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Abstract- Cal Al is a cutting-edge nutrition tracking
system that leverages depth sensors and artificial
intelligence (AI) to automatically analyze the nutritional
content of meals from photos. Unlike traditional calorie
tracking methods, which are often tedious, error-prone,
and time-consuming, Cal Al streamlines the process by
combining Al-driven food recognition with 3D volume
estimation using depth data.

Key highlights of this research include:

® Automated Portion Estimation: Depth sensors
measure the volume of food items accurately,
overcoming errors common in 2D image-based
tracking.

® Al-based Food Identification: Convolutional Neural
Networks (CNNs) classify single and multi-
ingredient foods, providing precise nutritional
information.

Nutrient Calculation: Cal Al

calculates calories, proteins, carbohydrates, fats,

® Comprehensive

and micronutrients automatically, reducing manual
effort.

® User-Centric Design: The system enhances user
engagement through intuitive interfaces and photo-
based logging, promoting consistent diet tracking.
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e Empirical Evaluation: A two-week trial with 15
participants compared Cal AI’s predictions against
ground truth data from weighing scales and
established nutritional databases.

® Performance Outcomes: Depth-sensor integration
reduced portion estimation errors by 12%,
improved adherence by 25%, and increased user
satisfaction in dietary management.

e Health Impact Potential: By enabling accurate,
effortless nutrition tracking, Cal AI supports
lifestyle management for conditions like obesity,
diabetes, and cardiovascular diseases.

® Future-Ready Technology: The system
demonstrates the potential for integration with
wearable devices, Al diet recommendations, and
healthcare monitoring systems.

Cal Al represents a next-generation solution for
automated nutrition monitoring, combining accuracy,
efficiency, and user convenience. Its implementation
could transform personal and clinical dietary
management, reducing human error and promoting
healthier eating habits.
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Figure 1: Workflow of Cal Al - From Photo Capture to Nutritional Analysis

IJIRT 193292

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

4630



© February 2026| IJIRT | Volume 12 Issue 9 | ISSN: 2349-6002

LINTRODUCTION

Nutrition tracking plays a vital role in managing
lifestyle diseases such as obesity, diabetes,
cardiovascular conditions, and metabolic disorders.
Accurate monitoring of calorie intake and nutrient
composition is essential for personalized diet
management and improving long-term health
outcomes.

However, traditional methods of dietary tracking—
mainly manual logging through mobile apps or
journals—are often time-consuming, tedious, and
prone to human error, leading to poor adherence and
inaccurate data. This limitation highlights the need for
automated, precise, and user-friendly solutions.

Recent advances in computer vision, machine
learning, and depth-sensing technologies have opened
new possibilities for real-time, Al-driven nutrition
monitoring. Cal Al leverages these technologies to
analyze meals efficiently and accurately by:

e Depth-Sensor Integration: Smartphone or tablet
depth sensors estimate food volume to improve
portion size accuracy.

Capture to Nutritional Analysis
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e Al-Based Food Recognition: Machine learning
algorithms classify single and multi-ingredient
foods, identifying items even in complex dishes.

e Automated Nutritional Calculation: The system
calculates calories, proteins, carbohydrates, fats,
and other macronutrients without manual input.

e Enhanced User Engagement: By reducing logging
effort and cognitive load, users are more likely to
adhere to consistent nutrition tracking.

e Real-Time Feedback: Cal Al provides immediate
insights into nutrient intake, enabling informed
dietary decisions.

This research investigates the accuracy, usability, and
effectiveness of Cal Al in real-world settings. A two-
week trial with participants evaluates how depth
sensors enhance Al-based portion estimation, and how
these improvements impact adherence, user
experience, and dietary monitoring outcomes.

In essence, Cal Al represents a next-generation
nutrition tracking solution, combining precision,
automation, and user-centric design to empower
individuals in managing their dietary habits and
improving overall health.

Depth Sensor-Based Portion Estimation
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Comparison of 2D vs Depth Sensor Volume Estimation

Research Gaps Identified:

< Jamuary 33,303 >

1560

II. LITERATURE REVIEW

Mixed Dish Classification: Existing models
struggle with accurately classifying complex,

mixed dishes.

