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ABSTRACT

The central component of our project is the Arduino Uno microcontroller, which
forms the heart of our driver behavior monitoring system. Our system is designed
with a primary goal of enhancing driver safety by integrating a range of sensors and
modules. The Eye Blink Sensor tracks the driver's eye movements, effectively
detecting signs of drowsiness or fatigue, thereby alerting the driver and mitigating
potential accidents. Simultaneously, the Heartbeat Sensor continuously monitors
the driver's heart rate, providing vital information about their overall health and well-
being throughout the journey. Ensuring responsible driving practices, we've
incorporated a Gas Sensor to detect alcohol levels, providing crucial information
regarding the driver's condition. In the event of any irregularities detected in these
parameters, our system employs a GPS module to precisely locate the vehicle. For
immediate response during emergencies, we've integrated a GSM module that
automatically sends an SMS to nearby ambulance or rescue teams when
abnormalities are detected, be it drowsiness or alcohol consumption. Visual alerts
are provided through a red LED indicator, illuminating during emergencies to draw
attention to the situation. Additionally, real-time feedback to the driver is presented
via an LCD display, showing the current readings of monitored parameters such as
heart rate, alcohol level, and drowsiness. This comprehensive system aims to
significantly improve driver safety and well-being while on the road.



CHAPTER NO.

TABLE OF CONTENTS

TITLE

ABSTRACT

LIST OF ABBREVIATIONS

LIST OF FIGURES

LIST OF TABLES

INTRODUCTION

1.1 GENERAL

1.2 SCOPE OF THE PROJECT

1.3 EXISTING SYSTEM

LITERATURE SURVEY

PROPOSED SYSTEM

3.1 PROJECT DESCRIPTION

3.1.1 GENERAL

3.1.2 PROBLEM DEFINITION

3.1.3 MODULES NAME

3.1.4 MODULE DESCRIPTION

3.1.5 SENSOR MODULE

3.1.6 MESSAGE MODULE

3.1.7 VECHILE CONTROL MODULE

vi

PAGE NO.

Xi

Xiii

10



3.1.8 WORKING PRINCIPLE

3.2 HARDWARE AND SOFTWARE

3.2.1 ARDUNO MICRO CONTROLLER

3.2.2 EYEBLINK SENSOR

3.2.2.1 PRODUCT DESCRIPTION

3.2.3 HEART BEAT SENSOR

3.2.3.1 FEATURES

3.2.4 GAS SENSOR

3.2.4.1 CONSTRUCTION

3.2.4.2 THEORY OF OPERATION

3.2.5 GPS

3.2.5.1 WORKING OF GPS

3.2.5.2 GPS SEGMENT

3.2.5.3 SPACE SEGMENT

3.2.5.4 CONTROL SEGMENT

3.2.5.5 USER SEGMENT

3.2.5.6 GPS POSITIONING

3.2.5.7 USING A GPS RECEIVER

3.2.5.8 ADVANTAGES OF GPS

3.3 GSM

3.3.1 FUNCTIONAL DESCRIPTION

3.3.2 AUDIO

Vi

10

11

11

13

13

14

15

15

15

16

16

T

17

17

18

18

18

18

19

19

20

24



3.3.3 TYPICAL MICROPHONE
CONNECTION

3.3.4 TYPICAL SPEAKER CONNECTION

3.4 MOTOR DRIVER IC

3.4.1 H BRIDGE CIRCUIT

3.4.2 L.2393D MOTOR DRIVER IC

3.4.3 FEATURES

3.4.4 APPLICATIONS

3.5 LIQUID CRYSTAL DISPLAY

3.5.1 REGISTER SELECT

3.5.2 COMMAND REGISTER

3.5.3 DATA REGISTER

3.5.4 IMPORTANT COMMAND CODES

3.5.5 DISPLAYING CUSTOM CHARACTERS

3.6 SOFTWARE REQUIREMENTS

3.6.1 EMBEDDED SYSTEM PROGRAMMING

3.6.2 EMBEDDED SYSTEMS

3.6.3 CHARACTERISTICS OF EMBEDDED

3.6.3.1 ADVANTAGES

3.6.3.2 DISADVANTAGES

3.7 DESIGN STEPS REQUIRED FOR THE
DEVELOPMENT OF EMBEDDED SYSTEM

3.7.1 FUNCTION OF SIMULATORS

viii

24

26

27

28

30

30

30

31

31

31

31

33

35

35

36

38

38

38

39

42



EXPERIMENTAL AND METHODS

4.1 FUTURE ENHANCEMENT

4.1.1 ADVANTAGES
4.2 STANDARDS
4.3 CONSTRAINTS
4.4 TRADE OFF

RESULTS AND DISCUSSIONS

5.1 RESULTS
5.2 DISCUSSIONS
CONCLUSION

REFERENCE

43

45

45

46

46

47

48

48

50

52

53



GSM
SIM

LED

DLT

RTDDS

PSD

LCD

GPS

DMS

ROI

PCB

RTOS

LIST OF ABBREVIATIONS

GLOBAL SYSTEM FOR MOBILE COMMUNICATION
SUBSCRIBER IDENTIFY MODULE

LIGHT EMITTING DIODE

DEPARTMENT OF LANDER TRANSPORT
REAL-TIME DROWSINESS DETECTION SYSTEM
POWER SPECTRAL DENSITY

LIQUID CRYSTAL DISPLAY

GLOBAL POSITIONING SYSTEM

DRIVER MONITORING SYSTEM

REGION OF INTEREST

PRINTED CIRCUIT BOARD

REAL-TIME OPERATING SYSTEM



FIGURE NO.

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.1

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

LIST OF FIGURES

TITLE
BLOCK DIAGRAM
READING DATA MODULES
ALERT THE INFORMATION MODULES
CONTROL THE VEHICLE MODULES
ARDUINO UNO
EYE BLINK SENSOR
HEARTBEAT SENSOR
GAS SENSOR
GLOBAL POSITIONING SYSTEM
GSM MODULE
SYSTEM BLOCK DIAGRAM
KEYPAD CONNECTION SIM

SIM CARD CONNECTION

AUDIO FREQUENCY RESPONSE CURVE

SINGLE ENDED CONNECTION

H BRIDGE MOTOR

H BRIDGE CIRCUIT

OPERATION OF H BRIDGE CIRCUIT

H BRIDGE MOTOR CIRCUIT

RTOS

Xi

PAGE NO.

10

12

13

14

15

16

20

20

23

23

24

24

26

27

28

29

37



3.21

3.22

4.1

5.1

5.2

STRUCTURE OF EMBEDDED SYSTEMS

EMBEDDED SYSTEM TOOLS AND
PERIPHERALS

PROTOTYPE OF PROJECT

OUTPUT OF ALCOHOL CONSUMPTION

OUTPUT OF MESSAGE

Xii

38

40

44

49

50



TABLE NO.

1

LIST OF TABLES

TITLE

TABLE OF VBAT PIN

TABLE OF GND PIN

TABLE OF POWER CONSUMPTION IN
OFF MODE

Xiii

PAGE NO.

21

22

22



CHAPTER 1
INTRODUCTION

1.1GENERAL

The central component of our project is the Arduino Uno microcontroller, which
powers our driver behavior monitoring system. Our system enhances driver safety by
integrating sensors and modules. The Eye Blink Sensor detects drowsiness, while the
Heartbeat Sensor monitors health. A Gas Sensor checks alcohol levels, and a GPS
module tracks vehicle location. In emergencies, the GSM module sends alerts to
rescue teams. A red LED signals emergencies and an LCD display provides real-time
feedback. This comprehensive system aims to improve driver safety and well-being
on the road, making driving responsible and secure. This comprehensive driver
monitoring project aims to leverage cutting-edge technologies to create a multifaceted
system that not only monitors driver behavior in real time but also integrates
seamlessly with emergency response protocols. By harnessing the power of sensors,
biometrics, and machine learning algorithms, this project seeks to provide drivers with
the tools they need to navigate safely while also enabling swift and effective

emergency interventions when necessary.

In the following sections, we will delve into the various components and functionalities
of this project, exploring how each element contributes to the overarching goal of
enhancing road safety and emergency response capabilities. From monitoring driver
behavior to detecting potential hazards and facilitating timely interventions, this
comprehensive approach holds the promise of ushering in a new era of safety and

security on our roads.

