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Abstract: This survey explores AI-based methods for creating recipes and estimating calories from food pictures. Conventional 

techniques face challenges in identifying ingredients, cuisines, and calculating calories. AI models like Convolutional Neural 

Networks (CNN) and object detection algorithms tackle these obstacles by examining food pictures to create recipes and 

approximate calorie amounts instantly. Possible applications include dietary organization and wellness tracking, but obstacles such 

as unclear visuals and varied serving size estimations present room for enhancement. 
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I. INTRODUCTION 

In the recent years, the convergence of artificial intelligence and culinary arts has received more recognition, resulting in creative 

uses that improve how we engage with food. Due to the abundance of food photographs shared online, there is a great opportunity to 

use advanced image processing methods to analyze and transform them into useful recipes and nutritional information [1]. This 

survey paper discusses the advancement of AI-powered systems that automatically recognize ingredients and cooking techniques 

from food images, making meal preparation easier and helping users to make educated dietary decisions [3]. Furthermore, calorie 

estimation plays a crucial role in promoting healthier eating habits, as it allows users to understand the nutritional value of their meals. 

By integrating real-time data processing with advanced algorithms, these systems can provide accurate caloric breakdowns based on 
identified ingredients and portion sizes [1]. 

II. MODELS AND ALGORITHMS FOR IMAGE PROCESSING 

Image processing is a crucial part of this project, which involves extracting meaningful information from images of food. The AI 

models and algorithms used in this domain help in recognizing food items, estimating their nutritional content, and generating recipes 
based on the identified ingredients. 

 

1) Convolutional Neural Networks: CNNs are leading in image processing since they can automatically learn spatial hierarchies 

of features from images. When it comes to analyzing food images, CNNs are very successful at identifying ingredients and creating 

recipes. Through the use of extensive sets of categorized food photos, CNNs have the ability to effectively categorize different 

components found in a meal. After identifying the ingredients, CNNs can also help create coherent recipes by examining the 

connections among the ingredients, recommending suitable cooking techniques, and deciding cuisines based on a scraped dataset. 

CNNs usually have several convolutional layers followed by pooling layers in their architecture, which aid in decreasing 

dimensionality while maintaining important image features. Techniques like data augmentation, which increases the variety of 

training data, and transfer learning, which applies pre-trained models to huge datasets, improve CNN performance by enabling them 
to generalise more successfully and increase accuracy in tasks like recipe formulation. 

 

2) Object Detection Algorithms: The accuracy in identifying and pinpointing multiple ingredients in a food image is reliant on 

object detection algorithms. One of the popular algorithms in food picture analysis is YOLO (You Only Look Once). The YOLO 

algorithm simultaneously estimates bounding boxes and class probabilities to partition an image into a grid during real-time object 

recognition process. This feature makes YOLO ideal for examining various cuisines with distinct elements by enabling it to 

effectively identify multiple items in complex situations. On the other hand, Faster R-CNN utilizes a dual-stage detection process, 

initially generating suggestions for regions and then categorizing them. 

3) Natural Language Processing: The objective of the artificial intelligence discipline of natural language processing (NLP) is to 

make it possible for robots to comprehend, interpret, and produce human language. NLP approaches are included into AI-driven 

recipe generating and calorie calculation systems to transform detected items into structured recipe forms. By using templates and 

patterns discovered from pre-existing culinary instructions, NLP models are able to produce recipes. These algorithms may create 

logical and contextually appropriate cooking processes by examining the connections between the specified components, 

guaranteeing that the recipes are precise and simple to follow [1][3]. 
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4) Reinforcement Learning: An emerging field in artificial intelligence called reinforcement learning (RL) focusses on teaching 

models to make decisions by interacting with their surroundings and taking feedback. By learning from user interactions, RL can 

optimise the recipe generating process. The user feedback loop is one of the fundamental characteristics of RL in this field. Recipes 

produced by RL algorithms may be modified in response to human input and preferences, guaranteeing that they suit specific tastes, 

dietary needs, and ingredient availability. Furthermore, RL allows for dynamic modifications, in which the system constantly learns 

from user selections and gradually improves its suggestions [1]. The algorithm is better able to tailor recipe recommendations thanks 

to this continuous learning process, which raises customer happiness and enhances the user experience overall. 

