Computer Assignment #1

ECE 405, Summer session 1, Cal Poly Pomona, CA
By Nasser M. Abbasi

PART(1) LOW PASS

= Load my DSP functions that | wrote for this course

nf2)= << dap”
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s Plot the pulse train

inj95] = delay = 03
poriod = 1+10"-3;
range = 2+ 10" -3;
tao = .25«10"-3;
h=1;

2pi
w0 =

; (nrad/secs)
period

3 (#hz»)
period

dutyCycle = tao / period;
numberOfCoeff =~ 20;
currentPulses = dep makePulseTrain [delay, period, range, tao, h];

Plot [0, {x, - range, range},
PlotRange ~ {{-range, range), {0, h}), AxesLabel -» {*t (sec)”, *x(t)"},
Bpilog -+ {Thin, Red, currentPulges)
]

x(1)
1.0

06+

Qut|105)= +

04+

J 1 (sec)
-0.002 ~0.001 0.000 0.001 0.002

s Find the fourier series coefficients of the above pulse train

(106} =
xn = getFourierCoeffPulsaeTrain [h, tao, period, numberOfCoeff]

Oui[106]= {0.25, 0.225079, 0.159155, 0.0750264, 9.74543 x10 '®, -0.0450158, -0.0530516,
-0.0321542, -9.74543 x 10 *°, 0.0250088, 0.031831, 0.0204617, 9.74543 x 10 2,
-0.0173138, -0.0227364, -0.0150053, -9.74543 x10 '®, 0.0132399, 0.0176839, 0.0118463}
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Plot fourier series approximation to the above pulse on top of it to compare

in[107)= Plot [getFourierApproximation [t, xn, period], (t, -range, range})

Oui[107)=

+

I3

0.8
0.6

04

L

T

of

s Plot the spectrum of the pulse

n108)= data = getMagnitudeOfPulseTrainFourierCoeff [delay, period, range

0.001

ListPlot (data, Joined - True, AxesLabel - {"f (Khz)", ®|X(£)|*}}]

Out[108}=

/“\ .
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In[110}= data = getPhaseOfPulseTrainFourierCoeff [delay, period, range, dutyCycle, numberOfCoeff];
ListPlot [data, Joined - True,

AxesLabel - {"f (khz)"™, "Arg(X(f))")}, Ticks » (Automatic, {-Pi, Pi})]
Arg(X(f)

nr

QuYt11)=

e s s § (kh2)
TR S s 10 s

-

= Generate normalized low pass butterworth of order 4

mn(112j= Clear[s, form];
order = 4;
cuttoff = 1;

{polen, hs} = dsp~getButterworthPolynomial [order, cuttoff, s];
TraditionalFPorm@hs

Out[116)/TraditionalForm=

L.

42613135 +3.41421 52 + 2613135+ 1.

s convert the above to low pass butterworth with specified cuttoff

2P
In{117)= newHs = dsp butterToLowPass [ha. . n] ]

tao
TraditionalForm@newHs

Out]118)/TraditionalF orm=
1.
2.50634x 107'85* + 1.64604 x 10~'* 5° + 5.40519 % 1077 52 + 0.000103973 5 + |.
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= Multiply H(jwn) with Pulse fourler series y(n), and plot Y(f)

inj119]= Clear [w];
xnPourier [n_] := hdutyCycle Sinc[Pi n dutyCycle)

tf[n_, w0_) :=newHs /. 8 + (I w0 n)
yn[n_, w0_] :s xnFourier[n] » tf{n, w0)

y(t_, wO_, numberOfCooff_ ) := Sum(If[n = 0, yn[n, wO) +Exp[Iwdnt],
(yn(n, w0) +Exp[IwOnt ) +yn[-n, w0] «Exp[-Iwdnt])], (n, 0, numberOfCoeff})

data = Table[{m, Abs(yn(m, w0]]}, {m, -20, 20));
ListPlot [data, Joined -+ True,
PlotRange - ({~-10, 10}, All}, AxesLabel - {"f (Khz)®, "|Y(f)|*}]

