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5.1.  Introducere

ÌQ� PXOWH� DSOLFD LL� HVWH� QHFHVDU � VFKLPEDUHD� IUHFYHQ HL� GH� HúDQWLRQDUH� D
VHPQDOXOXL��)LH� VHFYHQ D�QXPHULF � [ ]x n �� RE LQXW �SULQ� HúDQWLRQDUHD� VHPQDOXOXL
continuu ( )cx t :

[ ] ( )cx n x nT= (5.1)

unde T este SHULRDGD�GH�HúDQWLRQDUH.

6FKLPEDUHD� UDWHL� GH� HúDQWLRQDUH� SHQWUX� VHFYHQ D� GLVFUHW � [ ]x n  este
HFKLYDOHQW �FX�RE LQHUHD�XQHL� VHFYHQ H�FDUH� V � FRQ LQ �HúDQWLRDQHOH� VHPQDOXOXL
FRQWLQXX�RE LQXWH�FX�R�SHULRDG ��T T′ ≠ :

[ ] ( )cx n x nT′ ′= (5.2)

'HRDUHFH� DYHP� OD� GLVSR]L LH� VHFYHQ D� GLVFUHW � [ ]x n � úL� QX� VHPQDOXO
continuu ( )cx t ��SUH]LQW �LQWHUHV�DFHOH�PHWRGH�GH�VFKLPEDUH�D�UDWHL�GH�HúDQWLRQDUH
FDUH� RSHUHD] � QXPDL� DVXSUD� VHPQDOXOXL� GLVFUHW�� $FHVWHD� VXQW� PHWRGHOH� GH
HúDQWLRQDUH�PXOWLUDW �FDUH�UHDOL]HD] �GHFLPDUHD��UHGXFHUHD�UDWHL�GH�HúDQWLRQDUH�
VDX� LQWHUSRODUHD� �FUHúWHUHD� UDWHL� GH� HúDQWLRQDUH�� FX� DMXWRUXO� FLUFXLWHORU� GH
GHFLPDUH�� UHVSHFWLY� H[SDQGDUH� úL� D� ILOWUHORU� DGHYDWH�� 'HRDUHFH� FUHúWHUHD� VDX
VF GHUHD� UDWHL� GH� HúDQWLRQDUH� VH� IDFH� vQ� DFHVWH� FLUFXLWH� FX� IDFWRUL� vQWUHJL�
RE LQHUHD�XQHL�PRGLILF UL�IUDF LRQDUH�VH�SRDWH�UHDOL]D�SULQ�FDVFDGDUHD�FLUFXLWHORU
de decimare cu cele de interpolare sau invers.
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5.2. Decimarea

'HFLPDUHD� UHSUH]LQW �RSHUD LD�GH� UHGXFHUH�D�UDWHL�GH�HúDQWLRQDUH a unui
semnal discret cu un factor întreg M:

[ ] [ ] ( )d cx n x nM x nMT= = (5.3)

Fie MF � IUHFYHQ D� PD[LP � D� VHPQDOXOXL� FRQWLQXX� ( )cx t �� &RQGL LD� FD
semnalul ( )cx t � V � SRDW � IL� UHFRQVWLWXLW� GLQ� HúDQWLRDQHOH� VHPQDOXOXL� GHFLPDW

[ ]dx n � HVWH� FD� SULQ� UHGXFHUHD� UDWHL� GH� HúDQWLRQDUH� V � ILH� vQGHSOLQLW � FRQGL LD
Nyquist:

2S MF F′ ≥ (5.4)

unde 
1 1 s

S

F
F

T MT M
′ = = =

′
�HVWH�UDWD�GH�HúDQWLRQDUH�UHGXV �FX�IDFWRUXO�M.

'DF � QX� VH� UHVSHFW � FRQGL LLOH� GH� PDL� VXV� vQ� XUPD� GHFLP ULL� DSDUH
fenomenul de aliere (suprapunerea spectrelor pentru semnalul decimat). Pentru a
evita alierea se introduce înaintea circuitului elementar de decimare un filtru
WUHFH�MRV�FD�vQ�ILJXU �

FTJ ↓M
x[n] xd[n]

Figura 5.1. Circuitul complet de decimare cu factorul M.

