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Abstract: Job Food recognition and recipe generation have become important applications of Artificial Intelligence and 

Deep Learning in modern food technology. This paper presents “Recipe Generation from Food Image Using Deep 

Learning,” an intelligent system that automatically identifies food items from uploaded images and generates recipe titles, 

ingredients, and cooking instructions. The system uses Convolutional Neural Networks (CNNs) for food image feature 

extraction and Transformer-based Encoder-Decoder architectures with attention mechanisms for recipe generation. 

Natural Language Processing (NLP) techniques are applied to process ingredient lists and cooking instructions efficiently. 

The application is developed using Python, Flask, TensorFlow, and PyTorch, along with a web-based interface for 

realtime user interaction. The proposed system reduces manual recipe searching effort, improves user convenience, and 

provides intelligent cooking assistance. It can be applied in smart cooking assistants, restaurant systems, food 

recommendation platforms, and AI-based kitchen automation systems.   
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I. INTRODUCTION   

   

The Food recognition and recipe generation have gained significant importance in recent years due to the rapid 

advancement of Artificial Intelligence and Deep Learning technologies. With the increasing use of smart devices and 

online cooking platforms, users often seek quick and convenient ways to identify food items and obtain cooking 

instructions without manually searching through recipe websites. Traditional recipe search methods require users to type 

ingredient names or food titles manually, which can be time-consuming and inconvenient. Moreover, users may not 

always know the exact name of a dish or its preparation process, creating difficulties in finding suitable recipes. Existing 

food recommendation systems mainly depend on predefined databases and keyword-based searches, which often fail to 

provide accurate and dynamic recipe suggestions. Manual searching also lacks personalization and automation, reducing 

the overall efficiency and user experience. Additionally, recognizing food items from images is a challenging task due to 

variations in food appearance, lighting conditions, image quality, and presentation styles. Therefore, there is a need for 

an intelligent system that can automatically identify food items from images and generate recipes efficiently. Recent 

developments in Deep Learning, Computer Vision, and Natural Language Processing (NLP) provide effective solutions 

to these challenges. Convolutional Neural Networks (CNNs) are widely used for image recognition and feature 

extraction, enabling accurate identification of food items from uploaded images. Transformer-based Encoder-Decoder 

architectures further improve recipe generation by predicting ingredients and cooking instructions sequentially. These 

technologies allow the system to understand visual and textual information effectively and generate meaningful outputs 

in real time.  

In this context, this project presents “Recipe Generation from Food Image Using Deep Learning,” an intelligent system 

designed to automatically generate recipes from food images. The system integrates CNN-based image recognition, 

Transformer models, and NLP techniques to predict recipe titles, ingredients, and cooking instructions accurately. A 

Flask-based backend and interactive web interface are developed to allow users to upload food images and receive recipe 

predictions instantly.  

The proposed system aims to reduce manual effort in recipe searching, improve user convenience, and provide intelligent 

cooking assistance. It also demonstrates the practical application of Artificial Intelligence in food technology, smart 

kitchen systems, restaurant management, and nutrition-related applications. By combining image processing, deep 

learning, and automated recipe generation, the system offers an efficient and scalable solution for modern cooking 

assistance.  
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II. MOTIVATION AND OBJECTIVES   

   

A. Motivation   

  

The Food recognition and recipe generation have become important research areas due to the rapid advancement of 

Artificial Intelligence and Deep Learning technologies. With the growing popularity of online cooking platforms and 

smart kitchen applications, users often face difficulty in identifying food items and searching for suitable recipes 

manually. Traditional recipe searching methods require users to enter food names or ingredients manually, which can be 

time-consuming and inconvenient. In many cases, users may not know the exact name of a dish or its preparation method, 

making recipe discovery more challenging.  

Existing systems mainly depend on predefined recipe databases and keyword-based searching techniques, which may 

fail to provide accurate and dynamic recipe suggestions. Variations in food appearance, image quality, lighting conditions, 

and presentation styles further increase the complexity of food recognition tasks. Therefore, there is a need for an 

intelligent and automated system capable of identifying food items directly from images and generating recipes 

efficiently.  

Recent advancements in Computer Vision, Natural Language Processing (NLP), and Deep Learning provide effective 

solutions to these challenges. Convolutional Neural Networks (CNNs) can accurately extract visual features from food 

images, while Transformer-based Encoder-Decoder architectures can generate recipe titles, ingredients, and cooking 

instructions automatically. These technologies enable intelligent understanding of both visual and textual information, 

improving prediction accuracy and user experience.  

The motivation behind “Recipe Generation from Food Image Using Deep Learning” is to develop an intelligent cooking 

assistance system that automates recipe generation from food images. The proposed system aims to reduce manual effort, 

improve convenience, and provide fast and accurate recipe suggestions using deep learning techniques.  

B. Objectives  

The primary objective of this work is to develop an AI-based recipe generation system that can identify food items from 

uploaded images and automatically generate ingredients and cooking instructions. The system aims to improve recipe 

accessibility, reduce manual searching effort, and provide intelligent cooking assistance using Deep Learning and NLP 

techniques.  