1Y)
0.25 t
020+
015
Oul[125)=
0.10+
‘ 005}
‘ - - . f (Khz)
-10 -5 5 10
= Plot the phase spectrum
nj126]= data = Table[{m, Arg{yn(m, w0]])}, {m, -20, 20}]:
ListPlot [data, Joined - True, PlotRange - {{-20, 20}, All},
AxesLabel - {*f (khz)", "Arg(Y(£))"), Ticks -+ {Automatic, {-Pi, Pi})]
Arg(Y())
ot
Ou127)=
¢ - f (khz)
=20 -10 10 20
N
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= Ploty(t)
inf128)= Plot([y([t, w0, 10), {t, -range, range}, PlotRange - All, AxosLabel -+ {"t (sed)®, "y(£Ln}]
it
A N
/ t 1o} !
H I I
o P
; 08 i
| |
P sl | I
Oul{128)= ; L ) I
04} f
it |
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~0.002 \/ v =000t i/ L o001/ ooz ' &9
v' L \ W

= Plot y(t) and x(t) on same plot to compare

m{120}= Plot(y([t, w0, 10), {t, -range, range},
PlotRange —+ {{-range, range}, All}, AxesLabel - {"t (sed)", "y(t), x{t)"},

Epilog -+ (Thin, Red, currentPulses)

]
¥, x(1)
o 3 N
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o M ", r—
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l__.‘; ./f\._ : N ,"‘ . VAN T a3 L g (sed)
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= Plot y(t) on top of approximation of x(n) used

In{50).=
Plot ({getFourierApproximation [t, xn, period], y[t, w0, 10)}, {t, -range, range},
PlotRange - All, AxesLabel » ("t (sed)", "y(t),x(t) approximation"})
¥(1),x(1) approximation
A |
A ‘
!
]
i
{
1.
Outf50}= i

|
1
|
|
|
i
|
|
|
i
i

T t (sed)
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ek s i
" -o.oozllv'\/ T ooom 0 ]

Part (2) High Pass

s convert normalized butterworth to high pass butterworth

2Pi
’ 5] H
tao

newHs = Numerator [newHs] / Together [Denominator (newHs] ] ;
TraditionalForm @newHs

Inf282)= newHs = dsp butterToHighPasas [hs.

Outf284)//TraditionalFosin=

1.5*

1.5* + 65675.5° +2.1566 x 10° s? + 4.14839 x 10'* 5 + 3.98988 x 10"7
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= Multiply H(jwn) with Pulse fourler series y(n), and plot Y(f)

Inj285)= Clear[w];
tf(n_, w0_] :=newHs /. 8 +» (Iw0n)

yu[n_, w0_]) := dsp”fcPulseTrain[n, h, tao, period] « t£[n, w0]

ylt_, wO_, numberOfCooff_] := Sum(If[n = 0, yn[n, w0) +Exp[IwWOnt],
(yo[n, w0} +Bxp[IwOnt ) +yn[-n, w0) «+Exp[-Iw0nt])], {(n, O, numberOfCoeff })

data = Table[{m, Abs{yn(m, w0)])}, {m, -40, 40)}];
ListPlot {data, Joined - True,
PlotRange - {{-20, 20}, All}, AxesLabel » {*f (Khz)®, "|Y(f) 1®}]

(7]
005t
0.04
N 0.03
Out[290]= { ‘\ ‘
j
N 0.02f
/ \“u‘ j‘ “ !
Povgo 0.0) |
poAro
Lo
X i 3 i i A i A i F) r(Khl)
-20 -10 10 20

s Plot the phase spectrum

in[227)= data = Table{{m, Arg{yn([m, w0)]}, (m, -20, 20});
ListPlot [data, Joined -+ True, PlotRange - {(-20, 20}, All},
AxesLabel -+ (*"f (khsz)*®, *Arg(Y(£))"}, Ticke » (Automatic, {-Pi, Pi}})

Arg(Y()

nt

Out|228}=

— :  f (kha)
-20 -10 10 2

s

-
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u Plot y(t)

Inf229)= Plot([y[t., w0, 10], {t, -range, range},
PlotRange -+ {Automatic, {-h, h}}, AxesLabel + (*t (sed)™, "y(ft"}]

t (sed)

o

107

05

i !

