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Sadrzaj predmeta, Teorijska nastava

1.

2.

Uvodno predavanje. Upoznavanje sa planom i
programom, ciljevima, ishodom i metodama.

Sta je procesiranje signala, istorijski pregled obrade
signala, primeri primene.

Vizuelizacija signala (Python, Excel).

Kompleksni ekponencijalni diskretni signali. Primer
sinteze muzickog signala.

Furijeova analiza: Diskretna Furijeova transformacija
(DFT) i serija (DFS). Brza Furijeova transformacija (Fast
Fourier transform, FFT) i primena za spektralne
analizatore 1 osciloskope.

Linearani filtri: konvolucija, idealni i realni filtri, dizajn filtra.
Primena konvolucije u GPS sistemima.
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Octave radn

=]

| folder

Name
+ ¢@ OneDrive
*- & Pictures (_‘ Save As ? b 4
& ProcSignala
“ s Saved Games Look in: C:\Users\korisnik\ProcSignala MR 1) [2a] =
# , Searches
* @ Videos . My.CQmputer Name | Size Type [
I 1 Actava hict a konsnlk DrawFllt File.--lder 1
wav File...Ider 1
[ Skript faj
N
[~
< | 0!
File name:  |primer03x01]| Save
Files of type: |Octave Files (*.m) j Cancel
Line Endings: |Windows (CRLF) ~| File Encoding: [SYSTEM ~|
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>> pkg load signal Toolbox Slgnal

>> doc audioread
>> [y,fs]=audioread ("wav/dspOl.wav");

>> sound(y, £s)

-- : [¥, FS] = audioread (FILENAME)

-- : [¥, FS] = audioread (FILENAME, SAMPLES)

-- : [¥, FS] = audioread (FILENAME, DATATYPE)

-- : [¥, FS] = audioread (FILENAME, SAMPLES, DATATYPE)

Read the audio file FILENAME and return the audio data
Y and sampling rate FS.

Workspace
Filter [ |
The audio data is stored as matrix with rows
Name Class Dimension | Value | corresponding to audio frames and columns
fs double 1x1 44100 corresponding to channels.
double 1x401 -2:0.01:2
X double 1x401 [7.3891,7...
double 165390x1 [0:0:0:0... |The optional two-element vector argument SAMPLES
specifies starting and ending frames.
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Octave primer
editovanja i
izvrsavanja

& Figure 1 — O X
Eile Edit Help
Z+ Z- + Insert Text Axes Grid Autoscale
Classic
8
&l
Ea
Al
o 1
&% 1 V] 1
t
(-0.53272, 7.9557) Procesir

|zvrSi

Editor
Eile Edit View Debug Run Help

(A

primer03x01.m l

tE=2s0. 01823
x=exp(-t):
plot{t,; x)
xlabel ( 3§
yvlabel (
title (

So kW R

4

line:|/7  col:1 .encoding: SYSTEM | |eol:|CRLF

Command Window Editor l Documentation |
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clear all, close all, clc

[y, £s]=audioread ("wav/dsp0l.wav");

sound (y, £s)

(_; Figure 1
Eile Edit Help
8 Z+ Z-

Insert Text & Axes Gri¢ x]abel ('vreme (s)');

t=1:1length (y) ; primer03x02.m 1
t=t/fs;
stem(t,y)

0.5

normalizovan signal

-0.5

govor, Fs = 44100

L

ylabel ('normalizovan signal') ;
' num2str(fs)]);

title(['govor, Fs

€ Figure 1 — O X
Eile Edit Help

O Z+ Z- b InsertText [ Axes Grid Autoscale

govor, Fs = 44100

1r

normalizovan signal

(0.96959, 0.99483)

1 2
vreme (s)