1.2 SCOPE OF THE PROJECT

The scope of the project encompasses the development of a driver behavior
monitoring system centered around the Arduino Uno microcontroller. This system
incorporates various sensors, including an Eye Blink Sensor for detecting drowsiness,
a Heartbeat Sensor for monitoring health, and a Gas Sensor for alcohol detection. It
also includes a GPS module for precise vehicle location tracking and a GSM module
to alert rescue teams during emergencies. Visual alerts and real-time feedback
through an LCD display enhance driver awareness. The project's primary goal is to

enhance driver safety and well-being by providing timely warnings and emergency



alcohol consumption. Integrate biometric sensors to monitor vital signs such as heart

rate and blood pressure, which could indicate stress or medical emergencies

1.3 EXISTING SYSTEM

The current system lacks several critical features, including an automated driver
behaviour monitoring system, driver health tracking capabilities, an emergency alert
system, and location tracking functionality.

The existing systems for comprehensive driver monitoring for safety and emergency

response, while advanced and beneficial, do have some disadvantages:

1. Privacy Concerns: Comprehensive driver monitoring systems often involve
collecting sensitive data about drivers, such as their location, driving behavior,
and even physiological data like heart rate. This can raise significant privacy
concerns among drivers who may feel uncomfortable with such extensive
monitoring.

2. Cost: Implementing comprehensive driver monitoring systems can be
expensive, both in terms of initial setup costs and ongoing maintenance. This
cost may be prohibitive for some fleet operators or individual drivers, limiting
the widespread adoption of these systems.

3. False Alarms: The systems may sometimes generate false alarms, triggering
emergency responses when there is no actual danger present. This can lead
to unnecessary interruptions and may undermine trust in the system's

reliability.



CHAPTER 2
LITERATURE SURVEY

TITLE1:Detection of Drowsiness from Facial Images in Real-Time Video Media using
Nvidia Jetson Nano Petchara Inthanon, Surasak Mungsing Drowsiness affects people
everyday life that leads to inefficient work or car accidents due to insomnia resulting
damage to life and property. Especially, it can become worse when it happens to public
transportation. As the author works in Department of Land Transport (DLT),
drowsiness is a factor that causes car accident. Therefore, due to this concern,
effective detection of drowsiness system is performed. The purpose of this paper is to
develop Algorithm to analyze face structure from taking video media and detecting
drowsiness. Also, the system is conducted to examine Algorithm'’s efficiency. The
result shows that using facial landmarks can help to generate eyes and mouth
component effectively, which can help to create equations to analyze drowsiness
correctly by using Nvidia Nano Jetson. Nvidia Jetson Nano is a tool that accurately
evaluates image by tracking closing eye motions more than 35 FPS or 1.5 seconds,
and yawning or opening mouth motion more than 50 FPS equals to 2 seconds. It
indicates the possibility of sleepiness which notifies to drivers. Thus, it is suggested
that government should support the system and take to Thailand policy in order to

reduce car accident from insomnia.

TITLE 2: Drowsiness Detection of a Driver using Conventional Computer Vision
Application AUTHOR: Hitendra Garg.The developments in technology over the years
bring support to drivers using smart vehicle systems. In past few years, there has been
a substantial increase in road accidents in India and worldwide as well. The most
significant reasons for the same are drowsiness and fatigue. Therefore, driver
drowsiness and fatigue detection is major possible area to prevent a large number of
sleep induced road accidents. Considering this problem, this article proposes a Real-
Time Drowsiness Detection System (RT-DDS) applicable in motor vehicles with the
help of conventional Computer Vision applications. The system employed various
Computer Vision applications using blink rate, eye closure, yawning to effectively and
quickly identify the drowsiness of a driver during driving the vehicle and alter the driver
accordingly. The proposed work tried to contribute in reducing the increased number

of road accidents while keeping the methodologies simple and intact.



TITLE 3: Time Domain Parameters as a feature for single channel EEG-based
Drowsiness Detection Method AUTHOR: Venkata Phanikrishna B, Suchismitha
Chinara YEAR: 2022 Progress in the automobile industry has made life easier for us,
and traffic accidents have steadily increased. A large number of vehicle accidents are
caused by driver drowsiness while driving. As with many drowsiness detection
methods, EEG-based methodology is considered an immediate, efficient, and
promising modality. Several feature types have been used in EEG-based drowsiness
detection. In this study, we presented a novel feature extraction strategy based on a
single Hjorth parameter, and compare its classification capability with the existing
Power spectral density (PSD) feature. The results show that the proposed H-
parameter features have higher and stronger performance compared to the PSD
features of the present work. This field outperforms traditional feature extraction
strategies. This is the first study, to the best of our knowledge, to practically apply
Hjorth parameters to EEG and its sub-bands for EEG-based driver drowsiness
detection.

TITLE 4: Optimization Algorithm for Driver Monitoring System using Deep Learning
Approach AUTHOR: Min Woo Yoo, Dong Seog Han YEAR: 2022

The driver monitoring system (DMS), also known as driver attention monitor, plays an
important role for vehicle safety systems. In DMS, the system detects the driver's
activities such as the state of being a driver sleepy or failure to give sufficient attention
to avoid accidents. To reduce the driver mistakes while driving, the system warns the
driver with an alarm sound or vibrations. For the efficient implementation of DMS, the
system should work in real time without any delay. However, the current DMS has
many challenges implementation to the complexity of network implementation. To
reduce the DMS complexity for real time implementation, we propose an optimization
algorithm, which uses a camera images for monitoring the driver activities. From the
input camera images, we extract the driver's state information from the region of
interest (ROI). In addition, the proposed system also extracts the driver's head pose
and gaze information and monitors the driver states during driving. The experiment
results from the proposed methods show accurate driver's state information and warns

the driver immediately when any mistake occur from driver side.



TITLE 5: Detecting Driver Sleepiness Using Consumer Wearable Devices in Manual
and Partial Automated Real-Road Driving AUTHOR: Ke Lu , Johan Karlsson , Anna
Sjors Dahlman , Bengt Arne Sjoqvist , and Stefan Candefjord YEAR: 2022

Driver sleepiness constitutes a well-known traffic safety risk. With the introduction of
automated driving systems, the chance of getting sleepy and even falling asleep at
wheel could increase further. Conventional sleepiness detection methods based on
driving performance and behavior may not be available under automated driving.
Methods based on physiological measurements such as heart rate variability (HRV)
becomes a potential solution under automated driving. However, with reduced task
load, HRV could potentially be affected by automated driving. Each driver finished four
trials with manual and partial automated driving under normal and sleep-deprived
condition. Heart rate was monitored by consumer wearable chest bands. Subjective
sleepiness based on Karolinska sleepiness scale was reported at five min interval as
ground truth. Reduced heart rate and increased overall variability were found in
association with severe sleepy episodes. A binary classifier based on the AdaBoost
method was developed to classify alert and sleepy episodes. The results indicate that
partial automated driving has small impact on the relationship between HRV and

sleepiness.



CHAPTER 3
PROPOSED SYSTEM

In the proposed system, we introduce several innovative features to enhance
overall functionality and safety, We incorporate a cutting-edge automatic driver
behavior monitoring system. Our proposed system also includes a comprehensive
driver health monitoring system. As part of our proposed system, we implement a

robust location tracking system.

PROPOSED SYSTEM ADVANTAGES
e The automatic driver behavior monitoring system promotes safer driving
practices, reducing the risk of accidents.
e With the driver health monitoring system, potential health issues and fatigue
can be detected early.

3.1 PROJECT DESCRIPTION
3.1.1 GENERAL

The second key component of our project centers on data analysis and
management. To make effective use of the information gathered from various sensors,
we've developed a sophisticated software interface that processes and stores the
collected data. This data is not only crucial for immediate safety alerts but also for
long-term monitoring and analysis. Through this interface, we provide drivers with
historical insights into their behavior, allowing them to track improvements in their
driving habits. It also aids in generating comprehensive reports for insurance
purposes, potentially lowering premiums for responsible drivers. The software
component serves as the brain of our system, enhancing driver safety, well-being, and

accountability on the road.

