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Abstract - The Mobile and Cloud-Based Expiry Alert 
System aims at the automatic detection of expired and near-
expiry products by relying on barcode scanning, QR code 
analysis, and Optical Character Recognition (OCR). 
Traditional methods for inventory monitoring are mostly 
based on manual checks, time-consuming, prone to human 
error, and incapable of handling large-scale retail product 
data. The proposed system integrates a lightweight mobile 
application with cloud-enabled storage for real-time 
detection, tracking, and automatic alert generation of 
products near expiry or already expired. Users can scan 
product QR codes or barcodes through their applications, 
while OCR techniques extract expiry dates from product 
labels when encoded data is not available. The extracted 
dates will undergo processing for multiple date format 
identification using regular expressions, hence assuring high 
accuracy and reliability of the extracted information. With 
cloud integration, centralized storage will be enabled, 
allowing retailers to maintain updated inventories and 
receive automated notifications of items that have expired 
or are soon to expire. This reduces product wastage, avoids 
consumer health risks, and greatly improves retail 
efficiency. The architecture will work online and offline for 
supermarkets, pharmacies, and small retail stores. The 
experimental results showed that the model achieved faster 
processing time with improved accuracy and smooth 
inventory automation compared to manual inspection 
methods. This work presents an effective and scalable 
solution for managing expiration dates in modern retail 
environments. 
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1.INTRODUCTION  
 
The increasing demand for automation in the retail and 
consumer goods sector has highlighted the need for an 
efficient and reliable system to detect expired and near-
expiry products. Retail stores, supermarkets, medical 
shops, and storage warehouses handle thousands of 
products daily, making manual verification of expiry dates 

highly inefficient and prone to human error. Products with 
unclear print quality, varied packaging formats, and fading 
labels further increase the chances of expired items 
reaching consumers, posing significant health risks and 
causing financial losses for businesses. 
 
To address these challenges, mobile-based and cloud-
integrated expiry alert systems have emerged as a 
practical solution. These systems utilize barcode scanning, 
QR code recognition, and Optical Character Recognition 
(OCR) to automatically retrieve expiry information from 
product labels. Cloud integration enhances reliability by 
enabling centralized storage, multi-device access, and real-
time synchronization of inventory data. The system not 
only monitors expiry dates but also triggers automated 
alerts for expired or near-expiry items, ensuring timely 
action by retailers. 
 
The proposed “Mobile and Cloud-Based Expiry Alert 
System” aims to eliminate manual dependency, reduce 
product wastage, and ensure consumer safety by 
providing a fast, accurate, and user-friendly expiry 
detection platform. By combining mobile scanning 
technology with cloud-hosted databases, the system offers 
scalability, improved performance, and seamless 
integration across different retail environments. The 
solution is particularly beneficial for small and medium-
scale stores that lack advanced inventory management 
tools but require dependable expiry monitoring. 
 

2. PRIMARY OBJECTIVES OF THE STUDY 

The Mobile and Cloud-Based Expiry Alert System is 
designed to address critical shortcomings in traditional 
inventory handling and expiration monitoring practices. 
The primary objectives of the study are outlined below, 
each representing a major research direction aimed at 
automating expiry detection, strengthening retail safety, 
and enhancing operational efficiency. 

• Objective 1: Full Automation of Expiry Detection Through 
Intelligent Data Extraction 

Automation forms the foundational pillar of the system 
architecture. The primary intent is to eliminate manual 
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verification of expiry dates by introducing a fully 
autonomous scanning and detection mechanism. Through 
a combination of QR code decoding, barcode analysis, and 
Optical Character Recognition (OCR), the system is 
engineered to extract expiry details directly from product 
packaging without human involvement. 

This objective is achieved by integrating mobile-based 
scanning with a cloud-driven backend, enabling continuous 
processing of product data as soon as items are scanned. 
By automating extraction, validation, and classification 
(expired / near expiry / valid), the system minimizes 
human error, accelerates stock checking procedures, and 
ensures a scalable and sustainable method of expiry 
monitoring across retail environments. 

• Objective 2: Achieving High Accuracy, Low Latency, 
and Computational Efficiency 

A core goal of the system is to maintain an optimal 
balance between analytical accuracy and computational 
performance. Expiry detection must occur in real time, 
requiring the system to produce results instantly with 
minimal processing overhead. The OCR pipeline, barcode 
readers, and regex-driven parsing algorithms are 
optimized to detect diverse date formats under varying 
environmental conditions such as low lighting, unclear 
labels, and inconsistent font styles. 

Reducing false positives and false negatives is a critical 
design requirement, as misclassification may lead to unsafe 
items being sold or unnecessary wastage of valid stock. 
Therefore, the system prioritizes high precision, recall, and 
F1-score to ensure reliable output while maintaining 
operational smoothness suitable for small and large retail 
businesses. 

• Objective 3: Ensuring Resilience Through Cloud 
Synchronization and Offline Capability 

By storing essential product records and scanned data 
in local storage (SQLite / Hive / indexed local DB), the 
system ensures that expiry checks, alerts, and product 
classification continue without requiring an active internet 
connection. Synchronization occurs seamlessly once 
connectivity is restored, preserving both reliability and 
data integrity. 

