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Abstract

Despite of the capabilities and effects of Artificial Intelligence (AI) it is been
observed that there are certain industries which are yet to utilize the immense
ability of AI. Fashion industry is slowly making use of machine learning which was
used to be a less touched domain of analytics. AI and data analytics both together
can bring innovations in the fashion world. A part of this fashion industry is
very difficult and that is the fashion designing where new ideas and creations need
to be brought in through a line of work. The research is helpful for the fashion
designers as it decreases their work pressure using AI to develop fashion images.
The Generative Adversarial Network (GAN) is a model to generate samples of
images, videos, texts etc. which are more naturalistic. This research focuses on
comparative examination using two types of GAN viz- Deep Convolutional Neural
Network based GAN (DCGAN) and the Capsule Network based GAN (CapsGAN)
to develop new and distinctive images of fashion outfits, jewelries, shoes etc. of
both men and women. Both Qualitative and Quantitative methods been used
to evaluate the generated images. This resulted in better images generated by
CapsGAN than DCGAN. DCGAN showed higher Discriminator loss and in contrast
to this CapsGAN showed rise in Generator loss. Altogether it can be stated that
CapsGAN performance is much better than DCGAN.

Index terms— Generative Adversarial Networks, Deep Convolutional GAN, Capsule Net-
work GAN, Fashion Industry, Deep Learning

1 Introduction

In this 21st century, Fashion Industry is the most glamorous and multi-billionaire business
today. Over the years, the industry has grown rapidly and the larger proportion of the world’s
population is direct or indirect customers of this industry. The fashion designers who make
novel creative designs of fashion items with their remarkable styling skills are the real heroes
and runners of this fashion industry. Moreover, the fashion items designs industry seeks all of the
attention from people around the globe and various industries and so, makes the competition in
fashion domain more tough to get more business with new fashion designs for top most brands.
However, there are certain limits to fashion designers creative abilities to maintain its style
outcome and freshness of designs.

In today’s world, together AI and machine learning have explored all its branches and
implemented in various domains so, the new novel creative fashion items design generated
images would be very helpful and impressive. Collaborative study of machine learning and AI
in the various domain has boost up the industry. Comparatively fashion domain has been less
explored in the data analytics field. The recent achievements of AI in fashion have presented
that the industry is capable of implementing the other domains beyond the automation. Using
machine learning for fashion, business has grown by utilizing fashion designs classification, sales
forecasting, style recommender systems, style predictions etc. However, the generative side
of fashion has been less-explored such as generating new fashion item design image of shirt,
trouser, shoes, bags, etc.

Generative modelling is much popular and seeking attention because of its abilities to gener-
ate new image samples of data in the unsupervised learning environment. Since the invention of
Generative Adversarial Networks (GANs) Goodfellow et al. (2014), it has performed better than
previous generative models like Latent Dirichlet Allocation (LDA), Variational Autoencoders
(VAE), Hidden Markov model etc. The Generative Adversarial Network (GAN) is a combina-
tion of two neural networks: a Generator and the Discriminator network. The Generator tries
to create similar or realistic images from the data samples of given distribution to create better
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quality samples in less time. And the Discriminator, tries to classify between real samples and
generated samples with the minimum loss. The balance between generator and discriminator
should be achieved to generate good output sample by GAN model. In image processing and
computer vision fields, the GANs model is always preferred and have been proved in their pre-
vious studies by researchers with minimum loss and time. GANs have been proven efficient for
generating data samples such as videos, texts, dialogues, images, documents etc. by learning
about the samples distribution of target data. Liu et al. (2016)

Plenty of work has been conducted in various domains using implementation of basic GAN
models and some advanced versions of different GAN models. A detailed description of study
on implementations of various GANs is presented in section (2). The aim of this research
is to accomplish a comparative study about two advanced altered versions of GANs; Deep
Convolutional Generative Adversarial Network (DCGAN) which is proposed by Li et al. (2018)
and the other one is Capsule Networks based Generative Adversarial Network (CapsGAN)
which is proposed by Wang et al. (2019a). A Convolutional Neural Network (CNN) is used
in the Discriminator model by DCGANs as an alternative to classic multi-layer perceptron
to increase the performance of Discriminator. CNNs are always preferred to extract multiple
features from an image as it utilizes different convolutional fully connected layers. Contrary
to this, the CapsGAN utilize a Capsule Network as a discriminator Choi et al. (2019) and the
generator is Deconvolutional Neural Network. For this research, the classic Fashion – MNIST
dataset by Xiao et al. (2017) have been finalized after precisely comparing some of the fashion
items design image datasets which is in detailed explanation in section 2 . The dataset acquired
for this research contains 70,000 greyscale images of 28x28 pixels consisting of 10 classes (Ankle
Boot, Bag, Coat, T-shirt/Top, Dress, Shirt, Trousers, Sandal, Pullover, Sneaker) thus it makes
suitable for our study. The current literature study of the GANs shows the gap where in the
fashion domain on a greyscale image dataset the performances of CapsGAN and DCGAN have
not been evaluated. Hence, this study aims to fill in this gap and gives a path for future research
in this domain accounting our limitations.