 

5) Data Preprocessing Techniques: Improving model accuracy in image processing tasks necessitates effective data preparation. 

Normalizing images is an important technique that involves adjusting pixel values to the same scale, typically ranging from 0 to 1 or 

-1 to 1. By ensuring that the input data maintains a consistent scale and preventing large fluctuations in pixel values from affecting 

the model's learning process, this improves convergence throughout the training phase. Data augmentation is a vital technique that 

involves changing original images through various modifications like rotation, flipping, cropping, and scaling [5]. This expands the 

range of the training data, enhances generalization, and decreases the risk of overfitting by exposing the model to a broader spectrum 

of visual differences. These preprocessing methods are crucial for improving the precision and resilience of image processing models, 

particularly for tasks such as food photo analysis.  

III. DATA SOURCES AND SOFTWARE INTEGRATION 

Robust Data sources and software tools are required to establish a system utilizing image processing to predict calories and 

recipes. Access to a wide range of data sources is essential for improving the accuracy of calorie calculation, recipe development, 

and better generalisation. Proper software integration ensures a seamless transition from collecting data to deploying models. It 

helps deliver quick and accurate recipe generation and calorie estimation by efficiently leveraging food image datasets and integrating 

them with advanced models. This approach ensures real-time analysis and personalized recommendations, ultimately enhancing the 

user experience and providing more accurate dietary insights.  

 

A. Data Sources: 

 

1. Food Image Data: Food image databases consist of organized collections of labeled photos of food items, often accompanied 

by additional metadata such as ingredient lists, categories, or bounding boxes. These datasets are crucial for training and 

evaluating image recognition and classification algorithms for tasks such as ingredient detection and recipe generation. 

Some datasets like UEC FOODPIX provide food images with labeled boxes for identifying ingredients or objects, while 

Food-101 consists of 101,000 pictures categorized into 101 types of food. Recipe1M is a valuable dataset for generating 

recipes as it connects food images with detailed recipes and ingredient lists. FoodSeg103 is designed for segmentation tasks 

to enhance detailed analysis by offering pixel-level labeled food items. These datasets support various image processing 

applications involving food analysis [3][7]. 

2. Social media and Cooking Websites: Social media platforms such as Instagram and Pinterest, along with websites like 

‘AllRecipes’ and ‘Food Network’, offer a great selection of visual content in addition to user-created recipes and nutritional 

information. Web scraping techniques can be used to collect images and associated metadata from different platforms, 

ensuring a diverse display of global culinary traditions.  

3. Nutritional Databases: Accurate calorie assessment requires reliable nutritional information for various items. Nutritional 

databases such as USDA FoodDataCentral, FNDDS offer detailed nutritional information for numerous food products. AI 

systems can calculate calories by combining data on identified ingredients and their quantities [1][8]. 

4. User-Curated Content: Online culinary forums are also valuable sources of information thanks to content created by users. 

This content often includes personal recipes from users, cooking tips, and nutritional information, all of which can enhance 

the diversity of the dataset and the system's ability to cater to various culinary preferences [10]. 

 

B. Software Integration: 

 

1. Machine Learning Algorithms: Machine learning frameworks such as PyTorch and TensorFlow are utilized in the creation 

and deployment of deep learning models. These structures provide developers with pre-built functions and libraries that 

make the process of building models easier, along with effective tools for developing, training, and evaluating neural 

networks. PyTorch's dynamic computing tree simplifies debugging and experimenting, while TensorFlow's extensive 

ecosystem supports training and inference stages. The choice of framework depends on the specific needs of the project, 

including the developers' expertise and performance needs. 