'] I |
oufzeg= il oA e .
~o002 [/ Y L0001 0.001 ~ 0.002

\\j v '

-0.5F

r

-0t

s Plot y(t) and x(t) on same plot to compare

nj230}= Plot([y(t, w0, 10], {t, -range, range},
PlotRange -+ {{-range, range}, {-h, h})}, AxesLabel -+ {"t {(ped)*®, "y(t), x(t)"},
Bpilog -+ {Thin, Red, currentPulses}

1
yit), x(1}
T |'.0 - N :
|
0s}
o 1 ! A
: - 1 |
owfz30l= Ly ) , el L tsed)
~0002. -0.001 0.00} 0.002
[ERY)
y
=05
L
-0
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Plot y(t) on top of approximation of x(n) used

In[232]:=
Plot[{getFourierApproximation [t, xn, period], y[t, w0, 10]},
{t, -range, range}, PlotRange - {{-range, range}, {-h, 1.1 h}}.,

AxesLabel -+ {"t (sed)", "y(t),x(t) approximation®}]

y(1),x(1) approximation

1.0
!

Oul]232)=
|

Part (3) BandPass filter

=05+

=1.0-

= convert normalized butterworth to band pass butterworth

TraditionalForm@newHs

= newHs = dsp butterToBandPass [ha,

2pPi 4pi
JB]I

v

tao tao

newHs = Numerator [newHs] / Together [Denominator [newHs]];

Qui[275)/ TraditionalF orm=
(1.5)/(2.50634 x 107" 5* + 1.64604 x 107" 57 + 1.80703 x 107 5 +
0.000727811 5* +38.6569 5* + 919450, 5° + 2.88394 x 10" 5* + 3.31871x 10" 5 + 6.3838 x 10'¥)
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= Muiltiply H(jwn) with Pulse fourler series y(n), and plot Y(f)

Inj276):= Clear [w];

tf(n_, w0_] :2newHs /. 8 + (Iw0n)

yn[n_, w0_] := dsp”fcPulseTrain[n, h, tac, period] » tf[n, w0]

y(t_, wO_, numbexrO£Coeff_) := Sum([If[n = O, yn[n, wO] «Exp(Iwdnt]}],
(yn[n, w0] *Bxp(IwOnt) +yn[-n, w0) «Exp[-Iw0Ont]))], {n, O, numberOfCoeff}]

data = Tabla[{m, Abs{yn[m, w0)])}, (m, -40, 40});
ListPlot [data, Joined - True,
PlotRange - {{-20, 20}, All}, AxesLabel - ("f (Rhz) ", "[(Y({£f)("}]

A (1))

oul|261]=

0.05

0.04¢

003+

0.02

001}

=20 -10

s Plot the phase spectrum

v ' [ (Khz)
10 20

in242)= data = Table[{m, Arg(yn[m, w0]]}, {m, -20, 20}];
ListPlot {data, Joined -» True, PlotRange - ({-20, 20}, All},
AxesLabel + {*f (khz)", "Arg(Y(f))®}, Ticks - {Automatic, {-Pi, Pi}}]

Quif243)=

Argl Y(f)

nk

-20 -10

-t

f (khz)
20
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n Plot y(t)

inj244):= Plot[y[t, w0, 10), {t, -range, range),
PlotRange - {Automatic, {-h, h}}, AxeoLabel » {"t (sed)", "y(£t"}]

vt
10

P L B
M T i A
00![244]3 1 .I [\ AN /\l»l ." : A\\ P alEA ' L 1 A AN /\li N L(\ A Sy
gz 1Y T adgm T T T  eeen T oom
\f v i LY

» Plot y(t) and x(t) on same plot to compare

inj24sp= Plot[y[t, w0, 10], {t, -range, range},
PlotRange - {{-range, range}, {~h, h}}, AxesLabel - {"t (med)", oy(t), x(t)"},
Epilog -+ {Thin, Red, currentPulges)

t{sed)

]
Y x(1)
— — H0r— F== —
i L
H |
i | i \
i 051
| |
‘ | | - )
Owf2as)= [ T My X \ e L~ o
el — . — =t (sed)
-0.002\_l Y ~0.001 - 0.001 . N 0.002
J TRY L ‘
Voo

