFT and DTFT Real paRigure 7: Question 1(b): DFT and DTFT Imaginary
part
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Q2

Figure 8: Question 2

The proof is left as an exercise for the students.

Hint

By tracing the paths in the flow graph of Fig. 8, show that each input sample contributes the proper amount
to the output of the DFT sample, i.e. verify that

T
I\

X
=)
I
5
M
=
=,

T
I\

X
=
Il
5
M
3
=,
(D‘
=
S

T
I\

X
MAS
Il
=}
™M
X
=k
('D‘
zIy
N
>

T
I\

x
®
I
>
M
<
=3
ml
=
w
>

Reference

Please see Chapter 9 in “Discrete-Time Signal Processing” by Oppenheim and Schafer for comprehensive
discussion of FFT.

Problem Set #7 page 7



ANU

Q3

(a) Partial Solution
Using DFT Definition

X[k = e ™

X[0] = el%=1=1+]j0
X[ = elm=—1=-1+j0
X[2] = eM=1=1+]j0
X[3 = e¥M=—1=-1+]j0

For details, se€roblem Set 06: Q1 (a)
Using FFT butterfly

We have the twiddle factor

WP = elifip
- gizp
Hence,
W) = el0=1
W = eli=_j

a X[0] +W2X[2] = X[0] 4 x[2]
b = x[0]—WX[2] =x[0] —x[2]
c = X1+WX3] = x[1] +xX[3]
d = X1 -WX3] =x[1] — 3]

Writing the equations for the output terms in the diagram, we have

X[0] = a+Wc=a+c
X2 = a—Wfc=a—c
X[l = b+Wjd=b-jd
X[3] b—Wjd=b+ jd
The output sampleX[k] can be expressed in terms of input sampleSas
X[0] = {X[0]+x[2]} + {x[1] +x[3]}
X[2] = {X0]+x[2]} — {x[1] +x[3]}
X[ = {X0—x[2]} — {x[(1] - 3]}
X[ = {0 —x[2]} + j{x[1] - 3]}

Substituting the values,
X[0]=1,X[1] = -1,X[2] =1,X[3] = —1.

(b) Solution
X[0] = 10,X[1] = -2+ j2,X[2] = =2, X[3] = —2— j2.

Check answer in Matlab using the following commands

>> n=[0 1 2 3];
>> x=[1 2 3 4];
>> X=fft(x);

Problem Set #7

ENGN6612/4612
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Q4
(a) Complete Solution

Please see attached pages-12.

(b) Solution

The input sequences are shown in the figure below:

3 T 3
25 1 25
2 2r [ ]
S 15f | E 1sl
x =
1 1
0.5 1 0.5
0 1 2 3 0 1 2 3
Time sample n Time sample n

Figure 9: Question 4(b): Periodic sequemgfn|.  Figure 10: Question 4(b): Periodic sequehgg|.

The outputzp[n] = xp[Nn] ® hp[n| is shown in the figure below:

3
2.5f
20
=, 15}
N
1 '
0.5}
0 °
0 1 2 3

Time sample n
Figure 11: Question 4(b): Output periodic sequenga].
Check answer in Matlab using the following commands
>> xp=[0 0 1 O];

>> hp=[0 1 2 3J;
>> zp=ifft(fft(xp). « fft(hp))

Problem Set #7 page 9
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ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #8 Filter Structures

Q1

A digital filter defined by the transfer function:-

(@H(2) = % {1+z1+2%}
B 2

- 1-3z14z2
For eactH (2):

o |dentify the filter type (FIR or lIR).
¢ Find the difference equation.
e Draw the block diagram representation of the filter in Direct-Form |.

(b)H(2)

Q2
A digital filter defined by the transfer function:-

1
Hz)=—F———
@ 14+%z1-3z2
Draw the block diagram representation of the filter in
e Direct-Form I.

e Cascade Form.

o Parallel Form.

