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ABSTRACT

Fuel dispensers and automatic tank gauging (ATG) systems communicate through various proprietary data formats, including
XML, byte messages and manufacturer-specific protocols. The disparity in communication formats among different fuel station
components has created inefficiencies in data aggregation, leak detection and cloud-based analytics, leading to significant
operational challenges. These inefficiencies hinder real-time reconciliation, delay fraud detection and complicate regulatory
compliance.

This paper presents an approach that leverages fuel controllers to act as a central processing unit, collecting, validating and
transforming dispenser and ATG data into a structured, standardized JSON format. The proposed JSON-based standardization
ensures seamless data comparison, allowing for automated anomaly detection, enhanced real-time monitoring and streamlined
integration with cloud-based systems. By creating an interoperable framework, this solution not only improves the accuracy of
fuel loss detection and fraud prevention but also enhances fuel station data management, reducing downtime and operational
costs. The transformation of disparate data formats into a universally accepted structure establishes a scalable, future-proof
model for fuel data standardization across the industry.

Keywords: Fuel dispensers, ATG integration, JSON standardization, Fuel controllers, Cloud-based monitoring, Real-time
reconciliation, Data transformation

1. Introduction from byte-based communication to XML or other structured
yet incompatible formats creating significant barriers to

1.1. Background interoperability. The consequence of these disparities includes

Fuel dispensers and ATG systems are essential components
in modern fuel stations, playing a pivotal role in fuel distribution
and inventory management. Dispensers regulate the amount of
fuel delivered to vehicles, while ATG systems provide real-time
data on underground tank levels, temperature variations and
potential leaks. These two systems are crucial for operational
efficiency, fraud prevention and environmental compliance.

Despite their importance, a major challenge in fuel
station management arises from the absence of a universally
accepted communication protocol among manufacturers. Each
company implements its own proprietary data format ranging

inconsistent data records, inefficiencies in fuel reconciliation
and difficulty integrating real-time analytics for monitoring
station operations.

The reliance on cloud-based monitoring and analytics
platforms has emphasized the necessity of a unified data
format that ensures seamless data transmission between
dispensers, ATGs and fuel station management systems. The
lack of standardization in communication protocols complicates
operational decision-making, requiring station operators to rely
on manual reconciliation processes that are both time-consuming
and error prone. Furthermore, real-time monitoring of fuel losses
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and leak detection becomes highly inefficient when systems
operate in silos due to non-uniform data formats.

By leveraging fuel controllers as middleware, it is possible
to bridge this interoperability gap. These controllers can
aggregate raw data from disparate sources, translate it into
a standardized JSON format and transmit it to cloud-based
analytics platforms for processing. This transformation not
only enhances data consistency but also enables automation
in detecting fuel discrepancies, predicting potential leaks and
ensuring compliance with regulatory standards. Standardizing
data formats across different manufacturers will ultimately
lead to greater transparency, more accurate fuel monitoring and
improved operational efficiency in fuel stations.

1.2. Problem Statement

Fuel dispensers and ATGs use various communication
formats, making direct comparison of data difficult. This lack of
uniformity presents challenges in:

*  Reconciling fuel dispensed versus inventory levels.
»  Detecting leaks and discrepancies in real-time.

* Ensuring seamless data transmission to cloud-based
monitoring systems.

A standardized data format is necessary to unify these
datasets and provide a seamless framework for reconciliation,
analytics and automation.

1.3. Objectives
This paper aims to:

*  Develop a method for collecting and transforming dispenser
and ATG data into a standardized JSON format.

*  Enable real-time reconciliation between dispensed fuel and
ATG readings.

* Improve interoperability between different fuel station
monitoring systems.

* Enhance fuel loss detection through standardized data
comparison.

2. Literature Review

Previous studies have explored various methods for fuel
station data integration, but most solutions remain proprietary,
limiting interoperability across different manufacturers.
Research on automated fuel reconciliation systems suggests that
inconsistent data formats contribute to reporting inaccuracies,
making it difficult to ensure accurate fuel level tracking and
fraud detection. Various fuel station operators have encountered
significant challenges in implementing seamless data exchange,
often requiring custom-built middleware solutions to bridge
communication gaps.

Several studies highlight the importance of cloud-based
fuel monitoring, emphasizing the benefits of centralized data
processing, but they lack a structured approach to unifying data
from different sources. The absence of a universal standard has
led to inefficiencies in leak detection and fuel loss analysis,
resulting in delayed responses to potential discrepancies.

