Contents: : l

Mog mg yueq 13
LDNPIURLL PHE ISEIS JO LR




Sensors:

> Scnsor isa devnce that'.

uMog mg yurq 13

MRONPINELL PUE SISSHIS JO e




Sensors:
» Agood sensorgbgj;ﬂ' '
1.

ulog wig yuey I3
LDOPIUELL PAE SISTHIS JO Ly



Sensitivity & Hysteresis:

>

Sensitivity is the ability of the measuring instrument to respond to changes in the
measured quantity.

It is also the ratio of the change of output to the change of input.

E.g., for a sensor measuring temperature and having a voltage output, the sensitivity is
a constant with the unit [V/K]; this sensor is linear because the ratio is constant at all
points of measurement.

Hysteresis is an error caused when the measured property reverses direction, but there
is some finite lag in time for the sensor to respond, ereating a different offset error in
one direction than in the other. Elastic Hysteresis
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Offset Error & Non-linearity:

» Offset Error: If the output signal differs from the correct value by a constant, the sensor
has an offset error or bias. This is an error in the y-intercept of a linear transfer
function.

>

Nonlinearity is deviation of a sensor's transfer function from a straight line transfer
function. Usually, this is defined by the amount the output differing from the ideal
behavior over the full range of the sensor, often noted as a percentage of the full range.




Quantization Error & Aliasing Error:

» If the sensor has a digital output, the output is essentially an approximation of the
measured property. This error is also called quantization error.

» If the signal is monitored digitally, the sampling frequency can cause a dynamic error, or
if the input variable or added noise changes periodically at a frequency near a multiple of
the sampling rate, aliasing errors may occur.
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Noise & Drift:

» Noise is a random deviation of the signal that varies in time.

» If the output signal slowly changes independently of the measured property, this is
defined as drift. Long term drift over months or years is caused by physical changes in

the sensor.

time (days)

P.C: Themistoklis Bourdenas: Jan 2009 Architecting Dependable Systems VII




Types of Sensors:
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Active & Passive Sensors:

Active Sensors: The type ors tha ‘ signal without the help of
external excitation suppl. »wn pl rties of the sensor vary with respect
to the applied external (B ) called as Self Generating Sensors.
Any sensor which requires to 0 | ent in order to retrieve the
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Analogue & Digital Sensors:

» Analog Sensors: The sen_so; that mdu

ignal with respect to time with

itter. The measured
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Pictorial Depiction of Few Sensors:
» Few Sensor Types

LDR
Color Sensor Gas Sensor (Uight 3 )
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Rain Sensor PIR Sensor Water Flow Sensor
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(Teorsmissive Type) (Reflective Type) (Light Sensor)
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Sensor Types:

» Light Sensor
1. IR Sensor (
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» Chemical Sensor



Sensor Types:

» Position Sensor
I Potentiometer

2. Encoder
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Transducers:
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Transducers:

» Factor to be considered
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Classification of Transducers:

As active and passive transducer
According to transduction principle
As analog and digital transducer

As primary and secondary transducer

As forward transducer and inverse transducer

Active Transdocers




Classification of Transducers:

» Forward Transducers convert non-clectrical quantity into electrical quantity whereas Inverse
Transducer converts electrical quantity into non-electrical quantity.

Passive Transducers




Resistive Transducer:
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Resistive Transducer:

Resistance Strain Gauge — ange ue stance of metal semi-conductor due to
clongation or compression is known by L of torque mer

Resistance Thermometer — Tl to the change in temperature
known by the measurement of

Resistance Hygrometer e strip due to the change of
moisture content i »

Hot Wire Meter — The of & heating element due to convection cooling of a flow
of gas is known by its ding gas flow or pressure

Photoconductive Cell ~ The ch ce of a cell due ‘ ling change in light

Thermistor — The change in resis semi-cond! s knoy by its corresponding measure
of temperature,
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Capacitive Transducer:

» A capacitor consists of two conductors (pm .are electrically isolated from one another by a
nonconductor (dielectric),

> thn the two conductors

‘is capable of storing an

» The principle ofopvela_z of ca sducers is b i pqmnon for capacitance of a

sween two plates; £ = P lectric constant); F/m.
» The capaclnve tmwdueels ‘lﬁ l ly used for f linear displacement, by

™

Change in capacitance due to change i tween the two plates.
3. Change in capacitance due to change in dielectric betwecn the two plates.
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Capacitive Tran

» Variable Capacitance
externally applied fc

Applications: Meast
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Inductive Transducer:

An inductive sensor is a device that uses the principle of electromagnetic induction to detect or
measure objects.

An inductor develops a magnetic field when a current flows through it altematively: a current
will flow through a circuit containing an inductor when the magnetic field through it changes.

This effect can be used to detect metallic objects that int ith a magnetic ficld.
The inductive sensor is based on Faraday SO,

The temporal variations of the Magaetic |
which is denoted as:

N turns circuit will induce a voltage e

= Induced Magnetic Field; S = homogeneous Section; R = Reluctance of magnetic circuit.

N
Self Inductance L = i Mutual Inductance M = K.[L,L,
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Inductive Transducer:

» One form of inductive sensor drives a coil with an oscillator. A metallic object approaching the coil
will alter the inductance of the coil, producing a change in frequency or a change in the current in
the coil. These changes can be detected, amplified, compared to a threshold and use to switch an
external circuit. The coil may have a ferromagnetic core to make the magnetic ficld more intense
and to increase the sensitivity of the device. A coil with no ferromagnetic core ("air core”) can also
be used, provided the oscillator coil must cover a large area.

» Another form of inductive sensor uses one coil 1o produce a changing magnetic field, and a second
coil (or other device) to sense the changes in the magnetic field produced by an object, for example,
due to eddy currents induced in a metal object.
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Inductive Transducer:

iy definition has a magnetic

‘wire into a tight coil and

» When a metal object | Ve proxin eld of detection, Eddy
circuits build up in the _ ‘ i inally reduce the Inductive

on ¢
output circuitry wben the oscillator beco
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Inductive Transducer:

» Magnetic Circuit Transducer: Self

» Reluctance Pickup: Ri
iron core of a coil. Appl

f a transformer is
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Voltage and Current T
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Thermocouple and Thermoy
mctalsorsemnconductm h

Applications: nghl meter. solar. eell

g voltage or current when
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Difference between Active & Passive Transducers:

Active Transducer

T'he active transducer 1s also called as self gencrating
type transducer.

The active transducer does not require any auxiliary
(external) power supply.

The signal conversion is simpler.

The energy required to produce output is obtained from
the physical quantity.

Example of active transducer is bourdon wbe.

It generutes electric current or voltage direetly in
response to environmental stimulation.

Passive Transducer

The passive transducer is also called as exterally
powered transducer.

The passive transducer requires auxiliary (external)
power supply for transduction.

The signal conversion is more complicated,

They also derived part of the power required for
conversion  from  physical  quantity  under
measurement.

Example of passive transducer is LVDT (lincar
variable differential transformer).

It gives o change in some passive clectrical
quantity, such as capacitance, resistance  or
inductance, as a result of stimulation,




