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2.1.  Semnale în timp discret

8Q� VHPQDO� vQ� WLPS�GLVFUHW� HVWH� GHILQLW� SULQ�YDORULOH� DFHVWXLD�P VXUDWH� OD
momente discrete de timp. Semnalele în timp discret sunt reprezentate
PDWHPDWLF�SULQ�VHFYHQ H�GH�QXPHUH�QRWDWH�

21,][ NnNnx ≤≤                                      (2.1)

ÌQ�0$7/$%� DFHVWH� VHFYHQ H� VH� SRW� GHILQL� FD� YHFWRUL� OLQLH� VDX� FRORDQ �
DYkQG�HOHPHQWH�UHDOH�VDX�FRPSOH[H��2�SULP �OLPLWDUH�DSDUH�GLQ�IDSWXO�F �DFHúWL
YHFWRUL�VXQW�GH�OXQJLPH�ILQLW �vQ�WLPS�FH�vQ�SUREOHPHOH�GH�SUHOXFUDUHD�QXPHULF
D�VHPQDOHORU�VH�SRDWH�OXFUD�FX�VHFYHQ H�GH�OXQJLPH�LQILQLW �

2.1.1.  Definirea semnalelor în timp discret

ÌQ� VWXGLXO� VHPQDOHORU� úL� VLVWHPHORU� vQ� WLPS� GLVFUHW� VH� XWLOL]HD] � FkWHYD
VHFYHQ H�GH�ED] �FH�YRU� IL�SUH]HQWDWH� vQ�FRQWLQXDUH�� vPSUHXQ �FX�PRGXO� ORU�GH
definire în MATLAB.

• Impulsul unitate
Din punct de vedere matematic este definit astfel:
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'HRDUHFH� vQ� 0$7/$%� QX� SXWHP� GHILQL� VHFYHQ H� GH� OXQJLPH� LQILQLW � WUHEXLH
precizat domeniul de valori pentru n.

Exemple:
6 �VH�GHILQHDVF �úL�V �VH�UHSUH]LQWH�JUDILF�VHFYHQ HOH�
1. ][][1 nnx δ=
2. ]1[][2 −= nnx δ
3. ]1[][3 += nnx δ
4. ]3[5,0][4 −= nnx δ , pentru  1010 ≤≤− n .
7R L� YHFWRULL� YRU� DYHD� GHFL� ��� GH� HOHPHQWH�� 6H� SRDWH� SURFHGD� vQ� PDL� PXOWH
moduri:
n=-10:10;
x1=[zeros(1,10),1,zeros(1,10)];
stem(n,x1),grid,title(‘x1[n]’),xlabel(‘n’)

LQkQG� FRQW� vQV � GH� IDSWXO� F � VHFYHQ D� DUH� XQ� VLQJXU� HúDQWLRQ� QHQXO� VH� SRDWH
IRORVL�R�DOW �H[SULPDUH�PDL�IDFLO �
x1=zeros(size(n));
x1(11)=1;
// deoarece 10,9,,1,0,1,,9,10 KK −−−=n , momentul de timp 0=n  corespunde
FHOXL�GH�DO����OHD�HOHPHQW�DO�YHFWRUXOXL��D�F UXL�QRX �YDORDUH�YD�IL���
ÌQ�PRG�DVHP Q WRU�VH�SRW�GHILQL�úL�UHSUH]HQWD�JUDILF�FHOHODOWH�VHFYHQ H�
x2=zeros(size(n));
x2(12)=1;
stem(n,x2),grid,title(‘x2[n]’),xlabel(‘n’)
// momentul de timp 1=n  corespunde celui de al 12-lea element al vectorului.
x3=zeros(size(n));
x3(10)=1;
stem(n,x3),grid,title(‘x3[n]’),xlabel(‘n’)
// momentul de timp 1−=n  corespunde celui de al 10-lea element al vectorului.
x4=zeros(size(n));
x4(14)=0.5;
stem(n,x4),grid,title(‘x4[n]’),xlabel(‘n’)
// momentul de timp 3=n  corespunde celui de al 14-lea element al vectorului.
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E1. ([HUFL LL:
6 �VH�GHILQHDVF �úL�V �VH�UHSUH]LQWH�JUDILF�XUP WRDUHOH�VHFYHQ H�
1. ]5[9,0][1 −= nnx δ pentru  201 ≤≤ n
2. ][8,0][2 nnx δ= pentru  1515 ≤≤− n
3. ]333[5,1][3 −= nnx δ pentru  350300 ≤≤ n
4. ]7[5,4][4 += nnx δ pentru  1010 ≤≤− n
5. ]1[][][5 −−= nnnx δδ pentru  1010 ≤≤− n
6. ]1[2]2[3,0]1[5,0][][6 +−−+−−= nnnnnx δδδδ    pentru  1010 ≤≤− n

• Treapta unitate
Din punct de vedere matematic este definit astfel:
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8WLOL]kQG�SURSULHWDWHD�GH�GHSODVDUH�vQ�WLPS�VH�SRDWH�VFULH�F





<
≥

=−
0

0
0 ,0

,1
][

nn

nn
nnu         (2.5)

5HDPLQWLP�F �vQ�0$7/$%�QX�SXWHP�GHILQL�VHFYHQ H�GH�OXQJLPH�LQILQLW �úL�GLQ
DFHDVW �FDX] �WUHEXLH�SUHFL]DW�GRPHQLXO�GH�YDORUL�SHQWUX�n.

Exemple:
6 �VH�GHILQHDVF �úL�V �VH�UHSUH]LQWH�JUDILF�VHFYHQ HOH�
1. ][][1 nunx =
2. ]2[][2 −= nunx
3. ]2[][3 += nunx
4. ])3[]3[(7,0][4 −−+= nununx , pentru  105 ≤≤− n .
7R L� YHFWRULL� YRU� DYHD� GHFL� ��� HOHPHQWH��0RPHQWXO� GH� WLPS� 0=n  corespunde
FHOXL� GH� DO� ��OHD� HOHPHQW� DO� YHFWRUXOXL�� 6HFYHQ HOH� VH� YRU� RE LQH� SULQ
FRQFDWHQDUHD�XQRU�YHFWRUL�FX�HOHPHQWH�QXOH�úL�D�XQRU�YHFWRUL�FX�HOHPHQWH�GLIHULWH
GH�]HUR��vQ�IXQF LH�GH�PRPHQWXO�GH�WLPS�vQ�FDUH�DSDUH�SULPXO�HúDQWLRQ�QHQXO�
n=-5:10;
x1=[zeros(1,5),ones(1,11)];
stem(n,x1),grid,title(‘x1[n]’),xlabel(‘n’)
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x2=[zeros(1,7),ones(1,9)];
stem(n,x2),grid,title(‘x2[n]’),xlabel(‘n’)
// momentul de timp 2=n  corespunde celui de al 8-lea element al vectorului.
x3=[zeros(1,3),ones(1,13)];
stem(n,x3),grid,title(‘x1[n]’),xlabel(‘n’)
// momentul de timp 2−=n  corespunde celui de al 4-lea element al vectorului.
x4=0.7*[zeros(1,2),ones(1,6),zeros(1,8)];
stem(n,x4),grid,title(‘x4[n]’),xlabel(‘n’)

��� VHFYHQ D� ]3[ +nu � DUH� SULPXO� HúDQWLRQ� QHQXO� OD� PRPHQWXO� GH� WLPS� 3−=n
�HOHPHQWXO� DO� ��OHD�GLQ�YHFWRU��� VHFYHQ D� ]3[ −nu � DUH� SULPXO� HúDQWLRQ�QHQXO� OD
momentul de timp 3=n  (elementul al 9-lea din vector) astfel încât începând din
DFHVW�PRPHQW�VHFYHQ D� ][4 nx �DUH�WRDWH�HúDQWLRDQHOH�HJDOH�FX�]HUR�

E2. ([HUFL LL:
6 �VH�GHILQHDVF �úL�V �VH�UHSUH]LQWH�JUDILF�XUP WRDUHOH�VHFYHQ H�
1. ][3,0][1 nunx = pentru  2010 ≤≤− n
2. ]7[][2 −= nunx pentru  300 ≤≤ n
3. ]3[8,1][3 += nunx pentru  1515 ≤≤− n
4. ]6[][][4 −−= nununx pentru  2010 ≤≤− n
5. ]4[5,0]4[5,0][][5 +−−+= nunununx pentru  1010 ≤≤− n
6. ]9[2]2[]5[]1[][6 −−++−+−= nnnunnx δδδ pentru  2010 ≤≤− n

