ECE 346: Digital Signal Processing Spring 2021
Soo Min Kwon Week of February 22, 2021

Recitation #5: Sampling, Aliasing, & Quantizing of Signals

Objective & Outline

The objective of this week’s recitation session is to continue working with sampling, aliasing, and
quantizing of signals.

e Problems 1 — 4: recitation problems

e Problem 5: self-assessment problem

Recitation Notes

Since quantization is one of the newer topics here, the following are some notes regarding this topic:

e Quantization is how an analog-to-digital converter (ADC) can connect all possible values
between some nmax and nmin to 28 unique numbers, where B is generally pre-specified.

e Uniform quantization is equally dividing our range into 27 pieces and then assigning our
discrete signal to the middle of that piece:

— Dynamic Range: R = Nmax — Mmin-

— Quantization Interval: § = R/2"

e Quantizing our values can “perturb” our discrete value, producing g[n] from g[n] where g[n| #
g[n]. The maximum quantization error is defined as

Error = 6/2 (1)

The problems start on the following page.



Problem 1 (Sampling). Consider the following block diagram of a digital signal processing system:

z(t) —| CD f bpic — y(t)
1 1
T1 TQ

Suppose that the input to this block diagram, x(t), is given by

(1) = sin(1007rt)’ 2)

mt
with 77 = 1/100 seconds and T = 1/150 seconds.
(a) Provide a labeled plot of the CTFT of x,(t), where x,(t) is the impulse sampled signal of z(¢),
defined as z,(t) = > 07 x(t)é(t — nT).

(b) Provide a labeled plot of H,(j£2), the ideal reconstruction filter of this system.

(c) Provide a labeled plot of Y (j€2), the CTFT of the output of this system, y(t).
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Problem 2 (Sampling). Consider the following block diagram of a digital signal processing system:

O o o 1O o e e 0
) )
Ty T

with T} = T» = 1/1500 seconds and r(t) LN R(j) given as

R (i)

1

-f?.uaoi[ Lose TN

(a) Suppose that H,,(j€2) was an ideal low-pass filter with a cutoff of ©,. What should the value
of €, be to ensure that there is no aliasing given 77 and 157

(b) Suppose the cutoff frequency for H,,(j2) was |©| < 10007

1, |9 < 10007

0, otherwise.

Haa(jQ) = {

Provide a labeled plot of R,(j€2), the CTFT of the impulse sampled signal of r,(t).

(c¢) Provide a labeled plot of Q(j€2), the CTET of the output of this system, ¢(t).
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Problem 3 (Sampling). Consider the following block diagram of a digital signal processing system:

z1(t)

9(t) | Antatiasing | Faa(f)

o {t} Filier

Ig{ﬂ}

- gln]

DiC

— glt)

g —

g —ir

The continuous-time Fourier transforms (CTFTSs) of the three signals, z1(t), x2(t), and x3(t) are

given as follows:

X1(jQ) = {37
Xo(jQ) = {g’
X3(j2) = {i’

Q2] < 40w

otherwise.

|Q| < 807

otherwise.

12| < 607

otherwise.

(4)

(6)

(a) What is the bandwidth of the continous-time signal g(¢)? Provide a labeled plot of the CTFT

of g(t), G(592).

(b) Suppose that the value of 7" was T' = 1/70 seconds in the block diagram and let the anti-
aliasing filter be an ideal low-pass filter with cutoff frequency 707 rad/sec.

(a) Provide a labeled plot of the CTFT of gaq(t), Gaa(762).

A~

(b) Provide a labeled plot of the CTFT of g(t), G(j).

(c) Suppose that T was still 7' = 1/70 seconds, but the anti-aliasing filter was not present in the
block diagram. Provide a labeled plot of the CTFT of the output signal, §(t), for this case.
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Problem 4 (Quantization). The Holland Tunnel is equipped with 500 vibration sensing chips. Each
one of these chips has an integrated 8-bit, 300 Hz analog-to-digital converter (ADC) that takes an
input as voltage signal with maximum voltage of 2.4 V and minimum voltage of 0.8 V.

(a) What is the sampling period for each ADC?

(b) What can be the maximum frequency of the vibration signal being sensed by each chip such
that there is no aliasing during sampling?

(¢) What is the dynamic range of each ADC?
(d) What is the size of a quantization interval in each ADC?

What is the maximum quantization error that the input vibration signals would incur?

—

(e
(f) How many samples does each ADC generate per minute?

How much data, in bits/second (bps) would all 500 chips generate?

)
)
)
)
(8)
(h)

How much storage capacity, in Bytes, would be needed to store the data generated by all 500
chips in one year?

—
—
~—

Suppose it is desired to have the maximum quantization error no larger than 0.25 mV. What
should be the minimum bit resolution of the ADCs to achieve this goal?
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Problem 5 (Self-assessment). Consider the following block diagram of a digital signal processing

system:

— y(t)

z(t) —| CD 3 DIC
1 |
T1 TQ

Let the CTFT of the continuous-time signal x(¢) be defined as

X492 =

{1, 200 < Q<0

2, 0<Q<200n,

with 71 = Ty = 1/150 seconds.

(a) Provide a plot X, (j§2) the CTFT of the impulse sampled signal of z(t).

(b) Provide a plot of the CTFT of the output of the system, Y (j9).



Sbllll'hlsw?‘
(2)  We shoud Bk F[,ﬂf XA

X (j9)
L

§

—

-Lovl 2007

Sm«{?l"mq X(Jfﬂ ¢v0v-7 Q17 397, we je‘}

el
iz |
- oo - Lovll ‘) [ ZouT oo
o7
- (Qﬂ"[‘
Xel) n)
as i

- 1poT 2007 Yoo\

( \a> We Now rend )(]') (3/\,) %Mmuﬁl/\ an de | Vecon thuetion i [rer with
cutoff  1NLE 1en

150 s>



