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Abstract—The rapid growth of e-commerce platforms
has significantly increased the demand for personalized
product recommendation systems, particularly in the
fashion domain. Fashion recommendation systems aim to
assist users in discovering clothing and accessories that
align with their personal preferences, body
characteristics, and current fashion trends. This paper
presents the design and implementation of an intelligent
Fashion Recommendation System that leverages
machine learning and deep learning techniques to
provide personalized and context-aware fashion
suggestions. The system integrates user preferences,
browsing history, visual features extracted from images,
and trend analysis to recommend outfits, accessories, and
complete looks. By incorporating features such as visual
search, size and fit prediction, and trend-aware
recommendations, the proposed system enhances user
experience and improves decision-making in online
fashion shopping.

Index  Terms—Fashion Recommendation System,
Machine Learning, Deep Learning, Visual Search,
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[. INTRODUCTION

The fashion industry is highly dynamic, with rapidly
changing trends and a vast variety of products. Online
shoppers often face difficulty in selecting suitable
clothing due to the overwhelming number of choices
available. Traditional recommendation systems based
solely on collaborative filtering or simple content-
based approaches fail to capture the subjective and
visual nature of fashion preferences.

To overcome these challenges, intelligent fashion
recommendation systems have been developed to
provide personalized suggestions based on user
behavior, visual appearance, and contextual factors.
This project focuses on designing a Fashion
Recommendation System that combines user
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preference modeling, image-based feature extraction,
and trend analysis to generate accurate and meaningful
fashion recommendations. The system aims to
improve personalization, reduce product returns, and
enhance overall user satisfaction.

II. LITERATURE REVIEW

The rapid expansion of e-commerce platforms has
significantly increased the demand for intelligent
fashion recommendation systems. Online fashion
shopping presents unique challenges due to the highly
visual, subjective, and trend-driven nature of fashion
products. To address these challenges, researchers
have increasingly adopted machine learning and deep
learning techniques to enhance personalization and
improve product discovery [1], [2]. Modern fashion
recommender systems aim to reduce user effort by
providing visually and contextually relevant
suggestions.

Early fashion recommendation approaches were
primarily based on collaborative filtering and content-
based filtering methods [3]. While collaborative
filtering utilizes user interaction data such as ratings
and purcase history, it suffers from cold-start and data
sparsity problems, especially for new users and
products [4]. Content-based approaches recommend
items based on product attributes like color, fabric, and
brand; however, they often fail to capture evolving
user preferences and the rich visual characteristics of
fashion items [5].

Recent research has shifted toward deep learning-
based solutions that exploit visual information from
fashion images. Convolutional Neural Networks
(CNNSs), particularly pre-trained models such as
ResNet50 and VGG16, have been widely used for
extracting discriminative visual features like texture,
shape, and patterns [7], [9]. These features are
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commonly combined with similarity-based algorithms
such as Kk-Nearest Neighbors (kKNN) or cosine
similarity to recommend visually similar fashion
products, resulting in improved recommendation
accuracy [10], [11].

More advanced studies focus on trend-aware and
multimodal fashion recommendation systems that
integrate image features with textual metadata and user
behavior data [12], [14]. Transformer-based models
and attention mechanisms have further improved the
system’s ability to capture fine-grained fashion
attributes and changing trends [13]. Despite these
advancements, challenges related to scalability,
personalization, and real-time performance remain,
motivating the development of efficient image-based
fashion recommendation systems such as the one
proposed in this work.

IIT PROBLEM STATEMENT

The rapid growth of online fashion retail platforms has
led to an overwhelming number of clothing options for
consumers. Users often face difficulty in finding
fashion items that match their personal style,
preferences, and current trends. Traditional
recommendation systems mainly rely on user ratings,
purchase history, or textual product descriptions,
which are often incomplete, subjective, and fail to
capture the visual and stylistic aspects of fashion items.
Additionally, existing systems suffer from challenges
such as the cold start problem, lack of personalization
for new users, and inability to recommend visually
similar products when user interaction data is limited.
Fashion is a highly visual and dynamic domain where
attributes such as color, pattern, texture, and design
play a crucial role in decision-making, yet many
recommendation approaches do not effectively utilize
visual information from product images.