3.1.2 PROBLEM DEFINITION

The project's central component, the Arduino Uno microcontroller, forms the
core of a comprehensive driver behavior monitoring system with the primary objective
of enhancing safety. However, to further enhance this system, a potential
improvement could involve the integration of more advanced artificial intelligence
algorithms. These Al algorithms could analyze the sensor data in real-time, not only

detecting drowsiness or elevated alcohol levels but also predicting potential issues

6



before they become critical. This predictive capability would provide an even more
proactive approach to driver safety, allowing the system to warn the driver or take
preventive measures before emergencies occur, ultimately furthering the system's

mission to prioritize driver well-being and road safety.
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Fig:3.1: Block Diagram

3.1.3 MODULES NAME

e READING THE SENSOR DATA MODULES:
e ALERT THE INFORMATION MODULES:
e CONTROL THE VEHICLES MODULES:



3.1.4 MODULE DESCRIPTION

POWER
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EYE BLINK 3
_,I LCD
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HEART BEAT |
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GAS SENSOR S

Fig:3.2: Reading Data Modules

3.1.5 Sensor Modules

Eye Blink Sensor: This sensor tracks the driver's eye movements to detect
signs of drowsiness or fatigue. It monitors the driver's blinking patterns and sends data
to the central Arduino Uno microcontroller.
Heartbeat Sensor: The heartbeat sensor continuously monitors the driver's heart rate,
providing information about their overall health and well-being. This data is also sent
to the Arduino Uno.
Gas Sensor (Alcohol Level): The gas sensor is used to detect alcohol levels in the
vicinity of the driver. This data helps determine the driver's condition. If elevated

alcohol levels are detected, it sends this information to the Arduino Uno.
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Fig:3.3: Alert The Information Modules

3.1.6 Message Modules:

GPS Module: In case of any irregularities detected in the sensor data, such as
drowsiness or elevated alcohol levels, the GPS module is activated. It precisely
locates the vehicle's position and sends this information to the central controller
(Arduino Uno).

GSM Module: When the sensor data exceeds predefined thresholds indicating a
problem (e.g., drowsiness or high alcohol levels), the GSM module is triggered. It
automatically sends an SMS to nearby ambulance or rescue teams to inform them
about the driver's condition and vehicle location.

Visual Alerts (Red LED Indicator): The red LED indicator is used to provide immediate
visual alerts to the driver. It is activated during emergencies to draw the driver's
attention to the situation.

9
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Fig: 3.4: Control The Vehicles Modules

3.1.7 Vehicle Control Modules:

Arduino Uno Microcontroller: The central component of the system, the Arduino
Uno, receives and processes data from the sensor modules. It continuously monitors
the sensor data for irregularities.
LCD Display: The Arduino Uno controls the LCD display, showing real-time feedback
to the driver. It displays current readings of monitored parameters, such as heart rate,
alcohol level, and drowsiness. This allows the driver to stay informed about their own
condition.
Emergency Response: When the Arduino Uno detects abnormalities in the sensor
data that pose a threat to driver safety, it triggers the GPS module to locate the vehicle
and activates the GSM module to alert emergency services. Simultaneously, the red
LED indicator provides a visual warning to the driver.

3.1.8 WORKING PRINCIPLE:

In this project, we are utilizing an Arduino Uno microcontroller as the central
processing unit for our system. This microcontroller serves as the core component of
our project, where we aim to develop a driver behavior monitoring system. Our system
involves several key sensors and modules to enhance driver safety. Eye Blink Sensor:
We have integrated an eye blink sensor to monitor the driver's eye movements. It
helps detect signs of drowsiness or fatigue, alerting the driver and preventing potential
accidents. Heartbeat Sensor: A heartbeat sensor is used to continuously monitor the
driver's heart rate. This information is crucial in assessing the driver's overall health

and well-being during the journey. Gas Sensor: To ensure responsible driving, we

10



have incorporated a gas sensor to detect alcohol levels. This sensor can identify
whether the driver has consumed alcohol, In case of any abnormalities detected in the
parameters mentioned above, our system employs a GPS module to pinpoint the
exact location of the vehicle. GSM Module: To facilitate immediate response in case
of emergencies, we have integrated a GSM module. When an abnormality is detected,
such as drowsiness or alcohol consumption, the system automatically sends an SMS
to nearby ambulance or rescue teams, informing them of the situation. For visual
alerts, we've included a red LED indicator. When an emergency is detected, this LED
will illuminate, drawing attention to the situation. LCD Display: To provide real-time
feedback to the driver, we have incorporated an LCD display. This display will show
the current readings of the parameters being monitored, such as heart rate, alcohol

level, and drowsiness.

3.2 HARDWARE DESCRIPTION:

3.2.1 ARDUINO MICRO-CONTROLLER:
Arduino is an open-source electronics platform based on easy-to-use hardware

and software. Arduino boards are able to read inputs - light on a sensor, a finger on a

button, or a Twitter message - and turn it into an output - activating a motor, turning
on an LED, publishing something online. You can tell your board what to do by sending
a set of instructions to the microcontroller on the board.

Over the years Arduino has been the brain of thousands of projects, from
everyday objects to complex scientific instruments. A worldwide community of makers
- students, hobbyists, artists, programmers, and professionals - has gathered around
this open-source platform, their contributions have added up to an incredible amount
of accessible knowledge that can be of great help to novices and experts alike.

Arduino was born at the Ivrea Interaction Design Institute as an easy tool for
fast prototyping, aimed at students without a background in electronics and
programming. As soon as it reached a wider community, the Arduino board started
changing to adapt to new needs and challenges, differentiating its offer from simple 8-
bit boards to products for loT applications, wearable, 3D printing, and embedded
environments. All Arduino boards are completely open-source, empowering users to
build them independently and eventually adapt them to their particular needs.
The software, too, is open-source, and it is growing through the contributions of users
worldwide. The UNO is the best board to get started with electronics and
coding. If this is your first experience tinkering with the platform, the UNO is

11



the most robust board you can start playing with. The UNO is the most used

and documented board of the whole Arduino family.
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Fig:3.5: Arduino Uno

Arduino Uno is a microcontroller board based on the ATmega328P
(datasheet). It has 14 digital input/output pins (of which 6 can be used as PWM
outputs), 6 analog inputs, a 16 MHz quartz crystal, a USB connection, a power
jack, an ICSP header and a reset button. It contains everything needed to
support the microcontroller; simply connect it to a computer with a USB cable
or power it with a AC-to-DC adapter or battery to get started. You can tinker
with your UNO without worrying too much about doing something wrong, worst

case scenario you can replace the chip for a few dollars and start over again.

"Uno" means one in ltalian and was chosen to mark the release of
Arduino Software (IDE) 1.0. The Uno board and version 1.0 of Arduino
Software (IDE) were the reference versions of Arduino, now evolved to newer
releases. The Uno board is the first in a series of USB Arduino boards, and
the reference model for the Arduino platform; for an extensive list of current,

past or outdated boards see the Arduino index of boards.
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3.2.2 EYE-BLINK SENSOR

\ G

Fig:3.6: Eye Blink Sensor

The ever increasing numbers of traffic accidents all over the world are due to
diminished driver’s vigilance level. Drivers with a diminished vigilance level suffer from
a marked decline in their perception; recognition and vehicle control abilities &
therefore pose a serious danger to their own lives and the lives of the other people.
For this reason, developing systems that actively monitors the driver's level of
vigilance and alerting the driver of any insecure driving condition is essential for
accident prevention. Many efforts have been reported in the literature for developing
an active safety system for reducing the number of automobiles accidents due to

reduced vigilance.
3.2.2.1 PRODUCT DESCRIPTION:

Connect regulated DC power supply of 5 Volts. Black wire is Ground, Next
middle wire is Brown which is output and Red wire is positive supply. These wires are
also marked on PCB. To test sensor you only need power the sensor by connect two
wires +5V and GND. You can leave the output wire as it is. When Eye closed, LED is
off & the output is at OV.Put Eye blink sensor glass on the face within 15mm distance,
and you can view the LED blinking on each Eye blink. The output is active high for
Eye close and can be given directly to microcontroller for interfacing applications.

