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ABSTRACT

The escalating number of road accidents worldwide necessitates innovative solutions to
enhance driver safety. This thesis presents the design, development, and implementation of
a Node MCU-based Smart Driver Safety System (SDSS) that integrates multiple sensors to
monitor crucial parameters during vehicle operation. The system incorporates an MQ3
alcohol sensor, an MQ2 smoke sensor, an Infrared (IR) sensor for detecting driver
drowsiness, and a DS18B20 temperature sensor for monitoring engine temperature. A
buzzer, relay, and a 16*2 LCD display are employed to provide real-time alerts and feedback
to the driver.

The SDSS utilizes the Arduino platform, specifically the ESP32 microcontroller, to
efficiently process data from the sensors and enable rapid response mechanisms. When signs
of drowsiness, smoke, or engine overheating are detected, the SDSS promptly alerts the
driver through audible and visual cues. Notably, the system takes immediate action by turning
off the engine and displaying a warning message if alcohol is detected.

The thesis demonstrates the effectiveness of the SDSS in mitigating potential hazards and
promoting responsible driving habits by providing timely alerts and information. The
integration of multiple sensors and the proactive approach of the Node MCU-based Smart
Driver Safety System offer a promising means to reduce road accidents and create a safer
driving environment. Future research and development in this field could further enhance the
capabilities and applications of smart safety systems, ultimately contributing to a significant

reduction in road accidents and saving countless lives.
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Range of Complex Problem Solving

Attribute

Complex Problem

Range of conflicting
requirements

Involve wide-ranging or conflicting technical, engineering and other issues.

Depth of analysis required

Have no obvious solution and require abstract thinking, originality in
analysis to formulate suitable models.

Depth of knowledge required

Requires research-based knowledge much of which is at, or informed by, the
forefront of the professional discipline and which allows a fundamentals-
based, first principles analytical approach.

Familiarity of issues

Involve infrequently encountered issues

Extent of applicable codes

Are outside problems encompassed by standards and codes of practice for
professional engineering.

Extent of stakeholder
involvement and level of
conflicting requirements

Involve diverse groups of stakeholders with widely varying needs.

Consequences Have significant consequences in a range of contexts.

Interdependence Are high level problems including many component parts or sub-problems
Range of Complex Problem Activities

Attribute Complex Activities

Range of resources

Involve the use of diverse resources (and for this purpose, resources include
people, money, equipment, materials, information and technologies).

Level of interaction

Require resolution of significant problems arising from interactions between
wide ranging and conflicting technical, engineering or other issues.

Innovation

Involve creative use of engineering
principles and research-based knowledge in novel ways.

Consequences to society and
the environment

Have significant consequences in a range of contexts, characterized by
difficulty of prediction and mitigation.

Familiarity

Can extend beyond previous experiences by applying principles-based
approaches.

viii




LIST OF ABBREVIATIONS

SDSS - Smart Driver Safety System

SDGs - Sustainable Development Goals

ESP32 - Espressif Systems' ESP32 Microcontroller

MQ3 - Alcohol Sensor

MQ2 - Smoke Sensor

IR - Infrared Sensor

DS18B20 - Temperature Sensor

LCD - Liquid Crystal Display

ADAS - Advanced Driver Assistance Systems

ADAS - Advanced Driver Assistance Systems

NHTSA - National Highway Traffic Safety Administration
FMCSA - Federal Motor Carrier Safety Administration
NIAAA - National Institute on Alcohol Abuse and Alcoholism
EPA - Environmental Protection Agency

NSF - National Sleep Foundation

ICCT - The International Council on Clean Transportation
WEF - World Economic Forum

ERA - European Union Agency for Railways

NIOSH - National Institute for Occupational Safety and Health
ITSA - Intelligent Transportation Society of America
ERSDS - European Road Safety Data Set

NTSB - National Transportation Safety Board

ISO - International Organization for Standardization

AAA - American Automobile Association

SAE - Society of Automotive Engineers

WHO - World Health Organization



e |ITF - International Transport Forum
e USDOT - U.S. Department of Transportation
e NHTSA - National Highway Traffic Safety Administration



