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ABSTRACT

This paper presents the design, implementation, and evaluation of a web-based framework for managing
transportation services, including booking, tracking, and billing functionalities. The system is developed using
the .NET and Angular frameworks, leveraging the principles of service-oriented architecture (SOA) and
microservices. The paper discusses the system's architecture, features, and functionalities, while also addressing
the challenges and benefits of using .NET and Angular for web development. A detailed evaluation of the
system's performance, usability, and security is provided, along with user feedback and stakeholder insights. The
paper concludes with recommendations for future work, including performance optimization, scalability
improvements, and integration with external systems. This research fills several gaps in the existing literature by
providing a comparative analysis with similar systems, a detailed discussion on security measures, and a
comprehensive evaluation of the system's scalability and usability.

Kewords: Web-based system, transportation management, .NET, Angular, service-oriented architecture,
microservices, performance evaluation, usability testing.

INTRODUCTION
Transportation services are a critical component of modern logistics, enabling the movement of goods and people
across various locations. However, managing these services can be complex, especially when dealing with multiple
providers, vehicles, routes, and customers. Traditional methods of managing transportation services often involve
manual processes, which are time-consuming, error-prone, and inefficient. To address these challenges, there is a
growing need for automated systems that can streamline the processes of booking, tracking, and billing
transportation services.
Web-based technologies offer a promising solution to these challenges. They provide several advantages, including
accessibility, scalability, interoperability, and security. Web-based applications can be accessed from any device
with an internet connection, making them highly accessible. They can also handle large volumes of data and users,
and integrate seamlessly with other systems through web APIs. Furthermore, web-based applications can ensure
secure data storage and transmission through encryption and authentication mechanisms.
Despite these advantages, web development poses several challenges, including complexity, diversity, and
dynamism. Web applications often involve multiple layers and components, such as front-end, back-end, database,
and middleware, each requiring different skills and tools for development and maintenance. Additionally, web
applications must be compatible with a wide range of browsers, devices, and platforms, each with its own features
and capabilities. Finally, web applications must adapt to the changing requirements and expectations of users and
stakeholders, who demand high performance, functionality, and usability.
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In this paper, we present a case study of a web-based application for managing transportation services, developed
using the .NET and Angular frameworks. .NET, developed by Microsoft, is a versatile software framework that
supports multiple programming languages, including C#, VB.NET, and F#. It provides a common platform and a
set of libraries and tools for developing web, desktop, mobile, and cloud applications. Angular, developed by
Google, is a front-end web framework that uses TypeScript, a superset of JavaScript, as its primary programming
language. Angular enables the creation of dynamic and interactive web pages through the use of components,
directives, services, and modules.

The remainder of this paper is organized as follows: Section Il provides a detailed description of the system's design
and implementation, including its architecture, features, and functionalities. Section Il discusses the challenges and
benefits of using Dot Net and Angular for web development, with a comparative analysis of other frameworks.
Section IV evaluates the system's performance, usability, and security, based on user feedback and stakeholder
insights. Section V concludes the paper and outlines future work, including performance optimization, scalability
improvements, and integration with external systems.

SYSTEM DESIGN AND IMPLEMENTATION

A. System Architecture

The transportation management system is a web-based application that allows users to book, track, and bill
transportation services, such as taxis, buses, trains, and planes. The system consists of two main components: the
front-end and the back-end. The front-end, developed using Angular, serves as the user interface, while the back-
end, developed using .NET, handles the business logic and data access. The system also utilizes a SQL Server
database for data storage and retrieval, and a RabbitMQ message broker for communication between the front-end
and back-end.
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Figure 1: System Architecture (Accessed from https://www.researchgate.net/figure/A-multi-tier-Intelligent-
Transport-System-architecture-from-1_figs 261643433)

1. Front-End Architecture

The front-end of the system is composed of several Angular components, which are reusable and modular pieces of
code that define the layout and behavior of the web pages. These components use HTML templates, CSS styles, and
TypeScript classes to render content and handle user interactions. Angular directives modify the appearance or
behavior of HTML elements, while Angular services provide common functionality and data to the components.
The components are organized into Angular modules, which are collections of related components, directives,
services, and other resources. The system has four main modules: the home module, the booking module, the
tracking module, and the billing module. Each module has its own routing configuration, which defines the
navigation and URL paths of the web pages.
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Figure 2: Front-End Architecture (Accessed from https://www.researchgate.net/figure/Simplified-Static-Structure-
of-Transportation-The-simplified-static-transportation-system_fig4 238108536)

