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Abstract

The goal of this research is to find out whether it is possible to use a specific
type of machine learning algorithm to create new data that resembles data in a given
dataset. The algorithm that is used is a variational autoencoder (VAE), this is a
machine learning algorithm based around data compression and decompression. The
dataset is a set of roughly 47,000 images of colorful fabric pattern designs created by
a company called Vlisco. The working of a VAE is explained and implementations
are discussed. Samples of generated images are shown and their quality is discussed.
Eventually the results are compared to the results of a different research that focuses
on the same problem but with a general adversarial network (GAN). If such algorithms
work well they could potentially provide designers with new designs or inspiration
quickly.
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1 Introduction
This research aims to test existing machine learning methods on the generation of fabric
pattern designs.

The Dutch company Vlisco [1] is specialized in creating fabrics with colorful patterns.
These patterns are currently manually designed which is time consuming, designers need
about one month to finish one design. See figure 1 for some examples of designs made by
Vlisco. Fortunately Vlisco already has a large number of existing patterns that can be used
as the input for a generative machine learning method which would make it possible to
generate new pattern designs that are in the same style as the existing designs, but do not
require the manual labour of designing them by hand. Such an algorithm would make it
possible to create such designs much faster, on top of that it provides useful findings for
generative methods on a type of data is not commonly used.

Figure 1: Some designs made by Vlisco [1]

This paper is focused on generating images based on existing images. This is done using
a specific type of machine learning algorithm, namely the variational autoencoder (VAE).
Variational autoencoders have been used in the past for image generation, such as in [5]
and [7], however, the dataset used in this paper is much more diverse than the ones that
are used in the referenced papers. On top of that the provided dataset is not categorised or
labeled in any way.

This paper will start with the methodology (section 2), it provides a background on
machine learning with images, a general explanation of VAEs and how VAEs can be used to
generate images. Then section 3 will discuss more in detail how a VAE can be implemented
for certain tasks and it explains which specific implementation is used for this research.
Section 4 contains various results produced by the algorithm and discusses their quality.
Section 5 goes in on an ethical question such a system might raise and the reproducibility
of the experiments. Finally section 6 and 7 are the discussion and conclusion respectively,
they focus on how successful the results are and possible future research on the topic.

The question that will be discussed in this paper is: "To which degree are variational
autoencoders able to generate fabric pattern designs similar to the patterns provided by
Vlisco?". To answer it, several existing versions of VAEs are compared, then some of those
are implemented and tested. The results are subjectively discussed and compared to the
original dataset. Finally the results of a similar research on the same problem but with
a different type of machine learning (a general adversarial network) are compared to the
results produced by the VAE in this research.
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2 Methodology
This section describes the methodology of this research and provides background information
on VAEs.

2.1 Artificial image generation
A common problem that arises when using ML with images is the data size images usually
have. Most images that are used are at least several hundreds of pixels wide and tall, on
top of that each pixel consists of either a single integer gray-scale value (typically between
0 and 255) or three such values for colored images, one for each color channel: red, green,
blue. This poses a problem for neural networks because this increased size makes the neural
networks larger and they therefore take more time to train. To reduce this issue, several
techniques exist to reduce the size of an image without losing much of its important details.

Probably the most popular type of machine learning algorithm used for image generation
is the general adversarial network (GAN) [2], but there exist many more. This paper focuses
on variational autoencoders (VAE) [4], but there will be a similar research that will use a
GAN to generate the same images, eventually the results of the two algorithms will be
compared to find out which one works best.

2.2 Variational autoencoders
To understand VAEs we first need to understand how a regular autoencoder works. An
autoencoder can be seen as a compression system that uses a neural network to first ’encode’
some input data into a smaller size (i.e. less data), this is called the latent space, then it
uses another neural network to ’decode’ this latent space back into the input data, during
the decoding phase the goal is to get the output as close as possible to the original input.
Usually several neural network layers are used for the encoder and decoder, these are are
called deep neural networks [3]. Autoencoders work well for data that is highly correlated
with itself, for example images with many neighbouring pixels of the same color. Figure 2
shows a visual representation of an autoencoder, the green part in the center is the latent
space.

