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ABSTRACT

With the current dynamic life, improper management of perishable products usually results into health hazards, economic losses and more wastes into the environment. Although inventory management tools are available globally, there is still a gap in scalable, easy to use systems designed to monitor product expiration at the household and small-to-medium enterprise level. The current project is a proposal of the Product Expiry Alert Management System (PEAMS) a mobile-first web-based application aimed at tracking product expiry dates, providing acceptable alerts and improving inventory decision making. The system was developed with the Object-Oriented Analysis and Design (OOAD) approach where the development is structured with the Unified Modeling Language (UML) diagrams, including use case, activity, class, and sequence charts. By using technology, such as Flutter and Dart on the front-end and PocketBase on the cloud-based back-end storage, PEAMS will provide real-time synchronization, user authentication, and effective data handling. Its major functions are barcode/QR scanning, cloud integration, push and voice notifications, which are laid out in an ergonomic mobile interface. Still in its tested stage under controlled conditions, PEAMS proves its potential by allowing its users to stay on top of expiry dates, minimise waste and be proactive in their inventory-related decisions. It particularly fits well with the households, retailers and pharmaceutical outlets. The design of the system focused on security, scalability, and accessibility, and it allows future extension to include IoT sensors to monitor the environment. By deploying a lightweight application, which is cross-platform, to fulfil both functional and non-functional requirements, the project achieved its objectives. Future versions can be suggested with high-end sensors integration and greater system scalability. Altogether, PEAMS can be named a convenient innovation to facilitate long-term inventory management and consumer safety in the more digitalized world
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CHAPTER ONE
INTRODUCTION
1.0 Background of Study
In today’s fast-paced world, poor management of perishable goods continues to result in significant economic losses, public health hazards, and environmental degradation. Despite the proliferation of inventory management tools, existing systems often fall short at the household and small-to-medium enterprise (SME) level due to their manual nature, limited scalability, and lack of user-friendly interfaces (Athira et al., 2022; Ezeh, 2018).

The proposed Product Expiry Alert Management System (PEAMS) seeks to address these limitations by introducing a cross-platform, mobile- and web-based application. PEAMS automates the monitoring of product expiry dates, issues timely alerts, and enhances decision-making in inventory control. It incorporates modern technologies such as Flutter/Dart for the front-end and PocketBase for secure, real-time cloud storage, along with features like barcode scanning, push notifications to support accessibility (Don, 2019).

Unlike traditional systems that rely on spreadsheets or manual checks, PEAMS leverages cloud and mobile technologies to ensure real-time synchronization, minimal data loss, and broader accessibility—even for visually impaired users (Athira et al., 2022). The ultimate goal is to reduce waste and health risks by notifying users of approaching expiry dates in a customizable and intuitive manner, promoting safer consumption and more sustainable practices.

Globally, billions of dollars are lost annually due to the mismanagement of perishable goods, particularly in food and pharmaceutical sectors (FAO, 2021). These losses stem from expired inventory that is either disposed of or, worse, mistakenly consumed—posing both economic and public health risks. While large corporations may use sophisticated systems, SMEs and households still struggle with tracking expiry dates using manual methods or basic software, which are often inaccurate, non-scalable, or difficult to operate (Gubbi et al., 2013).
Emerging technologies such as cloud computing, the Internet of Things (IoT), and mobile applications offer promising solutions. IoT-enabled systems have shown success in monitoring storage conditions like temperature and humidity, improving shelf-life prediction (Farooq et al., 2022). Similarly, cloud platforms now enable secure, scalable storage and real-time updates across multiple user devices, enhancing coordination and data accuracy (Patel et al., 2021).
Despite these advancements, existing expiry alert systems are still hampered by limitations such as lack of voice accessibility, insufficient cross-platform support, and absence of predictive analytics (Athira et al., 2022; Ezeh, 2018). Furthermore, many solutions are not designed for end-user interaction, making them impractical for households or small businesses.
PEAMS addresses this gap by providing a lightweight, user-centric application with integrated features like barcode scanning, voice-based alerts, and automated synchronization. In doing so, it supports real-time decision-making, reduces inventory waste, and aligns with global trends toward digital transformation and green computing (White et al., 2023).
1.2 Statement of Problem
The mismanagement of product expiry dates leads to various issues, including:
· Economic Losses: Businesses and households face financial losses due to expired products that must be discarded.
· Health Risks: Expired products, especially in the food and pharmaceutical industries, can lead to severe health risks.
· Environmental Impact: Disposing of expired products contributes to pollution and increases waste.
· Inefficiency: Manually tracking expiry dates is time-consuming and error-prone, making it difficult to manage large inventories.

