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Abstract: The logistics industry plays a crucial role in global trade, necessitating the development of efficient mobile applications
to streamline operations for truckers, freight forwarders, and ground handlers at airports. This paper explores the design and
implementation of a logistics Flutter application that enables real-time tracking, shipment management, and automated
documentation. The proposed system enhances operational efficiency, ensures seamless communication among stakeholders,
and optimizes cargo handling. This research highlights key software engineering challenges encountered during development
and suggests solutions for improved functionality and security.

Index Terms: Logistics, mobile application, shipment management, real-time tracking, Flutter development, warehouse
automation, cloud computing

L. INTRODUCTION

The logistics sector is a vital component of global trade, requiring continuous innovation and digital solutions to improve efficiency.
With the rapid growth in e-commerce, there is an increasing demand for logistics applications that can provide real-time tracking,
shipment management, and automated documentation. Traditional logistics operations rely heavily on manual paperwork and
disconnected systems, leading to inefficiencies and delays. This research focuses on the development of a Flutter-based logistics
application designed to cater to truckers, freight forwarders, and airport ground handlers.

The app integrates multiple features such as shipment tracking, warehouse storage management, customs clearance documentation,
and delivery scheduling. By leveraging modern cloud-based solutions, it ensures seamless communication between stakeholders and
enhances transparency in the logistics supply chain.

A. System Overview

System Overview Diagram
Trucker & Freight Forwarder & Ground Handler & Warehouse

Database (MS SQL) & Backend (.NET Core)

The system architecture comprises a Flutter-based frontend, a .NET Core backend, and an MS SQL Server database. This allows for
secure authentication, efficient data management, and real-time tracking functionalities.
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1. KEY FEATURES OF THE LOGISTICS FLUTTER APP
A. Real-Time Shipment Tracking
Users can track shipments in real-time using GPS technology, ensuring better visibility of cargo movements.

B. Automated Documentation and Compliance
The app automates the generation of essential shipping documents, minimizing human errors and ensuring regulatory compliance.

C. Role-Based Access Control
Different user roles, such as truckers, warehouse operators, and customs officers, have access to specific functionalities based on
their responsibilities.

D. Predictive Analytics for Route Optimization
By utilizing machine learning, the app suggests the most efficient delivery routes based on historical data and traffic conditions.

E. Multi-Language Support
The application supports multiple languages to cater to diverse users from different regions and backgrounds.

F. Cloud Storage and Secure Authentication
Cloud storage solutions enable seamless data synchronization, while OAuth authentication ensures secure access.

1. IMPLEMENTATION DETAILS
A. Technology Stack
- **Frontend:** Flutter (Dart), Provider for state management
- **Backend:** .NET Core
- **Database:** MS SQL Server
- **Cloud Services:** Firebase for push notifications, Azure Blob Storage for document storage
- **Authentication:** OAuth / Active Directory
- **Real-Time Tracking:** Google Maps API, Firebase Realtime Database

B. Database Schema

- **Shipments:** Stores shipment ID, sender details, receiver details, tracking status, and timestamps.
- **Users:** Manages credentials, roles (trucker, freight forwarder, ground handler), and permissions.
- **Vehicles:** Tracks vehicle details, current location, and driver assignments.

- **Qrders:** Manages consignment details, payment status, and delivery timelines.

(AVA WORKFLOW

Workflow Flowchart
Pickup Request —» Shipment Creation —» Acceptance

Storage — Examination — Delivery

The workflow consists of multiple stages including shipment pickup, warehouse storage, customs clearance, examination, and final
delivery. Each stage is monitored and updated in real-time, ensuring transparency and efficiency.
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V. CHALLENGES AND SOLUTIONS
A. Real-Time Data Synchronization
Ensuring real-time updates for shipment tracking required implementing WebSocket communication and Firebase Realtime
Database.

B. Handling Large Data Volumes
Efficient indexing and optimized SQL queries were used to handle large volumes of shipment data without performance
degradation.

C. Cybersecurity Concerns
Advanced encryption techniques and multi-factor authentication (MFA) were incorporated to safeguard sensitive logistics data.

D. Offline Mode for Remote Operations
A local database caching mechanism was implemented to allow offline operations in areas with limited network connectivity.

VI. SYSTEM TESTING AND MAINTENANCE
A. Functional Testing

Unit testing and integration testing are conducted to ensure seamless interactions across modules, including tracking, document
management, and notifications.

B. Performance Testing
Load testing and stress testing techniques were used to evaluate system performance under peak usage conditions.

C. Security Testing
Penetration testing and data encryption verification are performed to safeguard sensitive logistics data from cyber threats.

VII. FUTURE ENHANCEMENTS
Planned updates include Al-driven predictive analytics for shipment delays, blockchain-based document verification, and
integration with 10T devices for real-time environmental monitoring of shipments.

VIIl.  CONCLUSION
The proposed logistics Flutter application provides a comprehensive solution for truckers, freight forwarders, and ground handlers,
optimizing cargo movement and improving supply chain efficiency. The integration of real-time tracking, digital documentation,
and secure authentication ensures a scalable and reliable logistics platform.
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