This Eye Blink sensor is IR based. The Variation Across the eye will vary as per
eye blink. If the eye is closed means the output is high otherwise output is low. This to

know the eye is closing or opening position.



This output is given to logic circuit to indicate the alarm.
This can be used for project involves controlling accident due to unconscious through
Eye blink.

3.2.3 HEART BEAT SENSOR

Fig:3.7: Heart Beat Sensor

This project uses bright infrared (IR) LED and a phototransistor to detect the
pulse of the finger, a red LED flashes with each pulse. Pulse monitor works as follows:
The LED is the light side of the finger, and phototransistor on the other side of the
finger, phototransistor used to obtain the flux emitted, when the blood pressure pulse
by the finger when the resistance of the photo transistor will be slightly changed. The
project's schematic circuit as shown, We chose a very high resistance resistor R1,
because most of the light through the finger is absorbed, it is desirable that the
phototransistor is sensitive enough. Resistance can be selected by experiment to get
the best results. The most important is to keep the shield stray light into the
phototransistor. For home lighting that is particularly important because the lights at
home mostly based 50HZ or 60HZ fluctuate, so faint heartbeat will add considerable

noise.

When running the program the measured values are printed. To get a real
heartbeat from this could be challenging. The KY-039 Heartbeat Detector uses a very
high resistance resistor R1, because most of the light through the finger is absorbed,
it is desirable that the phototransistor is sensitive enough. The most important is to
keep the shield stray light into the phototransistor. For home lighting that is particularly
important because the lights at home mostly based 50HZ or 60HZ fluctuate, so faint

heartbeat will add considerable noise.
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3.2.3.1 Features:

This project uses bright infrared (IR) LED anda phototransistor to detect the
pulse of the finger,a red LED flashes with each pulse.Pulse monitor works as follows:
The LED is the light side of the finger, and phototransistor on the other side of the
finger, phototransistor used to obtain the flux emitted, when the blood pressure pulse
by the finger when the resistance of the phototransistor will be slight changed.

Chosing a very high resistance resistor R1,because most of the light through the
finger is absorbed, it is desirable phototransistor sensitive enough. Resistance can be
selected by experiment to get the best results. The most important is to keep the shield
stray light into the phototransistor. For home lighting that is particularly important
because the lights at home mostly based 50HZ or 60HZ fluctuate, so faint heartbeat
will add considerable noise.

Connecting to arduino

» Sensor pin S connect to Arduino pin Analoog 0 / A0
» Sensor pin + (middle pin) connect to Arduino pin 5+

» Sensor pin - connect to Arduino pin GND

3.2.4 Gas Sensor:

8

Fig:3.8: Gas Sensor

3.2.4.1 Construction

The sensors contain two in contact with an electrolyte. The electrodes are
typically fabricated by fixing a high surface area precious metal on to the porous
hydrophobic membrane. The working electrode contacts both the electrolyte and the
ambient air to be monitored usually via a porous membrane. The electrolyte most
commonly used is a mineral acid the electrodes and housing are usually in a plastic

housing which contains a gas entry hole for the gas and electrical contacts.



3.2.4.2 Theory of operation

The gas diffuses into the sensor, through the back of the porous membrane to
the working electrode where it is oxidized or reduced. This electrochemical reaction
results in an electric current that passes through the external circuit. In addition to
measuring, amplifying and performing other signal processing functions, the external
circuit maintains the voltage across the sensor between the working and counter
electrodes for a two electrode sensor or between the working and reference electrodes
for a three electrode cell. At the counter electrode an equal and opposite reaction
occurs, such that if the working electrode is an oxidation, then the counter electrode

is a reduction

Specification:

Power supply Voltage : 5 volts
Output voltage Range : 0-0.9 Volts.
Gain in % :3%

3.2.5 GLOBAL POSITIONING SYSTEM

GPS or Global Positioning System is a satellite navigation system that furnishes
location and time information in all climate conditions to the user. GPS is used for
navigation in planes, ships, cars and trucks also. The system gives critical abilities to
military and civilian users around the globe. GPS provides continuous real time, 3-
dimensional positioning, navigation and timing worldwide.

The Global Positioning System (GPS) is a satellite-based navigation system
made up of at least 24 satellites. GPS works in any weather conditions, anywhere in
the world, 24 hours a day, with no subscription fees or setup charges. The U.S.
Department of Defense (USDOD) originally put the satellites into orbit for military use,
but they were made available for civilian use in the 1980s.

Fig:3.9: Global Positioning System
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3.2.5.1 WORKING OF GPS:

GPS satellites circle the Earth twice a day in a precise orbit. Each satellite
transmits a unique signal and orbital parameters that allow GPS devices to decode
and compute the precise location of the satellite. GPS receivers use this information
and trilateration to calculate a user's exact location. Essentially, the GPS receiver
measures the distance to each satellite by the amount of time it takes to receive a
transmitted signal. With distance measurements from a few more satellites, the

receiver can determine a user's position and display it electronically to measure your

running route, map a golf course, find a way home or adventure anywhere.

To calculate your 2-D position (latitude and longitude) and track movement, a
GPS receiver must be locked on to the signal of at least 3 satellites. With 4 or more
satellites in view, the receiver can determine your 3-D position (latitude, longitude and
altitude). Generally, a GPS receiver will track 8 or more satellites, but that depends on
the time of day and where you are on the earth. Some devices can do all of that from
your wrist.

Once your position has been determined, the GPS unit can calculate other

information, such as:

e Speed.

e Bearing.

e Track.

e Trip distance.

¢ Distance to destination.

e Sunrise and sunset time.

3.2.5.2 GPS SEGMENT:
The GPS system consists of three segments:
1) The space segment: the GPS satellites
2) The control system, operated by the U.S. military,
3) The user segment, which includes both military and civilian users and their
GPS equipment.
3.2.5.3 SPACE SEGMENT:

The space segment is the number of satellites in the constellation. It comprises
of 29 satellites circling the earth every 12 hours at 12,000 miles in altitude. The function

of the space segment is utilized to route/navigation signals and to store and retransmit

17



the route/navigation message sent by the control segment. These transmissions are
controlled by highly stable atomic clocks on the satellites. The GPS Space Segment
is formed by a satellite constellation with enough satellites to ensure that the users will
have, at least, 4 simultaneous satellites in view from any point at the Earth surface at

any time.

3.2.5.4 CONTROL SEGMENT:

The control segment comprises of a master control station and five monitor
stations outfitted with atomic clocks that are spread around the globe. The five monitor
stations monitor the GPS satellite signals and then send that qualified information to
the master control station where abnormalities are revised and sent back to the GPS

satellites through ground antennas. Control segment also referred as monitor station.

3.2.5.5 USER SEGMENT:

The user segment comprises of the GPS receiver, which receives the signals
from the GPS satellites and determine how far away it is from each satellite. Mainly
this segment is used for the U.S military, missile guidance systems, civilian
applications for GPS in almost every field. Most of the civilian uses this from survey to
transportation to natural resources and from there to agriculture purpose and mapping

too.

3.2.5.6 GPS POSITIONING:

The working/operation of Global positioning system is based on the
‘trilateration’ mathematical principle. The position is determined from the distance
measurements to satellites. From the figure, the four satellites are used to determine
the position of the receiver on the earth. The target location is confirmed by the
4 satellite. And three satellites are used to trace the location place. A fourth satellite
is used to confirm the target location of each of those space vehicles. Global
positioning system consists of satellite, control station and monitor station and
receiver. The GPS receiver takes the information from the satellite and uses the

method of triangulation to determine a user’s exact position.

3.2.5.7 USING A GPS RECEIVER:
There are several different models and types of GPS receivers. While working
with a GPS receiver it is important to have:

» A compass and a map.
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» A downloaded GPS cable.

» Some extra batteries.

» Knowledge about the memory capacity of the GPS receiver to prevent loss
of data, decrease in accuracy of data, or other problems.

» An external antenna whenever possible, especially under tree canopy, in
canyons, or while driving.

» A set up GPS receiver according to incident or agency standard regulation;
coordinate system.

» Notes that describe what you are saving in the receiver.