Figure 2: Visualisation of an autoencoder [11]
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The difference between a regular autoencoder and a variational autoencoder is that
while the latent space (encoded data) in a regular autoencoder is stored as a single vector of
variables, a variational autoencoder uses two vectors for the latent space. These two vectors
contain the mean value for each data-point and the standard deviation for each data-point
(figure 3). To decode, the mean and standard deviation are used to sample a vector of
data-points, this vector is then supplied to the decoder. This means that, while the latent
space in a regular autoencoder is discrete, the latent space in a variational autoencoder is
continuous.

Figure 3: Visualisation of a variational autoencoder [12]

2.2.1 Image generation

An important advantage of the VAE when compared to a regular autoencoder is that it
can be used to generate new data. Usually in machine learning, when creating new data,
some form of random input is used. For an autoencoder this would mean providing a trained
decoder with noise, however, such a model only produces new noise because as an observer it
is unclear how the encoder encodes the input data. A variational autoencoder on the other
hand can generate new images because it uses a normal distribution as the latent space.
To generate new data using a variational autoencoder we can provide the decoder with a
standard normal distribution and a well trained model should return new images that are
similar to the training data.

2.3 Research methodology
The question is up to which level a VAE can generate designs similar to Vlisco’s designs.
To answer this, several steps are taken. First different implementations of VAEs are investi-
gated. Some of these are implemented and tested with the Vlisco dataset. Once a promising
implementation has been found further testing and tuning is done on this implementation.
Finally the results are subjectively rated and they are compared to the results produced by
the algorithm that is implemented by another research that focuses on the same problem
but uses a GAN instead of a VAE [17].
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3 Implementation
The scope of this project is to use one or more existing implementations of a VAE and test
them on the Vlisco dataset. In the process of choosing a VAE several important aspects
about VAEs need to be taken into account.

3.1 Variables of the model
3.1.1 Latent space

An important factor in a VAE is the size of the latent space. The latent space basically
defines how much the decoder neural network has to do to get good results. A large latent
space has as a result that the neural networks do not have to compress and decompress
much and that makes it easier for the VAE to get good reconstructions of input images,
but that also means that it is doing less work. On the other hand, a too small latent space
might make it impossible for the decoder to reconstruct any image because it simply has
too little information about the original input image. Therefore a good balance has to be
found for the size of the latent space.

3.1.2 The dataset

The size and diversity of the training dataset can also make or break a model. Generally
speaking the larger the dataset, the better the results. If there are not enough examples
for the model to train, it will not be able to get good results. Another important aspect of
the dataset is its diversity. A diverse dataset will likely perform poorly because the model
cannot get used to a certain type of data. For example, when using a dataset that contains
some gray-scale images, some color images and some black-and-white images the model will
not understand what type of color mode it should use if the dataset is not sufficiently large
enough to distinguish between the three.

3.1.3 Generation variables

When using a VAE for image generation we need a model that is tuned in the right way. As
explained in section 3.1.1 the smaller the latent space, the more the neural networks have to
do to get good results. That is also what is required when generating new images, as such,
a small latent space will be used to train the model.

3.1.4 Training performance measurement

The metric that is used by the model to measure its performance is the mean squared error
(MSE) between an input image and its reconstructed version. An MSE of zero means that
two images are exactly the same. During training, the model considers a reconstruction
with a low MSE as better and will tune its neural networks accordingly.

3.2 Experimental work
3.2.1 Vector quantized variational autoencoder

The vector quantized variational autoencoder (VQ-VAE) [5] seems to be a promising ap-
proach for the problem. As is in its name, it uses vector quantization: it quantizes the
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vectors in the latent space to the closest vector in a codebook [6]. The decoder uses this
same codebook during the decoding phase to reconstruct the image. This technique allows
for a greatly reduced latent space which speeds up the training process. Therefore the VQ-
VAE is generally faster than a regular VAE which is why it can be used for higher resolution
images more easily. There are several available implementations of this model and the one
used in this research was written by rosinality [8].