TABLE OF CONTENTS

Table of Contents

ABSTRACT ettt WY}
ACKNOWLEDGEMENT ...ttt
LIST OF ABBREVIATIONS ... Vi
LIST OF FIGURES ... .ot Xi
CHAPTER L.ttt
1.1 OVEIVIBW ..ottt ettt
1.2 ReSEarch IMOTIVALION .......cccuviiiieiieiiie et
1.3 Problem StatemeNT ..........oiiiiiiieie e
1.4 Objectives Of the PrOJECT ......ccvviiiiiieieeee e
1.5 OUutcoOmES OF QU PTOJECT ....cciviieeciii et
CHAPTER 2.t
LITERATURE REVIEWS ... ..o
CHAPTER 2.t
2.1 BaCKQGrOUNG.......oeiiiie ettt e e e e ennae e
2.2 LITErature REVIEW .........oiviiiieiieiiiieesie ettt
2.3 SUMMIATY c.tieeeiiiiitt ettt e e e e e e st e e e e e e e s ettt e et e e e e e e s s snsbbbneeaaeeas
CHAPTER 3.ttt

Xi



D) MQ3 AICONOI SENSOK: ... 9

C) MQ2 SMOKE SENSOI: .....vviieiiiie ittt e e 10
A) TR SBNSOI: ..ttt 10
e) DS18B20 TempPerature SENSOK: ..........ccveiireiirerieaieesieesireesieesieesireenieens 11
) 16%2 LCD DISPIAY:.....eeieieiieiiieeie et 11
Q) BUZZEI: ..o 12
) REIAY: ... 12
3.4 SENSOT INTEGIAtION ... 13
3.5 Data PrOCESSING ...cuvveiiiieiitieiee ettt ettt 14
3.6 Alert MEChANISIMS .......eiiiiiiiii e 14
3.7 Software Implementation ..o 14
3.8 Testing and Validation ............cccoiuieiiiiiieiieii e 14
3.9 Ethical CONSIAEIrAtIONS..........civieiieiiiieiee e 15
3.10 LEIMIEALIONS ...t 15
.11 SUMIMAIY . et e e e e s st b ee e s 15
CHAPTER 4 ..o 16
A1 INEFOTUCTION. ... 16
4.2 Alcohol Detection Performance. ..........ocovvveieeiienieiiicsesee e 16
4.3 Smoke Detection PErformance ...........ccoceoierienienienieieseesee e 17
4.4 Drowsiness Monitoring Performance...........ccccovvvveevieeiiine e ciie e 18
4.5 Engine Temperature Monitoring Performance..............ccccccoeeveeiiieeiinnnn, 18
4.6 Effectiveness of Alert Mechanisms ...........ccccccevverieniiiiniene e 19
4.7 Impact on Enhancing Driver Safety ..........ccccccoviiiiiec i 19
4.8 Discussion OF LIMIAtIONS .........ccoveiieriiiiiiesiesie e 19

Xii



4.9 FUture IMProVemMENTS .......ccvviiiiiieiiie et 19

4,10 SUMMEIY ...ttt e et e e e et e e e e nnb e e e e nnbb e e e e e ansbeeas 20
CHAPTER 5 ..ttt 21
5.1 CONCIUSION ...ttt 21
5.2 FUTUIE WOTK ..ot 22
CHAPTER B ..ottt ettt e e 23
6.1 INtrOAUCTION. ...ttt 23
6.2 SDG 3: Good Health and Well-being ..........cccooveviiiiiiniiicc e 23
6.3 SDG 9: Industry, Innovation, and Infrastructure ............ccccecveeviveennnnnnn 24
6.4 SDG 11: Sustainable Cities and COMMUNILIES .........ccovvvviriieiiiienieeninenn 24
6.5 SDG 13: CliMate ACHION ....ccvviiiieiiieiieeiee et 24
6.6 SDG 16: Peace, Justice, and Strong INStitutions............cccceevvveeviiveeiinnnnn 24
6.7 SDG 17: Partnerships for the GoalS..........cccceeviieeiine e 24
6.8 INCIUSIVItY and EQUILY .....ccvveeiiiie e 24
6.9 Future Potential for SDG INtegration ..........cccccccvveiiieeiiiee e 24
6.10 CONCIUSION ... 25
RETEIEINCES ... 26
Requisite report for plagiarism ostentation .............ccccceeevvveeviieeviie e, 29
I

