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Preface

Traditional medicine, which has biotechnology at its heart, has progressively started to digitize
and informationize as a result of scientific theory and technological innovation. A new
generation of information technology has also been included into smart healthcare. Smart
healthcare is a multifaceted, all-encompassing improvement rather than only a basic
technology breakthrough. Changes in the medical model (from disease-centered to patient-
centered care), the construction of information technology (from clinical to regional medical
informatization), medical management (from general to personalized management), and the
idea of prevention and treatment are all examples of this change (from focusing on disease
treatment to focusing on preventive healthcare). The future development path of contemporary
medicine is represented by these improvements, which put a strong emphasis on addressing
patients’ unique requirements while enhancing the effectiveness of medical treatment. The
concept of smart healthcare will be the starting point of this review.

As information technology has advanced, the idea of smart healthcare has steadily gained
attention. Smart healthcare transforms the conventional medical system in a comprehensive
approach, making healthcare more effective, more convenient, and more individualized. It does
this by using a new generation of information technologies, including as the internet of things
(loT), big data, cloud computing, and artificial intelligence. In order to explain the idea of smart
healthcare, we first identify the major technologies that enable it in this assessment. We next
discuss where smart healthcare is right now in a number of significant areas. Then, we discuss
the issues that smart healthcare now faces and provide some suggestions for how to address
them. Finally, we assess the possibilities for smart healthcare in the future.

Big data, artificial intelligence, and the Internet of Things are all used in conjunction during
medication clinical studies. First, screening for exclusion criteria and identifying the most
eligible target subjects may be facilitated by utilizing artificial intelligence to analyze and
match a large number of instances. This can reduce the time required for subject recruitment
and improve target population targeting. The use of smart devices to monitor lung disease
clinical trials is one example of how patients are subsequently tracked in real time using smart
wearable devices to gather more timely and accurate information. The use of technology like
blockchain in the trial protocol design may improve patient protection and the validity of
testing. All information is gathered and combined into the proper platform for researchers to
analyze.

The development of mature ideas and systems has occurred since the introduction of smart
healthcare. However, there is still much potential for improvement, and several obstacles are
already appearing, due to the rise of new technologies and issues. Smart healthcare now lacks
macro-level direction and programming papers, which results in confusing development
objectives and, ultimately, resource waste. Compatibility issues with various platforms and
gadgets are another issue. Technically speaking, certain smart healthcare technologies are still
in the experimental phases and need significant money to be maintained and improved. If used
hastily, there is also an unidentified danger.

Dr. Safinaz S.
Editor
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CHAPTER 1
INTRODUCTION TO ACCIDENT DETECTION SYSTEM

Mr. Nipun Sharma
Assistant Professor, Department of Electronics and Communication Engineering,
Presidency University, Bangalore, India
Email 1d- nipun.sharma@presidencyuniversity.in

Due to the increase in traffic accidents, many cities are affected. Accidental death is a growing
reason for death in modern times. Due to a shortage of emergency services and rescue teams, if an
accident occurs on a national highway and no one is present to save the individual, this is a
problem. Our article suggested using an automatic indicating system for automobile accidents,
which is intended to safeguard people from risk as possible after the accident occurs because
waiting too long could result in death. As a result, this system will be able to identify the accident
in a short amount of time and will send the data to the police precinct and the rescue system shortly
after [1] .

With a smartphone and a 3G network, the accident's location can be found. A smartphone can
deliver the message to the police station or the rescue. The system for recovering stolen vehicles
is the alternative method. Through GSM, the owner of the vehicle is promptly notified of the
vehicle's whereabouts. Accelerometer is used in the Cr alarm application by the automatic vehicle
accident detection and messaging system for the purpose of identifying reckless driving. The
vibration sensor can be used to detect the accident. The sim card can be kept in EEPROM and sent
as a message when an accident occurs using an ARM controller. While GSM transmits the signal
to the police station and rescue system, GPS is employed to track the location of the car. Due to
the increase in traffic accidents, many cities are affected. Accidental death is a growing cause of
morbidity and mortality in modern times.

Due to a shortage of emergency medical services and emergency crews, if an accident occurs on a
national highway and no one is present to save the individual, this is a problem. Our article
suggested using an automatic indicating system for automobile accidents, which is intended to
safeguard people from risk as soon as possible after the accident occurs because waiting too long
could result in death. As a result, this system will be able to identify the accident in a short amount
of time and will transmit the data to the police precinct and the rescue system shortly after.

Today's globe has steadily rising accident rates. The use of vehicles like cars and motorbikes may
increase as a result of increased employment, raising the danger of accidents brought on by
excessive speed. People are in danger because of their high speed, and the absence of advanced
solutions makes it impossible to limit the frequency of accidents. This analysis suggests the best
strategy for reducing the nation's accident rate. The automatic alert system for auto accidents'
primary objective is to prevent accidents by sending a message to a registered mobile phone via
wireless communications methods. The registered mobile phone receives a notification when an
accident happens in a city [2].

ISBN 978-81-962230-2-1 March 2023



Smart Health Detection Systems

Embedded System

A software-based electronic device that is integrated into computer hardware is called an
embedded system. It may or may not be programmable depending on the application. An
embedded system is a way of operating, organizing, and completing one or more tasks in
accordance with a set of rules. An embedded system's components come together and collaborate.
according to the programme Embed systems are included in many products. Examples include
microwaves, washing machines, printers, cars, cameras, and other technological equipment [3]-

[5].

A computer and software combination created for a particular purpose is an embedded system.
Additionally, embedded systems may operate as part of a bigger system. The systems may be
programmable or may only perform certain functions. An embedded system may be found in
industrial machinery, consumer electronics, agrarian and handling industry equipment,
automobiles, medical devices, cameras, digital watches, home appliances, aero planes, vending
machines, toys, and mobile devices. Artificial intelligence (Al) transitions from lab to production
environments, it is typically seen as a massive computing solution. In the eyes of the general
public, artificial intelligence (Al) consists of sophisticated algorithms that handle enormous
volumes of data obtained from hyper scale cloud resources. As a result, business processes and
model will undergo deep, revolutionary changes, But now, a new kind of Al has appeared, one
that is more focused on the individual and less global. It's known as embedded Al, and because it
resides on the hardware, Sock, and even the processor itself, it is disseminated widely by design
[6] Represents Embedded System as shown in Figure 1.

Figure 1: Represents Embedded System.

Especially at the edge. Computer hardware and software are combined with software to create
embedded systems. This system necessitates a physical platform and is managed by a computer,
similar to any other electronic system an integrated system is known as an embedded system. There
include screens, input/output interfaces, user interfaces, and other hardware parts.
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An embedded system is a computer system with a specific purpose within a larger mechanical or
electronic system. It consists of a processor, computer memory, and input/output peripherals. It is
incorporated into a full gadget that frequently also contains mechanical and electrical components.
An embedded system frequently has real-time computing limitations since it typically controls the
operation of the machine it is embedded within. Today's commonplace devices are controlled by
embedded systems. Digital watches and MP3 players are examples of small embedded systems.
Larger embedded systems include household appliances, professional assembly lines, robotics,
transport vehicles, stoplight controls, and medical imaging systems. They frequently function as
components of other devices, such as the avionics in aeroplanes and the astrionics in spacecraft.
Numerous embedded systems that are networked together are essential to larger buildings like
factories, pipelines, and electrical grids. Embedded systems, like programmable logic controllers,
commonly combine their functional parts through software customization.
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CHAPTER 2
GLOBAL POSITIONING SYSTEM

Mr. Nipun Sharma
Assistant Professor, Department of Electronics and Communication Engineering,
Presidency University, Bangalore, India
Email 1d- nipun.sharma@presidencyuniversity.in

The United States government owns and manages the satellite-based radionavigation system known as the
Global Guidance System (GPS), formerly known as Navstar GPS. It is one of the worldwide navigation
satellite systems (GNSS) that gives a GPS receiver access to geolocation and time data from four or more
GPS satellites from anywhere on or near the Earth. Although these technologies can increase the utility of
the GPS positioning data, it does require the user to submit any data and operates without any telephonic
or Internet reception. It offers vital locating capabilities to users in the military, civic, and commercial
sectors worldwide. Although the GPS system is owned, operated, and maintained by the US government
[1]. The American Department of Defense launched the GPS project in 1973. In 1978, the first experimental
spacecraft was launched, and in 1993, the entire array of 24 satellites went into operation. After the Korean
Air Lines Flight 007 disaster, President Ronald Reagan issued an executive order allowing civilian use,
which had previously only been available to the US military [2]-[4].

