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Discrete-time
system

x(n) ——» —> y(n)
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SYSTEMS

Definition: A discrete-time system is a device or algorithm that
operates on an input sequence to produce an output sequence according
to some rule or computational procedure.

Discrete-time
system

x(n) —» — y(n)

Example systems: - savings account system
- radar system
- algorithm performing numerical analysis
- filter to eliminate unwanted signals

System properties: - Linearity
- Time-Invariance (Shift-Invariance)

- Stability
- Causality
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Continuous & Discrete Systems

I Continuous |

x(t) 5 System 3 y(t)

Discrete
— "
X[n] System y[n]

» FpappikoTnTa (Linearity)
Arbitrary input seq. x;(n) and x,(n) cause the system
to have outputs y;(n) and y,(n). If an input given by

X3(n)=a;x,(n)+ax,(n)

where a,,a, are complex constants, yields an output y;(n),
which is equal to

ys(n)=a;y;(n)+ayy,(n)

then the system is said to be linear (superposition property).

Note: A linear system can change the ampituae ana pnase of a

sinusoidal input, butfcannot cﬁange ItS frequencyor functional form.
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produces

> AueTaBAnToTNnTA OTO XpOVvo (Time-Invariance):

x4(n) y1(n)

Assume a shifted version of x;(n): X,(N)=x,(n-ngy).

If the output y,(n) caused by x,(n) is a delayed replica of y,(n), i.e.
y>(n)=y,(n-ny) and for arbitrary x,(n) and n,, then the system is said to
be time-invariant or shift-invariant.

This property indicates whether or not the system itself is changing

with time or the system parameters are
changing with time.
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» Stability: If the input to a system is bounded (the input magnitude
does not grow without bound), and if the system
is stable, then the output must also be bounded.

(BIBO - Bounded Input Bounded Output)

» Causality: A casual system is a nonpredictive system in the sense
that the output does not precede the input.

or
A causal system is one for which the output at any

sample N; depends only upon the input for n<N,
or

In a causal system, it is the input signal that
causes the output signal to occur.
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Aoknon
E&etdoTe av 1o ouotnua y(n) = 3x(n) + 3 cival ypappIKo.

Auon

MNa €icodo x4(n), N £§0d0¢ Tou cuaTRuarog Ba eival y,(n) = 3 x4(n) + 3.
Na €ic0do Xx,(N), N £6000¢ ToUu cuOTAUATOG Ba gival y,(n) = 3 X,(n) + 3.
TENOG, yIa €i0000 X5(N) = a x4(n) + b x,(n),
n €¢€0do¢ Ba 1couTal pE
y3(n) =3 x3(n) + 3 =

=3 [axq(n) +bxy(n)] +3 =

=3axn)+3bxy(n)+3=

=3 axq(n) + 3 b xy(n) +3 + 3a-3a+3b-3b =

=a [3 x4(n)+3] + b [3 x5(n) + 3] + 3(1—a-b) =

= ayy(n) + b y,(n) + 3(1-a-b) == a y4(n) + b y,(n).

Apa, To cUCTNPA €ival N YPOANMJIKO.
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Aoknon
E¢etdoTe av 1o ouoTtnua y(n) = n x(n) €ival xpovik& auetaBAnTo.

Auon

A@ou 1o aguoTnua y(n) = nx(n) €xel éva OUVTEAEOTH XPOVIKA HETARBAAAOUEVO,
TTEPINEVOUE AUTO VA PNV €ival XpovIK& aueTapAnTO.

MNpdyuarti, av EQapUOCOUPE OTNV €i0000 TNV KABUOTEPNUEVN KATA Ny akoAouBia
x(n—ny), N £€6000¢ Ba eival y4(n) = n x(n—ng).

ATTO TNV AAAN TTAEUPAd, av KOBUOTEPAOOUPE TNV £6000 y(N) KaTd N,
avTIKaBIoTwvTag 6TTOU N TO N—N,, TOTE N £€6000¢ Ba eival
y(n—ng) = (N=ng)x(N—ny) == y4(n).

2UVETTWG TO OUCTNPA BEV gival XpPOoVIKA APETABANTO.

A. ZKOAPAZ ZHMATA KAI 2YZTHMATA ENOTHTA 2 — AIAQOANEIA 8



Aoknon

E€etdoTe av 1o ouoTnua y(n) = x(2n) gival Xpovikad apeTaBAnTO.

Auon

To y(n) = x(2n) eivai oTnVv oucia éva oUuoTnua uTrtodelypaToAnyiag.
H £€€000¢ evog TETOIOU OUCTHAPOTOG «KPATAE» T APTIO JOVO deiypaTa TNG akoAouBiag
elo6dou.

Av Aoitrév KaBuoTepriooupe TNV €icodo Katd n, deiypata, dnAadr) av EpapuOCOUlE OTO
ouaTtnua TNV X(n—ny), TOTE N £€6000¢ Ba ival y4(n) = X(2n—ny).