)UHFYHQ D��QRUPDW ��GH�W LHUH�D�ILOWUXOXL�HVWH�

t M

πω = . (5.5)

E1. ([HUFL LX:
D��6 �VH�JHQHUH]H�XUP WRUXO�VHPQDO�

1 2[ ] sin(2 ) sin(2 )x n f n f n= π + π ,       0 : 1n N= − (5.6)

unde f1� úL� f2� VXQW� IUHFYHQ HOH� QRUPDWH� FRUHVSXQ] WRDUH� IUHFYHQ HORU
1 1000F Hz= , 2 3500F Hz= �� IUHFYHQ D� GH� HúDQWLRQDUH� ILLQG� 20sF kHz= .

1XP UXO�GH�HúDQWLRDQH�HVWH� 64N = .
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E��6 �VH� UHDOL]H]H�GHFLPDUHD�DFHVWXL� VHPQDO�FX� 2M = � úL� 4M = . Se vor
UHSUH]HQWD�VSHFWUXO�VHPQDOXOXL�LQL LDO�úL�VSHFWUXO�VHPQDOXOXL�GHFLPDW�

ÌQWkL� V � UHDOL] P� UHGXFHUHD� IUHFYHQ HL� GH� HúDQWLRQDUH� FX� XQ� GHFLPDWRU
HOHPHQWDU�FDUH�UH LQH�HúDQWLRDQHOH�PXOWLSOLL�GH�M:

[ ] [ ]xd n x nM=

xd = x(1:M:N);
X = abs(fftshift(fft(x,256)));
Xd = abs(fftshift(fft(xd,256)));
f = linspace(-0.5,0.5,256);
figure(1)
subplot(211),plot(f,X),grid,title(’Spectrul lui x’)
subplot(212),plot(f,Xd),grid,title(’Spectrul lui xd’)

&XP�VH�PRGLILF �VSHFWUXO�SULQ�GHFLPDUH"�&RPSOHWD L�WDEHOXO�

)UHFYHQ H�QRUPDWH )UHFYHQ H�QHQRUPDWH
’ s

s

F
F

M
=

’
1f

’
2f

’
1F  (Hz) ’

2F  (Hz)

2M =
4M =

3HQWUX� D� HYLWD� IHQRPHQXO� GH� DOLHUH� �REVHUYDW� SHQWUX� IUHFYHQ D� ’
2F � GDF

4M = ��VHPQDOXO�GH� LQWUDUH� WUHEXLH�ILOWUDW�FX�XQ�ILOWUX� WUHFH� MRV�FX�IUHFYHQ D�GH
W LHUH� /t Mω = π .

F��2E LQH L� FRHILFLHQ LL� ILOWUXOXL� DQWLDOLHUH� GH� RUGLQ� ��� FX� IXQF LD�fir1.
)LOWUD L�VHPQDOXO�GH�LQWUDUH�FX�ILOWUXO�SURLHFWDW�

6HPQDOXO�ILOWUDW�VH�RE LQH�DVWIHO�

xf = filter(h,1,x);

unde h�VXQW�FRHILFLHQ LL�IXQF LHL�SRQGHUH�DL�ILOWUXOXL�),5�SURLHFWDW�

G�� 'HFLPD L� VHPQDOXO� ILOWUDW� FX� 2M = � úL� 4M = �� 5HSUH]HQWD L� VSHFWUXO
VHPQDOXOXL�ILOWUDW�úL�VSHFWUXO�VHPQDOXOXL�ILOWUDW�úL�GHFLPDW��&RPHQWD L�GLIHUHQ HOH
ID �GH�UH]XOWDWHOH�RE LQXWH�DQWHULRU�
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)XQF LD�0DWODE�decimate� LPSOHPHQWHD] �XQ�GHFLPDWRU�� DGLF � ILOWUHD]
WUHFH�MRV�VHPQDOXO�GDW��GXS �FDUH�vO�GHFLPHD] �FX�UDWD�VSHFLILFDW �

Sintaxe:

y = decimate(x,D)
• vectorul x�FRQ LQH�YDORULOH�HúDQWLRDQHORU�VHFYHQ HL�GH� LQWUDUH� x n[ ]  iar D este

IDFWRUXO� GH� GHFLPDUH�� 3HQWUX� HYLWDUHD� DOLHULL� VH� IRORVHúWH� vQ�PRG� LPSOLFLW� XQ
ILOWUX�WUHFH�MRV�GH�WLS�&HEvúHY�,��GH�RUGLQXO����9D�UH]XOWD�YHFWRUXO�y�FH�FRQ LQH
YDORULOH�HúDQWLRDQHORU�VHPQDOXOXL�GH�LHúLUH� y m[ ] .