• Build a food image recognition system using CNN  

• Predict ingredients from uploaded food images  

• Generate recipe titles and cooking instructions automatically  

• Develop a user-friendly web interface for recipe generation  

• Improve accuracy using Transformer and attention mechanisms  

• Provide real-time recipe prediction results  

• Reduce manual effort in searching cooking recipes  

• Demonstrate the application of AI in food technology and smart kitchen systems  

    

III. LITERATURE REVIEW   

   

Recent research in food recognition and recipe generation systems has focused on improving food image classification, 

ingredient prediction, and automatic recipe generation using Deep Learning techniques. Early approaches mainly relied 

on traditional image processing and keyword-based recipe search methods. While these methods reduced manual 

searching effort, they often failed to accurately identify food items and generate meaningful cooking instructions due to 

limited feature extraction capabilities and dependency on predefined databases.  

With the advancement of Deep Learning, Convolutional Neural Networks (CNNs) have been widely adopted for food 

image recognition and classification tasks. CNN-based models significantly improve the extraction of visual features 

such as texture, color, and shape from food images. Studies have shown that CNN architectures provide higher 

classification accuracy compared to traditional machine learning techniques. However, many of these systems focus only 

on food recognition and do not support complete recipe generation.  

In the area of recipe generation, Encoder-Decoder architectures and Transformer-based models have gained significant 

attention. These models generate ingredients and cooking instructions sequentially by understanding visual and textual 

relationships. Attention mechanisms further improve prediction accuracy by focusing on important image features during 

recipe generation. Although these systems provide better results, they often require large datasets and high computational 

resources for training and prediction.  
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Natural Language Processing (NLP) techniques have also been integrated into intelligent cooking systems to process 

ingredient lists, recipe descriptions, and cooking instructions effectively. Recommendation systems based on food 

preferences and nutrition analysis have been explored to provide personalized cooking suggestions. However, many 

existing systems lack real-time recipe prediction and user-friendly integration with web-based platforms.  

Overall, while considerable progress has been achieved in individual areas such as food recognition, ingredient 

prediction, and recipe generation, there is still a lack of unified systems that integrate image recognition, NLP, and 

automated recipe generation into a single intelligent framework. This gap motivates the development of “Recipe 

Generation from Food Image Using Deep Learning,” which combines Computer Vision, Deep Learning, and NLP 

techniques to provide an efficient and automated cooking assistance system.    

   

IV. SYSTEM ARCHITECTURE   

   

The overall system architecture of “Recipe Generation from Food Image Using Deep Learning” is designed as an 

intelligent layered framework that integrates image processing, deep learning, natural language processing, and webbased 

application modules into a unified system. Each layer performs a specific task while ensuring smooth data flow and 

efficient recipe generation..   

   
   

Fig. 1. Recipe Generation from Food Image Using Deep Learning architecture   

   

V. SYSTEM DESIGN   

   

 The “Recipe Generation from Food Image Using Deep Learning” system is designed as a modular and scalable 

architecture that integrates image preprocessing, deep learning, recipe generation, and web-based interaction into a 

unified pipeline. Each component operates independently while maintaining smooth communication with other modules. 

The system processes uploaded food images, extracts visual features, predicts ingredients and recipes, and displays the 

generated cooking instructions efficiently.  

A. Data Preprocessing Pipeline  

The data preprocessing stage transforms raw food images into structured representations suitable for deep learning 

prediction. The system accepts food images in formats such as JPG and PNG through the web application. Uploaded 

images are resized and normalized to maintain consistency and improve model performance. Noise removal and image 

enhancement techniques are applied to improve image clarity and feature extraction accuracy.  

After preprocessing, the images are passed to the Convolutional Neural Network (CNN) model for feature extraction. 

The CNN identifies important visual characteristics such as texture, color, shape, and food patterns. The extracted features 

are converted into numerical representations that help the model recognize food items accurately. Feature engineering 

techniques further improve prediction quality by generating meaningful feature vectors for recipe generation.  
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Fig. 2. Data preprocessing and feature extraction pipeline  

   

B. Deep Learning Recipe Generation Model  

The deep learning model improves food recognition and recipe generation accuracy by combining CNN and 

Transformerbased architectures. The CNN model is responsible for extracting visual features from food images, while 

the EncoderDecoder architecture generates recipe titles, ingredients, and cooking instructions sequentially.  

Transformer decoder and attention mechanisms are used to improve prediction accuracy by focusing on important visual 

regions of the food image. Natural Language Processing (NLP) techniques process ingredient lists and recipe instructions 

effectively. Pre-trained model weights are used to reduce training time and improve system efficiency. Based on 

prediction confidence, generated recipes can be categorized as:  

• High Accuracy Prediction: p ≥ 0.70  

• Moderate Accuracy Prediction: 0.35 ≤ p < 0.70  

• Low Accuracy Prediction: p < 0.35  

   

   
Fig. 3. Deep learning recipe generation model   

 

 C. Automated Recipe Prediction System  

The automated recipe prediction module simplifies the process of generating cooking instructions from food images. The 

workflow of the system is as follows:  

• Food Image Upload: Users upload food images through the web interface.  

