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ABSTRACT:

In mining operations, tyre failures and poor maintenance result in higher expenses, unplanned downtime, and safety hazards, all of which have a substantial
impact on operational effectiveness. Standard Tyre Pressure Monitoring Systems (TPMS) and physical checks are the mainstays of traditional tyre monitoring
techniques, which frequently fall short in terms of predictive analytics and real-time information. The TyreGuard system is an IloT-driven smart tire monitoring
and management solution designed to overcome this difficulty. It combines wireless sensors, real-time data processing, and machine learning algorithms to
improve the operating efficiency of mining dumpers. TyreGuard continuously monitors tire characteristics, such as temperature, pressure, and Tonne-Kilometer-
Per-Hour (TKPH), using clever sensors to guarantee peak performance and a longer tire life. Fleet managers and operators can remotely monitor tire conditions
thanks to the data being sent to a mobile application through an lloT gateway. By analyzing both previous and current data, predictive maintenance algorithms
can detect possible tire failures before they happen, limiting unplanned breakdowns and lowering maintenance expenses.

Keywords: Tire Tracking lloT-Intelligent Tire Management-Monitoring in Real Time-Predictive Upkeep-Learning Machines-Analytics in the Cloud-
Mining Operations, Fleet Management, and Industrial 10T-System for Monitoring Tyre Pressure (TPMS)-Monitoring Temperature TKPH (Tonne-
Kilometer-Per-Hour)-Sensors that are wireless-Al-based Alerts for Mobile Apps-Visualization of Data-Optimization of Costs-Reduction of Downtime-
Utilization of Resources and Operational Efficiency-Improvement of Safety-Remote loT Gateway Monitoring-Analytics of Big Data and Digital
Transformation-Mining tires, heavy vehicle management

Introduction:

To move materials over difficult terrain, mining operations mostly depend on big, heavy-duty vehicles like haul trucks and dumpers. Because tires are
exposed to high temperatures, heavy loads, and difficult working circumstances, their performance and health have a substantial impact on the
effectiveness and safety of these activities. Unexpected downtime, higher operating expenses, and possible safety risks can result from tire failures,
poor maintenance, and ineffective monitoring systems. Conventional tire care techniques depend on physical examinations and conventional Tyre
Pressure Monitoring Systems (TPMS), which frequently fall short in terms of predictive analytics and real-time information. Increased repair costs,
ineffective fleet management, and early tire failures are the results of this lack of intelligence monitoring. The proposed TPMS utilizes 10T sensors to
continuously monitor tyre pressure and temperature, transmitting data in real-time to a centralized system[1]

TyreGuard is a cutting-edge tire monitoring and management system powered by the Industrial Internet of Things (110T) that was created to address
these issues. This cutting-edge technology combines machine learning algorithms, cloud-based analytics, and real-time wireless sensors to improve tire
longevity and operating efficiency in the mining, construction, logistics, and transportation sectors. TyreGuard continuously monitors temperature, tire
pressure, and tonne-kilometer-per-hour (TKPH) to guarantee peak performance and avoid malfunctions. The technology helps fleet managers make
proactive decisions, optimize maintenance schedules, minimize unplanned breakdowns, and prolong tire lifespan by utilizing predictive maintenance
approaches. Machine learning algorithms analyze the collected data to predict potential tyre failures, enabling proactive maintenance strategies[2].

