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Diskretni analiticki signal

Diskretni realni signal ima simetrican
amplitudski spektar u odnosu na ucestanost O

Diskretni analiticki signal nema simetriCan
spektar; sve spektralne komponente imaju
vrednost nula na negativhim ucestanostima

U vremenskom domenu,
odbirci analitickog signala imaju kompleksne
vrednosti (ne mogu da budu samo realni)

Primena u digitalnim komunikacionim sistemima
(SSB u FDM sistemima)
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Spektar analitickog signala (1)

Signali u i u su realni

yn]=uln]+ j uln]

yn] = Y (e/?)

un N U(eja)) Furijeove transformacije

uln] — l}(ejw)

Y(e/?)=U(e/?)+ jU(e’?)

Procesiranje signala



Spektar analitickog signala (2)

jo~ _17%/ —jo Furijeove transformacije su
U(e ) =U (e ) konjugovano simetricne

U(e’®)=U"(e77?)

U ima kompleksne

i komponente
U(e!?) = —(Y(eja)) + Y*(e_jw))
2 U ima kompleksne
1 komponente
jU@E’) = E(Y(e’“’) - Y*(e"”))

Procesiranje signala



Spektar analitickog signala (3)

Predpostavka za
analiticki signal

Y(e/?)=0, —7<w<0

- W('?) 0<w<nrn
Y(e/?) =+ (e)
0 — 7 <w<0 H je filtar kroz koji treba
> da se propusti signal u
: 2 0fw<nrm
H(e’?) =
0 —7<5w<0
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Spektar analitiCkog signala (4)

H je filtar kroz koji treba
da se propusti signal u

- T 0

Procesiranje signala

-+ (1)



Spektar analitiCkog signala (5)

H(el®)

),

ol ()

Filtar propusnik niskih
G je halfband filtar G(el®) ucCestanosti do 1/2 opsega

t + ()
=’ /2 Procesirdnje signala 1t/2 |



Hilbertov transformator

- Veeln]

Realni deo

analitickog signala Ciji

{ilber je realni deo u
| ,|  Hilbert See i j
transformer Im
Imaginardni deo
. . analitickog
Realni signali u signala 4

Sistem Hy generiSe
imaginarni deo
analitickog signala
za poznati realni deo
analitickog signala

Ciji je realni deo u;
signal # je realan

Procesiranje signala



Diskretni Hilbertov transformator

1

jU?) = L(re@) - y* 7))

2

Y(e/?)=0 O<w<nx

Y(e/?) =

U(e’?) =

0 —7<w<(

(—jU(ejw) O<w<rx

jUE?)

—7<w<(

Procesiranje signala
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ldealni Hilbertov transformator

-

—jUE’®) 0<w<n

U(e’?) =+ |
jUE?) —-m<w<0

Realni signali u kada
se propusti kroz
sistem Hy; dobija se

Hoon ja)) —j 0<fw<nx imaginarni deo
HT\€ =3 . signala, i
j —r<w<0 o,
‘HHT (eja))‘ =1 Sistem Hy; se naziva i

90-degree phase shifter

Procesiranje signala 11



Hilbertov transformator (HT)
| Half-band filter (HBF)

|dealni Hilbertov transformator
ne moze da se realizuje

Hilbertov transformator moze da se
realizuje kao half-band filter

FIR half-band filter
IR half-band filter

Procesiranje signala 12



Relacije HT-HBF

 HT se dobija kada se frekvencijska karakteristika
HBF pomeri za /2 i skalira sa faktorom 1/2

H je kompleksni half-band filtar G je filtar sa realnim koeficijentima
H(e/®)
G(e/®)
1
X 0 o - /2 0 /2 T

( T

R I, 0<|oj<=
G(e]co):_H(e]w+7z/2):< 2

2 T
0, —< ‘a)‘ <r
Procesiranje signala 2 13




Funkcija prenosa HT

* Funkcija prenosa
kompleksnog half-band filtra dobija se iz
realnog half-band filtra
propusnika niskih ucestanosti

H(z) = j2G(~jz)

Procesiranje signala
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Half-band FIR filtar

Frekvencijska simetrija

IH(e™)|

1+51
.................... +5, A — 20 10 P
] s e T TR ( 15) -8,) iercd p glo 1_51
FIR filter
)
) [+, =1 a. =-—20 log —c
g 6 =95 > 10 1_51
é 05 --------- |
@ . 2 1
% f; 0_59_5 T Procesiranje @_gaﬁala