Cultural Diversity: Many Al models lack training

on diverse cuisines, affecting global applicability.

Volume Estimation: Accurate volume estimation
remains challenging, particularly for irregularly
shaped food items.

User Engagement: Enhancing user adherence
through intuitive interfaces and real-time

feedback is an ongoing area of development.

No. Paper Title Authors Publish Date Description
Reviews 35 studies on Al methods
Al-based digital image dietary in dietary assessment using food
1 assessment methods E Shonkoff et al. 2023-12-06 images
Unveiling the accuracy of
ChatGPT's nutritional Assesses ChatGPT’s accuracy in
2 estimations M Haman et al. 2024 providing nutritional information
CalorieAl: Deep Learning-
Based Food Calorie Estimation | Pramod Chandra P, Proposes a deep learning-based
3 System Parthasarathy S, 2024 calorie estimation system
Artificial Intelligence
Applications to Measure Food Reviews accuracy and challenges of
4 and Nutrient Intake J Zheng et al. 2024-11-27 Al in dietary intake measurement
Food Calorie Estimation Using Discusses a deep learning system
Deep Learning and Computer using YOLOVS for calorie
5 Vision Syed Khaliq et al. 2025 estimation
Food Recognition And Calorie Uses CNN2D for food recognition
6 Estimation Using Al Kumar R.D. et al. 2025 and calorie estimation
Diet Quality and Caloric Evaluates Al chatbots’ abilities to
Accuracy in Al-Generated Diet create accurate weight-loss meal
7 Plans HK Kagar et al. 2025-01-06 plans
NUTRI AI Prediction of Utilizes machine learning to predict
Calorie Intake and Nutrient calorie intake and nutrient
8 Deficiency using ML Yamuna T R 2025-07-02 deficiency
Describes NRC-UWaterloo’s new
Counting calories for better tool using Al for accurate calorie
9 health with new Al tool Pengcheng Xi et al. 2024-12-10 counting
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Food Calories Generator

M., Kousik A, Naveen

Presents a real-time food calorie
system using YOLOv8 and

10 through Deep Learning Manikandan M K. 2024-07-22 TensorFlow
Examines food recognition
Food Recognition and Calorie Mrs. Sophia G, complemented by Al calorie
11 Measurement Using Al Ahammed Moin Nawaz | 2024 measurement systems
Cal Al: How a teenage CEO Explores the development and
built a fast-growing calorie- impact of Cal Al, a popular calorie-
12 tracking app Zach Yadegari 2025-09-06 tracking app
Nutritional analysis of Al-
generated diet plans based on Studies consistency of diet plans
13 user preferences HM BAYRAM et al. 2025 created by four Al systems
Al nutrition recommendation Introduces a novel Al-based
14 using a deep generative model I Papastratis et al. 2024-06-24 nutrition recommendation method
Reviews AI’s applications in
Navigating next-gen nutrition providing accurate dietary data in
15 care using artificial intelligence | A Phalle et al. 2025-01-22 nutrition care
Describes Cal Al, a popular food
16 Cal Al - Food Calorie Tracker ViralDevelopment 2025-09-24 calorie tracker mobile app

III. OBJECTIVES

The primary goal of this research is to evaluate the
effectiveness and reliability of Cal Al, an Al-driven
nutrition tracking system that leverages depth sensors
for enhanced accuracy. The specific objectives are as
follows:

A. Accuracy Evaluation

e To compare Al-estimated nutritional values
(calories, proteins, carbohydrates, and fats) with
ground truth data obtained through digital
weighing scales and verified nutritional
databases.

e Assess the accuracy percentage and deviation in
food recognition and portion estimation.

B. Depth Sensor Contribution

e To determine how depth-sensing technology
improves volume estimation precision compared
to traditional 2D image analysis.

e Quantify the reduction in volumetric error
margins achieved through the integration of depth
data.

