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Sensing

So, we have already understood the basics of internet of things. Now, let us try to
understand that what are the essential building blocks of internet of things. So, one of the
very essential components of internet of things is sensors and the other one is actuators
whereas, the sensors basically sense the physical phenomena that are occurring around
them and the actuators basically based on the sensed information. The actuators, they
actuate. That means, they perform some actions on the physical environment. So, they

take some actions based on what has been sensed.

So, essentially if we see that we have a gradual phase wise approach to building internet
of things. So, we have sensors which are sensing the sensors, they sense different
parameters depending on the sensor being used. For example, temperature, pressure,
humidity conditions, lighting conditions and so on. Then, what will happen is these
sensed information are going to be sent over a connected system. That means, over a
network that information will be passed, it can also involve cloud and so on and finally,
that information is going to be transmitted based on what has been sensed and based on

the requirements, some physical action is going to be taken by an actuator.

So, may be a bulb might be turned on if certain conditions, in an agricultural field has
happened, maybe if the field based on the sensors it is found out that in an agricultural
field, the field has run out of stagnant water that is required for paddy crops. Then, what
might be required is based on that sensed information automatically the valve of the
water pump, the deep to well that is used or a shallow tube well that is used for

irrigation, automatically that valve will be turned on, so that the field gets irrigated.

So, that can be done through the process of actuation. So, we have sensing. we have loT
or simply the network and then, we have this actuation. So, sensing network actuation we
start with the sensing component. Now, in the next lecture we will try to understand how

actuation is done.



(Refer Slide Time: 03:17)

Definition

v Asensor detects (senses) changes in the ambient conditions
or in the state of another device or a system, and forwards or
processes this informationin a certain manner [1].

“A device which detects or measures a physical property and
records, indicates, or otherwise responds to it” [2].

References: = OXfO!‘d DfCtionGry

1. hitp://www businessdictionary com/defini n/sensorhtml
2. https://en.oxforddictionaries.com/definition/ sensor
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So, when we talk about sensing, we need to understand what is sensing. So, basically a

sensor it detects or senses the changes in the ambient conditions or it can also sense the

state of another device. So, maybe one sensor can check, can sense how and what is the

state of another device. So, this is what he is done with the help of sensing. So, some

physical property of the ambient conditions of the environment in which the sensor is in

or of another machine or a system a separate one, these can be sensed with the help of

SENSors.

So, let me now show you some sensors, some real sensors that we have.



(Refer Slide Time: 04:06)

So, here are few real sensors and this is a sensor that is used for obstacle detection. This
is a PIR sensor passive infrared sensors. So, this passive infrared sensor here can be used
for detecting if there is any obstacle. So, this is an example of a PIR or obstacle based

Sensor.

(Refer Slide Time: 04:45)

Then, we have another sensor this is the ultrasonic sensor. This basically detects that
how far that obstacle is. This is another sensor. So, here as you can see that there are like

two eyes kind of things. So, what happens is these ultrasonic sensors may send



ultrasound waves. So, these ultrasound waves are sent and then, that sound wave is going
to get reflected back. We already know what velocity is and then, depending on how
much time has elapsed from the point sound wave was sensed and the deflection is
received back, based on that the distance is calculated. So, this sensor helps in basically
getting an idea or sensing how far an obstacle is from a particular point where the sensor

1S.

(Refer Slide Time: 05:46)

Then, we have another sensor which is the camera sensor. This is as you can see over
here is small IoT camera. Since the camera sensor, then we have this one here which is a

smoke detection sensor. So, this sensor can help in detecting the smoke.



(Refer Slide Time: 06:08)

Finally, I would like to show you another sensor which is the temperature and humidity

sensor. This is actually, this measures both of these together this particular sensor.

(Refer Slide Time: 06:23)

So, these are some real life sensors, real examples of sensors that I have just shown you
like this. There are different sensors that can be purchased. These sensors, they have
different functionalities and these functionalities are typically unique. That means that

one sensor which is fabricated to do, to measure a certain physical property, it cannot



measure another one or more specifically let me give you an example to illustrate this

point because this is something that many people make a mistake.

So, a temperature sensor can measure temperature only. It cannot measure for instance
smoke or it cannot detect smoke. So, these are very much application specific you know
specific things, specific properties, basic specific physical properties can only be

detected by these sensors.