• Semnale periodice
ÌQ�0$7/$%�QX� VH� SRW� JHQHUD� VHFYHQ H� GH� OXQJLPH� LQILQLW � DVWIHO� vQFkW

WUHEXLH�SUHFL]DW�QXP UXO�GH�SHULRDGH�SHQWUX�R�DQXPLW �VHFYHQ �

Exemple:
6 �VH�GHILQHDVF �úL�V �VH�UHSUH]LQWH�JUDILF�VHFYHQ HOH�³SHULRGLFH´�
1. nnx =][1 pentru  50 ≤≤ n (3 perioade)
2. ]4[]2[][2 −−−= nununx pentru  50 ≤≤ n (5 perioade)
3. ]3[]1[][3 −−−= nnnx δδ pentru  50 ≤≤ n (7 perioade)
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n=0:5;
x1=n;
stem(n,x1),grid

���V�D�JHQHUDW�R�VLQJXU �SHULRDG �
x11=[x1,x1,x1];
stem(0:(length(x11)-1),x11),grid

��� V�DX� JHQHUDW� FHOH� �� SHULRDGH� DOH� VHFYHQ HL� ][1 nx ; H[SOLFD L de ce s-a folosit
VLQWD[D�UHVSHFWLY �SHQWUX�stem.
'DF � vQV �QXP UXO�GH�SHULRDGH�HVWH�PDL�PDUH� �GH�H[HPSOX�����PRGDOLWDWHD�GH
definire de mai sus ar presupune scrierea unui vector de tipul x11=[x1,x1,…,x1]
(de 10 de ori x1), ceea ce ar fi dificil din punct de vedere al operatorului. În
DFHVW�FD]�VH�SUHIHU �XQ�PRG�GH�GHILQLUH�PDL�IDFLO�
x11=x1’*ones(1,10);
���VH�RE LQH�R�PDWULFH�FX����GH�FRORDQH��SH�ILHFDUH�FRORDQ �DIOkQGX�VH�HOHPHQWHOH
vectorului x1 (s-a folosit transpunerea deoarece x1 era definit ca vector linie).
x11=x11(:);
��� PDWULFHD� UHVSHFWLY � GHYLQH� XQ� YHFWRU� FRORDQ � �YH]L� VHF LXQHD� ������� GLQ
capitolul 1).
stem(0:(length(x11)-1),x11),grid
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ÌQ�PRG�DVHP Q WRU�VH�SRW�GHILQL�úL�UHSUH]HQWD�JUDILF�FHOHODOWH�VHFYHQ H�
x2=[0;0;1;1;0;0];
x22=x2*ones(1,5);
x22=x22(:);
stem(0:(length(x22)-1),x22),grid

x3=[0;1;0;-1;0;0];
x33=x3*ones(1,7);
x33=x33(:);
stem(0:(length(x33)-1),x33),grid

E3. ([HUFL LL:
6 �VH�GHILQHDVF �úL�V �VH�UHSUH]LQWH�JUDILF�XUP WRDUHOH�VHFYHQ H�
1. ]4[][][1 −−= nununx   pentru  100 ≤≤ n (8 perioade)
2. ]3[]2[]1[][][2 −−−+−−= nnnnnx δδδδ   pentru  50 ≤≤ n (6 perioade)
3. ]6[]3[]1[5,05,0][3 −+−−−+= nununnx δ  pentru  80 ≤≤ n (4 perioade)

• Alte tipuri de semnale
)RORVLQG�RSHUDWRULL� úL� IXQF LLOH�PDWHPDWLFH�SUH]HQWDWH� vQ� VHF LXQLOH�������

úL���������GLQ�FDSLWROXO���VH�SRW�GHILQL�úL�DOWH�WLSXUL�GH�VHFYHQ H�QXPHULFH�

Exemple:
6 �VH�GHILQHDVF �úL�V �VH�UHSUH]LQWH�JUDILF�VHFYHQ HOH�
1. nenx =][1

2. 
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3. 
2

1
][3 −= nnx

4. )23(log1][ 104 +−= nnx , pentru  100 ≤≤ n

n=0:10;
x1=exp(n);
stem(n,x1),grid

x2=((-1).^n).*cos(n*pi/15);
stem(n,x2),grid

x3=sqrt(abs(n-1/2));
stem(n,x3),grid

x4=1-log10(3*n+2);
stem(n,x4),grid
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E4. ([HUFL LL:
6 �VH�GHILQHDVF �úL�V �VH�UHSUH]LQWH�JUDILF�XUP WRDUHOH�VHFYHQ H�
1. nnx )1(][1 −= pentru  100 ≤≤ n

2. 
nn

nx 




−−





=

2

1

2

1
][2 pentru  100 ≤≤ n

3. 1
3 11

sin2][ −




= ne

n
nx

π
pentru  2020 ≤≤− n

4. 




−





=

15
sin

15
cosln][4

ππ nn
nx  pentru  2020 ≤≤− n

5. ( ) 




 +−+=

2
3sin)1(1][5

ππnnx n  pentru  2020 ≤≤− n

6. ( )]10[][][][ 56 −−= nununxnx
7. ( )]10[5,0][][][ 37 −+= nnnxnx δδ
8. ]5[][][ 48 −= nunxnx

9. 
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• Semnale complexe
6 �VH�GHILQHDVF �VHFYHQ HOH�FRPSOH[H�

1. 5
1 ][

π
jn

enx =  

2. 2
2 )1(3][ −−= njnnx  pentru  2020 ≤≤− n .

6 �VH�UHSUH]LQWH�JUDILF�S U LOH�UHDOH�VL�LPDJLQDUH�DOH�DFHVWRU�VHFYHQ H�

n=-20:20;
x1=exp(j*n*pi/5);
subplot(2,1,1),stem(n,real(x1)),title(‘Real’)
subplot(2,1,2),stem(n,imag(x1)),title(‘Imaginar’)
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x2=3*n-j*(n-1).^2;
subplot(2,1,1),stem(n,real(x2)),title(‘Real’),grid
subplot(2,1,2),stem(n,imag(x2)),title(‘Imaginar’)

([SOLFD L�UH]XOWDWXO�RE LQXW�vQ�XUPD�FRPHQ]LORU�
plot(x1)
plot(x2)
���YH]L�VHF LXQHD��������GLQ�FDSLWROXO���

��������&RQYROX LD�OLQLDU �D�VHPQDOHORU�vQ�WLPS�GLVFUHW

3URGXVXO�GH�FRQYROX LH�OLQLDU �D�GRX �VHFYHQ H�QXPHULFH�[1>Q@�úL�[2[n] este
definit astfel:

∑
∞

−∞=
−⋅=∗=

k

knxkxnxnxnx ][][][][][ 2121                    (2.6)

XQGH�VHFYHQ HOH�[1>Q@�úL�[2>Q@�V�DX�SUHVXSXV�D�DYHD�OXQJLPH�LQILQLW �
ÌQ�0$7/$%� VHFYHQ HOH� QXPHULFH� VXQW� SULYLWH� FD� QLúWH� YHFWRUL� úL� LQkQG

FRQW� GH� IDSWXO� F � HOH� VXQW� ILQLWH� �VXPD� QX� YD�PDL� IL� GH� OD� − ∞  la + ∞ �� úL� F
LQGLFHOH� SULPXOXL� HOHPHQW� GLQWU�XQ� YHFWRU� QX� SRDWH� IL� ]HUR� �VH� HIHFWXHD] � R
LQGH[DUH�FX����DWXQFL�GHILQL LD�GH�PDL�VXV�GHYLQH�

∑
−

=
−⋅+=+

1

0
21 ][]1[]1[

N

k

knxkxnx         (2.7)

XQGH�1�HVWH�PD[LPXO�GLQWUH�OXQJLPLOH�FHORU�GRX �VHFYHQ H�

Sintaxa:
conv(x1,x2)

