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Abstract

Main goal of this thesis is to study possibilities of implementation image processing methods, namely edge
detection and segmentation. Main purpose is to automatically create colourings for children between 3 and
6 years. The result implementation is presented as an OS Android based application for tablets. The resulting
application Colour it! automatically generates colouring based on provided image. The implemented
detection methods are focusing on cartoon images or their photos. However the source image is not
bounded just to these types, and therefore the application does generate a colouring for any type of
provided image. Colour it! application also provides colouring environment for subsequent colouring. Thesis

also contains evaluation of generated colourings, documentation and user manual.

Abstrakt

Cilem této prace je prozkoumat moznosti implementace metod zpracovdvajicich obrazky, a to jmenovité
detekci hran a segmentaci. U¢elem je automatické vytvaireni omalovanek pro déti ve véku od 3 do 6 let.
Vyslednda implementace je prezentovana formou aplikace pro tablety s operaénim systémem Android.
Vysledna aplikace Colour it! tak automaticky generuje omalovanky pro zadany obrazek. Detekéni metody se
zaméruji predevsim na komiksové obrazky ¢&i jejich fotografie. Nicméné vstupni obrazek neni nijak omezen
pouze na tento typ, a tudiz je mozné vytvorfit omalovanku pro libovolny vstup. Colour it! aplikace také
podporuje ndasledné vybarvovani. Soucasti bakalarské prace je i hodnoceni takto vygenerovanych

omalovanek, dokumentace a uZivatelska pfirucka.
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Introduction

This chapter explains the motivation for the thesis and its aims.

Motivation
Nowadays tablets are involved in children’s lives more than ever. Therefore it would
be desirable to use them for activities that can improve children’s abilities and skills. | have

decided to implement a colouring book application.

Colouring books help children improve their creativity and mainly their fine-motor skills. There
may be disagreement on whether colouring via the tablet is as efficient as classical colouring
on paper or not, but | think tablets are an alternative that is worth exploring since tablets

surround us wherever we go, while classical colouring books might not.

At present, there are colouring books for Android devices available. However they all
lack what is - in my opinion — the most critical feature, namely the creation of new colourings
by the users themselves. This opens the possibility of generating a large variety of new
colouring pages which can be chosen to correspond accurately to children’s needs and
interests. There can be found a project which implements creation of colourings from an
image [11], however, it is only a web application, so the user needs an internet connection
and a browser. | did not find any application of this type on Google Play, which is the main
source for Android applications, or at any other place on the internet. Therefore | have
decided to create a new colouring books application which implements this feature with a
fully or partially (depending on the user’s decision) automated creation process from images

for Android tablets on my own.

For the purpose of creating the application | have decided to implement edge
detection and other image processing methods. One of main reasons why | have decided to

use such methods is that | think that it is important to show that computer science is not only



an academic or high-tech research field but also one that can be introduced into everyday life,

and can serve as a powerful tool even for the youngest of us.

Goal

The goal of this work is an application which will provide automatically customized methods
based on an initial image. These methods should be used to create accurate and simple
colouring pages. Since there are not any universal object detection methods and it is still an
unsolved problem, this application will focus on detecting in specified areas of images. The
application should be able to handle simple cartoon images flawlessly. It should also handle
the import of prepared colouring pages or detection over average cartoon images or simple
photos, such as a photo or image from a fairy tale book. Since the idea is to use a click-to-fill
method of colouring, a gap in an edge could mean a complete failure of detection. Therefore
in the thesis | will not try to solve complicated photos which pose problems for detection and

would require a lot of computational time, which is still limited on such devices.

The program should also provide an environment for experienced users to manually
set variables to further enhance the results of detection. Another very important part is to
provide a colouring environment for comfortable colouring which will provide template
display, click-to-fill colouring, and a unique colour set for each colouring page corresponding
to the original image, but also the export of prepared colourings for possible print and

colouring with real pencils afterwards.



Theoretical Background

This chapter describes the theoretical background which is necessary for this work. However,
it is expected that the reader is familiar with the basics of Java, the least square metric or

gradients.

Android overview

Android is a Linux based operation system released by Google in 2009. Based on Google
statistics: “Every day more than 1 million new Android devices are activated worldwide. “[7]
It is estimated that nowadays there are more than 85% of Android devices with OS version 4.0
or newer. Based on Digital Trends statistics [16] from the end of year 2014, it is also the most

used operating system in mobile devices and its market share is still growing.

Operating system % share of global OS market
Android 81.5%
iOS 14.8%
Windows 2.7%
Blackberry 0.4%

Programing for Android is supported in the Java language Android library which contains all
necessary APl to create all kinds of applications for Android devices. The programs for Android
devices are therefore written in the Java language. Since it is expected that the reader is
familiar with Java basics, the main differences between Android and Java programming will
be explained here. In Android programming there is no Main function. Instead of Main
function there is a Main Activity which will launch after starting the application. Every Android
application is composed as a set of Activities with only one active Activity which is displayed
at the device screen and with the rest in idle or sleep mode. The active Activity can be

switched to another while the previous one is put to sleep.

The graphical layout of each Activity is described by an XML file which is the same for many
other constant resources needed for the application. Event handling is similar to Java: it is

performed by adding event listeners.



For the purpose of detecting gestures on the display there is a library prepared which invokes
one of events whenever it detects one of standard gestures. This is useful for zooming an
image. There is also another library prepared for getting coordinates of clicking the display

which will be used for detecting the correct surface to be coloured or picking the colour.