3 4
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c Figure 1
File Edit Help
O z+ z &

normalizovan signal

clear all, close all, clc

T primer03x03.m }

fontsize = 24;
fontname = 'Times New Roman';
set (findobj ('Type', 'axes') , 'FontName', fontname, ...
'FontSize' ,round(fontsize*0.85)) ;
set (findobj ('Type', 'text') , 'FontName', fontname, 'FontSize',6 fontsize);
set (get(gca, 'XLabel') , 'FontName',6 fontname, 'FontSize',6 fontsize) ;
set (get(gca, 'YLabel') , 'FontName',6 fontname, 'FontSize',6 fontsize) ;
set (1, 'Position',b [232 394 560 272]);

Eile Edit Help
O Z+ Z- b InsertText [ Axes Grid Autoscale

govor, Fs = 44100

1r

normalizovan signal

(1.3048, 0.95448)

1 < 3
vreme (s)
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# Created by Octave 4.2.1, Wed Mar 21 14:01:36 2018 GMT

<unknown@unknown>
# name: a
# type: scalar struct
# ndims: 2
11
# length: 130

name: xscale
type: sq _string
elements: 1
length: 6
linear

H H= H= HF

# name: xtick

# type: matrix

# rows: 1

# columns: 5
012 3 4

a=get (gca)
save tmp.txt a
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MATLAB skript - primer

Matlab code

DefiniSe se vreme

t=-2:0.01:2;
x=exp(-t);
plot(t, =x)
xlabel('t"');
ylabel ('x(t) '),
title('Classic’') ;
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Inline function object

signal='sin (2*pi*t)'; % string with the function

time='t"'; % string with wvariable
x=inline(signal, time);

t min = -2;/ £t max = 2;

plotRange = [t min t max]; $ the x-axis limits

N = 100; § step size is (t max - t min)/n
fplot(x, plotRange, n, 'b-') Y
xlabel ('L'") ; % label x-axis 08f
ylabel (/x(t)"'); % label y-axis 06f
title(VYInline ');%$ add title 0.4}

Inline

x(t)
o

02F

04}

Define a function 08|
before specifying the time il

1 1 1 I
-2 -1.5 -1 05 0
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Signal that is not defined at a point

signal='(1./t).*sin(2*pi*t)'; N Not defined
time = 't'; 7 . . : . —_
X = inline(signal, time); 6} |
tl = -2; t2 = 2; o
x1l = -2.2; x2 = 7; ) @ \
plotRange = [tl t2 x1 x2]; .
fplot(x,plotRange,100, 'r-") - ’ "'.]
xlabel ('t'); ylabel ('x(t)'); 2 / \
title('Signal with singularity'); 'f N N
hold on % £ X ¢ ¢ 4 w2
t = -2:0.25:2; N W \ / w
x = (1./t).*sin(2*pi*t); A &J. . .'@ -
plot(t,x,'o') 2 45 4 05 ? 05 1 15 2
hold off
Not defined
| at t=0

X(f) = ;Sln(zﬂ'[)
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Limit of the signal exists

syms t x

X

eval (signal)

Define two symbolic variables

Find limit of the symbolic expression

t eval (time)
t0 = 0;
x1 = subs(x,t,t0) 7
x2 = limit(x,t, t0) sl |
hold on | / \
plot (t0,double (x2), 'sr") [
hold off “ rox
3 .'1I I'|
x; = x(0) = NaN "2 /
i o, l,l"ll i". N
. 0dk o & ' : o S} B
X o — llm x(l‘) — 2 T . e <I> @ "“‘e-"/_
t—0 2 Ld e

2, -15 -1 05 0 05 1 15 2
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Simplify an expression

Define two symbolic variables
syms t x

x = eval (signal)

t eval (time) Simplify a symbolic expression
t0 = 0;

x1 = subs(x,t,t0)

