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Abstract

Automatic Tank Gauge (ATG) systems monitor fuel levels, temperature, and leak detection in storage
tanks. Traditional ATG software faces latency issues, outdated visualization methods, and limited
real-time capabilities. This paper explores the development of a software system for real time ATG
data visualization. The focus is on architectural considerations, software frameworks, APl design,
security protocols, and user interface development. A case study evaluates the effectiveness of the
solution on fuel station operations and environmental compliance. The proposed solution integrates
realtime data streaming, a robust backend, a NoSQL, non-relational database, and an interactive
front-end, ensuring seamless monitoring and enhanced decision-making for fuel station operators.

Keywords: Real-time visualization, ATG systems, fuel management, Backend, Node.js, a NoSQL, non-
relational database, Microsoft SSO, AWS loT Core, MQTT, Data Streaming Pipeline.

1. Introduction

Fuel management is a crucial aspect of fuel station operations, ensuring efficiency, safety, and regulatory
compliance. Traditional fuel monitoring methods relied on manual inspections and batch data collection,
often leading to inaccuracies, operational inefficiencies, and delayed responses to anomalies. The emergence
of Automatic Tank Gauge (ATG) systems has significantly improved the ability to monitor fuel levels, detect
leaks, and ensure operational safety. However, despite the advancements in ATG technology, many existing
software solutions fail to provide real-time visualization and proactive data analysis, limiting their overall
effectiveness.

The increasing demand for intelligent fuel management systems necessitates a transition towards software-
driven real-time monitoring. Real-time visualization enables stakeholders to track fuel levels dynamically,
respond to discrepancies promptly, and improve decision-making through predictive insights. This paper
aims to develop a comprehensive software solution that integrates data streaming, cloud-based storage, a
scalable backend, and an interactive front-end to ensure seamless monitoring and efficient fuel management.

1.1 Background

The petroleum industry has evolved with technological advancements, introducing automation to improve
fuel storage and distribution efficiency. ATG systems have played a vital role in modern fuel stations,
automating the monitoring of underground and aboveground storage tanks. These systems use sensors to
detect fuel levels, temperature, and leaks, transmitting data to centralized monitoring systems. While ATG
systems enhance fuel management, their visualization capabilities often rely on static dashboards or periodic
reporting, which fails to provide real-time insights
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1.2. Problem Statement

Despite the adoption of ATG systems, traditional monitoring solutions suffer from several key limitations.
One of the primary concerns is latency, as many existing ATG solutions rely on periodic polling, leading to
delays in data updates. This delay can result in operational inefficiencies, preventing fuel station operators
from making timely decisions regarding fuel replenishment and leak detection.

Another significant issue is the lack of interactive dashboards. Most current visualization tools offer limited
real-time interactivity, making it difficult for operators to detect trends and anomalies. Without real-time
feedback and predictive insights, fuel stations may struggle to maintain accurate records of fuel levels and
respond to unexpected fluctuations effectively.

Additionally, ATG systems generate vast amounts of data, but many lack the analytical capabilities to extract
meaningful insights. Without proper data analytics, operators may struggle to predict fuel shortages, detect
anomalies, or identify inefficiencies in fuel management processes. The ability to leverage predictive
analytics can help enhance operational efficiency and reduce fuel losses.

Security and data integrity concerns also pose a challenge. As ATG systems become increasingly connected
through cloud computing and 10T, ensuring secure data transmission is critical. Unauthorized access or data
manipulation can result in financial losses, regulatory non-compliance, and compromised fuel station
operations. A robust security framework is necessary to protect sensitive fuel data and prevent cybersecurity
threats.

Addressing these challenges requires a modern, software-driven approach that integrates real-time data
streaming, interactive visualization, predictive analytics, and enhanced security measures. This research
proposes a solution that bridges these gaps, ensuring more efficient and reliable ATG data monitoring for
fuel stations.

1.3 Objectives
The primary objectives of this research are:

e To develop a real-time visualization platform for ATG data, enhancing monitoring and decision-
making capabilities.

e To implement an efficient data streaming architecture that enables low-latency updates and
continuous data availability.

e To integrate predictive analytics for detecting anomalies, forecasting fuel consumption, and
improving operational efficiency.

e To ensure data security and integrity through encryption and access control mechanisms.

e To create an intuitive and user-friendly interface for seamless interaction with ATG data.

2. Literature Review

The field of fuel management and ATG systems has been widely studied, with researchers focusing on
improving automation, fuel loss prevention, and regulatory compliance. Prior studies have explored the role
of loT-based ATG systems, integrating real-time sensors and cloud computing for efficient monitoring. The
introduction of data streaming solutions, such as event-driven architectures, has enabled real-time fuel
monitoring. However, few studies have focused on developing a fully interactive visualization platform that
integrates predictive analytics with real-time ATG data.
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Existing works highlight the importance of implementing secure cloud-based solutions for ATG data
processing. Researchers have explored various machine learning techniques for anomaly detection, helping
predict fuel leaks and detect unauthorized fuel withdrawals. Although cloud computing and 10T frameworks
have improved ATG system efficiency, gaps remain in real-time visualization, user interaction, and
automated decision-making processes. This study addresses these gaps by proposing a software solution that
integrates real-time data streaming with interactive visualization and predictive analytics.