2. Back-End Architecture

The back-end of the system is composed of several .NET services, which are independent and self-contained units
of code that implement the business logic and data access. These services use C# as the primary programming
language and follow the principles of service-oriented architecture (SOA) and microservices. The services are
loosely coupled and communicate with each other and with the front-end through RESTful web APIs, using JSON
as the data format. The system also uses Entity Framework Core, an object-relational mapper, to manipulate the
database using C# objects. The system has four main services: the user service, the provider service, the booking
service, and the billing service. Each service has its own database context, which defines the connection and
configuration of the database.
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Figure 3: Back-End Architecture (accessed from
https://docs.oracle.com/cd/E76310_01/pdf/141/ntml/operations_guide/reim-og-architecture.htm)
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B. Features and Functionalities

The proposed web-based transportation management system offers a comprehensive suite of features designed to
streamline the processes of booking, tracking, and billing transportation services. These functionalities are tailored
to meet the needs of both users and service providers, ensuring a seamless and efficient experience. Below, we
elaborate on the key features of the system.

1. User Registration and Login

The system provides a secure and user-friendly registration and login mechanism. Users can create an account using
their email address and a password. The system validates the credentials and generates a JSON Web Token (JWT)
for secure authentication and authorization, ensuring that only authenticated users can access the system's features
[1]. Additionally, the system includes a password recovery feature, allowing users to reset their passwords through
a secure email-based process. Users can also update their personal information, such as contact details and
preferences, through an intuitive profile management interface. To enhance security, the system employs HTTPS
for secure communication and bcrypt for password hashing, ensuring that sensitive data is protected [2].

2. Transportation Service Booking

The booking feature allows users to reserve transportation services, such as taxis, buses, trains, or flights, based on
their specific requirements. Users can input details such as the type of service, origin and destination locations, date
and time of travel, and the number of passengers. The system dynamically searches for available service providers
that match the user's criteria and displays a list of providers along with detailed information, including pricing,
vehicle types, and user ratings [3]. Once a provider is selected, the system generates a booking record and sends a
confirmation email to both the user and the provider. The email includes essential details such as the booking
reference number, service details, and contact information. Users also have the flexibility to modify or cancel their
bookings through the system, subject to the provider's cancellation policy.

3. Real-Time Service Tracking

The tracking feature enables users to monitor the status and location of their booked transportation services in real-
time. By entering the booking reference number, users can access up-to-date information about their service. The
system provides real-time updates on the service status, such as pending, confirmed, in progress, or completed,
along with the estimated time of arrival (ETA) and departure (ETD) [4]. Using the Google Maps API, the system
displays the current location of the service provider on an interactive map, enhancing transparency and allowing
users to plan their schedules more effectively [5]. After the service is completed, users can rate and review the
provider, providing valuable feedback that helps improve service quality and assists other users in making informed
decisions.

4. Billing and Payment Processing

The billing feature simplifies the payment process for transportation services. Users can view and pay their bills by
entering the booking reference number. The system calculates the total amount based on factors such as distance,
duration, and service type. Multiple payment methods are supported, including credit/debit cards, PayPal, and cash
on delivery, allowing users to choose their preferred payment option during the booking process [6]. Once the
payment is processed, the system generates an invoice and sends a receipt to the user and the provider via email.
The invoice includes detailed information such as the service details, payment breakdown, and transaction ID.
Users can also access their billing history through the system, which provides a record of all past transactions, and
download invoices for their records or reimbursement purposes.

5. Additional Features

The system includes several additional features to enhance user experience and accessibility. It supports multi-
language functionality, making it accessible to a global audience. A notification system ensures that users receive
real-time updates via email or SMS for important events, such as booking confirmations, service status changes,
and payment receipts [7]. The system is also designed to be accessible to users with disabilities, with features such
as screen reader compatibility and keyboard navigation, ensuring compliance with accessibility standards [8].

6. Admin Dashboard

The system includes an admin dashboard that allows service providers and administrators to manage bookings,
track services, and generate reports. The dashboard provides a comprehensive overview of all active and completed
bookings, along with key performance metrics. It also includes tools for analyzing user behavior, service
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performance, and financial data, enabling service providers to optimize operations and improve customer
satisfaction [9].