Efforts to implement XML-based standardization have been
met with limited adoption due to the complexity of parsing and
processing large datasets in real time. XML, while a structured
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format, often requires significant computational resources to
handle high-frequency fuel transactions, making it less feasible
for real-time reconciliation. JSON has emerged as a lightweight
and widely accepted format for cloud communication, making it
an ideal candidate for standardizing fuel dispenser and ATG data.
JSON’s ability to support structured, hierarchical data allows for
improved data exchange, enabling faster anomaly detection and
enhancing the efficiency of cloud-based analytics.

Recent advancements in edge computing, Al-driven anomaly
detection and machine learning-based predictive analytics have
further reinforced the need for standardized data formats. Edge
computing allows fuel stations to process data closer to the
source, reducing latency and enabling real-time monitoring of
fuel levels, leaks and dispensing anomalies. Al-driven anomaly
detection enhances fraud prevention by analyzing historical fuel
transaction patterns and identifying irregularities. A standardized
data format would facilitate the seamless integration of these
technologies, enabling more accurate decision-making and
predictive analytics across fuel station networks.

3. System Architecture

*  Fuel dispensers and ATGs: Collect fuel transaction and
inventory data in proprietary formats and send them in byte-
encoded messages.

e Fuel controller: Acts as an intelligent middleware,
decoding and normalizing raw data into a structured JSON
format, applying validation checks and timestamping every
transaction.

* Data processing module: Aggregates transformed data,
performs anomaly detection using predefined business rules
and Al-based predictive models and formats it consistently
for cloud transmission.

*  Cloud-based analytics platform: Serves as the centralized
monitoring system where JSON-formatted data is stored,
analyzed and visualized in real-time dashboards. It provides
API endpoints for integration with third-party analytics
tools.

* Automated alert system: Utilizes machine learning
models to detect anomalies, such as sudden fuel losses,
inefficient dispensing or potential leaks and sends real-
time notifications via SMS, email or mobile applications to
relevant stakeholders.

e Historical data repository: Maintains structured JSON
records to support trend analysis, compliance audits and
predictive maintenance insights.

4. Implementation Strategy

The implementation follows a stepwise approach that ensures
seamless integration of the proposed JSON-based messaging
system across multiple fuel dispensers and ATGs. A structured
methodology is employed to transform raw data into actionable
insights, improving operational efficiency and decision-making.
The following steps outline the detailed execution of the
proposed framework:

* Data collection: Fuel controllers continuously fetch
transaction data from dispensers and ATGs in their
proprietary formats.
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e Data transformation: The proprietary byte and XML
formats are parsed and converted into a structured JSON
schema that adheres to a standardized model.

¢ Real-time synchronization: The transformed JSON data is
transmitted securely to a cloud-based system, ensuring low
latency and high availability.

* Automated anomaly detection: Business rules and Al
algorithms analyze fuel dispensed versus fuel stock levels
to detect irregularities.

e Al-driven predictive analysis: Machine learning models
analyze historical fuel patterns for detecting early signs of
leakages, calibration drift and fraudulent activities.

e Actionable insights: If discrepancies exceed predefined
thresholds, alerts are triggered and automated actions
such as halting fuel dispensing or escalating maintenance
requests are initiated.

5. Case Study & Performance Evaluation

This section presents a real-world case study of the
proposed JSON-based messaging system implementation at a
mid-sized fuel station. The evaluation examines data accuracy
improvements, integration ease and the effectiveness of real-
time anomaly detection. The case study follows the system’s
deployment over six months, analyzing key performance
indicators and feedback from station operators. The findings
demonstrate increased efficiency in data processing, enhanced
leak detection capabilities and reduced discrepancies in fuel
reconciliation.

6. Results and Discussion
6.1. Pilot implementation

The pilot implementation revealed that legacy dispensers
required middleware adaptation to extract meaningful data.
However, once transformed into JSON, real-time reconciliation
became feasible.

6.2 Performance metrics
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7. Conclusion and Future Work

Standardizing fuel dispenser and ATG data into a JSON format
significantly improves fuel reconciliation, leak detection and
cloud integration. Future work will explore:

*  Expanding the use of Al for predictive maintenance.

* Enhancing blockchain-based data
transactions.

integrity for fuel

* Developing an industry-wide open standard for fuel
dispenser and ATG integration.
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