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Abstract

The task of pattern classification remains relevant in the fields of trends, style, fashion, personalization,
manufacturing, and design. Research aimed at the design and development of models and means of
classification of patterns of clothing elements using machine learning is highlighted. The study addresses a
pertinent issue in computer vision, namely: increasing the efficiency of classification of patterns of clothing
elements. The research was conducted with a proprietary dataset comprising 600 images. The following
patterns are defined for classification: “checkered”, “dotted”, “vegetation/floral”, “print”, “solid”, “striped”.
A convolutional neural network was developed using the Python programming language and deep learning
frameworks Keras and TensorFlow. The scalable Keras-Tuner framework was used to optimize the
hyperparameters of the developed network. The structure of the convolutional neural network includes an
input layer, a feature extraction part, and a pattern type determination part. The architecture of the applied
convolutional neural network is described. The CUDA Toolkit, the cuDNN library and the WSL layer are
applied to train a convolutional neural network using a GPU, significantly speeding up the training process.
Metrics including accuracy, precision, and recall were used to evaluate the developed convolutional neural
network. The web application is developed in the Python programming language with the FastAPI
framework. The web application has a described API for interacting with a convolutional neural network,
and uses the Pillow (PIL) libraries for working with images and Rembg for image background removal. The
user interface is developed in the JavaScript programming language with HTML, CSS and the React
framework. The user interface is presented as an intuitive tool for interacting with the system. The
developed software uses the modular principle, which allows for rapid modernization of the software. As a
result of applying transfer learning, a testing accuracy of 93.33% was achieved, and with fine-tuning, the
final version of the convolutional neural network for the classification of patterns of clothing elements with
a test accuracy of 95% was obtained. The trained neural network was tested on new images of the specified
types of patterns, examples for two patterns are given.
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1. Introduction

Recognition of patterns on clothing items is a significant and relevant aspect for various fields, such
as fashion, manufacturing, design, and technology. Some aspects of the relevance of this issue are
revealed in the topics of trends and style [1], production automation [2], personalization [3 - 5],
augmented reality [6, 7], production optimization [8], and anti-counterfeiting [9]. Insights [10] can
provide valuable frameworks to ensure that technological systems for clothing pattern classification
are efficient and adaptable to local strategies and expert input, fostering a holistic integration of
innovative technology and practical applications in the fashion industry.

In general, pattern recognition on clothing makes it possible to combine traditional elements with
innovative technologies, making the fashion world more efficient, interesting, and responsible.

The primary objective of the study is the classification of clothing pattern elements, which relies
on the selected neural network architecture, its hyperparameters, and the training approaches used;
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an equally important factor is the dataset employed for training, validation, and testing of the neural
network.

Currently, there are a number of applications of pattern recognition and classification, and
approaches to their study are constantly being improved and applied to various fields of activity, so
the topic under study and the development of models and tools for pattern classification using
machine learning are relevant.

The object of research is the process of classifying patterns of clothing items using machine
learning.

The subject of research is models and tools for classifying patterns of clothing elements using
machine learning.

The study aims to explore and implement models and tools to enhance the efficiency of clothing
pattern classification through machine learning.

To achieve this goal, the following main research objectives have been identified:

e review of scientific research on the classification of clothing item patterns;

e  synthesis and evaluation of new models based on machine learning methods;

e development of tools for classifying clothing item patterns using machine learning and
research.

2. Materials and methods of the study

The research employed the object-oriented approach for application development and the supervised
machine learning method, utilizing data structures such as dictionaries, lists, and tuples. In applying
artificial neural networks, principles of convolutional neural networks [11], modern CNN
architectures, and aspects of linear algebra, mathematical analysis, optimization fundamentals, and
probability theory were used.

The study was carried out using the Python programming language in the PyCharm and Jupyter
Notebook environments [12]. The TensorFlow and Keras frameworks were used to organize the
artificial neural network [13, 14]. The CUDA toolkit, cuDNN library, and WSL layer are used to train
artificial neural networks using a GPU [15 - 17]. The application is based on the FastAPI framework
[18]. The user interface was developed using the JavaScript programming language and the React
framework in the WebStorm environment. The Pillow (PIL) and Rembg libraries [19] were used to
remove the background of images. Graphs were created using the matplotlib library [20].