MNormalized frequency



Half-band FIR ili [IR filtar?

f

5

— — — FIR approx.
FIR exact

100

(gp) uonenuape pueqdols WU
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Half-band |IR filtar

Frekvencijska simetrija . 1
Clp — 1010g10(1 + IOCZS/IO _1j

HE)l
' I R\ N | 1
"""""" § % Halfband 51 — —52
IR filter 4
£ +f =12 7
= : - 2 = | —4 / —_
g 8, =0.25 &5 5]7 o 1 1 5S
g . 2 1
jru /25" _ L
‘H(e )‘ =
......................... ; 2
Dg fp 0_59_5 fs Procesiranje gignala 17
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Half-band FIR filtar (1)

Fp=0.23; Fs=0.5-Fp;

Ap = 0.07; As =48;

d1 = (1-10*(-Ap/20))/(1+10”(-Ap/20));
d2 = d1;

[n,fo,mo,w] = firpmord([2*Fp 2*Fs], [1 0], [d1 d2]);
b = firpom(n,fo,mo,w);
[h,w] = freqz(b,1,512);
plot(w/(2*pi),abs(h))
w01 = 2*[0 pi*Fp pi/4 pi*Fs pi/2];
h01 = freqz(b,1,w01);
hold on
plot(w01/(2*pi),abs(h01),'0")
hold off
axis([0 0.5 0 1.1])
xlabel('Frequency'), ylabel('Magnitude'),
title('FIR half-band filter')

Hilbert 01.m

n =061

Procesiranje signala
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Magnitude

Half-band FIR filtar (2)

FIR half-band filter

-1 | 1 1 »

©
04 045 05

Freqﬁrggf3|ranje S|gnala

0 . -
0 005 01 015 O



Half-band IIR filtar (1)

Fp=0.23; Fs=0.5-Fp:
Ap = 0.07; As = -10*log10(1-10*(-Ap/10))
d1 = (1-107(-Ap/20))/(1+107(-Ap/20)):

n=ellipord(2*Fp, 2*Fs, Ap, As)

[a,b] = ellip(n,Ap,As,2*Fp);

[h,w] = freqz(a,b,512);

plot(w/(2*pi),abs(h))

w01 = 2*[0 pi*Fp pi/4 pi*Fs pi/2];

hO1 = freqz(a,b,w01);

hold on
plot(w01/(2*pi),abs(h01),'0")

hold off

Hilbert 02.m

Procesiranje signala
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FIR half-band filter
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0.8

o
(a7

Magnitude?

o
=

0.2

Half-band |IR filtar (3)

FIR half-band filter

0
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0.15

0.2
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Realizacija FIR HT

Hilbertov transformator kao
kompleksni half-band filtar

e 2 | (]
x|n]
Half-band filtar
F-z2) F——Yinl"]
| TN [} e T
\\. '.\ ‘
2 0.8} 2 0.8 \ 1
E E '| l|
:::—b 0.6 gb 0.6 il |I| |
- = '
Z 0.4 \{ = 0.4} \
.\ |' |”
0.2 \1 0.2¢
\ | q
0 0.2 0.4 0.6 0.8 ] 0 0.2 04 0.6 0.8 |
/T w/n

~(N-1)/2

Procesiranje signala
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Gain, dB

—

_
-—

—40 1]

-50 |

—60)

0.5n

Realizacija IR HT

Hilbertov transformator kao
kompleksni half-band filtar x[n]

Half-band filtar

R

Normalized frequenc

1.5%

400

=

2001

1001

Phase difference, degrees

0!