Now, efforts are being made to modernise the GPS and implement the subsequent generation of GPS Block
I1IA satellites and Next Generation Operational Control System (OCX), which was approved by the U.S.
Congress in 2000. These efforts are being driven by advances in technology and new demands placed on
the current system. Selective Availability, a tool that allowed the US government to deliberately degrade
or restrict access to the system at any time, was used by the US government to begin reducing GPS
positioning accuracy in the early 1990s. This is what transpired to the Indian military in 1999 during the
Kargil War. However, due to a law that President Bill Clinton passed into law, this practise was stopped on
May 1, 2000. As aresult, a number of nations have created or are establishing additional regional or global
satellite tracking systems. The longitude, latitude, and altitudes of a user using a GPS receiver on
Earth are calculated from the time it takes signals to journey from four or more satellites to that
point and the distance to each satellite. The Navstar constellation was created by the U.S.
Department of Defense initially for military use, but a less accurate version of the service is freely
accessible to civilian users worldwide. Although numerous augmentation strategies can be
employed to pinpoint the location to within less than 1 cm, the basic civilian system will only
identify the receiver within 10 metres (330 ft) of its real location (0.4 inch). With such precision
and the service's widespread use [3].

GPS has transformed navigation for both private and commercial use, going well beyond its initial
military use. The U.S. space shuttle, the International Space Station, commercial jetliners, and
private aircraft all utilise GPS signals to establish their locations and velocities, as do combat
missiles and artillery rounds. GPS location helps ambulance fleets, passenger cars, and train
locomotives, as well as farm equipment, cruise ships, hikers, and sometimes even golfers. While
many GPS receivers are no bigger than a pocket computer and run on disposable batteries,
wristwatches, cellular phones, and personal computers have been equipped with GPS computer
chips that are no bigger than a baby's fingernail.

ISBN 978-81-962230-2-1 March 2023



Smart Health Detection Systems

GPS positioning

First, a GPS satellites at a specific location transmits a time signal. The distance from transmitter
to the satellites will then be determined by subtracting the GPS time from the time at the location
where the GPS receiver gets the time signal. Three additional accessible satellites will be used in
the same manner. The distance between the GPS receiver and three satellites can be used to
determine the GPS receiver's location. The position determined using this method is not precise,
though, because of a time mistake on the GPS receiver's built-in clock, which affects the calculated
distance among satellites as well as a GPS receiver. In order to reduce the margin of error in
position accuracy, the fourth satellite enters the picture. The distance from the third satellite to the
receiver may be utilised to compute the position in respect to the position data produced by the
distance between three satellites and the receiver [5].

GPS signals

Numerous frequencies, including L1 (1575.42MHz), L2 (1227.60MHz), and L5, are transmitted
by GPS satellites (1176.45MHz). A common signal that may be used for business is the C/A
identifier, which comprises of a recognition script for each satellite and data known as a navigation
message broadcast at the same time.

Positioning accuracy

The ionosphere, which lies between the thermosphere and the exosphere, is a region of the upper
atmosphere. The velocity profile of GPS signals slows down as they pass through this layer,
resulting in propagation error. The lowest layer of the atmosphere on Earth is called the
troposphere. GPS position mistake is brought on by radio reflections brought on by dry
environment and internal water vapour. When a GPS signal strikes a surface like the ground or a
structure, it can reflect off of those surfaces. Multipath propagation is a phenomena that contributes
to GPS location inaccuracies.

DOP (Dilution of Precision)

DOP is a number that represents how much the GPS location accuracy has been compromised.
The placement precision is greater the smaller the value. The location of the GPS satellites used
for positioning determines this value. The precision would increase if the followed satellites were
distributed uniformly around the planet, whereas it would decrease if the recorded satellites were
distributed unevenly [6].

Signal strength

The GPS signal's intensity determines the GPS receiver's state. The reception status is more
consistent the stronger the signal. However, as the GPS signal weakened because of nearby
obstructions or noise sources, the reception condition would become unsteady.

Sensor
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A sensor is a tool that collects physical data from its surroundings and transforms it into
information that can be used by either a machine or a human to understand. Most sensors (which
transform the data into electronic data) are electronic, but others are simpler, such a glass
thermometer that displays visual data. Sensors are used by people to measure temperature,
determine distance, identify smoke, control pressure, and a variety of other things.
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CHAPTER 3
SENSOR SIGNIFICANCE

Ms. Maitraiyee Konar
Assistant Professor, Department of Electronics and Communication Engineering,
Presidency University, Bangalore, India
Email Id- maitraiyeekonar@presidencyuniversity.in

A sensor is a device that converts physical input from its own environment into information that
either a human or a machine can understand. While some sensors are more straightforward, like a
thermometer made of glass that shows visible data, the bulk of sensors are electronics (the
information is turned into electronic data). People use sensors for many different things, such as
measuring temperature, measuring distance, detecting smoke, regulating pressure, and many other
things [1] .

Uses of Sensor

A measurement is made using the signal produced at the input of an electrical sensor in order to
initiate a subsequent reaction. For instance, the temperature of such a room may be measured and
turned into an electrical signal using a temperature sensor. An electrical system that automatically
activates a heater to raise the room's temperature back toward the predetermined threshold might
use this information if the measured air temperatures are too low (below a certain threshold).
Alternately, the system might automatically turn on an air conditioner to lower the room's
temperature if the data from the sensor shows that it is too hot (higher than a certain threshold) a
digital processor processes the signal from an electrical sensor [2]-[4]. The continuous analogue
electrical signal must first be transformed into a discrete digital image using a mixed - signal
converter in order for this to be accomplished [5].

Types of Sensors

Electrical sensors may be used to detect and quantify a variety of other physical properties than
heat and sound, such as light, pressure, movement, acceleration, and mass. A sensor's output signal
size is determined by the application, for example. Biosensors, which are used in fitness and health
wearables and which are intended to evaluate the human body, often create electronic signals of
only a few v or even lower. Industrial sensors normally produce electrical signals between 20
and 30V.

Temperature Sensor

Temperature sensors can be digital or analogue. An analogue temperature sensor's physical
characteristics, such as admittance or voltage, vary as a result of temperature variations. The LM35
is a typical analogue temperature sensor. The digital temperature sensor generates a unique digital
value (usually, some numerical data after converting analogue value to digital value). Digital
Temperature Sensor Simple (DS18B20).

Proximity Sensors

A proximity sensor typically emits an electromagnetic field or indeed a beam of electromagnetic
radiation in order to detect alterations in the electrostatic energy or return signal (infrared, for
example). The item being detected is sometimes referred to as the subject of the sensing element.
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For diverse proximity sensor targets, different sensors are needed. For instance, a magnetic
proximity sensor requires a metal target but can also function with photoelectric or capacitive
sensor devices [6].

Because there are no mechanical parts and there is direct physical contact between the sensor and
the object being detected, sensor have high reliability and long useful lifetimes.

Infrared Sensor

Light-based infrared sensors, sometimes referred to as IR sensors, are used in a variety of
applications, such as object and proximity detection. IR sensors are used as proximity sensors in
almost all mobile phones. Transmissive type and reflecting type are the two subtypes of infrared
or IR sensors, respectively. In a transmissive type IR sensor, the IR Transmitter (usually an IR
LED) and the IR Detector (commonly a Photo Diode) are positioned facing one another such that
when an object passes over them, the sensor recognises the object. The other type of IR sensor is
a reflective type. In this, the object is visible while the transmitters and detector are arranged side
by side. The IR Transmitter's thermal light is reflecting off it and scooped up by IR Receiver,
allowing the sensor to recognise an object as it moves in front of it. IR sensors are utilised in many
different products, including as mobile phones, robotics, industrial assembly, automobiles, and
more.

Ultrasonic Sensor

An ultrasonic sensor is a non-contact device that may be used to measure an object's velocity and
distance. An ultrasonic sensor functions based on the properties of sound waves with just a
frequency greater far beyond range of human hearing. By measuring the amount of time is takes
for the radio radiation to travel, a sensors may determine how far away something is. The Doppler
Shift property of a sound wave can be utilised to determine an object's velocity.

Light Sensor

One of the most important sensors is the light sensor, sometimes known as the photo sensor. A
simple light sensor that is now available is the Ldr Resistor, or LDR. LDR has the property that it
changes in resistance inversely with ambient luminosity, meaning that as light intensity increases,
resistance decreases and vice versa may use an LDR circuit to calibrate the fluctuations in its
amplitude to determine the intensity of the light. Two additional photon sensors (also known as
photo sensors) are routinely used in the design of complex electrical systems. The photo mosfet
and also the photo diode are what they are. They are each analogue sensors.

Smoke and Gas Sensors

Among the most useful sensors in safety-related applications are smoke and gas sensors. Almost
every office and commercial establishment has smoke detectors. These gadgets sound an alarm
when they detect smoke (from a fire). Gas sensors are growing more used in labs, large-scale
kitchens, and industries. Methane (CH4), propane, propane, & LPG are among the gases they can
detect.