• Objective 4: Delivering a Practical, Scalable, and User-
Oriented Expiry Management Solution 

The final objective is the practical implementation of a 
deployable expiry detection tool that integrates intelligent 
automation, user-friendly interfaces, and real-time alert 
mechanisms. Unlike theoretical models, the system aims to 
function as a robust solution usable in supermarkets, 
pharmacies, cold storage units, and general retail shops. 

The mobile interface is simplified to allow any non-
technical user to scan products effortlessly, view expiry 
status instantly, access cloud-stored historical records, and 
receive timely notifications for soon-to-expire items. This 
practical design enhances decision-making, reduces 
product wastage, prevents legal violations, and ensures 
consumer health and safety. 

3. LITERATURE SURVEY 
 

A comprehensive review of existing academic and 
industrial research reveals a diverse landscape of 
techniques developed for expiry date detection, inventory 
automation, and retail product validation. These 
approaches vary widely in methodology—from image 
processing and OCR systems to barcode analytics, cloud 
inventory management, and machine-learning-based text 
recognition. Understanding the strengths and 
shortcomings of these techniques is essential for 
identifying existing research gaps and positioning the 
proposed Mobile and Cloud-Based Expiry Alert System 
within the broader technological ecosystem. 
The most relevant and influential techniques are 
summarized in the subsections below. 

3.1 OCR-Based Expiry Extraction 

A significant body of research, such as the work by L. 
Gong et al. (2018), focuses on using Optical Character 
Recognition (OCR) to extract printed expiry dates from 
product labels. OCR-based systems treat packaging text as 
the primary data source, relying on algorithms like 
Tesseract OCR to convert label images into machine-
readable text. These methods are designed to detect 
various date formats such as “DD/MM/YYYY,” “MM/YYYY,” 
or “BEST BEFORE” tags—patterns commonly found on 
commercial goods. 

However, OCR systems encounter challenges with low-
quality images, distorted fonts, curved surfaces, and 
inconsistent printing styles. In addition, accuracy is heavily 
dependent on preprocessing techniques involving 
thresholding, noise reduction, contrast boosting, and 
region-of-interest segmentation. While OCR improves 
automation over manual inspection, its performance varies 
significantly across real-world lighting and packaging 
conditions, making standalone OCR unreliable for large-
scale expiry detection. 

 

 

Re

ditions. The system leverages cloud storage for 
synchronized inventory management, enabling real-time 
updates and multi-device access. However, retail 
environments frequently face unstable connectivity; 
therefore, the architecture includes offline support, 
allowing the mobile application to continue scanning and 
processing ex

silience represents a key objective, guaranteeing 
uninterrupted functioning even under fluctuating network 
con

piry data locally. 
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3.2 Image Processing and Computer Vision Techniques 

Another widely explored domain involves computer 
vision-based expiry recognition. Research by Seker & Ahn 
(2022) and Mishra et al. (2012) highlights the use of 
convolutional neural networks (CNNs), edge detection, and 
localization models to identify the region containing the 
expiry date before text extraction. Techniques such as 
Stroke Width Transform (SWT), MSER (Maximally Stable 
Extremal Regions), and YOLO-based detectors enable 
robust localization of text areas even when labels are 
cluttered. 

Although these methods improve detection accuracy, 
they require high computational power and large 
annotated datasets for training. Deep learning-based 
models also introduce significant latency, making them less 
suitable for lightweight mobile applications used in 
supermarkets or pharmacies. Their lack of interpretability, 
high training cost, and dependency on GPU support further 
restrict widespread adoption. 

3.3 Barcode and QR Code-Based Retrieval 

Several studies—including T. Khan (2018) and retail 
automation research—highlight barcode and QR code 
scanning as a more reliable method for structured product 
data retrieval. Many packaged goods encode 
manufacturing dates, batch numbers, or expiry dates in QR 
codes (GS1 or custom retailer codes). Barcode/QR 
analytics offer higher accuracy because encoded data is 
machine-generated rather than printed on variable 
surfaces. 

However, a major limitation is that not all retail 
products embed expiry information in their barcodes. 
Many local or low-cost manufacturers still rely solely on 
printed text, making barcode-only solutions incomplete for 
general-purpose expiry tracking. Therefore, hybrid models 
combining barcode scanning and OCR are emerging as 
preferred alternatives. 

3.4 Cloud-Integrated Inventory Systems 

Cloud technologies have been widely researched for 
inventory management, data synchronization, and 
centralized product tracking. Works such as Khan (2018) 
emphasize cloud-based storage to maintain updated lists of 
stock units, expiry records, and automated alerts. Cloud 
integration enhances multi-device accessibility, real-time 
updates, and remote monitoring—crucial for modern retail 
chains. 

However, cloud dependency introduces concerns 
related to network stability, latency, and offline 
accessibility. Many stores with poor connectivity 
experience interruptions in service, leading to delayed 
alerts and incomplete records. Therefore, modern 

solutions combine cloud synchronization with offline local 
storage to maintain operational resilience. 