Procesiranje signala
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Modulacija

 Da bi se realan signal preneo na velike daljine,
on se modulise sa sinusnim signalom
visoke ucCestanosti (nosioc - carrier)

X'
V(') =3 [X(c-" R X ’)]
Aty
L - } )
(1" (1)"” “.“ E(!)lxl T
(@) i
Upper sideband
V(e!®)
i :_[ //- ¥ (l)‘_\‘.“ 5‘\‘ () /./' Q -_“‘ : T‘t (!)
"((’)(‘ + (l)‘tf} i e ((')(. (,)\Ij ((l)‘, (,)_‘11‘) ) ((l)(. + (')‘l)
Procesiranje signala 25
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SSB

Od realnog signala u, generiSe se
analitiCki signal koji ima isti takav
realni deo, i odgovarajuci imaginarni
deo # koji se generisSe Hilbertovim
transformatorom Hy

yn]=uln]+ juln]

Modulacija analitiCkog signala sinusnim signalom

Jwen — (.\.ycl,l] + ./‘_\:ilnlnl) (L()\ (l)(-,' + J- .\i“ (IJ(’I)

sln] = ylnle
= (x[n] cos w.n — x[n] sin u)‘.n)
+ j (x[n] sinwen + X[n] coswen) .

Procesiranje signala 26



(a)

(b)

(C)

Generisanje SSB (1)

Y, e(¢/®)

.

e .

[ "

D .

@

S

M

r i ) r®
T 0] () ’M

Y.'m((' J’m)

-0, _\

.

+ = > 0}
= X o %L wlD
- \ Sy M -

,-((, j(l))

* : p— D
—TT a ",‘ - )] T
Procesiranje signfla
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Generisanje SSB (2)

sre[n] = x[n]cos wen — x[n]sinwen, | g0

sim|n] = x[n] sin w.n + x[n]cos w.n. _\
(d) t :

-/ ()]
L
+()
(t) « M
v ()
Syele )
(e) . /_}
—T T _(')(. 0
(0 +
( p mM) (!) +(:)"
Sim(e’™)

- R

g O "\ Procesiranjdsignala
(0 +, ) 0 0) +u)
( |

M
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Generisanje SSB signala

Kasnjenje koje se pravi u HT

COSW,.n Sreln]

X[n]

Hilbert
transformer

311 ®,.n

Procesiranje signala 29



Filtarske banke

 Digitalna filtarska banka je set digitalnih filtara
propusnika opsega ucestanosti koji imaju
(a) zajednicki ulaz ili (b) zbirni izlaz

AN =t H, () — v,y (7] 9()1111 = “Tp(2) C » y[n]
N H(z) [ vln] vi[n]l # F(2)
. - :
: . ’ .
L Hy R vy yln] Vpyln] = FL—](:)_—I
(a) (b)

Analysis filter bank Procesiranje styfathesis filter bank 30



Analysis filter bank

* Analysis filter bank se koriste za
dekompoziciju ulaznog signala
u set podopseznih signala,
gde svaki od njih zauzima
deo originalnog frekvencijskog opsega

» Ulazni signal se analizira i razdvaja u
set uskopojasnih spektralnih opsega

Procesiranje signala
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Synthesis filter bank

« Synthesis filter bank se koriste da se set
podopseznih signala kombinuje da se napravi
jedan signal koji zauzima siri frekvencijski opseg

* NajCesce se koristi da se od signala dobijenih
bankom filtara analize pobnovo napravi
originalni signal koji zauzima kontinualni

frekvencijski opseg

« Od ulaznih signala, sintezom se generise
originalni signal

Procesiranje signala 32



Uniformna DFT filtarska banka

Uniformna filtarska banka ima istu
Sirinu propusnog opsega svih filtara /

(l)“./;; \(!)
00 H, je lowpass filtar od 0 do w,, i

HO (Z) — Zho [n]Z_” h, je realni impulsni odziv

Modulacijom 4, sa
eksponencijalnom

- —k — 727/ M
hk [n] — hO [n WM n, WM =€ Y= sekvencom, 0<ik<M-1

M

(
Hk (Z) = HO \ZWA]}) 0<k<M-1 Funkcija prenosa

Joy _ j(w—2ﬂk/M)) Frekvencijski odzi
Hk (e’/™) = HO (e — rekvencijski odziv .

