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Abstract

Mobile phone usage while driving remains a common issue, despite ongoing awareness
efforts and legal measures. This behavior poses significant safety risks on the road, prompting
extensive research into effective strategies for addressing this concern.

This project aims to find an innovative solution to the problem of vehicle accidents resulting from
drivers using their phones while driving. The proposed solution aims to create an electronic system
that is connected to any eyewear, transforming it into smart glasses. The goal is to reduce accidents
by enhancing situational awareness and providing real-time information to users. The smart glasses
will be connected to the phone via Bluetooth, receiving notifications displaying time, date, caller
ID, and SMS messages. It also enables the driver to respond to messages by converting their voice
into written text and sending it.

Keywords: Smart glasses, Distracted driving, Mobile application, Caller ID, SMS messages.
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Chapter One: Introduction

1.1 Preface

This chapter provides a comprehensive overview of the project, including its aims,
objectives, problem statement, significance, requirements, system components, limitations,
expected output, project schedule, and report outline. The chapter emphasizes the critical need for
addressing the issue of mobile phone usage while driving to enhance road safety. It introduces the
proposed solution of utilizing smart glasses to display essential information without the need for
drivers to handle their phones, thereby reducing distractions and minimizing the risk of accidents.
Additionally, the chapter outlines the functional and non-functional requirements of the smart
glasses system, details its hardware components, and highlights the project's schedule and report
structure.

1.2 Project Aims and Objectives

This project aims to reduce traffic accidents resulted from using mobile phone while
driving by the development of a device designed to be mounted on the driver's eyewear you can
see this in the Figure 1.1. This device is connected to the phone via Bluetooth, displaying time,
date, SMS messages, and call information on the screen. The information is then reflected onto a
reflector in front of the eyewear lens, enabling the driver to receive notifications without resorting
to phone usage during driving. Furthermore, drivers can respond to calls by converting their
spoken words into written text.

Figure 1.1: Smart Glasses
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1.3 Problem Statement

This section provides an in-depth exploration of the problem at hand, encompassing its
definition, significance, and the driving motivation behind its resolution.

1.3.1 Problem Definition

In order to increase safety for drivers and vehicle passengers, drivers should not use mobile
phones while driving their vehicles.
Drivers use mobile phones several times while driving their vehicles for several reasons, and it
may lead to accidents.

According to the study published in the 'New England Journal of Medicine' on Thursday, drivers'
attention is diverted from the road for up to 10% of the time they spend behind the wheel. The
majority of this distraction is attributed to mobile phone usage, leading to a significant increase in
accident rates. [1]

According to a security source who spoke to Al-Ghad newspaper in Amman, more than 60% of
traffic accidents are caused by distraction due to using mobile phones while driving. Some of these
accidents are devastating and result in deaths or serious injuries.[2]

It can be noted that in many countries, strict penalties for using mobile phones while driving are
implemented. While these measures have reduced accidents, they have not completely solved the
problem.

To address this issue, we suggest drivers use smart glasses. These glasses will show them the
time, caller ID, and text messages, so they won't need to hold their phones while driving. This
way, we aim to make driving safer and reduce accidents resulted from using mobile phone while
driving on the road.

1.3.2 Problem Significance and Motivation

The project aims to address the profound impact of mobile phone use on road safety. It is
essential to recognize that the risks posed by using a mobile phone while driving can be
compared to driving under the influence of alcohol or drugs.

The alarming fact is that this behavior significantly increases the likelihood of accidents resulted
from using mobile phone while driving, endangering the lives of drivers, pedestrians, and other
road users.



This project aims to design a practical and easy-to-use solution to reduce the alarming rate of road
accidents resulted from using mobile phone while driving. As shown in Figure 1.2 below. By
utilizing advanced smart technology, we seek to empower drivers to make safer choices while
driving and mitigate the risks associated with mobile phone distractions. Through this project, we
aspire to promote a safer and more responsible driving culture, ultimately saving lives and
protecting communities from the severe impacts of road accidents resulted from using mobile

phone while driving.

Figure 1.2: A Driver Uses Mobile Phone While Driving [3]

1.4 Project Requirements
The system requirements are summarized as:

1.4.1 Functional Requirements

Smart glasses play a crucial role in ensuring that they can effectively reduce accidents
resulted from using mobile phone while driving.
The following is a list of functional requirements:

It can be paired to any android smart phone via Bluetooth connection.

It is able to receive notification messages from smart phones.

Displays messages from mobile phone using small display unit attached to the glasses.
Shows incoming calls information.

Shows Date and Time with display.

It can answer calls without using the mobile phone, reply to incoming calls by voice, and
convert the voice into a written SMS message

ok wdE



1.4.2 Non-Functional Requirements:

In addition to the critical functional requirements that empower smart glasses to enhance
safety on the road, there are equally important non-functional requirements that contribute to their
overall effectiveness:

e Usability: The glasses are small in size and lightweight.

e Portability: The electronic part can be taken off or added to both regular eyeglasses and
sunglasses.

e Maintainability: Due to its few components and simple assembly, it is easy to maintain.

e Security: The glasses maintain privacy and the data transferred from the phone to the
glasses via Bluetooth is not breached.

1.5 System Components
This section shows the hardware used in creating the smart glasses.

1.5.1 Hardware Components:
1. OLED Display.

Controller.

Microphone.

Mirror Glass.

Focal Lens.

Reflector.

Battery.

No abkowd

1.6 Project Limitations/Constraints

One of the necessary requirements is the availability of a suitable operating system to connect
the glasses to.

