ECE3084-L09 Sampling and Periodicity

Tuesday, February 14, 2017 1:15 AM

FWM 2026 . C(reate Aiserete +ime 7/‘3#\6([ 67/ SQMP”,\j A (ontihUoug +ime

srgnal |
3 xCn)= x(nTg) Where 5= period Letween gsamples

(
Sompling rute: £, =7
My quis+ ate = Twite +he highest+ «Cr\e%uemcy component I'n x(€).
Mygquis+ Samph‘m9 Theorem:  To be able to reconstruct Xx(¢) From i+
samples XLn], You must sample at a rute greater ‘han the

Nyqus+ ave.

. ( AT ,uf— 4 ‘F
Normalized  discrere- +ime Freguency - = F or £ ==
Uni+s¢
£~ aa H oscillations per Second \ .
- = = = oscillat cons r somple
* & H samples per second # oscillations per somp
A radiang per f?(Or\J = f‘ada\ay\g PE(‘ SaW\Ple.

samples per Sewond

Suppose we hale a peh‘odfc Square wave Wit Fandamental
‘F/?%(A@I’\C\/ £, What ¢ +he /{/y%w\ﬁ rete for +hs ;fglr\am.

— Kind of a drick guestion. A Square wave s pot band [im i ved
(has nonzero frequpnci'es forever. . they approach O, but pever
hit it ond then Stay +kw.) Thus, i+ hos no Myguist rote,

Jn general, there s ro Nyquitt rote for a Einite leagith §/‘jka‘, but we an

e+ "close encugla)
4 9
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Sampling Lromn a (T Perspective : or “impulse 4rain’

Tl\l‘l\k of i+ as /V\u(Jr»\P(\/!‘hj by A truin of ;MPul$es ”(mwb\\)/ p(:(:).'
ple)

e T

37, 2T, 1, 6 T 2T, 3T, i ¢

o0
)(s ({f): X(—&) P(‘b) = Z X(V\ ,5) 5 (‘t’r\‘rg> Note: 'Tb\is s Just o
n=-co T cenceptual model of
Sampling Propesty sampling, no+ what
actual AV hardware
What does dhis do in the Fre%uemy domain does.

ple) is periodic, o c(an represent 4§ a Fourter Sertest

o0 . ok
pley=2_ A4, e "t
K=-00

Where we ge+ the Ok coeffclents with He FS analysis )"’Leﬁr“/:
) Te/2 - jw, Kt
Q= o 7 ple) 7T 1
0o )Tf - The “eonab
To=Ts  We=Ws The period o€ P8 s egual o dhe sampling (ate

T, -5 W, Kt Only  intequrating over ihe period
] /2 3 W nly integrating o P
ez (M swe” " e QAN

T’/'L catch S(-(:)
T/ \
—“rl; Tﬁ/z %(ﬂ@ A< 5&«4,3/,%9 /5,‘4%@ Pm?eﬁ"y.
o >
RN
- T
00 cw. Kkt 1
ple)= = = e’ (FS Representation)
b K=-00
ot
We cun dake dhe FI ofF each ferm A Hhe sum : e)w é/j 21 §(w-w,)

. L Plsw)
S Ke-
Also could use /‘fim:j‘se rrotn™ I 1\ Z\ T T j; >

T N =% D=———C ) =7 W
entry from the Hable ok F1 pairs, 2w, =Ws 0 W, 2Zws 3w

So, “he FT of an impulse +rain is anorher impulse +rain.
Note . sguishing the impulses closer +ogether in ore dorein

will spread fem apart in Hhe other (and vive yersa),
Generally, die FT of a functlon does not look anything like ‘e

orl\gl'r\a' Fonction.  Exceptions: sinc, Gaussian, impulse freun .
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Multipled A vime  domain =) Convolve in Lreg domain:
Xs (€)= X&) pl¥)
|
Xs (30) = 50 X(w) * P(50)
l L=
= +T ; = Z= W= kWws
57 X(w) * ,5% 1 6 ( ) )
- LS SR :
=T Z-—oo X()(w ku)s)\)
—> $hFred coples ofF X()u))

/, N . SN
‘periodic rep i cativn

ud Ws= W

For no OV@fIqP, Ws- Wy > Wy

5
P win ) DDA
15 I /\/yc&umr rider l'on MK AR A)

Wri+h overlap -

alfaé"h_g!
(on ge+t X(t) back Wik a perfect LPE (brick wall) -
We = Yo7 T for |wl £ Wssp
H(w) = \
O o ther wise
L. - 2t
In te time domarn v T T
w
hit) = T, sin (5 ) — sin(F+)
€
1—% t
Reconstructed  srgmal ©
Xe (£)= X, (£) ¥ k() T )
_ = - sin (=, € torvolve w/
= (A% X (nTy) é(t-n_’;)> * e elin o
P

il =
‘n (7 (€-nTs) Sum oF scaled &
) Sl/‘(’ﬁ—,_’zi shiFted Sihe Fmr\éh‘or\S
Z (¢-nTy)

= x () =) Perfec+ . W, 4‘%/ but non- ¢causal

This (s H4he sinc (nterpolation formula. Tells us Acw +o

Ts

0o
= X(V\ s
= -00

n

reconstract a band [imited sl‘jha' from 1t Samples.
Move: There's alwoys a':\asfﬂj because no firite length 5’j"°" s
band linm/ +ed.

