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Abstract - This project introduces an loT-
driven solution to address inefficiencies in coal
transportation,  focusing on  real-time
monitoring, safety, and optimized load
management. Conventional coal transportation
often faces challenges such as underloading,
overloading, inefficient routing, and minimal
transparency in load status. These issues not
only lead to increased operational costs but also
raise safety concerns and environmental
impacts due to inefficient resource
management and fuel consumption. To tackle
these issues, our proposed solution
incorporates load cell sensors, the ESP8266
microcontroller, and GPS tracking, all
integrated with a user-friendly mobile
application for centralized monitoring. The
load cell sensors, connected to an ESP8266
microcontroller, measure and track coal load
weight in real-time. The sensors continuously
assess the load during transport to detect
underloading or overloading conditions, which
could compromise safety or lead to suboptimal
resource utilization. These weight metrics are
transmitted wirelessly by the ESP8266 to a
cloud-based server, enabling the system to
aggregate data and send alerts directly to the
mobile application, accessible to vendors,
drivers, and administrators. The mobile app
allows users to monitor the load status live,
view historical load data, and receive alerts for
any deviations from optimal loading
conditions. Alongside load management, GPS
tracking is implemented to provide real-time
vehicle location data and route optimization.
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By integrating GPS with a dynamic routing
algorithm, the system can adjust routes based
on factors like traffic conditions or weather,
thereby improving both fuel efficiency and
delivery times. Users can view vehicle
positions on a map interface within the app,
track estimated arrival times, and receive
notifications for any delays or deviations from
planned routes. This level of real-time visibility
helps stakeholders make informed decisions,
improving accountability and safety in the
transport process. This integrated platform’s
user-friendly design allows all stakeholders—
vendors, drivers, and administrators—to access
critical information on load, location, and route
status in one place. The centralization of this
data promotes transparency and enables more
efficient resource management, contributing to
both operational cost savings and reduced
environmental impact. Ultimately, this solution
delivers a significant step forward in
modernizing coal transportation, making it
safer, more efficient, and more sustainable.
Keywords— coal transportation, load cell
sensors, ESP8266 microcontroller, GPS
tracking, 10T, real-time monitoring, mobile
application,  safety, efficiency, route
optimization

INTRODUCTION

This project presents an loT-based approach for
improving efficiency, safety, and transparency
in coal transportation. Traditional coal transport
methods face challenges such as inefficient
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liRidédldealtime tracking, all of which contribute
to increased operational costs and reduced
safety. To address these issues, the project
integrates load cell sensors, GPS tracking, and
realtime monitoring through a mobile
application, aiming to enhance overall
management and monitoring processes. The
system utilizes load cell sensors connected to an
ESP8266 microcontroller, designed to measure
and monitor coal load weights during
transportation. This configuration allows for the
continuous detection of underloading or
overloading scenarios, which are then
communicated via wireless transmission to a
cloud-based server. This data, accessible
through a mobile application, enables vendors,
drivers, and administrators to monitor loading
conditions and identify irregularities in real-
time, enhancing resource management and
operational safety. Additionally, the GPS
tracking functionality provides real-time route
monitoring and allows for dynamic adjustments
to account for unexpected changes, such as
traffic or weather conditions, optimizing
delivery times and fuel efficiency. The user-
friendly mobile application centralizes these key
functions, allowing stakeholders to access live
load data, view historical records, and receive
real-time alerts for any irregularities. By
integrating 10T technologies, the project
addresses  critical inefficiencies in coal
transportation, providing a cost-effective and
scalable  solution that optimizes load
management and route planning while reducing
environmental impact and enhancing safety
promise in both educational and practical
settings, such as communication apps and
assistive technology. With ongoing
improvements in model performance and real-
time processing capabilities, the system holds
great potential for broader applications,
including real-time translation and sign
language education.

1.1 Background of the Work

Coal transportation is a complex industry with
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safety, and resource utilization. Trad )}’
load management and route optimization have
relied heavily on manual oversight, often
resulting in imbalanced load distribution,
inefficient routing, excessive fuel consumption,
and heightened safety risks. The inconsistency
of manually managed processes makes it
difficult to maintain optimal load levels, avoid
overloading or underloading, and ensure timely,
fuel-efficient deliveries. Additionally, limited
visibility into real-time data, such as current load
status or vehicle location, poses a significant risk
for coal transportation companies, especially
when it comes to ensuring compliance with
regulations and meeting operational targets.
Recent advancements in the Internet of Things
(1oT) provide transformative opportunities to
address these challenges, allowing companies to
automate data collection and monitoring, thus
reducing the dependency on manual
interventions. By integrating loT-enabled
devices—such as load cells, GPS trackers, and
sensors—with cloud-based data management,
companies can obtain real-time insights into
load weights, detect any deviations, and monitor
transportation conditions continuously. These
insights enable proactive decision-making to
optimize route planning, manage loads
accurately, and ultimately increase safety by
reducing the risk of accidents caused by
overloaded vehicles. The goal of this project is
to design an loT-driven coal transportation
monitoring system that combines load
monitoring, GPS-based route optimization, and
a userfriendly mobile interface. By providing
stakeholders with real-time data on load status
and vehicle location, the system enhances
visibility, promotes operational efficiency, and
contributes to safer, more sustainable coal
transportation practices, transforming
traditional methodologies into modern, data-
driven processes.

