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   In today's logistics and delivery business, it is important to track and

manage parcels quickly and correctly. Manual methods can cause mistakes,

delays, and make it difficult to know the delivery status. To solve these

problems, this project introduces SwiftTrack, a web-based Parcel

Management System. The system helps users manage parcels, assign

deliveries, and manage delivery staff more easily.

    SwiftTrack is developed using Blazor Server on .NET 10. It uses PostgreSQL

(hosted on Supabase) to store data and Cloudinary to store images. The

system has four user roles: Admin, Manager, Staff and Viewer. Each role has

different permissions based on its responsibilities.

    The system includes features such as parcel tracking, delivery assignment,

vehicle management, warehouse management, driver management with

photo verification, payment management, and service type management. It

also uses cookie-based authentication to provide secure user login. SwiftTrack

helps improve work efficiency, reduce errors, and make it easier to track

parcels from the sender to the receiver.

    This project was developed as a software development assignment. It

provided practical experience in full-stack web development, database

design, user authentication, and cloud services while solving a real logistics

management problem.

I. Introduction
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    Software Development Life Cycle (SDLC)

   The development of SwiftTrack followed an Agile SDLC approach. This

method allowed the system to be developed step by step. After each stage,

the team tested the system, fixed problems, and added new features. GitHub

was used to manage the source code and support teamwork.

1. Requirement Analysis

    The team studied the needs of a parcel management system. The main

requirements included parcel tracking, user roles, delivery assignment,

payment management, and warehouse management. An Entity Relationship

Diagram (ERD) with about 18 tables was created to design the database.

2. System Design

    The overall system structure was designed. This included the Blazor Server

user interface, PostgreSQL database, cookie-based authentication, and five

user roles: Admin, Manager, Staff and Viewer.

3. Implementation

    The system was developed one module at a time. Features such as login,

parcel management, delivery assignment, vehicle management, warehouse

management, driver management, payment management, service types,

and image upload with Cloudinary were completed.

4. Testing

    Each feature was tested to make sure it worked correctly. The team tested

user login, database operations, and role permissions. Bugs found during

testing were fixed.
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5. Deployment

    After testing, the system was deployed on Render. The team also fixed

deployment issues, such as user sessions and email configuration, to ensure

the system worked correctly online.

6. Maintenance

    After deployment, the system continued to be improved. Performance was

increased by optimizing database queries and adding pagination. The email

service was also changed from Gmail SMTP to the Resend API for better

reliability.

  Using the Agile SDLC helped the team improve the system during

development. This allowed SwiftTrack to meet the project requirements and

provide a reliable parcel management solution.
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Main Functions

1. Authentication & Authorization

User login/logout with cookie-based session persistence

Role-based access control (4 roles: Admin, Manager, Staff, Viewer)

Session restoration on browser refresh

2. Parcel Tracking

Create, view, update, and track parcel status

Real-time status updates throughout the delivery lifecycle

Search and filter parcels by tracking number, status, or date

3. Delivery Assignment Management

Assign parcels to available drivers

Track assignment status (Pending, In Transit, Delivered, Failed)

View assignment history

4. Vehicle Management

Register and manage delivery vehicles

Track vehicle availability and assignment to drivers

5. Warehouse Management

Manage warehouse locations and capacity

Track parcel storage by warehouse

II. Functions / Use Cases of Application System
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Actor Use Case

Admin Manage assignments, view team performance, approve payments

Staff Create/update parcels, process tracking, handle customer requests

Manager Manage assignments, view team performance, approve payments

Viewer
View all pages across the full system (Tracking, Assignments, Vehicles,

Warehouses, Users, Drivers, Payments, Service Types, Reports) — read-only,
cannot create, update, or delete any data

AAD 2026

6. User & Driver Management

Admin/Manager can create and manage user accounts

Driver profile management with photo upload (Cloudinary)

Driver-to-User account linking for login access

7. Payment Management

Record and track payment status per parcel/order

Support for multiple service types with different pricing

8. Service Type Configuration

Define and manage different delivery service types (e.g., Standard,

Express)

5
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Use cases diagram
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   Business logic checks that the data entered by users is correct and follows

the system rules before it is saved to the database.