5 ,
X simp = simplify(x) i A A 8
x2 = subs (x_simp, t, t0) st
h 0O l d on sl ’||[| |‘|I ||I| ||1| I".l |'|I |||!
plot (t0,double(x2),'sr") L\ [ | [ [ | |
hold off - || [ [ [ |
VTV VT 1T
2 2 4F 9 | | f \ |I | f
t + 1 t - 1 I| |I || f I| II l f
X(f) — ( ) . ( ) cosS (2 ﬂt) PI ,l'l I". I||| |II Illl Il'a III|
t t 3 ll'.I Il'll Il'. I|1I iI'.I f Il'. Ia'l
4 EF III‘@"IH e- I"'e""’
xsim (t) =4 COS(27ZT) 2 a5 4 05 0 05 1 15
p Procesiranje signala t




Refine figure typsetting

N

x(7)
-
— __-H‘e_--_
-
<, o
T
Ay
_9
e
O _
1

[
1 N
12
I
[e—
—
()

fontsize = 24;
fontname = 'Times New Roman';
set (findobj ('Type', 'axes'), 'FontName',6 fontname,. ..
'FontSize' ,round(fontsize*0.85)) ;
set (findobj ('Type', "text'), 'FontName', fontname, 'FontSize', fontsize);
set (get (gca, 'XLabel'), 'FontName', fontname, 'FontSize', fontsize);
set (get (gca, 'YLabel'), 'FontName', fontname, 'FontSize', fontsize);

set (1, 'Position',[232 394 560 272]);
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LaTeX mathematical expressions

TeX and La'eX

2t AP
s%gnal='t.*(t>0)'; ﬁ\l_-ﬂﬂ——F“%{ﬁlfﬁf_m fg”gf@ -
time="t"'; = o7
x=inline (signal,time) ; 0o 1
tl=-2; t2=2;
x1=-1; x1=2.5; L5 1 035 o0 05 1 15 2
plotRange=[tl t2 x1 x2]; ' ¢ _ S

fplot (x,plotRange, 100, 'r-")

xlabel ("\1it t'");

ylabel ("{\itx} ({\itt})");

th = =-2:0.25:2;

xn = feval(x, tn);

hold on, plot(tn,xn,'o'), hold off

texstr='$x(t)=F(t),\{\begin{array}{cl}F(|t]|)=|t|\\F(-|t|)=0\end{array}$'

text ('string', texstr, 'interpreter', 'latex’', ...
'FontSize',24,'pos',[-1.8 1.2], 'BackgroundColor',[.9 .9 .9])
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Anonymous function

2

x(¢) = F(sin(2 + 7/ 4)) 1 ) ) o
F(0)=0,F(al)=1,F(-]al)=-1 = ol i

-1} & & & & -

It should be 0, not 1 245 a1 w05 0 05 1 15 2

x= Q(t) ((sin(2*pi*t+pi/4))>0)-((sin(2*pi*t+pi/4))<0);
fplot(x, [-2 2 -2 2],1000, 'b-")

xlabel ("\it t'); vylabel ('{\itx} ({\itt})");

tl = [-13 -9 -5 -1 3 7 11 15]1/8;

x1l = feval(x, tl);

hold on, plot(tl,x1, 'bo'), hold off
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Correct plot of the signal

x(t) = F(sin(27z + 77/ 4))

of o o o o o o o 01
F(0)=0,F(al)=LF(-|a|)=-1 I N —
22 15 T 05 0 05 i 15 2

x= Q(t) ((sin(2*pi*t+pi/4))>0)-((sin(2*pi*t+pi/4))<0);
f =0@(t) (£>0) - (t0);
fplot(x,[-2 2 -2 21,1000, 'b.")

tl = [-13 -9 -5 -1 3 7 11 151/8; Correct
sym xXsin values
xsin = 'sin(2*pi*t+pi/4)'

for ind = 1l:length(tl)
xs (ind) =eval (simplify (subs (xsin,sym(tl(ind),'xr'))));
end
x2 = feval(f, xs);
hold on, plot(tl,x2,'ob'), hold off
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Unit step signal

-

I, t>0 signal = 't>0';
u(t):<0 <0 time = 't';
L9 L= x = 1nline(signal, time) ;