C. User Adherence Assessment

e To analyze whether photo-based automatic
logging reduces user fatigue and improves
consistency and adherence in daily meal tracking.

e Measure engagement levels and logging

frequency over the study period.
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D. Error Pattern Analysis

e To identify specific food categories (e.g., curries,
mixed dishes, or beverages) where Al shows
classification or portioning inaccuracies.

e Investigate common sources of misclassification
and propose algorithmic refinements.

E. Ethical and Privacy Considerations

e To assess the ethical implications of Al-driven
dietary tracking, especially concerning image data
privacy and user consent.

e Recommend guidelines for responsible Al use in
personal health applications.

Accuracy Depth Sensor
Evaluation Contribution

Cal Al System
Ethical & Privacy

Evaluation
User Adherence Error Pattern
Assessment Analysis
Considerations
Figure 2: Research Objectives of Cal Al System

5. Justification and Importance of Further Research

The growing prevalence of lifestyle diseases such as
obesity, diabetes, and cardiovascular disorders
underscores the critical need for effective and
sustainable nutrition monitoring systems. Existing
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applications rely heavily on manual food logging,
which often leads to user fatigue, inaccuracies, and
poor long-term adherence. Therefore, the development
and improvement of Al-based tools like Cal Al are not
only technologically relevant but also socially
significant.

A. Scientific Justification

e Al-driven nutrition tracking represents a major
advancement in the integration of computer
vision, depth sensing, and health informatics.

e This research provides empirical evidence on how
depth sensors enhance accuracy in food volume
estimation—a gap minimally explored in current
studies.

e The project contributes to interdisciplinary
research that connects artificial intelligence, data
science, and human nutrition.

B. Practical Significance

e Cal AI can make daily calorie tracking effortless,
motivating individuals to maintain healthier
eating habits.

e It reduces the manual dependency of traditional
diet tracking apps, making the system accessible
to people of various age groups and literacy
levels.

e The findings can guide developers and healthcare
professionals in designing more user-friendly,
reliable, and culturally inclusive nutrition tools.

C. Social and Ethical Relevance

e Automated nutrition analysis supports public
health initiatives aimed at reducing obesity and
diet-related diseases.

e Ethical considerations such as data privacy and
consent must continue to be explored to ensure
the safe and responsible use of personal data in
Al-driven systems.

e The research encourages the adoption of ethical
Al frameworks in consumer health technologies.

D. Need for Further Research
Further studies are essential to:

e Improve Al accuracy for complex and regional
foods, particularly multi-ingredient Indian meals.
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e Enhance database inclusivity with local dishes
and preparation styles.

e Integrate real-time video-based analysis and
wearable sensor data for more holistic health
monitoring.

e Conduct long-term trials to study behavioral
outcomes and health benefits of sustained Al-
based diet tracking.

6. Future Scope of Study

The research on Cal AIl: Photo-based Nutrition
Tracking Using Depth Sensor and Artificial
Intelligence opens several promising directions for
future development and innovation. The following
areas highlight the potential growth and applications
of this system:

e Expansion of Food Database:
The current dataset can be extended to include
regional, traditional, and culturally diverse dishes,
ensuring better recognition accuracy for complex
meals like Indian thalis, curries, and mixed
platters.

e Integration of Video-Based Recognition:
Future systems can incorporate video-based meal
scanning instead of static images, enabling the Al
to detect layered or occluded food items more
effectively for improved portion and calorie
estimation.

e Combination with Wearable Fitness Devices:
Linking Cal Al with smartwatches and fitness
trackers can enable comprehensive health
monitoring, combining nutritional data with
metrics such as activity level, heart rate, and sleep
patterns.

e Al-Driven Personalized Recommendations:
Using machine learning algorithms, the system
can analyze user dietary trends over time to
generate personalized diet plans and nutritional
advice tailored to health goals like weight control
or sugar management.

e C(linical Validation for Healthcare Applications:
Future research should include clinical testing in
collaboration with nutrition experts and medical
practitioners to validate Cal AI’s accuracy and
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reliability for hospital wuse, patient diet
management, and preventive healthcare.