Procesiranj



Uniformna filtarska banka

h, nije realna
sekvenca, k0,
spektar nije

simetrican

,f” II”
/ " . J l W
0 r n 2m
(l)l. )
ELY
M (u)
H,
J . . w
0 2K n n
M
Hpg- Hyg g
l + J —+ 1 w
0 n I 2

Procesiranje signala(M-1)
(b) M

k=0

k=1

f=M-1

34



Polifazna implementacija

H, je lowpass prototip filtar

M
Hy(2)= ) 2z E(2)
1=0

E, je polifazna komponenta

Ej(z)= ) ¢lnlz"" =) hyll+nM]z"",0< 1< M -1
n=0 n=0

Procesiranje signala
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Implementacija: Program_ 14 3

N = 22;
L =4,
= -N/2:N/2;

b = sinc(n/L)/L;

win = hamming(N+1);

Cc = b.*win';

[h,w] = freqz(c,1,512);
plot(w/pi,20*log10(abs(h)));

c je prototip filtar

20
0
-20

-40)

Gain, dB

-60
-80
-100

-120
0

L-th band Nyquist Filter, L= 4

0.2 0.4 0.6 0.8 1
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Program_14 3 (2)

M =4;
disp

disp

(N =
disp([' L =
([ M=

"num2str(N)])
' num2str(L)])
" num2str(M)])
-2 x  |Command Window
2>
g < »] N = 22
‘ L = 4
A X
—axq| M = 4
(AL K (]
Start |
0 — a qucesi;anie signala

37



Program_14 3 (3)

E(1,:) = c(1:M:end);
for ind =2:M-1
E(ind,:) = c(ind:M:end);

EM1 = c(4:M:end);
if length(EM1)<length(E(1,:))
EM1(length(E(1,:)))=0;

end E su polifazne komponente

- end =
L EM,) = EMT; S
0 | disp(E =) v
< disP(E)

x| |Command Window X
E» E = Al
- 0.0016 -0.0112 0.0631 0.2209  -0.0273 0.0038

Al 0.0031  -0.0252 0.1475 0.1475  -0.0252 0.0031
P.x 0.0038 -0.0273 0.2209 0.0631 -0.0112 0.0016

=l -0.0000 0.0000 0.2500 0.0000 -0.0000 0

v| v
)< coaaaiti i ian 4




Program_ 14 3 (4)

Eo(z) = 0.00163694 — 0.01121888 27! + 0.06311487 z 7% + 0.22088513 7>
~0.02725549 274 + 0.00382693 7 >,

~0.025174873 2~ * + 0.00313959 7 >,
E»(z) = 0.00382693 — 0.02725549 27! + 0.22088513 272 + 0.06311487 73

~0.01121888 2% +0.00163694 75,
E3(z) = 0.25z72.

)

E1(z) = 0.00313959 — 0.025174873 2! +0.147532912 272 4 0.147532912 7

~ x  |Command Window
Blle =
L] 0.0016 -0.0112 0.0631 0.2209 -0.0273 0.0038
1)
Ll 0.0031 -0.0252 0.1475 0.1475 -0.0252 0.0031
g..X 0.0038 -0.0273 0.2209 0.0631 -0.0112 0.0016
=P -0.0000 0.0000 0.2500 0.0000 -0.0000 0
™
| |

(Gl B3 Procesiranje signala




Program_14 _3 (5)

H, je lowpass filtar od 0 do o,

o0
HO (Z) — Zho [n]Z_” h, je realni impulsni odziv
n=0
Hk (2) = HO (ZW]@l 0<k<M-1 Funkcija prenosa

M -1
Hi(2)= > 2w B, z2M), 0<k<M -1
[=0

Procesiranje signala
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Program_14 3 (6)

3 Eo(z™)
2~ E1(z™)

] L - - : =2 (.M
Hk(:)z[l W‘(,‘ w‘;’-‘ WM‘M "‘] 7 ()

:_(M-“EM _Al(:;u).-

—

ers EOAZ) 1 ¥ Eo(z™)
H(2) B 3 (el

H)(z) | = MDD~} z~*E2(z")

oy S 7 7 y T
Hn" -1 (*) - Procesiranje-signala b M~ (‘" ) -~ 41




Program_14 3 (7)

P W
r | "-2 ’ ( V )
Wy Wi W,’w” 1
y : ,4 ..( i - )
Wi Wy Wi
(M—1) WM—1) (M—1)
W Wit LY g

Procesiranje signala 42



Program 14 3 (8)

M

x|n| -D

-

E,(zM)

I:'A gii

Procesiranje signala

M-point IDFT

voln]
v l[nl

v,ln)

Vg ||"|



Program 14 3 (9)

Procesiranje signala
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Program_14 3 (10)