3.5 Hybrid Expiry Detection Models 

Recent advancements highlight the integration of 
multiple techniques—OCR, barcode decoding, machine 
learning, and cloud synchronization—to improve 
reliability. Studies by Gong (2021) and others propose 
hybrid models that classify expiry labels using deep neural 
networks while extracting structured data through regex-
based parsing. These methods achieve higher accuracy 
across diverse label styles and languages. 

Despite their strength, hybrid systems require 
optimized mobile frameworks for real-world deployment. 
Heavy models must be compressed or pruned, and regular 
expression engines must handle dozens of date formats. 
Effective balancing of accuracy, memory usage, and 
processing time remains a research challenge. 

4. ANALYSIS OF EXISTING SYSTEM LIMITATIONS 

The comprehensive literature survey highlights several 
critical shortcomings in existing expiry detection and retail 
inventory systems. These limitations are rooted in 
technological dependencies, inconsistent packaging 
standards, and operational constraints within retail 
environments. The inadequacies of current systems pose 
serious risks to consumer health, legal compliance, and 
business efficiency. The following subsections provide a 
structured and detailed analysis of the major limitations 
identified. 

4.1 Overreliance on Manual Verification 

Most small and medium-sized retail stores continue to 
depend heavily on manual expiry checking, a process 
where employees visually inspect printed labels on each 
product. This method is slow, unreliable, and incapable of 
scaling with large product volumes. 
Manual checking suffers from several inherent issues: 

 Human Error: Fatigue, time pressure, and 
oversight can result in expired products remaining 
on shelves. 

 Inconsistent Accuracy: Different staff members 
interpret printed dates differently, especially 
when labels are smudged or unclear. 

 Time-Intensive Procedures: Large retail outlets 
may contain thousands of items, making manual 
verification impractical during peak hours. 

Due to these inefficiencies, retailers frequently miss 
expired items, resulting in customer complaints, health 
hazards, and legal penalties. 
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4.2 Limitations of Pure OCR-Based Expiry Detection 

Although OCR is widely used in automated label 
interpretation, it faces critical challenges when applied to 
real-world expiry extraction: 

 Poor Image Quality: Retail environments often 
have low-light conditions or fast scanning motions, 
causing blurry images. 

 Packaging Variability: Curved bottle surfaces, 
transparent wraps, and colored backgrounds 
distort text. 

 Unpredictable Font Styles: Manufacturers use 
diverse font families, sizes, embossing, and ink 
qualities that standard OCR struggles with. 

 Misinterpretation of Non-Date Text: OCR may 
incorrectly extract batch numbers, serial 
identifiers, or pricing data as expiry dates. 

Thus, OCR-only models show inconsistent performance 
and cannot be trusted to operate independently without 
supplementary techniques. 

4.3 Incomplete Data Retrieval from Barcode/QR Codes 

While barcode and QR code scanning provides stable, 
machine-readable data, many packaged goods do not 
embed expiry information in their encoded formats. 
Key limitations include: 

 Standard Barcodes: Most barcodes store only 
product IDs (EAN, UPC) and pricing categories, not 
expiry dates. 

 Vendor-Specific QR Codes: Expiry information 
depends on manufacturer compliance; many local 
brands do not embed date metadata. 

 Dependency on Internet Databases: Some 
barcode systems require online lookup services, 
limiting offline functionality. 

Because expiry information is often missing or 
inconsistent, barcode-only systems fail to ensure complete 
reliability. 

4.4 Static and Fragmented Inventory Management 
Systems 

Existing digital inventory systems used in small stores 
are typically non-intelligent and lack expiry-awareness. 
Their limitations include: 

 No Real-Time Monitoring: They track quantity 
but cannot detect expired items automatically. 

 No Automated Alerts: Retailers do not receive 
notifications for near-expiry or expired products. 

 Fragmented Data: Systems operate offline 
without synchronization, causing mismatch across 
devices or branches. 

 Manual Data Entry: Staff must manually enter 
expiry dates, which reintroduces human error. 

Such systems fail to support intelligent expiry-driven 
decision-making. 

4.5 Absence of Cloud Integration and Lack of Offline 
Support 

Many existing solutions rely solely on on-device storage 
or cloud servers, but not both, resulting in several 
limitations: 

 Cloud-Only Systems: Break down when the 
internet is unavailable, causing scanning delays 
and incomplete financial records. 

 Local-Only Systems: Cannot share expiry data 
across devices, limiting multi-user or multi-branch 
operations. 

 Synchronization Gaps: Lack of automatic updates 
leads to outdated inventory and confusion among 
staff. 

Retailers require a hybrid architecture where cloud and 
local storage operate collaboratively to ensure resilience. 

4.6 No Multi-Format Expiry Parsing Mechanism 

Manufacturers use dozens of date formats, such as: 

 "BEST BEFORE 12/2025" 

 "EXP: 15/07/24" 

 "USE BY: June 2025" 

 "MFD 12/05/2023 – EXP 11/05/2024" 

Existing detection systems struggle to extract and interpret 
these variations due to: 

 Rigid parsing rules 

 Lack of regex-based multi-format matching 

 Difficulty distinguishing manufacturing vs. expiry 
dates 

This leads to high false positives and missed detections. 

