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Abstract: This paper introduces an innovative loyalty rewards platform that bridges the gap between traditional coupon
systems and modern digital experiences using computer vision. By employing Optical Character Recognition (OCR)
through EasyOCR, OpenCV for preprocessing, and a robust web infrastructure using Next.js and Supabase, this system
allows users to scan and validate restaurant coupons directly from physical receipts using their device’s camera. The
architecture is micro service-based to promote scalability, security, and real- time processing. This study extensively
discusses the design, implementation, and evaluation of each component of the system, highlighting its efficiency, reliability,
and potential for enhancing customer engagement while mitigating coupon-related fraud.
Index Terms: loyalty rewards, computer vision, OCR, Easy- OCR, OpenCV, Supabase, Next.js, coupon recognition,
fraud detection, image preprocessing

I. INTRODUCTION
The Loyalty Rewards System is a modern web-based platform designed to bridge the gap between traditional paper-
based billing and today's digital loyalty programs. It leverages advanced Optical Character Recognition (OCR)
technologies, such as EasyOCR and OpenCV, to extract coupon codes directly from scanned physical receipts. The
system ensures that users can seamlessly earn and redeem loyalty points through a simple, intuitive interface that requires
minimal technical knowledge. Built on a scalable and modular architecture using technologies like Next.js, Supabase, and
FastAPI, the system offers high performance, security, and flexibility. The integration of secure authentication mechanisms
and real-time image processing enables fast and accurate validation of coupon codes. Once validated, loyalty points are
credited to the user’s account, and transactions are logged automatically. The platform addresses critical challenges
including fraud prevention, duplicate submission detection using image hashing, and user-specific redemption rules. It
supports multi- device access and is compatible with various operating systems, ensuring a consistent experience across
desktops and mobile devices. For restaurant partners, the system introduces a digital layer without requiring changes to
their existing POS systems, making adoption easy and cost-effective. It also offers valuable insights through transaction
logs and customer engagement data, supporting smarter marketing strategies. In summary, the Loyalty Rewards System
provides a reliable, secure, and user-friendly solution for managing digital rewards. It promotes customer retention,
improves engagement, and supports restaurant growth by combining the familiarity of paper bills with the efficiency of
digital automation.

Il. METHODOLOGY
A. Research Design
This study adopts a design science methodology, emphasizing iterative development and refinement of the system
prototype. Each iteration incorporates feedback from stake- holders and insights gathered during testing phases, ensuring
the final system is user-centric and aligned with real-world requirements.
B. Technology Stack
The system leverages a modern and scalable technology stack. The frontend is developed using Nextjs along with
Tailwind CSS, providing a responsive and visually coherent user interface. The backend infrastructure relies on Supabase,
offering integrated services for authentication, database operations, and file storage. For coupon recognition, receipt
images are enhanced using OpenCV, and character extraction is performed using EasyOCR. This combination ensures
robust, real-time coupon processing.
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Microservices and APIs
A modular, micro services-based backend architecture underpins the system. Each core function image preprocessing,
OCR processing, coupon validation, and reward management is encapsulated as an independent service. Communication
between the frontend and backend is facilitated via RESTful APIs. Supabase’s secure authentication and storage
mechanisms manage user access, session validation, and transaction logging.
C. Simulated User Testing
To assess system robustness, simulated testing was con- ducted with 50 users over a two-week period. Participants
uploaded receipt images captured under varying conditions, including diverse lighting environments, paper quality, and
device types. This allowed the team to evaluate the system’s handling of real-world variability and identify improvement
areas in preprocessing and OCR stages.
D. Performance Evaluation
The system was assessed using the following performance metrics:
- OCR Accuracy: Proportion of correctly extracted coupon codes.
- Processing Time: Duration from image submission to result display.
- Duplicate Detection: Effectiveness in identifying previously submitted receipts.
- User Experience: Survey-based ratings for interface clarity and responsiveness.
- Redemption Rate: Percentage of successfully validated coupon redemptions.
E. Feedback Collection
Post-testing, qualitative and quantitative feedback was gathered via surveys and interviews. Users highlighted occasional
recognition issues in low-light conditions and a lack of clarity in feedback prompts. These insights guided the enhancement
of image normalization techniques and the implementation of more intuitive user feedback mechanisms.