For every Android application you can set its behaviour in landscape and portrait orientation.
This application is locked in landscape mode for better usage of the screen, which is already
too small in many cases. That is also the reason why this application is recommended only for
devices with the diagonal 7” and greater. This practically eliminates all smartphones and
leaves tablets only. The reason is that colouring on a smaller device would lead to unpleasant
results where the colouring page would be too small to be coloured properly. However, this
is only a recommendation because it is not possible to forbid installation on devices which do

not meet this requirement.

Every Android application has a minimal and a target version of the Android system. The
minimal version is the lowest possible Android version required to install that application.
Since image processing methods (which will be described later) need quite a lot of
computational time, | have decided to set the minimal Android version to 4.0, which should

guarantee a sufficient amount of computational power.

The Android library also provides a large set for working with Bitmap which is the main object
class for images in Android. Therefore there are also static methods available for working with
them, such as creating of new Bitmaps or changing target pixels in others. Since the Bitmap is
the default and also well-designed class for images, it is used for holding and any operations
with images in this work. Since the Android Java package does not contain any methods for

computer vision, an additional library will be necessary.



OpenCV

As noted in the previous chapter, the Android library does not include any tools for image
processing. Therefore it is necessary to use some external library which will fill up this gap.
Several computer vision libraries are available (OpenCV, javaCV, imagel, boofCV), yet not all
of them offer precisely what will be needed. OpenCV is indisputably the most robust, most
commonly used and most optimized out of all available BSD licenced libraries, and it also has
a well accessible documentation. Therefore the OpenCV library for Android is being used in
this work. OpenCV library is a widely used computer vision library, which was initially written
in C++ language and released in 2000. It is developed by Itseez team. Full interfaces for Python,
C, Matlab as well as for Java are now available. OpenCV is a large library which covers a wide
area of uses, such as image processing, motion tracking or statistical machine learning. For
this work we will use only image processing, namely Canny Edge Detection, Gaussian Blur, K-
means colour quantization and thresholding. A description of these methods can be found in

the following chapters bellow.

Even though there is a Java interface, the library is composed as a C++ library, which is why
the whole interface has more in common with C++ than with Java code structure. This might
be quite confusing especially for those who are not familiar with C++. OpenCV provides a full
API| description on their website [6]. However, it is often very brief and sometimes rather

confusing.

For Android devices it is recommended to install OpenCV library as a self-standing application
rather than include the library into applications directly. This has multiple reasons but the
main is that OpenCV library can utilize the multiple-core architecture which is very common
in Android devices better. Another important reason is that OpenCV is quite a large library —
it takes about 20MB — so the developer should make sure that the user has it installed only
once on his device, rather than having it installed for every single application which benefits

from OpenCV.

OpenCV uses Mat object as the basic entity. Mat object consists of channels (one for each RGB
colour) which are represented as matrices. However, the accessibility to a single pixel is very
poor and expensive in terms of computation. On the other hand, Mat objects provide a great

support for matrix multiplications and other matrix operations. OpenCV also supports



conversion from Android Bitmap object, which is the basic Android image format, to OpenCV

Mat object in both ways.

K-means clustering

K-means clustering [1]%°% is a method which divides the data set into K clusters where every
single data vector (in this case the coloured pixel, the 3-dimensional colour vector RGB) is
aligned to the nearest cluster. The method consists of an iteration over two steps after
initiation. In the initiation the starting centres are selected based on a chosen strategy. The
most common strategy is a random choice of K vectors from the dataset, which obviously does
not guarantee any kind of optimality, and it has been shown [15] that in the worst case the
running time can be even super-polynomial. This is why in this thesis a K-means++ method has
been used to choose initial centres. The initiation is followed by an assignment step. In this
step, the nearest cluster-centres are found for all data vectors, so the data set is divided into
K clusters (The nearest cluster-centre is defined as the one with the lowest least-square
distance.) When the evaluation step is completed the next step is the update of centres. For
each cluster a new centre position is chosen. It is chosen to minimize the sum of distances of
all vectors from that cluster (distance is defined as least-square distance). After this we repeat
the assignment step and the evaluation step, respectively, until no cluster-centre changes its
position. This method will not guarantee the global optimum because it converges to local
optimum only. The optimality of the result is strongly dependent on the initial distribution of
cluster centres. That is the reason why K-means++ initial distribution is used here because it
guarantees upper bound of optimality as (log k) competitive to optimal solution. Since OpenCV

supports K-means++ no additional implementation is needed.

Figure 1 gradient based colour mixture



In this work the K-means clustering has been used as the colour quantization method, which
transforms an image into an image containing only K different colours. These K different
colours are cluster centres gained from the K-means method. This simplification of an image

is useful in edge detection in areas where colour is slowly transforming from one colour to

another.

Figure 2 3-colour quantization example

Whenever K means is used, there is one potential problem. And it is a question how to select
a correct number of clusters. This is very subjective question and therefore there is no general
answer. There are some state of art approaches like the elbow method and others [17].
However they are all too computationally complex and this work requires a quicker approach.

Therefore the K is determined as:

Csolid}

K=max{k; 10

Where k = 15 has been set based on observation of testing images and cy,;;4 computation is

based on analysed image and is further described in Implementation chapter.

Another use of this method is to generate a corresponding colour palette for future colouring,

which makes the colouring much more similar to the original.