In order to tackle these issues, TyreGuard is a cutting-edge tire monitoring and management system powered by the Industrial Internet of Things (l10T).
To improve the longevity and operational efficiency of tires in the mining, construction, logistics, and transportation sectors, this cutting-edge solution
combines real-time wireless sensors, cloud-based analytics, and machine learning algorithms. In order to guarantee peak performance and avoid
malfunctions, TyreGuard continuously monitors tire pressure, temperature, and Tonne-Kilometer-Per-Hour (TKPH). An Al-driven predictive
maintenance model was developed to assess tyre health, reducing unexpected downtimes in heavy-duty vehicles[3]. Through the use of predictive
maintenance approaches, the system lets fleet managers make proactive decisions, optimize maintenance schedules, minimize unplanned breakdowns,
and prolong tire life.
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TyreGuard's mobile application, which offers fleet managers and operators an intuitive interface for viewing real-time tire data, performance trends,
and predictive failure alerts, is one of its primary features. To ensure increased safety and cost-effectiveness, the system's Al-powered analytics engine
analyzes both historical and real-time data to spot possible tire-related problems before they become more serious. The system achieved a 92%
accuracy rate in predicting tyre anomalies before they led to critical failures[4].When tire pressure or temperature surpasses safe thresholds, automated
alarms and messages are provided to operators, enabling prompt remedial action. Cloud computing integration guarantees the safe storage of all data,
facilitating remote access and data-driven insights for better fleet decision-making.

Smart tire pressure monitoring sensors, 1loT gateways, cloud-based data analytics, and an engaging mobile application make up TyreGuard's
architecture. A cloud-based platform was implemented to aggregate and analyze tyre condition data from various industrial vehicles[5]. Together, these
elements form a smooth, automated monitoring system that improves fleet safety, operational effectiveness, and financial savings. Microcontrollers like
the Raspberry Pi, ESP32, or Arduino, load sensors, and ruggedized digital tire pressure sensors are among the hardware components. Wireless
communication protocols such as BLE, Zigbee, LoRa, or Wi-Fi enable real-time data transmission from tyres to the central system. High scalability and
performance are ensured by the backend running on Node.js with Express, while the software stack is constructed using React Native or Flutter for the
mobile application.

Security is a vital component of TyreGuard, as fleet data is valuable and requires protection from cyber threats. To guarantee safe data transfer and
access management, the system uses OAuth2 authentication and OpenSSL encryption. This stops unwanted access and guarantees that fleet operators
may depend on the system without worrying about security flaws. Furthermore, data is efficiently stored and processed using cloud services like AWS
loT Core, Azure 10T Hub, or Google Cloud IoT, which offer real-time dashboards via Tableau, Power BI, or Grafana.

With the flexibility to expand and change to meet future demands in resource management and sustainability, it offers a proactive response to one of the
biggest environmental and social concerns of our day.

Literature Survey

Large dump trucks are essential to mining operations, and poor maintenance and tire problems can result in losses. The lack of real-time data
capabilities in traditional monitoring techniques raises the possibility of failures. Although they are often utilized, manual checks and tire pressure
monitoring systems (TPMS) are not predictive. Unplanned downtime caused by tire breakdowns compromises operational effectiveness and safety.
TyreGuard was created in response to the demand for a sophisticated, real-time monitoring system. To maximize tire maintenance, this system
incorporates Industrial Internet of Things (110T) technology.

In order to track tire pressure and notify users of any deviations, TPMS uses sensors. Though they lack predictive analytics, these technologies increase
safety and decrease the need for manual checks. Temperature fluctuations, tire wear, and tonne-kilometer-per-hour (TKPH) measurements are not taken
into account. In the absence of predictive features, TPMS is unable to stop unexpected malfunctions. Real-time monitoring is essential in sectors where
efficiency is critical, like mining. For better performance, a sophisticated solution like TyreGuard is therefore required.

Maintenance staff conduct tactile and visual evaluations as part of manual inspections. Although they are inconsistent and time-consuming, these
checks aid in identifying obvious deterioration. Due to the subjective nature of the process and the possibility of human error, problems may go
undetected. Furthermore, continuous data cannot be obtained from manual inspections, which precludes real-time analysis. Unplanned downtime and
repair expenses are increased when predictive maintenance is lacking. This emphasizes how crucial an automatic solution like TyreGuard is.

To improve tire monitoring, 1loT combines sensors, cloud computing, and real-time analytics. It makes it possible to gather data continuously, which
improves operational efficiency and predictive maintenance. Studies have indicated that IloT-powered systems enhance security by promptly
identifying irregularities. Frequent manual checks are no longer necessary thanks to wireless connection made possible by 1loT. According to studies,
incorporating I10T into mining processes lowers total maintenance expenses. TyreGuard uses this technology to stop failures and give real-time alerts.