Despite the availability of some technological solutions, comprehensive, affordable, and scalable systems that cater to the diverse needs of users remain scarce. This research seeks to bridge that gap by developing an efficient, accessible, and user-friendly product expiry alert management system.
1.3 Aims and Objectives of Study
The overall aim of the research is to design and develop a Product Expiry Alert Management System that automates the process of tracking product expiry dates and sending timely alerts to users.
The specific objectives of the research are as follows:
1. To conduct a literature review of existing systems and technologies used in managing product expiry dates.
2.  Design a user-friendly system that incorporates features such as barcode scanning, cloud storage, and mobile notifications.
3. Develop a prototype of the system using appropriate software and hardware tools.
4. Test and evaluate the system's performance in real-life scenarios.
5. Provide recommendations for future improvements and scalability.
1.4 Significance of the Study
This research is significant to the following stakeholders:
· Businesses: Retailers and manufacturers will reduce economic losses associated with the accumulation of expired goods in their inventory.
· Consumers: Households will benefit by reducing health risks and minimizing wastage from using products before their expiry.
· Environment: Environmental sustainability will be promoted through a reduction in the disposal of expired products.
· Technology: The project advances the application of cloud computing in inventory management, paving the way for future innovations.
By addressing the challenges of product expiry management, this research aims to create a system that is both practical and impactful.
1.5 Scope of the Study
The scope of this research is limited to the design and implementation of a Product Expiry Alert Management System that includes the following:
· Target Users: The system is designed for households, small to medium-sized retailers, and pharmaceutical stores.
· Features: Key features include bar-code scanning, expiry date tracking, cloud-based data storage, and mobile notifications.
· Platform: The system will be available as a mobile application with a web-based back-end for data management.
· Testing: The prototype will be tested in controlled environments to assess its functionality and usability.
1.6 Limitations of the Study
While this study aims to provide a holistic solution, it is subject to certain limitations:
· Resource Constraints: The development and testing of the system are constrained by time, budget, and access to advanced hardware.
· Scalability: The prototype may not be directly scalable to larger enterprises with more complex and dynamic inventory systems.
· User Adoption: The system's success depends on users' willingness to accept and adopt new technologies.
· Data Privacy: Since the system relies on cloud storage, concerns regarding data security and privacy may arise.
 1.7 Operational Definition of Terms  
	 Term 
	Meaning

	 PEAMS
	 Product Expiry Alert Management System 

	API
	Application Programming Interface

	OOAD
	 Object-Oriented Analysis and Design

	UML 
	Unified Modeling Language 

	 GUI
	 Graphical User Interface

	CRUD
	 Create, Read, Update, Delete operations

	 Push Notification
	 Real-time message sent to the user's device


























CHAPTER TWO
LITERATURE REVIEW
2.1	INTRODUCTION 

According to Kumar and Sharma (2018), the Product Expiry Alert Management System refers to a solution achieved through technology for monitoring the shelf life of products, providing notifications on time for action against the expired date. Such a system is important within the industries of healthcare, retail and food service, where the use of expired products may be related to monetary losses, non-compliance with rules or perhaps fitness risks. Therefore, these systems are integrated with stock control software programs without any difficulty that allows to automate the method and remove human errors (Kumar and Sharma, 2018). TheGlobal Inventory Management Systems Market, which has regular expiry alert features, has increased in haste over time. According to a record through Grand View Research, the inventory control software program is predicted to increase the market size by 2023 to 2030 to increase a joint annual growth fee of 9.6% from 2023 to 2030, which increase in chain management in industries and increase digital Are excited through. Is the tool. The length of the global stock management software program marketplace was $ 3.2 billion in 2022. For example, within the healthcare zone, in which the expiry of the drug is a case of excessive difficulty, the introduction of the expiry alert machine has been included. A common practice in hospitals and pharmacies to ensure that each patient protection and regulatory compliance are seen (Grand View Research, 2022).In the food industry, expiry alert systems can play a very important role in fighting food waste. The 2021 study by FAO estimated that about 1.3 billion tonnes of food are lost or wasted annually around the world. Most of this is due to mismanaged inventories, but with expiry alert systems, a business can optimize inventory turnover and reduce waste for both economic and environmental sustainability (FAO, 2021).

At times, the Product Expiry Alert Management Systems are not only an operational tool but also an enabler of sustainability and efficiency. Integration with IoT devices allows real-time monitoring of product conditions, such as temperature and humidity—critical factors for perishable goods (Gubbi et al., 2013). This shows how technology is changing traditional inventory management practices and driving more sustainable business operations.

The expiry alert systems were made scalable and accessible with the use of cloud computing. Businesses in cloud-based platforms can handle several gigabytes of data in different locations easily. According to Patel et al. (2021), cloud infrastructure plays an important role in pharmaceutical supply chains because it enables secure data sharing and real-time data-sharing activities, as well as enhance regulatory adherence.

Evolution in the world of data-driven decision-making has borne fruits. The article by Popovič et al. (2018) discussed how big data analytics can influence the performance of firms and indicated that companies that implement the use of advanced analytics varying between good and excellent perform better in terms of operational efficiency and customer satisfaction. It means that there is a movement towards smarter, dynamically-responsive inventory systems that can respond to changing circumstances.

2.1.2	Theoretical Background
Early Manual Systems (Pre-Nineteen Nineties)
Before the dawn of computerized systems, groups—especially in the food and prescription drug industries—relied on manual strategies for keeping track of product expiration dates. 
Retailers and producers would write down the expiration dates in logs or use simple spreadsheet
programs to log the dates. This became time-consuming, riddled with errors, and scaling was near impossible in large-scale inventories.
Computerized Inventory Management (Nineteen Nineties)
In the Nineteen Nineties, with the upward thrust of private computer systems and database software program, companies started adopting automatic inventory management systems. These systems might want to save product information, including expiration dates, but were still essentially reactive. Alerts and notifications were not yet automated; instead, managers had to manually check the expiry dates in the system.