One of the constraints is that you must use the glasses while driving because the device is
attached to the glasses.

1.7 Project Expected Output

In this project, we aim to develop smart glasses capable of receiving and displaying essential
information such as the time, date, incoming SMS messages, and calls from the paired smartphone.
These smart glasses will project this information onto a reflector positioned in front of the wearer's
eyes, enabling drivers to access it without the need to physically handle their phones. Moreover,
users will have the ability to respond to incoming calls using voice commands. The smart glasses
will convert the spoken response into a SMS message and send it back to the sender, facilitating
seamless communication while maintaining focus on the road.



1.8 Project Schedule

A project timeline is a representation of the tasks accomplished over weeks. It involves the
identification and organization of various tasks and activities over time, highlighting the tasks
completed during each specific week or designated time period. table 1.1 show the project
schedule.

Time (each cell represents 2 weeks)

First Semester Second Semester

Project
requirement

Analysing and
design

Project
development

Project test
and
maintenance

S IIIIIIIIIIIII

Table 1.1: Project Schedule

1.9 Report Outline

The rest of the report is organized as follows: chapter 2 presents a theoretical background
of the project. chapter 3 introduces the system design, chapter 4 explains implementation of the
system, In chapter 5 testing and result and chapter 6 for conclusion and future work.
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Chapter Two: Background
2.1 Preface

This chapter provides a theoretical background and literature review for the project and
provides information on the methodology and machine learning models that will be used to help
in reducing the accident. Overall, it aims to provide the necessary background information to
understand the system and its functioning.

2.2 Theoretical Background

This section explores the fundamental technologies and concepts of Bluetooth technology
and voice recognition, used in the design and implementation of smart glasses include various
elements.

2.2.1 Bluetooth Technology

Bluetooth technology is a wireless communication standard used for exchanging data
between devices over short distances using short-range radio frequencies, ranging from 2.4 to
2.485 GHz. Bluetooth was developed to provide a low-power, cost-effective means of creating
secure wireless connections between devices such as smartphones, tablets, computers, printers,
headphones, and more. The technology relies on creating Personal Area Networks (PANSs) known
as "piconets,” allowing multiple devices to connect to each other simultaneously. Bluetooth
includes various versions, such as Bluetooth Classic and Bluetooth Low Energy (BLE), each
designed for specific purposes, making Bluetooth a versatile technology adaptable to a wide range
of everyday and industrial applications. [4]

2.2.2 Machine learning

Machine Learning is a branch of Artificial Intelligence (Al) that focuses on developing
algorithms and models enabling computers to learn from data and improve their performance over
time without the need for explicit programming for each task. Machine Learning relies on
techniques such as neural networks, random forests, and deep learning, and it is applied in a wide
range of fields such as speech and image recognition, text prediction, big data analysis, and
recommendation systems. Machine Learning is considered one of the key tools driving the current
digital revolution, as it helps automate processes, improve decision accuracy, and deliver
personalized user experiences in various applications. [5]



2.2.3 Voice Recognition

The technology of converting speech to text in smart glasses is an exciting field with numerous
promising applications. It allows users to speak and transform their words into written text,
enabling them to send messages without using their hands. The technology employs a variety of
techniques, including:

1. Speech Recognition: This type of technology recognizes spoken words and translates them
into written text.

2. Audio Analysis: This technology divides the audio into smaller parts and searches for
patterns that correspond to words.

3. Machine Learning: This type of technology uses artificial intelligence to learn patterns in
the sound and enhance the accuracy of the conversion. [6]

2.2.4 Mel Frequency Cepstral Coefficient (MFCC).

The first step in any automatic speech recognition system is to extract features i.e. identify
the components of the audio signal that are good for identifying the linguistic content and
discarding all the other stuff which carries information like background noise, emotion etc.

The main point to understand about speech is that the sounds generated by a human are filtered by
the shape of the vocal tract including tongue, teeth etc. This shape determines what sound comes
out. If we can determine the shape accurately, this should give us an accurate representation of the
phoneme being produced. The shape of the vocal tract manifests itself in the envelope of the short
time power spectrum, and the job of MFCCs is to accurately represent this envelope. [7]

2.3 Literature Review

Smart glasses are designed to seamlessly integrate technology into daily life. They provide a
unique experience for displaying information such as messages and calls without the need for a
smartphone. In this section, we will discuss some projects similar to the idea of our project.



2.3.1 Focals by North Smart Glasses 2020

Involves smart glasses that provide a fun and convenient way to access your digital life.
They offer a direct display of notifications and access to calendar, tasks, and presentation controls
directly from your smartphone. Notifications are displayed discreetly, visible only to the user.
However, despite their multiple functionalities, these glasses have some drawbacks. They can be
heavy and uncomfortable to wear for long periods, and their high prices may raise concerns among
potential buyers.[8]

2.3.2 Razer Anzu Smart Glasses

Involves smart glasses It offers an attractive design that combines exciting audio and
theoretical functions, making it an important choice for those who want to experiment. The
device features a good microphone that provides excellent performance for recording voice and
calls clearly. However, it suffers from poor sound quality, especially on low voices, which may
negatively affect the listening experience. The lack of sound isolation means that noise may get
in the way of fully concentrating on the music content.[9]

2.3.3 Meta Smart Glasses

Smart Glasses offers a sophisticated user experience that combines elegance with the
technology. They provide advanced features such as improved photo and video quality and
excellent performance in voice calls, enhancing communication and overall viewing experience.
However, there are still some shortcomings, such as the lack of advanced Al functions and issues
with the speed of certain features like the voice assistant.[10]
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Meta Smart

Focals by North Razer Anzu Smart
Smart Glasses 2020 Glasses Glasses
Electronic parts Electronic parts Electronic parts  An electronic
inside the glasses inside the glasses inside the component is
frame. frame. glasses frame. installed on the
glasses frame.