Now, the sensors they come in different shapes and sizes. They can be very small, they
can be very big. The same sensors can be mechanical sensors, these can be electrical
sensors, they can be electronic sensors, they can be chemical sensors. There are so many
different types of sensors and fabrication of a sensor is a completely different ballgame.
So, whether it is a mechanical sensor or an electronic sensor, electrical sensor or you
know a chemical sensor, whatever it is a completely different ballgame. Typically people
who are into building of IoT, they focus more on the networking aspects. They focus

more on the networking analytics aspects of [oT.

There are separate researchers who work on the design of these sensors. Some of these
sensors that [ have just shown you, the sensors you know that complete the design, the
fabrication it is a completely different story altogether you know. So, you know this is
and typically this is done by those who are focusing on sensor design and fabrication. So,
typically they are concerned only about how these sensors can be developed, they can be
fabricated and they are not bothered about building IoT as such. Of course, there can be
some researchers who might also take interest sensors. You know not just the fabrication
of the sensors, but also going beyond building of the IoT. Some people might be taking

interest in that, but in general it is not.



(Refer Slide Time: 09:22)

Sensors

v’ They perform some input functions by sensing or feeling the
physical changes in characteristics of a system in response to a
stimuli.

v’ For example heatis converted to electrical signalsin a
temperature sensor, or atmospheric pressure is converted to
electrical signals in a barometer.
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So, the sensors based on certain stimuli, the different stimuli might be there. They can
measure the thing in the physical characteristics of the environment of the system and so
on and these changes are basically converted to electrical signals. For example, for a heat
sensor this heat is converted to electrical signals and this is for temperature sensors. [ am
sorry, this for temperature sensor, the heat is converted to electrical signals and for
sensors such as atmospheric pressure sensors, the atmospheric pressure is basically
converted to electrical signals. So, we have different sensors which measure different

things, but then these sensed values are converted to respective electrical signals.

(Refer Slide Time: 10:30)

Transducers

¥ Transducers convert or transduce energy of one kind into
another.

v’ For example, in a sound system, a microphone (input device)
converts sound waves into electrical signals for an amplifier to
amplify (a process), and a loudspeaker (output device)
converts these electrical signals back into sound waves.
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Now, there is an associated terminology which is for the transducers. The term
transducers basically convert one form of energy into another form of energy being
converted into another. For example, in a microphone what we have in a microphone.
So, the sound waves are converted to electrical signals and then, to a output device like a

loudspeaker and we are able to hear that sound. So, this is an example of a transducer.

(Refer Slide Time: 11:09)

Sensor vs. Transducer

v The word “Transducer” is the collective term used for both
Sensors which can be used to sense a wide range of different
energy forms such as movement, electrical signals, radiant
energy, thermal or magnetic energy etc., and Actuators which
can be used to switch voltages or currents [1].

References:
1. http://www.electronics-tutorials.ws/io/io_1.html
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So, these terms sensors and transducers are very common. They have lot of overlap and
we have to understand the distinction between these two. There is lot of

misunderstanding people conceived sensors and transducers. We use these terms almost

interchangeably, but there are differences.

So, the word transducer is a collective term which includes sensors as well as the
actuators that I was telling you. Before the sensors can sense what is going on around
them and convert to electrical signals etcetera and the actuators can basically perform

these actions by maybe switching voltages or currents.
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Sensor Features

v Itis only sensitive to the measured property (e.g., A

temperature sensor senses the ambient temperature of a
room.)

v Itis insensitive to any other property likely to be encountered
inits application (e.g., A temperature sensor does not bother
about light or pressure while sensing the temperature.)

v It does not influence the measured property (e.g., measuring

the temperature does not reduce or increase the

temperature).
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Now, the sensors have different features. They are sensitive to the property, the physical

property that is being measured. So, they can do all. They are sensitive only to that
measured property. So, basically a temperature sensor can sense only the ambient
temperature of the room and it is insensitive to other changes, maybe changes in the

atmospheric pressure or changes in the lighting condition of that room.

(Refer Slide Time: 12:31)

Sensor Resolution

v' The resolution of a sensor is the smallest change it can detect
in the quantity that it is measuring.

v' The resolution of a sensor with a digital output is usually the
smallest resolution the digital output it is capable of
processing.