3.1 User & Authentication Rules

Email must be unique across the system. Duplicate registration is

rejected.

Password must be hashed using BCrypt before storage; plain-text

passwords are never saved.

A user can only be assigned one role at a time: Admin, Manager, Staff or

Viewer.

A Driver role account must be linked to a corresponding Driver profile

record — a driver cannot log in without an associated driver entity.

The manager_id field (self-referencing foreign key on User) must not

create a circular reporting chain (a user cannot be their own manager,

directly or indirectly).

Session cookies must be validated on every request; expired or tampered

sessions force re-authentication via SessionRestoreMiddleware.

3.2 Parcel & Tracking Rules

Every parcel must be assigned a unique tracking number upon creation.

A parcel's status can only move forward through valid states (e.g., Pending

→ In Transit → Delivered), preventing invalid transitions such as reverting

from Delivered back to Pending.

A parcel must be linked to a valid warehouse (origin) before it can be

marked as ready for pickup.

A parcel cannot be marked Delivered unless it has an active

DeliveryAssignment record.

III. Business Logic and Conditions
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3.3 Delivery Assignment Rules

A delivery assignment can only be created if the selected driver's account

is active and has an available vehicle.

A driver cannot be assigned two overlapping deliveries at the same time.

Assignment status must follow the sequence: Pending → In Transit →

Delivered / Failed.

Only Admin or Manager roles can create or reassign a delivery.

3.4 Vehicle & Warehouse Rules

A vehicle must have a valid registration/license status to be assigned to

any delivery.

A vehicle already assigned to an active delivery cannot be assigned to

another delivery simultaneously.

Warehouse capacity should not be exceeded — the system should flag or

restrict new parcel intake when a warehouse reaches its defined limit.

3.5 Payment Rules

Payment amount must be greater than zero and match the service type's

defined rate.

A parcel cannot be marked as Delivered if its payment status is Unpaid (for

COD/prepaid service types requiring payment confirmation).

Payment status transitions: Pending → Paid / Failed — no direct jump from

Pending to a final delivered state without payment resolution.
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3.6 Role-Based Access Conditions

3.7 Data Integrity Conditions

All DateTime values are stored using DateTime.SpecifyKind(...,

DateTimeKind.Utc) to maintain consistency with PostgreSQL's timestamp

handling.

Foreign key constraints (e.g., manager_id, driver_id, warehouse_id, user_id)

must reference existing valid records — orphaned references are rejected

at the database level.

Soft validation is applied at the Blazor component level (form validation),

while hard validation/business rules are enforced at the service layer

before database commits.

Condition Rule

Data modification
Only Admin and Manager can create/edit Users, Vehicles,

Warehouses

Assignment creation Only Admin and Manager can assign deliveries

Status updates Only  Admin/Manager can update delivery status

Read-only access
Viewer can only view data; all write operations are blocked at

both UI and service layer

Payment processing Only Admin and Staff can record/confirm payments

AAD 2026
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1. RoleType

id

name

description

salary

created_at

updated_at

2. Users

id

full_name

gender

email

phone_number

password

role_type_id

status

address

hired_at

last_login

created_at

updated_at

image_url

3. VehicleType

id

name

description

IV. Application system Domain model (Entity Classes / C# Class Code)
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4. Driver

