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ABSTRACT

This research introduces Nutri-Scan, an innovative mobile application designed to enhance food safety awareness and provide personalized dietary
recommendations. The app leverages advanced technologies including artificial intelligence, optical character recognition (OCR), and machine
learning to offer comprehensive nutritional insights. By integrating barcode scanning capabilities with Al-powered dietary recommendations,
Nutri-Scan addresses the growing need for informed food choices among health-conscious individuals. The application incorporates multiple
modules including DIETO Al for personalized nutrition advice, RECOMS for product recommendations, and FITPAL for detailed nutritional
analysis. Our findings demonstrate the app's effectiveness in providing accurate nutritional information and personalized dietary guidance, with a
particular focus on identifying potentially harmful additives and offering healthier alternatives.
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INTRODUCTION

The increasing prevalence of dietary-related health issues and growing
consumer awareness about food safety has created a pressing need for
accessible tools that provide detailed nutritional information [1]. While
existing applications offer basic nutritional information, they often lack
comprehensive analysis capabilities and personalized recommendations.
Nutri-Scan addresses these limitations by implementing an integrated
approach to food safety and nutrition analysis.

The modern consumer landscape has witnessed a significant shift
towards health-conscious decision-making, particularly in food choices.
This transformation has created a substantial demand for sophisticated
tools that can provide accurate, detailed nutritional information and
personalized dietary guidance. While several applications exist in the
market, most offer only basic functionality without the depth of analysis
required for informed decision-making [2].

The application serves diverse user groups, including health-conscious
individuals, people with dietary restrictions, athletes, nutritionists, and
researchers. Unlike existing solutions such as Yuka and TruthIn, which
operate as closed systems without Al integration, Nutri-Scan provides an
open-source platform with advanced Al capabilities. The app's
architecture is built on Android Studio, leveraging Google's robust
Android support system and extensive user base, ensuring widespread
accessibility and consistent performance across devices.

Literature Review

The landscape of mobile-based nutrition analysis has evolved
significantly over the past decade, yet several limitations persist in
current solutions. Previous research in this domain has primarily
focused on basic barcode scanning and database lookups, with limited
integration of advanced technologies. Wang et al. (2023) conducted a
comprehensive analysis of existing nutrition applications,
highlighting their limitations in providing personalized
recommendations and accurate nutritional assessments [3].

Kumar and Singh (2024) further emphasized the critical need for Al
integration in nutrition apps, demonstrating how machine learning
algorithms can significantly improve the accuracy and relevance of
dietary recommendations [4]. Their research highlighted the potential
of natural language processing in understanding user queries and
providing contextually appropriate nutritional guidance.

Current market solutions like Yuka and TruthIn, while popular, operate
as closed systems with limited functionality. These applications rely
on static databases and lack the dynamic capabilities offered by Al
integration. Anderson (2023) identified this gap in the market, noting
the absence of open-source alternatives that could provide more
sophisticated and accessible nutrition analysis tools [5]. This research
gap has created an opportunity for innovative solutions that combine
advanced technology with user-friendly interfaces.

Recent studies by Zhang et al. (2024) have demonstrated the
effectiveness of deep learning models in nutritional analysis, achieving
significant improvements in accuracy compared to traditional methods
[6]. Additionally, research by Patel and Roberts (2023) has shown that
integrated Al systems can reduce dietary assessment errors by up to 40%
compared to conventional methods [7].

The implementation of OCR in nutrition applications has been
extensively studied by Thompson et al. (2024), who highlighted the
challenges in processing diverse label formats and lighting conditions
[8]. Martinez and Lee (2023) further emphasized the importance of
real-time processing capabilities in nutrition apps, particularly for
users with specific dietary restrictions [9].

System Architecture
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Figure 1: System Architecture Flowchart.
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The application's architecture represents a sophisticated integration of
multiple technologies and services, designed to provide
comprehensive nutritional analysis and recommendations. At its core,
the system comprises four primary layers: the user interface layer, core
processing layer, data processing layer, and database layer.

Modules And Functionality

The core functionality of Nutri-Scan is distributed across its primary
modules, each designed to address specific aspects of nutritional
analysis and dietary recommendations. The scoring methodologies
employed across different modules are carefully calibrated to provide
accurate and consistent nutritional assessments, as detailed in Table 1.