3. Analysis of recent research and publications

The paper [21] describes approaches to determining the location of clothing in an image, classifying
a clothing item, and determining the color of a clothing item. However, the interaction with the
applied neural network for determining the location of clothing and its classification occurs through
the application program interface provided by the Clarifai platform. The platform offers a number
of networks, but does not provide access to the architecture of the models, so it is not possible to
change the architecture and retrain the network on its own data.

The paper [22], which describes the problems and solutions for pattern classification, was
analyzed. In this article, the authors explore the use of a finger-mounted camera to recognize colors
and visual patterns on clothing. The main focus is on neural network models, in particular the use
of transfer learning to train a deep neural network. The authors describe the process of collecting
data and creating a dataset for model training. They use six common visual patterns that are difficult
or impossible to distinguish by touch: solid, striped, checkered, dotted, zigzag, and floral. The authors
use the ResNet-101 deep neural network model, pre-trained on the public ImageNet dataset. The
transfer learning technique is used to train the model on its own dataset. The classification accuracy
of the image set from the finger-mounted camera reaches 92%. The authors identify confusion issues
due to insufficient context or coarse threads and aim to improve the model using additional images



from the target domain. The authors have plans for further research, such as studying the effect of
the camera position on the user’s finger on the accuracy of the system, as well as evaluating the
details of the patterns.

The paper [23] describes image processing algorithms rather than neural networks. The authors
consider the problem of identifying clothing design classes in images by using new image
descriptors. They propose two new descriptors: Completed CENsus Transform hISTogram
(cCENTRIST) and Ternary CENsus Transform hISTogram (tCENTRIST), which are based on existing
image processing methods such as Completed Local Binary Pattern (CLBP), Local Ternary Pattern
(LTP) and CENsus TRanformed hISTogram (CENTRIST). The authors investigated the effectiveness
of the proposed methods by comparing them with other well-known methods such as Histogram of
Oriented Gradients (HOG), GIST, Local Gradient Pattern (LGP) and the original CENTRIST method.
They also compared their methods using pre-trained deep learning models such as CaffeNet. The
authors succeeded in improving the accuracy of clothing design classification in images using the
proposed methods. For the Clothing Attribute Dataset [24], the cCCENTRIST method showed an
accuracy of 74.97%, and the highest accuracy of 84.23% was achieved on the Fashion Dataset [25]. It
has also been shown that the proposed methods outperform the results obtained using pre-trained
deep learning models.

The paper [26] is considered. The main goal of this study is to improve the accuracy of clothing
pattern classification. The authors propose their model, which is based on the AlexNet and VGG_S
models, where all nine trained layers are used. Compared to AlexNet, a new fully connected layer
(FC3) is added to the model, and a data augmentation technique is used to reduce overfitting during
the training phase. The images were taken from two publicly available datasets: Fashion [25] and
Clothing Attribute [24]. Both datasets were categorized for training and testing to identify clothing
design classes. The authors compare the performance of the proposed model with two well-known
CNN models (AlexNet and VGGNet) and some advanced manually developed feature extraction
methods. The experimental environment for this study was set up using the CaffeNet model and the
Ubuntu 12.4 operating system. A GPU was used to speed up the computations in the study. The
proposed model achieved an accuracy of 77.8% on the Clothing Attribute Dataset with 6 different
classes, and an accuracy of 84.5% on the Fashion Dataset with 5 texture classes. This indicates the
success of using deep convolutional neural networks in the classification of clothing texture design
and opens up prospects for further research in this area.

Based on the analysis, we can conclude that the accuracy of clothing element patterns
classification needs to be improved, so it is worth using modern neural network architectures,
selecting hyperparameters to obtain higher classification accuracy than that demonstrated in the
reviewed sources [27, 28].

4. Research results
4.1. Preparation of the environment

One personal computer with the Windows operating system was used for development. In order to
train the artificial neural network using a graphics processor, we used the Windows subsystem for
Linux, which allows us to run Linux as a guest system within the Windows OS. The CUDA toolkit
and the cuDNN library are installed in the guest system. To prepare an environment that allows you
to use the GPU for computing, the following sequence of actions was performed.