Q3
A digital filter defined by the transfer function:-

7,1 1,2
1-z7°-32

a)H(z) = —4~ 2%

1-6z 148772
PDH(Z) = ———F—
(b)H() 1-2z1+1z2

For eachH (z), draw the block diagram representation of the filter in Direct-Form II.

Problem Set #8 page 1
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Q4

A digital filter is shown in the block diagram shown below:

X[n] y[n]

& T

7
-1/3 [ > -9/8
y
71

2/9 [t————

Figure 1: Question 4.

For the given filter, find the difference equatiqnhallenge problem)

Problem Set #8 page 2
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Problem Set #8 Solution

Q1
(a) Complete Solution

Given that
1
Hz = S{1+zt+z?
@ = 3{1+z+277%
This is a FIR filter (3-point moving-average FIR filter).

Re-writing the transfer function, we have

Y2 _ 1 1, 2
X@ ~ 3 {1+ +27}
1 1X(z) 1X(2
Y@ = @+37 32
Taking the inverse-transform, we have
1 1 1
yln = :—ax[n} + §x[n -1+ éx[n —2]

The block diagram representation of the filter in Direct-Form | is shown below:

1/3
x{n] yin]

— 1/3

—» 1/3

Figure 2: Direct-Form | implementation (FIR filter) for Question 1(a).

Problem Set #8

ENGN6612/4612
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(b) Complete Solution

Given that

2
T 1-3z14z2
This is an IR filter.

H(2)

Re-writing the transfer function, we have

Y(z) 2
X(zg  1-3z14z2
Y(2) = 2X(z)+3izz)—g

Taking the inverse-transform, we have
yinj = 3yln—1]—y[n—2[+2xn|

The block diagram representation of the filter in Direct-Form | is shown below:

x[n] y[n]

—»] 2 -+ >

) PU—

ENGN6612/4612

Figure 3: Direct-Form | implementation (lIR filter) for Question 1(b).

Problem Set #8
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Q2

Partial Solution

The given transfer function is

1

H(z) = ——F—5—
@ 1+3z1-%z2

The corresponding difference equation is
1 1
yin| = x[n]—Zyln—1]+gy[n—2

8
The block diagram representation of the filter in Direct-Form | is shown below:

x(n] yn]

+ >

-1/4 [ ————

1/8 [——

Figure 4: Direct-Form | implementation for Question 2.

Cascade Form

Factorising, the transfer function can be written as

1
O = oty e
where
Hi(z) = -
1() - (1_"_%271)
1
T

UsingHs(2) andH(z), the cascade form implementationtéfz) can be drawn.
Parallel Form

Using partial fractions,

2/3 1/3
HZ) = + =H3(2) +Ha(z
(2) 1+%Zfl 17%271 3(2) 4(2)

UsingHs(z) andHy(z), the parallel form implementation &f(z) can be drawn.

Problem Set #8

ENGN6612/4612
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The block diagram representation of the filter in Cascade Form is shown below:

T T -
X[n] y[n]
A 4 A J
z* z*
-1/2 |- 14 |-
Figure 5: Cascade Form implementation for Question 2.
The block diagram representation of the filter in Parallel Form is shown below:
—» 2/3 —|—
Z—l
—>
x(n]
n
12 | yn]

14 |4—

Figure 6: Parallel Form implementation for Question 2.

Problem Set #8 page 6



ANU
Q3

(a) Complete Solution
The given transfer function can be written as
7,1_ 1,2

1-1z1-1zr

Hiz) = 1

1rizi iz2° H1(2) H2(2)

where
1
M2 = —7 13
1+3z1-57272
7 1
H = 1--z7%'-Z277?
2(2) 22 52
Implementation oH1(z)
Re-writingH1(z), we have
Yi(z) 1
X(z)  1+izl-1z2
. 1Y1(Z) lYl(Z)
R N

Taking the inverse-transform, we have
1 1
vl = xafn] = Zvan—1]+ gyi[n—2]

The block diagram representationtéf(z) in Direct-Form | is shown below:

ya[n]

Xl[ n] —|— >

-1/4 [ ————

1/8 [———

Figure 7: Direct-Form | implementation éf;(z) for Question 3(a).