1.2 Motivation and Scope of the Proposed
Work

This project focuses on designing and
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aHifing system that integrates load
measurement, route tracking, and real-time
reporting to optimize efficiency, safety, and
visibility in coal logistics. A central feature is
the load monitoring mechanism, where load
cells are integrated with the ESP8266
microcontroller to measure coal load levels
accurately and continuously. By capturing real-
time load data, the system can detect deviations
from optimal levels, such as underloading or
overloading, and immediately transmit this
information to a cloud-based platform,
ensuring quick response to irregularities that
could impact transportation costs, safety, or
regulatory compliance. GPS tracking further
enhances the system by providing continuous
route monitoring and enabling adaptive path
planning. This feature allows real-time
adjustments to routes based on traffic, weather,

2. METHODOLOGY
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delays, optimizing fuel usage, and A- /n’g
the safety of transport operations. A custom-
built mobile application serves as the
centralized interface, allowing vendors,
drivers, and administrators to access all
relevant information in real time. Through the
app, users can view live data, historical records,
load alerts, and route deviations, making it a
comprehensive tool for effective transportation
management. Adaptable to various
environmental conditions and cost-effective
due to its reliance on widely available hardware
and open-source software, this loT-driven
system is well-suited for large-scale
deployment within the coal industry. By
enabling a more connected, data-informed
approach to coal transportation, the system sets
a new standard for operational efficiency,
safety, and sustainability in this critical sector.

User Authentication and Real-Time Data

2.11. Load Monitoring Module: The primary

solution involves the development of a Load
Monitoring Module that utilizes load cells
integrated with the ESP8266 microcontroller.
This module will provide real-time weight
measurements of coal during transportation.
The load cells will accurately detect the
weight of the coal load, which will then be
transmitted to a cloud server via Wi-Fi. A
dedicated mobile application will be
developed to display real-time weight status,
enabling users to monitor the load effectively.
This approach ensures optimal load
management, reducing the risks associated
with underloading and overloading during
transit. 2. GPS Tracking and Coal Quality
Analysis: To enhance operational efficiency,
GPS modules will be integrated into the
system for real-time vehicle tracking. This
will allow for route optimization, ensuring
that coal transport is conducted via the most
efficient paths, thus saving time and fuel
costs. Furthermore, the system will
incorporate sensors that analyze coal quality
data, detecting impurities or moisture levels.
This data will be processed using advanced
algorithms to provide insights into the quality
of the coal being transported, facilitating
better decision-making for vendors regarding
their product quality and marketability. 3
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Alerts: To secure the system and protect
sensitive data, a user authentication
mechanism will be implemented using JWT
(JSON Web Token) for session management.
This will ensure that only authorized
personnel can access the monitoring data.
Additionally, users will receive real-time
notifications regarding critical events such as
underloading, overloading, or deviations in
coal quality. Firebase will be utilized for data
storage, allowing users to track historical
records and trends over time. This capability
enhances user awareness and enables timely
interventions when anomalies are detected,
promoting a more efficient coal transportation
process.

2.2 User Interface

The core of the system is the Load Monitoring
Module, which incorporates load cells and the
ESP8266 microcontroller to provide real-time
weight measurements of coal. Key components
include:  Real-Time Monitoring: Load cells
accurately detect the weight of coal loads, with
data transmitted to a cloud server via Wi-Fi.
eMobile Application Development: A dedicated
mobile app will be created to display real-time
weight status, allowing users to monitor loads
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effectively. This capability will ensure optimal
load management and mitigate risks associated
with underloading and overloading during transit.
GPS Tracking and Coal Quality Analysis To
enhance operational efficiency, GPS modules will
be integrated for real-time vehicle tracking. This
will enable:

e Route Optimization: Ensuring coal transport
follows the most efficient paths, thus saving time
and reducing fuel costs.

e Coal Quality Monitoring: Integrating sensors to
analyze coal quality data, detecting impurities or
moisture levels, and providing insights for better
decision-making regarding product quality. 5.
Real-Time Data Alerts Users will receive alerts
for critical events, such as underloading,
overloading, or deviations in coal quality.
Firebase will be used for data storage, allowing
users to track historical records and trends over
time. 6. Output and Alert Mechanism The system
will include an alert mechanism to notify users of
significant events in real time. A user-friendly
mobile application will display essential
information, ensuring users are informed about
load status, quality deviations, and vehicle
location. This enhanced awareness enables timely
interventions and promotes a more efficient coal
transportation process. By following this
structured approach, the Coal Tracking System
aims to improve efficiency, safety, and decision-
making throughout the coal transportation
process.

© 2024, IRJEAT Volume: 06 Issue: 12 |Dec-2024

International Research Journal of Education and TechnologyPeer
Reviewed Journal

ISSN 2581-7795

| 3

l;\,"

r’. =, Hr‘j
raday il
e

3. CONCLUSIONS

This study presents an 10T and Deep Learning-
based solution for real-time EV battery
management, addressing the limitations of
traditional BMS by enabling proactive
monitoring and anomaly detection. Key results
demonstrate the system’s accuracy in data
acquisition, reliability in anomaly detection, and
usability in providing real-time alerts. This
approach not only improves battery safety and
lifespan but also contributes to sustainable energy
practices by reducing maintenance costs and
electronic waste.

Suggestions for Future Work

1. Expanding to Different Sign Languages:
Incorporating recognition capabilities for
other national and regional sign languages
would broaden the scope and impact.

2. Implementing Two-Way
Communication: Enhancing the system
to support bidirectional communication
between ISL users and non-ISL users
would foster real-time conversations,
making interactions more dynamic and
natural.

3. Increasing Vocabulary: Expanding the
system's vocabulary by training it to
recognize a broader range of ISL gestures,
including more complex and nuanced
signs, will increase its utility and
adaptability across various contexts.
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