Wm = exp(i*2*pi/M);
Wm = round(10*2*Wm)/1072;
disp([' WM =" num2str(Wm)])
wm1 = 0:M-1;
D = Wm.A0*wm1);
for ind =1:M-1
D = [D;Wm.A(ind*wm1)];
end

i ! ="' — 1 —— [Pm—
disp('D =") J J
. e —
disp(D)
2 x| |Command Window X
7| wm = 0+1i &
AL | D = =1
il
ALl 1.0000 1.0000 1.0000 1.0000
2. X 1.0000 0 + 1.0000i -1.0000 0 - 1.0000i
ol 1.0000 -1.0000 1.0000 -1.0000
“"' 1.0000 0 - 1.0000i -1.0000 0 + 1.0000i —
[#san)
Procesiranje signala 45




Program 14 3 (11)

Columns 1 through 9

0.0016 0 0
0 0.0031 0
0 0 0.0038
0 0 0

Columns 10 through 18

0 0 0
0.1475 0 0
0 0.2209 0
0 0 0.2500

Columns 19 through 24

0 0 0.0038
0 0 0
=0. 0112 0 0
0 -0.0000 0

0 -0.0112 0 0 0 0.0631
0 0 -0.0252 0 0 0
0 0 0 =0.0273 0 0
-0.0000 0 0 0 0.0000 0
0.2209 0 0 0 -0.0273 0
1] 0.1475 0 0 0 -0. 0252
0 0 0.0631 0 0 0
0 0 0 0.0000 0 0
e0=E(1,:); e0(4,1)=0;
Em(1,:) =e0(:)"
0 o |forind =2:M
0. B03d . e0=E(ind,:); e0(4,1)=0;
0 0.0016 : N N
" . e0(ind,:)=e0(1,:);

Procesiranje signg

e0(1,:)=0%e0(1,:);
Em(ind,:) = e0(:)";
£nd
disp(Em)




Hk =
Columns

. 0016
. 0016
. 0016
.0016

o o o o

Columns

=0, 0112
=0 0118
-0.01YE
-0. 0112

Columns

« 1631
. 0631
« Hbdl
. 0631

o o o o

Malimne
- 1

Program_ 14 3 (12)

1 through 4

S5 through 8

- |

0.

9 through 12

17 +hrandh 1A

- JE31
0 + 0.00311

- 0831
0 - 0.00311

0252
0 - 0.02521i

0252
0 + 0.0252i

H=D*Em;
disp(Hk =)
disp(H)
.0038 ]
. 0038 HO=H(1,:);
.0038 H1=H(2,),
. 0038 H2=H(3,:);
H3=H(4,);
e Ho(Z) v E Eo(zM) N
1Rl 1 E\ (M)
( ‘
! _”Mv.—l(:)_ _;—‘M—ll[.fM_l(:,-w)_

- Hp(z) = Eo(zH + 27 E1@ + 272E2(2Y) + 23 Ea (2,

CH1(2) = EgZh + j 2 E1 Y - 22 Eat) - j 2 Es (e,
T VE Y + 272Ey Y - 273 Es (Y,
H3(z) ~Progésitanie signald £1 (%) — 2 7 E5 (%) + | 2"3E3(:4).

' H>(2) = 50(14) -



Program_14 3 (13)

=-1:0.01:

w = 2*pi*f;

1;

ha1 = 20*log10(abs(freqz(H1,1,w)));
figure; plot(f,ha1); axis([0 1 -70 5)); title("H1");

Gain, dB

H1
T

it

3 4 05 .06, 07 O
Proggsitanje signala
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Program 14 3 (14)

figure; plot(f,ha0,'-',f,hat,'--".f ha2,".',f,ha3,-.");
axis([-0.4 1 -70 5])
xlabel('Frequency');ylabel('Gain, dB');

D L
10 _“l\'
. 2} ¢
h, nije realna ]
sekvenca, 2 af :
spektar nije b
simetri¢an “or | | | |
A0 ;‘,? ‘}
Mf'l”‘”“} |f ; {\ﬂM |
it )II | 5' g & +,.f' YUY

_BU =
f
70 1
0

-0.4 DProcesilBanJe sigala 0.4
Frequency

49




IR prototip: Program_14 _4

[num,den]=cheby1(1,0.1,0.08);
a =num(1)

b =num(2)

c = den(2)

numO = [a b];

den0 = [1 c];