¥ The more is the resolution of a sensor, the more accurate is its
precision.

v' A sensor’s accuracy does not depend upon its resolution.
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There is a terminology which is called the resolution. The resolution of a sensor is

basically defined as the smallest change that it can detect in the quantity that is being



measured. So, the smallest change that it can detect the resolution of a sensor with a
digital output is usually the smallest resolution of the digital output. It is capable of

processing.

(Refer Slide Time: 12:54)

Sensor Classes

Based on

Vector/

Digital Multimedia
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So, based on the output, the sensors can be classified as analog or digital and based on
the data type, they can be classified as scalar or vector sensors. So, in the analog sensor,
what we have these sensors give continuous analog output. So, for example, tint
temperature sensor continuously changes in the temperature are going to be sensed,
measured and the output is going to be an analog signal. Digital sensors basically gives
digital outputs on and off for example, and like this come you know discrete digital

values are given as outputs by these digital sensors.

Then, scaler sensors basically measure scalar variables which can measure only the
changes in the magnitude whereas, the vector senses not only the magnitude, but also the
direction. So, scalar sensor example would be temperature sensor is an example of scalar
sensor because you know irrespective of which orientation you put, the sensor
temperature sensor or in which direction you are taking it, it is going to give you the
magnitude value. Only the changes in the magnitude of the temperature, on the contrary
we have the vector sensor. For example, the camera sensor or the accelerometer sensor
whose values are dependent on the orientation on the direction and so on direction in

which the sensor is being put and the weight is measuring. So, it is dependent on that. So,



we have analog sensors, we have digital sensors, we have scalar sensors and we have

vector sensors.

(Refer Slide Time: 14:44)

Analog Sensors

v" Analog Sensors produce a continuous output signal or voltage
which is generally proportional to the quantity being measured.

v" Physical quantities such as Temperature, Speed, Pressure,
Displacement, Strain etc. are all analog quantities as they tend to be
continuous in nature.

v' For example, the temperature of a liquid can be measured using a
thermometer or thermocouple (e.g. in geysers) which continuously

responds to temperature changes as the liquid is heated up or

cooled down.
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So, analog sensor I already mentioned about analog sensors, temperature sensor. You
know temperature is typically measured with the help of thermometer or thermocouple
thermometers are quite common, but thermocouple is something that is used in the
geezers for example, you know. So, you have two different metallic strips for instance
and these strips they know they can, in the thermocouple they can bend and so on. So,
these based on that you know based on the amount of bending etcetera. You know they
measure the changes in the temperature. So, if you calibrate the thermocouple you know,
so accordingly it is going to give how much the temperature has changed and depending

on that one can understand how much the liquid has heated up or has cooled down.



(Refer Slide Time: 15:36)

Digital Sensors

v' Digital Sensors produce discrete digital output signals or voltages
that are a digital representation of the quantity being measured.

v' Digital sensors produce a binary output signal in the form of a logic
“1” or a logic “0”, (“ON” or “OFF”).

v' Digital signal only produces discrete (non-continuous) values, which
may be output as a single “bit” (serial transmission), or by
combining the bits to produce a single “byte” output (parallel
transmission).
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Digital sensors produce digital discreet voltage levels or signal levels. So, binary values

like 0 and 1 or on and off or output the digital sensors.

(Refer Slide Time: 15:53)

Scalar Sensors

v Scalar Sensors produce output signal or voltage which is generally
proportional to the magnitude of the quantity being measured.

v' Physical quantities such as temperature, color, pressure, strain, etc.
are all scalar quantities as only their magnitude is sufficient to
convey an information.