1. the Nvidia GPU driver was installed;

2. download the WSL program to Windows;

3. launch the command prompt and run the command to install the Ubuntu distribution as a
guest system:

e  wsl —install



4.  specify the name of the guest system user and the password of the guest system. After that,
the current command line contains the running Linux Ubuntu guest system and corresponds
to the command line of the guest system;

delete the old GPG key with the command:

sudo apt-key del 7fa2af80

install the CUDA Toolkit 11.8, run a number of commands:

wget
https://developer.download.nvidia.com/compute/cuda/repos/wsl-ubuntu/x86_64/cuda-wsl-

e O O U

ubuntu.pin

e  sudo mv cuda-wsl-ubuntu.pin /etc/apt/preferences.d/cuda-repository-pin-600

e wget  https://developer.download.nvidia.com/compute/cuda/11.8.0/local_installers/cuda-
repo-wsl-ubuntu-11-8-local_11.8.0-1_amd64.deb

e  sudo dpkg -i cuda-repo-wsl-ubuntu-11-8-local_11.8.0-1_amdé64.deb

e sudocp
/var/cuda-repo-wsl-ubuntu-11-8-local/cuda-*-keyring.gpg /usr/share/keyrings/

e sudo apt-get update
sudo apt-get -y install cuda
check if an environment variable has been added that indicates where to look for the
executables of the CUDA 11.8 toolkit, run the command:

e echo $PATH

Added the path to the CUDA executables using the command:

export PATH="/usr/local/cuda-11.8/bin:$PATH”
checked whether the “/usr/local/cuda-11.8” directory contains the “include” and “lib64”
directories;

9. downloaded an archive with the CUDA Deep Neural Network library (cuDNN) version 8.7
specifically for CUDA Toolkit 11.8. The archive was moved to the user directory of the guest
system,;

10. extract the files from the archive containing the cuDNN library and move the corresponding
files to the CUDA Toolkit 11.8 location by running the following commands:

e cd /home/YOUR_UBUNTU_USER

e tar -xvf cudnn-linux-x86 64-8.9.6.50 cudall-archive.tar.xz

e sudocp
cudnn-linux-x86_64-8.9.6.50_cudal1-archive/include/cudnn®.h /usr/local/cuda-11.8/include

e sudo cp -P cudnn-linux-x86_64-8.9.6.50_cudall-archive/lib/libcudnn* /usr/local/cuda-
11.8/1ib64

e sudo chmod a+r /usr/local/cuda-11.8/include/cudnn*.h /usr/local/cuda-11.8/lib64/libcudnn*

11. run a command to check if CUDA is installed:

e  python3 -c “import tensorflow as tf; print(tf.config.list_physical_devices(‘GPU’))”

The line “[PhysicalDevice(name="/physical_device:GPU:0’, device_type="GPU’)]” is received,
which indicates that the tools and libraries have been successfully configured.

4.2. The general structure of the software

In this paper, software was developed for the classification of patterns of clothing elements. In
particular, Figure 1 shows a component diagram that demonstrates the dependencies between system
components.
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Figure 1: Diagram of system components.

The component diagram includes the following components:

frontend/user interface represents the client side of the web application, where the user
interacts with the web application through a browser or other client application;

FastAPI is responsible for processing HTTP requests and responses. It includes a CORS
module that allows you to interact with the application from different sources. Upload
Endpoint is an HTTP route that handles file uploads. When files are uploaded, images are
processed for further use in the machine learning model;

image processing includes image processing libraries such as Pillow (PIL, Python Imaging
Library) for image manipulation and Rembg library for background removal;

machine learning includes a TensorFlow model for classifying patterns of clothing items,
uses the model for classification, and returns the results to FastAPI;

FastAPI sends a response to the user or other clients.

The developed software uses a modular principle, which allows for quick modernization of the

software tool.

4.3. Structure of the input data set

The study is conducted with one data set, which is divided into three samples: “Training sample”,
“Validation sample”, and “Testing sample”; each sample contains images of a certain class. The

structure of the dataset, which is a hierarchy of directories, is shown in Figure 2.
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Figure 2: The structure of the dataset.