Implementation oH»(2)

Re-writingH2(2), we have

Ya(2) 7.1,
= l— — — =
Xo(2) 4~ 2?

7 Xz(Z) 1 Xz(Z)

Problem Set #8

ENGN6612/4612
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Taking the inverse-transform, we have

ol = xz[n}—‘zlxz[n—l]—%xz[n—Z]

The block diagram representationtéj(z) in Direct-Form | is shown below:

Xo[N] y2[n]

> -7/4

—»{ -1/2

Figure 8: Direct-Form | implementation &f,(z) for Question 3(a).

Cascading the blocks, we have

ya[n]
Xl[n] —I— 1 >

l x2[n]l v
7t z!

“1/4 | ———— 74
A Y
Zl Z-l

1/8 |a—— .

Figure 9: Direct-Form | implementation &f(z) for Question 3(a).
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Eliminating the common delay elements, we have

x(n] yin]

T T

S
U4 |- > -7/4
y
71
1/8 | »{-1/2

Figure 10: Direct-Form Il implementation &f(z) for Question 3(a).

(b) Solution
The difference equation representing the filter is
2 1
y[n] — §y[n -1+ §y[n —2] = x[n—6xn—1]+8n—2]

The block diagram representation of the filter in Direct-Form 1l is shown below:

x(n] yin]

+ l

.
2/3 (= »- -6
Y
71
-1/9 (- > 8

Figure 11: Direct-Form Il implementation for Question 3(b).
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Solution with Hint

The given block diagram is in Direct-Form |I.
Show the following steps:

Draw Direct-Form | implementation.
Identify the cascaded block$(z) = Hi(2)Hz(2).

Find the transfer function fdd1(z) andHx(z) respectively.

Find the overall transfer functiod (z).
FromH (z), find the difference equation.

The difference equation representing the filter is

Vi + 2yin 1) yin-2 = i oxin—1]

Problem Set #8

ENGN6612/4612

page 10
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%% LO2_Fourier
%0
%% Function to find Fourier—transform using Matlab symbolic toolbox.
%%

%% Created : 15 July 2005

%% Modified : 15 July 2005

%0

%% Copyright (c) 2005 Salman Durrani

%%

%% clear matlab memory

clear all;
clc

syms f x w
syms a b w0 real

%% Take Fourier Transform

%% Example 1: Unit step u[n]
f = heaviside(x);
Ansl=maple( ' fourier ', f, x,w)
pretty (Ansl)

%% Example 2:

f = exp(—x"2);

Ans2=maple( ' fourier ', f, x,w)
pretty (Ans2)

%% Example 3:

f = sin(w0xx);

Ans3=maple( ' fourier ', f, x,w)
pretty (Ans3)

%% Take Inverse Fourier Transform

%% Example 1:

F=1/(ati*w);
Ansl=maple('invfourier ' F,w,x)
pretty (Ansl)

%% Example 2:

F=1/(atixw)"2;
Ans2=maple('invfourier ' F,w,x)
pretty (Ans2)



%% L02_Laplace
%%
%% Function to find laplace—transform using Matlab symbolic toolbox.
%%

%% Created : 15 July 2005

%% Modified : 15 July 2005

%%

%% Copyright (c) 2005 Salman Durrani

%%

%% clear matlab memory

clear all;
clc

syms f bwt s
%% Take Laplace Transform

%% Example 1: Unit step u[n]
f = heaviside(t);
Ansl=maple('laplace’ ,f, t,s)

%% Example 2:
f=(t"4);
Ans2=maple('laplace ', f, t,s)

%% Example 3:

f= txsin(wxt);
Ans3=maple('laplace’ ,f, t,s)
pretty (Ans3)

%% Example 4:

f= exp(t)xcos(wxt);
Ansd=maple('laplace ', f, t,s)
pretty (Ans4)

