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1. Quantization process ‘B"

i sampler & quantizer quantized
| sample & hold nT) signal xglnT)
x(1) 0 x(n >
o] N 1 > cmﬁgter : to DSP
analog T - sampled -
signal = | signal i B bits/sample

Fig: Analog to digital conversion

** The quantized sample x,(#T) is represented by B bit, which can take
2P possible values.

“* An A/D is characterized by a full-scale range R which is divided
into 28 quantization levels. Typical values of R in practice are
between 1-10 volts.
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1. Quantization process

| _TP.HCM

“* Quantizer resolution or quantization width (step) Q =

x(nT)
M,
\J.f T
o /f “\xotﬂ?‘?____
ey - T
I T
_______ Q
+

“\quantization
__:/

Fig: Signal quantization

ni

. _ R R
% A bipolar ADC —— < Xo(NT) < >

% A unipolar ADC 0<x,(nT)<R
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1. Quantization process ‘BK

“* Quantization by rounding: replace each value x(nT) by the nearest
quantization level.

s Quantization bv truncation: replace each value x(n'T) bv its below
y p y
nearest quantization level.

% Quantization error:  e(NT) =X, (nT)—x(nT)

IA

. . o Q
% Consider rounding quantization: — e< >

2
A ple)
1/0

>

% 0 072
Fig: Uniform probability density of quantization error
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1. Quantization process ‘BK

Q/2 Q/2

_ 1
*** The of quantization error € = j ep(e)de = _[ e—de=0
~Q/2 ~Q/2
QR 24 Q2
¢ The mean-square error o,° =€° = J (e—-8)°p(e)de = j e’ —de==-
) 12
(power) -Q/2 Q/2

% Root-mean-square (rms) error: |€,, =0, = Ve’ = %

“* R and Q are the ranges of the signal and quantization noise, then
the signal to notse ratio (SNR) or dynamic range of the quantizer
is defined as

2

SNR ,,=10log,, | 2% |=20log,, (gj = 20log,,(2°) = 6B dB

2
q

which 1s referred to as 6 dB bit rule.

Digital Signal Processi%%DuongThanCmg o 5 Quantization

https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

E le 1 K
xample ¢

* In a digital audio application, the signal is sampled at a rate of 44
KHz and each sample quantized using an A/D converter having a
full-scale range of 10 volts. Determine the number of bits B if the
rms quantization error must be kept below 50 microvolts. Then,
determine the actual rms error and the bit rate in bits per second.
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2. Digital to Analog Converters (DACs) ‘!K

“* We begin with A/D converters, because they are used as the building
blocks of successive approximation ADCs.

MSE

Ir.:lj -1
b - Xo
B input bits bs - DAC -
i ! analog output
b =
ST

R l (reference )
Fig: B-bit D/A converter

“* Vector B input bits : b=[by, b,,...,bg]. Note that by is the least
significant bit (LSB) while b, 1s the most significant bit (MSB).

** For unipolar signal, x, € [0, R); for bipolar x, € [-R/2, R/2).
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2. DACs

, R
% Full scale R=V;, B=4 bit 5
2R; ¥ 4R; § B8R; ¥ 16R; XQ=Vout
MSB\ b,

<

~Vrer
Fig: DAC using binary weighted resistor

D =Veer LS S
2R, 4R, B8R, 16R,
b b
XQ_ ouT ZI R \/REF(Zl 4 83"'1%)

=R27* (027 +b,27 +b. 27" +b,2° ) =Q(b,27° +b, 2% +b, 2" +Db, 2°
XQ 2 3 4 2 3 4

} I LSB

Il——-\
t——0
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2. DACs dEX)

« Unipolar natural binary |%, =R(0,27+b,27% +...+b;27°) =Qm

where m is the integer whose binary representation is b=[b,, b,,...,bg].

m=b2°"+b,2°? +...+b, 2°

“* Bipolar offset binary: obtained by shifting the X0 of unipolar natural
binary converter by half-scale R/2:

“R(B,27+b,22 4. +b,2 %)~ X =Qm-~
o i ° 2 2

% Two’s complement code: obtained from the offset binary code by
complementing the most significant but, 1.e., replacing b, by b, =1-b, .