3.2.2 Repetitive generation

An option used to get more interesting results is by reinserting a generated image back into
the trained VAE model repeatedly. The VAE then encodes and decodes a generated image
again and again which can add clearer characteristics of the trained model to the image. By
creating an animated GIF image from the intermediate results you can get a feeling for how
the VAE is slowly altering the image during each re-insertion. More on that in section 4.2.
After some number of re-insertions the generated image reaches a certain state of clarity
after which it does not evolve much more, but it still slowly changes its shape. When this
state is reached one can keep on repeating until he gets a result that suits him.

4 Experimental Setup and Results

4.1 Grey-scale dataset
The first round of tests were done using a dataset consisting of 4000 grey-scale images
provided by Vlisco. The size of this dataset can be considered fairly small as usually datasets
of several tens of thousands of images are used for similar projects, for example [9] and [10].
As a result, the reconstructed images of by trained model are fairly blurry (see figure 4), a
plot of the average MSE during training can be found in appendix section A.3. When using
such a model to generate new images you get the results shown in figure 5.

Figure 4: Some reconstructions of images from a grey-scale dataset that were encoded and
decoded by a VQ-VAE model. The top row are the input images and the bottom row are the
corresponding reconstructions after encoding and decoding. The latent space of this model
is approximately 1000 times smaller than the size of the input data. The specific details of
the input variables used in this model can be found in appendix section A.1.

As described in section 3.2.2, different results can be obtained by repeatedly reinserting
a generated image back into the model. Figure 6 visualizes how an image evolves during
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Figure 5: Some images generated by a VQ-VAE model that was trained on a grey-scale
dataset. To generate the images the decoder of a trained VAE was provided with a vec-
tor created using a standard deviation for each value. The performance of this model for
encoding and decoding original images can be viewed in figure 4.

the re-insertion process and how it slowly becomes a completely different image. During the
first few rounds of reinserting the image loses a lot of detail, this is due to the fact that some
information is lost when encoding and decoding. After more repetitions the differences per
iteration begin to minimize, the cloudiness starts to disappear and the contrast becomes
higher. These final steps make the images more pleasing to the human eye.

Figure 6: The result of reinserting (encoding and decoding) a generated image back into a
trained VQ-VAE model repeatedly for 0, 20, 70 and 160 times respectively. See section 3.2.2
for an explanation of the process.

4.2 Colored dataset
The colored dataset provided by Vlisco consists of roughly 47.900 colored images. An
important note is that most patterns are in the datasets multiple times in different color
themes, for those images the pattern is exactly the same, but different colors are used. Figure
7 shows some reconstructions of colored images, similar to figure 4, but trained on images
in the color dataset. These images clearly show the detail that is lost during encoding and
decoding.

Randomly generated images by the color dataset are not impressive, see as an example
first image of figure 8. These generated colored images show less detail than the generated
grey images figure 5 showed. However, it is interesting to see how the colored images evolve
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when re-inserting a generated colored image (figure 8). One thing to note is that this model
tends to generate a result with a lot of red and white colors eventually even though the
initially generated input image contains little red.

Figure 7: Some reconstructions of images from a colored dataset that were encoded and
decoded by a VQ-VAE model. The top row are the input images and the bottom row are
the corresponding reconstructions after encoding and decoding. The latent space of this
model is approximately 1000 times smaller than the size of the input data. The specific
details of the input variables used in this model can be found in appendix section A.1.

Figure 8: The result of reinserting (encoding and decoding) a generated image back into a
trained VQ-VAE model repeatedly in steps of 20 re-insertions (i.e. 0, 20, ..., 160 and 180
times) respectively. See section 3.2.2 for an explanation of the process.