• lungimea vectorului x�WUHEXLH�V �ILH�GH�FHO�SX LQ���RUL�PDL�PDUH�GHFkW�RUGLQXO
filtrului�IRORVLW� SHQWUX� D� HYLWD� DOLHUHD�� ÌQ� DFHDVW � VLQWD[ � VH� IRORVHúWH� vQ�PRG
LPSOLFLW�XQ�ILOWUX�GH�RUGLQXO���GHFL�OXQJLPHD�PLQLP �D�YHFWRUXOXL�[�HVWH����

y = decimate(x,D,n)
• DFHOHDúL� FRQVLGHUHQWH� FD� vQ� VLQWD[D� SUHFHGHQW � FX� GHRVHELUHD� F � VH� YD� IRORVL

SHQWUX�HYLWDUHD�DOLHULL�XQ�ILOWUX�WUHFH�MRV�GH�WLS�&HEvúHY�,�GH�RUGLQXO�n. În acest
caz vectorul x�WUHEXLH�V �DLE �OXQJLPHD�PDL�PDUH�FD��n. Nu este recomandat
V � VH� DOHDJ � XQ� RUGLQ� PDL� PDUH� GHFkW� ��� GDWRULW � LQVWDELOLW LL� QXPHULFH
�0$7/$%�DYHUWL]HD] �vQ�DFHVW�FD]��

y = decimate(x,D,’fir’)
• DFHOHDúL�FRQVLGHUHQWH�FD�vQ�SULPD�VLQWD[ �FX�GHRVHELUHD�F �VH�YD�IRORVL�SHQWUX

HYLWDUHD�DOLHULL�XQ�ILOWUX�FX�U VSXQV�ILQLW�OD�LPSXOV��RFI) de lungime 30.

y = decimate(x,D,n,’fir’)
• DFHOHDúL�FRQVLGHUHQWH�FD�vQ�D�GRXD�VLQWD[ �FX�GHRVHELUHD�F �VH�YD�IRORVL�SHQWUX

HYLWDUHD�DOLHULL�XQ�ILOWUX�FX�U VSXQV�ILQLW�OD�LPSXOV��RFI) de lungime n.

5.3. Interpolarea

,QWHUSRODUHD�UHSUH]LQW �RSHUD LD�GH�FUHúWHUH�D�UDWHL�GH�HúDQWLRQDUH a unui
semnal discret cu un factor întreg L�� $FHDVWD� FRQVW � vQWkL� vQ� H[SDQGDUHD
VHPQDOXOXL�GLVFUHW�LQL LDO�XUPDW �GH�ILOWUDUHD�WUHFH�MRV�

↑L FTJ
x[n] xe[n] xI[n]

Figura 5.2. Circuitul complet de interpolare cu factorul L.
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Expandarea� VHPQDOXOXL� LQL LDO� VH� UHDOL]HD] � SULQ� LQWURGXFHUHD� D� 1L −
]HURXUL�vQWUH�GRX �HúDQWLRDQH�VXFFHVLYH�DOH�OXL� [ ]x n :

[ / ], 0, , 2 ,
[ ]

0 în reste

x n L n L L
x n

= ± ±
= 



K
, (5.7)

'XS �H[SDQGDUH��ILOWUXO�WUHFH�MRV�DUH�UROXO�GH�D�HOLPLQD�VSHFWUHOH�LPDJLQH
FDUH� DSDU� vQ� GRPHQLXO� GH� IUHFYHQ H� QRUPDWH� [ ],ω∈ −π π �� vQ� XUPD� FUHúWHULL
IUHFYHQ HL�GH�HúDQWLRQDUH�GH�L�RUL��)UHFYHQ D�QRUPDW �GH�W LHUH�D�ILOWUXOXL�HVWH�

t L

πω = . (5.8)

'H�DVHPHQHD� FkúWLJXO� ILOWUXOXL� WUHEXLH� V � ILH� HJDO� FX�L� DVWIHO� vQFkW� V � ILH
vQGHSOLQLW �UHOD LD�vQWUH�HúDQWLRDQHOH�VHPQDOHORU� [ ]x n �úL� [ ]ix n :

[ ] [ / ]ix m x m L= , pentru 0, ...m L= ± (5.9)

E2. ([HUFL LX:
a) Se va genera un semnal sinusoidal:

[ ] sin(0.4 )x n n= π      0 : 1n N= − (5.10)

unde 64N = .