Thresholding

Thresholding is a simple method used on grayscale images which performs an action based on
threshold value. In this case binary thresholding has been used. In binary thresholding each
pixel is compared to a given threshold and if the pixel value is smaller than the threshold then
it is set to 0, while if it is greater or equal then it is set to 255. This corresponds to black or
white colours. The method is very useful in cases where prepared colourings were

downloaded to determine exactly where the areas are. This is necessary especially when anti-



aliasing was previously used on the image. Anti-aliasing is a method employed to smooth the
image so that the contours look more fluent. Binary thresholding can be used for reversing an

anti-aliased image to an aliased one.

In the OpenCV library this method is also used to count Otsu’s threshold, which is useful in

edge detection.

Canny edge detection
Edge detection [1]***is a name for a set of methods which use brightness changes in the image
to detect the so-called edges. There are many approaches to the detection of edges. In this

work, state of art Canny Edge Detection has been chosen.

Canny edge detection consists of multiple steps. After filtering noise from the image, for
example by a Gaussian filter, the next step is finding the brightness gradients. This is done by
the Sobel procedure, which will not be explained here. When we have the gradients, a non-
maximum step is performed. This step removes single pixels which had been detected as
potential edges but stand alone. Since the method aims at detecting edges which are basically
curves, there is no point in keeping single ‘dots’. After this step, only thin lines or curves will
remain. The last step of Canny is Hysteresis. In this step, only those edges which are between
the lower and upper threshold are accepted. These thresholds are given to the Canny detector

as an input alongside the inspected image.

Otsu’s threshold

Otsu’s threshold is the best binary threshold which divides the target image with the least

possible variance into two sets.



State of the Art

This chapter describes the solutions currently available for the colouring task.

There are many other colouring applications at Google Play store. For a comparison | have
chosen 2 applications: Toddler coloring book free/pro and Coloring book. Considering the
number of total downloads and user ratings, both are interesting from different points of view.
For the purposes of comparison | have also included a web application Scrap coloring. Since it
is not an Android application full comparison is not possible, however, it is the only solution |

have been able to find which implements automatic creation of colouring pages from images.

Toddler Coloring book free/pro
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D Toddler coloring book (TCB) has a very lightweight approach

D which is based on very simple colouring of a few included

colouring pages.
e 1.

TCB is available in a free or paid version. The paid version is an

extended version of the free one, providing a larger pool of

Figure 3 toddler coloring book icon . i X
predefined pages. The free version has 8 pages, and the paid

one 58. It is a well-rated application with 4.6 stars of 5 based on rating of more than 43

thousand people. It has over 1 million of total downloads.

This application, as the name hints, is targeted at 1 to 3 year-old children. Therefore the

interface consists only of a colour picker and the colouring itself. There are no menus or

advanced settings. The buttons of

colour picking are big enough for

even a toddler to use without the

support of any adult.

Figure 4 toddler coloring book example: cat



Coloring book

AAAA AL

Coloring book (CB) is an application with over 14 million of total
downloads. It is rated as 3.8 stars of 5, based on over 38 thousand
votes.

CB consists of more than 400 prepared colouring pages sorted into

Figure 5 Coloring book icon

groups based on colouring difficulty and theme. It offers a large scale

of degrees of difficulty, which makes the target customer category wider.
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Figure 7 Coloring book example: snail Figure 6 example: dwarfs

The colouring interface is rather complicated. Functions are available in a menu which is
positioned at the top of the screen and is composed of simple images. However, it can be
confusing since each menu item has a different colour and a toddler may assume, for example,

that it is not a menu but a colour picker itself. The function for the picking of colour is hidden
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behind the pencil, the palette or the yellow button, depending on the user’s preferences
because each offers slightly different possibilities. Since performing the basic function of
picking the colour requires multiple touches of the right places, the target customer category

is definitely not toddlers and is not suitable for pre-school children either.

On the other hand, CB offers multiple advanced functions, such as the zoom, which is almost
mandatory to use when colouring hard images, or the undo function which reverses the last
action the user made. Another advanced function is exporting the colouring for the purposes

of sharing or printing.

A paid version is also available but it is not so well-rated or downloaded. In the paid version,

there is an interesting feature of importing prepared colouring pages.

Scrap coloring

Figure 8 Scrap Coloring icon

Scrap coloring (SC) is a webpage focused on colouring. Since it is a webpage, it can be used
only with internet connection. It contains a database of prepared colourings for online
colouring or printing, but also a section for creating new colourings from the pictures provided
by the user. The results of this feature are largely dependent on the input image. An example

of one well-made and one not so much well-made colouring from a provided image is below.

M

Figure 9 Scrap Coloring detection Figure 10 source butterfly
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Figure 11 source house

Figure 12 Scrap Coloring detection: house
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Since the SC colouring environment is a

@ (<) Copyright 2014 heep://scrapcokoring.com
® Get it on Share your |
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=_and more! Facebook

webpage it can also be used from Android

devices. It does not require flash or any other plugins which usually cause problems on the
Android system. SC offers a large variety of colours and for experienced users there is also an

implementation of gradient mixing of two colours or the use of a texture.

Export of the result is also supported. It is possible to print or download it, however, the
resolution is always 600x600 pixels, which might be sometimes insufficient and may modify

the picture which was originally wider or taller.

The colouring environment is simple and easy to understand. Nevertheless, the creation of a
colouring is more complicated and would require someone skilled enough to provide the

source image.

Comparison
| have described three approaches to colouring tasks, and now | will summarize the

advantages or disadvantages of these solutions and compare them.