For remote monitoring, TyreGuard is an lloT-based system that integrates sensors, gateways, and a mobile app. It continuously gathers TKPH,
temperature, and tire pressure data to evaluate tire conditions. Machine learning models are used to examine data after it has been sent through an 1loT
gateway. Fleet managers can take preventive action with the help of the system's real-time warnings. This lowers maintenance expenses and improves
fleet performance as a whole. TyreGuard adds safety and efficiency to vehicles by guaranteeing proper tyre performance.

Predictive maintenance relies heavily on machine learning, which analyzes both historical and current tire data. Algorithms are able to identify trends
that point to possible malfunctions before they happen. Fleet managers can improve productivity and minimize downtime by using this to optimize
maintenance plans. Better resource use is ensured by predictive analytics, which reduces unplanned tire failures. According to research, monitoring
systems driven by Al improve decision-making skills. Machine learning is used by TyreGuard to enhance tire health and increase vehicle uptime.
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Algorithms:

The TyreGuard algorithm is meant to efficiently monitor, analyze, and predict tyre performance utilizing real-time IloT sensors, machine learning
models, and cloud-based analytics. The algorithm ensures proactive maintenance, enhances operational efficiency, and prevents unexpected tyre
failures by continuously assessing tyre pressure, temperature, and TKPH (Tonne-Kilometer-Per-Hour). Data collection, preprocessing, anomaly
detection, predictive analysis, alert generation, and visualization are all steps in its structured process. The following sections explain the eight key
components of the TyreGuard algorithm.

1. Sensor Data Collection and Preprocessing

The TyreGuard system begins by gathering data in real time from lloT-enabled sensors that are mounted on the tires. These sensors track important
variables like temperature, load distribution, speed, and tire pressure. The analytics system provided fleet managers with actionable insights, leading to
a 15% reduction in tyre-related incidents[6]. The raw data is transmitted wirelessly using BLE, Zigbee, LoRa, or Wi-Fi communication protocols to the
central processing unit or cloud server.

2. Performance Evaluation Using Real-Time TKPH Calculation

The Tonne-Kilometer-Per-Hour (TKPH), a crucial statistic for choosing and evaluating tires, is computed by the algorithm to maximize tire
performance.Wireless sensor networks were deployed to monitor tyre parameters, offering real-time data transmission and analysis[7]. Vehicle speed,
distance traveled, and payload weight are used to calculate TKPH. By continuously updating TKPH measurements, the algorithm enables fleet
managers determine if the tyres are being overloaded or underutilized, allowing them to make data-driven decisions on tyre selection, replacement,
maintenance.

3. Tire Health Tracking and Identifying Anomalies

The system keeps an eye on variations in the tires' temperature and pressure. The system's low-power design ensures continuous operation without
frequent maintenance[8]. If the pressure dips below or climbs beyond the recommended thresholds, or if the temperature exceeds safe operating limits,
the system recognizes these anomalies using statistical and machine learning models.

4. Predictive upkeep Making Use of Machine Learning

The algorithm uses real-time and historical sensor data to train machine learning models that anticipate tire failures before they occur. A predictive
model using machine learning was developed to forecast tyre failures in mining vehicles under harsh conditions[9]. These models assess the tires'
remaining usable life (RUL) by examining trends, wear patterns, and operating conditions. Based on a tire's usage history, road conditions, and
environmental factors, the system uses Random Forest, XGBoost, and Deep Learning algorithms to predict when a tire is likely to fail.

5. Automated Notifications and Alert Generation

The system creates real-time alerts and notifications to notify fleet management and operators when an anomaly or predictive failure is found. The
model successfully identified 87% of potential failures, allowing for timely interventions[10]. To guarantee prompt remedial action, these signals are
distributed by SMS, in-cabin displays, and notifications via mobile apps. Depending on the degree of risk, the alert's priority is classified as low,
medium, or high.

