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ABSTRACT 

Fashion recommendation systems, powered by ML (machine learning) algorithms, offer customized clothing, with accessory suggestions based on user choices, past actions, furthermore current fashion. This research paper focuses centrally on collaborative filtering and content-based filtering techniques as it extensively investigates the development of these systems. Hybrid models are additionally explored; these models thoroughly combine the described approaches to produce elevated accuracy and increased user satisfaction. The results from all of these implementations show that the recommendations experienced large improvement, greatly increasing both user engagement and purchasing rates.
A recommendation program or algorithm extensively examines many datasets to identify and present applicable information, thereby giving all customers customized suggestions. These systems look at patterns and trends related to users and what they choose, so businesses can better understand what customers do and like.
Fashion recommender systems are very important in online retail because they show stores, using detailed analysis, which products to offer based on what customers like, view, and buy. They can predict the demand for all specific clothing items, guaranteeing that stores have enough popular products and avoid too many unwanted items. Sales improve when customers are shown products they may enjoy, and the chances of selling more increase. With technical improvements, these systems will continue to improve at providing recommendations that are more personalized and accurate. A few companies, such as Amazon, Flipkart, Myntra, Ajio, as well as TATA Cliq, use recommender systems in order to both simplify product offerings along with improving customer experience.              
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1        Introduction  
 With the explosion of E-Commerce platforms, fashion recommender systems have become essential for improving user experience and driving sales. These systems offer personalized product suggestions by analyzing user behavior, preference and patterns. The application of Machine learning (ML) as well as Deep Learning (DL) which is itself a subset of machine learning, in these systems has revolutionized fashion retail, making the shopping process smoother and more relevant for customers.   
The goal of this project is to create or use a machine learning model for a fashion recommendation system that works by analyzing images. The model takes an image as input and then finds the most similar fashion items. The main objectives of this project are:• Develop a fashion recommendation system that answers queries related to fashion services. 
• Build a fashion recommendation system that can answer queries related to fashion.
• Identify the features in the input images.
• If the input image is correct, display similar product recommendations on the interface.
• Implement the project across different software platforms.

2        Research Overview

Fashion recommender systems have been a subject of research for several years. Early approaches involved basic recommendation methods like demographic filtering, but with advancements in machine learning, more sophisticated algorithms have been developed. Image classification using CNN algorithm, in which we classify the input image by providing certain labels using supervised learning Algorithms.      
There are various projects and work related to the recommender system and metrics related to Image Classification using CNN algorithm, in which we classify the input image by providing certain labels using supervised learning algorithms.
Another example of a recommender system is style feature detection, where deep learning algorithms are used to classify the category and style of clothing. This method makes it easier to extract features and embed them, resulting in more accurate recommendations and categorization.

 3     Methodology

The project is based on a system architecture with a few key steps, including:
• Image preprocessing and selection of model
• Building the recommendation engine
• A dynamic User Interface (UI)
3.1 Model Selection (selecting right model)
Here, we utilize the pre-trained model ResNet50, which was developed by expert engineers and developers for computer vision tasks. This model employs deep learning techniques to extract and process features from input images, making it suitable for both computer vision applications and    recommendersystems.
In extract a range of features from low-level (edge, textures) to high-level (shapes, patterns). Additionally, ResNet50 leverages transfer learning, allowing the knowledge from this model to be applied across various projects and systems.
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Figure 1: RestNet50 model architecture





3.2 Image preprocessing

The input image is processed using Deep Learning techniques in the ResNet50 model, which prepares it for the next steps. We use Convolutional Neural Networks (CNNs) in this process. CNNs are deep learning algorithms designed for image classification and feature extraction from multi-dimensional data, achieved through specialized layers called Convolutional layers. These layers are responsible for detecting and extracting important features from the input data.

A filter moves across the layers to create “feature maps,” which highlight the key details. Pooling is then used to reduce noise and retain only the most relevant data, by shrinking the size of the final layer. These pooling layers are flattened into 1D vectors, which are then [image: ]connected to neurons for output classification.
 
         
Figure 2: Process flow of working of CNN



 3.3 Building Up Recommendation engine 
Now we are going to build our recommendation engine for this project which acts as the main backbone for recommendation system. Top 5 similar images to the input image will be suggest by our recommendation engine. We do classification using KNN algorithm. We calculate the euclidean distance between the features of the image and the features in the dataset which as the building block for our classification process. Therefore our recommendation engine can recommend the similar images to the input image by identifying the most close matches. Hence, this ensures both accuracy and efficiency in the recommendation process.

• Initially the data is collected and cleaned with all noises and errors removed to prepare it for the process of filtering.
• Then, the data is analyzed to make predictions and filter relevant features, while also evaluating the dataset’s implicit structure. 
 • Finally the data features are filtered for classification and embedded in a pickle file. The Euclidean distance is then calculated to find the closest matches for recommendation.
• The data features are filtered again for classification and stored in a pickle file, where the Euclidean distance is measured and compared to find the closest recommendations.
[image: ]

Figure 3: Model Deployment flowchart of ResNet50


				 

3.4     Dynamic User Interface

With the help of the Python package Streamlit, we will develop an interactive web application that functions in the standard browser. Users will be able to upload an image from a sample folder using the application's user-friendly interface. The top five suggested images that most closely resemble the input image will be shown after upload.