Toddler coloring book
The colouring interface is simple and easy to understand. However, there are not many pages

available and the toddler is likely to find colouring the same page over and over rather boring.

12



Conclusion
This solution aims at similar users as my work. However, the functions it provides are very

simple and it has a very limited pool of pages.

Coloring book

The database of pages is large and there are pages for everyone. Page selection is well-
organized into difficulty groups which are divided into smaller groups on the basis of the
themes they present. Page selection is simple and does not require an experienced user. On
the other hand, the main menu has too many items and performing actions which are
repeated many times during colouring, such as picking a different colour, requires too much

clicking and the actions are harder to find than they should be.

Conclusion
This solution is nice, with plenty of pages and advanced functions, but it aims at older users.

At the same time, some key functions, such as the creation of new pages, are missing.

Scrap coloring

This browser based implementation has a lot of disadvantages. Most importantly, the user
needs internet connection and colouring from Android devices is slower than it should be. On
the other hand, the creation of unique colouring pages based on user-provided images
provides an inexhaustible source of new fresh colouring pages. Some may not be perfect

though.

Conclusion

This solution offers suitable colouring environment and all key functions, even though the
creation of pages may not be perfect. However, a fundamental disadvantage is the need for
internet connection because the user has to wait for the server response. This can take several

seconds (depending on the connection) after each action, which can be considered quite slow.

Recommendation
For this work | have decided to combine the design philosophies of the above applications in

order to achieve a better result.

The most common user interface philosophy is implemented in Toddler coloring book. Since

our target group is pre-school children the colouring environment has to be kept simple.

13



As far as choosing right page is concerned, the best approach is represented by the Coloring
book application. Sliding trough previews of pages seems best in terms of using the potential

of the touch display.

The approach of selecting source image and letting the rest on device seems to be the only
way for this work’s target age category. However there is a potential problem, since the
selection of new image cannot be implemented in simpler way and it still might be too
complicated for some young users. Therefore we assume that there might be a second, more
experienced user (a parent, for example) who will help the child to create new pages. With
the experienced user in mind the work should offer advanced creation options beside the

basic ones, which would let the user influence the process to achieve even better results.

14



Implementation

In this chapter we discuss the implementation of more sophisticated methods which are
employed in creating the colourings and their colouring afterwards. Further details of

implementation can be found in Documentation chapter bellow.

Detection implementation

The image format covers a large field of possible source inputs. It can be a high-definition
photo or a very simple image drawn for example in Microsoft Paint in Windows. Realizing this
fact leads to the conclusion that it would be wise to use different approaches for different
kinds of source images. Therefore the implementation can be divided into two main steps. In
the first step (Source recognition) the metrics are applied to determine what kind of image
the algorithm is dealing with. In the second step, the knowledge from the previous step is used

to modify detection according to the source image.

Image classes

Basic classes of source images can be determined based on the behaviour of detection
algorithms. These classes react similarly and yield similar results based on same settings. It is
important to mention that human perception does not work the same way as computer based
edge detection. Therefore images are not divided into those classes by human perception but

by mathematical metrics.

Simple cartoons
This is the most common class for this work target group. Such an image consists of blocks of
solid colours. The class includes, for example, templates of colourings or simple pictures

without advanced shading.

Figure 13 an example of simple cartoon class



Advanced cartoons
This is a more advanced class which contains images with more numerous and smaller
surfaces of solid colours than simple cartoons. For example, there can be gradient colour

mixtures or lighting effects.

Al

Figure 14 an example of advanced cartoon class

Photos of cartoons
This is a class of photos of cartoons which had been scanned or photographed previously.
Some noise is present in these images; however, there are still clear surfaces even though they

are not made of solid colours.

Figure 15 an example of class containing photos of cartoons

16



Real photos

This is the most general class where a lot of noise with no clear surfaces is expected. Therefore

the result is largely dependent on the source image, its quality and content.

Figure 16 an example ohoto class

Colourings
This class comprises downloaded colourings prepared to be coloured. Images are grayscale

and consist of white and black-like colour. Only real issue is that black colour is often shade of

grey and not strictly black.

Figure 17 an example of colouring class
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Source recognition

As an input to this step a resized image of unknown content is expected. At the end we expect
a set of settings for a detection algorithm. Since the content, density, source or almost any
other information about the source image are unknown all assumptions are based on the
current state of the image. Therefore the only source of information is a matrix of pixels where

each pixel has an integer value which describes the colour it presents.

First step is to compute the Otsu’s threshold (OT). The OT is used in two ways. First it initializes
Canny edge detection, and second it determines if the source image is a prepared colouring
or not by the method described in chapter — Colouring class detection - below. After this sub-

step, it is clear whether to continue or to skip the rest of source recognition.

The most straightforward metrics is counting the size of the set which contains all unique
colours and their shades in the source image. This metrics (Colour count) is good to determine
the difficulty of the source image. Based on observation, photos usually contain approximately
over 80 000 different shades due to noise and, on the other hand, simple cartoon images
usually have less than 10 000 shades. It is a large number especially for simple cartoons which
optically consist of just a few colours. Most of those colour shades are found at edges. This is
caused by anti-aliasing techniques which are applied for example during image reshaping.

Second useful metric is counting of solid colours.

A Solid colour is defined as RGB colour such is contained at least 100 times in analysed image.
Solid colour metric helps to distinguish the correct class. It gives a different point of view about
the image. Simple cartoon class simply does not contain that much colours. On the other hand,
blurred images (which usually comes from photo classes) does contain fewer solid colours and
more colour shades. Therefore combination of those two metric can tell whenever to use
noise reduction techniques and when it is probably pointless. Solid colour count is also used

in computing how many clusters will be used in Colour quantization.