2. Cloud Computing: Cloud infrastructure enables real-time data access and scalable processing, essential for handling large 

food databases, running AI models, and offering quick recipe creation and calorie estimates for many users [5]. 

3. Data Analytics Tools: Utilizing machine learning frameworks and other advanced analytics technologies makes it easier to 

handle, scrap the incoming data and recognize trends and patterns essential for prompt decision-making. 

4. Image Processing Libraries: For fundamental tasks like data augmentation, pixel value normalisation, and picture scaling, 

tools like OpenCV and PIL are used. The extensive array of image editing and analysis features offered by OpenCV may 

be utilised by real-time applications. PIL helps make image processing chores easier. These libraries make sure that the 

input data maintains consistency in both format and quality in order to guarantee accurate model forecasts.  

IV. ETHICAL CONSIDERATIONS IN DIETARY TRACKING 

Various ethical challenges must be addressed as artificial intelligence systems are increasingly incorporated into the areas of 

recipe development and dietary monitoring to ensure their responsible, transparent, and inclusive utilization. Factors such as 

accessibility, bias, data privacy, and the potential societal impacts of these technologies are included. 

1. Data Privacy and Security: Dietary tracking systems often collect personal health data, including food preferences, allergies, 

and medical conditions. It is essential to securely handle and store this sensitive data. Users must be given control over their 
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data, and clear procedures must be in place to inform them about how their data will be utilized, exchanged, and protected 

[2][3]. Anonymising personal data is essential in systems collecting user input to protect individual privacy, especially for 

personalisation through reinforcement learning or similar approaches. In order to prevent abuse, it is essential to have a strong 
data protection plan and be transparent about how data is being used.  

2. Bias and Representation: AI models might unwittingly demonstrate socioeconomic, regional, and cultural prejudices when 

trained on existing food data, resulting in dietary and cultural bias. Food models that rely solely on a food dataset from a 

particular region may struggle to accurately portray a diverse range of cuisines or may not adequately showcase certain 

ingredients and cooking methods. This could lead to inaccurate recipe generation or calorie estimation for users from diverse 

backgrounds. There is a need to create databases that are more inclusive and cover a broader range of food types, eating 

habits, and cultural cuisines. AI systems need to consider a variety of dietary needs, including ethical, religious, and cultural 

restrictions [5][6]. 

3. Nutritional Balance and Health Implications: An ethical issue with calorie prediction systems is their propensity to give 

inaccurate or deceptive information. The health of people can be impacted by inaccurate calorie calculation, especially for 

those who are utilising the system to address particular medical issues (e.g., diabetes, obesity, eating disorders). It is critical 

to confirm that nutritional values, portion sizes, and calorie counts are correct and derived from reliable sources [8]. 

4. Accessibility and Equity: These tools should be accessible to a diverse group of individuals, including those with disabilities, 

individuals from disadvantaged economic backgrounds, and those lacking access to modern technology. In order to avoid 

worsening existing inequalities in health results, it is crucial that all individuals have access to these tools, regardless of their 

financial status or technological skills [4]. 

5. Transparency and Accountability: Transparency in the operation of these models is essential as AI systems become more 

and more involved in health-related decision-making. It should be clear to users why specific recipes or calorie estimates are 

being suggested, as well as how their information is being utilised to tailor recommendations. In addition to ensuring that 

models continue to be responsible for their choices, this may foster trust. 

6. Impact on Dietary Habits: Proposing dishes based on ingredients, tastes, and nutritional objectives; AI-driven recipe 

generation systems have a big impact on users' eating habits. These systems may promote unhealthy eating patterns if they 

are prejudiced or too restricted. Artificial intelligence (AI)-generated recipes that support fad diets, such as extremely low-

carb or low-calorie alternatives, may be harmful to consumers because they may create irrational expectations around food 

and body image. Additionally, if these systems prioritise short-term remedies or trends above long-term, sustainable health, 

they may unintentionally encourage unhealthy or imbalanced meal choices. Users may adhere to these suggestions without 

taking into account the wider effects on their general well-being, which might result in bad eating habits and negative body 

image issues, particularly if they are affected by social media or digital influencersIn conclusion, predictive analytics and 

software-driven forecasting are essential for improving the efficiency of real-time energy pricing. These systems offer a 

strong framework for predicting supply and demand dynamics by leveraging sophisticated AI models, which eventually 

enables more effective energy management and consumption. 