Alcohol Sensor

An alcohol sensor is used to detect alcohol. Alcohol sensors are often used in breathalysers, which
determine whether or not a person is inebriated. Law enforcement officers utilise breathalysers to
stop drunk driving.
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Touch Sensor

Touch sensors are found on all gadgets with touch displays, including computers, tablets, and
mobile phones, whether you're aware of it or not. Another common area where touch sensor are
employed is on computer trackpads. Touch sensors are employed to track a touch of the a stylus
or finger, as their name suggests. The two main categories of touch sensors are capacitive and
resistive. Capacitive touch sensors make up practically all of today's touch sensors since they are
more accurate and have a better signal to noise ratio.
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CHAPTER 4
COLOR SENSOR

Dr. Pramila
Assistant Professor, Department of Electronics and Communication Engineering,
Presidency University, Bangalore, India
Email Id- pramila@presidencyuniversity.in

A colour sensor is a useful instrument in the creation of colour electrochemical sensors for photo
editing, colour recognition, industrial item monitoring, etc. The Oyq semiconductors is a simple
colour sensor which can detect any colour and generates a square wave according to the color's
measured wavelength [1].

Humidity Sensor

Systems for tracking the weather usually provide data on both humidity and temperatures. Because
of this, figuring out the humidity is an essential task in very many applications, and temperature
sensor let us achieve this. Every humidity sensor often determines humidity levels (a ratio of water
approproatie content and quantity in air to maximum potential of air to hold water). Since relative
humidity is dependent on ambient temperature, almost all temperature sensor can also measure it

[2]-[4].
Tilt Sensor

The tilt sensor is one of the most affordable and basic sensors available. Historically, tilt sensors
were made of silver (thus, they are often called mercury switches), but most modern tilt sensors
now come with a roller ball.

IR Sensor

There are many uses for IR technology in both everyday life and other fields. An IR sensor, for
instance, is used by TVs to decode the signals supplied by a remote. Ultrasonic sensors' low power
requirements, simple design, and useful functionality are their main features. IR waves are
invisible to the human eye. IR radiation is present in the electromagnetic spectrum’s visible and
microwave ranges. Close, mid-infrared, and far-infrared are the three parts of the infrared
spectrum. Wavelengths in the near infrared range from 0.75 to 3 m, in the mid-infrared range from
3to 6 m, and in the far infrared range from more than 6 m [5].

Infrared Sensor

A sensor is an electronic device that emits infrared light to detect specific aspects of its
surroundings. An IR sensor may detect movement in addition to tracking the heat of an item. Since
they just monitor infrared radiation instead of producing it, these sorts of sensors are known as
passive IR sensors. Typically, all objects emit some form of infrared heat radiation. These
radioisotopes, which are invisible to the human eye, may be detected by an infrared sensor. The
emitter is an IR Oled (Light Emitting Diode), and the detector is an IR photoelectric, which is
responsive to IR light with wavelengths similar to those produced by the IR LED. when IR light
is reflected, the resistances and power flow the photodiode will vary according to the intensity of
the IR light absorbed [6].
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Working Principle

An object detection sensor and an infrared sensor use a similar operating principle. Instead of using
an optocoupler, the IR LED and IR Photodiode in this detector may be put together to create a
photo-coupler. This sensor makes use of the concepts of weins displacement, Franz Ludwig, and
planks radiation in physics. The IR LED is one sort of transmitter that emits IR radiations. This
LED looks like a conventional LED and emits radiation that cannot be seen by the human eye. In
order to pick up the radiation, infrared receivers often utilise an infrared transmitter. One class of
the infrared receivers is the photodiode. In contrast to ordinary photodiodes, IR photodiodes can
only detect infrared radiation. Based on variables like voltage, wavelength, packing, etc., there are
many different types of infrared receivers. The wavelength of the receivers must meet that of the
transmitters when used as an Ar transmitter and receiver pair. Here, the transmitter is an IR LED,
while the receiver is an IR photodiode.

An infrared photodiode may be able to detect the infrared light that an infrared LED emits. The
photodiode's sensitivity and the shift in output voltage both affect how much infrared light is
captured. This is how a Motion detector functions in its most basic form. Once the heat
transmission is turned on, some of the infrared light will reflect back toward the IR receiver
produces it, after it reaches the target. Depending on the strength of the answer, the IR receiver
can choose the sensor output.

Types of Infrared Sensor
Active and passive infrared sensors are the two categories into which they fall.
Active IR Sensor

This active infrared sensor consists of both a transmitter and a receiver. In most applications, a
light-emitting diode is used as a source. While an imaging IR led is a laser diode, a non-imaging
infrared sensor is an LED. Energy that is both collected and felt is used by these sensors to operate.
It can also be processed by employing a signal processor to get the necessary data. The best
examples of this type of active infrared sensor are reflectance or broken beam sensors.

Passive IR Sensor

The passive infrared sensor has no transmitter; it is simply made up of detectors. These sensors
employ an infrared source or a transmitter. This object emits energy and detects using infrared
receivers. A signal processor then decodes the signal to create the required information.
Thermopile, pyroelectric detectors, areas affected, and other sensor types are among the best.
Quantum Ultrasonic sensors and temperature IR sensors are the two categories under which these
sensors fall. The wavelength of the thermo IR sensor is irrelevant. A hot power source is used by
these sensors. Thermal detectors have slow reaction and detection times. The quantum IR sensor
has a quick reaction and low accuracy and is wavelength dependant. Regular cooling of these
sensors is required for certain measurements.

IR Sensor Circuit Diagram

The infrared sensor circuit is one of the most essential and often utilized modules in such an
electronic gadget. One of the often used real-time uses for all of this sensor, which itself is similar
to human visionary senses, is obstacle detection. These are the parts that go into making this circuit.
Is when Relay is not detecting a signal, the power at the voltage divider of the comparing IC is
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greater than the semi-input (LM339). The LED does not light up, but the comparator's output
lowers as a result. When the IR sensor module picks up an IR signal, the voltage there at input
resistor decreases.
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IR sensors are divided into many categories a some of the common uses for several sensor kinds.
Multiple motors' speeds can be coordinated using the speed sensor. Industrial temperature control
uses the temperature sensor [1]-[3]. The Ultrasonic sensor serves the purpose of measuring
distance, whereas the PIR sensor is utilised for automatic door opening systems [2].

Radiation Thermometers

In order to detect temperature, IR sensors are employed in radiation thermometers. Depending on
the object's material and temperature, these thermometers contain some of the following qualities.

e measuring without coming into physical touch with the target
e quicker reaction
e simple measurements for patterns

Flame Monitors

These kinds of gadgets are used to detect the light given off by the flame and to keep track of how
they are burning. Flames emit light in a variety of wavelengths, from ultraviolet to infrared. Some
of the frequently used detectors in flame monitors are PBS, PbSe, two-color detectors, and
pyroelectric detectors.

Moisture Analyzers

The wavelengths that moisture absorbs in the IR region are used by moisture analyzers. These
wavelengths of light (1.1 m, 1.4 m, 1.9 m, and 2.7 m) as well as reference wavelengths are used to
irradiate objects. The analyzer detects the lights reflected from the objects, which rely on their
moisture content, in order to quantify wetness (ratio of reflected light at these wavelengths to the
reflected light at reference wavelength). Pbs photosensitive detectors are used in moisture analysis
circuits in GaAs PIN photodiodes [3].

Gas Analyzers

Gas analyzers that make advantage of the IR absorption properties of gases employ IR sensors.
Dispersive and nondispersive techniques are used to estimate the density of gases, respectively.

Dispersive

Emitted light is spectrophotometry split into its component parts, and their absorption features are
utilised to determine the composition of the gas and the size of the sample.
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Nondispersive

This technique, which is the most popular, divides the emitted light without using absorption
properties. Nondispersive varieties employ discrete optical filters, much as sunglasses used to
block harmful UV rays for eye protection. Nondispersive infrared (NDIR) technology is the term
used to describe this kind of setup. While most commercial IR equipment employ a nondispersive
analyzer for fuel leaks in automotive exhaust gases, this sort of scanner is used for carbonated
beverages [4].

IR Imaging Devices

One of the main uses of IR waves is the IR imaging device, mainly because it has the advantage
of being invisible. Devices like thermal imagers and night vision goggles utilise it. For instance,
IR radiation is emitted by water, rocks, soil, plants, atmosphere, and human tissue. The spatial
temperature differences of the item or region are mapped on an image by the thermal infrared
detectors, which capture these radiations with in IR range. Sb (indium antimonite), Gd Hg
(mercury-doped germanium), and Hg Cd Te (mercury-cadmium-telluride) sensors are typically
found in thermal imagers. Liquid helium or liquid nitrogen is used to cool an electrical detector to
low temperatures [2], [5], [6]. Then, by cooling the detectors, you can be sure that now the radiant
energy (photons) they capture is coming from the landscape and not from the surroundings of the
scanner or the IR imaging equipment.