Xiii



LIST OF FIGURES

Fig 1.1 Causes Of r0ad CCIABNTS..........eeiviiireiiieiri ettt 1
Fig 1.2 Problem StatemMENt .........cooiiiiiiii s 3
Fig 3.1 System Architecture BIOCK diagram ...........ooceiiiiiiiinie e 8
Fig 3.2 ESP32 MICrOCONTIOHEN ... s 9
Fig 3.3 MQ3 AICONOT SENSOT ...t s 9
Fig 3.4 MQ2 SMOKE SENSOT......eiiiieiiiieiiie ittt ettt ettt 10
FIQ 3.5 TR SBNSOT. ...ttt ettt ettt 10
Fig 3.6 DS18B20 TEMPEIatUIE SENSOT.....ccuveiuiieteeiieesieiestreeieesibeesireasteesseeesteeenbeesnnee e 11
Fig 3.7 16%2 LCD DISPIAY....v.veveeeeeeeeeeeeeseseseseseeseeses e es s eeeee e s ee e e e e er s enes 11
e T TR TR I = U 7 OSSPSR 12
FIG BLO REIAY ...t e 12
Fig 3.10 Sensor INtEQratiON..........c..cciiireiiie et e e e e e e saee e 13
Fig 4.1 Safety deviCe INtErTaCe........cccvveiiie et 16
Fig 4.2 Alcohol Detection Performance ReSUlt .............ccoovveiiiieiiie e 17
Fig 4.3 Smoke Detection Performance Result............c..cooovieiiiiiiii e 17
Fig 4.4 Smoke Drowsiness Monitoring Performance Result ..............cccccooove i, 18
Fig 4.5 Engine Temperature Monitoring Performance Result .............c..cccooveevieeiinee, 18
Fig 5.1 Sustainable Development GOalS ............ccoveiiiiieiiie e 23

Xiv



CHAPTER 1
INTRODUCTION

CHAPTER 1

1.1 Overview

In recent years, road accidents have emerged as a critical global concern, leading to numerous
fatalities and injuries. Various factors can lead to impaired driving, including alcohol
consumption, the use of illicit drugs, taking legal medications, fatigue, distraction,
and various medical conditions [1]. Addressing these challenges necessitates the
development of advanced driver safety systems that can proactively monitor and mitigate
potential hazards. This chapter introduces the Node MCU-based Smart Driver Safety System
(SDSS), a novel project designed to enhance driver safety by integrating multiple sensors and
intelligent algorithms to monitor various parameters during vehicle operation.
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Fig 1.1 Road Accident image Courtesy from NBC Sports


https://www.nbcsports.com/golf/news/european-tour-pro-dean-burmester-shoots-69-dubai-after-car-crash

1.2 Research Motivation

The primary motivation behind this project is the pressing need to enhance driver safety and
reduce the number of road accidents caused by preventable human errors. Existing driver
safety systems often lack comprehensive monitoring capabilities and real-time responses to
critical situations. This research seeks to bridge this gap by developing an advanced Smart
Driver Safety System (SDSS) that can identify potential dangers promptly and alert the
driver, promoting safer driving habits and minimizing the risk of accidents.

1.3 Problem statement

The current state of driver safety systems falls short of providing a holistic approach to
mitigating driver-related factors leading to road accidents. Traditional safety features may
not adequately address issues such as drowsiness, alcohol consumption, smoke detection, and
engine temperature monitoring simultaneously. The drowsiness is mostly detected by image
processing techniques but for drivers’ non-intrusive conduct, yet, there have not been
consistent measuring methods to detect the drowsiness of the drivers [2]. No doubt,
Preliminary Alcohol Screening (PAS) devices are only the devices usable for normal patrol
operations conditions but currently, such PAS tools are no longer accepted for alcohol
detection [3]. There are several vehicles driving detecting phenomena like GSM and GPS but
still, we found no universal smoke-detecting system that is suitable for driving milieu [4].
The lack of a robust, all-in-one solution poses a significant challenge to ensuring
comprehensive driver safety. Therefore, the project aims to design and implement a Node
MCU-based Smart Driver Safety System that integrates multiple sensors and responds

proactively to various safety-critical scenarios.



Fig 1.2 Problem statement Courtesy hire refactored

1.4 Obijectives of the Project
The primary objective of this project is to develop a Node MCU-based Smart Driver Safety
System capable of monitoring and addressing multiple driver-related safety aspects

simultaneously. The specific objectives are as follows:

1.4.1 To monitor sleep detection

1.4.2 To develop a smoke and alcohol-sensing device

1.5 Outcomes of our project
The successful implementation of the Node MCU-based Smart Driver Safety System is

expected to yield several significant outcomes that could be possible in real-time:

1.5.1 Improved Driver Safety: The SDSS will enhance driver safety by actively
monitoring alcohol levels, smoke, drowsiness, and engine temperature. Prompt alerts

will enable the driver to take corrective actions and avoid potential accidents.


https://hire.refactored.ai/portfolio/MjUz

1.5.2 Responsible Driving Behavior: With the system's ability to turn off the engine
upon alcohol detection, the project aims to promote responsible driving habits and
discourage driving under the influence.

1.5.3 Real-time Monitoring: The integration of multiple sensors and a display will
provide real-time information to the driver, enabling them to stay informed and make

informed decisions during their journey.