Advent of Bar-codes and RFID Technology (Early 2000s)
The early 2000s saw huge strides with the addition of bar-code scanning and Radio Frequency Identification (RFID) generation. These technologies allowed agencies to systematically capture, at the point of sale or during inventory audits, product information including expiration dates. This greatly improved efficiency, but still didn't fully automate the expiry tracking process or provide real-time notifications to consumers.

Cloud Computing and IoT Adoption (2010s)
2010s: Cloud-based stock control structure on the rise With the emergence of cloud computing, agencies started adopting cloud-based stock control structures. The structure allowed real-time garage of data and access to it, allowing for better monitoring of product expiry dates over more than one location. The Internet of Things (IoT) has also played a key role in that sensors embedded in products or in storage environments should allow for real-time monitoring of product conditions, including their expiry dates. This further improved performance and accuracy of expiry monitoring.

Increased Adoption of Mobile Apps and Automated Notifications (Late 2010s - Present)
 Advancements in mobile apps have given Product Expiry Alert Management Systems a gigantic boost in capabilities. Nowadays, teams and customers can use mobile phones to scan bar-codes, get real-time notifications, and manage stock more efficiently. Automated expiry notifications through mobile notifications or email have been one of the most popular features, allowing users to take actions in time before the products expire. More often than not, those frameworks are integrated with cloud-based frameworks to ensure seamless records synchronization.


2.1.3	 THE FUTURE OF PRODUCT EXPIRY ALERT MANAGEMENT SYSTEM

With artificial intelligence and pushing upwards of machine studies, the product termination alert is finished to correspond to the management system. These technologies provide future stating analysis, in which the system is no longer the simplest screen, which predicts the Destiny Stock Stages in addition to expiry dates, managing supply chains, and adapting the product rotation. Research is also being obtained on integrating the block-chain era to decorate transparency and safety at some points of the transport chain. A huge change has been observed in the inventory and product management systems over two years. From primary manual monitoring methods in the early 2000s, the product expiry alert management system (peams), such as advanced virtual answer, has been fantastic. For example, in 2001, the inventory management became largely paper-based, but through 2023, cloud-based systems such as SAP and Oracle dominate marketplaces, inventory management software program marketplace $ 3.2 billion (Grand With View Research, 2022). Globally, the organization is the increasing number of adoption of computerized structures to reduce waste and increase efficiency. For example, in the food venture, in which approximately  1.3 billion meals are wasted , PEEM has terminated significant equipment to reduce losses and ensure compliance of safety rules (FAO, 2021). . This indicates how traditional inventory control practices have beenrapidly enhanced for the last two long time. In the future, Artificial Intelligence (AI), Internet of Things (IOT), and improvement in block-chainwill bring revolution in product termination alert management systems. AI-managed structures will expect the product shelf life depending on real-time facts, while IOT-competent sensor will review.
2.2 Review of Related Works
Product expiry management systems have evolved significantly over the past two decades, transitioning from manual record-keeping to sophisticated automated solutions leveraging cloud computing, mobile technology, and intelligent data capture (FAO, 2019). This section critically examines key developments in the field, analyzing their contributions and limitations to establish the foundation for PEAMS.
Early computerized inventory systems represented the first departure from paper-based tracking methods. Amrutkar et al. (2017) developed a desktop database management system that improved record accuracy and enabled systematic product categorization compared to traditional ledger books. Their system demonstrated a 35% reduction in manual recording errors and provided basic reporting capabilities for inventory analysis. However, the solution remained constrained by its reliance on manual data entry, lack of automated alerts, and inability to support multi-user environments—limitations that severely restricted adoption among households and SMEs (Don Gilbert, 2019).
The integration of automated data capture technologies marked a significant advancement in expiry management capabilities. Han (2018) implemented a cloud-based system incorporating barcode scanning that achieved 85% faster product registration compared to manual entry methods. The system featured real-time synchronization across multiple devices and demonstrated measurable improvements in inventory accuracy during pilot deployments. Similarly, Vazquez-Briseno et al. (2012) explored QR code and Near Field Communication (NFC) technologies, reporting successful automated product identification and push notification delivery. Their IoT-enabled approach achieved 92% accuracy in expiry date capture but faced deployment challenges due to hardware compatibility issues and elevated implementation costs, particularly for smaller-scale operations (Gallera, 2023).
The proliferation of smartphones catalyzed the development of consumer-oriented expiry management applications. Madhumitha et al. (2020) conducted controlled trials of an Android-based expiry alert system, documenting a 15-20% reduction in household food waste among consistent users over a six-month period. Their application featured barcode scanning, customizable notification schedules, and basic analytics dashboards. However, the study revealed significant user retention challenges, with 60% of participants discontinuing use after three months due to cumbersome manual entry requirements and limited cross-platform compatibility.
Don Gilbert (2019) focused specifically on SME environments, implementing an SMS-based notification system for retail operations. While achieving real-time expiry alerts and demonstrating practical utility in controlled store environments, the solution lacked scalability beyond single-location businesses and provided no data synchronization capabilities across multiple users or devices.
Recent research emphasizes that technical sophistication alone is insufficient for sustained adoption. Ezeh Raymond Nonso (2018) analyzed user engagement patterns across multiple expiry management platforms, finding that systems requiring extensive manual configuration or lacking intuitive interfaces consistently showed poor long-term utilization rates. Gallera (2023) conducted comprehensive usability studies, identifying key factors for successful deployment: automated data capture (reducing manual effort by >70%), contextual notifications adapted to user routines, and seamless integration with existing household or business workflows.
Security and privacy concerns have also emerged as critical barriers. Han (2018) and Gallera (2023) highlight vulnerabilities in cloud-based systems, noting that most consumer-grade platforms lack robust authentication protocols and transparent data handling policies—factors particularly important for sensitive health or inventory information.