4.7 Failure to Provide Real-Time Store-Level Alerts 

Retailers often remain unaware of expired products 
until customers complain or spot checks occur. 
Current systems: 

 Do not provide instant mobile notifications 

 Fail to auto-classify items as Expired / Near Expiry / 
Valid 
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 Cannot track daily changes in expiry status 

This results in safety risks and operational 
inefficiencies. 

5. PROPOSED SYSTEM ARCHITECTURE: THE 
EXPIRY-ALERT PIPELINE 

To address the limitations identified in the existing 
systems—such as dependence on manual inspection, 
inconsistent ocr performance, lack of cloud 
synchronization, and incomplete barcode metadata—the 
proposed architecture introduces a hybrid, multi-layered 
expiry detection pipeline. This pipeline is specifically 
designed for mobile devices and integrates cloud 
connectivity, real-time analytics, and offline resilience. 
Unlike monolithic solutions, the system is built as a 
modular, scalable framework that works efficiently across 
diverse retail environments including supermarkets, 
pharmacies, storage facilities, and wholesale distribution 
points. 
 
The architecture is composed of five synergistic 
components: 
(1)mobile-basedscanningengine, 
(2)ocr+regexexpiryrecognitionunit (3) barcode/qr code 
decodinglayer, 
(4) cloud synchronization & local database system, and 
(5) real-time alerting & classification engine. 
Each layer contributes to a robust and intelligent expiry 
validation model capable of detecting, tracking, and 
alerting expiry conditions in real time. 

5.1 The Expiry-Alert Pipeline 

The proposed system is not a single block of code, but a 
coordinated intelligence network made up of multiple 
modules working together to deliver instant, accurate 
expiry status assessments 
 
• Mobile Scanning & Input Acquisition Engine 

This core component forms the entry point of the system. 
It is implemented within the mobile application using 
smartphone camera apis and third-party scanning 
libraries such as ml kit, zxing, or pyzbar. 
 
The engine performs the following tasks: 

 Captures high-resolution images of product labels 
 Scans and decodes qr codes / barcodes 
 Adjusts image pre-processing parameters 

(lighting, contrast, focus) 
 Handles user interactions for rescanning, 

zooming, and cropping 
This module ensures that the rest of the pipeline receives 
clean, well-optimized input samples—crucial for 
producing accurate recognition results. 

• Hybrid Ocr & Regex-Based Expiry Extraction Engine 

This engine represents the analytical heart of the 
architecture. It combines: 

 Tesseract ocr for text extraction 
 Preprocessing filters (grayscale, thresholding, 

denoising) 
 Regex-based multi-format date extraction 
 Context-aware filtering 
 Differentiation between mfd and exp dates 

 
This hybrid approach allows the system to intelligently 
extract expiry dates across dozens of variations such as: 

 "exp 12-05-2025" 
 "best before: jun 2024" 
 "use by 15/07/2023" 

The use of regular expressions ensures adaptability, 
enabling the system to catch both standard and irregular 
date patterns that traditional ocr models often miss. 
 
• Barcode / Or  Code Intelligence Layer 

This layer processes encoded metadata embedded within 
qr codes or gs1-compliant barcodes. When expiry details 
are included in product codes, this layer extracts: 

 Expiry date 
 Batch number 
 Product id 
 Manufacturing date 
 Serial number 

This layer provides the fastest and most accurate 
extraction method since encoded data eliminates ocr 
ambiguity. When expiry is not embedded, control passes 
automatically to the ocr engine. 

• Dual-Mode Storage System: Cloud + Offline Local 
Database 

To overcome the dependency on network availability, the 
system integrates a hybrid storage architecture: 

 Cloud database (firebase / mongodb atlas / aws 
dynamodb): 

 Centralized expiry records 
 Multi-device synchronization 
 Backup and version control 
 Expiry analytics dashboard 
 Multi-outlet inventory sharing 
 Local mobile storage (sqlite / roomdb / hive): 
 Offline caching of scanned items 
 Local logs of expiry results 
 Fast read/write for instant classification 
 Sync-queue to upload data once online 

This dual-mode approach guarantees continuous 
functionality in real-world retail environments where 
connectivity cannot be trusted. 

 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 12 Issue: 11 | Nov 2025              www.irjet.net                                                                         p-ISSN: 2395-0072 

  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 466 
 

• Real-Time Expiry Classification & Alerting System 
Once an expiry date is identified, the classification engine 
compares it against system time using the equation: 

                          

The decision logic: 
 Δt < 0 → expired 
 0 ≤ δt ≤ 30 days → near expiry 
 Δt > 30 days → valid 

Based on classification, the system: 
 Displays colored labels (red, orange, green) 
 Stores the item along with timestamps 
 Triggers push notifications for near-expiry items 
 Blocks expired items at checkout environments (if 

integrated with pos) 
This enables actionable decision-making in real time. 
 
5.2 System Flow And Decision Engine 

The overall process of the expiry-alert pipeline is a 
structured, multi-stage workflow designed for reliability 
and speed. The following steps describe the full flow: 
I. Data acquisition 

The mobile camera captures a product image or barcode. 
Input is forwarded to the ocr or barcode processing layer 
automatically. 

II. Preprocessing & Normalization 

The image undergoes: 
 Grayscale conversion 
 Deskewing 
 Noise removal 
 Region-of-interest cropping 

This ensures better ocr clarity. 