-0~
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Plot y(t) on top of approximation of x(n) used

cal_v2.nb |13

In|246) =
Plot [{getPourierApproximation {t, xn, period], y(t, w0, 10]},
{t, ~range, range}, PlotRange - {{-range, range}, {-h, 1.1h}},
AxesLabel -+ ("t (sed)", "y(t),x(t) approximation"}]
y(t),x(t) approximation
W 3 b
05+
\ \ ; ;l 0 ‘,“w\ J\‘ , { il
Out[246)= i | /\' 1 SR ' ‘,‘J l\‘ j‘ L ‘r\ K \ r{\\
[ TR P ; N - ey b Y
-o:)(‘n\"l"1 B T A TR RS opai \]'ﬂ P
u J R} SRV Vol \
r
b
-0.5¢+
L
r
-I.Ot
Part (4) BandStop filter

a convert normalized butterworth to band stop butterworth

2Pi 4pri
in[293}= newHs = dsp“butterToBandStop |hs, — P B]}
tao tao

newls = Numerator (newHs] / Together {Denominator [newHs)] s
TraditionalForm @newHs
Out[295)/TraditionalF orm=
(1.(s® + 126331 x 10°)") /(1. 5% + 65675.57 + 7.20984 x 10° 5° + 2.90388 x 10M 5° +
154236 x 10'% s* + 3.66849 x 107 5* + 1.15066 X 102 5 + 132413 x 10%2 s + 2.54706 x 10%)
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s Multiply H(jwn) with Pulse fourier series y(n), and plot Y(f)
inj296)= Clear [w];
tf[n_, w0_) :=newHs /. 8 » (Iw0On)

yn(n_, w0_] := dep”fcPulseTrain [n, h, tao, pericd] » tf[n, wo]

v(t_, w0_, numberOfCoeff_] := Sum(If(n = 0, yn[n, wO] «BExp[(IwOnt],
(yn[n, w0] *Exp[IwOnt ) +yn[-n, wO] « Exp(~-Iwdnt])], {n, 0, numberOfCoeff}]

data = Table({m, Abs[yn(m, w0]]}, (m, -40, 40}];
ListPlot [data, Joined -+ True,
PlotRange - {{-20, 20}, All}, AxesLabel - {°f (Kh2)", "|{Y(£f)|"}]

Y
025}

020+
0.15
Oulf301}=

0.10}

0.05¢

: . * { (Khz)
-20 -10 10 20

s Plot the phase spectrum

inj302)= data = Table([{m, Arg[yn[m, w0]]}, {m, -20, 20});
ListPlot [data, Joined -+ True, PlotRange - {(-20, 20}, All},
AxesLabel -» {“f (khz)*, "Arg(Y(£))"}, Ticks ~» {Automatic, (-Pi, Pi})}]

ArglY()
ak
Outf303)=
— “ L . PR ) f(khz)
=20 -10 10 20
——
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= Ploty(t)

inf306):= Plot{y[t, w0, 10]), {t, -range, range},
PlotRange - {Automatic, {-h, 1.5 h}}, AxesLabel +» {"t (med)®, "y(£t"}]

ne
L5

H 11 / !
i i \
A i \
P il Y |
P ‘ b
1 o's B r i
1
Out{306)= i ; I /], ! |
| : P \ !
I \ I f i ~
b AN and R YANEN. Y] LA A A Y SN ,21(“(')

~0.002 v N Voot \/ YTV | VoY Ve T Y Veon

Ty

» Plot y({t) and x(t) on same plot to compare

<\*w_-/ Inj307):= Plot[y[t, w0, 10], {t, - range, range},
PlotRanga -+ {{-range, range}, {-h, 1.5h}}, AxesLabel -+ {"t (sed)®, ®y(t), x(t)*"}.
Bpilog + {Thin, Red, currentPulses}
]

yul, x(1)
L5

et

Ou[307)=

r——r—r T
. e e
e

[
w
T

NS\ VU R
<oz [ VT g0 R | ErY™) ~ TV o
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Plot y(t) on top of approximation of x(n) used