1.5.4 Reduced Road Accidents: By addressing multiple driver-related safety
aspects, the SDSS is anticipated to contribute to a reduction in road accidents caused

by preventable human errors.

In summary, this chapter has provided an overview of the Node MCU-based Smart Driver
Safety System project, highlighting its research motivation, problem statement, objectives,
and anticipated outcomes. The subsequent chapters will delve into the technical aspects of
the system's design, implementation, and evaluation, demonstrating its effectiveness in

enhancing driver safety.



CHAPTER 2

LITERATURE REVIEWS

CHAPTER 2

2.1 Background

Loss of life is a challenging global issue as 1.19 million people die in road traffic accidents
with 20 to 50 million injured lives [5]. Addressing the issue of driver-related factors
contributing to accidents requires innovative solutions that can proactively monitor driver
behavior and vehicle performance. In recent years, advancements in sensor technologies and
the Internet of Things (1oT) have paved the way for the development of intelligent driver
safety systems. This literature review explores the latest research papers and studies in the
field of driver safety systems, with a focus on sensor integration, alcohol detection, smoke
detection, drowsiness monitoring, engine temperature monitoring, and the incorporation of

loT capabilities in vehicle safety.

2.2 Literature Review

This comprehensive review focuses on driver monitoring systems (DMS) and various safety
measures aimed at enhancing road safety. DMS, equipped with sensors and machine learning
algorithms, analyzes driver behavior to identify signs of fatigue, distraction, and other
potential risks [6]. Smart Eye's DMS, for instance, evaluates alertness and attention through

the analysis of eye, face, head, and body movements [9].

The adoption of Advanced Driver Distraction Warning (ADDW) systems is highlighted for
their potential to prevent accidents by identifying impaired driving early on [10]. Driving
Monitoring and Assistance Systems (DMAS) aim to observe and support drivers, reducing
control exertion and enhancing perception capabilities [11]. The study explores recent

developments in alcohol detection technologies, including breathalyzers and infrared



spectroscopy, emphasizing their integration into driver safety systems [12]. Additionally,
smart smoke detection systems and drowsiness detection techniques are examined for their

contributions to vehicle safety [13] [14].

The investigation extends to engine temperature monitoring, proposing algorithms to predict
overheating and a warning system for drivers [15]. The integration of 10T in driver safety
systems is explored, addressing challenges and opportunities associated with real-time data
transmission and cloud-based analytics [16]. Smart sensor technologies, including gas and
temperature sensors, are analyzed for their significance in addressing different safety aspects
[17]. The study also delves into real-time monitoring of driver behavior using machine
learning algorithms and the application of wireless sensor networks in vehicular safety
systems [18] [19].

A notable alcohol detection system is presented, not only alerting the driver but also
immobilizing the engine when alcohol is detected, emphasizing responsible driving practices
[20]. The research underscores the significant role of driver fatigue in road traffic accidents,
particularly among commercial drivers, and the impact of factors such as overwork and

inadequate rest [21].

The global context of traffic accidents is outlined, with over a million annual fatalities
worldwide and varying rates across regions [22]. In Pakistan, fatal accidents constitute
43.3%, with driver fatigue identified as a major contributor [23]. The causes of traffic
accidents in the Southeast Asia Region and OECD countries, including the role of alcohol

and drugs, are explored [24] [25].

The study in Pakistan reveals the prevalence of fatigue-related road traffic crashes, with a
higher percentage on motorways compared to national highways [26]. A research study at
Aga Khan University Hospital Karachi indicates a significant percentage of drivers involved

in road accidents test positive for alcohol intoxication [27].



In addressing traffic accidents, the importance of driver safety behavior is emphasized,
highlighting actions influenced by personal motives and social considerations [28].
Integrating these findings presents a holistic approach to understanding and addressing road

safety concerns, encompassing technology, behavioral factors, and regional variations.

2.3 Summary

The literature review has provided valuable insights into the current state of driver safety
systems, focusing on sensor integration, alcohol detection, smoke detection, drowsiness
monitoring, engine temperature monitoring, and the incorporation of IoT capabilities. The
analysis of these previous research papers serves as a foundation for the design and
implementation of the Node MCU-based Smart Driver Safety System, which aims to address
multiple safety aspects proactively and create a safer driving environment. The subsequent
chapters will delve into the technical aspects of the SDSS, incorporating lessons learned from

these research papers to create a robust and effective driver safety solution.