4.3 PixelSNAIL
In [5] first a vector quantized variational autoencoder (VQ-VAE, section 3.2.1) is trained,
then a different type of machine learning algorithm is used to generate images, that algorithm
is called PixelSNAIL [16]. This algorithm takes a trained VQ-VAE as input to train itself.
It can then generate new images based on the trained VQ-VAE. This turns out to create
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more diverse results from the trained model when compared to the methods where the VQ-
VAE was supplied with random data (sections 4.1 and 4.2). See figure 9 for the results
that were produced by a trained PixelSNAIL model. It is clear that the images are much
more colorful, which makes them more similar to the Vlisco dataset, however, the images
are much more chaotic than the images by Vlisco and look more like coarsely colored noise
with black borders around the colors. The chaotic nature is likely related to the diversity of
the Vlisco dataset.

Figure 9: Generated images by a PixelSNAIL model that was trained on a trained VQ-VAE
model, see section 4.3 for more details. For a full size version see section B.1.

4.4 Results overall
The current state of the produced results is still on another level of original designs than
the images that are created by Vlisco. To answer the research question, it is safe to say that
it is not yet possible to create designs that are comparable to Vlisco’s designs. However,
F. Schrama, a designer at Vlisco, was surprised by the generated results, especially the
ones generated by L. Haarman’s GAN [17], the animated GIF images from the repetitive
re-insertions (section 3.2.2) also caught his attention as they visualize how the model alters
images. Obviously the generated images themselves are not designs that will actually be
turned into a fabric, however, Schrama mentioned that the results might be useful as an
inspiration for the designers at Vlisco.

5 Responsible Research

5.1 Ethical aspect
A question that might come up while reading about artificial intelligence learning to create
designs that were previously created by human designers is whether such an artificial intel-
ligence can takeover the designers job. While this is currently not the case, it is hard to say
how AI technology will develop in the future. Not only the increasing number of researches
on the topic play a role, also the ever increasing performance of hardware has a large impact
on the improvement of what AI is capable of doing. If AI machines are at one point in
time able to deliver competitive designs, mankind could decide to have such work done by
humans to save jobs, however, it will be hard to maintain such a decision on a global scale.
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One could argue that government agencies should make rules concerning machines taking
over human jobs, yet it is difficult to define clear rules to what types of machines would be
allowed and what types would not be allowed. It is, however, likely that many human jobs
are at risk of being taken over by machines because technology is improving rapidly.

5.2 Reproducibility
The methods used in this research are publicly available [5][8] and can be reproduced. The
dataset provided by Vlisco, however, is not publicly available because of the competitive
market position Vlisco aims to maintain. Obviously it is difficult to compare an implemen-
tation that was trained on different dataset, especially because of the unique and diverse
nature of the Vlisco dataset. The exact input variables for the trained models can be found
in appendix section A.1.

6 Discussion

6.1 Gray-scale and Vlisco
The grey-scale results may look interesting, they give an idea of what the VQ-VAE model
creates, however, they are only marginally comparable to the images in the dataset that
was provided by Vlisco. There are several possible reasons that could explain this. First of
all, the size of the dataset that this model was trained on is of much smaller size than for
example the datasets that were used in [5], the consequences of this are explained in section
3.1.2.

Another reason for the simple nature of the results could be the diversity of the Vlisco
dataset. It is the models task to generalise all images, this can be really difficult or even
impossible if each image is so vastly different and unique.

6.2 Color and Vlisco
The images that were generated by the color-image trained model are similar to the ones
generated by the grey-scale model. This implies that the larger number of training images
does not play a big role in the process. Likely, the dataset is still too diverse which makes it
hard for the model to generalise and get an idea for what a generated image should look like,
instead it creates a more general representation of the images which is not really comparable
to the images in the dataset.