The generated sample images by both CapsGAN and DCGAN have been evaluated qualitat-
ively and quantitively. The images quality have been assessed at different epochs by comparing
the images evaluating which advanced version of GAN have performed better. And, to find
out GANs quantitively, the loss of Discriminator and Generator is compared at several epochs
Wang et al. (2019a) These evaluations of GANs have been discussed in detail in section 5.

1.1 Research Question

The Research Question is :
How effectively can Generative Adversarial Networks enhance the generation of fashion outfit
images?
The Research Objectives are :
1 - Can GAN models be used to generate new fashion outfit images which can be alternative to
fashion designers ?
2 – Is DCGAN or CapsGAN model performs better on the grey-scale dataset of Fashion domain
?

1.2 Expected Contribution

The main objective of this research is to provide an optimal solution to the fashion industry
with the help of this generated images of fashion items design images which could serve as
base designs for the runners of this industry like fashion designers. This novel creative fashion
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items design images would be inspiration for using them in industry which are generated images
from GANs through this study. Moreover, the comparative study of DCGAN and CapsGAN
for generating new dataset of images of fashion items designs been evaluated on quality and
quantity metrics on a greyscale image dataset in fashion domain. By implementing this research
in real-time for business usage would help growing the fashion industry with the collaboration
of business and technology like machine learning and AI.

1.3 Outlining the structure of report :

This is structure of report and following sections consists of section 2 as Related Work followed
by section 3 as Research Methodology, section 4 as Design Specification. section 5 as Imple-
mentation, section 6 as Evaluation, section 7 as Conclusion and Future Work and lastly section
8 as Acknowledgements.

2 Related Work

2.1 Research based on Utilizing Analytics in Fashion Domain

Analytics in the fashion domain, was less explored in the past years but now researches are
holding grip into the trending market and entering into the competitive world in its own ways.
And this is succeed because of advancements in the field of AI, Data Analytics and Machine
Learning. Most of the study proposed in the fashion domain is either classification of fashion
items and its types or predictions of several features like colour, designs, prints, style, sleeves,
etc. Few excellent works are discussed in detail below.

In a research carried out by Chan et al. (2018), the authors through this research brought
lights into the huge fashion domain by seeking world’s attention and even into the various
categories of fashion like clothing attributes, several fashion parameters such as style, body
measurements, colour, designs. The author have shown directions for the use of this data for
forecasting fashion trends in market, exploring the behaviours and preferences of customer,
classification of various items and types, etc. In this study, author have provided motivation
for further studies in the fashion market. In the similar research proposed by Giri et al. (2019),
the authors have suggested a new Panel Data Particle Filter (PDPF) technique to enhance
the model for predicting fashion sales. The study have challenged and proven statistically how
well the PDPF method have performed better than the existing ARIMA, SARIMA time series
forecasting models. A new and similar approach performed by Silva et al. (2019), for forecasting
fashion styles. This study have used a Deep Neural Network (DNN) to build their model which
can predict the future fashion trends and can forecast which fashion designs or outfits would
remain more demanding in market. The model have used several attributes for prediction
and acquired accuracy of 90%. On the contrary side of prediction, a research was conducted
on classification model by Eshwar et al. (2016), for classification of the fashion apparels by
disintegrating study into different stages like upper body signs and then few style attributes of
the outfit. This study have altered the utilization of Random Forest for implementing transfer
learning have outperformed SVM model by difference of 6.31% accuracy. A similar analysis
on fashion outfit image classification model was experimented by Ma et al. (2020), using CNN
on the classic ImageNet dataset. They have used Google Net Framework to pre trained the
dataset for reducing the training time of the model. After continuous experiments, the average
accuracy they achieved was 62%. A recommendation model for fashion designs was proposed by
Barsim et al. (2018) presenting a new hybrid method with the help of Association Rule in data
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mining. The authors have proposed a hybrid model that combines fashion-brand and brand-
feature process. The evaluation metrics of the hybrid model outperforms the best F measure
score when compared to the existing ones.