ARDUINO

The firm, project, and user community known as Arduino (/rdwino/) develops and produces single-
board embedded systems and microcontroller kits for the construction of digital devices. Its
software is released under the Gnu Gpl (LGPL) or the Gnu Lesser General public license License
(GPL), allowing anybody to distribute it and make Arduino boards. Its hardware items are released
under a CC BY-SA licence. Commercial Arduino boards are offered on the official site or via
accredited distributors.

Different types of microcontroller are used in Arduino board designs. The boards have a variety
of extension boards (called "shields"), breadboards (for prototyping), and other circuits that may
be interfaced to the sets of digital and analogue input/output (I/O) pins on the boards. The boards
have serial communications interfaces, some of which support USB (Universal Serial Bus), which
are also used to load applications. The C and C++ programming languages, as well as a standard
API known as the Arduino Programming Language, which was modelled after the Processing
language and used with a customized version of the Processing IDE, may be used to programme
the microcontrollers. The Arduino project offers an integrated development platform (IDE) and a
command prompt tool created in Go in addition to utilising conventional compiler toolchains.

IDE (Integrated Development Environment) is the name of the software that is used to programme
Arduino devices, and it is available for free download and usage. However, it does call for some
fundamental understanding. There are two programming languages that can be employed C and
C++. The phrases "microcontroller” and "Arduino” are sometimes used interchangeably. The latter
is a board with a microcontroller, boot, and easy access on input-output pins, making uploading

ISBN 978-81-962230-2-1 March 2023



Smart Health Detection Systems

and burning of programmes relatively straightforward. The former is only a 40-pin on-system chip
with such a built-in CPU.
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The output from the GPS receiver module is in the NMEA (National Marine Electronics
Association) string format. The Tx pin receives output serially at a 9600 Baud rate by default.
Different parameters like location, latitude, altitude, time, etc. are separated by commas in this
NMEA string generated from the GPS receiver. Each string has a "$" at the beginning and a
carriage return/line feed at the end. Small processors and antennas found in GPS modules are used
to directly receive data from satellites using specific RF frequencies [1]-[3]. From there, it will
get data from various sources, including timestamps from all visible satellites [1].

Mq@Z2 sensor:

In the context of modern technology, monitoring the gases created is crucial. Monitoring of gases
is particularly important for anything from residential equipment like air conditioners to electrical
chimneys and safety systems in companies. Gas sensors are a crucial component of these systems.
Gas sensors, which are tiny like a nose, overacted to the gas present and inform the system of any
changes in the concentration of molecules in the gaseous state [4].

Depending on the optical sensors, kind of gas to be detected, physical dimensions, and a host of
other parameters, gas sensors are available in a broad range of specifications. This Insight
discusses a methane hydrate sensor that is capable of detecting gases like ammonia that might be
created from methane. This sensor interacts with a gas by first ionising it into its component atoms,
which are subsequently adsorbed by the detecting element. This adsorption produces a voltage
differential on the element, which is sent in the form of current to the processing unit through
output pins. Liquid nitrogen or helium is used to cool an electrical detector to extremely low
temperatures. Then, by cooling the detectors, you can make sure that the radiant energy (photons)
they record originates from the terrain and not from nearby items that are at ambient temperature
when the scanner is running or from IR imaging equipment.

LCD

Scratch pad displays and other smaller PCs use LCD (Liquid Crystal Display) technology. LCDs
enable presentations to be much slimmer than technology for cathode beam tubes, similar to
technology for air diode (LED) and gas-plasma (CRT). LCD displays use a lot less electricity than
LED and gas displays since they operate on the principle of obstructing light rather than emitting
it. For a dynamic framework exhibition, an LCD is either constructed using an unconnected lattice
or a showcase network. The flexible LCD is sometimes referred to as a thin film transistor (TFT)
display. At each intersection of the network of pixels on the uninvolved LCD lattice, a matrix of
conductors is present. Any pixel's light is controlled by a current sent by two wires on the lattice
[5]. Every pixel crossing point in a functional framework contains a transistor, which uses less
current to regulate pixel brightness. Some independent network LCDs feature double filtering,
which means that they inspect the matrix with current twice whereas the initial invention only
swept it once. However, dynamic lattice is still a superior innovation.
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A 16x2 LCD display is a crucial component that is frequently used in many devices and circuits.
It is popular to use these modules with more than 8 chapters and other multi-fragment LEDs. The
grounds for this are that LCDs are reasonably priced, efficiently programmed, and do not have any
limitations on the display of unusual and even bespoke characters (unlike in the seven pieces),
motions, etc. A 16x2 LCD indicates that 16 characters may be shown on each of its two lines. In
this LCD, each character is shown as a lattice of 5x7 pixels. This LCD has two registers,
specifically Command and Data.

Data/signals/execution of LCD:

The LCD can recognise two different signal types: data signals and control signals. These signals
are recognised by the LCD module based on the RS pin condition. Data may now also be retrieved
from the LCD display by raising the R/W pin. The LCD display reads and execute data at the
transmitter end of the pulse after the E pin has been pulsed; this is also true in the transmission
scenario. Although there are various families of microcontrollers, the ATMEGA 8A is utilised in
this instance because it offers high output with low input. The ATMEGA operates between 2.2 to
5.5 volts, with a low consumption input compared to other devices. It operates on a cutting-edge
RISC architecture with ou pas memory blocks. It has a normal high number of 130 instructions
allowed and a 16 bit address with an 8 bit data structure. The ATMEGA 8A has a data retention
of 20 years at 850 C and 100 years at 250 C. Two 8-bit Timer/Counters having Separate Pre Scalar
and one Compare Mode are among the extraneous features. A single 16-bit delay with separate
modes for capture, compare, and pre-scalar. Power-on is one of the controller's unique
characteristics.

GSM

GSM, which stands for "global system for mobile communication,” is a mobile communication
modem (GSM). Bell Laboratories created the GSM concept in 1970. It is a mobile communication
technology that is commonly utilised worldwide. GSM is an open, digital cellular technology that
uses the 850MHz, 900MHz, 1800MHz, and 1900MHz frequency bands to provide mobile data
and voice services. The time division multiple access (TDMA) approach was used in the
development of the GSM system as a digital mechanism for communication. The data is first
reduced and digitalized by a GSM before being sent across a channel with two independent streams
of client information, each in its own specific time slot. The digital system can handle data speeds
of 64 kbps to 120 Mbps. A GSM system uses macro, micro, pico, and umbrella cells, among other
cell sizes. Depending on the implementation domain, each cell is unique. A GSM network has five
distinct cell sizes: macro, micro, pico, and umbrella cells. Each cell has a different coverage area
depending on the implementation environment. The GSM system is the most secure
telecommunications standard currently available thanks to the security measures that have been
defined for it. Even if call confidentiality and GSM subscriber confidentiality are only guaranteed
over the radio network, this is a crucial step toward attaining end-to-end security.

GSM MODEM

A computer or any other microprocessor may connect across a network viaa GSM modem, which
can be a mobile phone or perhaps a modem device. A SIM card is necessary to runa GSM modem,
which utilises a network range to which the network operator has subscribed. It has three different
connections options for computers: serial, USB, and Bluetooth [6], [7]. With the proper cable and
software driver, a regular GSM mobile phone may function as a GSM modem when connected to
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a computer's serial communication or USB port. Typically, a GSM modem is preferred over a
GSM mobile phone.

Bibliography

[1] K. Y. Koo, D. Hester, and S. Kim, “Time synchronization for wireless sensors using low-
cost gps module and arduino,” Front. Built Environ., 2019, doi: 10.3389/fbuil.2018.00082.

[2] P.V.Gaisky, “Using Arduino GPS modules for navigation control and monitoring,” Monit.
Syst. Environ., 2020, doi: 10.33075/2220-5861-2020-3-96-105.

[3] D. Atunggal, N. H. Ausi, and C. A. Rohkmana, “Developing Android Application for
Precise Geotagging Using RTK GPS Module,” 2018. doi: 10.1109/ICSTC.2018.8528570.

[4] A. F. Daru and Whisnumurti Adhiwibowo, “Penerapan Sensor Mq2 Untuk Deteksi
Kebocoran Gas Dan Sensor Bb02 Untuk Deteksi Api Dengan Pengendali Aplikasi Blynk,”
J. Teknol. Inf. DAN Komun., 2021, doi: 10.51903/jtikp.v12i1.229.