CHAPTER 3
METHODOLOGY
CHAPTER 3

3.1 Introduction

This chapter outlines the methodology adopted for designing and implementing the Node
MCU-based Smart Driver Safety System (SDSS). The methodology encompasses the overall
approach, system architecture, hardware components, sensor integration, data processing,
alert mechanisms, software implementation, testing, ethical considerations, and limitations.
By following a systematic process, the SDSS aims to create a robust and effective driver
safety solution.

3.2 System Architecture

The SDSS's system architecture serves as the foundation for integrating all components
seamlessly. It encompasses the arrangement and connections of sensors, the ESP32
microcontroller, the 16*2 LCD display, the buzzer, and the relay. This architecture enables

real-time data flow and ensures a rapid response to potential safety hazards.
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Fig 3.1 System Architecture block diagram



3.3 Hardware Components

The SDSS employs the following hardware components:

a) ESP32 Microcontroller:

The ESP32 is the central processing unit of the system, responsible for data acquisition,

processing, and decision-making. It supports various communication protocols and has

ample processing power for real-time applications.
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Fig 3.2 ESP32 Microcontroller Courtesy Research Gate

b) MQ3 Alcohol Sensor:

The MQ3 sensor detects alcohol levels in the driver's breath, providing crucial information

about possible impairment due to alcohol consumption.

Ll i

Fig 3.3 MQ3 Alcohol Sensor Courtesy Research Gate


https://www.researchgate.net/figure/Pinout-diagram-of-ESP32_fig2_342521677
https://www.researchgate.net/figure/Pinout-of-MQ2-gas-sensor-module_fig5_335160061

¢) MQ2 Smoke Sensor:
The MQ2 sensor detects smoke and hazardous gases within the vehicle cabin, helping to
prevent potential fire hazards.

=3 - Iy gy
f o0 |

Pinout
Fig 3.4 MQ2 Smoke Sensor Courtesy Research Gate

d) IR Sensor:

The IR sensor monitors the driver's eyes for signs of drowsiness or fatigue, contributing to

proactive drowsiness detection.

IR Receiver Distance Adjust

/
(|

Power LED

Vecc

Ground
Output

Pr

IR Emitter LED Obstacle LED

Fig 3.5 IR Sensor Courtesy Semantic Scholar
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https://www.researchgate.net/figure/Pinout-of-MQ2-gas-sensor-module_fig5_335160061
https://www.semanticscholar.org/paper/Density-Based-Smart-Traffic-System-with-Real-Time-Nafa-Jacob/37900f1921e5e904bb0ddc3eba2377b46475c97f/figure/1

e) DS18B20 Temperature Sensor:
The DS18B20 sensor is used for real-time monitoring of the engine's temperature, ensuring

timely alerts in case of engine overheating.

DS18B20 Balileltis

Fig 3.6 DS18B20 Temperature Sensor Courtesy Research Gate

f) 16*2 LCD Display:
The 16*2 LCD display provides visual feedback to the driver, displaying alerts and relevant

information about the system's status.

Pinout
Fig 3.7 16*2 LCD Display Courtesy Youtube

11


https://www.researchgate.net/figure/Temperature-sensor-DS18B20-and-the-pins-wiring-26_fig2_356769362
https://m.youtube.com/watch?v=8nz33TwyNY8

g) Buzzer:
The buzzer emits audible alerts to alert the driver in case of detected safety hazards.

Fig 3.8 Buzzer Courtesy Daraz Pk

h) Relay:
The relay enables the SDSS to shut down the engine in case of alcohol detection, ensuring

responsible driving practices.

Normally
Closed

Common
Contact

Vee
Fig 3.9 Relay Courtesy Components 101
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https://www.daraz.pk/products/dc-9-15v-hyd-4218-active-piezo-electronic-alarm-buzzer-i156128399-s1322002353.html?&search=pdp_same_store?mp=1&scm=1007.38553.252219.0&clickTrackInfo=9bf7a608-3e07-4270-b489-e5ed3511b22e__156128399__10002307__shop__322677__0.0__0.0__0.0__0.0__0.0__0.0__6__null__null__null__null__null__null____1859.0__0.4303388918773534__0.0__0__1059.0____null__null__null__955.7332_3650.16543__null__28555__null__0.0__0.0________null__null&spm=a211g0.pdp.middle_recommend.7
https://components101.com/switches/5v-single-channel-relay-module-pinout-features-applications-working-datasheet

3.4 Sensor Integration

The successful integration of sensors is critical for the SDSS's effectiveness. This section
explains how each sensor interfaces with the ESP32 microcontroller to provide real-time
data. The MQ3 alcohol sensor detects alcohol levels, the MQ2 smoke sensor identifies
hazardous gases, the IR sensor monitors drowsiness, and the DS18B20 temperature sensor

tracks engine temperature. Integrating sensors ensures comprehensive driver safety
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Fig 3.10 Sensor Integration
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3.5 Data Processing

Acquired sensor data requires processing and analysis for hazard detection. This section
describes the algorithms and data processing techniques used to analyze alcohol levels,
smoke detection, drowsiness signs, and engine temperature. Efficient data processing ensures
quick and accurate detection of potential safety risks.