Now Fashion Analytics slowly hold the grip into Generative Modelling. In an excellent
work conducted by Yu et al. (2019), this research have utilize Generative Adversarial Networks
(GANs) wherein the input image was plain fashion outfit and a style to generate a new fashion
design image. However, there are few drawbacks to this study like generated images resolution
was not good, the real colour transfer from the style image onto the clothing was complex.
Furthermore, a novel approach was proposed by Zhai and Zhai (2018) to re-dress the fashion
model in a given image. The input image was an image of model wearing outfit and a sentence
description. It was named as FashionGAN by the authors. This work uses 2 GAN models
and ones output acts as input to second GAN model. The 2nd GAN models generated output
is a perfect design transferred image. However, the model have few drawbacks like the GAN
model fails to preserve the background of fashion model wearing clothes and the study was more
focussed on obtaining the shape of the model. A similar analysis was conducted by Han et al.
(2017), here the main focus was to generate fashion apparel scores mainly based on combination
of outfit like dress goes with the shoes. This study have used CNN for feature encoding and
attain an accuracy of 77%. Another fascinating study carried out by Vasileva et al. (2018),
the dataset used for this work was consisting of images of outfits and accessories. The GAN
model generates an image of perfect look with an outfit and accessories after model mixing and
matching the dataset attributes. This study have used LDA model for generating mixed image.
All of these researches in the generative domain have shown further directions for immense
research and new innovations in the fashion world.

2.2 Research based on Fashion Datasets

In order to conduct research in the field of fashion, the most important part of study is about
suitable datasets of fashion items which are available for public use. The study of Han et al.
(2017) the author have used a dataset which was collected from fashion website of US. The
dataset contains images around 21K outfit. For our research, the dataset has some drawbacks
like the images of outfit are captured in different light settings which makes dataset not suitable.
And even there were some duplicate images and for deep learning models training total number
of images are comparatively less. In the similar context, author Silva et al. (2019) used a
dataset of products which are sold by Amazon in the recent years and it contains 80K number
of fashion products images. Unfortunately, this dataset is not suitable for this research, as it
contains several fashion accessories images and that is not relevant to this study. The another
research by author Giri et al. (2019) have used a dataset named Fashion 144K famous for fashion
domain. And it contains images of models wearing different apparels in various backgrounds like
in stores, houses, streets, random outdoor places etc. In this images, the extra features acts like
obstacles in the training process of the GAN model and makes the training more tedious. Hence,
using this dataset for this research is not ideal. Similar research in fashion domain have been
carried out by Liu et al. (2016) introducing a new dataset of 80K images captured in various
locations with 1050 attributes of annotations. However, it contains images of only men’s and
women’s fashion apparels and does not consists of images of shoes, boots and bags etc fashion
products which limits the use of this dataset in out research. Also, the images background
settings are quite disturbing. Furthermore, a breakthrough dataset of fashion items design
presented by author Xiao et al. (2017), consists of 70K greyscale images of 28x28 pixels with
annotations of 10 classes. For the deep learning models, this dataset proven to be benchmark
dataset. The images in grey tone are focused on just the product images instead of images
of models wearing fashion products in different backgrounds. Hence, here the focus is only on
images of fashion item designs and it also contains 10 categories of image samples.
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Our research is widely focused on dataset having only designs of the fashion item images
with plain background instead of the images of models wearing fashion apparels in disturbing
background. And the dataset requires images of various fashion items categories like T-shirts,
Trousers, Pullovers, Dresses, Bags, Coats, Shoes etc. having more number of categories making
research more relevant and enhance performance of GAN models. Thus, considering dataset
presented by author (Citation), using this makes suitable for our research.