• UHWXUQHD] �FD�UH]XOWDW�XQ�YHFWRU�GH�OXQJLPH�HJDO �FX�OXQJLPHD�YHFWRUXOXL�x1
plus lungimea vectorului x2  minus� ��� FH� UHSUH]LQW � SURGXVXO� GH� FRQYROX LH
OLQLDU �DO�FHORU�GRX �VHFYHQ H�GHILQLWH�SULQ�YHFWRULL�x1 �úL�x2 .
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Exemplu:
6 � VH� FDOFXOH]H� úL� V � VH� UHSUH]LQWH� JUDILF� SURGXVXO� GH� FRQYROX LH� OLQLDU � D
VHFYHQ HORU�
1. ]5[][][1 −−= nununx pentru  100 ≤≤ n

2. nnx )9,0(][2 = pentru  200 ≤≤ n

x1=[ones(1,5),zeros(1,6)];
n=0:20;
x2=0.9.^n;
x=conv(x1,x2);
subplot(2,2,1),stem(0:10,x1),title(‘x1’),grid
subplot(2,2,2),stem(n,x2),title(‘x2’),grid
subplot(2,1,2),stem(0:length(x)-1,x),title(‘x’),grid

([SOLFD L�PRGXO�vQ�FDUH�D�IRVW�GLYL]DW �IHUHDVWUD�JUDILF �SULQ�XWLOL]DUHD�FRPHQ]LL
subplot .
9HULILFD L� UHOD LD� GLQWUH� GLPHQVLXQLOH� YHFWRULORU� x1 , x2 � úL� x � IRORVLQG� IXQF LD
length .

E5. ([HUFL LL:
6 �VH�FDOFXOH]H�úL�V �VH�UHSUH]LQWH�JUDILF��FD�vQ�H[HPSOXO�SUHFHGHQW��SURGXVXO�GH
FRQYROX LH�OLQLDU �D�XUP WRDUHORU�SHUHFKL�GH�VHFYHQ H�

1. ][][1 nnx δ= nnx )9,0(][2 = pentru  200 ≤≤ n

2. ]5[][1 −= nnx δ nnx )9,0(][2 = pentru  200 ≤≤ n

3. ][][1 nunx = nnx −= 10][2 pentru  200 ≤≤ n

4. ]5[][1 −= nunx nnx −= 10][2 pentru  200 ≤≤ n

5. ]15[]5[][1 −−−= nununx nnx −= 10][2 pentru  200 ≤≤ n

6. )11,0sin(][1 π⋅⋅= nnx nnx )1(][2 −= pentru  200 ≤≤ n

7. )11,0cos(][1 π⋅⋅= nnx nnx )1(][2 −= pentru  200 ≤≤ n
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��������7UDQVIRUPDWD�)RXULHU�GLVFUHW

Transformata Fourier în timp discret (DTFT – Discrete Time Fourier
Transform��D�XQHL�VHFYHQ H� ][nx �HVWH�GDW �GH�UHOD LD�

∑ −=
n

njj enxeX ωω ][)(         (2.8)

unde ω � HVWH� SXOVD LD� QRUPDW � � eesantionarFf /2πω = ��� )XQF LD� )( ωjeX  este
SHULRGLF � GH� SHULRDG � π2 �� GHFL� HVWH� VXILFLHQW� V � FXQRDúWHP� FRPSRUWDUHD� VD� vQ
intervalul ),[ ππ−  (LQWHUYDO� GH� ED] ��� 'DWRULW � IDSWXOXL� F � DFHDVW � IXQF LH� HVWH
FRQWLQX �� YDULDELOD� ω � SXWkQG� OXD� R� LQILQLWDWH� GH� YDORUL�� QX� HVWH� SRVLELO � R
LPSOHPHQWDUH�SH�R�PDúLQ �GH�FDOFXO��3HQWUX�D�UHDOL]D�WRWXúL�R�DQDOL] �vQ�IUHFYHQ
VH�XWLOL]HD] �WUDQVIRUPDWD�)RXULHU�GLVFUHW �(DFT – Discret Fourier Transform),
RE LQXW � SULQ� GLVFUHWL]DUHD� YDULDELOHL� ω  pe intervalul )2,0[ π  în N puncte
( Nk /2 πω → , cu 1,,1,0 −= Nk K ). Astfel, WUDQVIRUPDWD�)RXULHU�GLVFUHW  a unei
VHFYHQ H� ][nx �HVWH�GDW �GH�UHOD LD�

n
N

k
j

n

enxkX
π2

][][
−

∑= cu 1,,1,0 −= Nk K         (2.9)

ÌQ�0$7/$%��SHQWUX�FDOFXOXO�WUDQVIRUPDWHL�)RXULHU�GLVFUHWH�VH�IRORVHúWH�IXQF LD
fft�� 'HQXPLUHD� VD� UHSUH]LQW � SUHVFXUWDUHD� GH� OD� Fast Fourier Transform
�WUDQVIRUPDWD� )RXULHU� UDSLG �� úL� LQGLF � IDSWXO� F � HVWH� IRORVLW� SHQWUX� FDOFXO� XQ
DOJRULWP�UDSLG��3HQWUX�RE LQHUHD�XQRU�UH]XOWDWH�RSWLPH�vQ�FD]XO�XWLOL] ULL�DFHVWHL
IXQF LL�VH�UHFRPDQG �FD�OXQJLPHD�WUDQVIRUPDWHL�N�V �ILH�DOHDV �FD�SXWHUH�D�OXL��
(exemplu: 256, 512, 1024 etc.).

Sintaxe:
y = fft(x)
• GDF � [� HVWH� XQ� YHFWRU� VH� UHWXUQHD] � XQ� YHFWRU� \� GH� DFHHDúL� GLPHQVLXQH� FX
YHFWRUXO� [� FH� FRQ LQH� YDORULOH� WUDQVIRUPDWHL� )RXULHU� GLVFUHWH� DSOLFDW
HOHPHQWHORU�YHFWRUXOXL�[��OXQJLPHD�WUDQVIRUPDWHL�)RXULHU��QXP UXO�GH�SXQFWH
N� vQ� FDUH� VH� FDOFXOHD] � WUDQVIRUPDWD�� HVWH� HJDO � vQ� DFHVW� FD]� FX� OXQJLPHD
vectorului x.

• GDF � [� HVWH� R� PDWULFH� VH� YD� UHWXUQD� PDWULFHD� \� GH� DFHHDúL� GLPHQVLXQH� FX
matricea x; coloana i�GLQ�PDWULFHD�\�YD�FRQ LQH�YDORULOH�WUDQVIRUPDWHL�)RXULHU
GLVFUHWH�DSOLFDW �HOHPHQWHORU�FRORDQHL�i din matricea x.

y = fft(x,N)
• DFHOHDúL�FRQVLGHUHQWH�FD�vQ�VLQWD[D�SUHFHGHQW �FX�GHRVHELUHD�F �vQ�DFHVW�FD]�VH

VSHFLILF �úL�QXP UXO�GH�SXQFWH�N�vQ�FDUH�VH�FDOFXOHD] �WUDQVIRUPDWD�
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Exemple:
6 �VH�FDOFXOH]H�WUDQVIRUPDWD�)RXULHU�GLVFUHW �D�VHFYHQ HORU�
1. ]10[][][1 −−= nununx  

2. 




=

5
sin][2

πn
nx  

3. 




=

5
cos][3

πn
nx  , pentru  200 ≤≤ n .