%% Take Inverse Laplace Transform

%% Example 1:

F=1/(s"2+s);
Ansl=maple('invlaplace’ ,F,s, t)
pretty (Ansl)

%% Example 2:
F=5s/((s"2+b"2))"2;
Ans2=maple('invlaplace' F,s, t)
pretty (Ans2)



%% Example 3:

F = (3%s)/(s"2+2xs—8);
Ans3=maple('invlaplace' F,s, t)
pretty (Ans3)



%% L03_Ltransform
%%
%% Script to find analyse RC circuit.
%%

%% Created : 15 July 2005

% Modified : 15 July 2005

%%

%% Copyright (c) 2005 Salman Durrani
%%

%% clear matlab memory

clear all;
clc

%% RC components

R1 = 9e3;
R2 = 1e3;
C=0.3193e—-6;

fc = 1/(2xpi*x(R14+R2)xC);

%% find transfer function
a = R2«C;
b = (R1+R2)x*C;

num =[a 1];
den =[b 1];
H = tf(num,den);

%% impulse response
figure
impulse (H)

%% pole—zero plot
figure

pzmap (num, den)
%% step response
figure

step (H)

%% Bode Plot

%% generate 100 point freq vector from 1Hz to 1kHz
f = logspace(1,3,100);

bode (H, f);

grid on



%% L03_ztransform
%0
%% Function to find z—transform using symbolic toolbox (maple).
%%

%% Created : 15 July 2005

%% Modified : 15 July 2005

%0

%% Copyright (c) 2005 Salman Durrani

%%

%% clear matlab memory

clear all;
clc

syms f wcon z
%% Take z transform

%% Unit step u[n]
f = heaviside(n);
Ansl=maple( ' ztrans ', f,n,z)

%6 Discrete Exponential c¢"n u[n]

%% Folowing two expressions give the same answer
f = (c"n);

Ans2=maple( ' ztrans',f,n,z)

f= (c"n)xheaviside(n);
Ans3=maple( ' ztrans',f,n,z)

%% Discrete Sine wave

f= sin(wxn);

Ansd=maple( ' ztrans' , f,n,z)
pretty (Ans4)



%% L04_Invztransform

%% Script to find inverse z—transform using symbolic toolbox (maple).
%% Refer to: Lecture04, Example 1, slide 16—18

%% Created : 27 July 2005
%% Modified : 27 July 2005

%% Copyright (c) 2005 Salman Durrani

%% clear matlab memory
clear all;
clc

syms w a c n z

%% take inverse z transform
H= (z+ 0.4)/((z—0.2)%x(z—0.5));
Ans8 = maple('invztrans' H,z,n)
pretty (Ans8)

%% plot h[n]

n=[0:1:10];

h = —10.%((1/5)."n) + 6.%x((1/2)."n);
h(1) = h(1)+4;

stem(n,h, 'filled ")

xlabel ('Sample.n’)
ylabel (' Amplitude ")



%% L05_Hz
%%
%% Script to analyse tranfer function in matlab.
%% See Problem Set 04: QI (a)

%%

%% Created : 31 July 2005

%% Modified : 31 July 2005

%%

%% Copyright (c) 2005 Salman Durrani

%%

clc
clear all

%% Specify transfer function H(z) coefficients in standard DSP form
num=[1 1/3];

den=[1 —-1/2];

%% pole zero map

figure

zplane (num, den)

%6 impulse response h[n]
figure

impz (num, den)

%% step response

figure

stepz (num, den)



%% LO6_FIR
%%
%% Script to analyze FIR filters

%%

%% Created : 28 July 2005

%% Modified : 28 July 2005

%%

%% Copyright (c) 2005 Salman Durrani
%%

clc
clear all

%% FIR Filter

%% change the vlaue of bl to see effect on FIR
b1=0.5;

num=[1 bl];

den=[1];