2.3 Research based on GAN models

Generative Adversarial Networks is a theory which had been introduced by Goodfellow et al.
(2014) that implements neural networks through deep learning techniques in order to estimate
the distribution of the data which are newly provided as input. The main purpose of GANs is
training two networks at the same time – one is Generator and another Discriminator. Generator
helps in drawing a noise to the distribution of data which produces sample of data. Discriminator
helps in identifying whether the sample is originally generated or generated falsely. On contrary
to this Arjovsky and Bottou (2017) states that GANs are not at all stable and does not function
properly. As being told that due to the functional shape of a trained discriminator the GAN
became unstable. It had been stated that the solution to this problem is to use mode regularizes
to maintain discriminators when using a GAN model. From that time onwards many different
types of GANs have been used the researchers across the globe in order to boost its function.
StackGAN is a concept which had been initiated by Zhang et al. (2017) to generate more
naturalistic images of photos. The model uses 2 GANs viz – First taking text as input followed
by shaping and colouring the raw images, which then is send as input to second GAN comprising
of the texts where high resolution images are produced. In a report by Deshpande et al. (2018)
the writer had brought a concept of Wasserstein GAN also known as WGAN in order to hide
the problems of GAN instability and mode collapse. Attention-aware GAN was brought into
account by Tang et al. (2019) which made use of transfer learning in the discriminator network to
focus on a particular part in the input image which needed more specification. Fang et al. (2018)
implemented the usage of GAN with Natural Language Processing (NLP) by advancement of
Text-to-Text GAN (TT-GAN) which has the ability to generate natural language. Through
this research there is more applications of GAN in NLP. In Patel et al. (2017) a research was
carried out in medical field which made use of GAN to identify pigmented and non-pigmented
skin injuries in an image. In this regard 92% accuracy was obtained. A similar kind of research
was carried out for skin injury by Bi et al. (2019) where GAN was implemented and also use of
Convolutional-Deconvolutional Neural Network (CDNN) helped in obtaining 78.1% accuracy.
Taking into consideration the benefits of Convolutional Neural Network in computer vision
area Li et al. (2018) suggested Deep Convolutional Generative Adversarial Neural Networks
(DCGAN) which is a Deconvolutional version of GAN for separately trained environment. In
order to increase the categorizing power of GAN this model takes into consideration usage of
CNN model inside the Discriminator network of the model. The test was carried on three
datasets that includes- LSUN dataset, ImageNet dataset, Celebrity faces dataset. In this study
it is been found that DCGAN moderates state-of-the-art versions of GAN. A research was carried
out by Silva et al. (2019) using DCGAN model to recognize fourteen plant breeds and twenty-six
plant infections where a dataset of 54,000 images was provided giving 89.83% accuracy. As the
Capsule Network arrived the researches found out how CNN model was moderated by Capsule
Networks in classification space. This is because CapsuleGAN model was offered by Wang et al.
(2019a) which is a combination of Capsule Nets with GAN. Here, Capsule Nets was applied as
Discriminator testing on 2 datasets in semi-supervised environment.
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2.4 Research based on GANs Evaluation Metrics

Researchers around the world are trying continuously so hard to propose new altered versions
of GAN for enhancing the functionalities of model and should meet the research needs but still
there is a challenge in evaluating the GAN models and assessing it. Recently, some evaluation
metrics have been proposed theoretically and the progress been achieved but evaluation and
implementation of these metrics is monotonous. The evaluation metrics for the output generated
images of GANs are both qualitatively evaluation and quantitatively evaluation. In this similar
context, the author Xu et al. (2018) has performed excellent work. The author have proposed
around 24 quantitative metrics and 5 qualitative metrics. Several parameters for evaluating
images quantitatively are Mode Score, Geometry Score, Inception Score, CAFD Score, AM
Score etc. Wasserstein GAN is been evaluated by Wasserstein critic score. The author also
recommended that a best way to assess and compare the GAN models performance is by
comparing the error rates at different epochs. This clearly states that performance of GANs
preferred to be evaluated iteration wise. Moreover, the author has enlighten more on the
qualitative parameters stating that in the generated images of GAN the visual analysis is most
preferred way for assessing quality and the precision. According to the author, the quality check
can be compared for the generated images at several epochs and the performance of GANs can
be assessed.