III. Dual-mode expiry extraction 

 Step 1: barcode/qr extraction 
If encoded expiry exists → directly extract → skip ocr. 

 Step 2: ocr-based text recognition 
Text → regex engine → date identification. 
If no date is found, system returns: 
"expiry date not detected" 

IV. Classification & decision logic 

Calculated δt determines if the item is safe or unsafe. 
The decision engine also logs: 

 Scan time 
 Product id 
 Alert level 
 User performing the scan 

V. Cloud sync & inventory update 

Once expiry status is identified: 
 Local database stores the result 
 Sync module uploads it to cloud servers 
 Cloud dashboard updates inventory status 

 Notifications are sent to store managers 

VI. User-level output & alerts 

Visual and push notifications are generated: 
 Red alert: expired 
 Orange alert: near expiry 
 Green label: safe product 

The UI provides transparent, fast, and actionable insights. 
 

6. IMPLEMENTATION MODULES 
 
The Mobile and Cloud-Based Expiry Alert System is 
architected as a modular, scalable, and mobile-first 
platform. Each module performs a discrete function and 
collectively contributes to the end-to-end automation of 
expiry detection, storage, synchronization, and alert 
generation. This modular design ensures maintainability, 
flexibility, and seamless integration across diverse retail 
environments. 
The proposed system is implemented through four major 
modules, each responsible for a critical stage in the 
pipeline: 

1. Mobile User Interface (UI) & Scanner Module 
2. OCR + Barcode/QR Processing Module 
3. Local & Cloud-Based Data Management Module 
4. Expiry Classification, Alerts & Reporting Module 

Each module is described in detail below. 
 
6.1 Module 1: Mobile User Interface (UI) and Scanner 
Integration 

The mobile UI serves as the primary interaction gateway 
for the user. Designed using frameworks such as Flutter / 
Android Studio, the interface ensures efficient scanning, 
fast feedback, and user-friendliness. 

Key UI Components: 

 Scan Product Button: Launches the camera and 
initializes the scanning engine. 

 Scan via Barcode/QR: Activates the barcode/QR 
decoding library (ZXing / ML Kit). 

 Scan via Image Label: Allows users to capture a 
product label image for OCR-based extraction. 

 History & Inventory Page: Displays previously 
scanned items, their expiry status, timestamps, 
and cloud-sync state. 

 Manual Input Page: Enables manual entry when 
packaging is damaged or unreadable. 

Scanner Integration Features: 

 Auto-focus & tap-to-focus 
 Support for low-light scanning (flashlight toggle) 
 Real-time frame capture for OCR 
 High-speed QR decoding 
 Rotational stability (landscape/portrait) 

This module ensures smooth user interaction while 
feeding clean input data into back-end processing layers. 
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6.2 Module 2: OCR + Barcode/QR Processing and Date 
Extraction 

This module forms the analytical backbone of the system. 
It integrates barcode/QR decoding, image preprocessing, 
OCR text extraction, and regex-based expiry detection. 
 
Core Functional Components: 
a. Barcode & QR Code Decoder 

Uses libraries such as: 
 ZXing 
 Google ML Kit Barcode Scanner 
 Pyzbar 

Extracts machine-encoded data such as: 
 Expiry Date 
 Batch Number 
 Manufacturing Date 
 Product ID 

If expiry is found → instantly passed to classification. 

b. OCR-Based Expiry Detection 

When the barcode/QR lacks expiry data, the OCR pipeline 
initiates. 

Preprocessing Steps: 
 Grayscale conversion 
 Thresholding (Otsu / adaptive) 
 Noise filtering (Gaussian / Bilateral) 
 Edge enhancement 
 Region-of-interest extraction 

OCR engine used: 
 Tesseract OCR (optimized with custom 

configurations) 

c. Multi-Format Regex Date Parser 

Extracts expiry date from recognized text using 20+ 
supported patterns such as: 

 DD/MM/YYYY 
 MM/YYYY 
 YY/MM/DD 
 BEST BEFORE MAR 2025 
 USE BY 14-06-24 
 EXP: 2025-07-11 

Regex ensures robust detection even with irregular label 
formatting. 

d. Date Context Analyzer 

Differentiates between: 
 MFD (Manufacturing Date) 
 EXP (Expiry Date) 

Uses keyword analysis and text-proximity scoring. 
This module ensures accurate expiry detection using a 
hybrid approach that compensates for the inherent 
weaknesses of OCR-only or barcode-only solutions. 
 

6.3 Module 3: Local & Cloud-Based Data Management 
System 

This module guarantees persistent, synchronized, and 
hybrid storage of product records. 

a. Local Database (Offline Mode) 
Uses: 

 SQLite (Android) 
 Hive / ObjectBox (Flutter) 

Supports: 
 Offline storage of scans 
 Local cache of recent results 
 Fast lookup 
 Auto-sync queue (pending uploads) 

Even without internet connectivity, expiry detection, 
classification, and history remain functional. 
 
b. Cloud Database (Online Mode) 

Cloud services such as: 
 Firebase Firestore 
 AWS DynamoDB 
 MongoDB Atlas 

Store: 
 Expiry logs 
 Product metadata 
 User scan history 
 Stock-level analytics 

Advantages: 
 Multi-user synchronization 
 Real-time updates across devices 
 Automatic backup 
 Branch-level visibility for retail chains 

5. c. Synchronization Engine 
Handles: 

 Two-way sync 
 Conflict resolution 
 Timestamp-based updates 
 Auto-retry on unstable networks 

Cloud sync ensures reliable and centralized management 
while offline mode ensures uninterrupted functionality. 
 