Image class Average colour shades Average solid colours
Simple cartoon Less than 20 000 Less than 100
Advanced cartoon Less than 60 000 More than 100
Photos of cartoon 6 000 to 150 000 Less than 350
General photos 60 000 and more 350 and more
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Dilatation

Dilatation is a method of thickening edges. It is useful in connecting edges which are close to
be connected but there is still a gap between them. It can be also used to ‘underline’ core
edges. In this work the dilatation is used with a cross element. The cross element is iteratively
placed to every pixel of the edge and every pixel the cross element covers is set to be an edge

after dilatation.

Figure 18 cross element

Figure 19 dilatation example,
the cross element has been used

Prolong edges

Figure 20 example of prolonging - From the left side: 1] initial image 2] initial detection 3] prolonging method had been applied
4] dilatation to close gaps

Prolonging of core edges is a method which allows to detect edges in noisy images. The idea

is to find cores of real edges with strict thresholds and iteratively prolong them.
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At the initiation the method sets some strict threshold which will produce just core pieces of
edges. With each iteration the threshold bounds are loosened a bit. One iteration consist of

the following steps:

1) Loosen the thresholds a bit.

2) Detect new potential edges with the loosened threshold.

3) Ifany of potential edges are connected to real edges from previous iterations, append
such edges to real edges.

4) If a sufficient number of new edges has been found continue with a new iteration, else

terminate it.

The main advantage of this approach against a simple edge detection is that it allows to find
weaker parts of edges which would be otherwise covered with noise. A critical part of
prolonging is how to set correct initial thresholds. In this work they are computed based on

Otsu’s threshold.

Colouring class detection

Otsu’s threshold (OT) is a division marker which indicates which pixels of a grayscale image
will be black and which will be white. By comparing the original source image with the one
created by thresholding it can be said how much it has changed. Based on that, it can be
determined if the source image was meant to be a colouring or just an ordinary grayscale

image.

The comparison of the source and thresholded image is performed by computing over white
pixels only. Based on what we know about thresholding it can be said (and easily proved) that:
M/source < Wthresholded

Where W determines quantity of white pixels in respective image. The decision whether

image is a colouring (1) or is not (0) is computed by following function:

0 W,;=0
Wy
dW; W) =<1 — <
(s t) VVS C
0 else

Where ¢ = 1.2 is experimentally gained constant.
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Simple cartoons detection

For simple images it is not necessary to choose a difficult approach. It is specific of this class
that there is almost no noise present in the image. Therefore the only real danger of using
mild thresholds does not apply. In combination with dilatation the resulting colourings are

clear and the edges are as complete as they were in the original image.

Advanced cartoons detection

When dealing with colour gradients mixtures, the Canny edge detection has a weak spot.
Therefore it is necessary to use colour quantization before Canny can be used. Colour
guantization will separate the gradient colours into two or more solid surfaces which can be
easily detected afterwards. After colour quantization the image is very similar to a simple
cartoon from the Canny detector point of view. However, since the image is more

complicated, better results are achieved if edge prolonging is applied.

Photos of cartoons detection

The result of this class is strongly dependent on the source. Since photos, especially those
from mobile devices are often motion blurred and noisy it is hard to deal with them. There are
methods which can detect and slightly revert the motion blur but there is not sufficient
computational power for such processes. Resources of Android devices are often limited and
the user will not wait minutes for a single colouring. In order to normalize noise the Gaussian
blur is applied. Afterwards the noise-normalized image is colour quantized. This simplified
image is less noisy while core contours are still left strong, or at least as strong as they
originally were. The edge prolonging method is applied to these simplified images. During the
application of the prolonging method a dilatation method is injected several times. The
number of injections is based on the source image difficulty and varies from 1 to 3. The
Injection of the dilatation method into the process of prolonging aims at connecting some
edges which might be moved by motion blur, and may consequently be left unused since they
are not actually connected to the core parts of edges and are considered as noise.
Simplification methods may not be strong enough in some cases and noise can crawl into real
edges. Therefore a breaker of prolonging has been set which stops the iteration if over 25% of

image is covered with edges.
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Customized creation of colourings

Since human perception is stronger in many ways than the computer, it would be wise to allow
the user to use his advantage of additional knowledge to improve the colouring creation.
Therefore an interface is implemented which allows the user to employ detection techniques
but also set the parameters manually. The toolset consists of Canny with settable thresholds,
K-means with settable number of clusters, applying single iteration of edge prolonging and
edge thickening performed by dilatation. Results achieved by an experienced user may differ
in the more difficult classes but in the simple cartoon class it should not be possible to achieve

a better result.

Getting palette

The idea of getting a colour palette based on the source image is fine, however we should not
forget that there is not only one correct way of colouring. Therefore it is wise to add a static
part of the palette which will provide all missing colours that might not be present in the
original image so the user could make his own choice on the basis of his feelings rather than

being limited by the application.

Getting the static part is simple, because it comprises a predefined list of colours. Getting the
customized part is more complicated. It is implemented by getting cluster centres from colour
guantization method K-means. This method has been chosen because this set describes the
image best from a mathematical point of view. It is also important to note that colours

contained in the palette may not even be present in the original image.
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Results

This chapter describes the results of the implementation of the methods which were dealt
with in the previous chapter. The results bellow are divided into classes which are described

in previous chapter.

