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Review/Examples of Sampling/Aliasing
DT Processing of CT Signals




Sampling Review
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then, assuming we choose wy; < we < wWs — Wi

r(t) = x(t)

Demo: Effect of aliasing on music.




Rotating disc

Strobe

Strobe Demo
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A > 0, strobed image moves forward, but at a slower pace
A =0, strobed image still
A <0, strobed image moves backward.

Applications of the strobe effect (aliasing can be useful sometimes):
— E.g., Sampling oscilloscope




DT Processing of Band-Limited CT Signals

C/D Discrete -Time D/C
conversion System conversion

Why do this?
— Inexpensive, versatile, and higher noise margin.

How do we analyze this system?
—  We will need to do it in the frequency domain in both CT and DT
— In order to avoid confusion about notations, specify

o — CT frequency variable
(2 — DT frequency variable (2 = oT)

Step 1: Find the relation between x(¢) and x 4[], or X,(jw) and X (¢/*})




Time-Domain Interpretation of C/D Conversion

C/D conversion

—————————————————

Conversion of
Xp(t) | impulse train

Xolt)— to discrete-time| | X[n] =xc(nT)
Note: Not full | sequence |
analog/digital e oo :
(A/D) conversion
— not quantizing xo(t) xp(t)
the x[n] values T=T1 T =2T4
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Frequency-Domain Interpretation of C/D Conversion
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|| Compare Egs. (1) & (2) and note 2 = wT
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Ilustration of C/D Conversion in the Frequency-Domain
Xc(jw) Xc(jo)




D/C Conversion y,[n] — y.(7)
Reverse of the process of C/D conversion

D/C conversion

.| Conversion of Vet T |
I i _ti p I
Vo] s discrete-time a >y (1)
'~ | sequence to o :
! impulse train s Os |
| 2 ¢ :
Again, ) = T
Y, (jw) = Yy(e?*?) — Reverses frequency scaling

TY,(e?9h), w| < % — bandlimited

Y.(w) =
(Jw) 0, otherwise




Now the whole picture

e

xp(t) |Conversion of|ix4[n] _ y4ln]| |Conversion of| y,(t) T
Xc(t) —l—)-@—» impulse train p=— Hq(e!®) F—3{ sequence to —> J:l ——
to sequence impulse train

*  Overall system is time-varying if sampling theorem is not satisfied
e Itis LTI if the sampling theorem is satisfied, 1.e. for bandlimited

inputs x (¢), with 0,
puts x (), 0, <2

*  When the input x(¢) is band-limited (X(jw) = 0 at |w| > ,,) and the
sampling theorem is satisfied (o, > 2 @,,), then

Ye(jw) = He(jw)Xc(jw) «— ye(t) = he(t) * zc(t) LTI

DT omege needs to changed




Frequency-Domain Illustration of DT Processing of CT Signals
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Assuming No Aliasing

Step 1 — C/D:  X4(e’) = X,(jQ/T) — periodic
1
w=Q/T = fXC(jQ/T), —7 < Q0 < 7 if no aliasing
Step 2~ DT Filter: Yy(e’®?) = Hy(e?)Xq(e’?)
1 .
_ THd(eN)XC(jQ/T), < Q<
TY. JqwT —H JwT Xc ; _Ws Ws
Step 3-D/C: Y.(jw) = { Ae) = Hale™ ) Xeljw), —5 <w<
_ 0, otherwise
Q=T
4
H,(ewT Ws
Hc(jw) { d(e )7 ‘w| < 2
0, otherwise

In practice, first specify the desired H (jw), then design H,(e/*?).







Construction of Digital Differentiator

Bandlimited Differentiator
w. <
Desired: H.(jw) = jo, - |w] < we
0, |w|>we

Set w, = 2w, = T = 2& = T Assume wys < w. (Nyquist rate met)

Ws We

i |

-| C/D - Hde9) - D/C -
Choice for Hy(el*?) :
: H.(1Q/T), Q] <
Hy(?) = U
periodic, Q>x

_ (%) — jw. (%) Qf <=




Band-Limited Digital Differentiator (continued)
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