[h,w] = freqz(num0,den0,512);
plot(w/pi,20*log10(abs(h)));
xlabel("omega/\pi');
ylabel('Gain, dB');

title(['lIR Filter");

C je prototip filtar

Gain, dB

-60
0

Procesiranje signala

IIR Filter

0.2 0.4 06 0.8 1
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Program_14 4 (2)

E su polifazne komponente

numEO =[a 0 0 b*c"2];
numE1 = [0 b-a*c 0 0];
numE2 = [0 0 -b*c+a*c"2 0];
denEO =[1 0 0 c3];

a= 0.4529
b= 0.4529
c= -0.0943
numEO = 0.4529 0 0 0.0040
numg1 = 0 0.4956 0 0
numEgz2 = 0 0 0.0467 0
denEO = 1.0000 0 0 -0.0008
Procesiranje signala
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) = : E1(2) =

Program 14 4 (Mitra)

a+bz
H(Z) = T lc] < 1.
l4+cz™
Eo(z3) T E A REHE H(z)
z‘")El z3) | = i Wi Wf H(zW])
12 Ex(2°) 1 Wi Wl | [ Hew))

2By @) = { [H@ + WRHE W) + WY HEWH)]

= 1[atbz™! | _jan/3 (atbel®3; ,j2x/3 (atbel 4"z
_3[I+c:' i | 4cel=n/3z=1 = | 4-ces¥n/3z-1

Ladily —bc + ac?
ey 1+c3z73 |

a+bczz_] b —ac
P £ B Es(2) =

—bc + ac>

| + 3z
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Program_14 4 (3)

Wm = exp(i*2*pi/3);

numH1 = numEO+Wm*numE1+Wm”2*numE2;
ha1im = freqz(hnumH1,denEO,w);

ha1 = 20*log10(abs(freqz(numH1,denEO,w)));
figure; plot(f,ha1); axis([0 1 -40 5])
xlabel(‘Frequency');ylabel('Gain, dB');title("H1");

numH2 = numEO+Wm”2*numE1+Wm”*4*numE2;
ha2m = freqz(hnumH2,denEO,w);

ha2 = 20*log10(abs(freqz(numH2,denEO,w)));
figure; plot(f,ha2); axis([0 1 -40 5])
xlabel(‘Frequency’);ylabel('Gain, dB');title("H2");

Procesiranje signala
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Program_ 14 4 (4)

H, nije
realan filtar,
spektar nije
simetrican

Gain, dB

- .
0 0.2 0.4
Procesirahj& ¥i§hsia




Quadrature-Mirror sistem

« Ulazni signal se propusta kroz filtre propusnike niskih |
visokih uCestanosti, sa granicnim frekvencijama na
sredini celog opsega, zatim se izvrSi downsampling pa
kodovanje, i u tom obliku prenosi, arhivira ili obraduje

« Da bi se regenerisao originalni signal, posle
dekodovanja i upsamplinga, propusta se kroz dva filtra,
Ciji zbir sadrzi informaciju iz originalnog signala

—|| Ho(2) l: Coder Decoder ¥ TZ = Gp(2)
X[n}l—¢
H\(z) ll —cl Coder ) —-‘l)cumlcr—v Tl ——c| G(2)

Procesiranje signala
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QMF banka

volnl ugln] i\‘()[“1 .
» Hy(2) 13 TZ * Go(2)
x[n] —%
vi[n] uy[n] Vy[n}
»| H(2) I l?. > T2 * Gy(2)
1| [H,€®) |H ()|
. 0]
0 1/2
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yin]



QMF banka

xin] —*%

Vi(2) = H(2)X(2)

1

Uy (2) =21, 2y 47 (<212

2
Vi(2) = Up(z°)

> l[()(:l

voln]

> ,II(.")

] 1>

upln]

Vi (2) =

2
Y(z) = T(2)X(2)# A7) X (=2)

uy[n] vy n
» 3

" Gp(2)

+ (1‘](.")