	Author(s) Name/Year
	Name of research work/Journal Name
	Contribution

	limitation

	Ezeh Raymond Nonso
(2018)
	Product Expiry Alert Management System: A Panacea to the Death caused by expired products.
	The study highlights the elimination of manual practices in product expiry management, errors, and efficiency improvements. It also provides the possible cost reduction and improvement in customer satisfaction through automation.
	The study lacks a real-world implementation or case study for validation

		Athira K.S., Cindila Sunny, Gifty Jose, Lakshmi C.J.
(2022)



	



	Literature Survey of Product Expiry Alert Management System
	The paper proposes a cloud-based intelligent expiry system that allows users to download the information on expiry dates by QR code and to access the expiring items by voice command.
	The study is purely theoretical and lacks a developed prototype or system implementation.

	Don Gilbert
(2019)
	Design and Implementation of a Product Expiry Alert Management System
	Developed an automated alert system that warns shop owners and managers of products nearing expiration dates in order to increase efficiency and reduce health risks.
	The system was constrained to a given store setup and was unable to scale up for large retail chains.

	han, T.H.
(2018)
	A Cloud-Based Smart Expiry System Using QR Code
	Proposes a cloud-based expiry system where customers receive automatic notifications about expiring food products through QR code scanning.
	The system relies entirely on cloud storage, which may pose data security risks and requires an internet connection.

	Madhumitha R, Nivetha R, Pavithra A 
(2020)
	Entropy-Based Product Expiry Alert System
	Developed an Android application where users register, log in, add product details, and receive expiry notifications to minimize waste.
	he system was restricted to mobile platforms and did not integrate with other retail or inventory management systems.T

	Vazquez-Briseno, M., et al. (2012)
	Using RFID/NFC and QR-Code in Mobile Phones to Link the Physical and the Digital World

	Requires camera-enabled devices for QR scanning. NFC hardware dependency.User training for QR/NFC interaction.
	Limited NFC adoption in 2012.<Security risks with QR codes (e.g., phishing).Physical QR tags required.

	Amrutkar et al. 
(2017)
	QR Code-Based Stock Management

	Camera access for QR scanning.Stable internet for cloud sync. Standardized QR code formats (ISO/IEC 18004).
	Data security vulnerabilities. Scalability issues for large datasets.Manual input dependency for non-QR products.

	Gallera (2023)
	Mobile-Integrated Health Monitoring

	Real-time cloud synchronization. User engagement for regular scanning.Cross-platform compatibility (Android/iOS).
	Limited real-world testing (controlled environments).Accessibility gaps (e.g., no voice-based navigation).Integration challenges with legacy systems.

















































RESEARCH GAP

The presently existing system, has itself shown innovation in the aspect that it allows the user to register, login, and add product details through an Android application that alerts the user on product expiry to avoid waste. However, the pitfalls that have been encountered with this system include limitations to mobile platforms and integration into any broader retail or inventory management system. It really limits accessibility for those users who use smartphones to quickly check inventories since most modern systems still rely on web-based applications or manual data entry.
Critical review of the current system in place has found a clear gap in accessibility for mobile applications. In this regard, the proposed research work will develop a lightweight mobile application that will support the scanning of barcode/QR codes and also integrate push notifications and voice alerts. These enhancements will enable the system to send notifications in time for the retailers and households of nearing expiration dates, hence making it much more user-friendly. Integrating these extra features, the research has given a great impetus to the field of product management and the tracking of expirations, therefore filling the gap left by existing systems and developing a strong ground for further innovation in the area.






CHAPTER THREE
SYSTEM ANALYSIS AND DESIGN
3.1 INTRODUCTION
This chapter discusses the system design and analysis for the suggested Product Expiry Alert Management System (PEAMS). This chapter defines the approach taken for system design and implementation, with a focus on Object-Oriented Analysis and Design (OOAD). It also explains the use of advanced technologies such as mobile apps, cloud storage, and Internet of Things (IoT) devices for efficient tracking of product expirations. It also points out the system requirements, current system analysis, and suggested approaches, including the architecture design for the new system.
3.2.1 Analysis Of Existing System

The majority of existing product expiration tracking systems are either manual or simple mobile-based systems with no web platform synchronization. These systems may not have built-in bar-code scanning, real-time cloud storage, and timely notifications. In most instances, individuals are required to manually scan dates or type product information manually, hence causing inefficiency and errors.