In conclusion, predictive analytics and software-driven forecasting are essential for improving the efficiency of real-time energy 

pricing. These systems offer a strong framework for predicting supply and demand dynamics by leveraging sophisticated AI models, 

which eventually enables more effective energy management and consumption. 

V. APPLICATIONS AND USER INTERACTIONS 

The amalgamation of recipe creation and nutritional tracking technology has produced a wide range of apps that meet the demands 

of different user types. To offer individualised dietary recommendations, these apps take advantage of developments in image 

processing, machine learning, and nutritional research. The many ways these technologies are used and the situations in which people 

employ them are examined in this section. 

1. Mobile Applications for Dietary Tracking: Applications for calculating calories allow users to input pictures of food and get 

immediate calorie estimations and comprehensive nutritional data. These apps are useful for tracking diets because they use 

artificial intelligence (AI) algorithms to evaluate food contents and amounts. They make it easier to manage daily caloric 

intake and enable users to make educated dietary decisions by automating the calorie estimating process using picture 

recognition [1][6]. By snapping photos or manually inputting meal information, users of food diary apps may record their 

meals. These applications give users useful information about their eating habits, enabling them to see trends and areas where 

their diets need to be improved. Healthier eating habits and long-term nutritional objectives are supported by food diary 
applications that promote mindful eating and recording. 

2. Health and Wellness Programs: Corporate wellness initiatives are increasingly incorporating dietary tracking technologies 

to motivate employees to adopt healthier habits. Using these tools, employees can monitor their food intake, set health goals, 

and participate in activities promoting a balanced diet. Organizations can enhance employee happiness and productivity by 

fostering a culture that prioritizes health and wellness [3][5]. 

3. Community Engagement Platforms: Individuals on food-based social media platforms can swap recipes, pictures, and stories 

with like-minded individuals. These websites encourage discussions about healthy eating, offer guidance, and offer 

opportunities to experiment with new recipes. These platforms make it easier to share cooking ideas and create a sense of 

community among food lovers. Many recipe-generating apps also allow users to contribute their own recipes or modify 

existing ones. This user-generated content not only offers a range of culinary ideas but also promotes cooperation and enables 

the community to add creative and unique suggestions to the recipe collection. 

4. Integration with Smart Devices: Wearable technology combines fitness trackers and nutritional tracking systems to give a 

complete picture of health. This blending simplifies tracking food intake and exercise, aiding users in comprehending the 

link between nutrition and physical activity. By merging information from both sectors, individuals can make better-informed 

choices regarding their well-being and healthcare. Intelligent kitchen appliances also improve the formulation of recipes and 

calorie estimations. These devices often come with features that recommend recipes based on available ingredients or offer 

personalized cooking instructions. Smart devices enhance ease by automating meal planning and preparation, leading to 

improved cooking routines.  
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VI. CHALLENGES AND LIMITATIONS 

The integration of recipe generation and calorie estimation from food images presents several challenges and limitations. 

1. Accuracy of Calorie Estimation: A major difficulty in estimating calories from food pictures is ensuring the accuracy of the 

outcomes. Food photos may lack important details on serving sizes, cooking techniques, or quantity of ingredients, resulting 

in inaccuracies in calorie estimations. Differences in types of food, methods of cooking, and portion sizes can make it more 

difficult to accurately estimate. Although there have been improvements in AI and image recognition, perfect accuracy is 
still difficult to achieve, particularly with complex or mixed dishes. 

