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Processamento de Sinais

J Voltage (Vi: Analog O1 Fuel Level
\
) l Ground
= Fusl Gauge
{Volimeter)
On Dashboard
Potentiometer 12v
(Variable Resistor) @ + Battery

FLOAT
Float moves potentiometer contact
12V and controls signal voltage.
FUEL g
- v
0 volts = Empty
6 volts = 1/2 Full
o = 12 volts = Full

Voltage is analog of fuel level.
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Instrumentos de Medida

i Agilent  U1242A

Osciloscopio

Multimetro
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Processamento Digital de Sinais

Input could be a temperature, Qutput could be a solenoid,
pressure, air flow, linear heater, motor, cooler, etc.
motion, rotation, etc.

<—— ANALOG-TO-DIGITAL —— > <— DIGITAL-TO-ANALOG — >
INPUT Se&s;ng Conc:glonlng Cont\.'r1ert|ng Digital Cont\;lertmg Conc{::lonlng Transt;gucmg OUTPUT
— . - e »>| e +»| System |»| W€ - Ll »| e e
signal signal signal — Processing signal — signal signal to
Analog-to-Digital / Digital-to-Analog useful output
. . Digital Signals .
This signal will This signal will
be an electrical be an electrical
signal — either signal — either
a voltage or a current. a voltage or a current.
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Conversao para Sinal Analégico

Changes characteristics
of analog signal, such as

Changes the ag:sg’:ulgsélimpedance of Adapts the signal to

digital signal P : couple to a human

back to analog. world parameter.
| Digital | Digital-to- Conditioning Transducing
| System | Analog the the Signal
|  Processing ——  Conversion | — Signal > to Useful .

I Output

______ Output may be a

meter, a gauge,
a motor, a lever,
a heater, efc.

0’s e 1’s para niveis de tensao analdgicos
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Conversao para Sinal Analégico

DA com entrada digital binaria ponderada 2Ec-C=2_22i=¢5 2
0_] T T T T T Binary input
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INPUT ——
(Physical quantity)
Example: Pressure

ADC
Conditioning Bits
Qutput Signal 3 ‘HIE
Sensing
Output Signal 1.4
1.2 —— T
1.4 @ 1.04—— ~
w 1.2 =08 7 0
= 1.0~ L: Sl
2 08 AN 0.6
= 03 o
0.2 :
o 1 2 3 4 0 2 3 4
fime [—m time —
Samples input analog voltage at set
/ intervals of time
: —_— r74“‘u “““ ! :
Sensing Conditioning | Sample- | ' Analog-to- L~ In this case, converts
the > the — | | and-Hold 1, Digita <l analog voltage into
Signal Signal | Circuits ' | Conversion N @ 4-bit code
. 11 NN
e I, oo R T i D sample-
/ \ and-hold and the
LA .
Takes a physical In this AL 1 A to D conversion

pressure and
converts it to
a millivolt signal

case, amplifies
signal amplitude
by 1,000

0

[ B N ¢ R A

" Sample Value = Digital Code

0.8V 1000
1.1V 1011
0.9v 1001
0.65V 0110
1.05V 1010
1.25V 1100
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a binary code by an ADC.

- ’— Hold
Sample _ﬂA’l Each held level 1s converted to
e

Amostrar e reter

S |
Input | |
Analog } / 2 ! ADC
Signal I |
| |
| |
| |
1 |

Representacao em um determinado
numero de niveis

S:u_npling
circuit

4
|
|
L
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Conversao para Sinal Digital

Amostrar e reter

_———_—— —t—+ Sample p—"—=| Hold — -

Sample-and-hold

Amostras retidas — Numeros binarios

1
1 I |
| 1 | |
SIS
| | I | |
3 | ! I ] ]
| | 1 | 1
! i SR : | 1
e 1m O TR R I I | . ' : ! |
NS b1 101 ¢ —=s ADC |——=10100;01001} ----- 11o0jtu10] -
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I TG P B e T e - . —
T T | 1- 1 11
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Conversor AD com contador binario

Input Voltage

vV, o—mm»

Ve A 1 when V, >V¢
COMPARATOR

A 0 when V., =V

DAC When comparator output

goes from 1 to O it triggers
latch to latch in data and
transfer input to output

Clock

> BINARY S DIGITAL
COUNTER LATCH = ouTpUT

Latch triggering

T Reset
resets counter
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Input Voltage

Vin L E—

X

Conversor AD com Aproximacao Sucessiva

A 1 when V;, >V¢
~AO0whenV, =V,

COMPARATOR

Comparator

DAC

output going
from1—=0
tells logic

to reset SAR
bit to 0 and

set next bit
to 1.

Successive
Approximation
Register

ITIOA>»r

Control

Clock ——» Logic

DiGn
~ OUTH

=
]

4

DAC Output

A=
P
3
FS—
ES
2

Digital Code Input

D. V. Magalhdes



Conversao para Sinal Digital

Instrumentacgao e Sis

temas de Medidas

Conversor AD tipo Flash

Analog Input Voltage

Viy o———

DECODER

TV ITTY

27! Comparators /

LATCH

Conversor AD Dual-Slope
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then resets 1
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Caracteristicas de conversores AD e DA

Numero de bits - n
Taxa de amostragem - S/s ou Hz
Faixa de tensdao de entrada - AV

AV
2}’1

0=

Resolucao
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(a) Missing code (green) (b) Incorrect codes (green)
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Figure 7.7 Binary quantization and saturation.
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(c) Offset
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Caracteristicas de conversores AD e DA
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Conversao para Sinal Digital

Caracteristicas de conversores AD e DA

Multiplos canais

Multiplexed i iz channels
¢h 0 —— et sanplod wracking
K i / /
S | ADC T A, "
I |
L1 oo =" |
Gh x —_— Uaal—
,.::'—""'ET_g:ic—_". : 4 .
SSH w/ multiplexing — simultaneous sampling CHI |~ !
CH2 [romm.,
0 — SSH 1t ”.', S
& R (I /
| 1| Mux ADC
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ch x —@ SSH - tisec)
" - " Hold |
Multi-ADC — simultaneous sampling lne — |
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Conversao para Sinal Digital

Aliasing

e & ©

Diferentes tempos de amostragem
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Aliasing
Analog signal
20 g SIg
15 N &t Discrete time signal
{y(rdt)}
2 3
10— r Discrete data
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Figure 7.1 Analog and discrete representations of a time-varying signal. T ]‘ .
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Aliasing

Frequéncia de Nyquist
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Figure 7.2 The effect of sample rate on signal frequency and amplitude interpretation.

Filtragem

4 Unfiltered analog
frequency spectrum

Sampling frequency

spectrum
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/ //
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Na pratica utilizam-se filtros de amostragem de freq. de corte pelo menos 5x menor que a freq. de amostragem
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Ambiguidade de amplitude - Leakage
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Figure 7.4 Amplitude spectm for ¥(1). (3) 8f=139 Hz. (b) 8f=9.8 Hz. (c) §f=12.5 Hz.
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Conversao para Sinal Analégico

Filtro de reconstrucao
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