Our project.

Used as regular Used as regular Used as regular  Use with any
\Viaelellel s smart glasses only.  smart glasses and  smart glasses type of glasses.
sunglasses only.  and sunglasses
only.

hnllemiel | Via Bluetooth Via Bluetooth not connect to Via Bluetooth
to phone the phone

Table 2.1: Literature Review.

2.4 Summary

This chapter discussed the theoretical background that underpins the development of smart glasses
additionally; the chapter explores various theories and literature relevant to the development of the
smart glasses, such as Bluetooth technology, Machine learning, voice recognition and Mel
Frequency Cepstral Coefficient. By providing a comprehensive overview of the theoretical
background, this chapter lays the foundation for the practical implementation of smart glasses in
the subsequent chapters.
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Chapter Three: System Design

3.1 Preface

This chapter will cover the overall design of the glasses and the integration of its
components, showing the block diagram and schematic diagram, as well as details about the
algorithms used.

The chart shows the feedback from a survey we gave different groups and drivers. Most people
think the suggested idea would help decrease accidents resulted from using mobile phone while
driving and reduce distractions.

Stronglv Agree
Agree
Disagree

Strongly Disagree

| Don't Know

Figure 3.1: Survey Feedback Chart

Indicates through this study [11], it works towards reducing road distractions by utilizing features
such as Augmented Reality, hands-free operation, and voice commands provided by smart glasses.

3.2 Design Options

In this section, we will discuss some alternatives to smart glasses for monitoring time, date,
and notifications, and we will provide a general overview of the system by including it within the
three levels of input, output, and control unit. As for alternatives to smart glasses, we have two
options:

13



First: Earphones

Many drivers use earphones, such as AirPods, to listen to music or respond to important
calls, unaware that wearing them while driving is extremely dangerous. This increases the risk of
road accidents because earphones block external noises, making it difficult for the driver to hear
surrounding sounds, such as warnings from other cars, pedestrians, or cyclists. Earphones can also
distract the driver due to the high-volume level, leading to a loss of focus on the road.

Second: In-car Display Screen

This screen displays the time, date, incoming call notifications, and messages, but it also
increases the risk of road accidents because the driver is forced to look at it and divert their sight
away from the road while driving. As shown in Figure 3.2 below.

T & 3
Warning

Taking your eyes off the road too long or
often while using this system could cause
a crash resulting jn injury or death to you

or others.

Figure 3.2: Warning Message of In Car Display Screen [12]
We found that smart glasses are the best option. Although not widely adopted yet, they are easy to
use, readily available, eliminate the need to carry a smartphone by hand, prevent distraction, and

reduce the risk of accidents resulted from using mobile phone while driving for drivers.

As for the system: For inputs, we have a microphone to capture the driver's voice and convert it
into written text to be sent to the caller.

As for outputs, we have a display screen to show the time, date, and notifications.

14



Finally, the controller is a 32 ESP, which is the brain of the system. It processes the input to
produce one or more outputs to manage the system. It receives the time, date, and incoming call
notifications and messages from the application via Bluetooth. It processes the information and
sends it to the OLED display for display. It also receives the driver's voice, processes it, converts
it into written text, and sends it out.

Summary Thus, in conclusion of this section, we explained the design scheme in terms of inputs,
outputs, and the control unit. The project aims to eliminate the need to carry a distracting phone
while driving and to know the time, date, incoming call notifications, and messages, thereby
reducing the occurrence of accidents resulted from using mobile phone while driving.

3.3 Hardware Components:
In this section, we provide clarity on the hardware components used in the project and give
our reasoning for selecting them. We also present a detailed comparison with other components.

3.3.1 Display Device
The differences between OLED and LCD displays are highlighted in table 3.1.

Feature OLED Displays LCD Displays
Colours More vibrant colors Colors may be less vibrant
Blacks Deeper blacks Blacks may appear less deep
Thickness & Weight Thinner and lighter Slightly thicker and heavier
Cost ~12$ ~22%
Image

Figure 3.3: 0.95 Inch OLED Display ; ; .
[13] Figure 3.4: LCD Display

[14]

Table 3.1: OLED Display vs LCD Display [15]

We chose OLED screen because they offer excellent image quality with high brightness, good
contrast, and wide viewing angles. OLED is the optimal choice to ensure an exceptional visual
experience.
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3.3.2 Battery
The battery supplies the smart glasses with energy to operate the controller and OLED
display.
This table illustrates the differences between Lipo and Li ion Battery
Feature Lipo Battery Li ion Battery
Impedance <50m Q <100m Q

Temp range, usage -20to60 °C -20to60 °C
weight 10¢ 12¢g

i . Figure 3.6: Li ion Battery
Figure 3.5: Lipo Battery 300mah, 3.7V[117]
300mah, 3.7V[16]

Table 3.2: Lipo Battery vs Li ion Battery

We went with the LiPo battery because it has lower impedance (<50mQ) and is lighter
(10g) compared to the Li-ion battery. This makes it more efficient for our needs.

3.3.3 Focal Lens
A Focal lens is added to this system because it has the capability to transmit and reverse
what is displayed on the screen. As shown in Figure 3.6 below.

H.——4

focal length

Figure 3.7: Focal Lens [18]
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3.3.4 Mirror Glass
Adding a mirror to this system provides a reflection of what appears on the screen as is.