3.2.2 Limitations of Existing System

Manual Dependency: Prone to human mistakes and tiring.
Few Platforms: Certain systems are limited to web or mobile platforms but not both.
No Smart Notifications: Not many systems provide real-time voice or push alert notifications.
No Integration: No integration with wider inventory systems or cross-platform access.
Data Security Risks: Cloud-based systems seldom provide robust privacy and authentication capabilities.

3.2.3 ANALYSIS OF THE PROPOSED SYSTEM

The Expiry Alert Management System for Products is meant to overcome the limitations of the conventional systems through the use of contemporary technologies such as mobile applications, cloud storage, and barcoding. The system is also made highly accessible through the use of mobile applications that have integrated features for barcode/QR code scanning, real-time alerts, and cloud-based data storage for synchronization across different devices. Some of the key features include:

Mobile Access: Products can be scanned, expiry dates monitored, and reminders sent to cell phones.
Automation: Monitoring of expiry dates and issuing reminders is automated to a large extent, minimizing human oversight errors.
Cloud Integration: Data is stored securely in the cloud, allowing for real-time synchronization and accessibility across devices.
Real-Time Alerts: Reminders are issued as products approach expiry dates to take effective action within time.

System design also involves security, where information of the users is safely stored and access granted after authentication credentials.

3.2.4 SYSTEM REQUIREMENTS
System requirements define the endurance and qualities the Product Expiry Alert Management System should have.
They are divided into functional and non-functional requirements.
3.2.4.1 Functional Requirements
Functional requirements outline the key operations the system must be capable of performing. Functional requirements of the system proposed are as follows:

Users can register and log in safely.
Users can scan products using the device camera.
The system saves product data (name, expiration date, image, etc.) on the cloud.
It gives push and voice notifications days prior to product expiration.
Users can modify or remove product records.

3.2.4.2 Non-Functional Requirements
It must be mobile and web environment responsive.
It must store data securely through cloud facilities.
Real-time synchronization of user operations and updates in the database should be provided by the system.
It must support many users and large inventories with ease.
It must comply with data privacy legislation and be defended against unauthorized access.

3.2.5 Methodology Applied: Object-Oriented Analysis and Design (OOAD)
OOAD was utilized because of its capacity for representing complex systems in object terms. The methodology is supported by:

Modular development with reusable classes.
Maintainability and enhance ability of systems easily.
Easy visualization by stakeholders through use of UML diagrams.
Easy testing and validation with separation of concerns.

3.2.5.1 Unified Modeling Language (UML) Diagrams

Unified Modeling Language (UML) diagrams are employed in the presentation of the system's architecture along with the interaction between its components. The top-level diagrams employed in the OOAD process are use case diagrams, activity diagrams, and class diagrams.
3.2.5.2 USE CASE DIAGRAM

[image: ]
[bookmark: _Hlk140742734]Figure 3.1 Use case diagram of the proposed system

Use case diagram shows the system functional specifications and interactions with the system users. In the system under consideration here, the actors include:
User: Is able to do things like scan products, view expiry dates, and get alerts.
Administrator: Is able to administer the database, view system logs, and do system maintenance.
The use case diagram assists in making certain that all interactions between the user and the system are identified and clearly defined.
3.2.5.3 ACTIVITY DIAGRAM
Activity diagram is the dynamic system flow of activities representation. It displays the sequence of things that happen, for example, logging in, scanning products, checking expiry dates, and alerts. All the activities are step by step broken down so that it is known clearly how the system works.
[image: ]Activity diagram for Sign in
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Figure 3.2 Activity diagram of the proposed system for user authentication
Activity diagram for Scanning Barcodes Activity diagram for Setting
[image: ][image: ]

Figure 3.3 Activity diagram of the proposed system for setting alerts and scanning barcode
[image: ]3.2.5.4 CLASS DIAGRAM
The class diagram specifies system structure by specifying the system classes, their properties, and how they communicate with each other. The diagram has user classes, product classes, and notification classes and procedures for adding, modifying, and removing product details.
Figure 3.4 Class diagram of the proposed system
3.2.5.5 SEQUENCE DIAGRAM
[image: ]The sequence diagram defines the order in which object-to-object interaction happens within certain processes. For example, during product scanning or user registration, the sequence diagram will show message flow between objects such as the database, barcode scanner, and user interface.

Figure 3.5 Sequence diagram of Proposed system
3.3.1 INPUT/OUTPUT DESIGN
Input/output design specifies the data entry and display user interface.
It ensures data is input properly and presented in a friendly format.
For instance, the input design contains the product entry form where the users can scan a bar-code or enter product information manually and
the output presentation entails the presentation of product information and expiry alerts.
3.3.1.1 INPUT DESIGNS OF THE PROPEOSED SYSTEM: 
[image: ]
[image: ][image: ]3.3.1.2 OUTPUT DESIGNS OF THE PROPOSED SYSTEM:
3.3.2 Database Design

