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Abstract: Artificial intelligence is becoming more and
more helpful in producing individualized product reviews
on e-commerce websites, person-specific ads, categorizing
goods, and identifying colors in photographs. One of the
most important sectors in our world now is fashion. One
of the main ways that people now show their personalities
is through their sense of style. They set themselves apart
from people nearby. In this project, we're creating a
fashion recommender device that wuses artificial
intelligence to categorize a person's attire and select the
best clothing for a specific occasion using a
recommendation algorithm. Unlike traditional structures
that rely on a customer’s past purchases and records, this
project aims to use a customer-provided image of a
product as input to produce suggestions because often
individuals see something they are interested in
purchasing. interested in and have the propensity to
search for goods that are comparable to that. According
to the prototype system, it could assess the user's attire
from photos, choose the style and color of the attire, and
then, based on the user's present attire, suggest the most
appropriate outfit for the event. Users can save images
of their clothes in the system's closet. To categorize the
type of apparel in photographs, we investigate machine
learning and deep learning algorithms.

Keywords: CNN, Deep learning, Python, Image
processing, Recommendation system, fashion, e-
commerce.

1. Introduction

Undoubtedly, one of the larger industries in the
world is fashion. Humans covering their bodies with a piece
of cloth has been a constant throughout the history of human
civilization. Originally, people have worn this cloth toshield
themselves from the harsh conditions of the time. Later, when
humans learned to survive in harsh environments, the cloth
started to serve new purposes. In modern times, fashion
displays a person's uniqueness. A character's style experience
can be used to infer a variety of things about them. The
fashion industry has been steadily expanding, and as of 2021,
it was worth $406 billion (according to global fashion statics).
Similar to offline markets, it is projected that the online
market is worth US $113 million and is growing by 18%
each year to keep up with modifications to online
advertising. It is crucial to develop structures that support
consumers in making the best fashion product choices given
the growth of the fashion industry and the global internet
market.

In a similar vein, this technology should aid in
maximizing the fashion products consumers buy while
lowering manufacturing costs.

Utilizing large amounts of product records,
consumer indicators such as product perspectives, objects
watched or overlooked purchases, or website visits,
recommender systems help customers in navigating large
collections of products to find those relevant to their
entertainment. These systems then decide how, when, and
what to recommend to their clients. All major retailers now
heavily rely on recommendation systems, which account for
up to 35% of Amazon's revenue [1] and more than 80% of
Netflix content seen [6].

Due to consumer preferences and market dynamics,
a huge variety of great fashion products and a high turnover
rate are available. This results in incomplete purchase data,
which makes it difficult to use traditional recommender
systems [5]. Additionally, specific and accurate product
records are frequently not available, making it challenging
to determine whether two products are equivalent.

The fashion recommendation tool is beginning to
suggest aesthetically appealing clothing (Li et al., 2020).
Nevertheless, most structures advocate ignoring the innate
relationship between consumers and options over time
without considering outfit-consumer dating. To avoid
random starts, we provide a deep learning-based advising
system with default weights based on professional labeling.
Our method ensures that clothing will work together and be
customized to the client’s preferences through the
application of long and short-term memory.

There may not be a system available right now that
can suggest clothing based on the situation [1]. Different
activities are referred regarded as having different clothes.
Additionally, a lot of fashion is influenced by how
colors look together on the body. It will be challenging for
someone with little to no fashion sense to select clothing
that will make an impression. The proposed fashion
recommendation system is intended to be used by men or
women to store photographs of clothing they own in a so-
called "digital wardrobe" and receive suggestions from the
tool on what to wear for a specific event. The project's
primary goal is to relieve users of the burden of making
clothing selections by suggesting the most acceptable outfits
for a given event based on the clothing already in their
wardrobe. Someone without a sense of style should be able to
use this type of computer and wear things that make a great
impression on people.
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Digital cloth selling has gained more popularity in
the fashion retail industry as a result of the internet's rapid
expansion in technology.

Some major points of the recommendation system are:

1. Initially, modeled and constructed a virtual store
using 3D technology.

2. Client items changed solely based on the
customer's choices in the proposed 3D technology
interactive virtual fitting system that helped people
find appropriate clothing.