E��6H�YD�UHDOL]D�P ULUHD�UDWHL�GH�HúDQWLRQDUH�SULQ�H[SDQGDUH�FX� 3L = .

[ / ] pentru ,
[ ]

0 în rest

x n L n kL k
xe n

= ∈
= 



Z

xe = zeros(1,L*N);
xe(1:L:L*(N-1)) = x;

ÌQ�ILJXUD���VH�YD�UHSUH]HQWD�R�SRU LXQH�GLQ�FHOH�GRX �VHPQDOH�
figure(1)
subplot(311),stem(0:10,x(1:11)),grid;
subplot(312),stem(0:L*10,xe(1:L*10+1)),grid;

ÌQ�ILJXUD���VH�YRU�UHSUH]HQWD�VSHFWUHOH�FHORU�GRX �VHPQDOH�
X = abs(fftshift(fft(x,256)));
Xe = abs(fftshift(fft(xe,256)));
f = linspace(-0.5,0.5,256);
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figure(2)
subplot(311),plot(f,X),grid,title(’Spectrul lui x’)
subplot(312),plot(f,Xe),grid,title(’Spectrul lui xe’)

&XP� VH� PRGLILF � VSHFWUXO� SULQ� H[SDQGDUH"� ([SOLFD L� DSDUL LD
FRPSRQHQWHORU�VSHFWUDOH�VXSOLPHQWDUH�vQ�XUPD�H[SDQG ULL�

F��6WUXFWXUD�FRPSOHW �D�FLUFXLWXOXL�GH�LQWHUSRODUH�VH�RE LQH�SULQ�DG XJDUHD
GXS � H[SDQGDUH� D� XQXL� ILOWUX� WUHFH� MRV� FX� IUHFYHQ D� GH� W LHUH� /t Lω = π � úL� FX
FkúWLJXO� HJDO� FX�L�� FDUH� V � HOLPLQH� VSHFWUHOH� LPDJLQH��(IHFWXO� DFHVWHL� ILOWU UL� vQ
GRPHQLXO� WLPS� HVWH� GH� D� UHIDFH� HúDQWLRDQHOH� VHPQDOXOXL� vQ� SXQFWHOH� XQGH� V�DX
LQWURGXV�]HURXUL�SULQ�RE LQHUHD�XQXL�VHPQDO�QXPHULF�FX�VSHFWUXO�LGHQWLF�FX�FHO�DO
semnalului analogic.

3URLHFWD L� XQ� ILOWUX� WUHFH� MRV� GH� RUGLQ� ��� FX� VSHFLILFD LLOH� GH� PDL� VXV� úL
ILOWUD L�VHPQDOXO�H[SDQGDW�

d) Se va reprezenta semnalul xi�RE LQXW�vQ�XUPD�ILOWU ULL�vQ�DFHHDúL�ILJXU
cu semnalele x�úL�xe�úL�VSHFWUXO�DFHVWXL�VHPQDO�vQ�ILJXUD����vPSUHXQ �FX�FHOHODOWH
spectre):

figure(1),
subplot(313),stem(0:L*10,xi(16:L*10+16)),grid;
Xi = abs(fftshift(fft(xi,265)));
figure(2)
subplot(313),plot(f,Xi),grid,title(’Spectrul lui x’)

5HOXD L�H[HUFL LXO�SHQWUX� 6L = .

)XQF LD� 0DWODE� interp� LPSOHPHQWHD] � XQ� LQWHUSRODWRU�� DGLF
H[SDQGHD] �VHPQDOXO�GDW�FX�UDWD�VSHFLILFDW ��GXS �FDUH�vO�ILOWUHD] �WUHFH�MRV�

Sintaxe:

y = interp(x,U)
• vectorul x�FRQ LQH�YDORULOH�HúDQWLRDQHORU�VHFYHQ HL�GH� LQWUDUH� x n[ ]  iar U este

factorul de interpolare. Va rezulta vectorul y�FH�FRQ LQH�YDORULOH�HúDQWLRDQHORU
VHPQDOXOXL�GH�LHúLUH� y m[ ] . 