%% pole—zero plot
figure

zplane (num, den)
%% impulse response
figure

impz (num, den)
grid on

%% step response
figure

stepz (num, den)
grid on

filter



%% LO6_IIR
%%
%% Script to analyze IIR filters

%%

%% Created : 28 July 2005

%% Modified : 28 July 2005

%%

%% Copyright (c) 2005 Salman Durrani
%%

clc
clear all

%% IIR Filter

%% change the vlaue of al to see effect on IIR
al=0.5;

num=[1];

den=[1 al];

%% pole—zero plot
figure

zplane (num, den)
%% impulse response
figure

impz (num, den)
grid on

%% step response
figure

stepz (num, den)
grid on

10
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%% LO7_-DTFT
%%
%% Script to illustrate DTFT plots: See lecture07, DTFT Example 2
%%

%% Created : 07 Aug 2005

% Modified : 07 Aug 2005

%%

%% Copyright (c) 2005 Salman Durrani

%%

clc
clear all
close all

%% Define transfer function

%% h[n]=a"n u[n] , H(z)=z/(z—a)

a=0.5;
num=[1];
den=[1 —a];

%% Define the frequency vector
w = [—pi:0.1:pi];

%% Calculate frequency response
[H, W|= freqz(num,den ,w);

%% Magnitude response
figure

plot (W, abs(H))
axis([—pi pi —Inf Inf])
%% Phase response
figure

plot (W,angle(H)+180/ pi)
axis([—pi pi —180 180])

%% Bode plot
freqz (num,den ,w);

%% Alternative: use Filter Vizualization Tool
fvtool (num, den)
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%% L09_Recursion

%% Script to illustrate Recursive (IIR) filter implementation.
%% See Lecture09

%% Created : 15 Aug 2005

%% Modified : 15 Aug 2005

%%

% Copyright (c) 2005 Salman Durrani

clc
clear all

%% Sampling frequency
Fs = 500;

%% Time vector of 0.5second
t = 0:1/Fs:0.5;

%% Create a sine wave of 10 Hz corrupted by sine wave of 100 H:z
X = sin(2xpixt*10) +sin(2xpi*xt+x100);
L=length(x);

%% Recursive/lIR filter (low pass) fc = 0.05%xFs/2 = 12.5 Hz
a0=0.15;
b1=0.85;
y(1)=0;

for k=2:L
y(k)=al0*x(k)+blxy(k—1);
end

%% Generate the plot, title and labels.
figure

plot(t,sin(2xpixt«x10),'b");

hold on

plot(t,sin(2xpixt«100),'g")

xlabel ('Time.(s)"');

ylabel ("Amplitude ")

legend ('10_Hz', '100_Hz")

axis ([0 0.5 -2 2])

figure

plot(t,x, 'k");

hold on

plot(t,y, 'r’, 'Linewidth', 62)
xlabel ('Time_.(s)"');
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ylabel ("Amplitude ")
legend('Filter_lnput’, Filter_Output’)
axis ([0 0.5 —2 2])

figure
plot(t,sin(2xpixtx10), 'b");
hold on

plot(t,y, 'r’, 'Linewidth' 2)
xlabel ( 'Time_(s)');

("
ylabel ("’ Amplltude )
legend( '10_Hz', Filter .Output")
axis ([0 0.5 —2 2])

%% Normalised Frequency Response
figure

num=[a0];

den=[1 —bl];

freqz (num, den)

%% Scaled Frequency Response of Filter using knowledge of sampling
%% frequency

figure

num=[a0 |;

den=[1 —bl];

freqz (num,den 512, Fs)

13



%% L10_.DFT

%% Script to illustrate how to:—

%% (i) calculate DFT and

%% (ii)investigate relationship between DFT and DTFT.
%%

%% Created : 17 Aug 2005

%% Modified : 17 Aug 2005

%%

%% Copyright (c) 2005 Salman Durrani.