Therefore, there is a need to develop an image-based
fashion recommendation system that can analyze
clothing images, extract meaningful visual features
using deep learning techniques, and recommend
visually similar fashion products efficiently. The
proposed system aims to enhance user experience by
providing accurate, personalized, and visually relevant
fashion recommendations while reducing user effort in
product discovery.
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IV PROPOSED SYSTEM

The proposed system is an image-based fashion
recommendation system designed to provide accurate
and visually relevant clothing recommendations to
users. Unlike traditional recommendation approaches
that rely heavily on user ratings or textual descriptions,
this system leverages deep learning and computer
vision techniques to analyze fashion images and
identify visually similar products.

The system uses a Convolutional Neural Network
(CNN) model, specifically ResNet50 pre-trained on
ImageNet, to extract high-level visual features from
clothing images. These extracted features represent
important fashion attributes such as color, texture,
pattern, and shape. To ensure efficiency and reduce
training complexity, transfer learning is employed by
freezing the pre-trained layers and using them solely as
a feature extractor.

Once the features are extracted, they are stored in a
feature database. For a given query image uploaded by
the user, the same feature extraction process is applied.
The system then uses a K-Nearest Neighbors (KNN)
algorithm with cosine similarity (or Euclidean
distance) to identify and retrieve the most visually
similar fashion items from the database.

V. SYSTEM ARCHITECTURE

The architecture of the proposed fashion
recommendation system is designed in a layered
manner to ensure modularity, scalability, and efficient
processing of fashion images. Each layer performs a
specific function in the recommendation pipeline.

1. Presentation Layer (User Interface Layer)

This layer provides an interactive interface for users to
interact with the system.

Components:

Streamlit Web Interface

Image Upload Module

Recommendation Display Panel

Function:

Allows users to upload a fashion image

Displays visually similar fashion items as
recommendations

Acts as a bridge between the user and backend system

2. Input Layer (Image Acquisition Layer)
This layer handles the input fashion images.
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Components:

User-uploaded image

Dataset images stored in the system
Function:

Accepts image input

Validates image format (JPG, PNG)
Sends images for preprocessing

3. Preprocessing Layer

This layer prepares images for deep learning
processing.

Operations:

Image resizing (224 x 224)

Normalization of pixel values

Conversion to array format

Application of preprocess_input() function
Function:

Ensures uniform image format

Improves feature extraction accuracy

4. Feature Extraction Layer (Deep Learning Layer)
This is the core layer of the system.

Model Used:

ResNet50 (CNN, pre-trained on ImageNet)

Global Max Pooling Layer

Function:

Extracts high-level visual features such as color,
texture, shape, and patterns

Converts images into fixed-length feature vectors
Reduces dimensionality for efficient computation

5. Feature Storage Layer

This layer stores extracted features for all dataset
images.

Components:

Feature vectors (NumPy arrays / Pickle files)

Image index mapping

Function:

Maintains a searchable feature database

Enables fast similarity comparison

6.Similarity Measurement Layer (Recommendation
Engine)

This layer performs similarity matching.

Algorithm Used:

K-Nearest Neighbors (KNN)

Distance metric: Cosine similarity / Euclidean distance
Function:

Compares query image features with dataset features

1JIRT 190108

Retrieves top-K most similar fashion items

7. Recommendation Output Layer

This layer presents the final recommendations.
Function:

Fetches similar images using indices

Displays recommended fashion items to the user
Ensures real-time response

Following are the ER-Diagram and Data Flow
Diagrams:

A.  Data Flow Diagram:
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Fig.: Data Flow Diagram
VI. METHODOLOGY

The methodology of the proposed fashion
recommendation system follows a structured pipeline
to generate visually similar fashion recommendations
using deep learning and machine learning techniques.
The complete process is divided into sequential stages
as described below.