3.2.5.8 ADVANTAGES OF GPS:

» GPS satellite based navigation system is an important tool for military, civil
and commercial users

» Vehicle tracking systems GPS-based navigation systems can provide us
with turn by turn directions

» Very high speed
3.3 GSM

A GSM modem is a wireless modem that works with a GSM wireless network.
A wireless modem behaves like a dial-up modem. The main difference between
them is that a dial-up modem sends and receives data through a fixed telephone
line while a wireless modem sends and receives data through radio waves. The
working of GSM modem is based on commands, the commands always start with
AT (which means ATtention) and finish with a <CR> character. For example, the
dialing command is ATD<number>; ATD3314629080; here the dialing command
ends with semicolon.
The AT commands are given to the GSM modem with the help of PC or controller.
The GSM modem is serially interfaced with the controller with the help of MAX 232.
Here max 232 acts as driver which converts TTL levels to the RS 232 levels. For
serial interface GSM modem requires the signal based on RS 232 levels. The
T1_OUT and R1_IN pin of MAX 232 is connected to the TX and RX pin of GSM

modem.
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Fig:3.10: Gsm Module
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Fig:3.11: System Block Diagram

3.3.1 FUNCTIONAL DESCRIPTION
RF Functionalities:
The RF part of this module converts RF signals to baseband for receiver chain
and translates base band signals into RF frequency spectrum.
The operating frequencies are:
Rx (EGSM 850): 869 to 894MHz
Tx (EGSM 850): 824 to 849MHz
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Rx (EGSM 900): 925 to 960MHz
Tx (EGSM 900): 880 to 915MHz
Rx (DCS 1800): 1805 to 1880MHz
Tx (DCS 1800): 1710 to 1785MHz
Rx (PCS 1900): 1930 to 1990MHz
Tx (PCS 1900): 1850 to 1910MHz

Baseband Functionalities
The baseband part of SM5210 is composed of a SPREADTRUM's

SC6600D chip. This chipset is using 0.18um mixed signal CMOS technology

which allows massive integration as well as low power consumption. SC6600D

provides single-chip solution to wireless Quad-band telephone handsets and
data modems confirming to the EGSM 900, GSM 850, DCS 1800 and PCS

1900.

Memory Functionalities

The memory used in this module is a combination of 32 Megabit (2M x
16-Bit) CMOS 3.0V Volt-only, simultaneous operation flash memory and 4
Megabit (256K x 16-Bit) static RAM.

Power Supply Description

The power supply is one of the key issues in the designing GSM terminals.
Due to the 577us radio burst emission in GSM every 4.615ms, power supply must

be able to deliver high current peaks in a short time. During these peaks, ripples

and drops on the supply voltage must not exceed a certain limit.

TABLE1: VBAT Pin

PIN VMIN VMAX RIPPLE MAX

NUMBER
VBAT (V) 1.3.5,7 3.3V(Y) 4.2V(™) 5mVPP for
freq<200KHZ
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This value has to be guaranteed during the burst (with 2.0A Peak in GSM or GPRS
mode

max operation Voltage Stationary Wave Ratio.

When supplying the module with a battery, the total impedance (battery +
protections + PCBS) should be less than 150mOhms.

Table 2: GND Pin

Description
MODE Pin number Description
GND 9,11,13.15,17 Ground

Shielding can install pin(*)

Table 3: Power consumption in
OFF mode
MODE Condition I(Typical) I(Max)
Off mode off 50 uA 100uA

PCL: Power control level
PCL5: 2W emission requested (max

power)

PCL8: 0.5W emission requested

PCL: Power control level
PCLO: 1W emission requested (max power)
PCL3: 0.25W emission requested

VCC OUTPUT
This output can be used to power some external functions, such as LCD.

SPI INTERFACE

The SPI bus includes a CLK signal, an IO signal, a RS signal and a CS signal
complying with the standard SPI bus.These pins can also be used as GPIO.
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KEYPAD INTERFACE

This interface provides 10 connections: 4 rows (KBRO to KBR3) and 6
columns(KBCO to KBCS).

(Internal Pullups)

—_—AN————

l> Keyour 0 Y1 Y1 Y1 Y1
|> Keyout 1 Y1 7 71 71
l> Keyour 2 Y1 Y1 Y1 ¥1

> Keyour 3 71 ¥ 71 Z1
—D'lm‘ s 71 71 ¥ 71
> Keyout 5 Y1 Y1 »1 71

SH5210

Royin 0
Koyin 1
Keyin 2
Koyin 3

Fig:3.12: Keypad Connection Sim

General Description

The SIM interface is compatible with the ISO 7816-3 IC card standard required
by the GSM 11.11 Phase 2+ standard. The module also supports Release 99
of the SIM Toolkit recommendation and supports a Fixed Dialling Number
directory.

SIN_VOC) J

SIN_RST |
S10085- 0 SIN_DATA | o SIN CAFD

38 oS g S—

oo b T

Fig:3.13: Sim Card Connection
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3.3.2 AUDIO
The module supports the following voice codec:
* Full-Rate
* Enhanced Full Rate
Two different microphone inputs and two different speaker outputs are supported.

5{, . wwesevvyrove
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- \: 2 :
= : : .
& . H -
< N o — .
s \/": NS
3 \:
= 100 I y S %
% :
450 i i i : i
o 1000 2000 3000 4000 S000 6000

Froquency M2)

Fig:3.14: Audio Frequency Response

3.3.3 Typical Microphone Connection
Two MIC inputs already include the biasing for an electret microphone
allowing easy connection to the headset.
The connection can be either differential or single ended; but using a
differential connection in order to reject common mode noise TDMA noise is

strongly recommended.

The recommended characteristic of capacitors:

C1=22pF to 47pF

C2=C3=C4=47pF to 100pF

L1=L2=100nH

Microphone manufacturer can provide a microphone soldered C1 directly on
it, so that C1 can be the nearest to the Microphone.
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Fig:3.15: Single-Ended Connection

Do not recommend this connection.

When using a single-ended connection, be sure to have a very good ground
plane, a very good filtering as well as shielding in order to avoid any disturbance
on the audio path.

The recommended characteristics:

C1=22pF to 47pF

C2=C3=47pF to 10

L1=100n
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Microphone manufacturer can provide a microphone soldered C1 directly on it, so
that C1 can be the nearest to the Microphone.

3.3.4 Typical Speaker Connection
* Recommended characteristics for the speaker
+  Type: 10 to 100mW, electro-magnetic
* Impedance: 16 to 150 Ohm
«  Sensitivity: 110dB SPL min. (0dB = 120uPa)
Frequency response compatible with the GSM specifications.

3.4 MOTOR DRIVER IC:

Common DC gear head motors need current above 250mA. There are many
integrated circuits like ATmega16 Microcontroller, 555 timers IC. But, IC 74 series cannot
supply this amount of current. When the motor is directly connected to the o/p of the
above ICs then, they might damage. To overcome this problem, a motor control circuit is
required, which can act as a bridge between the above motors and ICs (integrated
circuits). There are various ways of making H-bridge motor control circuit such as using
transistor, relays and using L293D/L298.

Fig:3.16: H-Bridge Motor Circuit Using L293d
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3.4.1 H-BRIDGE CIRCUIT

An H bridge is an electronic circuit that allows a voltage to be applied across a load
in any direction. H-bridge circuits are frequently used in robotics and many other
applications to allow DC motors to run forward & backward. These motor control circuits
are mostly used in different converters like DC-DC, DC-AC, AC-AC converters and many
other types of power electronic converters. In specific, a bipolar stepper motor is always

driven by a motor controller having two H-bridges.

Fig:3.17: H-Bridge Circuit

An H-bridge is fabricated with four switches like S1, S2, S3 and S4. When the S1
and S4 switches are closed, then a positive voltage will be applied across the motor. By

opening the switches S1 and S4 and closing the switches S2 and S3, this voltage is
inverted, allowing invert operation of the motor.

Generally, the H-bridge motor driver circuit is used to reverse the direction of the
motor and also to break the motor. When the motor comes to a sudden stop, as the
terminals of the motor are shorted. Or let the motor run free to a stop, when the motor is
detached from the circuit. The table below gives the different operations with the four
switches corresponding to the above circuit.
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Fig:3.18: Operation Of H-Bridge

3.4.2 L.293D MOTOR DRIVER IC:

L293D IC is a typical Motor Driver IC which allows the DC motor to drive on any
direction. This IC consists of 16-pins which are used to control a set of two DC motors
instantaneously in any direction. It means, by using a L293D IC we can control two DC
motors. As well, this IC can drive small and quiet big motors.

