Conversion of a discrete-time sequence to a continuous-time signal

D/C convarsion

Conversion of Vo (B T
; _ti P
va [Nl — discrete-time i J::L | ve )

b sequence to

: impulse train — 8 —3
b

|

|

A e e v T e T e T . R S L —bh Ay e e e — — —

;,‘ Dept. of Electronics Eng. -1- DH26029 Signals and Systems



Overall system for filtering -------------"-"-""-"""""""""""
a continuous-time signal
using a discrete-time filter

|
|
|
|
|
|
! Xp () [Conversion of| x4 [n] 7 yainl |Conversion of| v, ® T
Ko (t)—-r-l»@—)- impulse train » Hq (e"Y »| sequence to - |_—w| — ¥ ()
|
|
|
|
|
|
|

to sequence impulse train s Sswlo
2 2 !
I
|
I
I
| o e ] I
X, (ju) Ha (61%), X4 )
1 1 i
AR
Hg (%)
|
— Q0 wy w —wyT —{}, Qe oy, T 2% 0
(@ (d}
Xp (iw) Hy, (o}, X, (je)
1
AAA /| |\/l I\/’ |\
i |
—wg —ty 0 Wiy tig w
—ahy ——“ 1] '= Wy w
{0} {e)
Xq te'th He {jo), X (jo)
1 X {jw
T 1 - {jm)
He (jus)
| 1
— T —w,T 0 a,T wT=21 0 A0 QN o
Sy e e S
LR (@ (ﬂ
% \9
3 .
2 - 5| Dept. of Electronics Eng. —2- DH26029 Signals and Systems
7
%\N"J



Y. (jo) =X (jo)Hs (")

H,(e'"), | < 0y 12

Hc(jw)={

0, |a)| >w, /2
Hy (&)
Al
I | | \ ‘ |

-0, 0 0, °r
He (iw)

-0, L w

T T

5 Dept. of Electronics Eng. -3- DH26029 Signals and Systems




7.4.1 Digital differentiator

Continuous-time differentiator
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With o =20,
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Ex. 7.2)

SiNGA/T) 3 i) <L

0, otherwise

X.(t) =

cos(z/T) sin(z/T)
Tt nt’

_9 o
yc (t) o dt Xc (t) o

X4[N]=x.(nT) = %5[n] : scaled unit impulse

[ n=0
ya[n]=y.(nT) =1 p12 " - impulse response scaled by 1/T
0, n=0
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* Digital differentiator
: [ Q
H, (") = J(?j, ‘Q‘ <7

Impulse response
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7.4.2 Half-sample delay
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Interpretation of a non-integer delay

y,[n]=x,| n— é =) Samplesof ashifted version of the band - limited
d d interpolation of x,[n]
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Ex. 7.3) Determine the impulse response hy[n] of the discrete-time
filter in the half-sample delay system

sin(zt/T)
it

X (1) =

X, [N]=x.(nT) = %5[n] : scaled unit impulse

sin(z(t—T/2)/T)

yc(t) = Xc(t_T/Z):

7(t-T1/2)
sin(zz(n —1))
ya[n]=y.(nT) = 12 : impulse response scaled by 1/T
Tz(n —2)
1 * Note) Using inverse DTFT,
) S|n(7z(n—2)) H,. (%) =1 \Q\<7r<—>hd,1[n]=5in7m
h[n] = - -
z(n—-) Hy(e) =1 %) 0| < 7 hy[n] =21 z(n-3)
2 7(n—4)
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7.5 SAMPLING OF DISCRETE-TIME SIGNALS
7.5.1 Impulse-train sampling

x[n], if n=aninteger multipleof N
X,[n]= :
0, otherwise

? — [ ={nlpln = 3 kNI —kN)
Ml " el Pexe e
§ III‘I._ xp(ejw)=%fzjx<e““%>>

% & .
DA\

g ¢ Dept. of Electronics Eng. -11- DH26029 Signals and Systems
*%ONAL\},



X(e™)

- P o
r P(ej”)— Za(a) kao,)
f 1 1 N f f f k=—c0
| | . p(ﬁ' : 5 5 | 1 N_1 | k
/\ /\ /\ /\ /\ /\ =
) (m o)
Xo(e)
N Aliasing (e, < 2wy,

- Note) Irrespective of aliasing, x [kN]=x[kN], k=0,+1+2,...

- Note) In thesampling of DT signals, Q=wTl? No

et
{ ' Dept. of Electronics Eng. -12- DH26029 Signals and Systems
2



pln]

DH26029 Signals and Systems

X (e')
1
] LI PITE) S /2..7\ - - /2>u
(a) Xp(ejw)
1
Exact recovery of e
a discrete-time signal y |
from its samples ,
—2I1'r Wy 2 W
X, (&)
A
{é“\ iy Wy /2:11'\
i {b)
%@““

g Dept. of Electronics Eng.



7.5.2 Discrete-time decimation and interpolation

Decimation (sub-sampling, downsampling)

X [N]=x,[NNT ~ x,[n]=x[nN]

wen=Sae [

n

X, (') = ixp[kN]e"“"‘
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X b (e Jw) — X 0 (e Jo/N ) Frequency scaling (or normalization)
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The relation between sampling and decimation

X(e!)
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Interpolation (Upsampling): the reverse of decimation or downsampling

Conversion of
decimated sequence
to sampled
sequence
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EX. 7.5) "
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