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Sensors and
Actuators

Systems

Control

Physics
Electronics

Digital Electronics
Integrated Circuits

Micro Assembler
Machine Language

Macro Assembler

High Level Programming Languages
Object-oriented Programming
Distributed Programming

Information Processing

Optics / EM Waves
Telecommunications

Internet
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Instrumentation

Signal Acquisition. Sensors. Actuators

ADC-DAC
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Instrumentation

Transducers: Sensors & Actuators

Translation of information ('signal’) from a physical domain to an
electronic domain

> Sensor >

Actuator -

A
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Transducers ADC-DAC

ADC (Analog-Digital Converter)
DAC (Digital-Analog Converter)

Translate signal from analog (electronics) to digital (electronics)
domain and back

Digital
Electronic
(computer?

Electronics

>.
Analog
4 -
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ADC/DAC

ADC (Analog-Digital Converter)
DAC (Digital-Analog Converter)

Translate signal from analog (electronics) to digital (electronics)
domain and back

| “VGEV)IEV >V,
> bOUt {
> 0" (0 V)if V< V,_
Simple 1-bit ADC: 1
comparator “0” and “1” are

only our (human)
Interpretation
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Simple 1-bit ADC:
comparator

XOO > bout

| { 1 (BV)IfV >V

0" O V)if V. <V,

A comparator is an infinite-gain differential amplifier
V. =oo(V -V )=2xV

out in ref - " CC
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2-bit ADC?

5V
'V

in

>

X(1/3) |

-

(5V

> “1” (5 V) if V. > (5 V)x(2/3)
> b, {

l (5V)x(2/3) | Xoo

0" (0 V) if V< (5 V)x(2/3)

{ 1" (5V)if V> (5V)x(1/3)

0" (0 V) if V. < (5 V)x(1/3)

This is not a 2-bit ADC: Number of possibilities is not 22 = 4:
b,b, =00, 01,10, 11 (3 possibilities)

Not possible!!!
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Number of possibilities is 22 = 4
b,b.b, = 000, 001, 011, 111

b2
comparator 'bits'
ADC output bits

b . >

1 » Logic

> Aray | %
comp — binary (decimal)
. 000 — 00 (0)
’ 001 —» 01 (1)

011 > 10 (2
111 = 11 (3)
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Sensors & Actuators

Sensors & Actuators

Translation of information ('signal’) from a physical domain to an
electronic domain

For example: a resistor
The resistance value of a resistor depends on the temperature
If we know the resistance value we know the temperature!

PTC: (positive temperature
coefficient) resistor, “thermistor”

IALP 2011, Instrumentation, UAIg, Peter Stallinga - 11/22



IALP 2011, Instrumentation, UAlg, Peter Stallinga - 12/22



An electronic thermometer

V(T) = (1.5 V) x RS R

¥
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Y
A system: temperature measurereni

Nis a function of T
T is a function of N

Fi L
Computer can calculate T
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Y
A system: temperature measurereni

Sensor  Volt. divider ADC
Temperature — Resistance — Volt — Number

Nis a function of T
T is a function of N

Fi L
Computer can calculate T

IALP 2011, Instrumentation, UAlg, Peter Stallinga - 15/22



A sysEllilC |D control of temps
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Parameters of transducers

What are important parameters of transducers?

Piezoelectric acoustic sensors
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Parameters of transducers =

 Price

 Transfer function (ex. V(1))

» Sensitivity (ex. dV/dT)

 Offset

» Selectivity

e Linearity

* Range

» Accuracy

» Reproducibility/precision, (analog) resolution
e (Digital) resolution

» Shelf life & operational life

* Speed

 Durability

* Interference

* S/N Noise

» Ease of operation /maintenance
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Transfer function, sensitivity, NEaHASHIEINEE

Resistance (Q)

Transfer Function, H(x)

Sensitivity, S = dH/dx

Measured Quantity x

Temperature (T)
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Resolution, Accuracy & Pregisi

Probability Density

roducibility/
pracision
(anglog resolution)

Accura
le C’i/ >
Real Measured
value values
Digital resolution
e
nin
Real Measured
value values

Temperature (T)
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Examples: Pissing sensor

2 transducers:

IR light source (LED)
IR light detector (photo-transistor)

(Actuator) LED emits light. Person modulates light. Photo-transistor
sensor's current depends on light intensity.
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Examples: Parking sensors

Speakers /
microphones

Speakers emit (ultra)sound. Objects reflect sound. Sensor micro-
phones detect sound. Processor calculates time difference and (thus)
distance

IALP 2011, Instrumentation, UAlg, Peter Stallinga - 22/22



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22