It is very important to note that the results of detection are very much dependent on the
source image. If a user chooses an image which would be difficult for him to transform even

manually, then it cannot be expected that the result of this detection would do any better.

All the results were made as screen captures of the testing device [18]. The example testing
sets of images consists of 5 images from each class, which had been chosen to cover all

possible issues of the specific classes.

Classification
The results were evaluated based on the accuracy of detection. Evaluation must also consider
the purpose of detection. That means that areas must be well-bounded without gaps.

Evaluation may not be precise since the target group of users is not capable of rating properly.

Evaluation is performed by rating from 0 to 5 stars, which is same system as the one used for
rating applications in Google Play Store. Star rating is accompanied by a brief explanation of

rating.

Stars are gained for fulfilling the following criteria:

value criteria

0-2 stars Main object detection without gaps
0-1 stars Background detection without gaps
0-0.5 stars Noise filtration

0-0.5 stars Corresponding amount of edges
0-0.5 stars Corresponding edge thickness

0-0.5 stars Overall appearance

23



Detection Evaluation

Simple cartoons
Simple cartoons are easiest for detection and therefore evaluation can be stricter than in more
difficult classes. What is expected is a gapless detection with possible issues of unnecessarily

thick bounds.

Bouquet

4 of 5 stars. Main edges are thick. Inner edges are thinner and describe the details inside

well enough. Only the red flower in the middle could be described better.

Figure 21 detection example
Fish

5 of 5 stars. No surface is forgotten, no gaps. Edges are not thicker than necessary.

Figure 22 detection example
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Tractor
4 of 5 stars. Centres of wheels could be described better. Wavy lines are caused by low

resolution of input image and therefore this defect should not have any impact on the

evaluation.

Figure 23 detection example

Mole
4.5 of 5 stars. The source image is simple but contains lot of noise due to low resolution.

However, false edges which are visible on the watering can should not be present.

Figure 24 detection example
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Helicopter
3 of 5 stars. Edges are pointlessly thick. However, the overall description of the image is good

and the surfaces are cleanly separated.

Figure 25 detection example

Advanced cartoons
Advanced cartoon class is slightly more dependent on provided original image. Therefore it is

not expected to see results of such quality as in Simple cartoon class.

Lion cub
4 of 5 stars. The trunk of the baobab is not separated from the ground. Good detection of the

lion cub where there could be a problem with shading on his chest.

You Clicked : Return to Coloring

A

Figure 26 detection example
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Flowers
3 of 5 stars. The purple flower is not well detected. The rest of the image is well detected but

the gradient colour-mixture was simply too big for smoothing methods.

Figure 27 detection example

House
5 of 5 stars. All surfaces are well recognized and details of the drawing are carried as thin lines

without making the colouring too messy.

Figure 28 detection example
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Animals

4.5 of 5 stars. Hard source image with lots of details, probably containing too many details for
the target group. From the detection point of view there is a problem with the rock in the left
bottom corner of the image. There are too many edges present which do not correspond to
the source image. However, this problematic spot is marginal since the important parts of the

image are the animals rather than the rock.

e~/ -

Figue 29 etection example
Duck
5 of 5 stars. The detection is flawless. Grass is detected as thin lines, which describes the image

even better.

Figure 30 detection example
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Photos of cartoons
Photos were taken by the test device’s camera [18]. The camera has a 2Mpix resolution. For
purpose of demonstration, the illustrations from children’s books [13], [14] were chosen as

objects of photos.

Flower

5 of 5 stars. Flawless detection of a simple image.

Figure 31 detection example

Lizard

4.5 of 5 stars. Well-detected complicated colouring.

Figure 32 detection example
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Hound with an umbrella

3.5 of 5 stars. Water drops were not detected. The bounds should be thinner. However, the

Figure 33 detection example
Snail-carriage

4 of 5 stars. The wheel of the carriage is not separated from the carriage itself.

Figure 34 detection example
Bugs on a mushroom
2 of 5 stars. Missing white discs, the right shard of the bug on the left is not separated from

the mushroom.

2]

Figure 35 detection example
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Real photos
Unlike previous classes this one is not a target source. Therefore these results cannot be taken

as seriously as the results from previous tests.

A typical successful result from this class is divided into more surfaces which are smaller. The
typical result colouring is often too complicated for target users, however colouring is not

impossible.

Norwegian church

3.5 of 5 stars. Even though there is a lot of needless edges, the overall appearance is good.
The main surfaces are well-bounded even though they may be composed of multiple smaller
pieces. This might be confusing for the target group but a more experienced user should be

able to deal with it.

Figure 36 detection example
Water Lilly
3.5 of 5 stars. The colouring contains too much noise, which makes the colouring very difficult.

However, the main object is clear enough to be coloured.

Figure 37 detection example
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Cow

1 of 5 stars. A typical example of failure. Smoothing methods were not able to clean the grass
and therefore so many unwanted edges were found that the real objects in the image are
completely lost. On the other hand, the cow has been detected well enough to be coloured.

However, this is not sufficient for the colouring to be marked as successful.
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Figure 38 detection example

Preikestolen rock
2.5 of 5 stars. The landscape is detected considerably well. The main issue of this image is the
detection of tiny people and their shadows which make the rock look like being composed of

noise only.
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Flowers
2 of 5 stars. The original image consists of lots of petals and so does the result. However it is
hard to divide which petal belongs to which flower. The yellow centres of the flowers are not

well detected.