2.5 Gaps in Related Work and Conclusion

In this research, we have gone through different versions of GANs that have been proposed in
varied studies and implemented are discussed in detail in related work though considering a gap
of comparative study of DCGAN and CapsGAN not yet been executed. Moreover, the capacity
of generative modelling makes it more challenging and motivates the further research in the
Fashion domain. In this study, generating new fashion items design images through greyscale
images of Fashion-MNIST dataset and comparative analysis of the GANs is new in this domain
and need to be explored. Hence, by this our research objectives needs to be achieved. And
even, after thorough literature study the dataset for this research is been finalized.
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3 Research Methodology

To carry out this research as a successful project, it is essential to have systematic project
plan wherein huge tasks can be executed into smaller plans. The ideal methodology used to
conduct any research is Cross-Industry Standard Process for Data Mining (CRISP-DM) Wirth
and Hipp (2000). This methodology covers 6 stages namely: Business Understanding, Data
Understanding, Data Preparation, Data Modelling, Evaluation and Deployment which covers
all the stages for implementing this research project. Following figure 1 represents CRISP-DM
methodology.

Figure 1: CRISP-DM

1

1All figures are drawn by own
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3.1 Business Understanding

Business understanding is the first stage of the CRISP-DM which is widely focused on un-
derstanding the research objectives and finding the business values. This knowledge could be
converted into problem statements which can be used to make strategic plans and helps to
achieve the objectives of research project. After studying about the fashion industry and ana-
lysing the efforts of the fashion designers in creating new fashion designs every time and coping
up with the standards of brands in market is tedious job. Hence, this research needs to be
achieved with the help of utilizing advancements of data mining, AI and analytics to address
this issues in the fashion domain.
Below are the research objectives as stated:
1. Generating various novel images of fashion items design which could help the runners of
fashion industry like fashion designers. This generated output images could be named as vir-
tual runners.
2. Motivating the other researchers to explore in similar context to this research and showing
directions to work in other domains with the capacity of generative modelling like generating
new images through GANs.

3.2 Data Understanding

This stage begins with data acquisition and then understanding the data and finding familiarities
within it. For implementing this study, the dataset been utilize is Fashion MNIST classic
dataset. The dataset contains 70,000 greyscale images of 28x28 pixels consisting of 10 classes
Ankle Boot, Bag, Coat, T-shirt/Top, Dress, Shirt, Trousers, Sandal, Pullover, Sneaker. In
this 70,000 images dataset, training images are 60,000 and testing images are 10,000. Another
parameter need to be noted while finalizing data is that, the dataset should be available openly
for public and as for this study, the data was made available free for open access. Below figure 2
is the snapshot of the dataset consisting of images apparels which are labelled to their respective
categories.

Figure 2: Snapshot of dataset

This benchmarking dataset for machine learning and deep learning researches named Fashion
– MNIST contains varied range of categories of images of fashion outfits like clothes, bags,
footwear. This quality of dataset makes it ideal and suitable for this research project. The
dataset in image pixels looks like: Each row consists of an image in the dataset and the size
of images are 28x28 pixels. Each pixels represents the light and dark pixels value of an image
wherein high numbers represents darker shades. And this pixel values ranges from 0-255 where
0 means black and 255 means white. The dataset has total 785 columns where 784 columns are
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from 28x28 pixels consisting each cell one pixel value and there is one column for class label at
start of each row. Below figure 3 shows as:

Figure 3: Dataset in image pixels

3.3 Data Preparation

Data acquisition is the most essential stage in any research project. The dataset should be
finalized after performing relevant study in domain as if dataset is not suitable for the project,
the desired goal of the research may not be achieved. The EDA and pre-processing of the data
is done in Python using TensorFlow. Below are the steps of data been pre-processed for our
research project:

3.3.1 Reading the Dataset

Four files are present in the original dataset consists of training images and its labels and testing
images along with its labels. The dataset description is as shown in table below. This Fashion
– MNIST dataset is already present in TensorFlow as inbuilt dataset which makes the pre-
processing step more easy. In TensorFlow, it is more quick to access the dataset directly using
this:

3.3.2 Checking on dataset shape

The dataset shape can be defined by shape of an image as each cell consists of an pixel value.
So, the total number of rows represents the number of images and total number of pixel values
represents number of columns. The shape of training images and testing images are:
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The training images shape (60000,785) shows that there are 60000 sample images which has
785 columns of pixel values.

3.3.3 Analysis of train and test data

After analysing the dataset, the total number of images per categories (0-9) there are 6000
images in training set per category and 1000 images in testing set per category. The below
figures 4 and 5 of training and testing data shows the number of images per categories.