Av TWpa KaBuoTepriooupPe TNV £€6000 KATA Ny HOVADEG, YEYOVOG TTOU EKPPAleTal
MOBNUATIKA PE AVTIKATACTOON TOU N PE TO N—N,, TOTE N £60d0¢g Ba 100UTal PE
y(n—ng) = x{2(n—ny)} = x(2n-2n,) == X(2n—ng) = y4(n).

Fivetal avepo, ETTOPEVWG, OTI Eva TETOI0 CUOTNO BEV gival XPOVIKA APETARANTO.
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... ZUVEXELOL

AuTO uTTopEi EUKOAA va yivel katavonTd Pe To akdAouBo TTapddelyua.
‘EoTw OTI N akoAouBia eI06dou ival

{x(n)} = {Xos X1, X2, X3, X4 X5, X, ---}-

ToTe N akoAouBia e€6dou Ba 1o0UTAI UE
{y(n)} = {x(2n)} = {Xo, X, X4, Xg, -.}.

KaBuoTepoupe Tnv €icodo katd pia povada (ny = 1), dnAadn katd éva deiyua,
oTTéTE QUTHA YiveTal
{x(n=1)} = {0, Xg, X4, X9, X3, X4, X5, Xgs ---}-

H akoAouBia €€66ou Ba cival Twpa ion Pe
{y(n)} = {x(2n-1)} = {0, x4, X3, X5, ...}.

Mapatnpoupe, ETTOPEVWG, OTI AuTr dev I00UTAI UE TNV TTPONYoUuEVN akoAouBia e€6dou n
OTT0ia £X€1 UTTOOTEI KOBUOTEPNON KATA pia Jovada, aAAG TTPOKEITAI YIO Hia EVTEAWG
OI1a@OPETIKr akoAouBia, emReRalwvovTag €101 OTI TO CUCTNPA BEV Eival XpoVIKA
aueTapANTO.
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Stability: An LTI system is stable if its impulse response is
absolutely summable: oo

Z|h(n)( < o0

1—=—00

Proof: y(n)= ih(m)x(n —m)

m=—a0

Taking the absolute value of both sides we obtain:
bl =| St} < 3o}t

If the input is bounded, there exists a finite number M, such that ()< M,
By substituting this upper bound for x(n) we get:

‘y(n){ <M, mgoo‘h(m)‘
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The output will be bounded if the impulse response of the system
satisfies the condition

z m) <o

This condition is not only sufficient but it is also necessary to
ensure the stability of the system.
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ANOKPIZH I X.A. 2Y2THMATOZ

M'vwpidoupe 611 €va oApa dIAKPITOU XPOVOU UTTOPEI va EKPPAOTEI WG
OTABUICHEVO ABPOIoHA ONICBNUEVWY (METATOTTIOPEVWY OTOV XPOVO) KPOUOTIKWV:

x(n) = Z x(k)o(n — k)

ANOKPIZH I X.A. 2Y2THMATOZz

‘EoTw 611 N KpouoTIKA €icodog d(n) o€ éva XA ouoTnua TTapdyel Tnv £€¢odo h(n)
[KpouoTIkA atrékpion]. TOTE avaAuTIKG EXOUE:

5(n) - h(n)
5(n—k) - h(n— k)
a o(n — k) T« h(n — k)
x(k) 6(n— k) N x(k) h(n — k)
ST x(K)on—k) TS x(k)h(n— k)

X
—~
=3
N
e -
—~
D
I




ANOKPIZH I X.A. 2Y2THMATOZ

LTI

system Y (n)

1
21
3] L
4
—0—@ *—© n o n
1 01 2 0 1 2 3
(a) Unit samble response
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x{n)=8(n~m) )= h(n—m)
1 1
1
27 3,1
3TI
e e A
m

(b) Shifted samble response

x(n)=48(n+1)+95(n)-25(n—-1)

n
-1 0
-2

(c) Three-sample input sequence
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A1l )=x. (1) ) = xCDhrt1)
4 4
2@ f
1
J4H7 n { ) T $ n
1 01 2
(d) Output due to sample at n=-1
1 5050 = 5,0 L nl) = X0k
9
2039,
b
n n
01 2 3
(e) Output due to sample at n=0
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x(1)5(n—1) = x,(n) yi(n)= x(1)h(n-1)
1 . n 1 2 3 4 "
0 2 0 l I
521
2 -2 3 2
(f) Output due to sample at n=1
) =x )+ x)ex) )=y ()l
9 . [ ]
23
4 4 6
3
—) i
1 [t
i n i n
10 l 1 o1 2 1
(g) Output due to three-sample input )
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AAAo
Napadsiypa

x() hin)
3
;2 [ g
|
sl 7
_l N — _l N —
(at) )
v(=ho(n+1) v(-D)an+1)
s
2
1 |
T 1 T
N — l 1 —
-1 1(2)d(n-2) (2)h(n-2)
(1 — 5
i 1
WOYo(r) WOy 1
, 4 T, o=
2 2 2
(o7)
V== 2 1 =% ¥01)
(8)
3
W )a(n-1) W=y 106 IT 1 {
3 e 3
e
‘ © -2
n ——C J n—-s
® >
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m =—+o0
y(n)= > x(mh(n—m) < EZIYNEAIZH
m =—o0

CONIGLID!