I1l. SYSTEM OVERVIEW
The system architecture is composed of the following major modules:
- Front end: Built using Next.js and TypeScript, with Tailwind CSS for styling. Handles restaurant selection, bill image
upload, and real-time feedback.
- Back end: Built with Fast API and integrates Supabase for authentication and cloud data management. Responsible for
business logic, transaction logging, and coupon validation.
- OCR Layer: Uses EasyOCR and OpenCV for preprocessing and extracting coupon codes from bill images.
- Database: Managed by Supabase, it stores user data, coupon codes, and transactions.

IV.FEASIBILITYSTUDY

A. Technical Feasibility
The tech stack (Next.js, Supabase, OpenCV, EasyOCR) is reliable and well-supported. Modular micro services architect
ture supports scalability.
B. Operational Feasibility
The platform integrates without disrupting restaurant operations. Ul is intuitive for both users and restaurant partners.
C. Economic Feasibility
Using open-source and server less solutions reduces costs. High ROI is achieved through better retention and
engagement.

V. ALGORITHMIC DESIGN AND TECHNIQUES
The effectiveness of the Loyalty Rewards System is underpinned by several advanced algorithms and computational
techniques designed to ensure accurate text recognition, fraud detection, and personalized feedback. This section outlines
the key algorithmic strategies and their roles with in the platform.
A. Optical Character Recognition with Deep Learning
The system uses Easy OCR, which implements a Convolutional Recurrent Neural Network (CRNN) architecture. CRNN
combines convolutional layers for feature extraction with recurrent layers for sequence modeling, enabling the model to
recognize sequences of characters in unstructured receipt layouts. The Connectionist Temporal Classification (CTC)
decoder maps variable-length predictions to coherent text strings, accommodating skewed or noisy inputs.
B. Image Preprocessing with OpenCV
To enhance OCR performance, the system preprocesses images using OpenCV. This includes:
- Gray scale Conversion to reduce dimensionality.
- Bilateral filtering to smoothen noise while preserving edges.
- Adaptive Thresholding for optimal binarization under inconsistent lighting.
- Morphological Operations such as dilation and erosion to emphasize text features.
These steps significantly improve text visibility and OCR accuracy, particularly in real-world usage with varied receipt
conditions.
C. Pattern Recognition and Fuzzy Matching
The extracted text is scanned for coupon-like patterns using regular expressions tailored to the expected code format
(e.g9., "[A-Z]{3\d{3}$). To account for OCR misreads (e.g., “O” instead of “0”), the system applies normalization
techniques and Levenshte in distance (edit distance) to match imperfect text with stored coupon patterns. This approach
improves the recovery of valid codes even under OCR uncertainty.
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D. Cryptographic Image Hashing for Duplication Prevention
The system computes a SHA-256 hash of each uploaded image to uniquely identify it. These hashes are stored and
compared upon each new submission to detect duplicate uploads. The hashing method is resilient to slight variations in
resolution or brightness, preventing users from attempting to redeem the same receipt multiple times.
E. User-Based Validation and Redemption Tracking
Each redemption is tied to a user account via Supabase authentication. The backend cross-references coupon codes and
user IDs to enforce one-time use. This ensures that while a coupon may be available to multiple users, it can only be
redeemed once per user, providing a balanced mix of accessibility and fraud prevention.
F. Modular Micro service Architecture
All major functionalities image processing, OCR, coupon validation, and transaction logging are separated into
independent services. These communicate via RESTful APIs and are containerized for scalability. This architecture not
only enhances performance and reliability but also simplifies future upgrades and testing of individual components.

VI. TESTING

Various testing methods were implemented:
- Unit Testing: Individual components validated.
- Integration Testing: Confirmed seamless communication between frontend, backend, and services.
- System Testing: Ensured all system features functioned end-to-end.
- Alpha / Beta Testing: Conducted by internal team and external users to identify bugs and improve usability.
- Fraud Prevention Testing: Image hashing detected 98% of duplicate submissions.
- Performance Testing: OCR processed 95% of receipts in under 2 seconds. System handled 100 concurrent users with
stable performance.
VII. RESULTS AND ANALYSIS