"hood erowah N Aepends on de applicotion.,
9 I 3
"A'\‘agmj eflecks migh+ fall helow +he “porse £loor, T

A+ inteqer multinles xa (mTg only one ¢ine (ontributes fo Hat output (the
9 / 4

one centered 4lere). 145 at a 2em foc 6ll Yhe other 4/n(s.
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What we've just dene 14 of Heeoretical interest > Reoves yle /qu/uf% §a,mpl|‘n5 Ltheorem.

Practical [leconstruction . “sumple and hold / zero order hold — (This s Hhe sypical

aPPfoack
Hold +he output (onstant until e pex+ sample arrives:

i l, »> I+

! JA/
o Ts 2T, 3T Lf'Ts 5T,

o T T, 3T, 4T, 5T,

What would tle impulse response of a system dhat does s lok like™!
1 for 0£<<Ts N o)
he (¢) =

L

This 5 causel.

O+herwise

e

s
Subseript zero because s
a ''zero order hold

Also, because of +he sampled noture of +he

nput, i+ S etsy to mplements (6.9. With 2 capatitor &

on  electronic switch. A filder (ke turs Hatr would opPernte on

A generic continuwows +ime 519 nal would be hard to (ons+mc1/.>

Xr, (€) = hol¢) * xs(¢)

Keconstructed 5(5yxl4‘ Usthy A zero order hold

= hote) # (2 x0T 5(¢-nTs))
> T h, (£-nT)

N =-00

TIn the freguency domain: Xr., (5w) = H, Gw) X, (jw)

If

7"/ (w) = GM(“—%"> @—5‘«2%‘ Sguare pulse of widw, T,
o

W/

‘ T
e s
+ime delayed by 3
.291'05 M(P’Pey\ a+ u_%z - nTr

’L‘n' where Ws = "L%

n — $

Zeros land @ conters of “'(o (')W)‘ l)(g(sw)\
altased coples of the

sampled signal —— T~

SHll need a low pass Filder v ge+

rd of +he altased Parts that
bleed 44\"0(495\ around +he zeros.

)
—+

i _ ! ' ! | | >
'2 s -W 2
The Sigk\a‘ gets Shaped /,,l,‘g)torfed J’?’ Hee d $ O Ws ws
shape of +he (enter lobe.

(an bnv€ o\ﬁ,} wal

‘// MU::+0?€‘r (6P
Intresse W, to reduce aliasing, minimize center lohe distortion, ¥ relax LPF specs,

—> Broadens +he main lobe with respect to X (3w), more space between aliased copies.
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e constructed sighal s delayed by T,/2  OFien un impordand, but con

be  (mportant in control  applications.  Tradeoff between

performance  (small delay)  and  cos+ (high Q)5>.

Duality ofF samplineg, & pertodicivy muﬂ
Notice that X{sw) 5 not Percodic, < %

but when we 5aw\?>ng x(¢) ‘o get

0
W)
X5 (€Y, Xs(iw) beame periodic. Xib éﬁ\ ////,

\Y

~

MuFiplyirng by an impulse rain (“sompling™)

in one domarn s & convolutton With an mpulse Hwin  in

e other domain ( which replicates e él\gr\a‘ and  makes 1+

7/.(( 01,

perio dre ) )

This moatchesS what weye seen Wwidl. FS§ e 2x Qo i
previowsly.  IF vou take the FT of 1102 T /[7/“
a perivdic sighal, you get on «

-2U, - W, 0 Wo
impulse train in e freg domaln,

sealed by 2n +Hmes the di coef ictents,
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Overview with demos

Thursday, March 2, 2017 2:25 AM

O del of / xte)
vr medel oV samp ,'y.j; /\’\/
AR S A S G Y B S

X, (€)= x (€)ple) AT
AX(Gw)
(y)
X ’ > Assume bard imi ted y
with mox freq W,
- Wy W “
Plyw) ]
g_if l\ T I i—/? Wy = 1k, = -_rﬂ.;
“w, -W, 5 Wy Tw, ’
X, (3w) = 55 X(w) * P(5w) /I\ A\ A\ /{\
(ah recornstruct +he o/\;‘f) ‘nel — ///. % //l //;' St
signal x(¢) Ffrom X, (£) iF e //\ r T i ik
N / =Wy Wy,
there’s o overlap

/Ueeoﬂ Wy > 2 W, o avord over (qp /@(,‘asihj
Alf‘acr‘mgi Afver somplirg, frequencires higher 4han 5 Ws
look [ike [lower Freguencies — (theyre ;y\Jl\sh‘/\gw‘sLal,le),

O Y R AL A O A B A B

"

T o Freq, L/AL High Ff@q/

Samp ’I\/\j Visuwalizetion  n

SC,(MP/I‘V\9 /4 .gl‘l’\( . on
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Extra

Thursday, March 2, 2017 3:40 AM

flelation between CTFT & OTFT :

xt¢) = (T gfgma(
x(nl = x(nTs) = DT $/4nal
Xs(t)Zn% X(nTs) $(n-nT,) = (T sompled sigral

Xo(w) =4 = X(5(w-kwo)

ls

Could compute X (W) Airectly:
Xs(3w) = joo = x (nTs) S(¢-nT, )e—su{ dt

—% pz-00
v /oo

= ﬂ% X3 ) $(t-nT,) e dt
:n% XLn) €~5wnT;
Mote fpar (O = % = wls
X(e®) = 2 ¥t e < DIFT fomida

lan derive jnverse WTFT by /0W’P‘d$ -Pr’*?f"“j 4he nverse (TFT Xs (qu>
+o rewover +lbe central X(t). Derivations in

(an plew Fourer Series ao samples of Hhe CTFT. e beo k.
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