[5] G. Tendra and D. Wulandari, “ALAT PEMBERSIH ASAP ROKOK OTOMATIS
DENGAN MENGGUNAKAN SENSOR MQ2” INFORMAT I KA, 2020, doi:
10.36723/juri.v12i1.194.

[6] S.K. Gharghan, “Energy-efficient remote temperature monitoring system for patients based
on GSM modem and microcontroller,” J. Commun., 2017, doi: 10.12720/jcm.12.8.433-442.

[7] M. Ashwin and S. Yashwanth Gowda, “Smart helmet using GPS and GSM modem,” Int. J.

Recent Technol. Eng., 2019, doi: 10.35940/ijrte.B1384.0982S51119.

ISBN 978-81-962230-2-1 March 2023



Smart Health Detection Systems

CHAPTER 7

INTRODUCTION TO BRAIN TUMOR DETECTION

Dr. Safinaz S.
Associate Professor, Department of Electronics and Communication Engineering,
Presidency University, Bangalore, India
Email 1d- safinazs@presidencyuniversity.in

A brain tumour is a mass or growth of abnormal cells in the cerebellum. Brain tumours come in a
variety of forms. Brain tumours may be benign (noncancerous) or malignant (cancerous)
(malignant). Brain tumours classified as primary (originating in the brain) or secondary
(metastatic) (originating in other parts of the body and spreading to the brain) are those that begin
in the brain. The pace of development of a brain tumour may vary greatly. The rate of a brain
tumor's growth and its location affect how well one's neurological system functions. Depending
on the kind, size, and location of the tumour, there are many treatment options for brain tumours

[11-[4]
Symptoms

The signs and symptoms of a brain tumour may be quite diverse and depend on the tumor's size,
location, and pace of growth. General indications and symptoms of a brain tumour may include
the following: headaches that start out or take on a new pattern; headaches that increase in
frequency and severity over time; vomiting or nausea without obvious explanation. difficulties
with balance, speech, and vision, such as double vision, fuzzy vision, or diminished peripheral
vision, as well as progressive loss of sensation or mobility in a limb or arm excessive tiredness,
difficulty making decisions, difficulty following simple instructions, changes in behaviour or
personality convulsions, especially in someone without a history of seizures, and hearing
problems.

Primary brain tumours may form inside the brain or in tissues surrounding it, including the
pituitary gland, endocrine system, cranial nerves, or the meninges that cover the brain. Whenever
alterations to the DNA of normal cells occur, primary brain tumours begin (mutations). A cell's
DNA contains the instructions that tell it what to do. When healthy cells would die, the mutations
provide the cells instructions to multiply and divide fast so they can keep living. The result is a
tumour, which refers to a collection of abnormal cells. Adults who have primary brain tumours are
far less likely to get subsequent brain tumours, which form when cancer spreads from another
region of the body to the brain.

There are numerous different types of primary brain tumours. Each is given a name based on the
kind of cells that are concerned. Gliomas are a part of them. These tumours, which include
oligoastrocytomas, oligodendrogliomas, ependymomas, glioblastomas, and astrocytomas, begin
in the brain or spinal cord. Meningiomas. Both brain and spinal cord's protective membranes may
grow into a tumour known as a meningioma (meninges). Oftentimes, meningiomas are benign.

Acoustic neuromas (schwannomas). These benign tumours develop on the nerves that take balance
and hearing signals from the inner ear and send them to the brain. Pituitary tumours develop inside
the pituitary gland, which is located near the base of the brain. These tumours have an effect on
the pituitary hormones, which affects the whole body [5]-[7].
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Medulloblastomas. Although they may occur in anyone of any age, these malignant brain tumours
often develop in children. A medulloblastoma usually starts in the lower back area of the brain and
spreads through the spinal fluid.

Germ cell tumours. Germ cell tumours may develop in childhood in the locations where the
testicles or ovary would later develop. However, brain as well as other organs may also be affected
by germ cell malignancies.

Craniopharyngiomas. These unusual tumours develop near to the pituitary gland, which releases
hormones that control many biological functions. When the craniopharyngioma steadily grows, it
may affect the pituitary gland as well as other brain regions.

Brain tumours known as secondary (metastatic) tumours arise when cancer spreads (metastasizes)
from some other region of the body to the brain. Secondary brain tumours are much more likely
to form in people who have had cancer in the past. Rarely, the very first sign of cancer may be a
brain tumour that really has progressed to other organs. Adults are far more likely to develop
secondary brain tumours than primary brain tumours. Any cancer may damage the brain, but the
most common types are those in Figure 1.

Breast cancer

Colon cancer

Cancer can Spread to the

. . Kidney cancer
Brain are categorized as Y

Lung cancer

Melanoma

Figure 1: lllustrates the Cancer can Spread to the Brain.
Risk factors include:

Pollution by radioactivity lonizing radiation is a type of radiation that raises a person's chance of
developing brain tumours after exposure. Examples of ionizing radiation include exposure to
radiation from atomic bombs and radiation therapy used to treat cancer. Brain cancer is a familial
history. Patients with a small proportion of brain tumours are those with genetic defects that
increase the risk of developing brain lesions or a family background of the illness. If a brain tumour
is found in you, our doctor may advise a range of procedures and treatments, including as:
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Neurological Exam

A neurological examination may include testing reflexes as well as vision, hearing, balancing,
coordination, and strength. A portion of your brain that is experiencing problems in one or more
areas may be affected by a brain tumour.
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Magnetic resonance imaging is often used to diagnose brain cancer (MRI). Sometimes a dye may
be injected into a vein in your arm during your MRI study. Your doctor may evaluate the tumour
and devise treatment recommendations using a variety of specialized MRI scan components,
including functional MRI, perfusion MRI, and magnetic resonance spectroscope. Additional
imaging tests like computed tomography (CT) and positron emission tomography (PET) may be
recommended in certain cases (PET). Collecting and examining a sample of abnormal tissue
(biopsy). A biopsy may be performed with a syringe or during brain surgery to eliminate the
tumour. A stereotactic needle biopsies may be carried out for brain tumours located in hard-to-
reach or very sensitive areas of your brain that might be injured by a more extensive treatment.
Their neurosurgeon makes a tiny hole in your skull. A small needle is then used to plug the hole.
The needle removes tissue under the usual direction of CT or MRI scanning. The biopsy sample
is then analyzed under a microscope to determine if it is cancerous or benign. Your doctor may be
able to learn from complicated laboratory testing about the overall prognosis and potential
therapies. Finding out exactly what kind of brain tumour patients have requires extensive analysis
of our biopsy sample. If you're uncertain about your diagnosis, think considering seeking an
independent advice at a facility where several brain samples are analyzed each year.

MRI

MRI is a non-invasive imaging method that produces detailed, three-dimensional anatomical
images. It is often used for disease detection, diagnosis, and therapeutic monitoring. It induces and
detects variations in the rotational axis of protons from the inside of the water that constitutes and
live tissues using cutting-edge technology [1]-[4]. The powerful magnets used in MRI equipment
produce a magnetic field that forces protons all across the body to align with it. When a
radiofrequency current was pulsed through the patient, the protons are triggered and spin from out
equilibrium, which causes them to battle against by the magnetic field. Whenever the
radiofrequency field is turned off, the energy generated when the protons reach equilibrium may
be seen by the MRI sensors. Therefore, how long it takes for protons to reconnect with both the
magnetic field and the amount of energy is released depends on the environment and the chemical
composition of the molecules. Doctors may discriminate between various tissues based on such
magnetic properties. To take an MRI image, a patient must be placed within a large magnet, and
they must remain very motionless during the imaging process to avoid image blurring. An
intravenous contrast agent (usually containing the element gadolinium) may be administered to
the patient before or during the MRI in order to speed up the pace at which protons realign with
the magnetic field. The faster the protons realign, the brighter the image.

MRI Application

Soft tissues or non-bony bodily parts may be imaged quite well using MRI scanners. They differ
from computed tomography (CT) in that they don't utilise ionizing radiation from x-rays, which is
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dangerous. It is often used to evaluate knee and shoulder injuries even though MRI offers a far
sharper image of the brain, spinal cord, including nerves than traditional x-rays and computed
tomography (CT). MRI, which can discriminate between the white and grey matter of the brain,
also has the potential to detect aneurysms and tumours. Since MRI does not use x-rays or other
radiation, it is the examination of choice whenever frequent imaging is required for diagnosis or
therapy, especially in the brain. However, MRI costs more than CT scanning or x-ray imaging.
One kind of specialized MRI is functional magnetic resonance imaging (fMRI.) This is done to
examine the structure of the brain and determine which regions "activate™ (consume more oxygen)
while doing various types of cognitive tasks. It uses MRI to better understand how the brain is
structured and offers a potential new benchmark for assessing neurological function and risk for
neurosurgery [5]-[7].