The classification included the following patterns: “checkered”, “dotted”, “vegetation/floral”,
“print”, “solid”, and “striped”. For the task, 100 images were manually chosen for each class, resulting
in a total of 600 images. The images are used for training, validation, and testing the model by using
generators that select a mini-sample (a “batch”) of images from the corresponding directory during
the epoch step, apply augmentation (if specified), and then transmit these images with the
corresponding labels to the network. The labels are directories, which denote classes. Generators
allow you to work with mini-samples (batches) instead of loading all images into memory.

4.4. Architecture of the applied neural network
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Figure 3 shows the architecture of the convolutional neural network.
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Figure 3: Network architecture for pattern classification of clothing elements.
Description of the network architecture:

1. The input is an image of 356 by 356 pixels in three channels (RGB).

2. The convolutional part of the VGG16 model:

e block 1: convolutional layer of Conv2D type, filters 64, filter size 3x3, step 1, Same padding,
ReLU activation function, output shape (356, 356, 64), number of parameters 1792;

e block 1: convolutional layer of Conv2D type, filters 64, filter size 3x3, step 1, Same padding,
ReLU activation function, output shape (356, 356, 64), number of parameters 36926;

e  block 1: pooling layer of MaxPooling2D type, filters 64, filter size 2x2, step 2, output shape
(178, 178, 64);

e block 2: convolutional layer of Conv2D type, 128 filters, 3x3 filter size, step 1, Same padding,
ReLU activation function, output shape (178, 178, 128), number of parameters 73856;

e block 2: convolutional layer of Conv2D type, 128 filters, 3x3 filter size, step 1, Same padding,
ReLU activation function, output shape (356, 356, 128), number of parameters 147584;

e  block 2: pooling layer of MaxPooling2D type, 128 filters, 2x2 filter size, step 2, output shape
(89, 89, 128);

e block 3: convolutional layer of Conv2D type, 256 filters, 3x3 filter size, step 1, Same padding,
ReLU activation function, output shape (89, 89, 128), number of parameters 73856;

e  block 3: convolutional layer of Conv2D type, 256 filters, 3x3 filter size, step 1, Same padding,
ReLU activation function, output shape (89, 89, 128), number of parameters 590080;



e  block 3: convolutional layer of Conv2D type, 256 filters, 3x3 filter size, step 1, Same padding,
ReLU activation function, output shape (89, 89, 128), number of parameters 590080;

e  block 3: pooling layer of MaxPooling2D type, 256 filters, 2x2 filter size, step 2, output shape
(44, 44, 256);

e  block 4: convolutional layer of Conv2D type, 512 filters, 3x3 filter size, step 1, Same padding,
ReLU activation function, output shape (44, 44, 512), number of parameters 1180160;

e  block 4: convolutional layer of Conv2D type, 512 filters, filter size 3x3, step 1, Same padding,
ReLU activation function, output shape (44, 44, 512), number of parameters 2359808;

e  block 4: convolutional layer of Conv2D type, 512 filters, 3x3 filter size, step 1, Same padding,
ReLl.U activation function, output shape (44, 44, 512), number of parameters 2359808;

e  block 4: pooling layer of MaxPooling2D type, 512 filters, 2x2 filter size, step 2, output shape
(22, 22, 512);

e  block 5: convolutional layer of Conv2D type, 512 filters, 3x3 filter size, step 1, Same padding,
ReLU activation function, output shape (22, 22, 512), number of parameters 2359808;

e  block 5: convolutional layer of Conv2D type, 512 filters, 3x3 filter size, step 1, Same padding,
ReLU activation function, output shape (22, 22, 512), number of parameters 2359808;

e  block 5: convolutional layer of Conv2D type, 512 filters, 3x3 filter size, step 1, Same padding,
ReLU activation function, output shape (22, 22, 512), number of parameters 2359808;

e  Dblock 5: pooling layer of MaxPooling2D type, 512 filters, filter size 2x2, step 2, output shape
(11, 11, 512).

3. Part for classification:

e flatten layer, output shape (61952);

o fully connected layer, Sigmoid activation function, dropout 0.5, output shape (384);

e fully connected layer, SoftMax activation function, output shape (6).

4.5. Experiments

The dataset is split as follows: 80% for the training set, 10% for the validation set, and 10% for the test
set. The batch size is configured to 32, and the input image dimensions are 356 by 356 pixels.

First, hyperparameters are manually selected to determine the model that will be used in further
research, with the comparison based on training and testing accuracy.