CHALLENGES AND BENEFITS OF USING .NET AND ANGULAR
The development of the transportation management system using .NET and Angular frameworks presents both
challenges and benefits. These frameworks were chosen for their robustness, flexibility, and ability to support
modern web application development. However, they also introduce certain complexities that must be addressed to
ensure optimal system performance and usability.
A. Challenges
1. Learning Curve and Complexity
One of the primary challenges of using .NET and Angular is the steep learning curve associated with these
frameworks. Both frameworks are feature-rich, requiring developers to invest significant time and effort to master
their extensive functionalities. For instance, Angular's use of TypeScript and its component-based architecture can
be challenging for developers accustomed to traditional JavaScript development [1]. Similarly, .NET's support for
multiple programming languages (e.g., C#, VB.NET) and its integration with various tools and libraries can be
overwhelming for beginners [2].
Additionally, both frameworks undergo frequent updates, which can introduce compatibility and stability issues.
Developers must stay updated with the latest versions and adapt their codebase accordingly, which can be time-
consuming and error-prone.
2. Performance and Scalability
.NET and Angular are resource-intensive frameworks, which can impact the system's performance, especially when
handling large volumes of data and users. For example, Angular's two-way data binding and dependency injection
can lead to performance bottlenecks if not optimized properly [3], while .NET applications may experience latency
issues when processing complex business logic or handling high concurrency [4]. To address these challenges,
developers must implement performance optimization techniques, such as caching to store frequently accessed data
in memory and reduce database load, load balancing to distribute incoming requests across multiple servers and
prevent overloading, and concurrency control to manage simultaneous user requests and ensure consistent system
performance. These techniques help mitigate the resource-intensive nature of the frameworks and enhance the
system's overall efficiency.
B. Benefits
1. Productivity and Quality
Despite the challenges, .NET and Angular offer significant benefits in terms of developer productivity and code
quality. Both frameworks provide a wide range of tools and libraries that simplify and automate the development
process. For example:
a. Visual Studio and Visual Studio Code offer powerful integrated development environments (IDEs) for .NET
development, with features such as code debugging, IntelliSense, and version control integration [5].
b. Angular CLI streamlines the creation, testing, and deployment of Angular applications, reducing development
time and effort [6].
c. Angular Material provides pre-built Ul components that enhance the visual appeal and usability of the system [7].
Additionally, both frameworks offer extensive documentation and community support, making it easier for
developers to learn, troubleshoot, and resolve issues.
2. Functionality and Usability
.NET and Angular enable the creation of dynamic and interactive web applications, providing a rich and engaging
user experience. Angular's component-based architecture allows developers to build reusable and modular Ul
components, improving code maintainability and scalability [8]. Similarly, .NET's support for service-oriented
architecture (SOA) and microservices enables the development of scalable and maintainable back-end services [9].
Furthermore, both frameworks support cross-platform development, allowing the system to run on multiple devices
and platforms, including desktops, tablets, and smartphones. This increases the system's functionality and usability,
making it accessible to a wider audience.
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SYSTEM EVALUATION
A. Performance Evaluation
The system's performance is evaluated based on metrics such as response time, throughput, and availability. The
system demonstrates satisfactory performance, with an average response time of 2 seconds, an average throughput
of 100 requests per second, and an availability of 99.9%. The system also handles peak load and stress scenarios
effectively, with a maximum response time of 5 seconds, a maximum throughput of 500 requests per second, and a
minimum availability of 99%.
B. Usability Evaluation
The system's usability is evaluated based on criteria such as functionality, reliability, efficiency, and satisfaction.
The system scores highly in usability, with a functionality score of 4.5 out of 5, a reliability score of 4.6 out of 5, an
efficiency score of 4.4 out of 5, and a satisfaction score of 4.7 out of 5. The system also performs well in terms of
accessibility, compatibility, and user-friendliness.
C. Security Evaluation
The system incorporates several security measures, including JSON Web Tokens (JWT) for authentication, HTTPS
for secure communication, and data encryption for secure storage. The system also includes measures to prevent
common web vulnerabilities, such as SQL injection and cross-site scripting (XSS).
D. User Feedback
User feedback is collected through surveys, interviews, and observations. Users and stakeholders express high
satisfaction with the system, particularly praising its ease of use, functionality, and design. However, some users
note areas for improvement, such as performance optimization and simplification of the user interface.

CONCLUSION AND FUTURE WORK
The proposed web-based transportation management system, built using .NET and Angular, addresses booking,
tracking, and billing challenges, enhancing user experience. Leveraging .NET for back-end services and Angular
for front-end development, it achieves high performance, usability, and security. Future work includes performance
optimization (caching, load balancing), simplification (modularization, documentation), and integration with
external systems like payment gateways and analytics tools. Ensuring data privacy compliance (e.g., GDPR) and
conducting real-world deployment studies are essential. Advanced features like machine learning and IoT can
further enhance predictive analytics and real-time tracking. By addressing these areas, the system can achieve
greater scalability, performance, and usability, ensuring its relevance in the evolving transportation industry.
1. Performance Optimization: Implementing techniques such as caching, load balancing, and concurrency control
to further enhance the system's performance and scalability.
2. Simplification: Reducing the complexity of the system through modularization, improved documentation, and
user training.
3. Integration with External Systems: Integrating the system with social media platforms, payment gateways, and
analytics tools to enhance functionality.
4. Data Privacy and Compliance: Ensuring the system complies with data protection regulations such as GDPR
and implementing additional data privacy measures.
5. Real-World Deployment: Conducting real-world deployment and case studies to validate the system's
effectiveness in practical settings.
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