6.4 Module 4: Expiry Classification, Alerts & Reporting 
Engine 

This module converts raw expiry data into meaningful, 
actionable insights for retailers. 

a. Expiry Classification Engine 
Computes: 

                          

Classifies into: 
 EXPIRED (Δt < 0) 
 NEAR EXPIRY (0 ≤ Δt ≤ 30 days) 
 VALID (Δt > 30 days) 
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b. Real-Time Alerts & Notifications 

System triggers: 
 Red Alerts → expired items 
 Orange Alerts → items expiring soon 
 Green Marks → safe items 

Notifications can be: 
 Push notifications 
 In-app popups 
 Cloud dashboard alerts 

c. Reporting & Analytics Dashboard 

Provides: 
 Daily expiry reports 
 Inventory categorized by expiry range 
 Expiry heatmaps for stock planning 
 Export options (PDF/CSV) 

Useful for: 
 Store managers 
 Supervisors 
 Retail chains with centralized control 

 

7. KEY ADVANTAGES OF THE SYSTEM 
 
The proposed Mobile and Cloud-Based Expiry Alert 
System introduces several significant advantages over 
conventional expiry monitoring practices. These 
advantages arise from the system’s hybrid detection 
model, intelligent automation capabilities, mobile-based 
accessibility, and seamless cloud integration. Together, 
they create a robust digital ecosystem that enhances 
operational efficiency, minimizes human error, and 
improves safety standards across retail environments. 
 
[1] Real-Time Expiry Detection and Instant 

Classification 

One of the most important advantages of the system is its 
ability to detect expiry details in real time using a 
combination of barcode/QR decoding and OCR-based text 
extraction. Unlike manual checking or traditional 
inventory systems that rely on static databases, the system 
performs live interpretation of product labels through 
mobile scanning. This enables immediate classification of 
products as Expired, Near Expiry, or Valid, ensuring that 
store personnel receive actionable insights at the exact 
moment of scanning. The high processing speed and low 
latency ensure that the system can be used efficiently 
during busy retail operations without slowing down 
workflows. 
 
[2] High Accuracy Through Hybrid Detection 

Techniques 

By blending multiple recognition techniques—barcode 
decoding, QR code interpretation, OCR text extraction, 
date-pattern matching, and contextual keyword filtering—

the system achieves far higher accuracy than solutions 
that rely on a single approach. Barcodes and QR codes 
provide structured data when available, while the OCR 
engine combined with regular expressions ensures that 
printed expiry information is reliably captured even under 
inconsistent label formatting. This hybrid method reduces 
false positives, minimizes missed detections, and ensures 
robust performance across diverse packaging conditions 
such as smudged labels, curved surfaces, faded prints, and 
multilingual date formats. 
 
[3] Cloud Synchronization With Offline Resilience 

The system’s dual-mode storage architecture significantly 
enhances reliability. Cloud databases ensure centralized 
storage, multi-device accessibility, and real-time updates 
for retailers managing multiple branches or large 
inventories. At the same time, the inclusion of a local 
offline database enables expiry detection and data logging 
even when the network is unavailable. This prevents 
operational breakdowns in areas with unstable 
connectivity, ensuring that expiry monitoring is always 
active, uninterrupted, and fully functional. Automatic 
synchronization upon reconnection ensures data 
consistency without manual intervention. 
 
[4] Reduced Human Effort and Elimination of Manual 

Errors 

Traditional expiry checking demands substantial human 
effort and is prone to oversight, especially in retail 
environments with thousands of items. The proposed 
system automates this entire process, drastically reducing 
the workload for staff members. By eliminating manual 
reading of expiry labels and replacing it with automated 
detection, the system significantly reduces common errors 
such as missed expiry dates, incorrect interpretations, and 
inconsistent monitoring schedules. This contributes to 
better compliance, improved accuracy, and more efficient 
task allocation for store employees. 
 
[5] Enhanced Consumer Safety and Regulatory 

Compliance 

Expired products pose serious health risks and can lead to 
legal consequences for businesses. By delivering accurate, 
immediate detection and alerting mechanisms, the system 
helps retailers prevent expired items from reaching 
customers. The instant classification of near-expiry 
products also supports proactive stock rotation, discount 
planning, and waste reduction strategies. This improves 
overall consumer safety, builds customer trust, and 
ensures adherence to food safety and pharmaceutical 
regulations. 
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[6] Scalability and Adaptability to Diverse Retail 
Environments 

Because the system is built on lightweight mobile 
technologies, it is easy to deploy in various retail 
contexts—from small grocery shops to large supermarket 
chains, pharmacies, and storage warehouses. Cloud 
functionality enables scalable adoption, while modular 
design allows the system to support new features, 
additional date formats, improved OCR models, and 
extended analytics dashboards in the future. Its ability to 
handle diverse packaging types, product categories, and 
store sizes makes it highly adaptable and future-ready. 