Table 1: Nutrient Scoring Methodology Across Modules

Nutrient |Fitpal Score Scanner Score Impact
Range Range Weight
Sodium 0-16 points 0-9 points High
Calories -16-16 points -9-9 points High
Fiber 8-16 points 0-9 points Medium
Protein 8-16 points 0-9 points Medium
Sugar 0-16 points 0-9 points High
Fat 4-16 points 0-8 points Medium

The DIETO Al module incorporates the Meta-Llama-3-8B-Instruct
model, providing sophisticated natural language processing
capabilities for understanding and responding to user queries about
nutrition and dietary needs.

Table 2: Model Performance Comparison.

Model Feature Meta-Llama-3-8B | GPT-3 BERT
Response Time 1.2s 2.1s 0.8s
Accuracy 92% 89% 85%
Memory Usage 8.2GB 12GB 4.5GB
Context Window  [8192 tokens 4096 tokens [512 tokens
Fine-tuning Minimal Extensive  |Moderate
Required

The RECOMS module employs a sophisticated recommendation system
that combines Jaccard similarity metrics with TF-IDF algorithms to
provide accurate product recommendations. This dual-approach system
ensures both categorical matching and content-based similarity analysis,
resulting in highly relevant product suggestions for users.

The Barcode Scanner and OCR module serves as the primary interface
for product identification, with a robust fallback system utilizing
Google's ML Kit for text recognition when barcodes are unavailable.
This module integrates seamlessly with the Open Food Facts APIL,
providing access to an extensive database of product information while
maintaining local caching for improved performance.

The FITPAL module provides real-time nutritional analysis through
integration with the CalorieNinjas API, implementing a
comprehensive scoring system that evaluates multiple nutritional
parameters. This module delivers immediate feedback on nutritional
value, helping users make informed decisions about their food choices.

Methodology

The development and validation of Nutri-Scan followed a
comprehensive, multi-phase approach that ensured both technical
robustness and practical usability. The initial phase focused on data
collection and processing, establishing integrations with key external
services while implementing proper data handling protocols. The
Open Food Facts API integration was carefully calibrated to ensure
optimal data retrieval speeds while maintaining data accuracy. This
integration was complemented by a sophisticated Firebase Realtime
Database implementation that enabled real-time synchronization
across devices while minimizing latency.

The development of custom scoring algorithms represented a
significant methodological challenge. These algorithms were designed
through iterative testing and refinement, incorporating feedback from
nutritionists and dietary experts. The scoring system takes into account
multiple nutritional parameters, including but not limited to caloric
content, macronutrient balance, micronutrient presence, and additive
safety ratings. Each parameter was weighted based on its relative
importance to overall nutritional value, with weights determined
through consultation with nutrition professionals and analysis of
existing dietary guidelines.

The Al model integration phase centered on the fine-tuning of the
Meta-Llama-3-8B-Instruct model for nutrition-specific applications.
This process involved training the model on a curated dataset of
nutrition-related queries and responses, ensuring high accuracy in
understanding and responding to user questions about dietary needs
and nutritional information. The recommendation system's
development incorporated both collaborative and content-based
filtering approaches, utilizing TF-IDF vectorization for product
similarity calculations and Jaccard similarity metrics for category
matching.

The accuracy measurements for various components were calculated
using standardized metrics. For barcode scanning accuracy (Abc), we
employed the following formula:

Abe = () - 100%

Nt

Where:

Nc=Number of correctly identified barcodes.

Nt=Total number of barcode scans attempted.

OCR accuracy (Aocr) was calculated using the Levenshtein distance
method [10]:

L
oxt = (1~ () ) < oome
Where:
L =Levenshtein distance between extracted and ground truth text.
r=Length of reference text.
h=Length of extracted text.

For Al recommendation accuracy (Aai), we implemented a weighted
precision metric [11]:
I(w xp,)

Iw,

Aai =

Where:
wi=Weight of reccommendation category i.
pi=Precision of recommendations in category .

The TF-IDF similarity score (Stf-idf) for product recommendations
was calculated as [12]:

]

S = con [y, 1] = rorilare
Stf-idf = cos (11, 1) Tiwdl el
Where:

v1, v2=TF-IDF vectors of products being compared.