The VGG16 [29], VGG19 [30], InceptionV3 [31], Xception [32], and ResNet50 [33] models were
employed for testing. For each model, pre-trained weights from the ImageNet dataset were applied,
the classification layers were removed, and all layers of the network were set to non-trainable. Using
TensorFlow, a sequential architecture was built, incorporating the feature extraction layers of
VGG16, VGG19, InceptionV3, Xception, and ResNet50. This was followed by a flattening layer, a
dense layer containing 256 neurons with a ReLU activation function, and a dropout rate of 0.5. The
final output layer consisted of 6 neurons with a SoftMax activation function. The model was
configured with 'categorical cross-entropy' as the loss function, and the Adam optimizer with a
learning rate of 0.001 was applied over a training duration of 15 epochs.

The results for the specified hyperparameters are presented in Table 1.

Table 1
Accuracy of models with manual selection of hyperparameters

Ne  The name of the architecture Training accuracy Testing accuracy

1 VGGI16 0,9646 0,8667
2 VGGI19 0,8534 0,6833
3 InceptionV3 0,7933 0,6333
4  Xception 0,8436 0,4667
5 ResNet50 0,3259 0,1833




Further research focused on evaluating the VGG16 model, which achieved the highest
performance after manual hyperparameter tuning

At this point, Keras-Tuner [34] was applied with the Bayesian Optimization algorithm to search
for optimal parameters. The VGG16 network's weights were loaded from the ImageNet dataset, with
its classification layers removed, and all network layers were set as non-trainable. A sequential model
was created in TensorFlow, starting with the feature extraction section of the VGG16 network,
followed by a flattening layer. The number of dense layers was set to vary between 1 and 2, with
each layer containing between 32 and 512 neurons, increasing in steps of 32. Activation functions
for these layers included ReLU, Sigmoid, Tanh, ELU, and SELU, and a dropout rate of 0.5 was applied
to each dense layer. The final layer was a dense layer with 6 neurons using the SoftMax activation
function. The optimization algorithms considered included Adam, RMSprop, and SGD, with metrics
such as Accuracy, Precision, and Recall measured.

Keras-Tuner performed 10 rounds of network training, adjusting hyperparameters through
Bayesian Optimization as defined in the model-building function. The optimization targeted a
reduction in the loss function value on the validation dataset. The three best hyperparameter
configurations from the 10 trials are shown in Table 2.

Table 2
Hyperparameter sets obtained using Keras-Tuner

Ne  Activation =~ Number of = The number of  Optimizer The value of the loss function

function layers neurons in a on the validation set during
layer training
1  Sigmoid 1 384 RMSprop 0,36
2 ELU 2 1-512, SGD 0,39
2-320
3 SGD 1 192 Adam 0,42

A model is constructed using the hyperparameters that yielded the lowest loss function value.
The weights of the VGG16 network from the ImageNet dataset were loaded, with fully connected
classification layers removed and training disabled for all network components. Using TensorFlow,
a sequential network was created, starting with the part of the VGG16 network responsible for
extracting characteristic features from the images. A flatten layer was added, followed by a fully
connected layer containing 384 neurons and a Sigmoid activation function. A dropout rate of 0.5 was
applied, along with a fully connected layer of 6 neurons utilizing the SoftMax activation function.
The loss function is defined as “categorical cross-entropy”, and the RMSprop optimizer is used with
a learning rate of 0.001 over 50 epochs. Additionally, the TensorFlow library includes a tool called
ModelCheckpoint, which saves the best model based on a specified metric, namely the loss function
on the validation set during training.

Table 3 displays the metrics of the model created using Keras-Tuner hyperparameters, which
achieved the highest performance.

Table 3
Metrics of the model built by Keras-Tuner hyperparameters

Sample Loss Accuracy Precision Recall
Training 0,0755 0,9917 0,9916 0,9812
Validation 0,2432 0,9375 0,9355 0,9062
Test 0,3711 0,9333 0,9310 0,9000

Figure 4 illustrates the accuracy and loss function plots for the model developed using Keras-
Tuner hyperparameters. It is evident that overfitting starts after the 30th epoch, with the selected
model resulting from the 29th epoch.
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Figure 4: Plots of accuracy and error functions for the Keras-Tuner hyperparameterized model.