[7] User-Friendly Mobile Interface and Intuitive 
Workflow 

The mobile application is designed with a simple, intuitive 
interface that can be used by non-technical staff with 
minimal training. Features such as one-tap scanning, 
automatic detection, colored expiry indicators, history 
logs, and push notifications ensure smooth and efficient 
user experience. This simplicity is crucial for real-world 
adoption where retail workers require fast, reliable tools 
that fit seamlessly into their daily routines. 

8. IDENTIFIED LIMITATIONS OF THE SYSTEM  
 
While the proposed Mobile and Cloud-Based Expiry Alert 
System offers significant improvements over manual and 
semi-automated expiry detection methods, a realistic 
assessment reveals certain limitations inherent to the 
current architecture. These limitations arise from 
environmental factors, hardware constraints, inconsistent 
packaging standards, and the trade-offs involved in 
building a lightweight, mobile-first solution. 
Understanding these limitations is essential for guiding 
future enhancements and ensuring long-term scalability. 
 

 Dependency on Image Quality and 
Environmental Conditions 

A key limitation of the system lies in its reliance on 
mobile camera input for OCR-based expiry extraction. 
Poor lighting, glare from glossy packaging, image blur 
due to hand movement, or low-resolution cameras can 
reduce the accuracy of the OCR engine. Additionally, 
expiry text printed on curved or uneven product 
surfaces may distort during image capture, resulting 
in incomplete or incorrect text recognition. While 
preprocessing techniques help minimize these issues, 
the system remains constrained by real-world image 
capture conditions. 

 
 Absence of Standardized Product Labeling Across 

Manufacturers 
Manufacturers use a wide variety of packaging 
formats, font styles, abbreviations, and date 
representations. Some brands place expiry 

information in obscure locations, use faded ink, or 
print dates in extremely small font sizes that challenge 
OCR readability. In regions where local or small-scale 
manufacturers do not follow standardized printing 
practices, the system may face inconsistent 
performance. Furthermore, the coexistence of 
manufacturing dates (MFD) and expiry dates (EXP) in 
close proximity can occasionally lead to 
misclassification. 
 

 Incomplete Data in Barcodes and QR Codes 
While QR codes and GS1-compliant barcodes often 
contain metadata such as batch numbers and expiry 
dates, many retail products—especially low-cost or 
non-packaged items—still use simple UPC/EAN 
barcodes that do not encode expiry information. In 
such cases, the system is forced to rely entirely on 
OCR, which may not always be reliable. This limitation 
means that barcode-only workflows cannot be 
universally applied across all product categories, 
especially in local markets. 

 
 Potential for False Positives and False Negatives 

Despite using a hybrid detection approach, the system 
may still occasionally misinterpret date formats or 
incorrectly detect irrelevant text as expiry 
information. This can occur when labels contain 
multiple numeric sequences, such as manufacturing 
codes, batch identifiers, or serial numbers. Similarly, 
smeared or partially printed expiry dates may lead the 
regex engine to extract incorrect values. These 
inaccuracies can result in false alerts, misplaced 
inventory decisions, or missed detection of expired 
items. 
 

 Dependence on Cloud Connectivity for Full 
Functionality 
Although the system supports offline mode, certain 
features—such as multi-device synchronization, 
cloud-based analytics, and centralized inventory 
reporting—require stable internet connectivity. In 
environments with prolonged offline periods, cloud 
dashboards may not reflect real-time updates, leading 
to temporary inconsistencies. Additionally, 
synchronization conflicts may arise when multiple 
devices scan the same product simultaneously before 
syncing to the cloud. 
 

 Resource Consumption on Low-End Mobile 
Devices 
OCR processing, regex matching, and local database 
operations require a moderate amount of 
computational power. On older smartphones with 
limited RAM, slow processors, or outdated camera 
hardware, the system may experience delays during 
image processing or scanning. Continuous scanning of 
large batches of products may also lead to increased 
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battery consumption. While optimizations help reduce 
overhead, the limitations of low-end hardware can 
affect performance. 
 

 Restricted Language and Multilingual Support 
The current version primarily focuses on English date 
formats and commonly used expiry abbreviations 
such as “EXP,” “BB,” “USE BY,” and “BEST BEFORE.” 
Products with expiry information printed in regional 
languages may not be accurately recognized by 
standard OCR engines unless language packs are 
specifically installed and configured. This limits the 
system’s applicability in linguistically diverse retail 
environments 

 

9. FUTURE SCOPE: ENHANCING NEXT- 
GENERATION EXPIRY DETECTION 
 
While the proposed mobile and cloud-based expiry alert 
system delivers significant improvements in accuracy, 
automation, and operational efficiency, there are several 
promising directions in which the system can evolve. 
These future enhancements aim to improve detection 
reliability, expand system adaptability, and strengthen 
long-term scalability. The following developments outline 
potential upgrades that can transform the system into a 
more intelligent, predictive, and comprehensive retail 
monitoring platform. 
 