X, =R(0,27" +b,27 +...+sz-B)—g

iqi ' ' uantization
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Example 2

“* A 4-bit D/A converter has a full-scale R=10 volts. Find the quantized
analog values for the following cases ?

a) Natural binary with the input bits b=[1001] ?
b) Offset binary with the input bits b=[1011] ?

c) Two’s complement binary with the input bits b=[1101] ?

10 Quantization
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3. A/D converters

“* A/D converters quantize an analog value x so that is is represented

by B bits b=[b;, b,,...,bg].

MSB . bl
N > b,
= ADC ln--*,bjl B output bits
analog input . .
= b
LSB B
R

Fig: B-bit A/D converter

. . . i~ ation
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3. A/D converters

[ _TP.HCM

% One of the most popular converters is the successive approximation
A /D converter

comparator ADC
u =+ . SAR .
: -
' a3
-
DAC B output bits

Fig: Successive approximation A/D converter

% After B tests, the successive approximation register (SAR) will hold
the correct bit vector b.

Digital Signal Processi%%DuongThanCOng com

12

https://fb.com/tailieudientucntt

Quantization


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

3. A/D converters

** Successive approximation algorithm

for each x to be converted, do:
initialize b = [0,0,...,0]
fori=1,2,...,B do:
b; =1
Xg = dac(b,B,R)
bi = u(x —Xxq)

1 if x>0

where the unit-step function is defined by u(X) = _
0 if x<0

This algorithm is applied for the natural and offset binary with
truncation quantization.
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Example 3 dBx)

** Consider a 4-bit ADC with the full-scale R=10 volts. Using the
successive approximation algorithm to find offset binary of
truncation quantization for the analog values x=3.5 volts and x=-1.5
volts.

Test | bbb, | x| C=ulx—xg)
b, | 1000 | 0,000 1
b, 1 1100 | 2,500 1
b; | 1110 | 3,750 0
b, | 1101 | 3,125 1
1101 | 3,125
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3. A/D converter

<o

% For rounding quantization, we

shift x by Q/2:

for each x to be converted, do:
Vv=Xx+0Q/2
initialize b = [0,0,...,0]
fori=1,2,...,B do:
b; =1
Xq = dac(b,B,R)
bi =u(y —xq)

“* For the two’s complement
code, the sign bit b, 1s treated
separately.

for each x to be converted, do:
v=Xx+Q/2
initialize b = [0,0,...,0]
by =1-uly)
for i=2,3,...,B do:
b; =1
Xo = dac(b,B,R)
b; =u(y —xq)
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Example 4 € ’.

% Consider a 4-bit ADC with the full-scale R=10 volts. Using the
successive approximation algorithm to find offset and two’s
complement of rounding quantization for the analog values x=3.5
volts.

igi ' ' uantization
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Oversampling noise shaping

|Hxs (F) |7 =
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Oversampling noise shaping

2P
AB = (p + 0.5)log, L — 0.5log, _

2p + 1
p L 4 | 8 | 16 | 32 | 64 | 128
0 | AB=05log, L 1.0 | 1.5 | 2.0 | 25| 3.0 | 35
1 | AB=1.5log,L —0.86 | 2.1 | 3.6 | 5.1 | 6.6 | 8.1 | 9.6
2 | AB=25log,L—2.14 | 29 | 54 | 7.9 [10.4 [12.9 [15.4
3 | AB=3.5log, L —3.55 | 3.5 | 7.0 [10.5 |14.0 [17.5 |21.0
4 | AB=45log, L —5.02 | 4.0 | 8.5 |13.0 [17.5 |22.0 |26.5
5 | AB=5.5log, L —6.53 | 4.5 [10.0 [15.5 |21.0 [26.5 |32.0
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Dither

T Q%/12
2 2Q%/12
€ 3Q%/12
- 402/12

undithered
rectangular dither
triangular dither
Gaussian dither
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Mid-riser and mid-tread quantization

Dm%litfz N _ Qutput _I
o2 20
302
A2 ’
A 2M 3A 4A Input N2 3A2 Input

— ~
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Bonus 2.1

% Write a program to simulate DAC.

MSB
b,
b,
b, %
—
Dg
LSB

R (full-scale range)
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Bonus 2.2

“* Write a program to simulate ADC.