3.6 Alert Mechanisms

Real-time alerts are crucial for promptly notifying the driver of potential hazards. This section
elaborates on the alert mechanisms, including audible alerts through the buzzer, visual
feedback on the 16*2 LCD display, and engine shutdown using the relay. The well-designed

alert system enhances driver responsiveness and reduces reaction time to critical situations.

3.7 Software Implementation

The software implementation involves programming the ESP32 microcontroller to execute
SDSS functionalities. This section provides an overview of the software code, including data
acquisition from sensors, data processing, and decision-making logic for triggering alerts.
The software implementation ensures smooth integration and seamless operation of the driver

safety system.

3.8 Testing and Validation

To ensure the reliability and effectiveness of the SDSS, rigorous testing and validation are
conducted. This section outlines the testing scenarios, data collection, and validation
procedures used to verify the system's performance under various conditions. Thorough
testing and validation provide confidence in the system's ability to detect safety hazards

accurately.

14



3.9 Ethical Considerations

The development of a driver safety system requires ethical considerations, such as user
privacy, data security, and responsible usage. This section discusses the ethical
considerations taken into account during the project to safeguard user privacy and ensure
responsible use of the system. Ethical practices are crucial in gaining user trust and
acceptance of the SDSS.

3.10 Limitations

Every system has its limitations, and the SDSS is no exception. This section presents the
limitations of the SDSS, such as sensor accuracy, response time, and the potential for false
positives or false negatives in detecting safety hazards. Understanding the system's
limitations helps in setting appropriate expectations and identifying areas for improvement.

3.11 Summary

The methodology chapter has provided detailed insights into the system architecture,
hardware components, sensor integration, data processing, alert mechanisms, software
implementation, testing, ethical considerations, and limitations of the Node MCU-based
Smart Driver Safety System. This systematic approach ensures a reliable and effective driver
safety solution. The subsequent chapters will present the results and findings from the

implementation of the SDSS and discuss its impact on enhancing driver safety.
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CHAPTER 4

RESULTS AND DISCUSSIONS

CHAPTER 4

4.1 Introduction

This chapter presents the results obtained from the implementation of the Node MCU-based
Smart Driver Safety System (SDSS) and discusses the implications of these findings. The
chapter focuses on the performance of the SDSS in detecting alcohol levels, smoke,
drowsiness signs, and engine temperature, as well as the effectiveness of the alert
mechanisms. Additionally, it analyzes the impact of the SDSS on enhancing driver safety

and explores potential areas for improvement.

- Smart Drivers ‘

Cafety Device

Fig 4.1 Safety device interface

4.2 Alcohol Detection Performance

The SDSS demonstrated accurate and reliable alcohol detection capabilities using the MQ3
alcohol sensor. The system successfully detected alcohol levels above the defined threshold,

triggering the engine shutdown and displaying appropriate warnings on the LCD display.

16



The results indicate the SDSS's effectiveness in promoting responsible driving practices and

reducing the risk of alcohol-related accidents.

| Eng Temr:27.56C ‘ Eng Temr:Z2?.356C ‘

' AlcokoloMBtEodndg Alcohol Alert!

Fig 4.2 Alcohol Detection Performance Result

4.3 Smoke Detection Performance

The MQ2 smoke sensor proved to be effective in detecting smoke and hazardous gases within
the vehicle cabin. The SDSS promptly issued audible and visual alerts to warn the driver,
reducing the likelihood of fire-related incidents. The results highlight the SDSS's capability

to enhance vehicle safety by actively monitoring potential fire hazards.

Eng TempiZ7.06C | | Eng Temr!8.BEC ‘

Smoke Alert! Smoke MotFound

Fig
4.3

Smoke Detection Performance Result
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4.4 Drowsiness Monitoring Performance

The IR sensor accurately monitored the driver's eyes for signs of drowsiness or fatigue. The
SDSS promptly alerted the driver through audible alerts and visual feedback on the LCD
display, enabling timely intervention to prevent accidents caused by driver drowsiness. The
results demonstrate the SDSS's potential in reducing the risks associated with drowsy

driving.

| Eng Tene +27. 50T . End Temr:27.580

| Sleer MotFound

Sleer Alert

e

Fig 4.4 Smoke Drowsiness Monitoring Performance Result

4.5 Engine Temperature Monitoring Performance

The DS18B20 temperature sensor effectively monitored the engine's temperature in real-
time. The SDSS issued warnings when the engine temperature approached critical levels,
allowing the driver to take necessary precautions to prevent engine overheating and potential
breakdowns. The results emphasize the SDSS's role in preventing engine-related accidents

and damage.