6 � VH� UHSUH]LQWH� JUDILF� SDUWHD� UHDO �� SDUWHD� LPDJLQDU �� PRGXOXO� úL� ID]D
transformatelor Fourier discrete calculate.

n=0:20;
x1=[ones(1,10),zeros(1,11)];
X=fft(x1);
plot(X)
// H[SOLFD L�UH]XOWDWXO�JUDILFXOXL�RE LQXW��YH]L�VHF LXQHD��������GLQ�FDSLWROXO����
plot(abs(X))
��� FDOFXOXO� WUDQVIRUPDWHL� )RXULHU� GLVFUHWH� V�D� HIHFWXDW� vQWU�XQ� QXP U� GH� SXQFWH
egal cu lungimea vectorului x1 (vezi sintaxa de la fft��� SHQWUX� R� PDL� EXQ
UHSUH]HQWDUH�YRP�HIHFWXD�FDOFXOXO�vQWU�XQ�QXP U�PDL�PDUH�GH�SXQFWH�������
X1=fft(x1,512);
plot(abs(X1)),grid

��� DFHDVW � UHSUH]HQWDUH� FRUHVSXQGH� vQV � LQWHUYDOXOXL� GH� IUHFYHQ � )2,0[ π  (pe
DEVFLV �DYHP�QXP UXO�GH�SXQFWH�DO�YHFWRUXOXL�;��SHQWUX�F � vQ� VLQWD[D� IXQF LHL
plot nu s-a specifcat nimic altceva);
'H�RELFHL�VH�GRUHúWH�vQV �UHSUH]HQWDUHD�vQ�LQWHUYDOXO�GH�ED] � ),[ ππ− . Având în
YHGHUH�IDSWXO�F �IXQF LD�HVWH�SHULRGLF �GH�SHULRDG � π2  atunci reprezentarea din
intervalul )0,[ π−  corespunde cu reprezentarea din intervalul )2,[ ππ . Prin
XUPDUH� WUHEXLH� UHDOL]DW � R� LQYHUVDUH� D� FHORU� GRX � MXP W L� DOH� YHFWRUXOXL� ;��
$FHVW� OXFUX� VH� UHDOL]HD] � vQ� 0$7/$%� SULQ� XWLOL]DUHD� FRPHQ]LL� fftshift
�VFKLPE �vQWUH�HOH�FHOH�GRX �MXP W L�DOH�XQXL�YHFWRU���ÌQ�SOXV��SHQWUX�D�DYHD�SH
DEVFLV �UHSUH]HQWDUHD�vQ�LQWHUYDOXO� ),[ ππ−  trebuie generat un vector cu pas liniar
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FDUH�V �FRQ LQ � vQ� LQWHUYDOXO� UHVSHFWLY�XQ�QXP U�GH�HOHPHQWH�HJDO�FX� OXQJLPHD
transformatei Fourier discrete calculate (512).

w=-pi:2*pi/512:pi-2*pi/512;
plot(w,fftshift(abs(X1))),grid

// s-a reprezentat astfel modulul transformatei Fourier discrete calculate, în
LQWHUYDOXO�GH�ED] � ),[ ππ− .
plot(w,fftshift(angle(X1))),grid

// s-a reprezentat faza transformatei Fourier discrete calculate.
subplot(2,1,1),plot(w,fftshift(real(X1))),grid
subplot(2,1,2),plot(w,fftshift(imag(X1))),grid

��� V�DX� UHSUH]HQWDW� SDUWHD� UHDO � úL� SDUWHD� LPDJLQDU � D� WUDQVIRUPDWHL� )RXULHU
discrete calculate.

([SOLFD L� DOLXUD� FDUDFWHULVWLFLORU�RE LQXWH��2EVHUYD L� VLPHWULD�SDU � VDX� LPSDU � D
UHSUH]HQW ULORU��WUHFHULOH�SULQ�]HUR�úL�³VDOWXULOH´�GLQ�FDUDFWHULVWLFD�GH�ID] �

-4 -3 -2 -1 0 1 2 3 4
0

1

2

3

4

5

6

7

8

9

10

-4 -3 -2 -1 0 1 2 3 4
-3

-2

-1

0

1

2

3

-4 -3 -2 -1 0 1 2 3 4
-5

0

5

10

-4 -3 -2 -1 0 1 2 3 4
-10

-5

0

5

10



���6(01$/(��ù,��6,67(0(��Ì1��7,03��',6&5(7

36

ÌQ�PRG�DVHP Q WRU�VH�SURFHGHD] �úL�SHQWUX�FHOHODOWH�GRX �VHFYHQ H�
x2=sin(n*pi/5);
X2=fft(x2,512);
subplot(2,1,1),plot(w,fftshift(abs(X2))),grid
subplot(2,1,2),plot(w,fftshift(angle(X2))),grid

subplot(2,1,1),plot(w,fftshift(real(X2))),grid
subplot(2,1,2),plot(w,fftshift(imag(X2))),grid

x3=cos(n*pi/5);
X3=fft(x3,512);
subplot(2,1,1),plot(w,fftshift(abs(X3))),grid
subplot(2,1,2),plot(w,fftshift(angle(X3))),grid

subplot(2,1,1),plot(w,fftshift(real(X3))),grid
subplot(2,1,2),plot(w,fftshift(imag(X3))),grid

([SOLFD L�DOLXUD�FDUDFWHULVWLFLORU�RE LQXWH�
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E6. ([HUFL LL:
6 �VH�FDOFXOH]H�WUDQVIRUPDWD�)RXULHU�GLVFUHW �D�VHFYHQ HORU�

1. ][][1 nnx δ=  pentru  100 ≤≤ n .

2. ]8[]4[]1[][2 −+−−−= nnnnx δδδ  pentru  100 ≤≤ n .

3. nnx =][3 pentru  50 ≤≤ n .

4. ]2[][ 3
4 −=

−
nuenx

n
j

π

 pentru  150 ≤≤ n .

5. 




≤≤−
≤≤

=
106,10

50,
][5 nn

nn
nx

6. 5
26

1

2
][

πn
j

e
n

nx
−

+
= pentru  200 ≤≤ n .

7. 35
7 ][

ππ n
j

n
j

eenx
−−

+= pentru  200 ≤≤ n .

8. )53ln(
1

1
][8 +

+
= n

n
nx  pentru  100 ≤≤ n .

9. 
10**6.0

)20**6.0sin(

5

3
][9 −

−⋅=
npi

npi
nx pentru  200 ≤≤ n .

6 � VH� UHSUH]LQWH� JUDILF� SDUWHD� UHDO �� SDUWHD� LPDJLQDU �� PRGXOXO� úL� ID]D
transformatelor Fourier discrete calculate.
3HQWUX�WRDWH�VHFYHQ HOH�YHULILFD L�UHOD LD�OXL�3DUVHYDO�

22
][

1
][ ∑∑ =

kn

kX
N

nx       (2.10)

$OHJH L� RULFDUH� GRX � VHFYHQ H� úL� YHULILFD L� SURSULHWDWHD� GH� OLQLDULWDWH� D
transformatei Fourier discrete:

{ } { } { }][][][][ nyDFTbnxDFTanbynaxDFT ⋅+⋅=+       (2.11)

DOHJkQG�GRX �YDORUL�RDUHFDUH�SHQWUX�FRQVWDQWHOH�a�úL�b.
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2.2.  Sisteme în timp discret

8Q�VLVWHP�vQ� WLPS�GLVFUHW� WUDQVIRUP �VHFYHQ D�GH� LQWUDUH� ][nx � vQWU�R�DOW
VHFYHQ �GH�LHúLUH� ][ny . Notând }{•S , operatorul sistemului, acesta este descris
PDWHPDWLF�SULQ�UHOD LD�

]}[{][ nxny S=       (2.12)

5HSUH]HQWDUHD�VLPEROLF �D�XQXL�VLVWHP�vQ�WLPS�GLVFUHW�HVWH�XUP WRDUHD�

3HQWUX�XQ�VLVWHP�vQ�WLPS�GLVFUHW��OLQLDU�úL�LQYDULDQW�vQ�WLPS��SDLIT��VH�QXPHúWH
IXQF LH� SRQGHUH sau U VSXQV� OD� LPSXOVXO� XQLWDWH�� VHFYHQ D� FDUH� VH� RE LQH� OD
LHúLUHD�VLVWHPXOXL�GDF �OD�LQWUDUH�V�D�DSOLFDW�LPSXOVXO�XQLWDWH� ][nδ :

]}[{][ nnh δS=       (2.13)

Astfel, un alt mod de a reprezenta simbolic un sistem în timp discret este:

5 VSXQVXO� ][ny  al unui SDLIT� OD�RULFH�VHFYHQ � ][nx , poate fi determinat prin
FRQYROX LH�GDF �VH�FXQRDúWH�U VSXQVXO�OD�LPSXOVXO�XQLWDWH� ][nh :

∑ −=∗=
k

knhkxnhnxny ][][][][][       (2.14)