MSB
> by
> D,
> bg
> bB
LSB

R (full-scale range)
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Review

% Cac thong so co ban cta qua trinh lugng tir hoa?
% Quan h¢ giita cac nguyén tac luong tir?

% Quan h¢ giita cac nguyén tac mi hoa?

% Tinh chat cua sai so luong tir?

< Hiéu qua cua lay mau du va dinh dang nhiéu?

¢ Hi¢u qua cua dither?

+** G1a1 thuat test bit?

s Xac dinl
s Xac din

h muc lugng tor va cac bit luong tur?
1 dung luong can luu trir?

s Xac din

h toc do xir 1y yéu cau cia chip DSP?
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Homework 1 BK

s* Cho b6 lu’qng,tfr va ma héq nhi phén tu nhién B = 5 bit hoat dong
theo nguyeén tac Ié,m tron gan nhat (rounding) voi khoang luong tir
deu Q =1.1@ (biet O la gia tri lwong tir nhd nhat).

a) Xac dinh gid tri luong tir 16n nhat?

b) Kiém tra xem liéu gi4 tri 20.10 c6 la gia tri lugng tir hay khong?

c) Xac dinh gia tri lugng tir trong Grng voi tu ma 100117

d) Xé&c dinh tir m& ctia mau tin hiéu ngd vao 20.107?

e) Lam lai cau d trong truong hop B = 8 bit?
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Homework 2 BK

s* Cho b6 h;qng tor va m§1 h(’)a,nhi phan tu nhién 8 bit hoat dong thgo
nguyeén tac Iém tron gan nhat (rounding) voi khoang lugng tir déu
Q =0.4@ (bict 0 la gia tri lvong tir nhd nhat).
a) Xac dinh gid tri luong tir 16n nhat?
b) Kiém tra xem liéu gi4 tri 24.04 c6 la gia tri lugng tir hay khong?
c) Xac dinh gia tri lugng tir twong ing véi tue ma 001111017
d) Xé&c dinh tir m& ctia mau tin hiéu ngd vao 20.13?
e) Dung giai thuat test bit, xac dinh tir ma cta mau tin hiéu ngd vao
25.03?
f) Dé xuat 1 giai phap de thuc hi¢n lugng tir theo nguyen tac rit bot
(lam tron xuong) trong truong hop van st dung bd luong tu va ma
hoa hoat dong theo nguyén tac lam tron trén?
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Homework 3 BK

% Cho b0 lrong tir va ma hda nhi phéan tu nhién 8 bit hoat dong theo
nguyén tac lam tron véi khoang luong tir déu Q = 0.1@ (bict O la
gia tri lvong tir nhé nhat).

a) Xac dinh gid tri luong tir 16n nhat?

b) Xac dinh gia tri lvong tir twrong tng voi tr ma 111000117

¢) Xé&c dinh tir m& ctia mau tin hiéu ngd vao 22.077?

d) Dung giai thuat test bit, Xac dinh tr ma ciia mau tin hiéu ngd vao
9.05?

e) Gia sir tin higu phan bo déu trong tam hoat dong, tinh ti so cong
suat tin hiéu trén nhiéu SNR cua bd luong tir trén?
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Homework 4 BK

% Cho bo lugng tir ludng cuc doi xting hoat dong theo nguyén tac
lam tron véi khoang luong tir déu Q = 0.2@ (bict 0 la mot gia tri
luong tir) va ma hoa nhi phan 8 bit dang bu 2.

a) Xac dinh gi4 tri lugng tir 1én nhat va nho nhat?
b) Xac dinh gié tri lvong tir twrong tng voi tir ma 100010007
c) Xé&c dinh tir m& ctia mau tin hiéu ngd vao 1.64?

d) Dung giai thuat test bit, xac dinh gia tri lvong tr ctia mau tin hiéu
ngo vao 1.647?
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Homework 5

X Mc}t tin hiéu ro1 rac duoc luong tr va ma hoa bang bo chuy,én
doi A/!D 4 bit co tém,toén thang R=1@ V dung giai thuat xap xi
lién ti€p lam tron xuong (truncation).

a) HAay xac dinh khoang luong tir Q7?

b) Tim gia tri lwong tir X4 cho gia tri ro1 rac X=2.75 V va tr ma

b=[b, b, b, b,] tuong trng cho ma offset?

c) Lap lai cau b) cho ma bu hai?
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