1 k = (=-5:0.1:15)";
x(t)=——u(t—3) Pplot(k,-(1/2)*x(k-3),'b.")
2

0.5

x(7)

0 5 10 15
T
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Sinusoidalni signal

Xs (¢) = X Sin(zdst T ¢S)

Amplituda Faza u
radijanima
xs(t) = XS sin(2 n fS t+ ¢S)

Vreme u
sekundama (s)

Frekvencija u
Hertz (Hz)

-0.1 0 Proc@éiranje signala o2 19
t



MATLAB kod za sin signal

xs(t) =X sin(2 nfS t+ ¢s)

Xs =1.8;

fs = 10;

fi = pi/3;

tl = -0.1;
tstep = 0.01;
t2 = 0.2;

t = tl:tstep:t2;

X = Xs*sin(2*pi*fs*t+£fi) ;
plot(t, x)

xlabel('t')

ylabel('x s')

title('x s(t) = X s sin(2 \pi £ s t + \phi _s)')

grid on

><U> 0

-0.5

-1.5

2

HA

1

0.5

-1

-2
-0.1

-0.05
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Xs = 1.8;
fs = 10;
fi = pi/
tl = -0.
t2 = 0.2;
t = [t1,

MATLAB kod Za kontlnualne

3;

1;

1.5

1

0.5

><m 0

-0.5

-1

-1.5

in@nf t+ o)

-2
-0.1

-0.05 0 0.05 0.1 0.15 0.2

t

X = inline (' Xs*51n(2*p1*fs*t+fi)','t','Xs','fs','fi');

fplot(x,t,2e-3,1,
xlabel('t');

,Xs ,fs,£fi)
ylabel('x s');

grid on

title('x s(t) = X s sin(2 \pi £ s t + \phi _s)')
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Eksponencijalni signal

x, () =X, e”

x = inline('Xe*exp(b*t)','t','Xe','b"');

0.8

= -0.5; 0.7
06\

tl = 0; | \

t2 = 8; 0 \

t = [tl, t2]; © 04 \\

fplot (x,t,2e-3,1,'-',Xe,b) o \\\

xlabel ('t') 02 <

ylabel('x e') o1 \\
title('x e(t) = X e e*{b t}') i

grid on % 1 2 3 4 5
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Unit step signal
JediniCha odskocCna funkcija

-

I, t>0
M (t) — < < Unit step signal
0, £<0 l
X = inline('t>0', 't'); 0.8}
tl = -2; 0.6+
t2 = 6; >
t = [tl, t2]; 04
fplot (x, t) 02|
xlabel ('t') -
ylabel('u') 2 -1 0 1 t2 3 4 5 6

title('Unit step signal')

axis ([t -0.1 1.1])
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O<tr<eg

Pulse signal
Jedinicni impulsni signal

x = inline (' (1/e)*((t>0)&(t<=e))"','t','e");
Pulse function, € = 1/100

otherwise

(1
pe)=1¢’
\O’

e = 1/100;
tl = -1; 190
t2 = 5; 80t
t = [tl, t2];

= 60+
fplot(x,t,1le-5,1000,'-',e) o

40t

set (gca, 'FontSize',16) 20!
xlabel('t')
ylabel ('p \epsilon(t)') 0 ‘ ‘ ‘
axis ([t -0.1 1.1/e]) S

title('Pulse function, \epsilon = 1/100')
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Unit impulse signal (Dirac delta)

o(1) = lin% P (1)

5(t)=0, t#0

Ta(r) dr =1

—00
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Kauzalan signal u MATLAB-u

u(t)

B =0.02;

a=0.1;

f = 0.53; 1.5

phi = 3*pi/4;

t = -5:0.05:10; 1t ”

x = B*a*exp(-a*t).*sin(...
2*pi*f*t+phi) ; 0.51

Xu = x.*(t>0) ; —_

u = (t>0); x 0

plot(t,x,t,u,t,xu) 05

ylabel ('x(t) ') '

xlabel ('t (s)') 4’

text(0,1.2, 'u(t) ') X()

text(-4,-1.1,'x(t)") -155

text(5,-.6, 'x(t)*u(t)')
axis([t(1l) t(end) -1.5 1.5])