1. Dataset Collection

A large fashion image dataset is collected from
publicly available sources such as Kaggle. The dataset
consists of various clothing items including tops,
dresses, shirts, and footwear. Each image represents a
fashion product and is stored in a structured directory
format for easy access.

2. Image Preprocessing

All fashion images are preprocessed to ensure
uniformity and compatibility with the deep learning
model.
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Steps involved:

e Resize images to 224 x 224 pixels

e Convert images into RGB format

e Normalize pixel values

e Apply ResNet50’s preprocess_input() function
This step improves feature extraction accuracy and
model performance.

3. Feature Extraction using CNN

A Convolutional Neural Network (CNN) based on

ResNet50, pre-trained on ImageNet, is used for feature

extraction.

Process:

e Remove the fully connected layers of ResNet50

e Freeze all convolutional layers to avoid retraining

e Add a Global Max Pooling layer

e Extract deep visual features representing color,
texture, and shape

Each image is converted into a fixed-length feature

vector.

4. Feature Normalization and Storage

The extracted feature vectors are normalized using L2
normalization to ensure consistent similarity
measurement. The normalized feature vectors are then
stored in a file (using NumPy or Pickle) along with
their corresponding image paths.

5. Similarity Measurement using KNN
To find visually similar fashion items, the K-Nearest
Neighbors (KNN) algorithm is applied.

Details:
e Distance metric: Cosine similarity (or Euclidean
distance)

e Input: Feature vector of query image

e  Output: Top-K nearest fashion items

This step identifies fashion items that are visually
closest to the uploaded image.

6. Recommendation Generation

The system retrieves the images corresponding to the
nearest neighbors identified by the KNN model. These
images are considered as recommended fashion
products and ranked based on similarity score.

7. User Interface and Deployment

A Streamlit-based web application is developed to
provide an interactive interface.

Functions:
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e Allows users to upload a fashion image
e Displays recommended fashion items in real time
e  Ensures smooth user interaction and fast response

VII. IMPLEMENTATION DETAILS

The implementation of the fashion recommendation
system is carried out using Python and wvarious
machine learning and deep learning libraries. The
system is designed to recommend visually similar
fashion items based on image content rather than user
history, making it effective even in cold-start scenarios.

1. Tools and Technologies Used

e Programming Language: Python

e Deep Learning Framework: TensorFlow and
Keras

e  Machine Learning Library: Scikit-learn

e Image Processing: OpenCYV, PIL

e Web Framework: Streamlit

e Dataset Storage: Local file system

e Model Used: ResNet50 (pre-trained on ImageNet)

2. Dataset Implementation

e Fashion images are stored in a structured
directory.

e  FEach image represents a unique fashion product.

e Images are accessed programmatically using file
paths.

e Large datasets are handled efficiently by
processing images in batches.

3. Image Preprocessing Implementation

e Images are resized to 224 x 224 pixels, which is
the required input size for ResNet50.

e Images are converted to RGB format.

e Pixel values are normalized using the
preprocess_input() function.

e  Preprocessing ensures consistent input and better
feature extraction.

4. Feature Extraction Implementation

e A ResNet50 CNN model is loaded with
include top=False to remove classification layers.

e Model weights are frozen to prevent retraining.

e A Global Max Pooling layer is added to convert
feature maps into a single feature vector.

e Each image is passed through the CNN to extract
deep features.
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The output is a fixed-length numerical feature
vector representing visual attributes.

5. Feature Normalization and Storage

e  Extracted feature vectors are normalized using L2
normalization.

e Normalized features are stored in a serialized
format using Pickle.

e Corresponding image filenames are stored for
mapping recommendations to images.

e This step avoids recomputation and improves
system efficiency.

6. Similarity Matching Implementation

e A K-Nearest Neighbors (KNN) model is trained
using stored feature vectors.

e Cosine similarity is used as the distance metric.

e Fora query image:

Features are extracted and normalized

o ©

KNN identifies the top-K closest feature vectors

These nearest neighbors represent visually similar
fashion items.