Figure 40 detection example

Comparison of classes

Quality comparison

For each class, a set of 20 representative images had been chosen and their colourings
created. Created colourings had been rated with same metric as the examples shown above.

Final mark for each class is based on average rating across its set.

Class Size of set Median rating Average rating
Simple Cartoons 21 5 4,714
Advanced Cartoons 20 4,75 4,525

Photos of Cartoons 20 4 3,9

Real Photos 20 3,5 3,75

As been expected, simple cartoon class has the highest average rating. There is a considerably
large gap between cartoons and photos. However the rating of real photos is better than being

expected.
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Time comparison
The detection of colouring is a very complex task and therefore it requires a lot of computation

time. In the table below is a comparison of average times for each of classes on testing device

[18].

TIME-CONSUMPTION COMPARISON[MS]
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Figure 41 Time-consumption comparison
SIMPLE CARTOON ADVANCED CARTOONS
W image analysis M detection mimage analysis B detection

M creating colouring W saving file M creating colouring M saving file

4% 4% !

Figure 42 a, b, - Time-consumption of separate classes
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PHOTOS OF CARTOONS GENERAL PHOTOS

W image analysis M detection W image analysis M detection

saving file M creating colouring m saving file

M creating colouring

Figure 43 a, b, - Time-consumption of separate classes

Comparison with Scrap Coloring

Examples from previous chapter, were used to create colourings at Scrap Coloring as well. And
in this chapter the received results are compared. There is no objective metric how to compare
colourings and therefore comparison of results will be presented but not commented. Scrap

Coloring images were left in their original shape and size in respect to Colour it! results.
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Figure 44 a, b, c,d, e, f, g, h, i, j, k, | —Scrap Coloring and Colour it! comparison
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Discussion

This chapter discusses if - and to what extent - the goals were accomplished. The discussion
will be presented for each class separately.

This chapter also provides a “cookbook” suggesting which type of image to select when a
particular type of result is required.

Result evaluation

Simple cartoons
In most cases the results of simple cartoon pictures are flawless. If the evaluation should be

strict then it can be said that some bounds are too thick and thinner ones would be better.

Advanced cartoons

The most common defects consist in the fact that in the results often contains fake lines in the
middle of gradient mixtures. This is not a big problem; however for younger users it could be
confusing. A bigger issue might be the possible gaps in bounds. In the simple cartoons the
edges were without gaps because there were always two solid colours around some
continuous part of edge. This does not work for advanced cartoons. The problems are caused

by the similarity of object and background colour in some places.

Photos of cartoons

The results are highly dependent on the source quality. It should be mentioned that even low
resolution cameras can take good enough photos if the photos are taken with potential usage
in mind. In this case it means that the object should be a simple cartoon, otherwise it will be

most probably too noisy.

Real photos

Nowadays the quality of average photos is far beyond the necessary level. Therefore in this
class the composition of the photo is more important than real density. If the object in the
photograph is well distinguished from the background and is not too complicated itself, then
the results should be reasonably useful. It is important to mention that this is not the primary
source for automatic creation. It is also possible that an experienced user can achieve better

results using custom creation.
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Creation recommendation

Usually the difficulty of the source image corresponds to the results obtained. However in
many cases the image can be simplified during the process. It should be mentioned that
significantly simplified images can be gained using custom creation where the user can

determine what is truly important for the particular image and his goals.

Creation of a simple colouring
Our results demonstrate that images from the simple cartoon class or photos of simple

cartoons should be recommended as a source for simple colourings.

Creation of an advanced colouring

Slightly advanced colourings can be achieved by using advanced cartoons or their photos.

Creation of expert colourings
The most difficult colouring can be gained from real photos. However in many cases the
automatic creation will result in failure, and therefore it would be advisable to use custom

creation.
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Conclusion

Future of project
The results of this application are far above the initial expectations and therefore it is worth
further testing and improvement. In near future | would like to upload the application to

Google Play and make it freely downloadable.

Possible improvements

During a review of the results | came up with the idea that this application could be used for
gathering data for future detection improvement. In future, it would be interesting to
implement some statistical recognition algorithms for overall improvement based on gained

data. It could be useful to distinguish different classes of images in more accurate ways.

Possible usage
At the beginning the idea was to make an application for children. But when testing GUI |
realized that it could be used also by patients during stroke recovery. It could be useful as an

alternative and perhaps a less boring way of regaining fine motor skills.
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Appendices

Documentation

In this chapter | will discuss the implementation philosophy and provide a more in-depth
concept of application than in Introduction chapter. On the other hand the implementation
of detection functions used will not be described here. The description of implementation can

be found in implementation chapter.

Application life-cycle
In the diagram bellow the grey colour represent actions which are automatically performed.

Yellow colour marks a centre of application.
Blue is for managing colouring pages.
Green is for simple tasks which are designed to be handled by children.

Red actions are meant for experienced users only.

inititation

» application start -«
create colouring draw colouring

i

selectsouroeimager—l new colouring |4— select colouring

= A

custom creation automatic creation colour selected page

M— export page save currentpage —

Figure 45 Life-cycle graph
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Project overview

The project is divided into several packages for better readability.

Activities package
This package contains all activities used during the application life-cycle. Each activity is

responsible for event handling and layout when it is active.

Detection package
This package contains classes which are the only ones that actually use OpenCV library
functions. They provide more suitable APl or interface for this work and therefore guarantee

better readability of code for programmers who are not familiar with OpenCV entities.