¥" For example, the temperature of a room can be measured using a
thermometer or thermocouple, which responds to temperature

changes irrespective of the orientation of the sensor or its
direction.
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Scalar sensors measure only the magnitude physical quantities, such as temperature,
color, pressure, strain etcetera. These are scalar quantities and measurement of the

change of magnitude is sufficient to convey the information.
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Vector Sensors

¥" Vector Sensors produce output signal or voltage which is generally
proportional to the magnitude, direction, as well as the orientation
of the quantity being measured.

v' Physical quantities such as sound, image, velocity, acceleration,
orientation, etc. are all vector quantities, as only their magnitude is
not sufficient to convey the complete information.

v’ For example, the acceleration of a body can be measured using an

accelerometer, which gives the components of acceleration of the

body with respect to the x,y,z coordinate axes.
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On the other hand, vector sensors produce output signal of the voltage which is generally
proportional to the magnitude as well as the direction and orientation of the quantity that
is being measured. So, physical quantities such as the sound, image, velocity,
acceleration orientation, these are all vector quantities and their measurement is not just
dependent on the magnitude, but also on the direction. So, for example, accelerometer

sensor, they give outputs in three dimensions X, y and z coordinate axis.

(Refer Slide Time: 16:50)

Sensor Types

« Light Dependent resistor
* Photo-diode

* Thermocouple
* Thermistor

P § = Strain gauge
- Po |« Potentiometer, Encoders
| 4 = Opto-coupler

* Reflective/ Opto-coupler
Speed = Doppler effect sensor
= Carbon Microphone
SOUnd » Piezoelectric Crystal
A  Liquid Chemical sensor
Ch emi Cal * Gaseous chemical sensor
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Here are some examples of different sensors, light sensor for measurement of light. We
have the IDR which is the light dependent resistor photodiodes. This can act as sensors
for measurement of light for sensing of light. For sensing of temperature, we have
thermistor and thermocouple. Thermocouple briefly I told you, but thermistor is sort of

like thermal transistor kind of thing, ok.

Then, we have for force, we have the stain, strain gauge and pressure. Pressure switch for
position, we have potentiometers, encoders, opto couplers. Opto couplers basically you
know. So, the optical signals are the optical rays are basically obstructed and based on
that you know the position information can be obtained. So, opto couplers then we have
the speed for speed sensing. We have reflective sensors, then doppler effect sensors. So,
doppler effect based on the relative velocity for example relative velocity of sound you
know. So, based on that you know this doppler effect sensors, they work. Then, we have
the sound sensors, we have the carbon microphone like our existing traditional
microphones, piezoelectric crystals and so on. For chemical sensing, we have the liquid

chemical sensors and gas chemical sensors.

(Refer Slide Time: 18:18)
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Pressure Sensor Ultrasonic Distance Sensor Tilt Sensor Infrared Motion Sensor
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Analog Temperature Sensor Camera Sensor
Source: Wikimedia Commons Source; Wikimedia Commons
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So, I had already in at the outset of this lecture, I had shown you some real physical
sensors. Here are some other pi pictures of few other sensors, here is a pressure sensor,

here is an ultrasonic distance sensor, tilt sensor infrared motion sensor, camera sensor,

analog temperature sensor. So, analogs in temperature sensor, it has you know in



addition to the output, it has 2. So, it has three pins. Basically one is for the plus 5 volts
and the other one is the ground zero volts and this one is the middle pin is typically used

for the output.

(Refer Slide Time: 19:04)

Sensorial Deviations

¥ Since the range of the output signal is always limited, the
output signal will eventually reach a minimum or maximum,
when the measured property exceeds the limits. The full scale
range of a sensor defines the maximum and minimum values
of the measured property.

¥ The sensitivity of a sensor under real conditions may differ
from the value specified. This is called a sensitivity error.

v" If the output signal differs from the correct value by a
constant, the sensor has an offset error or bias.

Reference: https://en.wikipedia.org/wiki
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Now, the sensors often they do not give data that is accurate you know. So, there are
some sensorial deviations. So, these sensors they have each sensor and they come with
certain specifications. These specifications will give you the maximum and the minimum
values that it can measure of the physical property that it is supposed to measure. The
sensitivity of a sensor under real conditions may differ from the value that is specified
and that i1s known as the sensitivity error and then, each sensor there can be given you
know a value which is constantly the same, constantly different. So, what I mean by this
is the correct value might be something and always it will be giving this particular
sensor, might be giving a value which is an offset error or a bias and that might, so that
many units of offset error reading will be giving at all times and that will be constant. So,
for example, two units of offset might be given by a temperature sensor at all times. So,

that is different from the sensitivity error that I told you.