3. Apparel that was recognized and resembled front-
view clothing photos.

4. Using data from previous purchases, provide
recommendations to clients for related products.

According to several surveys, the most popular sites to
receive fashion advice are retail stores like Amazon, eBay,
and Shop-style, while social media sites like Facebook,
Pinterest, Instagram, and Snapchat are currently
acknowledged as the most popular social media for that
purpose. Additionally, suggestions. Modern scientists are
interested in studying language, postings, comments,
emotions, the diffusion of information, and images because
it may be possible to predict fashion trends and aid in the
creation of powerful recommendation systems. Effective
administration of e-commerce requires a strong consultation
system.

2. Literature review

The relationship between hints and customer choices
is established through recommendation structures, which are
filtering systems. The term "fashion advice systems" refers to
the type of technology that is used in the fashion industry. The
user's choices should be connected to the fashion guidance
device, which should ensure two straightforward needs.
Identifying and categorizing images allows for the right
object shaping, which addresses the compatibility between
garments. Several studies categorize photographs based on
visual elements like color or outfit type.

To assemble a vector describing the clothing,
Bhardwaj et al. (2014) execute coloration extraction in an
K-dimensional HSV histogram. The category is also
supplied with the aid of figuring out how the image and the
description text relate to one another. The most giant word
within the input text is connected to the photograph's
important function, thereby identifying the kind of garb,
consistent with the Li and Xu (2020) version. [3]
Collaborative  filtering and content-based filtering
recommender systems are two categories of recommender
systems that can be used to categorize how products are
recommended. The earlier approach is based on previous
user-item interactions, specifically on previous object rating
history and to create ideas, the latter looks at customer
profiles and item descriptions.

History of recommendation system [4]:

Year Recommend | Properties
ation system
approach
Before | Mafia, e Content filtering
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service for document
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to (Probabilistic Hofmann.

2005 | latent e  Collaborative filtering.
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decompositio
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Normalized

singular
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to aware based, of content and

onwar | Instant collaborative approach
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on based

Object functions should be used to test clustering
recommendations, as in Verma et al (2020). To provide
more specificity to the description of the organization, they
advise weighted grouping of the capabilities of the
appropriate technique. According to Yu et al. (2018),
Bayesian Personalized Rating (BPR) was put into
practice while taking into account the user's previous and
present preferences for rating indicators. According to Li et
al. (2020), the relationship between the clothing and the
wearer is based on how the consumer interacts with the
machine. The first class-grained preferences interest (FPA)
module is used, similar to smart in Hou et al. (2019), to
project the clothing-person relationship in detail.

Deep learning-based recommender systems use
convolutional neural networks to perform computer vision
tasks such as object segmentation, object classification, and
object identification [3]. Several E-commerce websites rely
on the knowledge database and keyword mapping to
produce recommendations. This, however, proved to be
ineffective



because each buyer and seller provides a different description
of the product.

Fashion Meets Computer Vision [5]: A Survey
presented intelligent style with awareness of the function of
computer vision in style. Detection, Analysis, Synthesis, and
Recommendation are the four main categories (Cheng et al.,
2020) categorized fashion studies subjects. As its call
suggests, this review has been centered on the point where
fashion and computer vision meet. Although this study is
useful in its own right, it takes a broad view of favor and does
not specifically focus on image-based style recommender
systems (FRS).

3. Statement of the problem

The main question we aimed to answer in this
research paper are as follows:

1. What distinguishes the fashion domain from other
domain names for recommender systems?

2. What principal responsibilities have been assigned
to style recommender systems?

3. How did computer vision improve picture-based
style recommender structures?

The main challenges faced by the recommendation
system in the fashion domain [6]:

1. Fashion item representation
Fashion item compatibility
Personalization and fit
Interpretability and explanation
Discovering trends

gabswn

Fashion recommender system:

Because there isn't enough purchase data or product
appearance details in the data, traditional recommender
systems like collaborative filtering or content-based filtering
struggle in the fashion industry. Models that capture the
superior representation of fashion products through product
photographs are used in more recent studies.

Fashion item compatibility:

It is a challenging task to train a model who can
determine whether fashion products will "pass together" or
quickly combine many pieces into an outfit. Co-purchase
data, among other unique item compatibility indicators, have
been investigated in recent research. Either clothes created
by professional fashion designers or combinations
discovered by observing what people are wearing through
photos on social networks.

Personalized and fit:

The best piece of clothing to recommend depends on a
number of factors, including the event or season, the client's
cultural and social background, and the setting in which the
outfit might be worn. Finding and combining these
numerous components is a challenging undertaking in a
fashion project that involves advisory structures. Modern
research usually addresses these issues by making full use of
social media data.