SDLIT pot fi reprezentate prin HFXD LL�FX�GLIHUHQ H�ILQLWH�FX�FRHILFLHQ L�FRQVWDQ L�
FDUH�GDX�OHJ WXUD�vQWUH�VHFYHQ D�GH�LQWDUH�úL�FHD�GH�LHúLUH�

∑∑
==

−=−
M

k
k

N

k
k knxbknya

00

][][       (2.15)

3HQWUX� DQDOL]D� vQ� IUHFYHQ � D� SDLIT reamintim formula pentru
transformata Z a unei semnal în timp discret ][nx :

∑ −=
n

nznxzX ][)(       (2.16)

}{•S
][nx ][ny

][nh
][nx ][ny
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Pentru un SDLIT� VH� QXPHúWH� IXQF LH� GH� VLVWHP sau IXQF LH� GH� WUDQVIHU )(zH ,
raportul între transformatele Z� DOH� VHFYHQ HL� GH� LHúLUH� �U VSXQVXO� ][ny �� úL
VHFYHQ HL� GH� LQWUDUH� �H[FLWD LD� ][nx ), reprezentând de fapt transformata Z a
IXQF LHL�SRQGHUH� ][nh :

]}[{
)(

)(

]}[{

]}[{
)( nhZ

zX

zY

nxZ

nyZ
zH ===       (2.17)

LQkQG� FRQW� GH� HFXD LD� FX� GLIHUHQ H� ILQLWH� úL� GH� SURSULHWDWHD� GH� vQWkU]LHUH� D
transformatei Z ( )(]}[{ zXzknx k−=−Z ���IXQF LD�GH�VLVWHP� )(zH  se mai poate
scrie astfel:

∑

∑

=

−

=

−

+
=

N

k

k
k

M

k

k
k

za

zb

zH

1

0

1
)(       (2.18)

vQ� FDUH� V�D� SUHVXSXV� F � 10 =a �� 5 G FLQLOH� SROLQRPXOXL� GH� OD� QXP U WRU� VH
numesc zerourile�IXQF LHL�GH�WUDQVIHU�LDU�U G FLQLOH�SROLQRPXOXL�GH�OD�QXPLWRU�VH
numesc polii�IXQF LHL�GH�WUDQVIHU��3HQWUX�FD�VLVWHPXO�V �ILH�stabil�SROLL�WUHEXLH�V
ILH�VLWXD L�vQ�LQWHULRUXO�FHUFXOXL�GH�UD] �XQLWDWH��PRGXO�ORU�V �ILH�VXEXQLWDU��

��������5 VSXQVXO�OD�LPSXOV�DO�XQXL�SDLIT

)XQF LD�0$7/$%�impz�SHUPLWH�GHWHUPLQDUHD�úL�DILúDUHD� U VSXQVXOXL� OD
LPSXOV��IXQF LD�SRQGHUH�� ][nh  a unui SDLIT�GDF �VH�FXQRVF�FRHILFLHQ LL� ka �úL� kb
GLQ�HFXD LD�FX�GLIHUHQ H�ILQLWH�VDX�GLQ�H[SUHVLD�IXQF LHL�GH�WUDQVIHU� )(zH .

Sintaxe:
[h,t] = impz(b,a)
• vectorul b�FRQ LQH�FRHILFLHQ LL� kb  ( b = [ b0, b1, ..., bM ] ) iar vectorul a�FRQ LQH
FRHILFLHQ LL� ka  ( a = [ 1, a1, a2, ..., aN ] ); se vor returna un YHFWRU�FRORDQ  h
FDUH� YD� FRQ LQH� YDORULOH� HúDQWLRDQHORU� U VSXQVXOXL� OD� LPSXOV� DO� VLVWHPXOXL�

][nh , úL� XQ� YHFWRU� FRORDQ  t� FH� YD� FRQ LQH� PRPHQWHOH� GH� SH� D[D� WLPS
(abscisa), alese în mod implicit, în care au fost calculate valorile
HúDQWLRDQHORU��SDUDPHWUXO�GH�LHúLUH t SRDWH�V �OLSVHDVF �GLQ�VLQWD[ �vQ�FD]XO
vQ�FDUH�QH�LQWHUHVHD] �GRDU�U VSXQVXO�OD�LPSXOV h.
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[h,t] = impz(b,a,n)
• VH�SUHFL]HD] �QXP UXO�GH�SXQFWH�n�vQ�FDUH�VH�GRUHúWH�D�IL�FDOFXODW�U VSXQVXO�OD

impuls h��YHFWRUXO�FRORDQ �t�YD�FRQ LQH�YDORULOH�DFHVWRU�SXQFWH��DFHVWHD�YRU�IL
0, 1, 2, ..., n-1);�SDUDPHWUXO�GH�LHúLUH t SRDWH�V �OLSVHDVF �GLQ�VLQWD[ �vQ�FD]XO
vQ�FDUH�QH�LQWHUHVHD] �GRDU�U VSXQVXO�OD�LPSXOV h.

[h,t] = impz(b,a,n,Fs)
• DFHOHDúL�FRQVLGHUHQWH�FD�vQ�VLQWD[D�SUHFHGHQW �FX�GHRVHELUHD�F �FHOH�n valori

din vectorul t�YRU�IL�GLVWDQ DWH�FX�SDVXO���)V�������)V����)V� ..., (n-1)/Fs).

[h,t] = impz(b,a,[],Fs)
• DFHOHDúL� FRQVLGHUHQWH� FD� vQ� VLQWD[D� SUHFHGHQW � FX� GHRVHELUHD� F � VH� DOHJH� vQ
PRG�LPSOLFLW�QXP UXO�GH�SXQFWH�vQ�FDUH�VH�FDOFXOHD] �U VSXQVXO�OD�LPSXOV�h.

impz(b,a,...)
• UHSUH]LQW � JUDILF� U VSXQVXO� OD� LPSXOV� FDOFXODW�� SXQFWHOH� GH� VXVSHQVLH� DX� IRVW
LQWURGXVH� SHQWUX� D� VXJHUD� IDSWXO� F � VH� SRDWH� IRORVL� RULFDUH� FRPELQD LH� D
parametrilor de intrare din sintaxele precedente.

Exemple:
6 �VH�GHWHUPLQH�úL�V �VH�UHSUH]LQWH�JUDILF�IXQF LD�SRQGHUH�D�XQXL�SDLIT definit
prin:
1. ]2[6,0]1[6,0][3,0]1[9,0][ −+−+=−− nxnxnxnyny

2. 
21

1

81,0)16/cos(8,11

5,01
)( −−

−

+−
+=

zz

z
zH

π

b=[0.3,0.6,0.6];
a=[1,-0.9];
// s-au definit vectorii b�úL�a�FH�FRQ LQ�YDORULOH�FRHILFLHQ LORU� kb �úL� ka �GLQ�HFXD LD
FX�GLIHUHQ H�ILQLWH�
[h,t]=impz(b,a);
���V�D�FDOFXODW�U VSXQVXO�OD�LPSXOV�DO�VLVWHPXOXL�
size(h) → ans =
     93     1
size(t) → ans =
     93     1
��� VH� YHULILF � IDSWXO� F � h� úL� t� VXQW� YHFWRUL� FRORDQ � �YH]L� VLQWD[D�� FX� ��� GH
elemente fiecare.
Se poate verifica, tastând în fereastra de comenzi t urmat de enter��F �YDORULOH
vectorului t sunt 0, 1, …, 92.
3HQWUX�UHSUH]HQWDUHD�JUDILF �VH�SRDWH�SURFHGD�vQ�GRX �PRGXUL�
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impz(b,a),grid

stem(t,h),grid
���VH�YD�RE LQH�DFHODúL�UH]XOWDW�JUDILF�
'DF �GRULP�DILúDUHD�QXPDL�D�SULPHORU����GH�HúDQWLRDQH�DOH�U VSXQVXOXL�OD�LPSXOV
SURFHG P�vQ�IHOXO�XUP WRU�
impz(b,a,40),grid