Erng Temr:20, 860

Engd Temr:3l.27C .

Terr Hormal

Temr Mormal

Fig 4.5 Engine Temperature Monitoring Performance Result

18



4.6 Effectiveness of Alert Mechanisms

The alert mechanisms, including audible alerts through the buzzer and visual feedback on
the 16*2 LCD display, proved to be highly effective in promptly notifying the driver of
potential safety hazards. The combination of audible and visual alerts enhanced driver
responsiveness and provided clear indications of the detected issues. The results demonstrate

the importance of well-designed alert systems in enhancing driver safety.

4.7 Impact on Enhancing Driver Safety

The SDSS's comprehensive monitoring and real-time alerting capabilities contribute
significantly to enhancing driver safety. The system’s ability to detect alcohol levels, smoke,
drowsiness signs, and engine temperature ensures proactive hazard prevention. By alerting
the driver promptly, the SDSS reduces the risk of accidents and potential injuries, making it

a valuable tool for promoting safe driving practices.

4.8 Discussion of Limitations

While the SDSS demonstrated promising results, it also has certain limitations. For instance,
the accuracy of some sensors may be affected by external factors, leading to occasional false
positives or false negatives. Additionally, sensor calibration and environmental conditions
can influence the system's performance. Recognizing these limitations is crucial for

continuous improvement and refinement of the SDSS.

4.9 Future Improvements

To further enhance the SDSS's capabilities, future improvements may focus on refining
sensor calibration, implementing machine learning algorithms for more accurate drowsiness
detection, and incorporating additional safety features. Integration with advanced driver
assistance systems (ADAS) and cloud-based data analysis can also be explored for a more

comprehensive driver safety solution.
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4.10 Summary

The results and discussions presented in this chapter underscore the significant impact of the
Node MCU-based Smart Driver Safety System in enhancing driver safety. The system's
effective monitoring, detection, and alert mechanisms play a crucial role in promoting
responsible driving practices and mitigating potential safety risks. Despite the limitations,
the SDSS represents a valuable step towards creating safer driving environments and
reducing road accidents. The subsequent chapter will offer a conclusive summary and present
the final remarks on the SDSS's contributions to driver safety
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CHAPTER 5
CONCLUSION AND FUTURE WORK

CHAPTER S

5.1 Conclusion

The Node MCU-based Smart Driver Safety System (SDSS) has been successfully
designed, developed, and implemented to enhance driver safety by proactively monitoring
various safety parameters like drowsiness, temperature, smoke, and alcohol detection.
Through rigorous testing and validation, the SDSS demonstrated its effectiveness in
detecting alcohol levels, smoke, drowsiness signs, and engine temperature, while providing
timely and accurate alerts to the driver. The system's comprehensive monitoring and alert
mechanisms significantly contribute to reducing the risk of accidents and promoting

responsible driving practices.

The SDSS will provide valuable contributions to driver safety by addressing key safety
concerns faced by drivers. By detecting alcohol levels, the SDSS promotes responsible
driving habits and discourages driving under the influence, thereby preventing alcohol-
related accidents. The system could detect smoke which able to enhance vehicle safety by
detecting potential fire hazards early on. Monitoring the driver's eyes for signs of
drowsiness and providing timely alerts help prevent accidents caused by drowsy driving.
Moreover, real-time monitoring of engine temperature ensures proactive measures are

taken to prevent engine overheating and breakdowns, enhancing overall vehicle safety.

While the SDSS has shown promising results, it also has certain limitations that need to be
addressed. Sensor accuracy and calibration issues may lead to occasional false positives or
false negatives. Additionally, the system's performance can be influenced by
environmental conditions. Future improvements could involve refining sensor calibration,
incorporating machine learning algorithms for more accurate drowsiness detection, and
exploring integration with advanced driver assistance systems (ADAS). Cloud-based data

analysis can also be considered to enhance the system's capabilities further.
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5.2 Future Work

Future work on the SDSS will focus on continuous improvement and refinement of its
functionalities. Addressing the system'’s limitations and incorporating advanced algorithms
for improved accuracy will be a priority. Additionally, exploring the integration of the
SDSS with ADAS and cloud-based analysis can further enhance its capabilities. Long-term
studies to assess the system's real-world impact on reducing accidents and promoting safer

driving practices will also be valuable.