Inj308]:=
Plot [{getFourierApproximation [t, xn, period], y[t, w0, 10]},
{t, -range, range}, PlotRange - {{-range, range}, {-h, 1.3 h}},
AxesLabel -+ ("t (sed)", "y(t),x(t) approximation®}]
yl1),x(t) approximation
|I-I
|I ll
L \ ) |
Ul 104 | |
| v '. .
||| | | 1 |
|I | | | l }
o5k || |
| I | | H
] l | | |
| [ | | | |I
Out[308)= { g ' ' ' J
| { | ¢ | |
L i i + 1 J I{S‘Cd}
=0.002 | =0.001 L 0.001 0.002
=05+
[
f
—-I.UI-
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Part (1) non-coherent demodulation

After run of the simulation, the following are the outputs
time scope:

QOriginal m(t) S(t)=m(t)*cos(2 pi fc t) Demodulated m(t)

Magnitude Spectrum of Magnitude Spectrum of
s(t) m(t) after demodulation,
notice fm=1000 hz




Simulink setup

Computer Assignment #3
by Nasser M. Abbasi
ECE 405, summer session 1, Cal Poly Pomona

ﬁ <Student Version>matiab
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Demodulated m(t) S(t)=(Ac+cos(2 pi fm t))*cos(2 pl fc t)
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Computer Assignment #4
by Nasser M. Abbasi
ECE 405, summer session 1, Cal Poly Pomona

Simulink setup

E?] <Student Version>matiab
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A <Student Version> : ti

B

Time scope output Time scope 2 output

-} <Student Version> ¢

Sep|

Time scope 1 output



-+ <Student Version> : matiab/spectrim.
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Spectrum scope output
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Computer Assignment #5, FM wideband modulator and coherent demodulator using PPL
Nasser M. Abbasi
- Cal Poly Pomona, CA
SUmmer session 1, 2010

Simulink model
model is here

}l. 1 <Student version> CAS * L
| ‘Vlew - Simubtion Format Jools Help
Bli@(Eep 22|y op5 |HeRSB| B ®

Computer Assignment #5, FM widedband modulaior ang coherent demadulstor using PPL

By Nasser M Abbasi
Cal Poly Pomons. CA
Summer session 1, 2010
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1 <Student Version> subwstems
§fmulan Format Iools Help
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Numerically Controlled Oscilator subsystem (NCO)
Unit Delay1

1 n

@(— cos(u)  |d—{rem{u.2°pi) |« - In3

Out2 Fen2 Fen3 - Q Q

(4
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Ready l100% | [ode4s 4

model file of the above is here



Recovered (demodulated)
message m(t)

-} <Student Vers

Time scope (4) in the

Time scope (3) in the model
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Computer Assignment #6
Nasser M. Abbasi
Cal Poly Pomona, CA

SUmmer session 1, 2010
problem description is here

Simulink model
model is here

Computer assignment #€
modulation snd demodulation of Binary FSK
by Nasser M. Abbasi. cal poly. summer session 1, 2010

FSK modulator subsystem

— 30_‘._.'_’ X

FSK de-modulator subsystem

bannr Prog
Bemoulli Towm"mm P et FOAToo!
Binary vl Digital »a 0.35 D
Bemoulli Binary : ’ » Fite [ P >
Generator cos(2pi 8001) Abs Compare  mit) recoveres
Banapass filter Digital Filter To Constant2
———Pp{< 0.5 M
Compare X
To Constantt Produat! D
] 3
g SP post filter
- inside post digital
mt) :] semodulstos fitter insige
> demodulstor
cos(2pi 4001)1

modaulatec mit)

Output and result



Output of bandpass filter in
the demodulator

S(t), the modulated carrier
message

demodulated message
m(t). Notice some delay at
the start compared to
original m(t)

Output of digital filter
inside the demodulator



Computer Assignment #7
Nasser M. Abbasi
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PSK modulator subsystem
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Binary || "\_FI P >=0 |——if D
Bernoulli Binary - ‘
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low filter To Constant2
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Compare

PSK de-modulator subsystem

To Constant1 Gain I—’ Produa2
D Product1
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t
m post proguct post filter
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Output and result
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o - ra : Recovered (demodulated) binary
Lo T sy gy I FRETS R R message m(t)
Message after passing the low pass

filter, before compare
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Output and result
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After check on Abs value

After the digital filter

-} <Student

Demodulated message
m(t) recovered. Notice
delay at the start
compared to original
message m(t)
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