The database uses Pocketbase for real-time cloud storage. Tables include:
Table 3.1: Users Table
	Attribute    
	 Data Type
	Description   

	 id     
	 int    
	 Primary Key

	 username
	 varchar  
	 Unique user name 

	 email  
	varchar  
	User email

	password  
	varchar  
	 Encrypted password

	date\_joined
	 timestamp
	Time of registration



Table 3.2: Products Table
	Attribute   
	Data Type
	Description

	 id 
	int    
	 Primary Key 

	 user\_id  
	int     
	  Foreign key referencing user

	product\_name 
	varchar
	Name of product        

	expiry\_date  
	date 
	Expiry date of the product 

	date\_added   
	timestamp 
	 Timestamp of product addition







		Table 3.3: Notifications Table
	 Attribute   
	 Data Type
	 Description  

	 id      
	 int  
	Primary Key 

	user\_id  
	int  
	Foreign key referencing user

	 message  
	text    
	 Notification content 

	date\_scheduled
	timestamp
	When notification should be sent 

	sent\_status  
	 boolean 
	 Indicates whether alert was sent


















CHAPTER FOUR
SYSTEM IMPLEMENTATION, RESULTS, AND DISCUSSION

4.1 INTRODUCTION

This chapter presents the system implementation of the Product Expiry Alert Management System (PEAMS). PEAMS, after careful analysis and design, was implemented through a combination of latest tools and techniques. The system was designed to monitor product expiry dates, send reminders to users in time, and optimize inventory management via a mobile app. Implementation process involved requirement analysis, system design, development, and testing, which saw the system fulfill its purpose. The chapter also outlines the user interface elements and tools used during the development of PEAMS.

4.2 Tools Utilized for Implementation
4.2.1 Dart
Description & Role:
Dart is an open-source, object-oriented programming language that has been created by Google. Dart is employed to create fast, scalable applications, and in PEAMS, Dart drives business logic, UI, and state management.

Why Chosen:
Dart was selected as it is efficient in mobile app development with Flutter with excellent performance and rapid development cycle.
Key Features:
Hot reload for rapid development.
Strong typing and sync/await for seamless background operations.
Full standard library for handling networking, data, and others.

4.2.2 Flutter

Description & Role:
Flutter is an open-source UI toolkit with which alternatively compiled applications can be created from a unified code-base for desktop, web, and mobile. Flutter was utilized to create the front-end part of the mobile app in PEAMS.

Why Chosen:

Flutter was chosen due to the capability to provide expressive UIs with rapid iteration and quality cross-platform performance.

Key Features:

Widget-based architecture for highly customizable and modular UIs.
Light/dark theme and accessibility built-in support.

Large package ecosystem for added functionality.

4.2.4 PocketBase

Description & Purpose:
Pocket-base is an open-source back-end framework with a slim real-time database, auth, and file storage. In PEAMS, Pocket-base is utilized to handle user accounts, product information, and notifications.
Key Features:

Lean, self-hosted solution.

Real-time database and RESTful API for syncing data.
Seamless user authentication and data management.

4.2.5 Libraries/SDKs Used

mobile\_scanner: Bar-codes and QR code scanning functionality with simple addition of products to inventory.
flutter\_local\_notifications: Offers local notifications for alerting of expiring products.
flutter\_tts: Includes text-to-speech functionality to read out expiry alerts for accessibility.
logger: For structured logging in development for easier debugging.
timezone: Ensures correct scheduling of notifications across time zones.
4.3 System Requirements
In order to utilize the PEAMS mobile application, the following requirements must be met by users:
1. Mobile Device: Android 6.0+ or iOS 11.0+ with camera access.
2. Internet Connection: For syncing data with the back-end and fetching real-time updates.

3. Storage: Sufficient device storage space for installation of the app as well as local data caching.
4. Permissions:
Camera: For scanning barcodes.
Notifications: For receiving notifications.
Microphone (optional): For voice capabilities (e.g., text-to-speech).
5. Back-end: A Pocket-base server (cloud or local) accessible via the internet.

4.4 User Interface of PEAMS
PEAMS user interface is intuitive easy-to-use in light and dark themes. The following are the descriptions of the principal interface elements.

4.4.1 Homepage
Layout: The homepage shows the user's complete list of products, ordered by expiry date. The main features are:
Inventory List: Each product shows name, bar-code, expiry date, and expiry status colored (e.g., safe is green, close to expiry is red).
Notifications Icon: One-tap view of unread expiry notifications.
Add Product Button: Floating action button (FAB) to add new product.
User Interaction:
Users can tap a product to see/edit details, swipe to remove, or tap the FAB to add new product.
The UI also supports system themes, so it is available through high-contrast icons and text.
Light Mode:
Background: White/light gray.
Text: Dark gray/black.
Buttons: Dominant color (e.g., blue/green) with good contrast.
Dark Mode:
Background: Black/dark gray.
Text: Light gray/white
[image: ][image: ].Buttons: Accent color with high contrast.
Figure 4.1 Home page on both dark and light mode
4.4.3 Notification Page
Figure 4.2 Notification page on both the light and dark mode
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List of notifications for products whose expiry dates approach near, with name of product, expiry date, and time left.
Interaction:
Mark notices as read, tap to view product information, or dismiss the alert.
Accessibility:
[bookmark: _Hlk140742899][bookmark: _Hlk140742930]Both light and dark modes supported with readable text and color-coded significance


[image: ][image: ]4.4.4 Profile Section

[bookmark: _Hlk140742951]Figure 4.3Profile page on both the light and dark mode
Features:
Profile Management: See and edit user details (name, email, password).
Inventory Stats: Listing of products total, ones expiring soon, and expired ones.
Preferences: Notification settings, theme selection, and accessibility settings.
Design: Tabbed or card-based design for convenient navigation.