Despite the fact that MRI does not emit ionizing radiation like x-rays and CT imaging, it
nonetheless employs a strong magnetic field. The magnetic field, which extends outside the
machine and puts great pressure on iron, certain steels, as well as other magnetizable substances,
might fling a wheelchair across the room. Patients must inform their physicians of any implants or
medical devices they may have before getting an MR scan. A person should avoid entering an MRI
scanner if they have a pacemaker, an implanted cardioverter-defibrillator, brachial plexus
stimulators, loop recorders, insulin pumps, cochlear implants, deep brain electrical activation, or
capsules from capsule endoscopy. When subjected to harsh sounds like clicking and buzzing as
well as sound intensities as low as 120 dB in some MR scanners, it may be important to wear
appropriate ear protection. There may sometimes be a twitching sensation in the nerves due to the
MRI's rapidly shifting fields.

Contrast Agents

Nephrogenic systemic fibrosis, a rare but deadly illness that may be triggered by use of certain
gadolinium-containing drugs like gadodiamide and many others, is a danger for dialysis patients
with severe renal failure. Although a causal relationship has not been founded, current guidelines
in the United States recommend that gadolinium investigators only be administered to dialysis
patients when absolutely necessary and also that dialysis should be carried out as soon as possible
after the scan to consider reducing the agent from of the body as quickly as possible.

Pregnancy

In the first trimester of pregnancy, whenever the baby's organs are growing and contrast chemicals,
if used, may enter the foetal circulation, MRI scans are discouraged out of caution, even though
there has been no evidence that they have any negative effects on the foetus.

Claustrophobia

Even people with mild claustrophobia may have trouble with long scan times within the machine.
By becoming comfortable with the instruments and process, using visualization techniques,
sedation, and anesthetics, patients are given the means to manage their agony. Additional coping
mechanisms include hiding or hiding the eyes, pressing the panic button, watching a movie or
watching a movie, or listening to music. Since the open MRI is an open-sided machine as opposed
to a tube with a closed end, the patient is not entirely enclosed inside it. It was developed to satisfy
the needs of patients who dislike the constricting tube and distracting noises of conventional MRIs

ISBN 978-81-962230-2-1 March 2023



Smart Health Detection Systems

as well as those for whom the size or weight make conventional MRIs impractical. But not all
examinations can use the high-quality images generated by more current open MRI technology.
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Image fusion is the process of combining information from two or even more pictures of the same
topic that were taken simultaneously or at different periods to create images that are more detailed
than the sum of their parts. Feature-based methods, decision-based methods, including pixel-based
methods are some of the techniques utilised in image fusion. In fact, a Convolutional Neural
Network (ConvNet/CNN) is a Deep Learning technique that can take in such an input image,
assign distinct objects and components importance (learnable connection weights), and also be
capable of distinguishing between them. In comparison to other classification methods, a Conv-
Net needs much less pre-processing. With sufficient training, Conv Nets may understand the filters
and characteristics in Figure 1, while filters in basic approaches are hand-engineered [1]-[3].

Input Brain CT

Input Brain MRI
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Figure 1: Illustrates the Block Diagram of Proposed Method of Image Fusion.

Convolution Neural Network (CNN)

Artificial neural networks do very well in machine learning. It is possible to categorise text, audio,
and visual data using artificial neural networks. Different forms of neural networks were applied
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for distinct purposes. For example, they utilise recurrent neural networks—more precisely, an
LSTM—to predict the sequence of words, whereas others use convolutional neural networks to
categorize photos. This will be used to establish the essential components of CNN. A convolutional
neural network may have one or more convolutional layers. The amount and complexity of the
data influence how many convolutional layers were required. Before exploring the Convolution
Neural Network, let's first go through the fundamental concepts of neural networks. A typical
neural network has three distinct types of layers. A convolutional neural network (CNN or Conv-
Net), a kind of deep learning network, learns directly from data. CNNs are highly effective for
distinguishing items, classes, and groupings in photographs by searching for patterns inside the
images. They may be highly helpful for classifying signal, time-series, and audio files. A
convolutional neural network may have tens or hundreds of layers, and each layer may be taught
to detect different facets of an image. Each training image is treated to filters at varying resolutions,
and the outcome of each convolved picture is employed as the input for the succeeding layer. The
filters may start with very simple specifications like brightness and borders before getting to
characteristics that precisely identify the object [4]-[6].

Feature Learning, Layers, and Classification

A CNN is composed of an input layer, an output layer, and many hidden layers in between in
Figure 2.

)y
L e 4
Inputs  @um— Outputs
O—
Lo 4
Input Layer Output Layer

Hidden Layers
Figure 2: Illustrates the schematic diagram of Convolutional Neural Networks.

Let's first review the basic ideas of neural networks before delving into the Convolution Neural
Network. A typical neural network has three different sorts of layers.

Neural Network

A neural network is a set of algorithms that mimics how the human brain works in order to find
hidden connections in a piece of data. Neural networks are systems of neurons that could have an
organic or artificial origin in this context. The network can produce the best result without
modifying the output criteria since neural networks can adjust to changing input. Neural network
theory, which is based on artificial intelligence, is swiftly gaining popularity in the development
of trading systems. In order to uncover connections among huge amounts of data, neural networks
are indeed a group of algorithms that mimic the functioning of an animal brain. They often imitate
the synapses and connections amongst neurons observed in the brain as a consequence. Numerous
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financial services applications, such as forecasting, customer research, fraud prevention, and risk
assessment, make use of them. Deep learning techniques use "deep” networks, which are multi-
stage neural networks.
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A convolutional neural network (CNN or ConvNet) is a network architecture for deep learning
that learns directly from data. CNNs are particularly useful for finding patterns in images to
recognize objects, classes, and categories. They can also be quite effective for classifying audio,
time-series, and signal data. They input data into their model at this tier. Our data's total number
of features is equal to this layer's number of neurons (number of pixels in case of an image).

Hidden Layer

The data from the input layer is subsequently passed to the hidden layer. There may be a tonne of
hidden layers, depending on their model and the size of the data. Each hidden layer may have a
different number of neurons, albeit they are often greater than the number of characteristics. Each
layer's output is created by matrix multiplication the output from the layer before it by the learnable
weights and biases for that layer, adding those values, and then calculating the non - linear
activation, thereby turns the network into a nonlinear one [1]-[3].

Output Layer

The data from the hidden layer is then used as the input for a logistic function, including such
sigmoid or soft-max, to transform the output of each class into an accurately and completely for
each class. The output of each layer would subsequently be determined when the model has been
fed the data. The error is then calculated using an error function, such as square loss error, cross
permeability, etc. Feed forward is the name of this phase. The derivatives are then computed and
again propagated into the model. In fact, back propagation is the method used to basically reduce
loss [4]-[6].

Image processing, classification, categorization, as well as other auto correlated data are the main
uses of a convolutional neural network (CNN), which consists of one or more convolutional layers.
A convolution is just a filter that is applied to the input. Instead than scanning the whole image for
certain characteristics, it can be more effective to focus on smaller portions of the image. The
majority of the time, CNNs are used for image classification tasks like identifying motorways in
satellite images or classifying handwritten letters and numbers.

In addition to these additional routine tasks, signal processing and image segmentation are other
areas where CNNs thrive. CNNs have been used for speech recognition, but recurrent neural
networks (RNNSs) are often used for natural language processing (NLP).

Convolutional Neural Network Architecture

Convolutional, pooling, and fully linked layers make up the conventional architecture of a CNN
(see Figure 1).
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Figure 1: llustrates the Architecture of a Convolutional Neural Network.
Convolution Layer

The convolution layer is the core element of the CNN. It carries the bulk of the network's
computational load. The limited region of the receptive field and the kernel, two matrices that are
each composed of learnable parameters, are combined in this layer to form a dot product. The
kernel is deeper yet smaller in space than an image. This suggests that if the image had three (RGB)
channels, the kernel height and width would've been spatially small, but the depth would increase
to include all three channels. During the forward pass, the kernel travels over the picture's length
and width, forming an image of the receptive region. As a consequence, an activation map—a two-
dimensional representation of the image—is produced, indicating the kernel's response at each
spot in the picture. The kernel's slidable size is actually referred to as a stride. When they are given
an input of size W x W x D and a Dout quantity of kernels that have both a spatial structure of F
with stride S and amount of padding P, the following equations may be used to determine the
dimensions of the output volume:

W —F+2P

Wour = S

Motivation behind Convolution

The three fundamental ideas of sparse interaction, parameter sharing, and equi-variant
representations, which inspired computer vision researchers, are all used in convolution. Let's
explore each of them in greater detail. The interaction here between input and the output units
through a matrix of parameters is described by matrix multiplication in simple layers of neural
networks. This suggests that all input and output devices are in communication with one another.
However, there is little interaction between convolution neural networks. Keeping the kernel
smaller than the input achieves this. For example, a photograph may have millions or hundreds of
thousands of pixels, but by using the kernel to analyse it, we may identify important information
that is just a few hundred pixels in size. This suggests that there is a need to store fewer parameters,
which reduces the model's memory requirements and increases the statistical power of the model.
If computing a certain attribute at the coordinates (x1, y1) is advantageous, then it should also be
advantageous elsewhere, such as (x2, y2). It suggests that neurons must use the same set of weights
whether building a single activation map or an activation map for only a single two-dimensional
slice. Contrary to a typical neural network, which uses each element of the weight matrix only
once, a convolution network uses shared parameters, indicating that weights provided to one input
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are precisely the same as the weights used elsewhere for getting output. Due to parameter sharing,
each layer of a convolution neural network would contribute an identical amount of variance to
translation. It claims that if we change the input in a specific way, the output will do the same.