%%

clc
clear all
close all

012 3]
[0 10 0];

n
X
%% Find FFT

N=4;
X = fft(x);

%% Find DTFT

num=[0 1];

den=1;

w= [0:0.01:2xpi];
[HW=freqz (num,den ,w);

%% Plot Mags (without scaling x axis)
subplot (2,2,1)

stem(n,abs(X), filled ")

hold on

plot (W,abs(H), 'k—")

xlabel ( "Sample_k ")
ylabel (" [X[k]| ")
legend ( 'DFT_Magnitude ', 'DTFT_Magnitude ")

%% Plot Phases (without scaling x axis)
subplot(2,2,3)
stem(n,angle(X)x180/pi, 'filled ")

hold on

plot (W, angle(H)+180/pi, 'k—")

xlabel ( "Sample_k ")

ylabel ( '<_X[k].(degs) ")
legend ( 'DFT_Phase’, 'DTFT_Phase ")
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%% Plot Mags (scaling x axis)
subplot(2,2,2)

stem(n,abs(X), 'filled ")

hold on

plot (WxN/(2xpi),abs(H), "k—")

xlabel ('Sample_k ")
ylabel (" |X[k]|")
legend ( 'DFT_Magnitude ', 'DTFT_Magnitude ")

%% Plot Phases (scaling x axis)
subplot (2,2 ,4)
stem(n,angle(X)x180/pi, 'filled ")

hold on

plot (W«N/(2«pi),angle(H)*180/pi, 'k—")

xlabel ( "Sample_k ")

ylabel ( '<_X[k].-(degs)")
legend ( 'DFT_Phase’, 'DTFT_Phase ")
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%% L11 Windowing

%% Script to illustrate application of windows to reduce
%% effect of frequency leakage in spectrum.

%% Created : 19 Aug 2005
%% Modified : 19 Aug 2005

%% Copyright (c) 2005 Salman Durrani.

clc
clear all
close all

%% N-point DFT: Change value of N here
N=64;

%% periodic signal

n= [0:1:N-1];

x = cos(2xpi.xn./6);

%% Hamming window

w= 0.5.%(1— cos(2xpi.xn./N));
%% modified periodic signal
x_mod = x.*xw;

%% Calculate DFT
X = fft(x.mod N);
magX = abs(X)

%% Plot w[n]

figure

stem(n,w, 'filled ")
xlabel ('Sample_n’)
ylabel ('w[n] ")

title ( '"Hamming_Window ")

%% Plot x[n] and x_mod[n]

figure

stem(n,x, filled ")

xlabel ('Sample.n’)

ylabel( 'x[n]")

title ('Original_Signal:_Fundamental_Period ")

figure
stem(n,x_mod, 'filled ")
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xlabel ( 'Sample.n’)
ylabel ('x[n] ")
title ('Windowed_Signal:_Fundamental_Period ")

%% Plot DFT magnitude
figure

stem(n,magX, 'filled ")
xlabel ('Sample_k ")
ylabel (' |X[k]| ")

title ( 'DFT_Magnitude ")

17



function PlotFFT (x, Fs);
%% PlotFFT

%0
%% Function to plot (scaled) fft magnitude of a signal.

%0

%% Code fragment adapted from:—

%% http://www. mathworks.com/support/tech—notes/1700/1702. html
%0

%% x is input signal

%% Fs is sampling frequency

%% Created : 23 Aug 2005
%% Modified : 23 Aug 2005

%% 2005 Salman Durrani

Fn=Fs /2;

NFFT=2."(ceil (log(length(x))/log(2)));
FFTX=fft (x ,NFFT);

NumUniquePts = ceil ((NFFT+1)/2);
FFTX=FFTX(1:NumUniquePts);
MX=abs (FFTX);

MXEMX %2 ;

MX(1)=MX(1)/2;

MX(length (MX))=MX(length (MX))/2;
MX=MX/length (x );
f=(0:NumUniquePts —1)*2xFn/NFFT;
plot (f ,MX);

xlabel ( 'Frequency._(Hz) ")

ylabel ( "Magnitude ')
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%% L12_ Audio_Filtering

%% Script to illustrate application of Butterworth filters (lowpass,
%% highpass, bandpass and bandstop) to a digital audio signal.