3.3.5 Controller
This table illustrates the differences between ESP32 and Arduino Nano.

Feature ESP32 Arduino Nano

Tensilica Xtensa LX6 Dual-Core Atmega328P
Up to 240 MHz 16 MHz

4 MB to 16 MB 32KB

520 KB to 800 KB 25KB

Built-in Requires external module
Built-in Requires external module
12:16 :

v 1

1 :

sav v

138 158

Applications I0T projects, wearables, robotics Simple Arduino projects,
prototyping

Image

ESP32 was chosen for our project as it supports audio, Bluetooth, and Wi-Fi. With ESP32, there
is no need for external modules.

Figure 3.8: Esp32 Figure 3.9: Arduino Nano
[19] [20]

Table 3.3: ESP32 vs Arduino Nano [21]
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3.3.6 Reflector

Using a reflector in smart glasses is beneficial for a few reasons. It helps display digital
information directly in the wearer's line of sight, seamlessly integrating it with the real world. This
compact design makes the glasses lightweight and comfortable. Reflectors also maintain
transparency, allowing users to see both digital content and their surroundings. They can contribute
to power efficiency and enhance privacy by making the displayed information less visible to
others. Additionally, reflectors improve visibility, making smart glasses more effective in various
lighting conditions, including bright outdoor environments.[22]

Figure 3.10: Reflector [22]

3.3.7 Microphone

The microphone captures the driver's voice, and the system processes this audio input,
converting it into an SMS message. Subsequently, the converted text can be used to compose
responses for calls through the smart glasses.

Feature INMP441 Max9814
Function Microphone amplifier Digital microphone
Output format aYE[ee] Digital
ADC Requires external ADC Integrated ADC
Use case Boosts microphone signal Direct digital audio input
Image

Figure 3.11: INMP441 Microphone Figure 3.12: MAX9814 Microphone
[23] [24]

Table 3.4: INMP441 vs MAX9814
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The INMP441 microphone was chosen due to its advanced features such as digital
integration technology, which facilitates integration with digital processing systems, and its built-
in signal amplification feature, making it the ideal choice for achieving high-quality performance
and ease of use.

In this section, we undertook the task of identifying various options for each designed
component, encompassing both software and hardware aspects. These options were further
elucidated by listing the key features of each option, facilitating a clear distinction between them.
Subsequently, decisions were made for each component, and these choices were meticulously
justified based on the specific needs and objectives of the project. This meticulous approach
ensures that the selected options align seamlessly with the project requirements, thereby
contributing to its overall success.

1. Application For Smart Glasses.
Choosing to develop a mobile application rather than a web application for our project can
be influenced by several factors based on the project's needs and specific goals.

2. Mobile Application Development Tool
There are several options for creating a mobile application, including:

A. Java

Java application development has been on the rise for a long time as this versatile and
powerful language allows developers to build secure, robust, and feature-rich mobile products.
Java is an advanced and highly sought-after technology with significant benefits over other
languages and environments. [25]

B. App Inventor

App Inventor is a user-friendly development platform designed for those with minimal
programming experience, making it an ideal choice for beginners or individuals new to app
development. Developed by MIT, it simplifies the creation of Android applications through a
visual, drag-and-drop interface, eliminating the need for extensive coding. App Inventor allows
users to design and build functional apps by connecting visual blocks that represent different
functionalities. While it may not offer the complexity or flexibility of more advanced
frameworks, its simplicity and accessibility make it a great tool for quickly prototyping and
developing straightforward mobile applications without a steep learning curve.[26]
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Java is chosen for its versatility and efficiency in developing cross-platform mobile
applications, for several reasons:

A

Android Application Development:

Java is the main language used in Android application development. Android
applications are mainly developed using the Android SDK and Java library to develop user
interfaces and application logic. [25]

Libraries and Frameworks:
Java has a wide range of libraries and frameworks that facilitate application
development, such as the Android SDK and Spring Framework. [25]

Clean writing and structure:

Java provides a robust and systematic programming structure, which makes it easier
to write clean and structured code in an organized manner, which means developing robust
and maintainable applications. [25]

Security and Reliability:
Java provides strong security, memory control, and exception management
features, making applications developed in it more stable and secure. [25]

Compatibility and Support:

Due to Java's popularity and widespread use, there are many resources and support
available to developers, including forums, online communities, and official documentation.
[25]
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3.5 General Block Diagram

The general block diagram of the system is illustrated in figure 3.13 and it show the two
subsystems; the smart phone and the smart glasses.

Smart Phone

APP

OLED
=) Display
Glasses

ESP32

A Microphone

Figure 3.13: Block Diagram
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3.5.1 Conceptual System Description

The word spoken by the driver is detected and sent via Bluetooth to the person being
called as a message. The time, date, incoming calls, and SMS messages are sent via Bluetooth to
the ESP32 to be displayed on the reflector in front of the glass lens, as shown in Figure 3.14.

»| Processing audio

Send words as SMS to phone that calling
receives messages and calls ( )
exsn - =]

Sending the time
and date, calls and
SMS message to
the ESP32

Detecting words using CNN

h 4

A

Displaying notifications on the - -
reflector in front of the glasses lens. \ A

Figure 3.14: Conceptual System Description
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This figure 3.15 illustrates the process of data transfer from a mobile application via Bluetooth to
an ESP32, then to an OLED display, and from an INMP441 microphone to the ESP32.

/OLED Display \ / Smart Glasses \

APP

Via
Bluetooth

INMP441

\_ o S A

Figure 3.15: Diagram of The System Design

3.6 Pseudo-code

When the ESP32 and the smartphone are connect via Bluetooth, the time, date, calls, and
SMS are sent.