Pooling Layer

The pooling layer fills in for the output of the network at certain places by computing an aggregate
statistic from of the nearby outputs. This helps to reduce the spatial dimension of the
representation, which minimizes the computation time and weights required. The pooling
technique is applied to each layer of the representations independently. Another of the pooling
functions, in addition to the average of a rectangular neighborhood as well as the L2 norms of the
rectangle neighbourhood, is a weighted average calculated from the distance from the center pixel.
However, the most used technique is max pooling, which represents the greatest output from the
neighbourhood.
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All of the neurons in this layer are completely linked to all of the neurons in the layer sometimes
during, just as in a traditional FCNN. As a result, it might be estimated as per usual utilizing a
matrix multiplication and bias effect. With the help of the FC layer, the representations between
the input and output is mapped [1]-[3].

Non-Linearity Layers

Because convolution is indeed a linear operation and images are everything but linear, non-
linearity layers are frequently added directly after convolutional layer to give non-linearity to a
activation map. There are many different types of non-linear operations, but the most well-known
is:

Sigmoid

() = 1/(1+e) is the formula for the sigmoid nonlinearity. A real-valued number is "squished"” into
the 0-1 range. Whenever the activation occurs at either tail, the gradient of a sigmoid almost
always approaches zero, which is a really unfavorable sigmoid characteristic. In the event that the
local gradient is actually too small, backpropagation will basically "kill" the gradient. If the input
into the neuron was always positive, the output of a sigmoid will either include all positives or
even every negatives, resulting in a zigzag dynamic with gradient rises for weight [4]-[6].

Tanh

Tanh condenses a real-valued number to the interval [-1, 1]. Although the output is zero-centered
instead of sigmoid-centered, the activation saturates such as the sigmoid.

Rectified Linear Unit work (RelL.U)

The Rectified Linear Unit (ReLU) has become quite popular recently. It computes the value of the
function ()=max (0,). In other words, at 0 threshold, the activation just exists. ReLU is more
trustworthy than sigmoid and tanh and speeds up convergence by a factor of six. However, ReLU
could become fragile with training, which is a disadvantage. A steep gradient may update it,
stopping the neuron from always updating further. However, we can make this work if we choose
a suitable learning rate. It is essential to comprehend how variable interaction effects are affected.
An interaction effect occurs when a variable affects a prediction depending on the values of
associated variables. For instance, when comparing the 1Q scores of two different schools, there
may be interaction effects between 1Q and age. A high school student has a higher 1Q than that of
an elementary school student since age and 1Q interact among themselves regardless of the
institution. ReLUs have the potential to lessen interaction effects, also known as interaction effects.
For instance, if A=1 and B=2, with corresponding weights of 2 and 3, the function would be
f(2A+3B). Production will increase in direct relation to A. However, if B has a significant negative
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value, the outcome will be zero. Due to its simplicity, the ReLU functional has the benefit of being
a very cheap function to compute. Because there is no complicated math required, the model may
be rapidly understood and executed. Similar to that, it converges faster, which implies that when
X's value rises, the slope doesn't plateau. ReLU does not experience the problem of vanishing
gradients, in contrast to rival functions like sigmoid or tanh. ReLU is extremely seldom active
since the output is zero for each and every negative inputs. According to the sparsity theory, certain
functions are only ever active under specific situations. Current neural networks could benefit from
having this attribute because it makes it more likely that neurons in a sparse network would
properly analyses crucial portions of a problem. For instance, a model analyzing fish photographs
may have a neuron that has been taught to recognize fish eyes. Instead of analyzing images of aero
planes, the model would not have activated that specific neuron. This particular use of neuron
functions explains network sparsity.

A U-Net design, which combines two nearly identical CNNs to produce a CNN with a U-shaped
architecture, May also be used to generate a CNN. U-nets are used for applications in which the
output and input sizes must match, such as segmentation and image enhancement. Each
convolutional layer has a collection of filters referred to as convolutional kernels. The filter, which
is an integer matrix performed to some of the input pixel values, has the same size as the kernel.
To make things easier, each pixel is multiplied either by kernel value which corresponds to it, as
well as the result is then added to produce a single value that, in the output channel/feature
mapping, represents a grid cell, much like a pixel. All convolutions are linear transformations and
are a subclass of affine functions. Typically, a three-channel RGB image is used as the computer
vision input. Let's use a 3x3 convolutional kernel with a one-channel, two-dimensional greyscale
image for the sake of simplicity (a two-dimensional matrix). The input number matrix is traversed
both horizontally and vertically by the kernel, which travels or skims over the beginning rows of
the matrix that contain the image pixel values. The kernel then moves down the subsequent rows
vertically.

Padding

Edge pixels may be dealt with in a variety of ways, such as removing them, padding with pixels
of zero value, and reflecting padding. The best technique is reflection padding, which includes
copying pixels from the edge of the picture and adding them to the outside in order make up the
necessary number of pixels so that the convolutional kernel may examine the edge pixels. For a
3x3 kernel, one more pixel must be added, and for a 7x7 kernel, three additional images must be
reflected. The amount of pixels added over each side is divided in half and rounded down to the
nearest integer. In research papers, edge pixels are often just ignored, which causes a little data
loss that becomes worse as more deep convolutional layers are added. Because of this, | was unable
to find any images that might effectively demonstrate any of the points discussed here without
misleading readers and confusing stride 1 and stride 2 convolution layer. The output from an input
of width w and height h would have been width w and height h equal to the input if there had been
single input channel if indeed the kernel moved one pixel at a time.

Strides

Stride two convolution, with which the convolutional kernel travels more than 2 pixels at a time,
is more often used than stride one convolution. For instance, the output channel/feature diagram's
dimensions will be reduced by our 3x3 kernel's actual behaviour of starting at location (1, 1),
moving to (1, 3), then to (1, 5), and so on. A ceiling of width w/2, height h/2, and depth 1 would
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come from an input of width w, height h, with depth 3 since the kernel produces a single summed
output from each stride without padding. For instance, a channel/feature map of 32x32 would be
produced by one kernel doing two steps and padding the boundary pixels with a 64x64 RGB three
channel input. The first step in creating and training a new convolutional neural network is defining
the network topology (Convnet). The details of the ConvNet layers and their order are described
on this page. For a detailed list of deep learning layers and guidelines on how to construct them,
see List of Deep Learning Layers. For further details on LSTM networks that use sequence
categorization and regression, see Long Short-Term Memory Networks. To learn how and where
to create your own custom layers, see Define Custom Deep Learning Layers. The network
architecture may alter depending on the types and number of layers employed.
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To create an image input layer, use that layer's name. A network's image input layer standardizes
data and uploads images. To select the image size, use the input Size option. The number of colour
channels, their height, and width all affect how big a picture is. For example, a grayscale image
has simply one channel, but a colour image has three [1]-[3].

Convolutional layer

A 2-D convolutional layer applies sliding convolutional filters on the input. A 2-D convolutional
layer may be created using Convolution2dLayer. There are various components to the
convolutional layer. Filtering as well as the cadence of the convolutional layer are composed of
neurons that connect to certain regions of the input images or the output of the previous layer. The
layer detects the traits that are localized by these zones when traversing an image. When generating
a layer that uses the convolution2dLayer function, you may control the size of these sections by
using the filter Size input option.

Dilated Convolution

A dilated convolution is produced when there are spaces between the filter's parts, which causes
the filters to grow. To define the dilation factor, use the "Dilation Factor" argument. Expand the
layer's receptive field (the area of the input that it can see) using dilated convolutions without
increasing the parameters or processing capabilities. The layer lengthens the filters by inserting
zeros between every filter element. The dilation factor determines the up-sampling component of
the filter or, alternately, the input sampling rate. It corresponds to an effective filter size of (Filter
Size — 1). Add the Dilation Factor, first. For example, a 3-by-3 filter with the dilation factor [2 2]
and a 5-by-5 filter without zeros in between the components are the same. This image displays an
input-scanning 3-by-3 filter which has been twice dilated. The result appears on the top map, while
the input is displayed on the bottom map [4]-[6].