Procesiranje signala
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Elementi blok dijagrama

Gain Differentiate

X % X v
—  d/dt |—

input
yV
X
+
' X X+ )=z A X X
A
~Z
input
Summing point Takeoff point
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Y1

Telefon #2
697Hz + 1336 Hz

y1)

) 1
) S0
0 500 1000 1500 2000 2500 . .
, , , , , Yo 0 2
L J \ 1 L L L L il
0 500 1000 1500 2000 2500 3000 3500 4000
0 500 1000 1500 2000  29Rrocesidafje sigéla 4000

ucestanost (Hz)

40 50 60 70 a0 90 100
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Y1

Y2

Telefon #2

697Hz + 1336 Hz

500

1000

697, 770, 852, 941 Hz
1209, 1336, 1477, 1633 Hz

nekoj u¢estanosti?

E

(Koliko da oslabimo signal na]

1500 2000 2500 3000

3500 4000

500

1000

500

]

4

1500 2000 2500 3000

SPECIFIKACIJE ZA FILTAR

PROPUSNIK NISKIH
| UCESTANOSTI
3500

, . =
T SPECIFIKACIJE ZA FILTAR
PROPUSNIK VISOKIH
UCESTANOSTI
1000 1500 2000  ZBrecesimanie signd@la 4000 29

ucestanost (Hz)




SPECIFICATION § Od SpeCifi kaCija

A, \ . e
] do realizacije
% 5 Fof
APPROXIMATION »
- o A; =% r
.Sen g
e Specifikacije ]
4
qu REALIZATION
------ » a2 /s

4
u
STUDY OF S t
DMPERFEECTIONS Intéza ]
A,
Ap
% F, F,  f
U
IMPLEMENTATION

\ f
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Specifikacije
» DefiniSu se dozvoljene tolerancije u
odredenim frekvencijskim opsezima

H(s) je racionalna funkcija | [¢(/)= —20log(H (j27/)))

kompleksne frekvencije SPECIFICATION 5

s=otjw, s= )2nf 4 ‘ |
%0 F, F, f

H(s) = k=0 _ C(s) APPROXIMATION W "
N D(S) A - J:.
= r
k=0 Ap

Rroeesiranje signala0 Ffo f, F I3 31
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Frekvencijski odziv

j2nf >

S ravan

f=0

k=0 ©,0)
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1

e ()= 5 4 3 >

s +3.24s +524s” +5.24s° +3.24s +1

A 1
M,(R2) Hpegel ()= 5 4 3 5
i B s g P s +3.94s" +6.89s” +6.785" +3.81ls +1
S
\ Batervort
(a)
Besel
! -1 >

0 0.5 1 1.9 > 25 Q
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Utica] fazne karakteristike
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Profesor dr Miroslav Lutovac
mlutovac@viser.edu.rs

Ova prezentacija je nekomercijalna.

Slajdovi mogu da sadrze materijale preuzete sa Interneta,
stru€ne i nauCne grade, koji su zasti¢eni Zakonom o
autorskim i srodnim pravima.

Ova prezentacija se moze Kkoristiti samo privremeno
tokom usmenog izlaganja nastavnika u cilju informisanja i
upucivanja studenata na dalji strucni, istrazivacki i naucni

rad i u druge svrhe se ne sme Koristiti —
Clan 44 - Dozvoljeno je bez dozvole autora i bez plaéanja
autorske naknade za nekomercijalne svrhe nastave:

(1) javno izvodenije ili predstavljanje objavljenih dela

u obliku neposrednog poucavanja na nastavi,

- ZAKON O AUTORSKOM | SRODNIM PRAVIMA

("Sl. glasnik RS", br. 104/2009 i 99/2011)
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