7. Research Results

The evaluation of Cal Al demonstrated significant
improvements in accuracy, user adherence, and
overall engagement compared to traditional manual
nutrition tracking methods. The study involved 15
participants over a two-week trial, analyzing data on
food recognition, portion estimation, and usability.

Key Findings:

e Improved Volume Estimation Accuracy:
The integration of depth-sensing technology
reduced food volume estimation errors by
approximately 12% compared to standard 2D
image-based methods.

e Food Recognition Accuracy:
The system achieved an accuracy range of 10—
20% for single-item foods such as fruits, bread,
and rice.
However, multi-ingredient or mixed dishes (e.g.,
curries or pasta) exhibited slightly lower accuracy
due to visual overlap and complex textures.

e Enhanced User Engagement and Adherence:
Participants completed 25% more meal entries
using photo-based logging than those using
manual entry methods, indicating higher usability
and reduced logging fatigue.

e Positive User Experience:
Users reported high satisfaction with the app’s
Al-driven hydration and activity reminders,
which contributed to greater overall engagement

and awareness of healthy habits.

e Consistency and Efficiency:
On average, users spent 40% less time logging
meals compared to traditional methods,
demonstrating Cal AI’s effectiveness in
simplifying nutrition tracking.
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Key Results of Cal Al Study
+25%
10-20% NAC
-12%

Volume Accuracy User Time
error entries saved
reduction

Figure 4: Key Results of Cal Al Study

8. Future Research Directions

The findings from the Cal Al study highlight the
potential for continued advancements in Al-driven
nutrition tracking. To enhance the system’s
performance, usability, and global relevance, the
following research directions are proposed:

e FEnhanced AI Models for Complex Dishes:
Future studies should focus on developing deep
learning models capable of accurately identifying
complex and mixed Indian meals, which often
involve multiple ingredients and sauces.

e Augmented Reality (AR) Integration:
Implementing AR-based portion visualization
could assist users in estimating serving sizes more
intuitively ~ before consumption, improving
portion control and dietary awareness.

e Al-Powered Nutrition Analytics:
Advanced Al algorithms can be designed to
analyze long-term dietary patterns, providing
personalized diet plans and medical nutrition
recommendations based on individual goals and
health profiles.

e Cross-Cultural and  Global  Evaluation:
Expanding the database and testing Cal Al across
diverse dietary cultures worldwide will ensure
better inclusivity and broader applicability of the
system.

e Healthcare and  Wellness  Applications:
Future research can explore integration with
electronic health records (EHRs) and wearable
sensors to create a comprehensive health
monitoring ecosystem for clinical use.
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9. LIMITATIONS

While the Cal Al system demonstrates promising
results in improving nutrition tracking accuracy and
user engagement, several limitations were identified
during the study:

e Hidden Ingredient Detection:
The AI occasionally underestimates nutritional
values for meals containing hidden ingredients,
such as oils, gravies, or layered components,
leading to minor inaccuracies in calorie
estimation.

e Limited Sample Size:
The study was conducted with a relatively small
participant pool (15-20 users), which restricts the
generalizability of findings across broader
demographic and dietary groups.

e  Algorithmic Constraints:
As the system relies on proprietary Al models,
researchers have limited control over model
retraining or customization, which affects
adaptability for specific regional diets.

e Hardware Dependency:
The depth-sensor feature essential for accurate
portion measurement is available only on modern
smartphones, limiting accessibility for users with
standard camera devices.

e Environmental Factors:
Lighting conditions and camera angles may
influence the system’s ability to accurately
capture and analyze meals, occasionally
impacting recognition accuracy.