6. Cloud-Based Visualization and Data Storage

The cloud securely stores all tire monitoring data, including history documents, current performance indicators, and predicted insights. Integrating
blockchain technology ensured secure and tamper-proof recording of tyre performance data[11]. By utilizing SQL-based systems like MySQL for
structured data analysis and NoSQL databases like MongoDB for quick access, the technique guarantees effective data storage and retrieval. Fleet
managers can view key tire performance indicators (KPIs) by integrating the system with Grafana, Power BI, or Tableau to build dynamic dashboards.

7. Safe Communication with Security and Data Encryption

Tyre performance data is only accessible by authorized personnel thanks to OpenSSL data encryption, OAuth2 authentication, and JWT (JSON Web
Tokens). To further defend against potential cyberthreats, the system incorporates cybersecurity best practices such firewall protection, intrusion
detection systems (IDS), and multi-factor authentication (MFA). An Al-based approach was introduced to detect anomalies in tyre pressure, improving
safety measures[12]. In order to preserve data integrity and dependability, secure communication routes are created between sensors, cloud servers, and
user interfaces.

8. Algorithm optimization and ongoing learning

The system continuously learns from fresh data inputs, sensor readings, and user feedback to increase accuracy and flexibility. To maintain the high
accuracy and efficacy of predictive analytics, the machine learning models are periodically retrained using real-time tire performance data.
Additionally, the system automatically modifies alarm thresholds according to terrain type, vehicle load fluctuations, and environmental circumstances
using reinforcement learning approaches.
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ProposedSystem:

The TyreGuard system is a state-of-the-art 1l0T-based tire monitoring and management system made to improve the longevity, safety, and effectiveness
of heavy-duty fleet vehicles and mining dumpers. TyreGuard, in contrast to conventional tire pressure monitoring systems, combines cloud-based
analytics, real-time data collection, and Al and machine learning algorithms for predictive maintenance. To maximize vehicle performance, the system
continuously monitors temperature, tire pressure, and TKPH (tonne-kilometer-per-hour). TyreGuard reduces unplanned breakdowns and enhances fleet
management by utilizing wireless sensors, smartphone apps, and automated alert systems. Eight essential parts make up the suggested method, which
guarantees a thorough and proactive approach to tire monitoring.

1.Tire Monitoring System Powered by IloT

TyreGuard's IloT-powered smart tire monitoring system, which uses wireless sensors on car tyres to detect changes in load, temperature, and pressure,
is its main component. These sensors gather data in real time and send it to an 1loT gateway for processing and analysis. The system ensures smooth
and effective data transmission by utilizing BLE, Zigbee, LoRa, and Wi-Fi communication protocols. TyreGuard regularly checks the condition of the
tires and sends out immediate notifications in the event of excessive pressure dips or overheating. This enhances vehicle and operator safety by averting
unplanned blowouts and collisions.

2. TKPH Calculation in Real-Time for Performance Enhancement

TyreGuard evaluates the longevity and usability of tires for mining operations by utilizing automated TKPH (Tonne-Kilometer-Per-Hour) calculations.
The system ensures that tires are used within their recommended performance limitations by calculating TKPH values based on vehicle speed, load
weight, and distance traveled. To avoid excessive tire wear, the technology notifies fleet management if TKPH surpasses safe thresholds. By optimizing
tire selection and maintenance schedules, this function helps save expensive replacements. TyreGuard guarantees increased tire efficiency and long-
term cost savings by regularly updating TKPH values.

3. Predictive Maintenance Driven by Al

TyreGuard's Al-driven predictive maintenance technology, which uses machine learning models to anticipate tire failures before they occur, is one of
its distinctive characteristics. The technology forecasts possible problems like uneven wear, pressure loss, and overheating patterns by examining past
tire performance data. To improve prediction accuracy, the machine learning model makes use of Random Forest, XGBoost, and LSTM networks. This
proactive strategy lowers the chance of breakdowns and assists fleet managers in scheduling necessary maintenance on time. Predictive maintenance
increases vehicle uptime and reduces operational interruptions.