In the next stage, fine-tuning is implemented by “unfreezing” the layers of the 5th block of the
VGG16 neural network, which are responsible for identifying characteristic features in the image.
Unfreezing these layers will enable the model to better highlight the distinct features of the objects
present in the applied dataset. Fine-tuning can only be conducted if the classification component of
the network has already been trained. If the classification part is not trained, the weights are initially
set randomly, leading to significant errors at the beginning of the training process and indicating a
high gradient of weight change. According to the error backpropagation algorithm, the signal from
the classifier will propagate to the convolutional layers. As a result, in the “unfrozen” convolutional
layers, the weights will experience substantial changes, which could degrade the accuracy of the pre-
trained network utilized through transfer learning. Therefore, at this stage, work is conducted with
the trained model, using hyperparameters derived from Keras-Tuner. The TensorFlow-trained model
is loaded into memory. A loop is defined for the layer containing the convolutional part of the VGG16
model to “unfreeze” the layers of the 5th block, specifically three convolutional layers and one
pooling layer. The loss function is set to “categorical cross-entropy”, and the RMSprop optimizer is
employed with a learning rate of 0.00001, over a total of 50 epochs. Additionally, the TensorFlow
library includes a tool called ModelCheckpoint, which saves the best model based on the specified
metric, specifically the loss function on the validation set during training.

Table 4 presents the metrics of the model with the “unfreezing” of the layers in the 5th block of
the VGG16 convolutional part.

Table 4
Metrics of the model with “unfreezing” of the layers of the 5th block of the convolutional part of the
VGG16 layer

Sample Loss Accuracy Precision Recall
Training  0,0404 0,9999 0,9999 0,9999
Validation 0,1000 0,9999 0,9999 0,9688
Test 0,2078 0,9500 0,9655 0,9333

Figure 5 displays the graphs of accuracy and loss functions for the model with the “unfreezing”
of the layers in the 5th block of the VGG16 convolutional part. It can be observed that overfitting
begins after the 5th epoch, with the selected model derived from the 5th epoch.
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Figure 5: Graphs of accuracy and loss functions for the model with the 5th block of the VGG16
convolutional layers unfrozen.

The trained neural network was evaluated using new images, with examples provided for two
patterns. Initially, a test image featuring a dotted pattern was used, resulting in a correct
classification with an accuracy of “99.68%”, as illustrated in Figure 6.
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Figure 6: Evaluating the user interface and the trained model by inputting an image with a “dotted”
pattern.

Additionally, a test image displaying a “floral” pattern was utilized, achieving a correct
classification result with an accuracy of “98.62%”, as demonstrated in Figure 7.
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Figure 7: Evaluating the user interface and the trained model by inputting an image featuring a
“floral” pattern.

5. Discussion of the obtained results

A convolutional neural network was created for classifying clothing patterns using transfer learning,
achieving a training accuracy of 99.17%, a validation accuracy of 93.75%, and a testing accuracy of
93.33%. Subsequently, through fine-tuning, the final version of this network was further optimized,
reaching a training accuracy of 99.99%, a validation accuracy of 99.99%, and a testing accuracy of
95%.

The research's scientific contribution consists in advancing a model for classifying clothing
patterns by leveraging machine learning techniques, specifically through the application of transfer
learning and fine-tuning methods.

The practical value of the research lies in the implementation of machine learning for clothing
pattern classification, with developed software, defined system architecture, and an established
mathematical foundation. These elements are backed by the findings presented in the study.

6. Conclusions

The study explores and implements models and tools aimed at improving the effectiveness of
clothing pattern classification through machine learning. The findings allow users to recognize
clothing patterns within images accurately.

The study showed that the proposed model achieved greater efficiency in clothing pattern
classification.

The project can be improved and expanded in the following ways:

e increase the volume and diversity of the data set, which will increase the robustness of the
artificial neural network;

e  apply augmentation to increase the data set;

e add other classes of patterns;

e  continue to optimize the artificial neural network by selecting hyperparameters and making
changes to the architecture; optimize the speed of forecasting;

e  organize a system of anonymization of people in images;

e to develop means of exporting the results of classification of patterns of clothing elements.



The results of this study can be used for integration into complex computer vision systems used
for processing clothing images.
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