9HULILFD L�úL�H[SOLFD L�efectul comenzii:
impz(b,a,40,3),grid

ÌQ�PRG�DVHP Q WRU�SURFHG P�úL�SHQWUX�FHO�GH�DO�GRLOHD�H[HPSOX�
b=[1,0.5];
a=[1,-1.8*cos(pi/16),0.81];
h=impz(b,a);
���YHFWRUXO�FRORDQ �h�YD�FRQWLQH�YDORULOH�HúDQWLRDQHORU� U VSXQVXOXL� OD� LPSXOV�DO
VLVWHPXOXL�GHILQLW�SULQ�IXQF LD�GH�WUDQVIHU� )(zH  din exemplu.
impz(b,a),grid

9HULILFD L�úL�H[SOLFD L efectul comenzii:
stem(0:length(h)-1,h),grid
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E7. ([HUFL LL:
6 �VH�GHWHUPLQH�úL�V �VH� UHSUH]LQWH�JUDILF� IXQF LD�SRQGHUH�D�XQXL�VLVWHP�GHILQLW
prin:
1. ]4[125,0]3[5,0]2[81,0]1[27,1][][ −+−−−+−−= nxnxnxnxnxny
2. ][]1[9,0][ nxnyny =−+
3. =−+−+−+ ]3[3,0]2[52,0]1[13,0][ nynynyny

]3[16,0]2[48,0]1[48,0][16,0 −−−+−−= nxnxnxnx
4. ]2[3,0]1[6,0][3,0]2[9,0][ −+−+=−+ nxnxnxnyny

5. 
4321

321

024,04,064,08,01

075,0125,05,01
)( −−−−

−−−

+−+−
−+−=

zzzz

zzz
zH

6. 
31 44,077,01

1
)( −− +−

=
zz

zH

7. 74321 3,0125,05,081,027,11)( −−−−− −+−+−= zzzzzzH

8. 
51

1
)( −−

=
z

zH

��������5 VSXQVXO�XQXL�SDLIT la un semnal de intrare

)XQF LD� 0$7/$%� filter� SHUPLWH� GHWHUPLQDUHD� U VSXQVXOXL� ][ny  al
unui SDLIT�GDF �VH�FXQRVF�FRHILFLHQ LL� ka �úL� kb �GLQ�HFXD LD�FX�GLIHUHQ H�ILQLWH
VDX�GLQ�H[SUHVLD�IXQF LHL�GH�WUDQVIHU� )(zH �úL�VHPQDOXO�GH�LQWUDUH�vQ�VLVWHP� ][nx .

Sintaxe:
y = filter(b,a,x)
• GDF �x este un vector�DWXQFL�VH�UHWXUQHD] �XQ�YHFWRU�y�GH�DFHHDúL�GLPHQVLXQH

cu vectorul x; vectorul x� FRQ LQH� YDORULOH� VHPQDOXOXL� GH� LQWUDUH� vQ� ILOWUX
�H[FLWD LD��� YHFWRUXO� b� FRQ LQH� FRHILFLHQ LL� kb  ( b = [ b0, b1, ..., bM ] ) iar
vectorul a� FRQ LQH� FRHILFLHQ LL� ka  ( a = [ 1, a1, a2, ..., aN ] ); GDF � SULPXO
element din vectorul a este diferit de 1 DWXQFL� IXQF LD filter QRUPHD]
FRHILFLHQ LL ka  ai sistemului la valoarea primului element din vectorul a
(astfel primul element din vectorul a devine�����YHFWRUXO�RE LQXW�y�UHSUH]LQW
U VSXQVXO�VLVWHPXOXL�GHILQLW�GH�FRHILFLHQ LL�GLQ�YHFWRULL�b�úL�a��GDF �OD�LQWUDUH
HVWH�DSOLFDW �VHFYHQ D�GHILQLW �GH�YHFWRUXO�x.

• GDF �x este o matrice�DWXQFL�VH�UHWXUQHD] �R�PDWULFH�y�GH�DFHHDúL�GLPHQVLXQH
cu matricea x�� IXQF LD�filter va opera în acest caz pe coloane: coloana k
din matricea y� UHSUH]LQW � U VSXQVXO� VLVWHPXOXL� GHILQLW� GH� FRHILFLHQ LL� GLQ
vectorii b�úL�a��GDF �OD�LQWUDUH�HVWH�DSOLFDW �FRORDQD�k din matricea x.
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Exemple:
6 �VH�GHWHUPLQH�úL�V �VH�UHSUH]LQWH�JUDILF�U VSXQVXO�XQXL�VLVWHP�GHILQLW�SULQ�
1. ]2[6,0]1[6,0][3,0]1[9,0][ −+−+=−− nxnxnxnyny

2. 
21

1

81,0)16/cos(8,11

5,01
)( −−

−

+−
+=

zz

z
zH

π
la semnalul de intrare:

]10[][][1 −−= nununx ,  pentru  400 ≤≤ n .

b=[0.3,0.6,0.6];
a=[1,-0.9];
// vectorii b�úL�a�FRQ LQ�YDORULOH�FRHILFLHQ LORU� kb �úL� ka .
x=[ones(1,10),zeros(1,31)];
// s-a definit vectorul x�FRUHVSXQ] WRU�VHFYHQ HL�GH�LQWUDUH�
y=filter(b,a,x);
���V�D�FDOFXODW�U VSXQVXO�VLVWHPXOXL�OD�VHFYHQ D�GH�LQWUDUH�GHILQLW �SULQ�YHFWRUXO�x.
9HULILFD L�IDSWXO�F �YHFWRULL�y�úL�x�DX�DFHHDúL�GLPHQVLXQH��IRORVLQG�size).
n=0:40;
subplot(3,1,1),stem(n,x),grid,title(‘x[n]’)
subplot(3,1,2),impz(b,a),grid,title(‘h[n]’)
subplot(3,1,3),stem(n,y),grid,title(‘y[n]’)

ÌQ�PRG�DVHP Q WRU�SURFHG P�úL�SHQWUX�FHO�GH�DO�GRLOHD�H[HPSOX�
b=[1,0.5];
a=[1,-1.8*cos(pi/16),0.81];
y=filter(b,a,x);
subplot(3,1,1),stem(n,x),grid,title(‘x[n]’)
subplot(3,1,2),impz(b,a),grid,title(‘h[n]’)
subplot(3,1,3),stem(n,y),grid,title(‘y[n]’)
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E8. ([HUFL LL:
6 �VH�GHWHUPLQH�U VSXQVXO�VLVWHPHORU�GHILQLWH�SULQ�UHOD LLOH�GH�OD�SXQFWHOH��±��GLQ
FDGUXO� H[HUFL LLORU� GH� OD� IXQF LD� impz� �YH]L� VHF LXQHD� �������� SDJLQD� ���� OD
XUP WRDUHOH�VHPQDOH�GH�LQWUDUH�
1. ][][1 nnx δ=   pentru  400 ≤≤ n
2. ][][2 nunx =  pentru  400 ≤≤ n
3. nnx =][3 pentru  50 ≤≤ n (6 perioade din ][3 nx )

4. 




≤≤−
≤≤

=
2011,20

100,
][4 nn

nn
nx

5. 




=

5
sin][5

πn
nx  pentru  200 ≤≤ n

6. 




=

5
cos][6

πn
nx  pentru  200 ≤≤ n

6 � VH� UHSUH]LQWH� JUDILF� �IRORVLQG� subplot ca în exemplele precedente)
VHPQDOXO�GH�LQWUDUH��IXQF LD�SRQGHUH�D�VLVWHPXOXL�úL�VHPQDOXO�GH�LHúLUH�

��������5 VSXQVXO�vQ�IUHFYHQ �DO�SDLIT

)XQF LD�0$7/$%�freqz�SHUPLWH�GHWHUPLQDUHD�U VSXQVXOXL�vQ�IUHFYHQ
al unui SDLIT�GDF �VH�FXQRVF�FRHILFLHQ LL� ka �úL� kb �GLQ�HFXD LD�FX�GLIHUHQ H�ILQLWH
VDX�GLQ�H[SUHVLD�IXQF LHL�GH�WUDQVIHU� )(zH ��'DF �HVWH�DSHODW �I U �SDUDPHWULL�GH
LHúLUH�� FXP� VH� YD� YHGHD� vQ� VLQWD[ �� DFHDVW � IXQF LH� UHSUH]LQW � JUDILF
FDUDFWHULVWLFLOH�GH�DPSOLWXGLQH�IUHFYHQ �úL�ID] �IUHFYHQ �DOH�SDLIT respectiv.