• VH�IRORVHúWH�vQ�PRG�LPSOLFLW�XQ�ILOWUX�DQWL�LPDJLQH�GH�OXQJLPH���FX�IUHFYHQ D
GH� W LHUH� QRUPDW � ����� /XQJLPHD� YHFWRUXOXL� x� WUHEXLH� V � ILH� GH� FHO� SX LQ
��OXQJLPHD� ILOWUXOXL����� ÌQ� DFHDVW � VLQWD[ � VH� IRORVHúWH� vQ� PRG� LPSOLFLW� XQ
ILOWUX�GH�OXQJLPH���GHFL�OXQJLPHD�PLQLP �D�YHFWRUXOXL�x este 9.
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y = interp(x,U,l,ft)
• DFHOHDúL� FRQVLGHUHQWH� FD� vQ� SULPD� VLQWD[ � FX� GHRVHELUHD� F � VH� YD� IRORVL� XQ

ILOWUX�DQWL�LPDJLQH�GH� OXQJLPH� O� úL� DYkQG� IUHFYHQ D�GH� W LHUH�QRUPDW �ft. În
acest caz vectorul x�WUHEXLH�V �DLE �OXQJLPHD�GH�FHO�SX LQ��l+1.

[y,b] = interp(x,U,l,ft)
• y, x, U, l, ft�DX�DFHOHDúL�VHPQLILFD LL�FD�vQ�VLQWD[D�SUHFHGHQW ��VH�YD�UHWXUQD

în plus vectorul b�FH�YD�FRQ LQH�FRHILFLHQ LL�ILOWUXOXL�DQWL�LPDJLQH�

�����0RGLILFDUHD�IUDF LRQDU �D�UDWHL�GH�HúDQWLRQDUH

ÌQ� PXOWH� DSOLFD LL� SUDFWLFH� DOH� SURFHV ULL� VHPQDOHORU� GLJLWDOH� DSDUH
SUREOHPD� VFKLPE ULL� IUHFYHQ HL� GH� HúDQWLRQDUH� D� VHPQDOXOXL� SULQ� FUHúWHUHD� VDX
VF GHUHD� DFHVWHLD��&RQYHUVLD� FX� IDFWRUXO� UD LRQDO�L/M� D� UDWHL� GH� HúDQWLRQDUH� VH
poate realiza interpolând mai întâi semnalul cu un factor L� úL� DSRL� GHFLPkQG
LHúLUHD� LQWHUSRODWRUXOXL� FX� IDFWRUXO� M�� 6FKHPD� FRUHVSXQ] WRDUH� FRQVW � GLQ
LQWHUFRQHFWDUHD�vQ�FDVFDG �D�XQXL�LQWHUSRODWRU�FX�XQ�GHFLPDWRU��

↑L FTJ
x[n] xe[n] xf[n]

↓M
xd[n]

)LJXUD������&LUFXLWXO�GH�PRGLILFDUH�IUDF LRQDU �D�UDWHL�GH�HúDQWLRQDUH�

(VWH� LPSRUWDQW� V � VH� UHDOL]H]H� PDL� vQWkL� LQWHUSRODUHD� úL� GXS � DFHHD
decimarea pentru a prezerva caracteristicile spectrale dorite ale lui x n[ ] . Filtrul
WUHFH�MRV�GLQ�)LJXUD������ vQFRUSRUHD] �RSHUD LLOH�GH�ILOWUDUH�SHQWUX�LQWHUSRODUH�úL
decimare. Expresia lui ( )jH e ω  este:

, 0 | | min ,
( )

0, in rest

j L
H e M Lω

π πω  ≤ ≤  =  


(5.11)

3HQWUX� R� EXQ � vQ HOHJHUH� VH� UHFRPDQG � SDUFXUJHUHD� WHRULHL� GLQ� FDGUXO
VLVWHPHORU�FX�HúDQWLRQDUH�PXOWLUDW � UHIHULWRDUH� OD�FRQYHUVLD� UDWHL�GH�HúDQWLRQDUH
SULQWU�XQ�IDFWRU�UD LRQDO�L/M.
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E3. ([HUFL LX:
)LH�XQ�VHPQDO�VLQXVRLGDO�GH�IUHFYHQ � 1 8F kHz= ��HúDQWLRQDW�FX�IUHFYHQ D

32sF kHz= . Lungimea semnalului este 256N = �� 6H� GRUHúWH� PRGLILFDUHD
IUHFYHQ HL�GH�HúDQWLRQDUH�OD�

1. 1 48sF kHz= .
2. 2 20sF kHz= .
3. 3 12sF kHz= .

a) 6WDELOL L� IDFWRULL� GH� LQWHUSRODUH� L, respectiv de decimare M pentru
fiecare caz.

b) 3URLHFWD L� ILOWUXO� WUHFH� MRV� GLQ� FRPSXQHUHD� FLUFXLWXOXL� de modificare
IUDF LRQDU �D�UDWHL�GH�HúDQWLRQDUH�

c) (IHFWXD L�VFKLPEDUHD�UDWHL�GH�HúDQWLRQDUH�SHQWUX�VHPQDOXO�GDW�
d) 5HSUH]HQWD L�VSHFWUHOH�VHPQDOHORU� [ ]x n , [ ]ex n , [ ]fx n �úL� [ ]dx n .

)XQF LD�0DWODE�resample�LPSOHPHQWHD] �PRGLILFDUHD�IUDF LRQDU �D�UDWHL
GH�HúDQWLRQDUH�SHQWUX�XQ�VHPQDO�GDW�

Sintaxe:

y = resample(x,U,D)
• vectorul x� FRQ LQH� YDORULOH� HúDQWLRDQHORU� VHFYHQ HL� GH� LQWUDUH� x n[ ] , U este

factorul de interpolare iar D este factorul de decimare astfel încât se va realiza
FRQYHUVLD�UDWHL�GH�HúDQWLRQDUH�SULQ�IDFWRUXO�UD LRQDO�8�'��9D�UH]XOWD�YHFWRUXO�y
FH�FRQ LQH�YDORULOH�HúDQWLRDQHORU�VHPQDOXOXL�GH�LHúLUH� y m[ ] ;

• vQ� PRG� LPSOLFLW� VH� IRORVHúWH� XQ� ILOWUX� WUHFH� MRV� FX� U VSXQV� ILQLW� OD� LPSXOV�
proiectat cu ajutorul procedurii fir1� IRORVLQG� R� IHUHDVWU � .DLVHU� FX
parametrul beta = 5.

[y,b] = resample(x,U,D)
• VH�UHWXUQHD] � vQ�SOXV�ID �GH�SULPD�VLQWD[ �YHFWRUXO�b�FH�FRQ LQH�FRHILFLHQ LL

filtrului folosit în mod implicit.

y = resample(x,U,D,b)
• y, x, U�úL�D�DX�DFHOHDúL�VHPQLILFD LL�FD�vQ�SULPD�VLQWD[  ;
• vectorul b�YD�FRQ LQH�FRHILFLHQ LL�ILOWUXOXL�SH�FDUH�GRULP�V �O�IRORVLP�vQ�ORFXO

ILOWUXOXL�IRORVLW�LPSOLFLW�vQ�SULPD�VLQWD[ �
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�����$SOLFD LL�DOH�FLUFXLWHORU�PXOWLUDW

5.5.1. Filtrarea FIR prin decimare

ÌQ� DFHVW� FDSLWRO� VH� GHPRQVWUHD] � XWLOLWDWHD�PDL�PXOWRU� HWDMH� GH� GHFLPDUH
SHQWUX�RE LQHUHD�XQHL�ILOWU UL�FX�EDQG �IRDUWH�vQJXVW �úL�YROXP�UHGXV�GH�FDOFXOH�

6 � SUHVXSXQHP� F � DYHP� XQ� VHPQDO� FX� IUHFYHQ D� PD[LP � 4MF kHz= ,
HúDQWLRQDW� FX� IUHFYHQ D� GH� HúDQWLRQDUH� 8sF kHz= �� 'RULP� V � ILOWU P� VHPQDOXO
SHQWUX� RE LQHUHD� FRPSRQHQWHORU� VLWXDWH� vQ� EDQGD� 0 75Hz− � FX� R� EDQG � GH
WUDQ]L LH�GH�OD����OD����Hz. Riplul maxim al filtrului în banda de trecere este 0.01
iar cel în banda de oprire 10-4.

