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A sensor (also called a detector) is a convertor that
measures a physica! quantity and conveys it into a signcl
which can be read by an observer or by an Instrument “or
accuracy, most sensors are calibrated against known
standards. A sensor is a device which receives and
respands to a signal when touched. $ensor's sensitivity
Indicates how much the sensor's output changes when
the measured quantity changes, $ensors that measure
very small changes must have very high sensitivities,
$ensors also have an Impact on what they measure; for
Instance, a room temperature thermometer Inserted into
a hot cup of liquid cools the liquid whiie the liquid heats
the thermometer. $ensors like proximity sensor,
temperature sensor, humidity sensor, uitrasonic sensor,
piezoelectric sensor and conductivity sensor ore used In
the proposed systems. $ensors that measure very small
changes must have very high sensitivities. $en$ors are
used in everyday o”ects such astouch-sensitive eievator
buttons (tactile sensor) and lamps which dim or brighten
by touching the base. There are also innumerable
applications for sensors of which most people are never
aware. Applications include cars, machines, aerospace,
medicine, manufacturing and robotics. The different
types are explained in detail below.

Tv™. of$ensors
Im1ProximltySensors

Inductive proximity sensors are widely used In various
applications to detect metal devices. Theycan "e used in

i-manager's Journal

various environments (industry, worl<shop, iift s”*oft etc.)
and need high reliability. Inductive proxinnity sensors
generate an electromagnetic field and detect the eddy
current losses induced when the metal target enters the
tield. ~he field is generated by a coil, wrapped round a
ferrite core, which is used by a transistorised circuit to
produce oscillations [ [ “hetorget, while entering the emf
produced by the coil, will decrease the oscillations due to
eddy currents deveioped In the target. If the target
approaches the sensor within the so-called Sensing
Range, the oscillations cannot be produced anymore:
then the detector circuit generates an output signal
controlling a relay or a switch. Censor gives the pulses to
the microcontroller at each instance of time when it is
embedded or is Involved in any of the circuits.["], “he
microcontroller counts the pulses being produced in the
system with which the sensors are a*ached. "y using the
pulses one can determine different parameters. The cost
effective sensors are used invarious standard engineered
design and in many advanced circuits[*], figure shows
the proximity sensors whereas figure 2 shows the sensor
being embedded into a chip. A proximi™ sensor is a
sensor able to detect the presence of nearby objects
without any physical contact.[ ]

A proximity sensor often emits an electromagnetic field or
a beam of electromagnetic radiation (infrared, for
instance), and 00 for changes in the field or return
signal. The ob]ect being sensed is offen referred to as the

proximity sensor's target, Different proximi® sensor targets
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demand different sensors, “or example, a capacitive or
photoelectric sensor might be suitable for a plastic
targets; an inductive pro”mi”® sensor always requires a
metal target. The maximum distance that this sensor can
detect isdefined as "nominal range". $ome sensors have
adjustments of the nominal range or means to repo” a
graduated detection distance.[t 0]

1.1.1 FeoturesofProximiiySensors
Fully potted switch and leads.
High cycle rate capabilities.
Highspeed operation.
Compactforlimited spaceapplications.
Ao moving pa”s, for longer life.
» Corrosion-resistant.
~id e selection of materials.
Engineered designs.
1.2 Temperature Sensors

A thermistor is a type of resistor used to measure
temperature changes, relying on the change in its
resistance with changing temperature. Thermistor is a
combination of the words thermal and resistor. The

thermistor wasfirstinvented by Samuel Rubenin 3 1itis

Figure 2. Sensors when ennbedded chip or circuit

assumed that the relationship between the resistance
and the temperature is iinear, (i.e., A first order
approximation).