Sintaxe:
[H,W] = freqz(b,a,n)
• vectorul b�FRQ LQH�FRHILFLHQ LL� kb  ( b = [ b0, b1, ..., bM ] ), vectorul a�FRQ LQH
FRHILFLHQ LL� ka  ( a = [ 1, a1, a2, ..., aN ] ), iar n�UHSUH]LQW �QXP UXO�GH�SXQFWH�vQ
FDUH� VH� FDOFXOHD] � U VSXQVXO� vQ� IUHFYHQ �H; vectorul W� YD� FRQ LQH� YDORULOH
acestor n�SXQFWH��YDORULOH�YRU�IL�FXSULQVH�vQWUH���úL�π���HVWH�UHFRPDQGDW�V �VH
DOHDJ � n putere a lui 2 (pentru a permite un calcul eficient folosind un
algoritm FFT rapid); GDF  n QX�VH�VSHFLILF �VH�DOHJH�vQ�PRG�LPSOLFLW�512.

[H,F] = freqz(b,a,n,Fs)
• DFHDVW � VLQWD[ � SHUPLWH� VSHFLILFDUHD� XQHL� YDORUL� SHQWUX� IUHFYHQ D� GH
HúDQWLRQDUH�Fs (în Hz); vectorul F�YD�FRQ LQH�YDORULOH�FHORU�n puncte în care
VH�FDOFXOHD] �U VSXQVXO�vQ�IUHFYHQ �H (în acest caz valorile acestor puncte vor
IL�FXSULQVH�vQWUH���úL�Fs/2);
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[H,W] = freqz(b,a,n,’whole’)
• DFHOHDúL�FRQVLGHUHQWH�FD�vQ�FD]XO�SULPHL�VLQWD[H�FX�GHRVHELUHD�F �YDORULOH�FHORU
n�SXQFWH�GH�FDOFXO��FRQ LQXWH�vQ�YHFWRUXO�W��YRU�IL�FXSULQVH�vQWUH���úL��π; GDF
n QX�VH�VSHFLILF �VH�DOHJH�vQ�PRG�LPSOLFLW 512.

[H,F] = freqz(b,a,n,’whole’,Fs)
• DFHOHDúL� FRQVLGHUHQWH� FD� vQ� FD]XO� FHOHL� GH� D� GRXD� VLQWD[H� FX� GHRVHELUHD� F

valorile celor n�SXQFWH�GH�FDOFXO��FRQ LQXWH�vQ�YHFWRUXO�F, vor fi cuprinse între
��úL�Fs; GDF  n QX�VH�VSHFLILF �VH�DOHJH�vQ�PRG�LPSOLFLW 512.

H = freqz(b,a,W)
• U VSXQVXO�vQ�IUHFYHQ �H�VH�FDOFXOHD] �OD�IUHFYHQ HOH�VSHFLILFDWH�vQ�YHFWRUXO�W;
YDORULOH�DFHVWRU� IUHFYHQ H� WUHEXLH�V � ILH�FXSULQVH� vQWUH��� úL��π; GDF  W nu se
VSHFLILF �VH�DOHJ�vQ�PRG�LPSOLFLW 512 YDORUL�GH�IUHFYHQ .

H = freqz(b,a,F,Fs)
• U VSXQVXO�vQ�IUHFYHQ �H�VH�FDOFXOHD] �OD�IUHFYHQ HOH�VSHFLILFDWH�vQ�YHFWRUXO�F;
YDORULOH� DFHVWRU� IUHFYHQ H� WUHEXLH� V � ILH� FXSULQVH� vQWUH� �� úL�Fs� �IUHFYHQ D� GH
HúDQWLRQDUH�vQ�+]��

freqz(b,a,...)
• UHSUH]LQW � JUDILF� FDUDFWHULVWLFLOH� DPSOLWXGLQH�IUHFYHQ � úL� ID] �IUHFYHQ � DOH
U VSXQVXOXL� vQ� IUHFYHQ � FDOFXODW�� SXQFWHOH� GH� VXVSHQVLH� DX� IRVW� LQWURGXVH
SHQWUX�D�VXJHUD�IDSWXO�F �VH�SRDWH�IRORVL�RULFDUH�FRPELQD LH�D�SDUDPHWULORU�GH
intrare din sintaxele precedente.

Exemple:
6 �VH�GHWHUPLQH�U VSXQVXO�vQ�IUHFYHQ �DO�SDLIT definite prin:
1. ]2[3,0]1[6,0][3,0]1[9,0][ −+−+=−+ nxnxnxnyny

2. 
2

2

268.01

634.0634.0
)( −

−

−
−=

z

z
zH

6 �VH�UHSUH]LQWH�JUDILF�FDUDFWHULVWLFLOH�DPSOLWXGLQH�IUHFYHQ �úL�ID] �IUHFYHQ �DOH
U VSXQVXOXL�vQ�IUHFYHQ �FDOFXODW�

b=[0.3,0.6,0.3];
a=[1,0.9];
[H,W]=freqz(b,a);
��� V�D� FDOFXODW� U VSXQVXO� vQ� IUHFYHQ �H� vQ� ����SXQFWH�GH� IUHFYHQ � FXSULQVH� vQ
intervalul ],0[ π .
9HULILFD L dimensiunile vectorilor H�úL�W.
9HULILFD L�úL�H[SOLFD L�rezultatul comenzii:  plot(H)
5HSUH]HQW ULOH�JUDILFH�FHUXWH�VH�SRW�UHDOL]D�vQ�GRX �PRGXUL�
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figure(1)
subplot(2,1,1),plot(W,abs(H)),grid
subplot(2,1,2),plot(W,angle(H)),grid

figure(2)
freqz(b,a)

([SOLFD L�GLIHUHQ D�GLQWUH�FHOH�GRX �PRGXUL�GH�UHSUH]HQWDUH�

ÌQ�PRG�DVHP Q WRU�SURFHG P�úL�SHQWUX�FHO�GH�DO�GRLOHD�H[HPSOX�
b=[0.634,0,-0.634];
a=[1,0,-0.268];
[H,W]=freqz(b,a);
freqz(b,a)

E9. ([HUFL LL:
6 �VH�GHWHUPLQH�U VSXQVXO�vQ�IUHFYHQ �DO�VLVWHPHORU�GHILQLWH�SULQ�UHOD LLOH�GH�OD
SXQFWHOH� �±�� GLQ� FDGUXO� H[HUFL LLORU� GH� OD� IXQF LD�impz� �YH]L� VHF LXQHD� �������
SDJLQD������6 �VH�UHSUH]LQWH�JUDILF�FDUDFWHULVWLFLOH�DPSOLWXGLQH�IUHFYHQ �úL�ID] �
IUHFYHQ �SHQWUX�ILHFDUH�U VSXQV�vQ�IUHFYHQ �FDOFXODW�
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��������'LDJUDPD�SROL�]HURXUL�SHQWUX�IXQF LD�GH�VLVWHP�D�XQXL�SDLIT

)XQF LD� 0$7/$%� zplane� SHUPLWH� DILúDUHD� GLDJUDPHL� SROL�]HURXUL� vQ
FD]XO� IXQF LHL� GH� VLVWHP� D� XQXL� SDLIT� GDF � VH� FXQRVF� YDORULOH� SROLORU� úL
zerourilor sau�GDF �VH�FXQRVF�GRDU�FRHILFLHQ LL� ka �úL� kb �GLQ�HFXD LD�FX�GLIHUHQ H
ILQLWH�VDX�GLQ�H[SUHVLD�IXQF LHL�GH�WUDQVIHU� )(zH .

Sintaxe:
zplane(z,p)
• GDF �z�úL�p�VXQW�GRL�YHFWRUL�FRORDQ �FH�FRQ LQ�YDORULOH�]HURXULORU�úL�UHVSHFWLY
SROLORU� IXQF LHL� GH� WUDQVIHU� H z( ) � DWXQFL� VH� YD� DILúD� GLDJUDPD� SROL�]HURXUL�
PDUFkQG�]HURXULOH�FX�VHPQXO�µR¶�LDU�SROLL�FX�VHPQXO�µ[¶��GDF �H[LVW �SROL�VDX
]HURXUL�PXOWLSOH��DFHVWHD�YRU�DYHD�vQVFULV��OkQJ �VHPQXO�UHVSHFWLY�úL�RUGLQXO�GH
multiplicitate.