3HQWUX� RE LQHUHD� DFHVWRU� VSHFLILFD LL� FX� XQ� VLQJXU� ILOWUX� �I U � D� XWLOL]D
GHFLPDUHD�� SXWHP� IRORVL� DOJRULWPXO� 5HPH]�� 2UGLQXO� ILOWUXOXL� VH� GHWHUPLQ � FX
IXQF LD�remezord��6LQWD[D�DFHVWHL�IXQF LL�HVWH�

remezord([F1 F2], [A1 A2], [R1 R2], Fs)

unde: )��HVWH�IUHFYHQ D�PD[LP �D�EHQ]LL�GH�WUHFHUH�
F2 estH�IUHFYHQ D�PLQLP �D�EHQ]LL�GH�RSULUH�
A1 este amplificarea filtrului în banda de trecere;
A2 este amplificarea filtrului în banda de oprire;
R1 este riplul maxim al filtrului în banda de trecere;
R2 este riplul maxim al filtrului în banda de oprire;
)V�HVWH�IUHFYHQ D�GH�HúDQWLRQDUH�OD�FDUH�OXFUHD] �ILOWUXO�

E4. ([HUFL LX:
D��6 �VH�GHWHUPLQH�RUGLQXO�ILOWUXOXL�FX�VSHFLILFD LLOH�GH�PDL�VXV�

8Q� VHPQDO� FX� IUHFYHQ D�PD[LP �GH� ��Hz�� HúDQWLRQDW� FX� 8sF kHz=  este
evident VXSUDHúDQWLRQDW�� 'XS � FXP� V�D� DU WDW� DQWHULRU�� SULQ� GHFLPDUH� FX� M
IUHFYHQ D�GH�HúDQWLRQDUH�VH�UHGXFH�GH�M ori.

E�� &DOFXOD L� FkW� WUHEXLH� DOHV�M� SHQWUX� D� VH� RE LQH� IUHFYHQ D� PLQLP � GH
HúDQWLRQDUH��FDUH�V �vQGHSOLQHDVF �FRQGL LD�1\TXLVW�SHQWUX�VHPQDOXO�FX�IUHFYHQ D
PD[LP �GH���Hz.

5HDOL] P� GHFLPDUHD� FX�M� vQ� GRX � HWDSH�� FX� GRX � FLUFXLWH� GH� GHFLPDUH�
primul cu 1 25M = �úL�DO�GRLOHD�FX� 2 2M = .
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FTJ1 ↓M1 FTJ2 ↓M2

Primul decimator Al doilea decimator

FS FS1 FS2

)LJXUD������)LOWUDUH�FX�GRX �HWDMH�GH�GHFLPDUH

3HQWUX�D�HYLWD� IHQRPHQXO�GH�DOLHUH�SULPXO� ILOWUX� WUHFH� MRV� WUHEXLH� V � DLE
IUHFYHQ D�PLQLP �vQ�EDQGD�GH�RSULUH�

1
1

12 2
s s

b

F F
F

M
= = (5.12)

'H�DVHPHQHD�SHQWUX�RE LQHUHD�FRPSRQHQWHORU� VLWXDWH� vQ�EDQGD� 0 75Hz−
WUHEXLH�FD�IUHFYHQ D�PD[LP �vQ�EDQGD�GH�WUHFHUH�V �ILH�

1 75eF Hz= (5.13)

Gabaritul filtrului este prezentat mai jos:

0 Fe1=75Hz Fb1=Fs1/2 Fs/2=4kHz

0.01

10-4

F��&DOFXOD L� 1sF �úL� 1bF . 3URLHFWD L�SULPXO�ILOWUX�IRORVLQG�DOJRULWPXO�5HPH]�
Cât este ordinul primului filtru?

$WHQ LH�
3ULPXO�ILOWUX�OXFUHD] �WRW�OD�IUHFYHQ D� 8sF kHz= ��1XPDL�GXS �FLUFXLWXO�GH

GHFLPDUH� IUHFYHQ D�GH�HúDQWLRQDUH�VFDGH�FX� 1M . Ordinul filtrului este mai mic
GHRDUHFH�EDQGD�GH�WUDQ]L LH�vQWUH� 1bF �úL� 1eF  este mai mare.

3HQWUX� DO� GRLOHD� ILOWUX� WUHFH� MRV� FRQGL LLOH� GH� SURLHFWDUH� VXQW� FHOH� DOH
ILOWUXOXL� LQL LDO� �EDQG � GH� WUDQ]L LH� GH� OD� ��� OD� ��Hz��� GRDU� F � IUHFYHQ D� OXL� GH
lucru este în acest caz 1sF . Aceasta FRQGXFH�OD�R�EDQG �GH�WUDQ]L LH�vQ�IUHFYHQ H
normate mai mare.
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0 75  80 Fs1/2=160Hz

0.01

10-4

G��3URLHFWD L� DO�GRLOHD� ILOWUX� IRORVLQG� DOJRULWPXO�5HPH]��&kW� HVWH�RUGLQXO
ILOWUXOXL"� &DUH� HVWH� OXQJLPHD� WRWDO � D� FHORU� GRX � ILOWUH"� 5HSUH]HQWD L
caracteristicile filtrelor proiectate.