This L293D IC works on the basic principle of H-bridge, this motor control circuit
allows the voltage to be flowing in any direction. As we know that the voltage must be
change the direction of being able to rotate the DC motor in both the directions. Hence,
H-bridge circuit using L293D ICs are perfect for driving a motor. Single L293D IC consists
of two H-bridge circuits inside which can rotate two DC motors separately. Generally,
these circuits are used in robotics due to its size for controlling DC motors.

H BRIDGE MOTOR CONTROL CIRCUIT USING L293D IC:

The IC LM293D consists of 4-i/p pins where, pin2 and 7 on the left side of the IC
and Pin 10 and 15 on the right side of the IC. Left input pins on the IC will control the
rotation of a motor. Here, the motor is connected across side and right i/p for the motor
on the right hand side. This motor rotates based on the inputs we provided across the
input pins as Logic 0 and Logic 1.
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Fig:3.19: H Bridge Circuit

Let's consider when a motor is connected to the o/p pins 3 and 6 on the left side
of the IC. For rotating of the motor in clockwise direction, then the input pins have to be
provided with Logic 0 and Logic 1.

When Pin-2= logic 1 & pin-7 = logic 0, then it rotates in clockwise direction. Pin-2=logic 0
& Pin7=logic i then it rotates in anti-clock direction
Pin-2= logic 0 & Pin7=logic 0, then it is idle (high impedance state)
Pin-2= logic 1 & Pin7=logic 1, then it is idle.

In a similar way the motor can also operate across input pin-15 and pin-10 for the motor
on the right hand side.

The L4293D motor driver IC deals with huge currents, due to this reason, this circuit uses
a heat sink to decrease the heat. Therefore, there are 4-ground pins on the L293D IC.
When we solder these pins on the PCB (printed circuit board), then we can get a huge
metallic area between the ground pins where the heat can be produced.
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3.4.3 FEATURES:
» Wide Supply-Voltage Range: 4.5V to 36 V
» Separate Input-Logic Supply
» Internal ESD Protection
High-Noise-Immunity Inputs
Output Current 1 A Per Channel (600 mA for L293D)
Peak Output Current 2 A Per Channel (1.2 A for L293D)
Output Clamp Diodes for Inductive Transient Suppression (L293D)

\ 4

v Vv

v

3.4.4 APPLICATIONS:
» Stepper Motor Drives.
» DC Motor Drivers.

» Latching Relay Drivers

3.5 LIQUID CRYSTAL DISPLAY:

LCD screen is an electronic display module and find a wide range of applications.
A 16x2 LCD display is very basic module and is very commonly used in various devices
and circuits. These modules are preferred over seven segments and other multi
segment LEDs. The reasons being: LCDs are economical; easily programmable; have no
limitation of displaying special & even custom characters (unlike in seven
segments), animations and so on.

A 16x2 LCD means it can display 16 characters per line and there are 2 such lines.
In this LCD each character is displayed in 5x7 pixel matrix. This LCD has two registers,
namely, Command and Data. The command register stores the command instructions
given to the LCD. A command is an instruction given to LCD to do a predefined task like
initializing it, clearing its screen, setting the cursor position, controlling display etc. The
data register stores the data to be displayed on the LCD. The data is the ASCII value of
the character to be displayed on the LCD. Click to learn more about internal structure of
a LCD.
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We come across LCD displays everywhere around us. Computers, calculators, television
sets, mobile phones, digital watches use some kind of display to display the time. An LCD
is an electronic display module which uses liquid crystal to produce a visible image. The
16x2 LCD display is a very basic module commonly used in projects. The 16x2 translates
to a display 16 characters per line in 2 such lines. In this LCD each character is displayed
in a 5x7 pixel matrix.

3.5.1 RS (REGISTER SELECT)

A 16X2 LCD has two registers, namely, command and data. The register select is
used to switch from one register to other. RS=0 for command register, whereas RS=1 for
data register.

3.5.2 COMMAND REGISTER

The command register stores the command instructions given to the LCD. A
command is an instruction given to LCD to do a predefined task like initializing it, clearing
its screen, setting the cursor position, controlling display etc. Processing for commands

happens in the command register.

3.5.3 DATA REGISTER
The data register stores the data to be displayed on the LCD. The data is the ASCII
value of the character to be displayed on the LCD. When we send data to LCD it goes to

the data register and is processed there. When RS=1, data register is selecte

3.5.4 IMPORTANT COMMAND CODES FOR LCD

SR.NO. HEX CODE COMMAND TO LCD INSTRUCTION
REGISTER
1 01 Clear display screen
2 02 Return home
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3 04 Decrement cursor (shift cursor to left)
4 06 Increment cursor (shift cursor to right)
5 05 Shift display right

6 07 Shift display left

7 08 Display off, cursor off

8 0A Display off, cursor on

9 0C Display on, cursor off

10 OE Display on, cursor blinking

11 OF Display on, cursor blinking

12 10 Shift cursor position to left

13 14 Shift cursor position to right

14 18 Shift the entire display to the left

15 1C Shift the entire display to the right

16 80 Force cursor to beginning ( 1st line)
17 Co Force cursor to beginning ( 2nd line)
18 38 2 lines and 5x7 matrix
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3.5.5 DISPLAYING CUSTOM CHARACTERS ON 16X2 LCD

Generating custom characters on LCD is not very hard. It requires the knowledge
about custom generated random access memory (CG-RAM) of LCD and the
LCD chip controller. Most LCDs contain Hitachi HD4478 controller. CG-RAM is the main
component in making custom characters. It stores the custom characters once declared
in the code. CG-RAM size is 64 byte providing the option of creating eight characters at
a time. Each character is eight byte in size.

CG-RAM address starts from 0x40 (Hexadecimal) or 64 in decimal. We can
generate custom characters at these addresses. Once we generate our characters at
these addresses, now we can print them on the LCD at any time by just sending simple
commands to the LCD. Character addresses and printing commands are below.

In the table above you can see starting addresses for each character with their
printing commands. The first character is generated at address 0x40 to Ox47 and is
printed on LCD by just sending simple command 0 to the LCD. The second character is
generated at address 0x48 to 0x55 and is printed by sending 1 to LCD.

CG-RAM CG-RAM Address Commands to display
Characters (Hexadecimal) Generated Characters

1%t Character 0x40 0
2" Character 0x48 1
3"dCharacter 0x56 2
4" Character 0x64 3
5t Character 0x72 4
6% Character 0x80 5
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1. Use the compaller installed on your PC to write the
program and sclect the appropriate option to compile it
info hex code

*inc lu-c:qs:.u:»\

void debay ()0
swid main()
{
whvilet1)
'

2. To Lond hexa code into the programmer (also
installed on your PC) and select the appropriate
option to load the progeam inte the microcontroller

PO-03TF;

delay(100) ‘ 3.Build the programmed microcontroller
ro-&:.; to the turget device, form now on, it will
"'*"“"“ - run by this program
! Programic Programmer /’_ o
181010161001001 01 000 Programmed
0100101011010100101 1 mbcrecontrollee
00101061010100101001 O -
010000 10010001 o
N - 0 °
- BLOLOUBO10) § 10000100 i
Bavke compiler o H 801 ‘ - aew
1000 10001001001 1

(Em—

The Embedded C code written in above block diagram is used for blinking the LED

connected with Port0 of microcontroller.

In embedded system programming C code is preferred over other language. Due to the
following reasons:

» Easy to understand
¢ High Reliability

« Portability

e Scalability

3.6 SOFTWARE REQUIREMENTS
3.6.1 EMBEDDED SYSTEM PROGRAMMING:

Let's see the block diagram of Embedded C Programming development:
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10000100
11001100

D. Human D 01110010 D
Problem ’ Instructions 00001111 Solve

Programming Languages
(C, Embedded C, C++)

Function is a collection of statements that is used for performing a specific task
and a collection of one or more functions is called a programming language. Every
language is consisting of basic elements and grammatical rules. The C language
programming is designed for function with variables, character set, data types, keywords,
expression and so on are used for writing a C program.