• GDF �]�úL�S�VXQW�GRX �PDWULFH�DILúDUHD�GLDJUDPHL�SROL�]HURXUL�VH�YD�IDFH�SHQWUX
ILHFDUH�FRORDQ �vQ�SDUWH�FX�FXORUL�GLIHULWH�

zplane(b,a)
• GDF �b� úL�a sunt doi vectori linie� FH� FRQ LQ� YDORULOH� FRHILFLHQ LORU� kb � úL� ka
DWXQFL� VH� YD� DILúD� GLDJUDPD� SROL�]HURXUL� D� IXQF LHL� GH� WUDQVIHU� H z( )
�FDOFXOkQGX�VH�U G FLQLOH�SROLQRDPHORU�GH�OD�QXP U WRUXO�úL�QXPLWRUXO�IXQF LHL
de sistem).

5HSUH]HQWDUHD�SROLORU�úL�]HURXULORU�XQHL�IXQF LL�GH�VLVWHP��GLDJUDPD�SROL�
zerouri) se face în planul Z��vQ�UDSRUW�FX�FHUFXO�GH�UD] �XQLWDWH��DYkQG�SH�DEVFLV
SDUWHD� UHDO � úL� SH� RUGRQDW � SDUWHD� LPDJLQDU �� )LLQG� SULYLWH� GHFL� FD� QXPHUH
complexe, valorile respective pot fi exprimate în IRUP � SRODU  sau IRUP
FDUWH]LDQ .

2ULFH�QXP U�FRPSOH[�z�SRDWH�IL�H[SULPDW�vQ�IRUP �SRODU �DVWIHO�

z z e
j= ⋅ ϕ       (2.19)

în care:  - z � �PRGXOXO�QXP UXOXL�FRPSOH[�z ;

              - ϕ    �ID]D�QXP UXOXL�FRPSOH[�z ;

ÌQ�IRUP �FDUWH]LDQ �QXP UXO�FRPSOH[�z�VH�H[SULP �VXE�IRUPD�

z real z j imag z= + ⋅( ) ( )       (2.20)
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5HSUH]HQWDUHD�vQ�SODQXO�=�D�XQXL�QXP U�FRPSOH]�]

$WHQ LH:
În cazul în care dispunHP�GH�YDORULOH�FRHILFLHQ LORU� kb �úL� ka �úL�GRULP�V

GHWHUPLQ P�YDORULOH�SROLORU� úL� ]HURXULORU� IXQF LHL� GH� VLVWHP� UHVSHFWLYH� VH�SRDWH
XWLOL]D�IXQF LD�0$7/$%�roots��FDUH�FDOFXOHD] �U G FLQLOH�XQXL�SROLQRP�GDF
VXQW�SUHFL]D L�FRHILFLHQ LL�DFHVWXLD�

'DF � VH� GRUHúWH� GHWHUPLQDUHD� YDORULORU� FRHILFLHQ LORU� kb � úL� ka , având
YDORULOH�SROLORU�úL�]HURXULORU�IXQF LHL�GH�VLVWHP��SXWHP�XWLOL]D�IXQF LD�0$7/$%
poly�� FDUH� FDOFXOHD] �FRHILFLHQ LL�XQXL�SROLQRP�GDF � VXQW�SUHFL]DWH� U G FLQLOH
acestuia.

9HULILFD L�VLQWD[HOH�FHORU�GRX �IXQF LL�IRORVLQG�FRPDQGD�help.

Exemple:

���)XQF LD�GH�WUDQVIHU�D�XQXL�SDLIT are un zerou de valoare 3

2

1
π

j
er = ��ùWLLQG�F

DFHDVW �IXQF LH�DUH�]HURXUL�úL�vQ� ∗r , 
r

1
, ∗r

1
�úL�DUH�GRL�SROL�vQ� 3

2

3

1
π

j
eq = �úL� ∗q �V

VH� UHSUH]LQWH�GLDJUDPD�SROL�]HURXUL�úL�V � VH�VFULH� IRUPD�QHIDFWRUL]DW �D� IXQF LHL
GH�WUDQVIHU��V �VH�J VHDVF �YDORULOH�FRHILFLHQ LORU� kb �úL� ka ).

r=1/2*exp(j*pi/3);
q=1/3*exp(j*2*pi/3);
z=[r;conj(r);1/r;1/conj(r)];
p=[q;conj(q)];
// s-au definit vectorii FRORDQ  z�úL�p��YH]L�VLQWD[D��FH�FRQ LQ�YDORULOH�]HURXULORU
úL�UHVSHFWLY�SROLORU�IXQF LHL�GH�WUDQVIHU�

z

|z|

real{z}

imag{z}

Re

Im

1

1

-1

-1 0

ϕ
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zplane(z,p)

// s-a reprezentat diagrama poli-zerouri.

b=poly(z)
→ b =

   1.0000  -2.5000  5.2500  -2.5000  1.0000
a=poly(p)

→ a =
       1.0000  0.3333  0.1111
��� V�DX� FDOFXODW� YDORULOH� FRHILFLHQ LORU� kb � úL� ka � DL� IXQF LHL� GH� VLVWHP�� )RUPD
QHIDFWRUL]DW �D�DFHVWHL�IXQF LL�YD�IL�

21

4321

3333,01

5,225,55,21
)( −−

−−−−

+−
+−+−=

zz

zzzz
zH

9HULILFD L�úL�H[SOLFD L�UH]XOWDWXO�XUP WRDUHORU�FRPHQ]L�
roots(b)
roots(a)
zplane(b,a)

��� 6 � VH� UHSUH]LQWH� GLDJUDPHOH� SROL�]HURXUL� SHQWUX� VLVWHPHOH� vQ� WLPS� GLVFUHW
definite prin:

a. IXQF LD�GH�WUDQVIHU��
21

1

81,0)16/cos(8,11

5,01
)( −−

−

+−
+=

zz

z
zH

π

b. IXQF LD�GH�WUDQVIHU��
21

21

81,0)16/cos(8,11

)5,01(
)( −−

−

+−
+=

zz

z
zH

π
c. HFXD LD�FX�GLIHUHQ H�ILQLWH�
  ]2[6,0]1[6,0][3,0]4[1.0]3[1.0]1[1.0][ −+−+=−+−+−+ nxnxnxnynynyny
d. IXQF LD�SRQGHUH�� ][][ nunh = , pentru  100 ≤≤ n .
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b=[1,0.5];
a=[1,-1.8*cos(pi/16),0.81];
zplane(b,a)

b=[1,1,0.25];
zplane(b,a)

���VH�REVHUY �RUGLQXO�GH�PXOWLSOLFLWDWH�DOH�]HURXOXL�

b=[0.3,0.6,0.6];
a=[1,0.1,0,0.1,0.1];
zplane(b,a)
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h=ones(1,11);
zplane(h,1)

9HULILFD L�úL�H[SOLFD L�efectul comenzilor:
zplane(h)
zplane(h’)

E10. ([HUFL LL:
1. 6 � VH� UHSUH]LQWH� GLDJUDPHOH� SROL�]HURXUL� SHQWUX� VLVWHPHOH� GHILQLWH� SULQ

UHOD LLOH� GH� OD� SXQFWHOH� �±��GLQ� FDGUXO� H[HUFL LLORU� GH� OD� IXQF LD� impz  (vezi
VHF LXQHD���������SDJLQD�����

2. 6H�G �IXQF LD�GH�WUDQVIHU�D�XQXL�VLVWHP�vQ�WLPS�GLVFUHW�

)7,0)(7,0)(3,0)(3,0(

)2)(5,0)(2)(5,0(
)(

5/5/3/3/

3/3/3/3/

ππππ

ππππ

jjjj

jjjj

ezezezez

ezezezez
zH

−−−−
−−−−= −−

−−

6 �VH�UHSUH]LQWH�GLDJUDPD�SROL�]HURXUL�úL�V �VH�VFULH�IRUPD�QHIDFWRUL]DW �D
IXQF LHL�GH�WUDQVIHU��V �VH�J VHDVF �YDORULOH�FRHILFLHQ LORU� kb �úL� ka ).
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