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České vysoké učení technické v Praze, Fakulta elektrotechnická
Abstrakt: Tato práce se zabývá studiem technik stylizace obrazu, které umožňují replikovat

umělecký styl a použít jej na vlastní obraz. Velmi bohatá větev tohoto zaměření je přenos

stylu portrétů z jednoho obrazu na druhý. Cílem této metody je ponechat fyzický vzhled

vyzobrazené osoby a při tom napodobit styl potrétu osoby druhé. Hlavní cíl této diplomové

práce je realizace jedné z těchto metod a produkce stylizovaných portrétů.
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Title:

Example-based Stylization of Headshot portraits on the GPU

Author: Bc. Marek Nechanský

Abstract: This thesis deals with techniques of style transfer, which allow us to transfer a

specific artistic style onto our chosen image. A very important branch of these methods

is portrait stylization, specifically one where artistic style of one portrait is applied to

another. The target of this method is to keep the person’s appearance while using the

style of the other picture. The main goal of this thesis is the realization of one of these

methods and the production of stylized images.
Key words: example-based, style transfer, texture synthesis



Contents

List of Figures 9

Introduction 13

1 Related work 15

1.1 Stroke-based rendering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

1.2 Image processing techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

1.3 Example-based stylization algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2 Background 19

2.1 Guide channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3 Implementation 23

3.1 Segmentation guide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3.2 Positional guide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3.3 Appearance guide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

3.4 Synthesis algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.4.1 Algorithm of Fi²er et al. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3.4.2 Algorithm of Kaspar et al. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.4.3 Patch match . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

3.5 Implementation details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4 Results 37

4.1 Segmentation channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4.2 Positional channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.3 Appearance channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.4 Results of the synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.5 Performance results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

Conclusion 45

Bibliography 47

Attachments 51

A Contents of the enclosed CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

7



8 Contents

B Additional Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52



List of Figures

1 Example of style transfer. In left most image, we can see the model with its

lightning and in following images, we can see multiple styles applied to this

model. Source [2] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2 Example of the portrait style transfer. In the leftmost image, we can see the

style example and then stylized images creating a video sequence. Source [1] 14

3 From left to right: Original image, its head mask, its skin mask and visual-

isation of face landmarks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

1.1 Examples of usages of stroke-based rendering techniques. Sources [3] (left),

[4] (right). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

1.2 Examples of usages of image processing techniques. In top row we can see

how a watercoloring algorithm can be used on a photo, Source [6]. In the

bottom row we can see products of the framework on di�erent 3D scenes

with di�erent styles, Source [7]. . . . . . . . . . . . . . . . . . . . . . . . . . 17

1.3 Comparison between two style transfer algorithms. In the �rst images, we

can see that structures such as the circle on the left cheek are preserved in

the Fi²er et al. algorithm. In the second set of images, we can see warping

artifacts in the algorithm of Selim et al., which is not visible in the Fi²er et

al. algorithm usage. Source [1]. . . . . . . . . . . . . . . . . . . . . . . . . . 18

1.4 Comparison between two style transfer algorithms. In the Fi²er et al. al-

gorithm, we can see visual artifacts in the left eye, but the right ear is

synthesised better in the Fi²er et al. algorithm. Source [10]. . . . . . . . . . 18

2.1 Visualisations of segmentation and appearance guide channels of original

image (top) and style example (bottom). Segmentation channel is the second

one and appearance guide is the last one in each row. . . . . . . . . . . . . . 21

9



10 List of Figures

2.2 Example of absences of guide channels during synthesis and how it a�ects

the result. We can see that without the segmentation guide, the synthesis

algorithm can not compile parts of the face together well. The di�erence of

missing positional channel is the smallest, but we can see that the we lose

the positional correctness of smaller features. With absence of appearance

channel the resulting portrait loses all facial features of the person in the

original image and only looks like a deformed face of the style example.

Source [1]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.1 Visualisation of face features created by connecting landmarks. . . . . . . . 23

3.2 Pictures from left to right: the original image with landmarks displayed, the

�rst iteration of creation of segmentation guide down-scaled 4x, the second

iteration down-scaled 2x, the last iteration with no scale, the segmentation

channel. Segmentation guide in downscaled iterations without skin and hair.