Figure 4: Train data

Figure 5: Test data

3.3.4 Null and missing values

In the training data and testing data there were no null values or missing values found. As that
may be the reason Fashion – MNIST dataset is preferred as benchmark dataset for researches
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in deep learning projects.

3.3.5 Normalization of data and Reshaping

The images pixel values lies between a range of 0-255. The input parameters for the deep
learning or neural network models must lied between a range of 0-1 for the best performance
of model. And this helps in reducing the training time of the model. Hence, the data been
normalized to bring all the pixels on a common scale in range of 0 to 1 by dividing every pixel
size by 255. Further, after normalization of data it needs to be reshape so that it can be fed
as input in the vector form. Moreover, the first layer of DCGAN and CapsGAN takes shape
of the input as 28*28*1. Here, 1 represents number of channels as an input. Hence, reshaping
of data is performed on both training and testing data so that it can be fed into the model in
required form as input. The shape after pre-processing of data of training and testing data are
shown below:

Hence, after exploring and pre-processing the data now it is ready to be fed the dataset into
the model as expected input for the deep learning models.

3.4 Data Modelling

Two altered versions of the GANs are implemented on the dataset after data preparation is
done. This 2 advanced versions are Capsule Network based Generative Adversarial Network
(CapsGAN) and Deep Convolutional Generative Adversarial Network (DCGAN). The main
objective of this research here is to compare which GAN models output and performance is
better between CapsGAN and DCGAN on a Fashion – MNIST dataset. And the other objective
is to generate new fashion outfits design images using GAN models. For this study, we have
compare the results between them at several epochs for analysing and evaluating the model.
The detailed implementation of the models is explained in following sections.

3.5 Evaluation

There are varied evaluation parameters for evaluating the generated output samples of this
model wherein this research will evaluate based on qualitative and quantitative metrics. For
evaluating qualitatively, the generated output sample images from both models will be compared
on different epochs. And for quantitative evaluation, the Discriminator loss and the Generator
loss will be compared based on outputs generated at several epochs to analyse which model is
more suitable for fashion domain.

3.6 Deployment

This research study is been proposed and implemented in academics as part of dissertation.
Hence, it is not been deployed in practical for publications. Moreover, this project report can
be referred as final deployment.
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4 Design Specification

The below figure shows the overall process flow of our research.

Figure 6: Process Flow Diagram

5 Implementation

The main objective of this research is to generate new fashion outfits images using GAN models
and conducting a research on a comparative study of the advanced versions of GANS that is
DCGAN and CapsGAN models implemented on the fashion domain. All the implementation of
models is carried out in Python using TensorFlow and Keras frameworks. This section focusing
on the details of model implementation in our research.

5.1 Generative Adversarial Networks (GANs)

This research implements a model Generative Adversarial Networks (GANs) which is well known
for its generative nature. This generative modelling GAN model is basic GAN. The basic GAN
comprises of 2 neural networks name as Generator and the Discriminator. The Generator takes
the noise as input vector and generates new sample images whereas the job of discriminator is to
distinguish between the real image and fake image in a binary output. Both the Generator and
Discriminator uses Convolutional Neural Network (CNN). The CNNs used have 2 convolutional
layers and pooling layers followed by 2 fully connected layers. In 2nd and 3rd layer, batch
normalization have been used and for all layers Leaky ReLU activation function was used
followed by last layer of sigmoid function. The hyperparameter K determines the number of
epochs applied to the model. The GANs training and implementation is hard as it is said, its
simple to recognize a painting than creating new one. The below figure 7 is model summary of
GAN.

Both the networks have conv2d that is 2 convolutional layers inside which consisting of 2
- strides of 5x5 filters. The weights of conv2d used 0.02 standard deviation and the bias was

12



Figure 7: Model summary of GAN

kept 0. The slope value of 0.2 was initialized for the Leaky ReLU activation function and the
sigmoid function acts as loss function. ADAM optimizer was used for both the networks and
for the pooling layers k-size determines the kernel size.

5.2 Deep Convolutional Generative Adversarial Networks (DCGAN)

The DCGAN model is altered advanced version of GAN. Though the researches of GAN is
excellent, but when complex datasets applied on model training becomes unstable. The authors
Li et al. (2018) have recommended to use CNNs in the discriminator network for stabling the
model. The CNN is always preferred for image data in supervised learning but using CNNs in
GAN in unsupervised learning would be interesting and exploring new study. The guidelines
given by Li et al. (2018) for creating a stable DCGAN model is:
a. Use batch normalization in both networks b. Activation function Leaky ReLU c. Use
convolutional layers instead of using pooling layers.