**Smart Glasses APP**
Initialize Bluetooth connection
Connecting the phone to the ESP32 via Bluetooth
While the program is running do
Send date and time to esp32
If there is a call
Send calling to esp32
If there is a SMS massage
Send SMS to esp32
End while
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The ESP32 receives the time, date, SMS messages, and calls from the smartphone. If the button is
pressed once, it starts recording audio. If the button is pressed again, it sends the converted voice
to text to the phone via Bluetooth to be sent as a text SMS to the caller.

**ESP32**
Initialize Bluetooth connection
Connecting the phone to the ESP32 via Bluetooth
While the program is running do
Receive date and time
If there is a call
Receive calling
If there is a SMS massage
Receive SMS
If the button is pressed
Input voice from user
Process the input and recognize the command
Convert the recognized command to a text
Send the text as SMS to the person last called.
End while
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3.7 Schematic diagram

The schematic diagram of the system is illustrated in Figure 3.12 schematic of the cart
system in this project, outlining the diverse hardware components and their interconnections.

The connections are as follows: GND connects all component grounds together, and VCC provides
3.3V power to the microphone, LiPo battery, and OLED. The SCL pin is connected to pin 21
(SCL) on the ESP32 board, the SDA pin is connected to pin 22 (SDA), the SCK pin is connected
to pin 26 (SCK), the SD pin is connected to pin 33 (SD), and the WS pin is connected to pin 32
(WS). The L/R pin is connected to ground, and the button's pin is connected to pin 15 (GPIO15)
on the ESP32 board.

Circuit Function: This circuit sends the time, date, calls, and SMS to be displayed on an OLED
display. If the driveres want to respond to an incoming call, they can press the button twice to
record their voice, convert it to text, and then send it to the phone to be sent as an SMS

INMP441 Microphone ESP32-PICO-MINI-02-N8R2

I_tg-c,( qn I_IEEEB anD 2
450 cripen E- 42%  Ghop L
R "RE =L ipo Batte
GND =5 133 4" |
1 139 n 1]]2
gl GND |
< o
s, ok
22D onpf
13033 GMDf
14 GND Button
15 CMD Gup B
Biozs  SNOR 1% 200
ehpHLI 171926 gup i
E 1027 3O
2 voc 2 19 LAF] GND B
g 012 SN0Ge
bt = 1013 34
& SsoL 51 1022
= 015 1018 B2
4 22 102 B3
SDA 53] NC
23 10g 51
: s oo
0.95 inch OLED DISPLAY 23 NG =

Figure 3.16: Schematic Diagram
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This chapter shows the available hardware and software options for the system. It covers
the choice of hardware components such as an OLED display, Bluetooth module, ESP32 Arduino
nano, mirror glass, focal lens and Reflector, as well as the adoption of software tools like mobile
application development.
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System Implementation



Chapter Four: System Implementation
4.1 Preface

This Chapter introduces a description of the implementation, implementation issues,
implementation challenges, edge impulse, and description of the method used to validate the
system.

4.2 Description of The Implementation

In this section, we explained software implementation tools and described how the system
works

4.2.1 Software Implementation Tools

We installed the Arduino IDE and the ESP32 driver to upload our programs to the
controller. The C++ code is utilized to program the ESP32 microcontroller for implementing the
application, while Android Studio, using Java, is employed. Additionally, we ensured that we
downloaded the necessary libraries and the latest version of the software.

4.2.2 Description of The Implementation

The first step was purchasing electronic parts and components, in addition to the ESP32
microcontroller, where we tested all the parts in an initial test. The OLED display is connected to
the ESP32 controller to display notifications and information, as shown in Figure 4.1 below.

Figure 4.1: OLED Display With ESP32
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By connecting the INMP441 microphone to the ESP32, the driver's voice can be received and then
sent to the application to respond to the last caller, as shown in Figure 4.2 below.

LELLL o7 : » o
= US CMD SD3 S02 613 BND 512 614 627 626 625 633 632 6IS 63

Figure 4.2: INMP441 Microphone With ESP32

By connecting the ESP32 to a battery, it receives a power source, ensuring continuous and
independent operation, as shown in Figures 4.3 below.

Figure 4.3: Lipo Battery With ESP32
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For the button, upon the first press, it initiates the voice recording and conversion process. Upon
pressing it again, the converted speech is sent to the caller as a message. As shown in the figures
4.4 below.

Figure 4.4: Button With ESP32

The second step involved designing a model of the case using CATIA software with the needed
dimensions that were carefully studied to determine the most suitable measurements. As shown
in the figures 4.5 and 4.6 below.

®  uEenAQALA00EE O 080 %5 O my Jes e maes s v N A,

Figure 4.5: The Design of Case Body Using CATIA v.5 Software
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(3] CATIA VS - [Product]]

) stet  ENOVIAVSVPM File  Edit View Inset  Tools Window  Help

R R Y T I g A e = - T

RRAQd3EEs 0 N

@ uEHenAA s BT 0EE @15 8 % 8 O rmey 32 Ko EBARN '8 ¥ D 2.,

Figure 4.6: The Design of Case Cover Using CATIA v.5 Software

The third step was to print the design using a 3D printer and using PLA filament
to obtain the case, It took 6 hours and 25 minutes to complete the two designs
. As shown in the figures 4.7 and 4.8 below.