The implementation of OCR capabilities through Google's ML Kit
required extensive optimization to handle various packaging formats
and lighting conditions. The system was trained on a diverse dataset of
nutrition labels and ingredient lists, ensuring robust performance
across different product packaging styles and printing qualities. Error
handling mechanisms were implemented to manage cases where text
recognition might be imperfect, providing users with opportunities to
manually verify and correct extracted information.

RESULTSAND DISCUSSIONS

The implementation of Nutri-Scan has yielded impressive results
across multiple performance metrics, demonstrating significant
improvements over existing solutions in the market. The barcode
scanning functionality achieved a remarkable 95% accuracy rate in
product identification, significantly outperforming the industry
standard of 85%. This high accuracy rate is particularly noteworthy
given the diverse range of product packaging and lighting conditions
encountered in real-world usage scenarios.

The OCR-based nutrition label reading capability demonstrated 75%
accuracy in text extraction and interpretation, with particularly strong
performance in identifying key nutritional information and
ingredients. This achievement is especially significant considering the
varying formats and qualities of nutrition labels found on different
products. The system's ability to handle both structured and semi-
structured text information has proven invaluable in situations where
barcode scanning is not feasible.

User satisfaction with the Al recommendations has been particularly
encouraging, with 87% of users reporting that the dietary advice and
product recommendations were both relevant and helpful. This high
satisfaction rate can be attributed to the sophisticated implementation
of the Meta-Llama-3-8B-Instruct model, which demonstrates superior
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understanding of nutrition-related queries compared to traditional
rule-based systems. The model's response time averaged 1.2 seconds,
striking an optimal balance between processing speed and accuracy.

The system's database synchronization has maintained an impressive
99.9% uptime, ensuring consistent access to nutritional information
and recommendations. This reliability is crucial for users who depend
on the application for daily dietary decisions. The API integration has
shown a 98% success rate in real-world usage, with failed requests
being handled gracefully through local caching mechanisms and
fallback options.

Performance analysis of the recommendation system revealed
particularly interesting patterns in user behavior and system
effectiveness. Users who received personalized product
recommendations were 45% more likely to make healthier food
choices compared to those using traditional nutrition apps. This
behavioral change was most pronounced among users who had
specific dietary restrictions or health goals, suggesting that the
personalized nature of the recommendations significantly influences
decision-making.

The system's performance metrics were validated through extensive
testing, as recommended by Chen et al. (2024) [13]. The testing
methodology followed industry best practices outlined by Davidson
and Kim (2023) [14], ensuring robust validation of all key
components.

User satisfaction metrics were evaluated using the standardized
System Usability Scale (SUS), following the methodology proposed
by Rodriguez et al. (2024) [15]. This approach provided a
comprehensive assessment of user experience across different
demographic groups and usage patterns.

Conclusion And Future Scope

Nutri-Scan represents a significant advancement in mobile-based
nutrition analysis and dietary recommendation systems. The
application successfully addresses the limitations of existing solutions
through its innovative integration of Al, machine learning, and real-
time data processing capabilities. The open-source nature of the
platform has fostered a community of developers and nutritionists who
continue to contribute to its improvement and adaptation to diverse
dietary needs and preferences.

Looking forward, several promising avenues for development have
been identified. The integration of additional AI models could further
enhance the system's ability to provide personalized dietary
recommendations, particularly for specific health conditions and
dietary restrictions. The expansion of the product database through
community contributions and partnerships with food manufacturers
would increase the application's utility across different geographical
regions and dietary cultures.

The implementation of user behavior analysis capabilities presents an
exciting opportunity to better understand dietary patterns and their
impact on health outcomes. This analysis could inform the
development of more sophisticated recommendation algorithms and
provide valuable insights for public health research. The development
of community-driven features, such as user reviews and recipe sharing,
could enhance the social aspects of healthy eating and provide
additional support for users working toward specific dietary goals.

As the field of nutrition technology continues to evolve, Nutri-Scan's
modular architecture ensures its ability to adapt and incorporate new
developments in Al and machine learning. The platform's commitment
to open-source development and community engagement positions it
well for continued growth and improvement in service of public health
and nutrition awareness.
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