3. Software Architecture for ATG Data Visualization
3.1 Data Flow Diagram

Below is the data flow diagram representing the interaction between different components in the realtime
ATG data visualization system.
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3.2 Components of the proposed architecture:

A

v

e ATG Data Collection Pipeline: Uses a data streaming pipeline to ingest real-time data from fuel
controllers, ensuring low latency and high reliability.
e Data Processor: Processes, filters, and aggregates data before storing it in a NoSQL, non-relational
database.
e Backend Services:
o Runs on Backend using Node.js.
o Provides APIs to serve processed ATG data to the frontend.
o Handles authentication and security protocols.
e Database:
o NoSQL, non-relational database stores processed ATG data.
o Ensures fast and scalable data retrieval for analysis and visualization.
e Front-End Visualization:
o Developed using React.
o Provides realtime dashboards and analytics.
o Uses Microsoft SSO for user authentication.
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e |oT Notifications:
o AWS loT Core manages event driven notifications.
o Ensures alerts for critical fuel related events.

4. Implementation Strategy

The implementation strategy involves integrating the data streaming pipeline, backend services, a real-time
visualization front-end, and loT-driven notifications. The entire system is designed to ensure rapid, accurate,
and secure data transmission between different components.

The data streaming pipeline is responsible for collecting and streaming real-time ATG data, ensuring
minimal latency and reliable data ingestion. The data processor applies transformations, filtering, and
validation before storing it in a NoSQL, non-relational database. This step is crucial for ensuring data
integrity and reducing computational load.

The backend services expose RESTful APIs and WebSocket connections, allowing real-time data access and
seamless integration with the visualization front-end. Security measures, such as encryption, role-based
access control, and authentication protocols, are implemented to prevent unauthorized access to sensitive
fuel data.

On the front-end, a React-based user interface ensures responsive visualization of fuel level trends, anomaly
alerts, and predictive insights. The system uses AWS IOTfor real-time updates, eliminating the need for
frequent polling. Microsoft SSO is integrated for secure authentication, ensuring that only authorized
personnel can access the system.

IoT notifications play a crucial role in alerting operators about anomalies, threshold breaches, and potential
fuel leaks. AWS loT Core manages event-driven notifications, ensuring that alerts are transmitted to relevant
users in real-time. Operators can also access historical alert logs to analyze past incidents and improve
future response strategies.

5. Case Study & Performance Evaluation
5.1 Pilot Implementation:

The solution was deployed at a fuel station with multiple underground storage tanks. The system
architecture was designed to ensure real-time data ingestion and processing, allowing for continuous
monitoring of fuel levels. The data streaming pipeline was implemented to handle high-throughput
transactions efficiently, reducing latency and improving overall performance.

AWS loT Core was used to facilitate event-driven notifications, enabling immediate alerts for anomalies or
critical changes in fuel conditions. The backend, powered by Node.js, processed incoming data and
provided API access to the React-based frontend, ensuring real-time visualization of fuel trends. Operators
were able to monitor fuel levels, receive alerts, and analyze historical data, leading to improved decision-
making and operational efficiency.

5.2 Performance Metrics:

Latency tests demonstrated that the solution achieved sub-second response times for real-time data ingestion
and visualization. The high-speed data streaming pipeline ensured seamless data transfer, allowing operators
to receive up-to-date information with minimal delay. System reliability tests confirmed high availability
and fault tolerance under heavy data loads.
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User feedback highlighted the increased situational awareness provided by real-time alerts, enabling
proactive fuel management. Predictive analytics played a crucial role in fuel demand forecasting, helping to
optimize refueling schedules and prevent unexpected shortages. Al-driven insights further enhanced
operational decision-making, reducing inefficiencies and minimizing fuel waste. The performance
evaluation confirmed that the proposed solution significantly improved monitoring accuracy and response
times, ultimately contributing to more efficient fuel station management.

6. Challenges and Future Enhancements

One of the primary challenges in realtime ATG visualization is network connectivity. Many fuel stations,
especially those in remote areas, experience intermittent network availability, which can disrupt data
transmission. Implementing offline data synchronization mechanisms would help ensure continuous
monitoring even when connectivity is temporarily lost. Additionally, expanding the software to support
multi-location monitoring will enable centralized fuel management across distributed fuel station networks,
allowing for improved operational efficiency and cost savings.

7. Conclusion

Realtime ATG visualization optimizes fuel management, enhances compliance, and improves
decisionmaking. The proposed solution integrates Node.js based backend services, a NoSQL, non-relational
database for efficient data storage, a data streaming pipeline for real-time data ingestion, and AWS IoT Core
for notifications. Future advancements in Al-driven analytics and multi-location monitoring will further
enhance the capabilities of ATG systems, ensuring continued innovation in the fuel management industry.
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