CAUTION WIGH TEMPERATURE
DO NOT TOUCH DURING OPERATION

AUTIO", HIGH TEMPERATURE
i ® - n2Fo

- DO NOT TOUCH DURING OPERATION
@ LRGN - §45 Ya32)

Figure 4.7: Print The Design Using a 3D Printer
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Figure 4.8: After Being Printed

The fourth step involves installing the mirror glass, the focal lens, and the reflector at specific
angles that have been studied and tested. This ensures that the mirror reflects the text displayed
on the OLED screen, and the focal lens projects the text clearly onto the reflector in front of the
driver's glasses lens. As shown in Figure 4.9.

Figure 4.9: Mirror Glass, Focal Lens and Reflector Within the Case
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After completing all the connections and printing the design, we use android Studio to create the
application and provide a user interface to connect with the ESP32 via Bluetooth. This is to send
the time, date, and notifications such as messages and calls to be displayed on the OLED display.
Additionally, it receives the recorded message from the driver’s voice through the INMP441
microphone, converts it into written text using the ESP32, and sends it to the last caller or last
sender.

4.2.3 Edge Impulse

In this project, we're working on building a strong system that can recognize specific words
from audio recordings. We're using a dataset called Google Speech Commands, which has lots of
short audio clips with different voices and ways of speaking. Our aim is to make the system more
accurate and reliable by using smart techniques to change the data, extract important features,
and use the best machine learning methods available. Once we've trained our model, we plan to
put it on an Arduino device to make a useful and efficient tool for real-life situations [27]

e Data Collection

We collected the data by downloading the Google Speech Commands dataset, which
contains a collection of audio recordings of specific words. Each recording lasts for one
second and includes various voices and pronunciations. as shown in Figure 4.10 below.[27]

Upload data

For CSV files, configure the CSV Wizard to define how your files should be processed before uploading files.

Upload mode Upload output

© select individual files @ [1483/1568] Uploading _r

Uploading _r
5 Uploading _r
588] Uploadir
Select files [1488/1568] Uploadir
[1489/1580] Uploadir
[1490/1568] Uploading _r

Select a folder @ [14:

Choose Files | No file chosen

Upload into category

Uploading _r
[1497/1568] Uploadir

o [1495/1588] Uploadir
raining [1499/1508] Uploading _noise.14%
[1500/1560] Uploading _noise.1495.wav O

o Automatically split between training and testing @

Done. Files uplosded successful: 1499, Files that failed to upload: (1

Figure 4.10: Uploading Data

e Data Augmentation and Curation
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We mixed in some background noise (to help the model recognize the keyword in a
variety of environments) and curated the data so that we ended up with about 1500 samples
in each of our categories (noise, unknown, keyword 1, keyword 2, and so on). As shown
in Figure 4.11 below. [27]

thon dataset-curation.py -t "five, left" -n 1560 -w 1.8 -g 8.1 -5 1.8 -r 16660 -e PCM_16

rated” "..\datasets\data_spee

ration Tool

Figure 4.11: Data Augmentation and Curation

Model Training with Edge Impulse

We have uploaded all audio recordings to the Edge Impulse platform. This platform
will use a sliding window over each audio sample to produce Mel Frequency Cepstral
Coefficients (MFCCs) for that audio sample. Then, it employs a neural network block
(Keras). This is a Convolutional Neural Network (CNN) used to classify MFCC inputs.
Interestingly, MFCCs resemble images to a great extent, SO we can use a common image
classifier, CNN, to help identify keywords in each sample. Subsequently, Edge Impulse
will compute MFCCs for each training and testing sample. As shown in Figures 4.12 and
4.13 below.[27]

EDGE IMPULSE . Training set . Feature explorer ® .

LN J

Feature generation output R (0

‘:.
Upgrade Plan

m . a3 s e On-device performance @

Figure 4.12: Training the Algorithm on Some Words Such as Five, Left....
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=" EDGE IMPULSE

This lists all test data, You can manage this data through Data a
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Results n@® v
= left s loft .
e 94.66%
A Continue with the wizard
- Metrics for Classifier

Figure 4.13: Test Data

e Deploy to Arduino

The Edge Impulse platform is supposed to automatically install the automatically
generated library that we downloaded. We then included it in Arduino and used it in our
project. As shown in Figure 4.14 below

(& sketch_may27b | Arduino IDE 2.3.2 - - x
N srire Help Tools Sketch Edit File
« Stepper .
Q e ESP32 Dev Module . o Ctrl+N New Sketch
Alt=Ctrt+N  New Cloud Sketch
sketch_may27b.ino ‘ Ticker Cirl-0 Open.
T « Updat
paate ‘< Open Recent
37 “« use N
38 void i2s_install()f « WebServer Sketchbook
39 const i2s_config_t i2s_config = B WE 4 Examples
a0 .mode = i2s_mode_t(I25_MODE_MASTER | I25_MODE_RX), e " CtrlV Close
21 .sample_rate - 44100, ‘ WiFiClieniSecure Save
42 .bits_per_sample = i2s_bits_per_sample_t(16), N WifiProv CtrlaShiftes Save A
43 .channel_format = 125_CHANNEL_FMT_ONLY_LEFT, “« Wire
a4 .communication_format = i2s_comm_format_t(I25_COMM_FORMAT_STAND_I2S), Ctri+dlols Preferences.
s intr_alloc flags = 6, // default 1 - - Examples from Custom Libraries
e dne buf count - 8, “ Adafruit ADSTX15 ! Advanced
a7 .dma_buf_len - bufferlen, « Adafruit BusiO ctrivQ Quit
a3 .use_apll = false « Adafruit GFX Library
49 1l « Adafruit SSD1306
0 . i . < Adafmuit 4,01 ColourEPaper
; b 125_driver_install(I25_PORT, &i2s_config, @, NULL); « ADST10
= « Arduin_MAX17332
54 void i2s_setpin(){ N arduinofFT
5 const i2s_pin_config t pin_config = { « Arduinalson
56 .bck_io_num = 125 SCK, “« ArduinoSound
57 .us_io_num = I25_WS, « Audic L
8 -data_out_num = -1, esp32_camera « espi2 « ESP32AnalogRead
59 .data_in_num = 125_SD
. " esp32 fusion < nano_ble33 sense « Esplora
61 esp32_microphone 4 nano_ble33 sense rev2 1 EspSoftwareSerial
62 12s_set_pin(I25_PORT, &pin_config); esp32_microphone_continuous i nicla sense 1 asMm
63} pl nicla_visicn 1 HardwareSerial RS485
64 “ portents_hT « RTClib
Output  Serial Monitor 3 “« 1p2040 < speach-recognetion inferencing ¥ Q
“« sony. spresense « SSD1306TUR - ol G o
36/48 “« static_buffer «