AR=k*AT

where,

AR=change inresistance

AT=change intemperature

K= tirstordertemperature coefficient of resistance,

thermistors can be ciassified into two t"pes depending on
the sign of 'i<[3]. If kis positi e, the resistance increases with
increasing temperature, and the device is called a
positive temperature coefficient (PTC) thermistor or,
Paosistor. If k Is negative, the resistance decreases with
increasing temperature, and the device is called a
negative temperature coefficient (NTC) thermistor.
Resistors that are not thermistor are designed to have the
smallest possible 'K, so that their resistance remains
almost constant over a wide temperature range[3].
Thermistors are nothing but temperature sensitive resistor.
There are two “pes of Thermistors available such as
positive temperature coefficient and negative
temperature coefficient, Nigure~representsthe s*b ol of
thermistor[*]. These sensors are mostly used in various
chemical industries, manufacturing units, laboratories,
etc,.

1.3HumiditySensors

Humidity measurement can be done using dry and wet
bulb hygrometers, dew point hygrometers, and electronic
hygrometers. There has been a surge in the demand of
electronic hygrometers, often cailed humidity sensors.
[").Humidi*" is the amount of water vapour in an air
sample. There are 3 different ways to measure humidity:

Thermistor Symbol

Figure 3. Thermistor Symbol
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absolute humidity, relative humldityand specific humidity.
Relative humldi® is the most frequently encountered
measurement of humidity because It is regularly used in
weather forecast. Itisan important pa” of weather repots
because Itindicates the livelihood of precipltotlon, dew,
or fog[4]. higher relative humidity aiso makes Itfeel hotter
outside in the summer because it reduces the
effectiveness of sweating to cool the body by preventing
the evaporation of perspiration from the skin, *his effect is
calculated in a heat index table. Warmer air has more
thermal energy than cooler air; thus more water
molecules can evaporate and stay in the airina valour
state rather than a liquid state[*]. This may be why people
say that warmer air holds more moisture Inwarmer air, and
there Is more energy for more water molecuies to hold
themselves in the air (and overcome hydrogen bonds
which seekto pull water molecules together).The humidity
sensor is consisting of a table multivibrator in which
capacitance Is varied depending upon the humldi®
level. Controlling or monitoring humidity Is of paramount
importance in many Industrial and domestic
applications. [9].

1.4 ConductivitySensors

Conductivity is defined as the ability of a solution to
conduct electrical current. The load carriers are lons (
dissolved saltoracids). In orderto measure conductivity, 2
electrodes are used which are set at a fixed distance
apart and with a known specified surface[6]. *n AC
voltage source from the connected transmI~r Type ~22
or transml”er/controller Type 8619 Is supplied to the
electrodes. The measured current Is a direct function of
the conductivity of the solution. A 4 to 20mA standard
signal proportional to the conductlvi* is available as
output signal at the connected transml”®er. Oifferent
eiectrode designs are required based on seiected ce!l
constants. Theconductlvi*transmi”r can be fi*ed with 4
different measuring cells with constants ¢=0.01; 0.1; 1
and 10.The conductlvi*® of a proton soiution isa measure
of its ability to conduct electricity [4]. The S unit of
conductlvI® IsSiemens per meter(S/m). figure 4 shows the
conductivity sensor. Conductivi®*/measurementisused in
many industrial and environmental aspects as a fast.
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inexpensive “n” reliable way of nneasuring ttne ionic
contentin solution.[6]

1.5 Ultrasonic Sensors

Ultrasonic sensors emit s*o” high frequency sound pulses
ot regular intervals, "hese propagate In the air at the
veloci® of sound. Ifthey stride on ob]ect, then they are
reflected bac” as echo signals to the sensor, which Itself
computes the distance to the target based on the time-
span between eml”Ing the signal receiving the echo,
figure 5 showsthe ultrasonic waves transmission.

1.5.1 Ultrasonic Principle

As the distance to an obiect Isdetermined by measuring
the time of flight and not by the Intensity of the sound,
ultrasonic sensors are excellent at suppressing
bac”round interference.[?], “hese sensors are of
different shape and si*e due to the development of
technology, virtually all materials which reflect sound can
be detected, regardless of their colour. £ven transparent
materials or thin foils represent no problem for an
ultrasonic sensor, ”“icrosonic ultrasonic sensors are
suitable for target distances from “"Omm to 10m and as
they measure the time of flight they can ascertain a
measurement with pin point accuracy. Some of our
sensors can even resolve the signal to an accuracy of
0.025 *m . Mtrasonlc sensors can see through dust-laden