2. Complex Food Recognition: Images of food frequently showcase numerous components, some of which could pose 

challenges for AI systems to differentiate, particularly when presented in combined or unrefined states like soups, casseroles, 

or smoothies. Object detection models may occasionally struggle to correctly recognize certain objects, potentially causing 

errors or omissions in ingredient lists, ultimately impacting the accuracy. 

3. Personalisation and User Preferences: Users possess a variety of tastes and dietary limitations which generic recipe 

generation models may not fully cater to. Adapting recipes to suit personal tastes while also keeping nutritional value in 

check can be challenging. Health factors such as allergies and dietary needs must be taken into account when generating 

recipes, necessitating advanced algorithms that can analyze user profiles and adapt recipes accordingly.  

4. Computational Resource Requirements: Developing and utilizing complex AI models like CNN for recognizing images and 

NLP for creating recipes can incur high computational costs. Generating recipes in real-time and estimating calories for a 

variety of food images in large datasets demands substantial computational resources, which may not be readily available or 
practical for all users or organizations. 

5. Algorithmic Bias: A significant problem is bias in recipe development and calorie estimation, which is mostly caused by the 

data used to train AI models. Machine learning algorithms may prescribe recipes or calorie estimations that prioritise some 

meals while perhaps ignoring others when biassed datasets primarily concentrate on particular cuisines or dietary practices. 

Users from different cultural backgrounds may feel excluded as a result of this discrimination, which might lead to a lack of 

diversity. Furthermore, in order to avoid suggesting dishes that misrepresent or denigrate conventional cooking techniques, 

AI-generated recipes must be sensitive to cultural differences. AI may produce inappropriate or objectionable recipes if 

cultural considerations are ignored, highlighting the necessity of developing models that appreciate and acknowledge 

different dietary restrictions and culinary traditions. 

VII. CONCLUSION 

In the fields of nutrition and culinary arts, the combination of calorie estimate from photos and food recipe production has evolved 

into a ground-breaking development that uses AI and machine learning to improve user experiences. Directly from visual inputs, 

these systems can recognise products, cooking methods, and portion amounts with accuracy thanks to deep learning techniques, 

especially Convolutional Neural Networks (CNNs). Healthy eating choices and meal planning are made easier by this feature, which 

not only enables the creation of comprehensive recipes but also gives users an estimate of the calorie breakdowns. Research suggests 

that these systems have demonstrated promising precision, with a Mean Absolute Error (MAE) of approximately 50 calories per 

serving. Nonetheless, challenges remain, particularly when dealing with intricate recipes that make it difficult to measure the 

ingredients. To improve calorie predictions, key obstacles such as determining serving sizes and standardizing components need to 

be addressed. Additionally, the wide range of recipes created by users on the internet offers both advantages and disadvantages. The 

task of standardizing inputs for accurate calorie calculations is made complicated by the variation in ingredient descriptions and 

measurement formats. Although, there is a considerable opportunity for innovation. This could involve improved natural language 

processing to understand user inputs better and augmented reality features for real-time meal nutritional analysis. Including user-

generated content can enhance these applications by encouraging community involvement and facilitating the sharing of recipes, 

improving the overall user experience.  

As these technologies advance, they offer great potential to change how people engage with food, providing easy access to and 

making nutritious information interesting. This change is particularly important in today's society that prioritizes health, as the need 

for resources that help with making educated food choices keeps increasing. Developers can create inclusive and relevant solutions 

by incorporating features that cater to various dietary preferences and cultural practices. With significant public health ramifications, 

the path towards more intelligent dietary control is only getting started. These technologies have the potential to significantly 

contribute to the fight against diet-related disorders by promoting nutritional knowledge and culinary experimentation across a variety 

of demographics. The potential is as boundless as our culinary inventiveness as long as this field continues to innovate. This 

intersection of nutrition and technology opens the door to a future in which they coexist peacefully, improving our relationship with 

food and enabling better living. 
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