10. NATIONAL CONTEXT

The research on Cal AI: Photo-based Nutrition
Tracking wusing Depth Sensor and Artificial
Intelligence aligns with several national priorities and
public health initiatives in India. It contributes both to
the technological advancement and to the broader goal
of improving national health outcomes.

e Addressing India’s Lifestyle Disease Burden:

India faces a rapid rise in lifestyle-related diseases
such as obesity, diabetes, and hypertension. Cal
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Al supports preventive healthcare by enabling
individuals to monitor dietary habits efficiently
and make informed nutritional choices.

e Supporting Digital Health and AI Missions:
The project complements the Government of
India’s “Digital Health Mission” and initiatives
such as Ayushman Bharat Digital Mission
(ABDM) by promoting the use of Al-based tools
for citizen wellness and personalized health
tracking.

e Encouraging Al-driven Innovation in Health

Tech:
This research encourages the integration of Al
and data analytics within healthcare systems,
fostering innovation that supports India’s growing
HealthTech startup ecosystem.

e Promoting Al Literacy and Research among

Students:
By combining artificial intelligence, nutrition
science, and data analysis, the project promotes
Al literacy and interdisciplinary research among
students and professionals, aligning with the
National Education Policy (NEP 2020) emphasis
on research and innovation.

e Cultural and Dietary Inclusivity:
The inclusion of regional Indian foods in Al
databases enhances cultural representation,
ensuring that digital health tools remain relevant
to India’s diverse Bottom of Form

11. INTERNATIONAL CONTEXT

Al-based nutrition tracking applications are gaining
rapid adoption worldwide, reflecting the growing
global interest in digital health solutions and
personalized diet management. Countries across North
America, Europe, and Asia are increasingly leveraging
Al technologies to monitor and guide nutritional
intake, particularly as lifestyle-related health issues
such as obesity, diabetes, and cardiovascular diseases
continue to rise. These applications utilize advanced
computer vision, machine learning, and depth-sensing
technologies to provide automated food recognition,
portion estimation, and nutrient analysis, reducing
human error and improving adherence to healthy
dietary habits.

The adaptability of Al-driven nutrition systems, such
as Cal Al enables them to accommodate multicultural
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diets and diverse culinary practices. By training
models on region-specific ingredients, mixed dishes,
and traditional recipes, these systems can provide
accurate nutritional insights to users from different
cultural backgrounds. This global adaptability not only
enhances user engagement but also increases the
potential for preventive healthcare interventions on a
worldwide scale.

Furthermore, international collaboration in digital
health platforms offers opportunities for integrating
Al-based nutrition tracking with broader health
monitoring ecosystems. By connecting with electronic
health records, wearable devices, and telemedicine
platforms, such systems can provide comprehensive
dietary data to healthcare providers, enabling
personalized  nutrition = recommendations  and
population-level dietary studies. This integration
supports international health initiatives aimed at
combating diet-related diseases and promoting
wellness across diverse communities.

In summary, Al-based nutrition tracking applications
have significant potential to transform dietary
monitoring globally. Their ability to adapt to various
cuisines, integrate with international health platforms,
and provide real-time nutritional insights positions
them as a crucial tool in the worldwide effort to
improve public health and manage lifestyle-related
diseases.

12. CONCLUSION

Cal Al demonstrates that the integration of artificial
intelligence and depth-sensing technology can
significantly enhance the accuracy and efficiency of
nutrition tracking. By automating portion estimation
and food recognition, the system reduces human error,
minimizes manual effort, and improves user adherence
to daily dietary monitoring. The two-week trial
highlighted the system’s effectiveness in simplifying
meal logging, increasing engagement, and providing
timely nutritional feedback to users.

Despite these promising outcomes, challenges remain
in accurately analyzing complex multi-ingredient
dishes, foods with hidden ingredients, and culturally
diverse meals. Addressing these limitations through
advanced Al models, expanded food databases, and

IJIRT 193292

improved depth-sensor techniques will further
enhance system reliability and user satisfaction.

Looking forward, Cal Al offers scalable potential for
broader applications in public health and clinical
nutrition. Its integration with wearable devices,
electronic health records, and global health platforms
could enable personalized dietary recommendations,
preventive healthcare, and real-time monitoring of
lifestyle-related diseases. In essence, Cal Al represents
a next-generation, automated dietary monitoring
solution that combines technological innovation with
practical health benefits, paving the way for healthier
eating habits and improved population health
outcomes.
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