4       Implementation
After the completion of transfer learning, we will use Python libraries "Keras" and "Tensorflow" to deploy our ResNet50 model. An image of flowchart is also provided below to understand the architecture of ResNet50 model which we are using here in our project.
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Figure 4: Architecture of  ResNet50 Model 




4.1 Image Optimization
• Pandas: Python library used for data manipulation and data analysis. 
• Numpy: Stands for Numerical Python, is a library that allows performing mathematical operations on arrays and creating dynamic arrays.
•Tensorflow: An open-source library used for deep neural network algorithms, enabling fast prototyping of neural networks.
• Scikit: A Python library for implementing various machine learning algorithms such as classification and regression.
• Open CV: A popular library for computer vision tasks, including image and text recognition, as well as preprocessing. It’s often used for converting text to images and vice versa. 
• Pickle: A tool for serializing and deserializing data, helping save and load image features.
• Streamlit: A Python library for building dynamic, interactive web applications that link the backend to the user interface. 
• Pillow: A Python library that aids in processing images and supports multiple image file formats, such as .jpg, .png, .jpeg, etc.
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Figure 5: Image/Data Preprocessing Flowchart




4.1.1  Recommendation Engine
When click on the browse button, this application allows the user to upload an image. The uploaded image is then saved in a folder known as "upload folder". Next step is the process of classification of image which has to be done by our recommendation engine. We will perform the classification process here and then calculate the metrics such as accuracy score. After this our recommendation system starts determining the similarity between the input image and all the other images available in the dataset. When all this process gets completed, then finally our recommendation system will display the image recommendations on user interface. Now let’s see they key algorithm we are going to use in this project.

4.1.2  KNN ( K-Nearest Neighbors)
K-Nearest Neighbors (KNN) is a popular machine learning algorithm mainly used for classification and regression problems. Hence, we can say it is both a classification as well as a regression algorithm. If we talk about it as classification algorithm, KNN assigns a new data point to the majority set within in neighbors. On the other hand, if we talk about it as regression algorithm, KNN makes a prediction based on the average of the values closest to the query point.
Here in our case, we will use K-Nearest Neighbors (KNN) algorithm to implement our project. It is a supervised learning type of algorithm. It will select the 5 images with the smallest distance (Euclidean distance as a distance metrics) and then will recommend that to user.
[image: ]K=total number of neighbors which is 5 in our case

Figure 6: KNN Algorithm visualization




4.3  Dynamic User Interface

Streamlit is an excellent tool used to create the user interface for this application, providing a simple yet effective way to allow users to interact with the system. It helps build a dynamic web application that connects the Python backend code to the frontend display in the web browser. The user interface features an easy-to-use ‘Browse’ button, which allows users to upload an image from their local system. Once the image is selected, the system automatically saves the image file and sends it to the recommendation engine for further processing.
The recommender engine, which is powered by various machine learning algorithms like KNN, uses the uploaded image to compare it against a large dataset consisting of 44k images. This process involves analyzing the features of the input image and calculating similarity scores using the distance metric. Based on these calculations, the engine then selects and returns the top 5 most similar images from the dataset, providing personalized recommendations for the user. The integration of Streamlit with Python makes this process seamless and efficient, offering an intuitive experience for users to interact with the system.


5        Result
When user uploads an image the working of recommendation system starts. After the uploading of image by user, web application or user interface shows the user top 5 similar fashion images of products after fining patterns among the data in dataset. This enhances many E-commerce platforms and businesses. These recommendations help user to select from the various options available which are similar to first fashion image uploaded by user.
Recommendation systems use concepts like Euclidean distance to identify the nearest or similar matches.  Model retrieves relevant features from the image uploaded by user and uses concepts like distance metrics. Euclidean distance is an example of distance metrics which we discussed above.









6        User Interface
[image: ][image: ]                                  
Figure 7: User Interface


7        Discussion
Factors like accuracy and diversity in the field of recommendations have been improved by using and combining preferences of user and item attributes through recommender systems.
Techniques such as Neural Networks and Matrix Factorization helped to adapt user changes. Convolutional Neural Networks (CNN) and other machine learning algorithms can be used to improve user engagement by providing better recommendations.


8        Conclusion
Recommendation systems are playing very major role nowadays in almost every sector. Fashion sector is one of the best examples to understand the need and importance of recommendation systems. As in terms of fashion, everyone wants to style according to their personality and sense of fashion, hence to make the user experience better from the past user data these recommendation systems come in forefront to enhance user experience. These recommendation systems use some great Machine Learning algorithms and better and advanced techniques to predict the matching or we can say most relevant product based on the customer preference on the product. 
Recommendation systems hence also play a very major role in customer satisfaction which can increase the brand's sale and obviously then the brand will gain profit.  

The use of recommendation systems helps business to grow by enhancing shopping experience for their customers. Large datasets with tons of images can easily create a better a ML model for recommendation system to achieve a precise accuracy from the first or parent image to classify and get such more relevant images which matches it. 
This makes the customer experience smoother and more enjoyable as user can interact with their interest now.

Examples of big E-commerce businesses like Myntra, Souled Store, Amazon, Flipkart, Alibaba and Ajio have adopted recommendation systems in their platforms. This benefits them as it improves better user interface, provides better interaction with platform and also makes customer engagement better. 
These systems help in creating better dynamic and responsive online shopping experience. This increases both the customer satisfaction and the purchase of products from brand's online platform.
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