Interpretability and explanation:

Most of the current trend recommender
frameworks described in the literature focus on increasing
the prediction performance by treating the model as a black
box. However, implementing trustworthy structures that can
be understood and that can explain their rules can improve the
shopping experience and long-term consumer loyalty.
Modern models frequently provide explanations by
underlining specific visual elements, qualities, or keywords.

Discovering trends:

Fashion designers and retailers value being able to
predict consumer preferences because it improves product-to-
marketplace fit, logistics, and marketing. What is deemed
"elegant™ or "contemporary" depends on a number of
factors, such as the time of year, historical events,
geographic influences, or changes in fashion. Once more,
researchers employ social media as a helpful tool.

4. Fashion recommender system approach

The fashion recommender system consists of three stages [2]:
1. Dataset generator
2. Model ranking
3. Implicit profiling

The database generator first encodes the clothing's
visual attributes. The assessment model then creates the
evaluation table based on the neural community training result.
Finally, but not least, implicit profiling generates an advisory
panel based on the device's advisory mode, including both open-
ended recommendations and recommendations mostly based on
clothing that the user has already chosen. Additionally, implicit
profiling decides when to update the rating table and retrain the
network.

1. Dataset generator:

The visual generator codifies the visual
characteristics of images of garments. Professionals who
specialize in picture processing and labeling carry out this
operation.

1. Image processing:
Restoration of the garment's uniqueness is the aim of
image processing. The images are first divided into seven
different categories, including skirts, shirts, T-shirts, jeans,
shoes, and heels. In the second, the image backdrop is
extracted for the purpose of acquiring shade.

2. Labels classification:

Using the VGGNET16 neural network, label
classification is responsible for classifying the images
according to their corresponding labels. Performance
indicators for the neural network include sensitivity (1),
specificity (2), and accuracy (3).

TP
Sen = —— @
FN + TP



Prediction class [2]

Sensitivity (Sen) is the classifier's capacity to identify positive r
samples. u False True
e False 1.8697300 | 81800
c True 49100 1900000
TN |
Spe = @ a
FP+ TN S

The classifier's capacity to identify all negative samples is
referred to as the specification (Spe).

4. Implicit proficiency:

When the DNN must be generated, the implicit
profiling determines, updates the ranking table, and builds
the trained table. To accomplish the goal of the implicit
profiling phase, it has been divided into three portions
termed system mode, recommendation board, and update
ranking.

TP+ TN

Acc =
FP+ TN+ TP + FN

The total number of accurate predictions made by the classifiers
is known as accuracy (Acc).
Where, 4.1 Model proposed

e The proportion of positive samples that were
correctly classified as P is known as True Positive
(TP).

e True Negative (TN): The percentage of N samples
for which N was correctly predicted.

e False negative (FN): The number of P samples that
were anticipated to be N.

e The number of negative samples that were
incorrectly projected to be positive is known as
false positives (FP).

2. Dataset creation:

This process is in charge of creating fashion
recommendations from a bundle of descriptors.
The given set

Oi _ {dt + dm + db} where dt + dm + db
is a description of clothing in the Top group (shirt, T-shirt,
jacket).

The medium group of clothing includes items like
pants and skirts, whereas the lowest group is represented by
the description db (tennis shoes, heels). Each set of Oi
contains three distinct descriptions, one from each of the T,
M, and B groups. This Oi's name is fashion suggestion. As a
result, the database O is referred to as the group T, M, and
B's Cartesian sum. (5)

T xMxB ={(t, m,b)[t_T,m_M,b_B}
(t, m, b) —on
O _{01,02, 03|0On _ T *M"B} (5)

In this scenario, T stands for the set of garment
descriptors in the upper portion, M for the set in the center,
and B for the set in the lower section.

3. Ranking model:

The table is made larger by the ranking model, which
also establishes the connection between each Oi and its
corresponding rating Q. The evolution of the system
depends on this table, also referred to as the classification
table. The training set for the DNN is the ranking table.
However, DNN makes use of expert labels to impart a
starting weight price throughout the first training. Sections
titled "gadget mode," "recommendation Board," and "update
rating” were included to help with the implicit profiling
phase's objectives.

For the implementation part of this project we used
some technology like CNN (convolution neural network), and
transfer learning in which we used previously trained models
using Keras. In Keras, we used already trained data ResNet50
which is trained on the Imagenet dataset.