Discriminator: DCGAN uses Convolutional Neural Network (CNN) as a discriminator with
convolutional layers and pooling layers. The discriminator network of DCGAN and basic GAN
is same. CNN network uses 2 convolutional layers, 2 fully connected layers, batch normalization,
Leaky ReLU activation function and the sigmoid function.

Generator: Even the generator have 2 convolutional layers same as discriminator. But this
layers are 2D transposed deconvolutional layers. Batch normalization is used in each layer
except the last one. ReLU activation function is used in first 3 layers whereas sigmoid function
is used in last layer. The model summary of DCGAN is shown in figure 8 below:

Figure 8: Model summary of DCGAN
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Similar to basic GAN at some extent, both the networks have conv2d that is 2 convolutional
layers inside which consisting of 2 - strides of 5x5 filters. The weights of conv2d used 0.02
standard deviation and the bias was kept 0. For performing batch normalization, the epsilon
was 10-5 and the decay factor was 0.9. The slope value of 0.2 was initialized for the Leaky ReLU
activation function and the sigmoid function acts as loss function along with logits entropy.
0.0002 ADAM optimizer was initialize for both the networks.

5.3 Capsule Network based Generative Adversarial Network
(CapsGAN)

The CapsGAN is also an altered advanced version of basic GAN. The author Wang et al.
(2019b), have conducted a study on Capsule Network using as a discriminator in a basic GAN
model. The DCGANs architecture is base for CapsGAN as the generators networks in both
are same just the discriminator network is different. The ultimate layer that is 16D Capsule
net uses dynamic routing in middle of capsules. The discriminator input follows a sequence of
stride convolutional layers, capsule network and the output.

Discriminator : Instead of CNN as discriminator network in DCGAN here is Capsule net
in CapsGAN. The first convolutional layer uses kernel size 9, 1 stride and 256 filters. It mainly
contains 2 Capsule net layers namely Primary-Caps layer and Digit-Caps layer. Along with
this it consists of Leaky ReLU activation function, batch normalization, flatten function and
Keras Dense Layer. At last, it contains sigmoid function. The detailed layer wise process flow
of Capsule net is shown in figure 9 below:

Figure 9: Process flow of Capsule Net
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Generator : The generator of CapsGAN and the DCGAN are same using deconvolutional
neural network. Hence, the implementation of the generator is in same way. The model sum-
mary of CapsGAN is shown in figure 10 below:

Figure 10: Model summmary of CapsGAN
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6 EVALUATION

Evaluation section is the most essential stage for the research through which the implement-
ation can be conclude how well the model is trained and applied. This section evaluates the
performance of GAN models. This research objective is mainly focused on a comparative study
of DCGAN and CapsGAN, which are two advanced versions of GAN, on the benchmarking
Fashion – MNIST dataset. And the other objective is to generate new novel Fashion outfit
design images using basic GAN model. For better understanding and interpretation of the res-
ults, evaluation is conducted on 2 metrics : qualitative parameter and quantitative parameter.
The qualitative evaluation gives visual representation of the output images and quantitative
evaluation determines the loss and accuracy of model. The evaluation for all the models is
discussed in detail below.

6.1 Qualitative Evaluation

Qualitative evaluation has been conducted on basis of visual analysis of generated images of
GANs as suggested by Zhai and Zhai (2018). The quality of images and judging factor is more
easy while looking at images with human eyes. Below are the output images of DCGAN and
CapsGAN at various epochs carried out to enhance the performance of model.

6.1.1 DCGAN

Below figure 11 are the generated images by DCGAN

Figure 11: Generated Images by DCGAN
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6.1.2 CapsGAN

Below figure 12 are the generated images by CapsGAN

Figure 12: Generated Images by CapsGAN

At the start of training the models, at 1st epoch both images looks similar, while at 1000th
epoch, both models have just started holding the grip of shape and designs of fashion images.
At 10000th epoch, DCGAN generated images looks more better. While further at 20000th
epoch and 30000th epoch, the CapsGAN generated images have better quality and precision of
the images compared to DCGAN. Hence, this comparison can be concluded as though DCGAN
was quick learner at start and CapsGAN took some time but at the end CapsGAN have totally
outperformed the DCGAN generated images quality.