id

name

phone

license_number

national

experience_year

zone

hire_date

status

Salary

image

created_at

updated_at

5. Vehicles

id

vehicle_type_id

plate_number

brand

model

year

capacity

zone

last_services

status

created_at

updated_at

6. VehicleAssignment

id

vehicle_id

driver_id

status

created_at

updated_at

7. ServiceType

id

name

description

base_price_per_kilo

minimum_charge

volumetric_divisor

is_active

created_at

updated_at

8. PaymentMethod

id

name

description

created_at

updated_at

+ Model
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9. Warehouses

id

name

address

code

phone

type

manager_id

current_stock

max_capacity

status

closed_at

created_at

updated_at

10. ParcelStatusHistories

id

parcel_id

status

description

update_by

create_by

created_at

updated_at

11. ParcelTracking

id

parcel_id

driver_id

 Latitude

Longitude 

location

recorded_at
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 12. Parcels

id

tracking_id

sender_name

sender_phone

sender_address

recipient_name

recipient_phone

destination

weight

width

height

length

volumetric_weight

chargeable_weight

price

status

notes

service_type_id

driver_id

warehouse_id

created_by

created_at

updated_at

13. DeliveryAssignment

id

parcel_id

driver_id

assigned_by

pickup_location

delivery_location

priority

notes

scheduled_date

assigned_at

status 

14. Payment

id

parcel_id

amount

payment_method_id

payment_status

processed_by

paid_at

created_at



Entity Relates To Relationship

RoleType User One-to-Many

User ParcelStatusHistory One-to-Many (update_by)

User DeliveryAssignment One-to-Many (assigned_by)

User Payment One-to-Many (processed_by)

VehicleType Vehicle One-to-Many

Vehicle VehicleAssignment One-to-Many

Driver VehicleAssignment One-to-Many (assigned to)

Driver DeliveryAssignment One-to-Many (handles)

Driver Parcel One-to-Many (current driver)

Driver ParcelTracking One-to-Many

ServiceType Parcel One-to-Many (applied to)

Warehouse Parcel One-to-Many (current location)

Parcel ParcelStatusHistory One-to-Many

ParcelDelivery Assignment One-to-Many (has)

Parcel ParcelTracking One-to-Many

Parcel Payment One-to-One (paid val)

Payment MethodPayment One-to-Many (used in)

AAD 2026
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+  Entity Relationship Summary
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+  ER Diagram

V.  Input Design

5.1 Login Page 5.2 Forgot password
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5.3 Create Parcel 5.4 Update Parcel
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5.5 Add Tracking 5.6 Create Delivery Assignment

5.7 Update Delivery Assignment
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5.8 Add New User 5.9 Update User
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5.10 Add New Driver 5.11 Update Driver

5.12 Add New Vehicles

5.13 Update Vehicles
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5.14 Add New Warehouse 5.15 Update Warehouse

5.16 Add New Payment 5.17 Update Payments
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5.18 Add New Services 5.19 Update Services
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VI.  Output Design

6.1 Dashboard

6.2 Parcel page
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6.3 Tracking page

6.4 Delivery Assignment page
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6.5 User page

6.6 Driver page
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6.7 Vehicles page

6.8 Warehouse page
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6.9 Payments page

6.10 Services page
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VII.  Solution explorer

7.1 ParcelManagement.Data
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7.2 ParcelManagement.WebApps
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VIII.  Conclusion

    The development of SwiftTrack, a web-based Parcel Management System,
provided valuable experience in building a full-stack web application to solve a
real logistics problem. The project followed the Software Development Life Cycle
(SDLC), including requirement analysis, system design, implementation, testing,
deployment, and maintenance. The system was developed using Blazor Server
(.NET 10), PostgreSQL on Supabase, and deployed on Render.

    SwiftTrack helps solve the problems of manual parcel management by storing
all parcel information in one system. It allows users to track parcels, assign
deliveries, manage drivers, vehicles, warehouses, and payments, and view parcel
status from pickup to delivery. The system also uses role-based access control
with four user roles: Admin, Manager, Staff, and Viewer. Business rules, such as
preventing drivers from receiving multiple deliveries at the same time, limiting
Viewer permissions, and checking payment status before completing a delivery,
help keep the system accurate and reliable.

    During development, several challenges were encountered, including handling
DateTime data in PostgreSQL, maintaining user login sessions after deployment,
and configuring email services in the production environment. These problems
were solved through testing and debugging, helping improve practical problem-
solving skills and understanding of real-world software development.

    Overall, this project improved knowledge and skills in database design, Entity
Framework Core, authentication and authorization, cloud service integration, and
web application deployment. SwiftTrack is a complete and working parcel
management system that demonstrates the practical use of software
development concepts to solve a real business problem. 
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