air and in™® mi$ts.[5] ven thin deposits on the sensor

Figure 4, ConductlvHy sensor

€

Figure 5. Transmission O Ultrasonic Waves
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membrane do not impair its function. $ensors with a blind
zone of only 20mm and an extremely thin beam spread
are making entirely new applications possibly today, filling
levei measurement in wells of microtiter plates and test
tubes, as well as the detection of small bogles in the
packaging industry can be implemented with ease. £ven
thin wires are reliably detected. In ultrasonic testing (UT),
very sho” ultrasonic pulse-waves with centre frequencies
ranging from 0.1-15 MHz and occasionally up to 50 MHz
are trans”|™ed into materials to detect interna! flows or to
characterize materlals. Acommon example is ultrasonic
thickness measurement, which tests the thickness of the
testo”ect, forexample, to monitor pipe work corrosion.

Oltrasonic testing is often performed on steel and other
metals and alloys, though it can also be used on
concrete, wood and composites, albeit with less
resolution. It is a form of non-destructive testing used in
many industries Including aerospace, automotive and
othertrar sp ati nsectors[”].

1.5.2Application

1. Ultrasonic sensors are observed in different places inour
day to day life. These sensors are used in various
multiplexes, airports, etc.

2. ©ne of the most popular examples is the usage of
ultrasonic sensors in our vehicle (car). The sensors keep us
updated about the situations near by the car. We can
easily park ordrive ourcarwithoutanyditticul®

3. figure 2 represents the role of sensor in a car. These
sensors also use radar systems to alert the nearby
obstacle to the driver and ensure a safe driving.

1.6Piezo Electric Sensors

9F >

A Piezoelectric sensor is a device tinat uses the
piezoelectric effect to measure pressure, acceleration,
strain or force by converting ttiem to an eiectrical signal.
Piezoelectricity is the ability of crystais and certain
ceramic materials to generate a voltage in response to
appiied mechanical stress. Piezoelectricity was
discovered by Pierre and “~urie. “he word 'Piezoeiectrici®/'
isderived from the Greek word "piezein”, which means to
squeeze or press.[M*he vibration sensing acts as a
piezoelectric sensor, ~“he piezoelectric effect isreversible
In that piezoelectric crystals when sublected to an
e”ernaiiy applied voltage can change shape by a small
amount, “he effect finds useful applications such as the
production and detection of sound, generation of high
voitages, electronics frequency generation,
microbalance, and ultra-fine focusing of optical
assemblies [3]. ~he electric field wili be generated on the
basis of the eiect*cal contacts, piezoeiectric sensor is
used forties, touch, vibration and shock measurement, its
Masic principle, at the risk of oversimplification, is as
follows; whenever a structure moves, it experiences
acceleration. A piezoelectric shock sensor, in turn, can
generate a charge when physically accelerated. This
combination of prope”les isthen used to modify response
orreduce noise and vibration["].

1.6.1 Application ofPiezoeiectricSensors

Piezoelectric sensors have proven to be versatile too!s for
the measurement of various processes. They are used for
Auaiity assurance, process control and process
development in many different Industries. Piezoelectric
sensors are also seen in nature.[6]. “ones act as force
sensors, ©nee l!oaded, bones produce charges
proportional to the resulting internal torsion or
displacement. Those charges simulate and drive the
build up of new bone material. This leads to the
strengthening of structures where the intemal
displacements are the greatest, ith time, this causes

weaker structures to increase their strength and stability as

ES materia! is laid down proportional to the forces affecting
the bone,
Figure . Ultrasonic sensors used in€ors  nnonitor Conclusion
the nearby vetiicles an” parlci
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$ensors are mainiy *sed inv ro stechnoiogies. $ensors
are very useful for humans as they reduce the human
efforts and meet their needs. $ensors are used in many
electronic equipments like Air Conditioner (A.C.),
telephone, washing machine, refrigerator, etc. As
technology goes on increasing, new * e of sensors wi!
evoive inorderto improve the growth otscience.
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