Time ESP32 Dev Moduleon COM3 0B

Figure 4.14: Deploy Library to Arduino
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After creating a library that converts speech to text through the Edge Impulse website and
incorporating this library into Arduino, we modified some properties in the code obtained from
the library, where we changed the channel format from right to left. As shown in Figures 4.15 and
4.16 below.

Figure 4.15: Results of The Algorithm Using The Left Channel

Figure 4.16: Results of The Algorithm Using The Right Channel

4.3 Application Implementation
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The application was developed using Android Studio, a great tool for implementing mobile
applications on the Android platform.

When the user opens the application, the program directs the user to the splash screen.

After that, the user is taken to the next screen, which displays nearby Bluetooth devices that can
be paired with.

These are images of our mobile application pages.

1. The following figures show the interface where the Bluetooth scanner is activated to
display nearby Bluetooth devices that can be paired with. As shown in Figures 4.17 and

4.18 below
smart glasses smart glasses
Bluetooth Switch Bluetooth Switch >

Unknown device
40:3A:9D:78B:25:68

Unknown device
65:E9:50:0B:C7:FB

Unknown device
67:26:00:6C:68:DB

DESKTOP-K72E113
10:6F:D9:8A:97:EE

DESKTOP-VMFONES
CC:6B:1E:6A:62:1C

Unknown device
S5A:43:5D:8F:13:C1

ESP32_BT_Test
7C:9E:BD:48:0E:66

Unknown device
SC:AC:4C:E5:DE:BO

Figure 4.17: Bluetooth Interface Before Scan. Figure 4.18: Bluetooth Interface After Scan.
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2. The ESP32 was connected after scanning for Bluetooth devices. As shown in Figure 4.19

below

Pair with ESP32_BT_Test?

[:] Allow access to your contacts and

call history

CANCEL PAIR

Figure 4.19: Connect the application to ESP32.

4.4 Implementation Challenges

1.

The Arduino software version is not compatible with ESP32, which caused an error when
uploading the code. Therefore, we downloaded the latest version of the software.

We encountered a problem in connecting the application to ESP32 via Bluetooth, and after
several attempts, we found the solution by changing the Universally Unique. Identifier
(UUID) in the Android Studio application to be compatible with ESP32.

We noticed the inability to display the time and date on the OLED display, and the solution
is to change the language of the device to match the language of the application.

Due to the variety of lenses for farsightedness, we were unable to choose the Focal lens, so
we consulted specialists to find the correct lens that was compatible with our project.

The variety of reflectors made it difficult for us to find the suitable reflector with the
appropriate clarity for our project.
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This chapter explains the software implementation tools and a general description of the
steps of the smart glasses system and how it works in an integrated manner to achieve the
functional requirements mentioned previously.

We explained the steps for implementing a speech to text algorithm using Edge Impulse and how
to integrate it into Arduino.

Then we talked about the mobile application, what its interfaces and contents are, and an
explanation of each of them. We concluded the chapter with the challenges and problems we faced
during the implementation period and how we worked with them to complete them. And the
successful implementation of the smart glasses project.

39



Chapter Five

Testing and Result



Chapter Five: Testing and Result

5.1 Preface

This chapter includes hardware and software testing, analysis, and discussion about the
result and recommendations based on the result.

5.2 Validation and Testing

In this section, we describe our hardware and software systems.

5.2.1 Hardware Testing

We tested an ESP32 with an OLED display and a microphone. We examined the
reflection of the text displayed on the OLED on a mirror and its transmission through a focal
lens, projecting it onto a reflector in front of the driver's glasses.

We conducted a test to display the time and date on the OLED display, As shown in Figure 5.1
below

Figure 5.1: Time and Date on The OLED Display
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We conducted a test to display calls on the OLED display, showing the caller's name if it is saved
in the contacts and the number if it is not saved. As shown in Figure 5.2 below

Figure 5.2: Calls on The OLED Display

We conducted a test to display SMS messages on the OLED display, showing the sender's number
and the message text. As shown in Figure 5.3 below

Figure 5.3: SMS Messages on The OLED Display
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We conducted a test on the INMP441 microphone to ensure it receives sound. As shown in Figure
5.4 below

Figure 5.4: INMP441 Microphone Test

We conducted a test for reflecting the text displayed on the OLED display onto a mirror, passing
it through a focal lens, and projecting it onto a reflector in front of the driver's glasses. As shown
in Figure 5.5 below

Figure 5.5: Text Reflection Process
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We conducted a test on the reflector and how the text appears on it. As shown in Figure 5.6 below

Figure 5.6: The Text on The Reflector

The final appearance of the text on the reflector in front of the driver's glasses. As shown in Figure
5.7 below

Figure 5.7: The Final Appearance of The Text

44



The final shape of all the pieces together is illustrated in Figure 5.8.