So, sensitivity error is more about being sensitive to the changes you know under real
conditions, basically how it is being sensitive. Then, what is specified in their actual
specifications, it might give certain actual specifications, it might suppose give certain

values, but in real conditions, it might be sensitive to certain things. So, this becomes the



sensitive error and there will be some error that will be due to that and that sensitivity
error that can change over time and that is different from the offset error which is

constant over time.

(Refer Slide Time: 21:17)

Non-linearity

v Nonlinearity is deviation of a sensor's transfer function (TF)
from a straight line transfer function.

v Thisis defined by the amount the output differs from ideal TF
behavior over the full range of the sensor, which is denoted as
the percentage of the full range.

v" Most sensors have linear behavior.

Reference: https://en.wikipedia.org/wiki
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Now, these sensors typically have linear behavior. Most of the sensors, not all have a

linear behavior, but there is often in practice a non-linearity behavior that is exhibited by
the sensors and ideally they should behave linearly, but in practice stays off will behave
non-linear. So, this non-linearity is the deviation of the sensors transfer function from

linearity.

So, this is basically defined as the amount of the output that differs from the ideal

transfer function behavior over the full range of the sensor.



(Refer Slide Time: 22:09)

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

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

N

Reference: https://en.wikipedia.org/wiki/Sensor
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So, if the output signal slowly changes independent of the measured property, this is

known as drift. So, it might happen that a particular sensor at one point we give a certain
value and then, if you use the same sensors for measuring the same condition due to the
drift, you might get a drifted sensed value. So, it will be different; it might be different.

So, it induces some drift if you keep it overtime.

So, the other type of error is the noise which is basically due to different other external

factors and it is a random deviation of the signal with time.

(Refer Slide Time: 22:52)

Hysteresis Error

v" A hysteresis error causes the sensor output value to vary
dependingon the sensor’s previous input values.

v If a sensor's output is different depending on whether a
specificinput value was reached by increasing or decreasing
the input, then the sensor has a hysteresis error.

v' The present reading depends on the past input values.

v Typicallyin analog sensors, magnetic sensors, heating of
metal strips.

Reference: https://en.wikipedia.org/wiki/Sensor
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Hysteresis error is bit different and typically it is exhibited by analog sensors, magnetic

sensors heating of in sensors that use the principle of heating of metal strips and so on.

So, in these sensors, these analog sensors or magnetic sensors and so on sometimes what
happens that the present reading depends on the past input values. How? It is maybe
because it uses some metal strips and maybe the property or the functionality of that
sensor is such that when you heat it, it is going to the metal strip is going to bend. So, so
you know if it has bent once to come back to its original position, it will take some time.
So, this type of error basically talks about that you know if it is heated once you will get
something. So, based on that if you heat it once again, you know your output is going to
be dependent on the previous value. So, this is an error and this is known as the

hysteresis error.

(Refer Slide Time: 24:06)

Other Errors

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

v" 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 proportional to the multiple of the
sampling rate, aliasing errors may occur.

v’ The sensor may to some extent be sensitive to properties other

than the property being measured. For example, most sensors are
influenced by the temperature of their environment.

Reference: https://en.wikipedia.org/wiki/Sensor
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There are different other errors, such as quantization error which is basically if the sensor

has a digital output, the output is essentially an approximation of the measured property
and this is known as the quantization error. If you are sampling the signals, this leads to a
type of error which is known as aliasing error and the sensors may at times be sensitive
to the properties. Then, the property that is being measured for example, a temperature
sensor might also sometimes be sensitive to few of the other things that are not directly
being measured, maybe you know the humidity or pressure at times or maybe light, this

will depend actually I mean this is not a perfect example that I have given you. So, it can



be constitute, this particular error can be constituting this way that sometimes the
physical property that is being measured that may get affected, that sensor may get
affected by few of the other properties that are not directly being measured. So, this also

leads to some kind of error.

So, with this we come to an end of the topic of sensors. So, here we have already seen
that there are different types of sensors and I have shown you some real life sensors that
can be used for building of internet of things. I have also shown you pictures of many
other sensors and these sensors are used in something known as the sensor nodes. The
sensor nodes are eventually going to get connected, they are not going to be networked
together, internetwork together and together that is going to form an internet of things
and this internet of things is going to be used for improving the overall service quality in

the society of the business of the environment as a whole.

Thank you.



