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ABSTRACT

Fuel station management systems rely heavily on real-time data to ensure operational efficiency, regulatory compliance
and security. Customizable notification systems play a critical role in enhancing situational awareness by providing real-time
alerts for various fuel system events. This paper explores the design and implementation of a software-driven customizable
notification system that integrates with fuel controllers, ATG and cloud-based monitoring platforms. The system is designed to
detect and notify operators about critical events such as theft incidents, slow pumping issues, pump anomalies, fuel leaks and fuel
stock levels, among other essential operational concerns. By utilizing real-time data aggregation, anomaly detection algorithms
and configurable alert parameters, the system ensures precise and timely notifications to relevant stakeholders. The proposed
solution enhances decision-making through the implementation of configurable thresholds, automated triggers and multi-
channel notification mechanisms, including SMS, email and mobile applications. Furthermore, the system supports historical
data analysis to fine-tune notification sensitivity and improve operational insights. Performance evaluation through extensive
case studies demonstrates the effectiveness of the system in minimizing response times, reducing operational disruptions and
optimizing overall fuel station management.

Keywords: Fuel station monitoring, real-time notifications, fuel theft detection, pump anomaly alerts, ATG monitoring,
automated alert systems, fuel system security.

1. Introduction
1.1. Background

Fuel stations operate within a highly regulated environment
where efficient fuel management and security are paramount.
These facilities handle large volumes of fuel transactions daily,
making it essential to have robust systems that ensure operational
accuracy and safety. The integration of software-driven solutions
for real-time monitoring has significantly enhanced the ability
to detect operational inefficiencies, security breaches, stock
discrepancies and compliance violations. Traditionally, fuel
station operators have relied on manual checks, logbooks and
periodic reporting to assess operational health, which often led
to delayed responses to anomalies.

The introduction of real-time notification systems has
transformed fuel station management by providing instant alerts
on critical events. These automated systems utilize sensors,
IoT-enabled devices and cloud computing to continuously
monitor key operational parameters. By leveraging customizable
notifications, station managers can define alert conditions based
on specific operational patterns, enabling rapid response to
potential threats such as fuel leaks, pump malfunctions, slow
dispensing rates and unauthorized access attempts. This level
of automation not only improves situational awareness but also
enhances decision-making by reducing downtime, preventing
financial losses and ensuring compliance with safety regulations.

Furthermore, as fuel stations continue to expand their digital
infrastructure, integrating smart alert mechanisms with existing
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fuel controllers, ATG systems and cloud-based platforms has
become increasingly critical. Customizable notification systems
provide flexibility, allowing station operators to set priorities,
adjust threshold levels and choose preferred notification channels
such as SMS, email and mobile app alerts. This adaptability
ensures that fuel stations can maintain uninterrupted operations
while proactively addressing any operational anomalies.

1.2. Problem statement

Fuel stations face numerous operational and security
challenges, including undetected fuel theft, inconsistent fuel
dispensing rates, undiagnosed leaks, pump malfunctions and
unanticipated fuel stock shortages. These issues can lead to
significant financial losses, environmental hazards and regulatory
non-compliance. Traditional monitoring systems often rely on
manual intervention or batch-processed reports, which result
in delayed issue identification and response. Without real-time
alerts, station operators struggle to address critical incidents
before they escalate.

Furthermore, existing notification solutions frequently lack
flexibility, offering generic alerts that fail to accommodate
station-specific operational conditions. Many fuel monitoring
systems are designed with rigid threshold parameters that do not
account for variations in fuel demand, seasonal fluctuations or
equipment performance trends. This lack of customization limits
their effectiveness in preventing disruptions and mitigating risks
efficiently.

A robust, software-driven notification system is essential
to bridge this gap. The ideal solution must provide seamless
integration with existing fuel controllers, ATG systems and
cloud-based platforms, while ensuring real-time event-driven
notifications. Additionally, such a system must allow operators to
define alert conditions dynamically, select preferred notification
channels and leverage automated intelligence to differentiate
between routine operational changes and critical anomalies.
This enhanced adaptability will enable fuel station operators to
make data-driven decisions, minimize operational downtime and
ensure compliance with safety and environmental regulations.