Steps to develop this project:

1. Import model:

In this step, we load a CNN model named ‘ResNet50’
which comes under Keras. ResNet is already trained on a
dataset name Imagenet, and it is a very fast model and its
accuracy is very high.

2. Export features:

We used the model which is in step 1 to extract the image
features. What it means is in our dataset total of 44k images
present, and we compare the images with these 44k images,
and the top 5 images which are similar to the uploaded images
are displayed or recommended images. Features of the
images are cut out of images, color, shape, size, edges, etc.
CNN has different- different layers when we insert the images
each layer doing its work in extraction. The complexity level
of extraction increased layer by layer.

For each image, ResNet creates 2048 features. We have
44K images, so ResNet creates (44k,2048) features based on
these features we determine which images are similar or not
instead of matching similarity with pixel by pixel. For each
image, ResNet creates an array of 2048 columns which is as.

Imagel [1,2,.....,20438]

Image2 [1,2,.....,2048]
Image3 [1,2,.....,20438]

Image 44k [1, 2, .....,2048]

Each image array or row is considered a vector. We have a
total of 44K vectors. Suppose we got a new image that we



want to search, we insert that image into CNN trained model
“ResNet”, now ResNet also creates a feature of that image
and converts it into vectors (array). After the feature
generation of images, new image vectors are also plotted on
dimensional space(Euclidean space), and the distance of
vectors is calculated, the distance of 5 nearest vectors which
is closer to the query vectors that all vectors are our
recommender images vectors.

Graphical representation:

nearest vector to the
inserted images
Inserted image vector

nearest vector to the
inserted images

Fig. [1] Graphical representation of vector distance
calculation.

These nearest vectors or images are recommended to users.

3. Export Features:
Save all the features of images so that they can be used in
the future when it needs.

4. Generator recommendation:

In this step, we find the nearest distance of each vector
using the Euclidean formula by importing Scikit learn, it will
tell 5 nearest images or vectors.

Dataset:

Name of dataset: Fashion product images dataset
Size: 25 GB or smallest version 593 MB
Download source: Kaggle.com

styles.csv (4.33 MB) & 3

Detail Compact Columr 1

Fig. [2]. Dataset sample image on Kaggle.

In this paper, we proposed a model that uses CNN
and the nearest neighbor-backed recommender. The neural
networks must first be trained before an image is selected for
creating suggestions and a database for the fashion items is
built. Based entirely on the input photos, the nearest neighbor’s
technique is utilized to discover the most appropriate products,
and pointers are generated.

Training the neural networks:

Once the data is preprocessed, neural networks are trained
using transfer learning from ResNet. Within the final layers,
additional layers are added to replace the structure and weights
from ResNet to perfectly track the community model and serve
the state-of-the-art difficulty.
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Fig. [3]. ResNet50 architecture [3].

Getting the inventory:

The database is expanded with pictures from the Runway
inventory that was rented. After categorizing and producing
input from the inventory using neural networks, the output is
then used to produce recommendations. An example
collection of inventory data is suggested by Determine.
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Fig. [4] Sample inventory data from the dataset.



Experiment and results:

The database is expanded with pictures from the
Runway inventory that was rented. After categorizing and
producing input from the inventory using neural networks,
the output is then used to produce recommendations. An
example collection of inventory data is suggested by
Determining images.

Input:

Fashion Recommender System

Fig. [5] Input image on implementation.

Now we are given jeans pant as input based on these images
our recommender system recommend other similar jeans
pant.

Output:

Fig. [6] Output image on implementation.

5. Conclusions

In this study, we present a unique framework for
fashion recommendation that is supported by data-driven,
visually related, and simple-to-use recommendation systems
for creating images of fashion products. The suggested
method employs a two-level segment. Our suggested method
first extracts the features using a CNN classifier, which, for
instance, allows users to post any random fashion image from
any E-commerce website and then generates images that are
comparable to the uploaded image based on the features and
texture of the input image. Such research must continue to
increase recommendation accuracy and enhance the
experience of style exploration for both direct and indirect
buyers. furthermore, one-of-a-kind state-of-the-art
algorithms were evolved to endorse merchandise primarily
based on customers’ interactions with their social businesses.
therefore, studies on embedding social media pictures inside
style advice systems have received big popularity these days.

The capability to recognize various patterns and patterns on
garments might be added to this system to broaden its
application and enhance the number of occasions.
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