4. Remote Monitoring Mobile App

Fleet managers and operators may receive real-time tire performance data, alarms, and maintenance insights through the TyreGuard mobile application.
Tyre pressure, temperature trends, and predictive statistics are all shown on the app's user-friendly interface. When a tire anomaly occurs, operators are
immediately notified so they can take necessary action. React Native and Flutter were used in the development of the program to ensure cross-platform
interoperability on iOS and Android smartphones. Cloud integration enhances fleet efficiency and decision-making by enabling managers to remotely
monitor several vehicles from a single interface.

5. Cloud-Based Visualization and Data Storage

Easy access and long-term analysis are made possible by the safe cloud storage of all tire-related data. For data processing and management, the system
makes use of Google Cloud 10T, Azure IoT Hub, and AWS loT Core. The platform incorporates visualization technologies such as Tableau, Power Bl,
and Grafana to provide interactive dashboards for in-depth performance analysis. This enables fleet managers to monitor tire health patterns over time
and enhance their maintenance plans.

6. Decision Support and Automated Alerts

TyreGuard has an automated alarm system that instantly alerts fleet managers and operators about tire-related problems. Based on the seriousness of the
identified problem, these warnings are divided into low, medium, and high priority categories. The technology sends out an emergency notice via SMS,
in-cabin sirens, and mobile app notifications if a tire temperature rises above acceptable limits. Recommendations for corrective measures, such
changing tires, arranging inspections, or regulating tire pressure, are given by the decision support system. This reduces the likelihood of expensive
malfunctions by assisting operators in making well-informed decisions fast.

7. Data encryption and cybersecurity

TyreGuard incorporates strong cybersecurity techniques, such as OpenSSL encryption, OAuth2 authentication, and JWT (JSON Web Tokens) for
secure access control, to safeguard sensitive fleet data. Only authorized users are able to monitor tire health thanks to these security elements, which
also stop unwanted data access. Multi-factor authentication (MFA), intrusion detection systems (IDS), and firewall protection all improve cloud
platform security. The system guarantees data integrity, dependability, and defense against online threats by putting in place secure communication
routes. TyreGuard is a reliable and secure solution for industrial applications because of these precautions.

8. Ongoing Education and System Enhancement

TyreGuard uses feedback loops and real-time data analysis to continuously enhance its machine learning models. By modifying tire health thresholds in
response to shifting road surfaces and ambient circumstances, the system employs adaptive learning algorithms to improve forecast accuracy over time.
The program minimizes the frequency of needless tire changes by optimizing maintenance plans through reinforcement learning.
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ResultandDiscussion:

Mining dumpers and industrial fleet vehicles have successfully deployed and tested the TyreGuard system, proving its efficacy in predictive
maintenance and tire monitoring. Accurate performance analysis is ensured by the real-time tracking of tire pressure, temperature, and TKPH made
possible by the integration of lloT-based sensors. Unexpected tire failures have significantly decreased, according to fleet operators, improving
operating effectiveness and lowering costs.

TyreGuard's real-time data transmission capacity has improved fleet management by sending out immediate notifications in the event that tire
irregularities are found. The smooth data flow made possible by wireless communication technologies like BLE, Zigbee, and LoRa has avoided
decision-making delays. By lowering the dangers of tire blowouts and overheating, this feature has helped to increase safety.

The use of Al-powered algorithms for predictive maintenance has revolutionized tire management. The system effectively anticipates tire failures
before they happen by evaluating both previous and current data, enabling operators to plan maintenance in advance. By avoiding needless tire
replacements and minimizing operating disturbances, this strategy has reduced downtime.

Cloud-based analytics and data visualization have helped fleet managers monitor performance patterns and improve repair plans. Complex tire
performance parameters are now simpler to understand because to the usage of tools like Tableau, Power BI, and Grafana. Long-term sustainability and
cost-effectiveness have resulted from this data-driven decision-making process' enhanced resource usage.