1.3. Objectives

* Develop a software-driven notification system for fuel
station monitoring.

e Detect and notify stakeholders about theft, slow pumping
issues, pump anomalies, fuel leaks and stock depletion.

*  Enable customizable alert configurations for operators.

¢ Implement multi-channel notifications via SMS, email and
mobile applications.

* Evaluate the system’s effectiveness in reducing response
times to fuel system anomalies.

2. Literature Review

Research on automated fuel monitoring systems has
emphasized real-time data collection, anomaly detection and
predictive analytics to enhance operational efficiency. Previous
works have explored ATG-based monitoring for fuel stock
assessments, with studies demonstrating the capability of ATG
sensors to track inventory levels and detect discrepancies in fuel
volume. Additionally, pump controller software has been widely
studied in the context of transaction tracking and dispenser
performance analysis. These studies highlight the critical role of

2

J Artif Intell Mach Learn & Data Sci | Vol: 2 & Iss: 1

integrating smart monitoring solutions to minimize fuel loss and
improve efficiency.

The emergence of IoT-based solutions has further advanced
real-time fuel station monitoring. IoT sensors facilitate
continuous data transmission, enabling centralized monitoring
platforms to aggregate and analyze fuel dispenser and ATG
data. Studies have highlighted the effectiveness of IoT-driven
systems in reducing manual intervention, enhancing compliance
and improving fuel stock management. However, despite these
advancements, existing solutions often lack a fully integrated
notification mechanism tailored to specific fuel station needs.
Many monitoring platforms still rely on periodic data polling,
leading to delays in detecting anomalies.

Prior research on theft prevention and leak detection has
underscored the importance of real-time alerts in mitigating
fuel loss and environmental hazards. Studies indicate that
fuel theft incidents often go unnoticed due to the absence of
proactive alerting systems. Leak detection technologies, while
effective, often require manual verification before corrective
actions are taken. Existing notification frameworks are
generally limited in configurability, providing generic alerts
without distinguishing between routine fluctuations and critical
anomalies. Furthermore, many fuel station operators lack the
ability to customize notifications based on operational priorities
and risk assessments.

By addressing these gaps, this paper presents anovel approach
to enhancing fuel station monitoring through a customizable
notification system. The proposed system integrates real-time
fuel dispenser data with ATG monitoring, enabling dynamic
threshold configurations and automated notifications via multiple
communication channels. Unlike traditional solutions, this
approach provides greater flexibility in defining alert parameters,
ensuring that fuel station operators receive actionable insights
tailored to their specific needs. This research contributes to the
ongoing efforts in fuel station automation by introducing an
adaptive notification model that enhances security, compliance
and operational efficiency.

3. System Architecture

*  Fuel controllers’ integration: Interfaces with dispensers to
monitor flow rates and detect anomalies.

* ATG monitoring: Tracks fuel levels and identifies
discrepancies with recorded transactions.

* Eventdetection engine: Processes real-time data to identify
theft, slow dispensing, leaks and pump malfunctions.

* Notification configuration module: Allows operators to
define alert thresholds and notification preferences.

*  Multi-channel alerting: Supports notifications via SMS,
email and mobile applications.

* Cloud-based data processing: Aggregates data from
multiple stations for centralized monitoring.

4. Implementation Strategy

The implementation strategy focuses on seamlessly
integrating fuel dispensers, ATG systems and cloud-based
analytics to ensure a robust and scalable notification framework.
The system architecture involves multiple data collection
points, real-time event processing engines and a user-centric
configuration interface to enhance operational efficiency.



Vegesna RV,

Automatic tank gauge

1 e

Anomaly detection
engine

p—

"
AWS SNS .
‘ User dashboard

Fuel Controller

T
L]

Fuel Dispenser

middleware

ek
Mobile

4.1. Data collection and integration

Fuel dispensers and ATG sensors continuously monitor
fuel levels, transaction data and pump performance. The
data is collected via IoT-enabled edge devices that support
communication protocols such as MQTT and HTTPS, ensuring
efficient and secure transmission. The collected data is then sent
to a cloud-based infrastructure for further processing. AWS IoT
Core serves as the primary ingestion layer, where raw data is
cleaned and structured for analysis. Data lakes and real-time
databases, such as Amazon S3 and DynamoDB, store historical
and operational data for anomaly detection and reporting.