A. OCR Accuracy
In a simulated environment comprising 500 coupon submissions, the system achieved an OCR accuracy rate of 91.4%.
This performance was maintained across various lighting conditions, font types, and image qualities. The most frequent
errors occurred with faded text and skewed image angles. Following the integration of advanced preprocessing filters,
accuracy improved by an additional 5.2%, highlighting the importance of preprocessing in enhancing text recognition
quality.
B. Processing Time
The average processing duration from image upload to coupon validation was 2.7 seconds, with a standard deviation of
+0.8 seconds across different user devices. The implementation of local preprocessing using OpenCV.js significantly
reduced server load and contributed to faster client-side feed- back, thereby improving system responsiveness.
C. Duplicate Detection
The system employed perceptual image hashing to detect duplicatesubmissions,achievingasuccessrateof98.7%. A small
percentage of users were able to bypass detection using minor image modifications, such as cropping or bright- ness
adjustments. These findings suggest the need for further improvements in hash robustness, potentially through hybrid
hashing or similarity learning models.
D. Redemption Success Rate
A redemption success rate of 86.2% was recorded. Failures were primarily attributed to invalid coupon formats, expired
offers, or OCR misclassifications. However, the inclusion of a retry mechanism featuring guided error prompts and
resubmission suggestions helped reduce user drop-off and increased overall engagement.
E. User Satisfaction
Feedback collected from 50 participants revealed strong user acceptance:
- 92% rated the platform as intuitive and easy to use.
- 88% expressed satisfaction with recognition speed and responsiveness.
- 84% reported confidence in the platform’s security and transparency.
Users appreciated the visual feedback and real-time error notifications, though some recommended enhancements such
as dark mode and offline functionality.
F. System Reliability
The system maintained 99.5% uptime during a two-week testing period. Load testing showed table performance up to 80
concurrent users, beyond which noticeable latency was observed. These results indicate that the system is scalable for
small to medium-scale restaurant deployments with minor backend optimizations for larger-scale use.

VIIl.  DISCUSSION
The evaluation of the proposed Loyalty Rewards System with integrated coupon recognition demonstrates that the plat
form is both effective and practical for real-world deployment with in restaurant environments. The system achieved a
notable OCR accuracy of 91.4%, indicating the strength of the image preprocessing and text extraction pipeline,
particularly with the aid of OpenCYV filters and adaptive thresholding. However, some residual errors persist due to poor
image quality, which may be reduced through enhanced user guidance prompts or improved image correction methods.
The system’s average processing time of 2.7 seconds sup- ports a smooth and responsive user experience. This
performance validates the architecture’s design, which leverages a hybrid of local preprocessing and server-side
operations.
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Nevertheless, further optimization is recommended for compatibility with lower-end or resource-constrained devices.
The perceptual hashing-based duplicate detection mechanism was shown to be highly effective, achieving a success rate of
98.7%. Despite this, vulnerabilities remain where users attempt to bypass the system through subtle image modifications
such as cropping or brightness adjustments. In corporating a hybrid detection model combining perceptual hashing with
machine learning-based image similarity algorithms could enhance resilience against such evasion techniques. User
feedback has been largely positive, with high usability ratings and appreciation for the system’s transparency. Still,
suggestions such as offline mode, dark mode, and multi- language support emphasize the need to improve inclusivity and
user customization options in future versions. While the redemption success rate stands at a commendable 86.2%, a
proportion of failures were due to OCR misreads or non-standard code formats. Implementing dynamic formatting
recognition, template-based parsing, or fallback mechanisms based on confidence scores could reduce false negatives and
improve user satisfaction. Manual review features could also be integrated for edge cases. Scalability testing revealed that
the system performs well under moderate loads; however, performance degradation was noted when exceeding 80
concurrent users. This indicates a need for further backend optimization and infrastructure scaling if the platform is to
support large-scale adoption. In conclusion, the system successfully achieves its core objectives streamlining coupon
validation, enhancing customer engagement, and maintaining system reliability. These outcomes are fundamental to the
development of an efficient and user-friendly digital loyalty platform in the food and beverage industry.

IX.CONCLUSION
The Loyalty Rewards System effectively connects traditional paper billing with contemporary digital loyalty pro- grams.
Utilizing advanced OCR technologies alongside a robust, scalable architecture, it ensures a smooth user experience for
both customers and restaurant partners. The system securely extracts coupon codes from physical bills, validates rewards
in real time, and allows for precise points redemption, all via an intuitive interface. It also tackles key issues such as fraud
prevention, user data security, and cross-platform accessibility. Ultimately, the project presents a practical and innovative
approach to boosting customer engagement and restaurant retention, requiring minimal changes to current operations.
X. FUTURE ENHANCEMENTS

- Al-powered restaurant recommendations based on dining history.
- Mobile app with offline receipt scanning and push notifications.
- Expanded OCR to support item-level rewards and multilingual receipts.
- Referral and social sharing incentives to boost user engagement.
- Optional POS integration for automatic point redemption.
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