6.3 Comparing to GAN
As explained in section 2.3 the same problem is solved using another method, namely by
using a GAN instead of a VAE [17]. In general GANs have been known to perform well on
image generation and this is can also be concluded by this research. Appendix section C.1
shows some designs that were created by s GAN trained on the Vlisco dataset. The images
are much more diverse and detailed than the ones generated by the VAE, however, they are
still not close to the original designs created by Vlisco.
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6.4 Resources
When training a model with images, a lot of computational power is required. For this
research two high performance computing sources were used: the TU Delft high performance
cluster (HPC) and Google Colab [15]. Due to limitations as a student on the HPC it could
only be used for short tests with the gray-scale dataset. Since the color dataset contains
much more images it was trained on Colab. Colab offers more freedom in data storage and
computational power, however, it is not an infinite source because users get kicked from the
service if they use too much resources within a short time. If the computational resources
were less limited it would have been possible to train the model for a longer time period
which could possible result in better results.

6.5 Remaining problems
A problem that the current model faces is that it does not recognise the real world objects
that often occur in the designs. This is a major flaw because it is unable to create new
designs with real world objects which is what makes them stand out. Instead the model
can only try to create a general understanding of the entire dataset as a whole which leads
to more abstract results. If somehow the model is able to understand and create real world
objects the model could possibly produce more interesting results, for example by combing
it with an image recognition model such as ImageNet [13] and an object to image generation
model such as DALL-E [14].

Another issue most machine learning algorithms face is training time. While this is not
really an issue per se, if training was faster it would be possible to try different implemen-
tations and settings much quicker which would increase the progress of such researches. For
example the PixelSNAIL model took several days to train before it could generate the images
shown in figure 9. To decrease training time one could either try to optimize the algorithm
to make it run more efficiently or use more powerful hardware, but this is financially not
efficient.

7 Conclusions and Future Work
It became clear that the current state of the model used in this research is not capable of
generating designs that could compete with the ones designed by the designers at Vlisco,
the detail of those designs is still much higher. However, designers may be able to use the
generated designs as a source of inspiration for their next project. Once trained, a model
can deliver new designs rapidly, that is one of the main advantages computers have over
humans. Designers can quickly get inspiration from as many randomly generated designs as
they please.

To get better results with a variational autoencoder, a dataset that is less diverse is likely
necessary. The model seems unable to generalize on the used datasets and therefore generates
either too simple images or images that look like coarse colorful noise with black borders
around each color. Other implementations of the VAE may be able to create better results,
yet it is unlikely that at this point in time VAEs are able to generate images indistinguishable
to Vlisco’s images. In the future, further research may introduce new technologies such as
better hardware or new innovations in the field of variational autoencoders.
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A Appendix

A.1 Input variables for latent space 1/1000 size
These are the variables that were used for the VQ-VAE2 implementation with a latent space
of 1000 times the size of the input images, table 1.

Input size 256 x 256
Latent layers 4 x 4, 8 x 8
Commitment loss coefficient 0.25
Batch size 16
Hidden units 128
Residual units 64
Layers 6
Codebook size 512
Codebook dimension 64
Encoder cone filter size 3
Upsampling cone filter size 4

Table 1: The variables used for the VQ-VAE2 implementation with a latent space of ap-
proximately 1000 times smaller than the original input. All variables are 8 bit data points.

A.2 Input variables original algorithm
These are the variables that were used for the original VQ-VAE2 implementation, table 2.

Input size 256 x 256
Latent layers 32 x 32, 64 x 64
Commitment loss coefficient 0.25
Batch size 16
Hidden units 128
Residual units 64
Layers 2
Codebook size 512
Codebook dimension 64
Encoder cone filter size 3
Upsampling cone filter size 4

Table 2: Original input variables for the VQ-VAE2 implementation. All variables are 8 bit
data points.
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A.3

Figure 10: Plot of the average MSE between the input and reconstructed images per batch
of 16 images. The latent space of this model was approximately 1000 times smaller than
the input size.
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B

B.1

Figure 11: A full size 256x256 PixelSNAIL generated image
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C

C.1

Figure 12: Some images generated by StyleGAN2 that was implemented to create designs
similar to Vlisco’s.
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Figure 13: Some images generated by RelastivisticGAN that was implemented to create
designs similar to Vlisco’s.
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