}— vin)

(H(2)X (2)+ Hy (~2) X (~2))



xin] —¢

> II()(;‘.)

voln]

QMF banka

* fli(fl

uolnl

A
voln]

-T3

uynj

i\'ll”l_

’ (;(](:J

}4 yin]

Y(z)=T(z)X(z)+ A(z) X (—z2)

I'(z)=—

1
2

1

A(z) =—

2

(;|{:]

(Ho(2)Go(2) + H(2)Gy (2))

(Ho(=2)Go(2) + H (-2)G\ (2))

Procesiranje signala
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Preklapanje spektra

* Uslov da ne postoji
preklapanje spektra (aliasing)

A(z)=0

Hy(~2)Go(2) + H(~2)G (2) = 0

Y(z)=T(2)X(2)

Procesiranje signala
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Funkcije prenosa

Y(z)=T(2)X(2)

Magnitude preserving

‘T(ejw)‘ —d =0

Phase preserving

T(ejw) _J ej(aa)+,8)

Perfect reconstruction

T'(z)= 7!
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QMF banka sa
perfektnom rekonstrukcijom

I 1

Ho(z)=ﬁ(1+z‘1) HI(Z):ﬁ(I_Z—l)

Gy (z) =%(1+z‘1) G,(z) :%(_H_Z—l)

I
T(z)=—z2
(2)=3

A(z) =0
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QMF banka
bez preklapanja spektra

Go(z) = H{(-2)

Gi(z)=—-Hy(-2)

T(2) = (Ho () Hy (=2)~ Ho (-2) 1 (2)

A(z)=0 Parni stepeni po z
se ponistavaju

62



QMF banka
bez preklapanja spektra

H, je filtar propusnik
GO (Z) = HO (Z) niskih ucestanosti

Hl (Z) — HO (_Z) H, je filtar propusnik

visokih uc¢estanosti

Gi(z)=-H((-2)

Slika u ogledalu u odnosu na w/2

‘Hl (e]a) )‘ — ‘HO (ej(ﬂ_w) )‘ Ova udestanost se naziva

kvadraturna uc¢estanost

Procesiranje signala
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Polifazna realizacija

Ho(z)=Eo(z*)+z " Ey(z%)

H\(z) = Ey(z") -z E(z°)
T(z)=2z"'Ey(z)E;(z?)

Procesiranje signala
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Efikasna realizacija

T
Ey(z%)

bl(:z)

12 """Tz El(Cz) l
Z !
+ +
- 12 2 - E()(:z)-—é}—' y[n]

e E()(Z)

—-|E,(::)

+ E@ ]2 £l
2
+ +
(& - Eo) P12 -oé)——» yin]
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FIR QMF: Program_14 1

B1 =[-0.006443977 0.02745539 -0.00758164 ...
-0.0913825 0.09808522 0.4807962];
B1 = [B1 fliplr(B1)];
L = length(B1);
fork=1:L
B2(k) = ((-1)"k)*B1(k);
end
[H1z, w] = freqz(B1, 1, 256);
h1 = abs(H1z); g1 = 20*log10(h1);
[H2z, w] = freqz(B2, 1, 256);

h2 = abs(H2z); g2 = 20*log10(h2);

Hl (Z) = HO (—Z) H, je filtar propusnik

niskih uéestanosti

Procesiranje signala
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Program_ 14 1 (2)

L N N S B B S B N R

Gain, dB

i
o0r 02 03 04 05 06 07 08 09 1

Mmoo
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Program_14 1 (3)

fori=1:256,
sum(i) = (h1(i)*n1(i)) + (h2(i)*h2(i));
end
d =10*log10(sum);
plot(w/pi,d);grid;
xlabel("omega/\pi');
ylabel('Amplitude distortion, dB')

. 2 . 2
Ho(e!) +|Hy ()

Procesiranje signala
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Amplitude distortion, dB

Program_14 1 (3)

Samo ovaj FIR
ima perfektnu

rekonstrukciju

0.025 T ! T ! ! ! T ! T

% S U S N N
0.015 Pheeeeedmmmeeboedo b 1 1

R E N T Ho(Z)IT(”Z )
oo Attt AL :

] U TSN A U 0 NN SO £ RN S O S U S S S | »
A R R O 0 U O R Go(Z)Z—(”Z)

o
T
L]
L]
L]
L)
[

-
'
'
]
'
]
L]

-
1
'
L]
]
)
'
'

|
'
'
]
'
]
|
'
'
'
'
)
-
]
)
]
'
'
-4
]
L]
L)
(]
'
4
L]
)
)
'
]
]
"1
]
'
L]
'
]
]
b |
)
]
'
'
|