The extension in C language is known as embedded C programming language.
As compared to above the embedded programming in C is also have some additional
features like data types, keywords and header file etc is represented by

#include<microcontroller name.h>.
BASIC EMBEDDED C PROGRAMMING STEPS

Let's see the block diagram representation of Embedded C Programming Steps:

[ _———

Step 1 l:] 10000100
Step 2 11001100

Step 3 Human 01110010 D
Problem @ = |:‘J> <> :> Instructions ':D 00001111 Solve

-

Algorithm Flowchart Programming Languages
(C, Embedded C, C++)
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The microcontroller programming is different for each type of operating system.
Even though there are many operating system are exist such as Windows, Linux, RTOS,
etc but RTOS has several advantage for embedded system development.

3.6.2 EMBEDDED SYSTEMS:

Embedded System is a system composed of hardware, application software and
real time operating system. It can be small independent system or large combinational
system.

Our Embedded System tutorial includes all topics of Embedded System such as
characteristics, designing, processors, microcontrollers, tools, addressing modes,
assembly language, interrupts, embedded c¢ programming, led blinking, serial

communication, lcd programming, keyboard programming, project implementation etc.
SYSTEM:

System is a way of working, organizing or performing one or many tasks according
to a fixed set of rules, program or plan.

It is an arrangement in which all the unit combined to perform a work together by
following certain set of rules in real time computation. It can also be defined as a way of

working, organizing or doing one or many tasks according to a fixed plan.

An Embedded System is a system that has software embedded into computer-
hardware, which makes a system dedicated for a variety of application or specific part of

an application or product or part of a larger system.

An embedded system can be a small independent system or a large combinational
system. It is a microcontroller-based control system used to perform a specific task of

operation.

An embedded system is a combination of three major components:
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» Hardware: Hardware is physically used component that is physically connected
with an embedded system. It comprises of microcontroller based integrated circuit,
power supply, LCD display etc.

» Application software: Application software allows the user to perform varieties of
application to be run on an embedded system by changing the code installed in an
embedded system.

» Real Time Operating system (RTOS): RTOS supervises the way an embedded
system work. It act as an interface between hardware and application software which
supervises the application software and provide mechanism to let the processor run

on the basis of scheduling for controlling the effect of latencies.

, Application
Hardware <——=> RT0S K—> S et

Fig:3.20: Rtos
3.6.3 CHARACTERISTICS OF EMBEDDED SYSTEM:

An embedded system is software embedded into computer hardware that makes
a applications. Embedded system generally used for do specific task that provide real-

time output on the basis of various characteristics of an embedded system.

Embedded system may contain a smaller part within a larger device that used for
serving the more specific application to perform variety of task using hardware-software

intermixing configuration.

It provides high reliability and real-time computation ability.
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3.6.3.1 Advantages:

» Same hardware can be used in variety of application.
» Lesser power requirement
Lower operational cost of system

v

» Provide high performance and efficiency
3.6.3.2 Disadvantages:

» Developing a system required more time. Due to functional complexity.
» Skilled engineers required because one mistake may result in destroying of

complete project.

Let's see the block diagram shows the basic structure of an embedded system.

A-D Processor & D-A
Sensor Converter ASIC Converter Actuator

> Memory

Fig:3.21: Structure Of Embedded System

Sensor Sensor used for sensing the change in environment condition and it
generate the electric signal on the basis of change in environment condition. Therefore it
is also called as transducers for providing electric input signal on the basis of change in
environment condition. A-D Converter: An analog-to-digital converter is a device that
converts analog electric input signal into its equivalent digital signal for further processing
in an embedded system. Processor & ASICs: Processor used for processing the signal
and data to execute desired set of instructions with high-speed of operation.Application
specific integrated circuit (ASIC) is an integrated circuit designed to perform task specific

operation inside an embedded system.
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D-A Converter: A digital-to-analog converter is a device that converts digital electric input
signal into its equivalent analog signal for further processing in an embedded system.
Actuators: Actuators is a comparator used for comparing the analog input signal level to

desired output signal level for providing the error free output from the system.
3.7 DESIGN STEPS REQUIRED FOR THE DEVELOPMENT OF EMBEDDED SYSTEM:

Designing steps required for embedded system are different from the design

process of another electronic system.

Let's see a flow chart represent the design steps required in the development of

an embedded system:

Development
Process

|

Development
Phase

|

Hardware
Selection Software
Assembly for 1
Target System
Develop Using
l Edit-Test-Debug
Cycle Till Test
No Test Hardware < Rosult is OK
OK
l Yes
END

Fig:3.22: Embedded System Tools And Peripherals
Compiler:

Compiler is used for converting the source code from a high-level programming
language to a low-level programming language. It converts the code written in high level
programming language into assembly or machine code. The main reason for conversion

is to develop an executable program.
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Let's see the operations performed by compiler are:

> Code generation

> Code optimization

> Parsing

> Syntax direct translation
» Preprocessing

Cross-Compiler

If a program compiled is run on a computer having different operating system and
hardware configuration than the computer system on which a compiler compiled the

program, that compiler is known as cross-compiler.
Decompiler

A tool used for translating a program from a low-level language to high-level
language is called a decompiler. It is used for conversion of assembly or machine code

to high-level programming language.
Assembler:

Assembler is embedded system tool used for translating a computer instruction
written in assembly language into a pattern of bits which is used by the computer
processor for performing its basic operations. Assembler creates an object code by
translating assembly language instruction into set of mnemonics for representing each

low-level machine operation.
DEBUGGING TOOLS IN AN EMBEDDED SYSTEM:

Debugging is a tool used for reducing the number of error or bugs inside a

computer program or an assembled electronic hardware.

Debugging of a compact subsystem is difficult because a small change in one
subsystem can create bugs in another system. The debugging used inside embedded
system differs in terms of their development time and debugging features.
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Let's see the different debugging tools used in embedded system are:

Simulators:

Simulator is a tool used for simulation of an embedded system. Code tested for

microcontroller unit by simulating code on the host computer. Simulator is used for model

the behavior of the complete microcontroller in software.

Functions of simulators

Let's see the functions performed by simulator are:

»

It defines the processing or processor device family with various version of
target system.

It monitors the detailed information of a source code and symbolic arguments
as the execution goes for each single step of operation.

It simulates the ports of target system for each single step of execution.

It provides the working status of RAM.

It monitors the response of system and determines the throughput.

It provides the complete meaning of the present command.

It monitors the detailed information of the simulator commands entered from the
keyboard or selected from the menu.

It facilitates synchronization of internal peripherals and delays.
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CHAPTER: 4

EXPERIMENTAL AND METHODS

Designing a comprehensive driver monitoring system for safety and emergency response
involves a multidisciplinary approach. Here's an overview of the experimental methods

and components:

Sensor Suite Integration:

Camera-based Vision System: Install cameras to monitor the driver's face, eye
movements, and head position. Utilize computer vision algorithms to analyze facial
expressions, detect drowsiness, and monitor alternativeness. Biometric Sensors:
Integrate sensors like heart rate monitors or electrodermal activity sensors to measure

physiological parameters indicative of stress or fatigue.

Inertial Measurement Unit (IMU): Use IMUs containing accelerometers and gyroscopes
to monitor vehicle dynamics and driver behavior, including sudden movements,
aggressive driving, or erratic behavior.

Environmental Sensors: Incorporate sensors to detect environmental factors such as
ambient light levels, temperature, and humidity, which can affect driver alertness.

Data Fusion and Processing:

Develop algorithms to fuse data from multiple sensors to provide a holistic understanding
of the driver's state and the surrounding environment.Implement signal processing
techniques to filter noise, extract relevant features, and detect patterns indicative of safety
risks or emergencies.Utilize embedded C programming for real-time processing to ensure

timely responses to detected events.
Behavioral Analysis and Risk Detection:

Use machine learning and pattern recognition algorithms to analyze driver behavior and

detect potential risks, including drowsiness, distraction, impaired driving,
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4.1 FUTURE ENHANCEMENT

In future enhancements of this driver behavior monitoring system, we envision the
integration of advanced artificial intelligence algorithms and machine learning models to
further enhance its capabilities. These technologies could enable the system to provide
more nuanced and predictive insights into driver behavior, such as identifying specific
signs of distraction, impairment, or stress. Additionally, the system could evolve to
incorporate additional sensors, such as cameras for facial recognition and gesture
detection, enabling it to detect and respond to a wider range of potential safety risks.
Furthermore, connectivity with vehicle control systems could allow for semi-autonomous
interventions in critical situations, such as applying emergency brakes or steering
correction. The system might also support seamless integration with emerging vehicle-
to-vehicle (V2V) and vehicle-to-infrastructure (V2I) communication standards for
improved situational awareness. These advancements would not only further enhance
driver safety but also contribute to the development of more autonomous and safer

transportation systems.