%% Created : 24 Aug 2005
%% Modified : 24 Aug 2005

%% Copyright (c) 2005 Salman Durrani.

clc
clear all
close all

%% wav file
[Ysignal ,Fs]=wavread( 'speech_dft');
% [Ysignal , Fs|=wavread( 'wchimes30 "),

%% Chip.mat is available inside Matlab
%% Fs=8192 Hz
% load chirp
% Ysignal=y;

%% Nyquist Freq

Fn = Fs/2;
%% Filter order = 2%n
n=3_;

%% Low pass filter
Fc=1000;
[num,den] = butter(n,Fc/Fn, "low");

%% High pass filter
% Fc=1000;
% [num,den] = butter(n,Fc/Fn, "high);

%% Bandstop filter
% Fc= [300 1500];
% [num,den] = butter(2,Fc./Fn, stop '),

%% Bandpass filter
% Fc= [3000 3200],
% [num,den] = butter(n,Fc./Fn);

%% Analyse filter
fvtool (num,den)
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%% Apply the filter
Yfiltered = filter (num,den, Ysignal);

%% Compare time domain signal
figure

subplot(2,1,1)
plot(Ysignal);

title ('Original_Signal ")
xlabel ('Time_Sample.n"')
ylabel ("Amplitude ")
subplot(2,1,2)
plot(Yfiltered);

title ('Filtered._Signal ")
xlabel ('Time_Sample.n")
ylabel ("Amplitude ")

%% Compare spectrum
figure

subplot(2,1,1)

PlotFFT (Ysignal ,Fs);
title (' Original_Signal ")

subplot(2,1,2)
PlotFFT (Yfiltered ,Fs);
title (' Filtered._Signal ")

%% Play sound
wavplay(Ysignal ,Fs)
pause(2);

wavplay( Yfiltered , Fs)
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%% L14_Filter_Structure

%% Script to illustrate and compare filter implementation with
%% Matlab and Simulink .

%% Compare with output from demo Simulink file "fxpdemo_direct_form2”,
%% which shows the direct—form Il implementation.

%% Created : 29 Aug 2005
%% Modified : 29 Aug 2005

%% Copyright (c) 2005 Salman Durrani

clc
clear all
close all

%6 Filter Coeffs (See Lecture 14)
num=[1 2.2 1.85 0.5];
den=[1 —0.5 0.84 0.09];

%% Square wave frequency (Hz)
f = 0.005;

%% Time vector
t = [0:1:200];

%% Create a square wave of unit amplitude and frequency f
x = —l.xsquare(2xpixfxt);

%% Filtered signal
y=Ffilter (num,den, x);

%% Plot results

figure

plot(t,x, k")

hold on

plot(t,y,'b")
xlabel ( 'Time.(s)');
ylabel ("Amplitude ")

axis ([0 Inf —8 10])
legend( 'input ', 'output’)
grid on
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%% L14.50S

%o ——

%% Script to illustrate second order sections, which can be imported in
%% fdatool.

%%

%% Created : 31 Aug 2005

%% Modified : 31 Aug 2005

%%

%% Copyright (c) 2005 Salman Durrani

%%

clc
clear all
close all

%o Define filter coefficients [See DSP Guide (pg 336)]

%% Low pass Chebyshev filter (0.5% passband ripple: type 1)
%% fc = 0.5

b0 = 2.858110e—01;

bl = 5.716221e—-01;

b2 = 2.858110e—01;

al = 5.423258e—-02;

a2 = —1.974768e—-01;

%% H(z)
num=[b0 bl b2];
den=[1 —al —a2];

%% Analyse filter
fvtool (num, den)
% axis ([0 1 —40 0])

%% Create two second order sections
SOS = [b0 bl b2 1 —al —a2
bO bl b2 1 —al —a2];

%% Import into fdatool using "Import Filter From Workspace”
fdatool
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