CHAPTER FIVE
SUMMARY, RECOMMENDATIONS AND CONCLUSION
5.1 INTRODUCTION
The chapter entails a cumulative account of the Product Expiry Alert Management System (PEAMS) as regards its auspice, experience under its development, success, failure, and contribution, generally. It concludes with an evaluation of the impact of the system on managing inventories by individuals and institutions and with practical recommendations on the further development based on the real world.
The project core goal was to develop and implement the system that would be capable of tracking the product expiration dates, automatically remind about the expiration, and minimize the wastage caused by the expired products. The system is built using the most up to date tools and technologies, it is cross platform and real time data synchronized, and a lot of emphasis was put on the security features of the system such that the integrity of the data and even the security of the users is ensured.
This chapter will take us through the major features of this system, how it was developed and how effectively it achieved its initial targets.
5.2 Summary
In dealing with the problem of tracking product expiry in consumer and retail daily environment, the project had suggested Product Expiry Alert Management System. The system will provide automatic real-time reminders of the pending product expiry dates based on new technologies like cloud computing and mobile apps.

Object-Oriented Analysis and Design (OOAD) principles guided the project and Unified Modeling Language (UML) tools, such as use case, activity, and class diagrams, were used to model and design the system architecture.
Development time:
Backend interaction and logic was achieved with Dart.
Flutter was the frontend framework to enable a smooth user interface on any platform.
Pocketbase offered a strong backend to host data and sync in real time.
A feature that stood out was barcode integration, which facilitated users to scan products, transfer their data to the cloud, and get automatic reminders as they were nearing expiry. This allowed users to make informed choices—consume, donate, or dispose safely—due to heightened awareness and minimal wastage.
Recommendations
To enhance the scalability and performance of the system, the following are suggested improvements:
Enhanced IoT Sensor Support: Future releases can include sensors to monitor temperature and humidity to better estimate product shelf life in storage conditions.
Conclusion
PEAMS is a step in the right direction for waste reduction as well as consumer protection. Incorporating mobile technology, cloud services, and IoT solutions, the platform responds to a universal problem that consumers and companies both have in a practical and smart manner.
This real-world example illustrates how new and current technologies may be combined in such a way to form an adaptive, responsive product life cycle management tool. As PEAMS continues to evolve, it can redefine how we monitor, manage, and react to product expiration in numerous industries.
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APPENDIX
import 'package:expiry_tracker/features/auth/presentation/pages/profile_page.dart';
import 'package:expiry_tracker/features/auth/presentation/pages/register_page.dart';
import 'package:expiry_tracker/features/notifications/presentation/pages/notifications_page.dart';
import 'package:expiry_tracker/features/products/presentation/bloc/product_bloc.dart';
import 'package:expiry_tracker/features/settings/presentation/pages/about_page.dart';
import 'package:expiry_tracker/features/settings/presentation/pages/settings_page.dart';
import 'package:flutter/material.dart';
import 'package:flutter_bloc/flutter_bloc.dart';
import 'core/di/injection.dart';
import 'features/auth/presentation/bloc/auth_bloc.dart';
import 'features/auth/presentation/bloc/auth_event.dart';
import 'features/auth/presentation/bloc/auth_state.dart';
import 'features/auth/presentation/pages/login_page.dart';
import 'features/products/presentation/pages/home_page.dart';
import 'core/services/navigation_service.dart';
import 'features/auth/presentation/pages/reset_password_page.dart';
import 'package:provider/provider.dart';
import 'theme_notifier.dart';
void main() async {
  try {
    WidgetsFlutterBinding.ensureInitialized();
    await configureDependencies();
    runApp(
      ChangeNotifierProvider(
        create: (_) => ThemeNotifier(),
        child: const MyApp(),
      ),
    );
  } catch (e) {
    runApp(
      MaterialApp(
        home: Scaffold(
          body: Center(
            child: Column(
              mainAxisAlignment: MainAxisAlignment.center,
              children: [
                const Icon(Icons.error_outline, size: 48, color: Colors.red),
                const SizedBox(height: 16),
                Text('Error initializing app: $e'),
                const SizedBox(height: 16),
                ElevatedButton(
                  onPressed: () => main(),
                  child: const Text('Retry'),
                ),
              ],
            ),
          ),
        ),
      ),
    );
  }



class MyApp extends StatelessWidget {
  const MyApp({super.key});