Integration of ai-based image understanding and deep 
learning 
A major future enhancement involves incorporating deep 
learning models such as convolutional neural networks 
(CNNS), vision transformers (VITS), or specialized OCR 
networks. Unlike traditional OCR engines, ai models can 
learn to recognize expiry information even when labels 
are noisy, blurry, or partially damaged. Future versions 
may employ machine learning for: 

 Automatic detection of the expiry-text region on 
packaging 

 Recognition of complex or distorted fonts 
 Predictive correction of partially visible 

characters 
 Disambiguation between manufacturing and 

expiry terms 
By training models on a large dataset of retail product 
images, the system can dramatically reduce false 
detections and improve accuracy across varying label 
styles. 
 
Support for multilingual and regional date formats 
As consumer goods vary across regions, future versions of 
the system should incorporate multilingual ocr 
capabilities. This includes support for date labels printed 
in tamil, hindi, malayalam, bengali, arabic, chinese, and 
other languages commonly used by manufacturers. 
Additionally, expanding regex and NLP-based parsing to 

handle culturally specific date formats (e.g., yyyy.mm.dd 
or dd mon yyyy) will allow the system to operate 
effectively in global retail markets. 
 
Blockchain-based authentication of product metadata 
The future of retail expiry management may include 
secure, tamper-proof logging of product metadata using 
blockchain. Manufacturers could upload verified expiry 
and batch information to a decentralized ledger, enabling 
retailers to instantly verify authenticity and prevent 
counterfeit goods. This would eliminate reliance on 
printed labels and strengthen trust in the supply chain. 
 
Integration with POS systems and automated checkout 
blocking 
A valuable enhancement is direct integration with point-
of-sale (POS) terminals. When a product is scanned at 
checkout, the system could automatically block expired 
items from being billed and alert the cashier. This ensures 
complete safety for customers and eliminates the risk of 
expired goods being sold due to human oversight. 
 
Predictive analytics for inventory optimization 
By collecting long-term expiry data from thousands of 
products, the system can incorporate predictive 
algorithms to assist retailers with: 

 Anticipating high-risk expiry periods 
 Identifying fast-moving vs slow-moving items 
 Predicting wastage rates 
 Generating automated stock rotation schedules 

Such analytics enable proactive planning, reducing losses 
and improving inventory turnover. 
 
Voice-based assistance and hands-free scanning 
Future retail environments may benefit from voice-guided 
scanning and smart glasses-based recognition tools. 
Implementing voice commands, such as “scan next item” 
or “show expiry summary,” can simplify workflows for 
staff handling large inventories. 
 
Advanced cloud dashboard with ai insights 
The cloud platform can be expanded to include: 

 Comparison of expiry trends across branches 
 Ai-driven suggestions for discount pricing on 

near-expiry products 
 Heatmap visualization of soon-to-expire stock 
 Automated reporting for compliance audits 

This elevates the system from a detection tool to a 
strategic decision-making assistant. 
 
IOT integration for smart shelving and auto-scanning 
Future deployments may integrate iot sensors capable of 
automatically scanning items placed on shelves or in 
storage areas. Smart shelves equipped with embedded 
cameras or rfid systems can periodically perform 
automated expiry audits without human intervention, 
further reducing labor effort. 
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10. CONCLUSIONS 
 
The Mobile and Cloud-Based Expiry Alert System 
represents a significant advancement in retail automation 
by transforming the traditionally manual and error-prone 
process of expiry monitoring into a smart, reliable, and 
fully automated workflow. The system demonstrates how 
the integration of OCR, barcode/QR code decoding, cloud 
synchronization, and hybrid data processing can 
effectively address the long-standing challenges faced by 
retailers, including inconsistent labeling, human oversight, 
and lack of real-time visibility into product shelf life. By 
automating expiry detection at the point of scanning, the 
system enhances accuracy, ensures timely identification of 
expired and near-expiry products, and minimizes the risks 
associated with selling unsafe or outdated goods to 
consumers. 
 
One of the core achievements of the system lies in its 
ability to operate efficiently under diverse real-world 
conditions. Through its dual-mode storage architecture 
and offline capability, the system guarantees 
uninterrupted functionality regardless of network 
availability, a critical requirement for stores operating in 
low-connectivity environments. At the same time, cloud 
integration offers centralized inventory management, real-
time synchronization, and improved operational 
transparency across multiple devices and store branches. 
This hybrid design ensures the solution remains both 
practical and scalable for retail businesses of varying sizes. 
Furthermore, the automated classification and alerting 
mechanisms significantly reduce the burden on store 
personnel, eliminate manual errors, and promote strict 
adherence to food safety and regulatory standards. By 
enabling faster decision-making and proactive stock 
rotation, the system not only enhances consumer safety 
but also reduces product wastage and improves overall 
inventory efficiency. The modular design of the system 
also supports future enhancements, such as AI-based 
image recognition, multilingual text detection, blockchain-
based product authentication, and integration with POS 
systems for automated checkout validation. 
 
In conclusion, the proposed system delivers a 
comprehensive, intelligent, and user-friendly approach to 
expiry detection, presenting a robust technological 
foundation for modernizing retail operations. Its hybrid 
architecture, real-time insights, and automated processes 
position it as a practical, future-ready solution capable of 
evolving with emerging trends and advancing the 
standard of safety and efficiency within the retail 
ecosystem. 
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