4.1.1 ADVANTAGES:

¢ The automatic driver behavior monitoring system promotes safer driving practices,
reducing the risk of accidents.

« With the driver health monitoring system, potential health issues and fatigue can
be detected early.

4.2 STANDARDS
« here might not be a specific IEEE standard solely dedicated to comprehensive
driver monitoring for safety and emergency response. However, several |IEEE
standards and guidelines cover related aspects of this field. Here are some |IEEE
standards and guidelines that could be relevant:
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e |EEE 802.11: This standard covers wireless LAN technology and could be
relevant for communication protocols between the monitoring system in the vehicle

and external systems, such as emergency response centers.

o |EEE 802.15: This family of standards covers wireless personal area networks
(WPANs), which could be utilized for communication between different
components within the vehicle monitoring system.

4.3 CONSTRAINTS
 Implementing a comprehensive driver monitoring system for safety and
emergency response comes with various constraints, including:

e Cost: The integration of advanced sensors, communication systems, and
processing units can be expensive. Balancing the cost of implementation against
the benefits of improved safety and emergency response is a significant constraint.

¢ Technological Limitations Existing technologies may have limitations in terms of
accuracy, reliability, and compatibility. For instance, certain environmental
conditions like extreme weather or poor lighting can affect the performance of
sensors and cameras.

¢ Regulatory Compliance Compliance with relevant regulations and standards, such
as privacy laws and automotive safety regulations, is crucial but can also pose
constraints in terms of system design and functionality.

o Data Privacy and Security: Collecting and storing sensitive data about drivers'
behavior and biometric information raises privacy concerns. Ensuring robust data
encryption, access control, and compliance with privacy regulations is essential
but can add complexity to the system.

¢ Integration Challenges: Integrating various sensors, communication systems, and
processing units into a seamless and cohesive system can be challenging,
particularly when dealing with different hardware and software components from

multiple vendors.
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e User Acceptance and Adoption: Drivers may be resistant to the idea of constant
monitoring or feel uncomfortable with the level of intrusion into their privacy.
Educating users about the benefits of the system and addressing their concerns is
critical for widespread acceptance and adoption.

4.3 TRADE OFF

Implementing a comprehensive driver monitoring system for safety and
emergency response involves various trade-offs, including Privacy vs. Safety: There's a
trade-off between the level of privacy drivers expect and the degree of monitoring required
for ensuring safety. Striking a balance between respecting privacy rights and enhancing

safety through comprehensive monitoring is crucial.

Cost vs. Effectiveness: Investing in advanced sensors, communication systems,
and processing units can significantly improve the effectiveness of the monitoring system
but also increase costs. Balancing the cost of implementation against the potential
benefits in terms of improved safety and emergency response is essential. Real-Time
Monitoring vs. Data Storage Continuous real-time monitoring allows for immediate
detection of safety hazards and emergencies but requires substantial computing power
and storage capacity. Trade-offs must be made regarding the duration and granularity of

data storage to manage costs effectively.
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CHAPTER 5

RESULTS AND DISCUSSIONS

5.1 RESULTS

Comprehensive driver monitoring for safety and emergency response typically involves
several key components and metrics. Here are some potential results and findings that
such monitoring systems might yield:

Driving Behavior Analysis: Monitoring systems can provide detailed insights into driver
behavior, including speeding, aggressive driving, sudden acceleration or deceleration,

abrupt lane changes, and erratic maneuvers. These behaviors can be analyzed to identify

patterns and potential risks.

Real-time Alerts and Warnings: Monitoring systems can issue real-time alerts to drivers
and fleet managers when potentially dangerous situations arise, such as sudden lane
departures, following too closely, or exceeding speed limits. Results might include the

number of alerts triggered and their effectiveness in mitigating risks.

Emergency Response Integration: Comprehensive monitoring systems can integrate with
emergency response services to provide immediate assistance in the event of an accident
or emergency. Results could include response times, effectiveness of communication

protocols, and outcomes in terms of injury prevention and vehicle recovery
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Fig:5.1: Output of Alcohol Consumption

Alcohol Detection: The system may include sensors capable of detecting alcohol in the
driver's breath or within the vehicle cabin. This detection can be done using technologies

such as breathalyzers or sensors that measure alcohol vapor concentration.

Alcohol detection in an LCD (Liquid Crystal Display) display typically involves integrating
alcohol sensors with the display unit to provide real-time feedback to the driver regarding

their alcohol consumption level. Here's how it might work:
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Fig:5.2: Output Of Message

5.2 DISCUSSIONS

Comprehensive driver monitoring for safety and emergency response is a critical area of
research and development in the automotive industry, with the potential to significantly
enhance road safety and reduce the severity of accidents. Here are some key points to
consider when discussing this topic Importance of Driver Monitoring: Emphasize the
importance of monitoring the driver's behavior and physiological state as a crucial aspect
of overall vehicle safety. The driver is the most critical factor in the driving process, and

their condition greatly influences accident risk.



Technological Advancements: Highlight the advancements in sensor technology, data
processing algorithms, and embedded systems that enable comprehensive driver
monitoring. These advancements make it possible to capture, analyze, and respond to
various aspects of driver behavior in real time.

Safety Benefits: Discuss the safety benefits of driver monitoring systems, such as early
detection of drowsiness, distraction, and impairment. By alerting drivers or triggering
emergency interventions when necessary, these systems can help prevent accidents or
mitigate their severity.

Emergency Response: Explore how driver monitoring systems can contribute to
emergency response efforts. For instance, systems capable of detecting sudden medical
emergencies or impending collisions can automatically alert emergency services and
provide crucial information about the driver's condition and location.

Challenges and Limitations: Acknowledge the challenges and limitations associated with
driver monitoring systems, such as ensuring accuracy and reliability, addressing privacy
concerns, and minimizing false alarms. Additionally, discuss the need for robust validation
and testing procedures to ensure the effectiveness of these systems in real-world

scenarios.
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CHAPTER 6
CONCLUSION

In conclusion, we presented an auditable self-sovereign identity system (named AudiSSl),
which allows the user to self-manage their identities without sacrificing the user's privacy
and provides an efficient way for the SPs to check its registered drivers’ qualifications.
Further, we proposed a safety guarantee insurance in the form of driver's qualification
auditing contract to enable the RHS rider to check his driver's qualifications before the
trip starts and get incentives once a disqualified driver is detected. We described the
workflow

a driver registers as a qualified driver in the SP and how an insured rider automates the
audit of a registered driver. We designed an incentive mechanism and provided a game-
theoretical analysis. Finally, we implemented a prototype of AudiSSI and deployed it on
Hyperledger Indy and Fabric to show that self-sovereign identity system for RHS driver
with qualification auditing is efficient and technically feasible. Our work does not stop all
malicious entities, but the deterrence of the incentive mechanism will mitigate this
problem and it will contribute to significant huge cost-saving for the corresponding SP in
investigating the disqualified drivers.

Through detailed analysis of driving behaviors, monitoring systems enable proactive
interventions such as targeted training programs and compliance monitoring, ensuring
that drivers remain aware of safety protocols and regulatory requirements. Moreover, the
integration of emergency response capabilities enhances the efficiency of rescue
operations in critical situations, reducing response times and improving outcomes for

those involved in accidents.

Ultimately, comprehensive driver monitoring for safety and emergency response
represents a proactive approach to road safety, fostering a culture of accountability,
continuous improvement, and swift intervention when needed. By harnessing the power

of data and technology, these systems empower drivers, fleet managers, and emergency
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responders to collaborate effectively in safeguarding lives and minimizing the impact of

unforeseen events on our roadways
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