6.2 Quantitative Evaluation

Quantitative evaluation has been conducted on basis of calculating the loss generated by the
model at the time of implementing a model. It also determines how well the generator and
discriminator have performed and hence, the result can be concluded. The losses of both the
models have been compared through graph after 30000th epochs completed for finding out the
best model in fashion domain. Below graph shows the loss for both the models.
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6.2.1 DCGAN

The below figure 13 is a graph of Loss of DCGAN model

Figure 13: Loss of DCGAN model

6.2.2 CapsGAN

The below figure 14 is a graph of Loss of CapsGAN model

Figure 14: Loss of CapsGAN model

As seen in the graph, the loss for DCGAN was steady in beginning but reached to peak in
between of 10000th – 15000th iterations. While in the CapsGAN, graph shows high loss just
at beginning and slowly getting decrease while model going towards the end. Lesser the loss
of model, better the performance of the model. Hence, this evaluation can be concluded as
CapsGAN again have outperformed the DCGAN model as having lesser loss.
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6.3 New Generated Images

The GAN models are so successful and excellent in work because of their generative nature
like generating new images from the given data samples. The objective of this research was to
generated new fashion outfit images for the support and alternatives to the fashion designers of
Fashion Industry. This new generated images will help the fashion business if this research gets
into real implementation. Below figure 15 is the new generated images by model shown as:

Figure 15: New Fashion Outfits Design Images generated by GAN

6.4 Discussion and Challenges

This study is done with 2 evaluation parameters of GANs. During the qualitative, it was found
that CapsGAN performed better than DCGAN in the quality and precision factor. While in
the quantitative side, again CapsGAN has less loss compared to DCGAN makes CapsGAN
winner here. Though DCGAN was faster but CapsGAN performed better. Hence, it can be
state that in comparison of both the model CapsGAN have worked more better on the classic
Fashion – MNIST dataset in fashion domain. There are many challenges faced in this research
like implementing basic GAN model is also difficult because of maintaining the balance between
generator and discriminator is tedious. While after that implementing 2 advanced versions of
GAN is more difficult. And choosing suitable dataset for that is another challenge. Moreover,
neural networks takes much more time for the execution and requires high computation power
to run. So, the model execution was done on Google Collaboratory having high speed GPU
for lesser time as it was not possible on regular system. After all the challenges encountered,
desired objective of the research was achieved.
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7 Conclusion and Future Work

The main challenge that arises for the researches is not gathering enough datasets in specific
fields. In order to overcome such problem GANN (Generative Adversarial Neural Networks)
model have been introduced which produces new samples which in turn can be used for future
research works. To enhance the effectiveness of Fashion-MNIST through this research designs
had been bought in for new and specific fashion items.

Fashion-MNIST is vast and perfectly contains the need of this research work. The main
purpose to carry out this research is to help the fashion designers by assisting them virtually by
providing new fashion images and in doing so the whole process was fulfilled in this research.
It can be guaranteed that the whole fashion industry will be benefitted if the project is having
real-time implementation. Through this project the researcher also wanted to identify the most
effective model in this field between CapsGAN and DCGAN. Both Qualitative and Quantitat-
ive techniques had been used in the research to evaluate the images that are generated. While
Qualitative method was carried out it was found that though DCGAN was fast in the beginning
but there was high superiority at the end of 30000 iterations in CapsGAN in terms of accuracy
and detailing in the images. On the other hand, in Quantitative method both the Generator
and Discriminator loss function values were compared so that their functioning can be evalu-
ated. This resulted in contradiction. DCGAN had better performance for Generator loss and
CapsGAN showed better performance for Discriminator. It can be found that the performance
of CapsGAN was much high rated in both the cases and therefore it is considered to be more
suitable model which can be used to benefit the fashion industry. The researcher also concludes
that Capsule Network is better than Convolutional Neural Network. This research was not
carried out for any kind of comparison but there proved to be a clear comparison between Caps
Net and CNN throughout the study.

New and advanced forms of GAN are coming to the market every day. Though these are
advanced further examinations can be carried out in the fashion industry in order to obtain
more better and improvised results in future. Greyscale images had been used in this research
as a dataset. In future complex datasets like models wearing fashion outfits in various fields
like shops, fashion shows, events and others can be used. Research can also be done on smaller
datasets using GAN. This research had been carried out to open the path of research in fashion
world and new researches can be carried out using GAN and its advancement.
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