The application of Al-powered predictive maintenance algorithms has revolutionized tire management. The system enables operators to plan
maintenance proactively by properly anticipating tire failures before they happen through the analysis of both historical and real-time data. This
strategy has reduced downtime, avoided needless tire replacements, and lessened operating interruptions.

Fleet managers have been able to monitor performance trends and improve maintenance plans thanks to cloud-based data visualization and analytics.
The interpretation of intricate tire performance indicators has been simpler with the advent of tools like Tableau, Power Bl, and Grafana. The better use
of resources as a result of this data-driven decision-making has increased long-term sustainability and cost-effectiveness.
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The TyreGuard system's ability to lower tire-related maintenance expenses is one of its main benefits. Conventional tire management depends on
routine checks and manual inspections, which frequently cause problems with the tires to go undetected for a long time. TyreGuard has removed this
inefficiency by providing automated alarms and ongoing monitoring, guaranteeing that tires are always kept in ideal condition.

In order to secure fleet data and guarantee system dependability, TyreGuard's cybersecurity procedures have been essential. Data integrity has been
maintained by the use of OpenSSL encryption, OAuth2 authentication, and JWT-based access control, which have stopped unwanted access. Because
of these security measures, fleet operators now trust the technology, which makes it a dependable option for industrial applications.

The flexibility of TyreGuard to accommodate various vehicle types and operating conditions is another noteworthy benefit. Whether employed in
construction, mining, or logistics, the system has demonstrated great adaptability in tracking tire health. According to particular fleet requirements,
customized deployment has been made possible by the flexibility of sensor location and cloud connectivity options.

To sum up, the TyreGuard system has effectively implemented a data-driven, proactive approach to tire monitoring. Fleet safety and operational
efficiency have been greatly increased by its capacity to deliver real-time alerts, cloud-based analytics, and predictive maintenance insights. TyreGuard
has emerged as a game-changing solution for industrial tyre management by lowering tyre failures, maintenance expenses, and downtime.

Conclusion

By combining real-time analytics, 10T technology, and Al-driven predictive maintenance, the TyreGuard system has completely transformed fleet
management and tire monitoring. In mining and industrial fleet operations, its constant tracking of tire pressure, temperature, and TKPH has improved
operating efficiency and safety. This method has improved cost-effectiveness, prevented accidents, and drastically decreased unplanned tire failures.

Among TyreGuard's most useful features is its predictive maintenance feature, which uses machine learning algorithms to anticipate possible tire
breakdowns before they happen. The system guarantees proactive maintenance scheduling by evaluating real-time factors and previous data, which
minimizes needless tire replacements and downtime. Fleet performance has increased and resource usage has been optimized as a result of this strategy.

Fleet management has been further simplified by the mobile application connection, which gives managers and operators real-time notifications and
insights into the condition of the tires. React Native and Flutter were used to create this intuitive interface, which enables remote car monitoring. By
enabling operators to take prompt corrective action, the user-friendly interface and push notifications improve road safety and vehicle efficiency.

TyreGuard may be used in a variety of industries, including as mining, logistics, construction, and transportation, thanks to its scalability and flexibility.
It is a flexible tire monitoring solution due to its capacity to function in a variety of situations. TyreGuard fulfills the unique requirements of various
fleet operations by accommodating various sensor locations and wireless communication methods, making it an extremely adaptable and customized
solution.

TyreGuard enhances vehicle safety, lowers operating expenses, and promotes sustainability by maximizing tire use. The solution reduces the
environmental impact of industrial fleet operations by eliminating premature tire replacements and minimizing tire waste. This emphasis on
environmentally responsible and economical resource management is in line with worldwide industrial trends.

A major advancement in tire monitoring technology, TyreGuard turns fleet management from a reactive, data-driven procedure to one that is proactive.
With cloud analytics, Al-powered predictive maintenance, real-time warnings, and robust security features, it has raised the bar for industrial tire
monitoring. TyreGuard proves to be a crucial invention for fleet management in the future by improving safety, decreasing downtime, and saving
maintenance costs.
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