Manager package
This package comprises managers which often use tools from detection or utility-tools
package to perform the required action. An example of this is saving or loading colouring

pages.

Utility-tools package

Here all methods needed are implemented. Methods from this package are divided into
separated classes based on their functions for better readability. Classes here are the real hard
workers of this application. However they should never been called directly. In this program
they are always approached trough managers since methods here have not implemented any
exception handling which is not mandatory. This is designed this way for better overall

performance. And it also provides better readability.

Since there are only functions which provide results to some inputs without a bound to any

object, they are all static.

Entity package
This package contains entities used for this application, namely the entity class Colouring Page

which is the fundamental cornerstone of this application.
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Colouring Page consists of several datasets which together describe a colouring page. It consist

of:

e bitmap of original image, for the purpose of showing a template

e bitmap of detected colouring

e bitmap of current state of colouring

e bitmap of masks with IDs of surfaces to which target pixel belongs

e set of colours which are detected from the original image

Programming philosophy

As a device application, it performs actions based on user inputs. Whenever an event is started
and the input is recognized, the active Activity calls one of managers to perform a
corresponding action and when manager returns the result the activity will make it appear.
Whenever a manager is called, it uses tools from utility-tools or detection package to perform
desired actions while being responsible for all exception handling as well. At this level the
manager must make sure to use tools properly since tools themselves have no exception

handling built in. Those tools are usually short functions like resizing bitmap and so on.
For better understanding | present an example:

Let’s say a user is in the middle of colouring a page. Therefore there is some state of colouring
page, some selected colour. Let’s call this knowledge a State. The user performs an action to
colour a new area by touching the screen at the desired location. The active Activity recognizes
that input is at the location [X; Y] and that the user wishes to colour the area. Therefore it calls

Paint Manager (PM) with providing pointers to current state and location of user input.

PM checks if its input is valid and calls a method which fills the target area and returns a new
state. Then PM checks the result and sets a new state as the current and sends a response
back to Activity that computation is over. At this moment Activity switches the old colouring
for a new one which has the desired area filled. And the application is waiting for the next user

input.
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User manual — Colour it!
Colour it! application allows to create and colour infinite

number of new and unique colourings. Due to simple and

intuitive graphical layout it is easy to use even for toddlers!

Usage is very simple:

1. Select Create new colouring :
2. Select an image which you would like to Figure 47 Colour it! icon
colour

3. Colour it!

Figure 46 create new

Do you want to continue in colouring of some previously created and unfinished colouring

pages? Just simply:

1. Click open Colouring
2. Select the desired colouring

3. Continue where you stopped.

Figure 48
continue colouring Are you a more experienced user or would you like to know how does it

actually work? Then why don’t you try it yourself? For curious users there is the advanced
creation available. The advanced creation allows to use complicated detection methods in
very simple way. Just select a method and see what will happen. You can compare your

detection with the automatic process and compete which is better! Usage is again very simple:

1. Select advanced Creation

2. Select an image

| — 3. Apply methods from toolkit until you get a perfect colourin
;Advanced pply you g p g

Creation* 4. Colour it!

Figure 49
advanced creation

Did something went wrong and you would do something differently? Feel free to reset and

start again!
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Colouring screen

§®
e,

Colouring environment is very simple to use. On the left side you can see a palette with colours

Figure 50 colouring screen example

specifically chosen for this colouring. Just click on desired colour and see that square in right

bottom corner changed its colour to yours.

In the middle is your colouring. Just click to some area to fill it with selected colour. Yes it is

that simple!

Figure 52 colouring is really simple

45



Would you like to remind how the original looked like? No problem, just click the miniature of
original image. You can find it on the right side in the upper part. Then click the miniature

again to return to colouring.

You can find a menu which contains additional

features, just above the miniature. From the menu you

4 can:

Save current state save current progress for later

1

2. clear the whole colouring to start again
Clear Colouring 3. open new colouring
4. Orexport the image, it will save the colouring as a

Open new Colouring...
picture. Then you can print it and colour with pencils

|

Figure 53 colouring menu

Advanced creation
Advanced creation screen allows you to unleash full potential of detection methods to

enhance the detection of more sophisticated images. There is a powerful toolbox prepared,

containing variety of methods and packed into simple control panel.

select source
thick edges

prolong edges

set initial bounds:
50 -8 v T
100 =t v T2
set colour count:

5 == " K-colours

detect initial
reduce Colour count
apply Gaussian blur

reset

Figure 54 advanced creation example
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Toolbox consists of following methods:

1. Reduce colour count — It reduces number of colours present in the image to selected
number

2. Apply Gaussian blur - Is your image noisy? Then it is time to use this. It will help to the
rest of tools in their performance.

3. Detect initial — use sliders to properly select what is important and what is not

4. Thick edges — detected edges contains small gaps? Then you might want to have the
detected edges a bit thicker. Feel free to apply it multiple times.

5. Prolong edges - detection is still missing some key points? By prolonging the edges you
might find some missing contours.

6. Reset—did something went wrong? Feel free to try it again with different setup.

7. Save colouring —is your detection flawless? Save it, so you or your children can colour

it any time later.

Installation

The installation of this application is done by an .apk file which after transferring to device
automatically installs the application. However since this application uses OpenCV which is
distributed as a self-standing application, it is necessary to download the OpenCV library as
well. The easiest way to do this is to connect the device to Google Play and then start the
Colour it! application. If there is no library installed it will pop a window which will ask for
installing it. If you allow this it will be downloaded and installed without any other actions.

However internet connection will be required.
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