As technology continues to evolve, the SDSS has the potential to play a vital role in
reducing road accidents and creating safer driving environments. Its adaptability and
scalability make it a valuable tool for fostering safer driving practices in various contexts.
Further research and development in this area can lead to even more advanced and
sophisticated driver safety systems with the potential to revolutionize road safety on a

global scale.
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CHAPTER 6
SUSTAINABLE DEVELOPMENT GOAL

CHAPTER 6

6.1 Introduction

The United Nations' Sustainable Development Goals (SDGs) provide a comprehensive
framework to address global challenges and create a more sustainable and equitable world
by 2030. This chapter explores the relevance of the SDGs to the Node MCU-based Smart
Driver Safety System (SDSS) and discusses how the system aligns with specific SDGs,
contributing to the broader vision of sustainable development.
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Fig 5.1 Sustainable Development Goals Courtesy Caritas

6.2 SDG 3: Good Health and Well-being

SDG 3 aims to ensure healthy lives and promote well-being for all at all ages. The SDSS
directly supports this goal by enhancing driver safety and reducing road accidents. With its
capabilities to detect alcohol levels, smoke, and driver drowsiness, the SDSS helps prevent

accidents, injuries, and fatalities on the roads, thus improving public health and well-being.
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SDG 3 aims to ensure healthy lives and promote well-being for all at all ages. The SDSS directly supports this goal by enhancing driver safety and reducing road accidents. With its capabilities to detect alcohol levels, smoke, and driver drowsiness, the SDSS helps prevent accidents, injuries, and fatalities on the roads, thus improving public health and well-being.

6.3 SDG 9: Industry, Innovation, and Infrastructure

SDG 9 focuses on building resilient infrastructure, promoting sustainable industrialization,
and fostering innovation. The SDSS embodies this goal through its innovative use of Node
MCU-based technology to create a smart driver safety solution. Additionally, by
contributing to safer road infrastructure, the SDSS aligns with the vision of SDG 9 in

promoting sustainable development.

6.4 SDG 11: Sustainable Cities and Communities

SDG 11 seeks to make cities and human settlements inclusive, safe, resilient, and
sustainable. The SDSS plays a significant role in this regard by enhancing driver safety in
urban areas. As more cities face challenges related to road accidents and congestion, the
SDSS offers a sustainable solution to create safer and smarter urban mobility systems.

6.5 SDG 13: Climate Action

SDG 13 calls for urgent action to combat climate change and its impacts. The SDSS
contributes to climate action by promoting responsible driving practices, leading to reduced
fuel consumption and greenhouse gas emissions. By preventing accidents, the SDSS also

helps avoid environmental damage caused by vehicle collisions.

6.6 SDG 16: Peace, Justice, and Strong Institutions

SDG 16 aims to promote peaceful and inclusive societies, providing access to justice for
all. The SDSS indirectly supports this goal by reducing the likelihood of road accidents
and promoting safer roads. Safe and well-maintained roads foster a sense of security, trust,

and accountability in institutions responsible for road safety.

6.7 SDG 17: Partnerships for the Goals
SDG 17 emphasizes the importance of global partnerships in achieving the SDGs. The

implementation and promotion of the SDSS require collaboration among governments,
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private sectors, and civil society. By fostering partnerships and knowledge-sharing, the
SDSS contributes to the collective effort in achieving sustainable development.

6.8 Inclusivity and Equity

The SDSS also aligns with the principles of inclusivity and equity, ensuring that all drivers,
regardless of their background or location, benefit from enhanced safety on the roads. By
providing real-time alerts and improving road safety, the SDSS helps reduce the

vulnerability of marginalized communities to road accidents.

6.9 Future Potential for SDG Integration

As the SDSS evolves and integrates with advanced driver assistance systems (ADAS) and
cloud-based data analysis, its potential to address more SDGs will increase. For instance,
ADAS integration can lead to further reductions in accidents and injuries, directly
supporting SDGs 3 and 11. Cloud-based analysis can enable data-driven policymaking and

infrastructure improvements, contributing to SDGs 9 and 11.

6.10 Conclusion

The Node MCU-based Smart Driver Safety System aligns with various Sustainable
Development Goals, promoting good health and well-being, sustainable cities, climate
action, peace, justice, and strong institutions. By fostering partnerships and inclusivity, the
SDSS exemplifies the power of technology in contributing to a safer, more sustainable, and
equitable world. As advancements continue, the SDSS has the potential to make even
greater strides in achieving sustainable development objectives and creating a safer driving

environment for all.
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