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Abstract

Fuel station monitoring systems traditionally rely on monolithic software architectures that tie
together multiple functionalitiesranging from dispenser data collection to Automated Tank Gauge
(ATG). As the need for agile, scalable, and cost-effective solutions grows, leveraging a serverless,
microservices-based architecture offers many benefits. This paper presents the design and
implementation of a microservices architecture using AWS Lambda for fuel station monitoring,
integrating continuous data from pumps, ATG sensors, and real-time analytics. Building on insights
from previous research on real-time reconciliation, visualization, and data streaming, we show how
AWS Lambda functionsalong with other AWS services such as Amazon APl Gateway, AWS loT Core,
and Amazon Kinesisform a resilient, fault-tolerant, and cost-effective platform. Our solution allows
for independent service scaling, quick deployments, and secure data handling, thereby addressing the
limitations of monolithic systems in fuel station operations.

Keywords: Fuel Station Monitoring, Microservices Architecture, AWS Lambda, Serverless
Computing, Automated Tank Gauge, Real-Time Data Processing

1. Introduction
1.1 Background

In many modern fuel stations, data from pumps, tank gauges, and point-of-sale terminals is often integrated
into a single monolithic application. This approach can become difficult to scale and maintain due to tightly
coupled components. As operational demands have grown and new cloud services have emerged, the
industry has turned to microservices, which decompose functionalities into independently deployable units.
By using a microservices approach, each componentsuch as pump data collection or tank gauge
monitoringcan be developed, tested, and scaled independently. This modular strategy helps reduce
downtime, simplifies updates, and allows teams to respond more quickly to evolving business requirements.

Serverless computing further enhances the microservices paradigm by eliminating the need to manage or
provision servers. The serverless model, typified by AWS Lambda, automatically scales computing
resources in response to incoming events, ensuring cost efficiency and minimal operational overhead. When
combined, microservices and serverless computing can deliver a robust, flexible, and cost-effective solution
for fuel station monitoring.

1.2 Problem Statement

Monolithic software systems in fuel stations commonly face performance bottlenecks under heavy data
loads, limited fault tolerance, and high operational costs associated with maintaining large, interdependent
codebases. Closely integrated subsystemscovering pump data ingestion, ATG monitoring, and

IJIRMPS2004232135 Website: www.ijirmps.org Email: editor@ijirmps.org 1



https://www.ijirmps.org/

Volume 8 Issue 4 @ July - August 2020 IJIRMPS | ISSN: 2349-7300

reportingmagnify the risk of system-wide outages when a single component fails. Additionally, introducing
new features or fixing small bugs often requires redeploying the entire software stack, resulting in higher
downtime and reduced agility.

1.3 Objectives

e Serverless Scalability: Exploit AWS Lambda’s automatic scaling to handle surges in dispenser and
ATG data with minimal manual intervention.

e Fault Isolation: Distribute system functionality across discrete microservices to prevent failures in
one module from disrupting the entire platform.

e Real-Time Data Processing: Enable near-instantaneous capture and analysis of critical station
metrics to assist with timely decision-making.

e Cost Efficiency: Leverage pay-per-invocation billing and eliminate idle server costs, ensuring the
system remains economical for varying station sizes.

2. Literature Review

Early systems for fuel station management often used large, monolithic deployments that combined pump
data collection, tank gauge monitoring, and transactional processing into one framework. Although this
design centralized control, it presented scalability and maintenance challenges. Studies on real-time fuel
inventory tracking underscore the need for continuous and accurate reconciliation of tank and dispenser
data, while efforts in real-time data visualization emphasize rapid accessibility of key operational metrics.

Adopting a microservices approach breaks down the monolith into independent components, allowing
development teams to focus on single-purpose services. This division increases system resilience,
streamlines updates, and supports more frequent releases. Serverless computing, particularly in an event-
driven context, aligns well with the constant flow of real-time data in fuel stations. By only running code
when triggered, serverless functions reduce infrastructure overhead, improve cost efficiency, and simplify
operational management.

3. System Architecture

3.1 Data Flow Diagram
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3.2 Components of the proposed architecture:

Below is an outline of the proposed AWS Lambda-based microservices architecture for fuel station
monitoring:

e AWS IoT Core for Device Connectivity
o Manages secure connections from pump dispensers and ATG devices to the cloud.
o Provides a reliable messaging channel for all sensor and dispenser data.
e Pump Data Microservice (AWS Lambda)
o Triggered by data from pumps (through AWS IoT Core or a streaming service).
o Parses, validates, and stores dispenser data in a selected persistence layer.
e ATG Data Microservice (AWS Lambda)
o Invoked periodicallyto collect tank-level measurements.
o Processes ATG data and updates a central repository for real-time inventory management.
e Reconciliation Microservice (AWS Lambda)
o Subscribed to events generated by the pump and ATG services.
o Compares volumes and flags discrepancies beyond set tolerances.
o Sends alerts if a discrepancy threshold is exceeded.
e Alert Management Microservice (AWS Lambda)
o Receives alerts through a messaging or notification service.
o Delivers targeted notifications (SMS, email) to operations personnel.
o Logs alerts for analytics and regulatory compliance.
e Visualization Microservice (AWS Lambda + Amazon APl Gateway)
o Hosts a RESTful API for a front-end dashboard, displaying both real-time and historical data.
o Queries the underlying data stores to generate visual metrics and trends.
e Reporting Microservice (AWS Lambda)
o Aggregates historical data on a scheduled basis (daily, weekly, or monthly).
o Produces outputs in CSV, PDF, or other file formats for managers.
o Pushes reports to storage or email distributions.
e Security and Authentication
o Configures identity and access through a dedicated Microsoft SSO.
o Applies role-based controls to ensure proper access across microservices.
e Data Storage and Analytics
o Utilizes database services (e.g., Amazon DynamoDB) for rapid lookups of recent data, and
object storage (e.g., Amazon S3) for long-term archival.
o Provides optional analytics and machine learning capabilities through cloud-based tools.

4. Implementation Strategy

The implementation begins with establishing a secure and reliable infrastructure for ingesting data from
pumps and ATG systems. Services such as AWS loT Core, Amazon Kinesis, or Amazon SQS can handle this
step by providing managed endpoints and buffering capabilities. At this stage, developers also define data
schemas for both real-time lookups and long-term storage, ensuring that each microservice can access the
necessary information without centralized bottlenecks.

Following infrastructure setup, each microservice is created as an AWS Lambda function, triggered by
specific events or schedules. Environment variables store configuration details like threshold values or
database identifiers, making each function easy to maintain and adapt across multiple environments. By
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isolating each feature in its own Lambda function, developers minimize the risk of a single error
propagating throughout the system.

Event-driven communication is achieved by connecting Lambda services through messaging channels such
as Amazon SNS. This approach allows different services to operate asynchronously, reducing direct
dependencies between them. Incorporating dead-letter queues in event-driven workflows helps capture
failed events for later review, contributing to the overall resilience of the platform.

Security is integrated through fine-grained permissions, where each Lambda function receives anMicrosoft
SSO role granting only the necessary privileges. Authentication and authorization for end users, such as
station operators, can be handled by a managed identity provider. This ensures that all data interactions and
management operations occur under properly enforced security policies.

A continuous integration and continuous deployment pipeline automate testing and releasing of new code.
\ersion-controlled repositories store the system’s source code, and every update passes through a build-and-
test cycle before being deployed to production. This pipeline reduces manual intervention and the risk of
introducing regressions or inconsistencies across microservices.

Lastly, monitoring and logging provide crucial visibility into the system’s health and performance. By
tracking Lambda metrics and logs through services such as Amazon CloudWatch, operators can quickly
detect anomalies or bottlenecks. Using distributed tracing tools to examine microservice call flows further
refines the team’s ability to diagnose performance issues and optimize efficiency.

5. Case Study & Performance Evaluation

A pilot rollout was conducted in a network of fuel stations equipped with several dispensers and ATG
systems per location. Data streams from edge devices were routed through AWS loT Core, with essential
functionality implemented as AWS Lambda microservices. The setup was tested against criteria such as:

e Scalability: Adaptive response to spikes in transactional data during high-traffic periods.
e Response Time: End-to-end latency from data reception to generating alerts or dashboard updates.
e Fault Tolerance: Robustness against partial failures, ensuring continuity in monitoring and alerts.

6. Results and Discussion
6.1 Pilot Implementation

The pump data microservice efficiently handled thousands of transactions per hour under peak loads while
maintaining sub-second processing times. Periodic polling of tank gauges provided near real-time visibility
into fuel inventory levels. Reconciliation tasks flagged discrepancies outside of predefined tolerances and
triggered targeted alerts, reducing operational overhead by filtering non-critical anomalies. Visualization
dashboards displayed continuously updated metrics with minimal lag, and rolling function updates in the
microservices framework allowed for seamless maintenance without system-wide downtime.

6.2 Performance Metrics

e Scalability: Auto-scaling capabilities ensured that load spikes during busy hours did not degrade
performance.

o Response Time: Average latency remained well under one second for critical event handling and
dashboards.

e Fault Tolerance: Independent Lambda functions minimized the impact of isolated failures,
providing uninterrupted access to core monitoring data.
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7. Conclusion and Future Work

A microservices architecture using AWS Lambda significantly enhances the reliability, scalability, and cost
efficiency of fuel station monitoring compared to monolithic systems. The pilot demonstrated real-time data
handling, automated reconciliation processes, and efficient alerting mechanisms. Future initiatives may
integrate machine learning models for predictive equipment maintenance and further explore edge-
computing solutions to minimize network overhead. Standardizing data formats among various tank gauge
and dispenser vendors, as well as strengthening security measures, remain valuable next steps.
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