V1| WO R SISO NS (N ! O 9 S SRR | - -

Hy(z2) I%(I—Z_l)

X T e e

T L] R e e T S U S S S
N IV S SN S S S S AV A G(2) =
-0

1+Z_1)

|
0.1 02 03 04 05 06 07 08 089 1 2

o0/ o
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lIR realizacija

xin] |2 Bl A, )12
v
3 5
o2 b A 2) A ()P TQ -é—* yln]
Analysis filter bank Syntheis filter bank

Hy(z) = 4y(z*)+ 2 4(z%)  Hy(2) = 4g(z*) -z 4 (z?)

T(Z) = 2Z_IAO (22 )Al (22) Butterworth i elipticki filtri imaju

allpass filtre u granama.
Nema preklapanja spektra
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L-kanalna filtarska banka

v

x|n] —#—*

voln]
[{U(:)
\'||”|
III(:)
v, .In)
L—1

—H— y(n]

A
volnl :
(J“(:'
L
(:1(2]
A
\',__llnl *
(IL |(:)
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Program_14 2

B1=[-0.00644 0.0274554 -0.00758 -0.09138 0.098085 0.4808];
B1 = [B1 flipIr(B1)]; L =length(B1);
fork =1:L

B2(k) = ((-1)"k)"B1(k);
end
B10 = zeros(1, 2*length(B1));
B10([1: 2: length(B10)]) = B1;
B11 = zeros(1, 2*length(B2));
B11([1: 2: length(B11)]) = B2;
CO = conv(B1, B10);C1 = conv(B1, B11);
C2 = conv(B2, B10);C3 = conv(B2, B11);
f=0:0.01:1; w = 2*pi*f;
HO00z=freqz(CO0,1,w); h00=abs(H00z); M00=20%*log10(h00);
HO1z=freqz(C1,1,w); hO1=abs(H01z); M01=20%*log10(h01);
H10z=freqz(C2,1,w); h10=abs(H10z); M10=20%*log10(h10)
H11z=freqz(C3,1,w); h11=abs(H11z); M11=20%log10(h11);
plot(f, MOO,"-',f, MO1,'--",f, M10,"--".f, M11,"-");

Procesiranje signala
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Program_14 2

ap ‘ueg
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4-kanalna filtarska banka

> H”(:)

12

H,(z)

1

x|n] —¢

B Hl(l)

HI(Z) "

12 b

G()(:) g
G|(:)

H,(z)

1

= G(2)

G()(:) ]

@ »ln)

12--»

H(z)

12

~

— Levell > & Level2 —

-
@~
3

Gl(:’)

« Level2 —

x|n| —

GI(:) =

«— Levell —

i+)—~ yn]

> H”(:) *14 T4 a (l‘“(:)
Hyo(2) 144 t4pl G2
Hoi(2) P44 F—{t4 P| Gy (2

P ogéghgéw'?f*dkfm a T4 Goo@
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Banke nejednake sirine opsega

Hy(z) P 2 { }—'T 2 P Gyl2)
I Hi@QPMI2F—1 2P G (2 |
x[n] H(z) M} 2 -t 2P G,(2) vin)

H Hy, H,
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Visestepene filtarske banke

Ho(x) 4 2 [ Y4l

Hyo) A | 2 Fo @) [ 2 sl
| Hy2) —u‘l ) J: H, (2 11: > i,
H(2) #l?_ 4[ H\@) lg p u,[n]
] 4 H,(2) —|‘lw et

¢ Level | ——¢— Level 2 — ¢ Level 3 M Level 4 -

(a)
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Filtarska banka:
4 nivoa oktavnih opsega

X 4|n|
— Higho [Py Sy

X x 3[n)
‘—4 .(H4_|(:) 24 p——ly U ]I"I Hy.1(2) = Hi(2),

H21(2) = H()(:)HH::).

k-

A :l"l M3 1(2)y= H()(:)Hu(::)H;(:J).

23 |— u,[n -
X,ln] Ha,0(z) = Ho(z) Ho(z*) Ho(z*) Ho(2%).
' F 5 l
‘—-4 _’{:_l(.'.',) ——ﬂl:: , ullnl
T xqln)
H) 12) » l 2 | u,yln]
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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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