Figure 5.8: Final Connection of The System

5.2.2 Software Testing

During the program's testing process, we performed a variety of tests to ensure that all the
program's features were working properly. One of the tests included Bluetooth connectivity and
the sending and receiving of data through it.

Our testing focused on the application's ability to send time and date, SMS message
notifications, and caller ID to the ESP32 for display on the OLED display.

Our test focused on the ESP32's ability, along with the microphone, to record voice, convert it to
text, and then send it as an SMS via Bluetooth to the application. The application then sends it as
an SMS to the connected device
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Table 5.1, Table 5.2, and Table 5.3 show some of the tests that we have carried out.

Bluetooth
connection

Receiving
time and
date

Receiving
SMS
messages and
calls

Receiving
sound

Converting
speech to
text using the
algorithm.

Expected
Output

Bluetooth
connection

Receives time
and date

It receives
messages and
calls.

Sound is
received from
the
microphone
(INMP441).

Receiving
sound from
the INMP441
microphone
and
converting it
to text using
the speech-
recognition
inferencing
algorithm.

Problem while
working

Problem with
UuUID

The time
synchronization
issue

No problem

Sound is not
received when
connected to the
right channel.

It does not
receive sound
from the right
channel, and the
algorithm
operates on the
right channel.

Solution for
problem

Changing
UUID to match
ESP32

Adding a
library in
Arduino for
time
synchronization

Connecting the
L/R input to
3.3V on the
ESP32

Table 5.1: Unit Test
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Obtained
Output

Bluetooth
connection
successful

The time and
date have been
successfully
received.

It successfully
receives
messages and
calls.

Sound is
received from
the
microphone
when
connected to
the left
channel.
Sound is only
received from
the left
channel, so the
speech-to-text
algorithm does
not work
because it
operates on the
right channel.

L
Fail

Pass

Pass

Pass

Pass



Expected Problem while
Output working

Obtained Output

The OLED
ool EVAE s EVAS Displaying No problem Displaying
gladiileciilonsi = notifications notifications clearly
received by the and successfully.
ESP32 via the
Bluetooth.
Testing that the
INMP441 Receiving sound No problem Receiving sound from  Pass
microphone the left channel.
records sound

and sends it to o
the ESP32. Receiving sound from

the right channel.

Table 5.2: System Test

Test Result

Scanning for Bluetooth and detecting the ESP32's name. Pass
Establishing a Bluetooth connection with the ESP32. Pass
Send the word "Hello™ from the application to the ESP32. Pass
Sending the time and date to the ESP32. Pass
Send calls by name or number to the ESP32. Pass
Sending messages to the ESP32. Pass
We sent "Hello" from the ESP32 to the application, and it was successfully sentasa  Pass
message to the connected device.

Table 5.3: Application Test
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5.3 Result and Discussion

At the outset, this project had several objectives aimed at assisting drivers in knowing the
time, date, incoming calls, and SMS, and responding to calls by converting their voice into SMS
message without the need to handle and distract themselves with the phone, thereby reducing some
specific issues, particularly road accidents resulting from phone usage while driving. This was
achieved through a system consisting of various electronic components and a microcontroller,
aiding the driver in receiving notifications and responding to calls by sending them to the system
via a mobile phone application.

These components were programmed to fulfill the requirements of the smart glasses system
that were mentioned previously. Each component was examined separately, and then this system
was built and the necessary tests were conducted to ensure that it works as required and whether
it achieves the required task or not.

It can be said that the project targeting drivers who use their phones while driving has
achieved the desired objectives required by the smart glasses system.

Since this system properly fetches data from the application, the ESP32 microcontroller
controls the smart glasses based on incoming notifications. The system displays the time, date,
SMS, and incoming calls on a display in front of the driver's glasses lens. Thus, the driver can
know the time, date, SMS, and incoming calls in real-time and respond to calls by sending their
voice converted into text as SMS to the connected party.

Figure 5.9: Final view of the system
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In this chapter, the system was tested in three stages. In the first stage, the electronic
components were tested separately, and after ensuring their correctness, we moved on to the second
stage, which involved testing the system operation after connecting the electronic components to
the ESP32 controller according to the pseudo-code in Chapter Three. Finally, in the final stage,
the application was tested to ensure the complete integration of the entire system.
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Chapter Six

Conclusion and Future Work



The chapter introduces a summary of the project, the future directions, and future work.

Smart glasses system focuses on designing and developing a customized and scalable
system. The smart glasses system aims to assist drivers in reducing accidents caused by the use of
smartphones. The smart glasses utilize the latest technologies to send important notifications to
appear in front of the driver's lens while driving.

At the end of the project, we were able to send the time and date, as well as calls and SMS
messages in case there is a call or SMS message, to the smart glasses. We were able to receive the
driver's voice when pressing the button, convert it into an SMS message, and send it to the
connected person. Finally, we were able to build a preliminary model that executes the functions
meeting the project's functional requirements. We found that it worked successfully.

In the future, the system can be improved by adding extra to adding important features to
the system, the following is a description:

e Developing the system to utilize Wi-Fi for sending notifications from social media
platforms.

e Training the algorithm to take words from the Arabic language
« Improving it to make the system smaller and lighter.
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