We can see that all three scales are fairly similar, and the upscaled iterations

only do small local changes. . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3.3 Deformation of a picture by its moving control points with a�ne matrix

transformation for each pixel. Source [14]. . . . . . . . . . . . . . . . . . . . 26

3.4 Visualisation of the deformation e�ect of the positional guide on the style

example. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.5 Visualisation of the patch error, �tting f(x) and setting error budget T. This

image is based on an image from [17]. . . . . . . . . . . . . . . . . . . . . . 31

3.6 Visualisation of the propagation step, where we have a good correspondence

for the green patch and by translating the match, we can get a good patch

for the blue patch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.7 Visualisation of the random search step, where we have a bad correspon-

dence for the green patch and by searching in shrinking radii (dark blue),

we get progressively better results and end up with a good one. Arrows

indicate how the best found patch moved after one random search in the

iteration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

4.1 Comparison of special and normal appearance guide channels. . . . . . . . . 37

4.2 Comparison of segmentation channel created by our algorithm and a one

that is used as an example by Ebsynth. Source of the second image [2]. . . . 38

4.3 Visualisation of positional channel usage applying deformation of the style

example on the original image. . . . . . . . . . . . . . . . . . . . . . . . . . 40



List of Figures 11

4.4 Visualisation of bad deformation caused by incorrectly placed forehead land-

mark. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.5 Visualization of changes that are made to the gray image of the original

image to create its appearance guide channel. On the left is grayscaled

image of the original image, in the center is the appearance guide channel

of the original image and on the right is the grayscaled image of the style

example. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.6 a) Results of the synthesis. b) Original images in the top row and style

examples in the bottom row. . . . . . . . . . . . . . . . . . . . . . . . . . . 42

7 Example of the portrait style transfer using the Selim et al. algorithm.

Source [8]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

8 On top left and right, we can see original image and style example. The

bottom two images are visualisations of their positional guides. Lines can

help see the deformation in the positional guide of the original image. We

can see that at the position of the right ear there is huge deformation,

because the ear of style example is big and on the very right side of the

image. In the guide we could also notice the rotation of the face as the

person in the original image looks straight into the camera or a little to the

right and the person in the style example looks a little to the left. Minor

details like di�erence between lips and eyes can also be seen in the �gure. . 53

9 In this image we can see visualisation of decomposition of an original image.

In the �rst image we can see only highlighted high frequency changes, such

as hair lips or edges of eyes. As we move to deeper decompositions, low

frequency details are seen. . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

10 In this image we can see a comparison between a local energy map and the

decomposition. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

11 Comparison of a style example and its residual. . . . . . . . . . . . . . . . . 55





Introduction

Image manipulation is an important part of computer graphics, still very popular

in recent years. One example of modern image manipulation is style transfer. The style

transfer algorithm applies the chosen artistic style to an image. With this technology, we

can replicate the artistic styles of painters throughout history or reduce the amount of

work an artist has to do when creating a stylized video sequence. This thesis aims to

explore all commonly used style transfer methods and implement the creation of guide

channels for example-based portrait style transfer algorithm used by Fi²er et al. [1]. Style

transfer algorithms use two sets of images, where the �rst set is style examples, and those

in the second set are original images. Style transfer methods use those two sets of images

to create a third set, which take the style of images in the �rst set and apply it to the

second set. Example of a style transfer algorithm output can be seen in Figure 1. Original

images are usually very common images. It can be an image taken by the algorithm user,

or we might want to do a style transfer on an image from a movie. On the other side, style

examples are very uncommon, and quite often they are paintings created by a famous

painter. In this thesis, we focus on portrait style transfer. An example of this transfer can

be found in Figure 2. Even though the variety of images is much smaller, human eyes are

very sensitive to artifacts in a face image. Therefore, portrait style transfer algorithms

have to focus on small details and have to be di�erent from those used for style transfer

of nature or industrial sites.

Style transfer can be used to apply a certain style to a video sequence and thus

create a non-realistic video, which does not have to be fully computer created by standard

techniques and can be transferred from a video captured with a camera. Very frequent

usage of portrait style transfers is in the photo industry, where users can use prede�ned

painting styles on their photos or even use style transfer on a live feed from a video camera

to see the result in real-time.

The inputs of our algorithm are the two images, which we use in transfer, their head

masks, skin masks and face landmarks, which can be seen in Figure 3.
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