Convolution: its bark is worse than its bite!
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Napadstypa ZUVEALENG

(a)

A. ZKOAPAZ

ZHMATA KAI 2YZTHMATA

(b)
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h(—H’I) h(l—m)
3 3
, —> y(0)=x(0)n(0)=3.1=3 , — b J(1)=32+41=6+4=10
[ ]
i 1
| m m
0 0
h(2 - m) W)
3 3
2 > )(2)=33+24+15=9+48+5=22 sy > ME)=43+52420=1241042=24
l | [
! 1
i
0 " 0
h(4—m) h(5—m)
3 3
, —> y(4)=53+22=15+4=19 , —> (5)=23=6
T, B
] 0 . m
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ZHMATA KAI 2YZTHMATA
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(d)

15 - —» y(n)=1{3,10,22,24,19,6}
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https://www.youtube.com/watch?v=T-OwCIOlbm0
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https://www.youtube.com/watch?v=f_M8nyYOPzU

A. ZKOAPAZ ZHMATA KAI 2YZTHMATA

Napadetypa ZuvéA§ng

o [ 3452 |
hin) ‘ | 2_{_1
fi(=m1) 3 2
h(l-m) 3 2 1 l
I(2-m) I 328 |
I(3-m) | 3 20 ‘
3 2 1

fi(d=m)

I S-m) 3 2 1
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pP(M=31=3

1 1)=3244 |=64+4=10

1(2)=3'3+4: 245" 1=9+8+5=22

(3)=4-3+5-2+2-1=12+10+2=24

W4)=5"3+22=15+4=19

W5)=2:3=6
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Napadetypa ZuvéA§ng

UTTOAOYLOTEL KOLL WG KOLVOVLKOG
TOAAQITAQLOLAOLOG apLOWY,
XWPLg OpwWG TN petadopd
KPOTOUHEVWY aTtO TN pia 9 1 2 1
OoTNAN OTNV EMOUEVN.

H ouvéALEn umopel va 3 4
1

5
2

2
3
6

5
6 8 10 4

3 4 5 2
3 10 22 24 19 6
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https://www.youtube.com/watch?v=_RsMMkuQVUE

A. ZKOAPAZ ZHMATA KAI 2YZTHMATA

AA\a Noapadeiypata (Atadpootika)

x[n] 5.0 h[n] 5.0
............ R
n n
5.0 5.0

Select: - ‘ ‘ ; Select: | +~fte wi‘ln ]t BN N ‘ e

x[n-k] and h[k] 5.0
....................... R P
n®: -4 k

5.0

xIn-kIhik] 10.0
- k

-10.0

© 10.0

Anl= 20k An - k] '

-

.................... @...‘ YT--................‘
n

-10.0

http://pages.jh.edu/~signals/discreteconv2/index.html
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1610tntEC ZUVEALENG

v

AvTETaOETIKN

x(m)Eh(n) = h(n)*x(n)

Mpoostalplotiki

[x(n)*h () *hy(n) = x(n)*[l,(n)*hy(n)]

— -

EmipepLlotikni

V() ¥y () + Ba(m)] = x(0) 20y (n) + x(n)*hy

{80 |-—

1)
> i)

(LR
—"(

I— —— N1

"""—_‘x ‘ oy —>

L ) |

(1)

.1 .I'o *

A. ZKOAPAZ

ZHMATA KAI ZY2THMATA

h(n)

¥n)
2 EOR

e .
u'p(,' ...|p|

' o r 7 %)
—a| A }—-0- 9858 —
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20(n), xan hy(n) =-2( — ) u(n).

Noa vroAoy1otel 11 KPOLOTIKY mt()lcplonh(n) OV cucn']uatog 8wucpltof) xPOVOL TOV

Zynuoatog 1.29, 6tav h (n) =d(n) + —5(n 1), hy(n) = —§(n)——5(n 1), hy(n) =

hz(")

hy(n) >@ >
hy(n) 4)@
hy(n)
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Breémovpe 0TLA(n) = hy(n) + hy(n)*[hy(n) + hy(n)]
= hy(n) + hy(n)*hy(n) + hy(n)*hy(n). AALG

him =1 Lot L se*25(m) = L 5(n*25(m ) L S(n11%25
h,(n)*hy(n) [2 (n)— 4()(11 1)]*2d(n) 5 N(n)*20(n)— " H(n—1)*20(n)
=0d(n)- %6(111)
hy(n)*hy(n) = l(5(11)— l5()1—1)]*[—2( L] )'u(n))
. 2 4 2
= Loy 2 2 yuem- L a1y 1-2( 2 yutny
2 2 4 2
=—(=)"u(n) + l( l)" (n-1)=— 1 )'[u(n)—u(n—1)]
2 2 2 2
=— %)"(5(11) =—0(n).

Apa, h(n) = [d(n) + %5(;1—1)] + [d(n)- %(5(11—1)] + [-d(n)] = d(n)

muclaon: (1) *g(n) = g(n)  O(n-m)*g(n) = g(n-m)
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http://www.songho.ca/dsp/convolution/convolution2d _example.htmIVUE
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