7. Recommendation Output Implementation

e The system retrieves image paths corresponding
to nearest neighbors.

e Recommended images are ranked based on
similarity scores.

e The final recommendations are prepared for
display.

8. User Interface Implementation

e A Streamlit web application is developed.
Features include:

Image upload functionality

Display of uploaded image

© O ©

Display of recommended fashion items
The UI ensures real-time interaction and ease of

use
VIII. RESULTS AND DISCUSSION

The proposed fashion recommendation system was
successfully implemented and tested using a dataset of
fashion images. The system effectively generates
visually similar fashion recommendations based on a
user-uploaded image.

When a query image is provided through the Streamlit
interface, the system preprocesses the image, extracts
deep visual features using the ResNet50 convolutional
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neural network, and compares these features with the
stored feature vectors using the K-Nearest Neighbors
(KNN) algorithm. The top-K most similar fashion
items are then retrieved and displayed to the user.

The experimental results demonstrate that the system
is capable of capturing important visual attributes such
as color, texture, shape, and design patterns. Items
recommended by the system closely resemble the input
image in terms of style and appearance. The response
time is fast due to precomputed feature vectors,
making the system suitable for real-time use.

The system also performs well in cold-start scenarios,
as it does not depend on user history or ratings.
Recommendations are generated purely based on

image similarity, ensuring consistent performance for
both new and existing users.

Fig. Execution process

Fig. Extracted feature

Fashion Recommender System

Fig. Actual Output
IX. LIMITATIONS &
FUTURE ENHANCEMENT

Although the proposed fashion recommendation
system delivers effective and visually relevant results,
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it has certain limitations. The system relies entirely on
image-based similarity and does not incorporate user
preferences, browsing history, or purchase behavior,
which limits personalization. It also lacks context
awareness, such as seasonality, occasion, or current
fashion trends, which are important factors in real-
world fashion recommendations. The accuracy of the
system is highly dependent on the quality of the input
images; variations in lighting, background, or image
resolution can affect feature extraction and similarity
matching. Additionally, as the size of the dataset
increases, the use of a KNN-based similarity search
may lead to higher computational costs and slower
response times. The system also does not utilize textual
information such as product descriptions, brand
details, or price, which could further enhance
recommendation relevance.

Future enhancements can address these limitations by
integrating user behavior data to enable personalized
recommendations. Incorporating multimodal learning
techniques that combine image features with textual
metadata can significantly improve recommendation
accuracy. Advanced deep learning models such as
attention = mechanisms  or  transformer-based
architectures can be used to capture fine-grained
fashion attributes. To improve scalability and
performance on large datasets, efficient similarity
search methods such as FAISS can be implemented.
The system can also be extended to include context-
aware recommendations based on season, occasion,
and trending styles. Furthermore, deploying the system
as a mobile application and incorporating sustainable
fashion options can increase accessibility and promote
responsible fashion choices.

X.CONCLUSION

The proposed fashion recommendation system
successfully demonstrates the effectiveness of image-
based recommendation techniques using deep learning
and machine learning models. By leveraging a
Convolutional Neural Network (ResNet50) for feature
extraction and the K-Nearest Neighbors algorithm for
similarity matching, the system is able to recommend
visually similar fashion items with high accuracy and
efficiency. The use of transfer learning reduces
computational complexity while ensuring robust
feature representation of fashion images.
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The system effectively addresses the cold-start
problem by generating recommendations without
relying on user history or ratings, making it suitable for
new users. The Streamlit-based user interface provides
an intuitive and interactive platform for users to upload
images and receive real-time recommendations,
enhancing overall user experience.

Although the current system focuses primarily on
visual similarity, the results validate the potential of
deep learning-based approaches in fashion
recommendation  applications. ~ With  further
enhancements such as personalization, multimodal
data integration, and scalability improvements, the
system can be extended into a comprehensive and
intelligent fashion recommendation solution suitable
for real-world e-commerce platforms.

In conclusion, this project confirms that image-driven
recommendation systems play a significant role in
improving product discovery and user satisfaction in
the online fashion retail domain.
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