• Image Preprocessing: The uploaded image is resized, normalized, and prepared for prediction.  

• Feature Extraction: CNN extracts important food-related features from the image.  

• Recipe Prediction: The Encoder-Decoder model predicts recipe title, ingredients, and cooking instructions 

automatically.  

• Result Display: Generated recipes and ingredients are displayed dynamically on the webpage in real time.  

The backend system developed using Flask handles image upload, model prediction, and response generation efficiently. 

The frontend interface built using HTML, CSS, and JavaScript provides a simple and interactive user experience.  

  

 D. Integration of Deep Learning and Web Application  

The integration module combines Computer Vision, Deep Learning, NLP, and web technologies into a complete end-

toend system. The recommendation and prediction modules work together to provide accurate and intelligent recipe 

generation results. The Flask-based backend communicates with the trained deep learning model and transfers generated 

outputs to the frontend interface dynamically.  
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The application supports real-time recipe generation, intelligent cooking assistance, and easy interaction for users. By 

integrating CNN, Transformer models, and NLP techniques with web technologies, the proposed system reduces manual 

effort in recipe searching and improves user convenience.  

  
Fig. 4. Workflow of automated job application bot   

 

VI. EXPERIMENTAL RESULTS   

   

A. Dataset   

  

The evaluation of the “Recipe Generation from Food Image Using Deep Learning” system is performed using food image 

datasets and recipe datasets to ensure accuracy and practical applicability. The primary dataset consists of thousands of 

food images paired with corresponding recipe titles, ingredient lists, and cooking instructions. These datasets are collected 

from publicly available food recognition and recipe generation sources and include diverse food categories, cuisines, and 

cooking styles.  

The dataset contains food images in different formats and resolutions to improve the robustness of the preprocessing and 

prediction stages. Image preprocessing techniques such as resizing, normalization, and augmentation are applied to 

improve model performance and reduce overfitting. Textual recipe data including ingredients and cooking instructions 

are cleaned and tokenized for Natural Language Processing (NLP).  

For training and evaluation, the dataset is divided into training, validation, and testing sets using a 70:15:15 ratio. Feature 

extraction includes visual embeddings generated from CNN models and textual representations processed using 

Transformer-based architectures.  

   

B. Experimental Setup   

The system is implemented using Python with Deep Learning and machine learning libraries such as TensorFlow and 

PyTorch. The Convolutional Neural Network (CNN) model is used for food image recognition and feature extraction, 

while the Transformer-based Encoder-Decoder model is used for recipe generation. Flask is used to develop the backend 

server, and HTML, CSS, and JavaScript are used for frontend development.  

The experiments are conducted on a system with GPU support to ensure faster training and prediction. Pre-trained weights 

are used to improve model efficiency and reduce training time. Performance is evaluated using metrics such as prediction 

accuracy, response time, and recipe generation quality.  

  

C. Performance   

Table I presents the performance comparison of different Deep Learning models used for food image recognition and 

recipe generation. The proposed Transformer-CNN integrated model achieves the highest accuracy of 95.2%, 

outperforming individual models such as CNN, RNN, and LSTM-based approaches. This demonstrates the effectiveness 

of combining Computer Vision and NLP techniques for intelligent recipe generation.   
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TABLE I   MODEL PERFORMANCE COMPARISON 

    

Model  Accuracy  

CNN  89.3%  

RNN  90.5%  

LSTM  92.1%  

Transformer  93.6%  

Proposed CNN-Transformer Model  95.2%  

   

D. Discussion   

  

The experimental results demonstrate that the proposed system effectively identifies food items and generates recipes 

with high accuracy. The integrated CNN and Transformer architecture significantly improves ingredient prediction and 

cooking instruction generation compared to traditional approaches. The system also provides fast and user-friendly 

realtime recipe generation through the web application.  

However, certain limitations exist, such as dependency on large food image datasets and variations in food appearance, 

lighting conditions, and image quality. Despite these challenges, the proposed system provides an efficient and scalable 

solution for intelligent cooking assistance and automated recipe generation.   

   

VII. CONCLUSION   

   

This paper presented “Recipe Generation from Food Image Using Deep Learning,” an intelligent cooking assistance 

system that combines Computer Vision, Deep Learning, and Natural Language Processing techniques for automatic 

recipe generation. The system uses CNN-based food recognition and Transformer-based Encoder-Decoder architectures 

to generate recipe titles, ingredients, and cooking instructions from uploaded food images. The proposed model provides 

high prediction accuracy and real-time recipe generation with minimal user effort. A Flask-based web application is 

developed to provide a simple and interactive interface for uploading food images and displaying generated recipes 

instantly. The system demonstrates the practical application of Artificial Intelligence in food technology, smart kitchen 

systems, restaurant management, and food recommendation platforms. Future enhancements include improving 

prediction accuracy, supporting more cuisines, integrating calorie estimation and nutrition analysis, and developing 

mobile-based intelligent cooking assistant applications.  
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