Feature Maps

A feature map is produced by applying the same weights and bias to the convolution that the filter
does to the input. The result of a convolution with a certain bias and set of weights that's every
feature map. As a consequence, there are the same number of feature maps plus filters. The total
number of parameters inside a convolution layer was equal to ((h*w*c + 1)* Number of Filters,
wherein 1 is the bias.

Zero Padding

You may also apply zero padding to input image borders here on vertical and horizontal axes while
using the 'Padding' name-value pair parameter. Padding is the practice of extending the edges of
an image input with zeros in rows or columns. By altering the padding, users may control a layer's
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output size. A 3-by-3 filter with 1-pixel padding is scanning the input in this image. The result is
presented on the top map, while the input is displayed on the bottom map.

Batch normalization layer

A network's predictions become more reliable with batch normalisation, regularisation greatly
speeds up training, and over fitting is decreased. After eliminating the batch's mean, batch
normalisation comprises applying normalising to the scope activation map of the current batch and
dividing even by the batch's activations' standard error. Construct a normalisation layer by using
the batch normalising layer function. A batch normalisation layer is used to normalise each input
channel in a mini-batch. Convolutional neural networks may be trained faster and with less
sensitivity to network initialization by using batch normalisation layers across convolutional layers
and non-linearities, including such ReLU layers. The layer initially normalises the activations of
the each channel by taking away the mini-batch mean and splitting even by the mini-batch standard
error. The layer then applies a teachable scale factor towards the input and a learnable offset to it.
The parameters and are maintained as learnable parameters throughout network training. Batch
normalisation layers, whose normalise the action potentials and gradients transmitted through a
neural network, make network training an easier optimization problem. To make the best use of
this fact, you may attempt accelerating the pace of learning. Because the optimization problem is
easier, more parameter changes and faster network learning are possible. If you'd want, scale down
the regularization of dropouts and L2. The training activations of a certain image depend on which
other images just so happen to be part of the same mini-batch when utilizing batch normalisation
layers. The training choices' 'Shuffle' name-value pair argument allows users to choose how often
the data will be shuffled during learning. Try to shuffle the training data before every training
session to maximize this regularizing effect.

Max and Average Pooling Layers

A max pooling layer performs down-sampling by dividing the input into rectangular pooling
regions and figuring out the maximum of each zone. To create a max pooling layer, use
maxPooling2dLayer. An average pooling layer accomplishes down-sampling by dividing the input
across rectangular pooled zones and computing the average values of each zone. To generate an
average pooling layer, use averagePooling2dLayer. Pooling layers follow convolutional layers
during down sampling, which reduces the number of connections towards the layers that follow
them. They do not acquire any knowledge themselves, however they reduce the number of factors
that the layers below must learn. Additionally, they help to reduce overfitting. The highest values
again for rectangular input regions are produced by a max pooling layer. The size of a rectangular
hollow are determined by the pool Size parameter of the maximum Pooling Layer. For instance, if
pool Size is equal to, the layer offers the greatest value in sections with height 2 and width 3. An
average pooling layer produces the average values from rectangular input regions. The size of the
rectangular portions are determined by the pool Size parameter of a typical pooling layer. For
instance, the layer will yield the average value of regions with dimensions of 2 and 3 if indeed the
pool size is. The 'Stride' name-value pair option allows you to specify the step sizes in which
pooling layers will traverse the input, either horizontally and vertically. If the pools width is
smaller than or equal to the stride, the pooling areas need not overlap. The pooling layer down-
samples the very same areas by h for non-overlapping regions if the inputs to the layer is n-by-n
as well as the pooling regional size is h-by-h (Pool Size and Stride are equal). In those other words,
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overall output of a maximum or average pooling layer is n/h by n/h for only a single network of a
convolutional layer.

Dropout Layer

To generate a dropout layer, use dropout layer. A dropout layer regularly decreases input elements
to zero with the given probability. When a layer is being trained, the dropout mask rand (size(X))
Probability, where X is the input, forces the layer to randomly convert input elements to zeroes.
The remaining input components are then scaled by 1/ by the layer (1-Probability). This method,
which effectively alters the network's fundamental design between rounds, prevents the network
from over-fitting. As the number increases throughout training, more elements are removed. At
the time of prediction, the layer's output and input are identical. In this layer, similar to maximum
or average pooling, there is no learning.
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CHAPTER 13

INTRODUCTION 3D PRINTED PROSTHETIC ARM USING EMG
CONTROL
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People who have lost organs may now resume their previous levels of living thanks to a prosthesis
made of lightweight materials (plastic, composite, aluminium). The prosthesis's usage of
microchips and robotic systems reduces the learning and adaption opportunities given by the
mechanical motions of the device. The contraction of the muscles causes changes in living things.
Motor neurons carry signals from muscle fibres. They are also capable of reacting to danger signals
like an electric current. Both a fixed neck swelling and a shortening of the neck are possible
outcomes of muscular contraction [1]-[3].

For human-machine communication, we employ an EMG signal, which consists of clenched
muscles and electrical physiological signals that describe the motions of the appropriate motor
unit. The amplitude of an EMG signal ranges from 0 to 1.5 mV. The frequency of the signal is
between 50 and 500 Hz.3D printers are the tools used to create quick prototypes layer by layer and
in exact accordance with the design. FDM (Fused Deposition Modeling), SLS (Selective Laser
Sintering), SLA (Stereolithography), PJ (Polyjet), LOM (Layered Object Manufacturing), and
Binder Jet are examples of 3D printing techniques (Binder Jet Technique).

FDM-type 3D printing is the most popular form of 3D printing. Using FDM-type printers,
manufacturing is carried out by layering chosen thicknesses of PLA and ABS thermoplastics as
the raw material. An analysis of the kinematics and dynamics of a hand prosthetic mechanism was
done. With the intended model, it employed simulation results and a motion analysis tool to
effectively and properly evaluate its dynamic behaviours. Additionally, it has been tested to
provide monitoring based on EMG indications. Three distinct hand gestures were shown to be
effective as a consequence of the trials investigated by the EMG sensor, which picks up signals
from the forearm muscles and uses four classifiers to control the hand in four different ways:
tightening, releasing, loosening, and contraction. Here, the k-nearest neighbour method has been
categorised alongside MLP, RBF, and SWM in the machine learning algorithms. The classifier
that performed the best according to the tests and measurements was SWM [4]-[6].

The analogue signals from the SEMG were translated into digital signals during the creation of the
electric-electronic system, which then used the servo motor and hand prosthesis to accomplish
exact motions. Personally, voltage readings are compared and recorded. With the research, an
application that is accessible to persons with disabilities that is affordable, light, and simple to use
has been developed.
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The prototype of Tasar's five-finger, the fifteen-jointed prosthetic hand was created using a 3D
printer, and Sim Mechanics was used to mimicking it. A 70% success rate was attained when
comparing the data and signals we got in real-time with those from the simulation looked to assess
the benefits, simplicity of use, and advantages and downsides of live prosthesis created via 3D
printing in comparison to conventional prosthetics.

The chopped and uncut arms of the sample individual were scanned using computed tomography
imaging, according to Cabibihan et al. With the use of 3D printing and silicone material, the
prosthetic arm’'s support framework and mould are created. The non-incision arm that had
previously been scanned using computed tomography was compared to the prosthetic arm that had
been created. The comparison led to a high accuracy rate being attained. In this research. It was
done using a 3D-printed EMG sensor prosthetic hand to manipulate muscle signals. The EMG
sensor's readings were processed by a microcontroller to provide meaningful values that were then
sent to the servo motors to drive the movement of the fingers. Results were assessed by
comparison.

A five-finger robotic arm was pressed by Aksoy et al. using a 3D printer. The built robot arm has
six servo motors attached to it that move the fingers and wrists. The microcontroller was connected
in series using the Python programme, and the robot arm was able to recognise sign language
gestures. Create an analogue frontend circuit to capture muscle electrical activity (EMG).

Create and print a prosthetic arm in 3D

Recognize muscular contractions to send an order signal to the prosthetic arm creating the most
affordable prosthetic hand that is also simple to use and personalize.

Cost:
It was crucial to choose the right components and amounts to keep costs down.
Customization:

It's crucial to design a prosthetic arm using the proportions of the functioning arm or the severed
arms (in the event of unilateral or bilateral amputees, respectively, when one or both hands have
been amputated). Instead of rejecting it, the amputee must feel like it is his or her arm.
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