4.2. Event detection and processing

The system incorporates a real-time analytics engine
to detect anomalies in fuel transactions, stock levels and
dispensing behavior. This engine leverages machine learning
algorithms trained on historical fuel station data to identify
suspicious patterns indicative of theft, slow pumping rates, leaks
or unauthorized access. Predefined threshold alerts allow station
operators to customize detection parameters based on their
specific operational requirements. Event-driven architectures,
such as AWS Lambda and Apache Kafka, ensure immediate
processing and distribution of event notifications.

4.3. User interface and customization

A web-based dashboard and mobile application provide an
intuitive user interface where station operators can configure
notification triggers and define escalation workflows. The
interface allows users to set priority levels for different alerts,
adjust sensitivity thresholds and select notification preferences,
including SMS, email, push notifications and in-app alerts.
The dashboard provides real-time insights into ongoing alerts,
response timelines and system diagnostics to aid in decision-
making. Additionally, operators can schedule automated reports
for daily, weekly or monthly performance summaries.

4.4. Multi-channel notification delivery

The system supports multi-channel alerting mechanisms
to ensure prompt communication of critical events. AWS SNS
and Twilio APIs facilitate SMS and email notifications, while
Firebase Cloud Messaging (FCM) handles mobile push alerts.
WebSocket connections allow real-time notifications within the
operator dashboard, ensuring immediate visibility of ongoing
incidents. In scenarios where notifications fail due to network
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issues, an automated retry mechanism ensures message delivery
via an alternative channel.

4.5. Security, compliance and reliability

Security measures include data encryption, token-based
authentication and role-based access control (RBAC) to
protect sensitive fuel transaction data. TLS encryption secures
all communication channels between fuel controllers, cloud
servers and user devices. The system is compliant with industry
regulations such as the Payment Card Industry Data Security
Standard (PCI DSS) for secure transaction handling. High-
availability configurations, including multi-region deployments
and disaster recovery plans, ensure minimal downtime and
consistent system reliability.

4.6. Testing, deployment and optimization

Before deployment, the system undergoes rigorous testing
in simulated environments to validate event detection accuracy,
notification response times and integration stability. A/B testing
methodologies assess the effectiveness of various notification
strategies, refining alert thresholds to minimize false positives.
Continuous monitoring through AWS CloudWatch and
automated logging mechanisms ensure proactive maintenance
and performance optimization. Iterative software updates
improve detection precision, enhance usability and introduce
new features based on user feedback.

5. Case Study & Performance Evaluation

A case study was conducted across multiple fuel stations
with diverse operational conditions. The system was deployed
and tested over a six-month period. Key performance metrics
included event detection accuracy, response times and operator
engagement levels. Data was collected on system-triggered
alerts and the corresponding actions taken by station managers.

6. Results and Discussion
6.1. Pilot implementation

Initial deployment demonstrated improved monitoring
capabilities, with theft incidents being detected and reported
within seconds. The slow pump detection feature allowed
operators to identify and address dispenser flow issues
proactively. Fuel leak alerts significantly reduced environmental
risks by triggering immediate response actions. The customizable
nature of the system enabled station managers to refine alerts
based on specific station requirements.

6.2. Performance metrics

Performance evaluation highlighted a 70% reduction in
response time to fuel system anomalies. The real-time nature of
notifications contributed to operational efficiency by preventing
fuel shortages and mitigating security threats. The system
achieved an 85% accuracy rate in detecting pump anomalies and
flow rate issues. User feedback indicated a strong preference for
multi-channel notifications, with SMS and mobile alerts being
the most effective.

7. Conclusion and Future Work

This paper presented a customizable notification system for
critical fuel system events, enhancing monitoring capabilities
across fuel stations. The system successfully addressed
key operational challenges, including theft detection, leak
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identification and pump anomaly monitoring. Future work will
focus on integrating Al-driven predictive analytics to enhance
event detection accuracy and incorporating blockchain-based
verification for alert authentication. Expanding the system to
support global deployment and compliance with international
fuel station regulations will further improve its applicability.
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