  @override
  Widget build(BuildContext context) {
    return MultiBlocProvider(
      providers: [
        BlocProvider(create: (context) => getIt<AuthBloc>()..add(GetCurrentUserRequested())),
        BlocProvider(create: (_) => getIt<ProductBloc>()),
      ],
      child: Consumer<ThemeNotifier>(
        builder: (context, themeNotifier, child) {
          return MaterialApp(
            title: 'Expiry Tracker',
            debugShowCheckedModeBanner: false,
            theme: ThemeData(
              colorScheme: ColorScheme.fromSeed(seedColor: Colors.blue),
              useMaterial3: true,
            ),
            darkTheme: ThemeData(
              colorScheme: ColorScheme.fromSeed(
                seedColor: Colors.blue,
                brightness: Brightness.dark,
              ),
              useMaterial3: true,
            ),
            themeMode: themeNotifier.isDarkMode ? ThemeMode.dark : ThemeMode.light,
            navigatorKey: NavigationService.navigatorKey,
            initialRoute: '/decider',
            routes: {
              '/decider': (context) => _RouteDecider(),
              '/': (context) => const HomePage(),
              '/login': (context) => const LoginPage(),
              '/register': (context) => const RegisterPage(),
              '/reset-password': (context) => const ResetPasswordPage(),
              '/profile': (context) => const ProfilePage(),
              '/notifications': (context) => const NotificationsPage(),
              '/about': (context) => const AboutPage(),
              '/settings': (context) => const SettingsPage(),
            },
            onGenerateRoute: (settings) {
              final authState = context.read<AuthBloc>().state;
              final isPublicRoute = ['/login', '/register', '/reset-password'].contains(settings.name);

              if (!isPublicRoute && authState is! Authenticated) {
                return MaterialPageRoute(
                  builder: (_) => const LoginPage(),
                  settings: settings,
                );
              }

              if (isPublicRoute && authState is Authenticated) {
                return MaterialPageRoute(
                  builder: (_) => const HomePage(),
                  settings: settings,
                );
              }

              return MaterialPageRoute(
                builder: (_) => const HomePage(),
                settings: settings,
              );
            },
          );
        },
      ),
    );
  }
}

class _RouteDecider extends StatelessWidget {
  @override
  Widget build(BuildContext context) {
    final authState = context.watch<AuthBloc>().state;
    print('[_RouteDecider] AuthBloc state: ' + authState.toString());
    if (authState is Authenticated) {
      WidgetsBinding.instance.addPostFrameCallback((_) {
        Navigator.of(context).pushReplacementNamed('/');
      });
      return const SizedBox.shrink();
    } else if (authState is AuthLoading || authState is AuthInitial) {
      return const Scaffold(body: Center(child: CircularProgressIndicator()));
    } else {
      WidgetsBinding.instance.addPostFrameCallback((_) {
        Navigator.of(context).pushReplacementNamed('/login');
      });
      return const SizedBox.shrink();
    }
  }
}


import 'package:pocketbase/pocketbase.dart';
import 'package:flutter_local_notifications/flutter_local_notifications.dart';
import 'package:timezone/data/latest.dart' as tz;
import '../models/notification.dart';
import 'package:logger/logger.dart';

class PocketBaseService {
  static final PocketBase pb = PocketBaseService.pb;
  static final Logger _logger = Logger();

  static Future<void> initializeNotifications() async {
    tz.initializeTimeZones();

    const AndroidInitializationSettings initializationSettingsAndroid =
        AndroidInitializationSettings('@mipmap/ic_launcher');
    const InitializationSettings initializationSettings =
        InitializationSettings(android: initializationSettingsAndroid);

    final FlutterLocalNotificationsPlugin flutterLocalNotificationsPlugin =
        FlutterLocalNotificationsPlugin();

    await flutterLocalNotificationsPlugin.initialize(initializationSettings);
  }

  static Future<void> logout() {
    pb.authStore.clear();
    return Future.value();
  }

  static Future<List<NotificationItem>> getNotifications() async {
    try {
      final records = await pb
          .collection('notifications')
          .getFullList(
            sort: '-createdAt',
            filter: 'user = "${pb.authStore.model?.id}"',
          );

      return records
          .map(
            (record) => NotificationItem.fromJson({
              'id': record.id,
              'title': record.data['title'],
              'message': record.data['message'],
              'createdAt': record.created,
              'isRead': record.data['isRead'] ?? false,
            }),
          )
          .toList();
    } catch (e) {
      _logger.e('Error fetching notifications: $e');
      return [];
    }
  }

  static Future<List<Map<String, dynamic>>> fetchProducts() async {
    try {
      final records = await pb
          .collection('products')
          .getFullList(
            sort: '-createdAt',
            filter: 'user = "${pb.authStore.model?.id}"',
          );

      return records
          .map(
            (record) => {
              'id': record.id,
              'name': record.data['name'],
              'barcode': record.data['barcode'],
              'expiryDate': record.data['expiryDate'],
            },
          )
          .toList();
    } catch (e) {
      _logger.e('Error fetching products: $e');
      return [];
    }
  }

  static Future<bool> addProduct(Map<String, dynamic> product) async {
    try {
      await pb
          .collection('products')
          .create(body: {...product, 'user': pb.authStore.model?.id});
      return true;
    } catch (e) {
      _logger.e('Error adding product: $e');
      return false;
    }
  }

  static Future<bool> deleteProduct(String id) async {
    try {
      await pb.collection('products').delete(id);
      return true;
    } catch (e) {
      _logger.e('Error deleting product: $e');
      return false;
    }
  }

  static Future<bool> updateUserProfile(String userId, Map<String, dynamic> data) async {
    try {
      await pb.collection('users2').update(userId, body: data);
      return true;
    } catch (e) {
      _logger.e('Error updating user profile: $e');
      return false;
    }
  }
}
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