������7UDQVOD LD�GH�IUHFYHQ �SULQ�GHFLPDUH���LQWHUSRODUH

E5. ([HUFL LX:
)LH� XQ� VHPQDO� GH� EDQG � vQJXVW � �GH� H[HPSOX� XQ� VHPQDO� PRGXODW� vQ

amplitudine):

1 0[ ] [1 0.8cos(2 )]cos(2 )x n f n f n= + π π

unde f1� úL� f0� VXQW� IUHFYHQ HOH� QRUPDWH� SHQWUX� 1 600F Hz= , 0 7000F Hz= ,
IUHFYHQ D�GH�HúDQWLRQDUH� 20sF kHz= ��1XP UXO�GH�HúDQWLRDQH�HVWH� 256N = .

D�� 'HWHUPLQD L� EDQGD� �vQ� IUHFYHQ H� QRUPDWH�� RFXSDW � GH� VHPQDO�
5HSUH]HQWD L�VSHFWUXO�VHPQDOXOXL�

N_fft = 512;
f = linspace(-0.5,0.5,N_fft);
X = abs(fftshift(fft(x,N_fft)));
subplot(411),plot(f,X),grid,title(’Spectrul lui x’)

b) Cât trebuie ales M astfel ca prin decimare cu un decimator elementar
�I U �ILOWUX�WUHFH�MRV��V �QX�DSDU �DOLHUHD�úL�EDQGD�VHPQDOXOXL�GHFLPDW�V �RFXSH�WRW
GRPHQLXO�GH�IUHFYHQ �[0, )π "�'HGXFH L�R�UHOD LH�GH�FDOFXO�vQWUH�M, sF �úL�EDQG �

F�� 'HFLPD L� VHPQDOXO� FX� M� FDOFXODW� DQWHULRU�� 5HSUH]HQWD L� VSHFWUXO
VHPQDOXOXL�GHFLPDW�úL�YHULILFD L�F �QX�DSDUH�DOLHUHD�
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xd=x(1:M:N);
Xd = abs(fftshift(fft(xd,N_fft)));
subplot(412),plot(f,Xd),grid,title(’Spectrul lui xd’)

G�� ([SDQGD L� VHPQDOXO� FX� DFHODúL� M� úL� UHSUH]HQWD L� VSHFWUXO� VHPQDOXOXL
RE LQXW�

xe = zeros(1,N);
xe(1:M:N) = xd;
Xe = abs(fftshift(fft(xe,N_fft)));
subplot(413),plot(f,Xe),grid,title(’Spectrul
semnalului xe’)

H�� &kWH� VSHFWUH� LPDJLQH� DX� DS UXW"� &DUH� HVWH� O UJLPHD� EHQ]LL� QRUPDWH
RFXSDWH�GH�XQ�DVWIHO�GH�VSHFWUX�ID �GH�EDQGD�VHPQDOXOXL�LQL LDO"

3ULQWU�R�ILOWUDUH�WUHFH�EDQG �FRQYHQDELO�DOHDV �VH�SRDWH�VHOHFWD�RULFDUH�GLQ
VSHFWUHOH�LPDJLQH��UH]XOWkQG�R�WUDQVOD LH�D�VSHFWUXOXL�LQL LDO�

I�� 3URLHFWD L� XQ� ILOWUX� WUHFH� EDQG � FDUH� V � UH LQ � al doilea spectru al
VHPQDOXOXL� H[SDQGDW�� 2UGLQXO� ILOWUXOXL� WUHEXLH� DOHV� VXILFLHQW� GH� PDUH� FD� V
UHMHFWH]H�IUHFYHQ HOH�VSHFWUHORU�YHFLQH��5HSUH]HQWD L�VSHFWUXO�RE LQXW�

xf = filter(h,1,xe); % se filtreaza semnalul expandat
Xf = abs(fftshift(fft(xf,N_fft)));
subplot(414),plot(f,Xf),grid,title(’Spectrul lui xf’)

 


