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Abstract

Creating pixel art as a solo game developer can be challenging, especially without access
to good equipment for game development. We identified the need for a drawing appli-
cation that enables artists to use almost any device with a touch display for drawing.
In order to address this, we developed a drawing application. It is equipped with ba-
sic drawing features and a transfer function, which improves the process of moving the
drawing to another device. By combining standard drawing functions with networking,
our application offers a simple solution for this problem. Additionally, the application
can be seen as a foundation that can be extended with more advanced features and an
improved user experience in the future.

Kurzfassung

Das Erstellen von Pixel Art kann für einzelne Spieleentwickler eine Herausforderung sein,
insbesondere wenn kein geeignetes Equipment zur Verfügung steht. Wir möchten Kün-
stler*innen ermöglichen, nahezu jedes Gerät mit Touchscreen für das Zeichnen zu nutzen.
Dafür haben wir eine Anwendung entwickelt, die grundlegende Zeichenfunktionen sowie
eine Netzwerkfunktion bietet. Das Gerät, welches für das Zeichnen verwendet wird,
überträgt dabei das Bild auf ein anderes Gerät. Durch die Kombination von Zeichen-
werkzeugen und Netzwerkfunktion bietet unsere Anwendung eine einfache alternative
für Equipment. Darüber hinaus kann sie als Grundlage dienen, um weitere Funktionen
hinzuzufügen und das Benutzererlebnis zu verbessern.
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1 Introduction

As a solo game developer, it is often hard to manage time and resources at the same
time. Wasting time on unnecessary tasks is especially frustrating. This makes pixel art
a better choice for solo developers instead of 3D characters, allowing them to focus more
on gameplay and mechanics rather than complex asset creation. A 2D sprite is basically
a small image that can contain any drawing. It is surrounded by a transparent area, so
only the object in question is visible later in the game. Common sizes for sprites range
from 16×16 to 128×128 pixels, though larger sizes are also possible.

3D characters or objects need more time and effort to create, because of the complexity
the 3rd dimension introduces. Additionally, 3D must be pained and rigged. Rigging a
character means adding bones so that its limbs can be moved more easily, rather than
moving every finger, arm or hand one by one. Because of this, drawing a human within
32x32 pixel is simpler than creating a human in 3D.

Even though drawing sprites is easier than creating a 3D character, drawing sprites
with a mouse often feels unsatisfying and imprecise. The solution is using a tablet with
a drawing pencil, which offers a better experience. However, using a drawing tablet in-
troduces the inconvenience of exporting the artwork from the tablet, transferring it to
the computer and importing it into the game engine. The repetitive process of exporting
and importing after every change can be a tedious, time-consuming and frustrating task.

Simplifying this process is the motivation for this thesis. We aim to design a convenient
drawing application, with the normal drawing features to create sprites and custom fea-
tures such as shading and networking. Shading is the technique of adding variations in
light and dark to a drawing or image to create the illusion of depth, texture and three-
dimensionality. In pixel art, shading involves carefully placing pixels with different colors
or brightness levels to define shapes, highlight areas and suggest shadows. The software
is developed with Godot. It can export the application to run on most devices, but the
application is designed to be used on touch devices. With the integrated networking
feature, a client instance can be set up on one device, e.g., a tablet or smartphone and a
server on another, i.e., a PC running the game engine. Any changes made to the sprites
on the client device are mirrored in real time to the server over the network.
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This bachelor thesis is structured as follows: The theoretical background of drawing
algorithms such as the Bresenham line algorithm and the flood fill algorithm is discussed
in Section 2. Additionally, the reason for using the Godot game engine for this work
is also discussed in Section 2. Followed by an overview of the project’s design choices,
objectives and technologies used in Section 3. The implementation and problems encoun-
tered along the way are mentioned in Section 4 along with an explanation of how to use
the application and its drawing functions in Section 5. The limitations and future work
are stated in Section 6 and the summary of the whole project can be found in Section 7.

2 Background

In this thesis, we use two algorithms to draw on the screen. The first algorithm is the
Bresenham line algorithm, which is one of the simplest and fastest algorithm for drawing
pixel art. The second algorithm is the flood fill algorithm, which fills enclosed areas. It
starts from a position defined by the two pixel values x and y and spreads outwards to
fill the whole area. For a better understanding of what an algorithm is, we briefly discuss
the definition of the term algorithm. Finally, we will also explain why the game engine
Godot is used and which features it has to offer.

2.1 Algorithm

In the research article „What an Algorithm is“ by Robin K. Hill we can find a definition,
that states „An algorithm is a prescription uniquely determining the course of certain
constructive processes” [1]. This means, that an algorithm is a set of predefined steps or
rules that convert the input of a function to an output. In other words, an algorithm is a
step-by-step set of instructions to perform a specific task or solve a particular problem. It
defines a clear procedure that must be followed to achieve a desired outcome. Algorithms
can be simple, such as adding two numbers or complex, such as sorting a large list of
data. They are often used in computer science and programming to process information
and automate tasks efficiently.

2.2 Bresenham line algorithm

The Bresenham line algorithm calculates a line between two points. The first point
is where the mouse motion started and the second is where the mouse position was
recorded from the device at a later time, for example seen in Figure 1. It computes
the necessary coordinates for a line with minimal calculations. Instead of using floating-
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point arithmetic, the line algorithm uses only integer calculations. This is performant
because floating-point operations are very costly and the algorithm can compute precise
and accurate lines only with integers [2].

Figure 1: Line drawing example.

Due to this, Bresenham’s algorithm is perfect for devices, where performant rendering of
drawings is necessary. Therefore, it is the ideal choice for the fast and efficient pixel-based
drawing application that is developed in the context of this bachelor thesis.

2.3 Flood fill algorithm

The flood fill algorithm is a computer graphics algorithm used to paint an enclosed area
with a specific color. It begins at a designated point and spreads out to neighboring
pixels in four directions: up, down, left and right. The algorithm paints each pixel by
expanding outward. This process ends when the whole area is filled with the selected
color [3]. An example can be seen in Figure 2 and Figure 3, which represent the state
before and after a flood fill with a starting position of (2,2), respectively.

Figure 2: Before flood fill. Figure 3: After flood fill.
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The flood fill algorithm is often used in paint applications where users need a way to fill
a region with the selected color. The algorithm has two lists. The first tracks pixels that
have already been painted. The second contains unvisited positions, which are pixels
that need to be checked and potentially painted. The pixel from the start position is put
in the unvisited list, to start the process. The algorithm takes a pixel from the top of the
unvisited list, checks if it needs to be painted, paints it and checks its direct neighbors.
When a neighbor has not been painted yet, it is added to the unvisited list, where it will
eventually be checked and painted. When a pixel has already been painted, it is ignored.
The algorithm runs until the unvisited list is empty, which means that the entire area
has been filled with the selected color [3].

2.4 Why Godot?

The game engine Godot is used for the programming part of our thesis, due to its user-
friendliness and intuitive design. Furthermore, as an open source engine, Godot provides
access to a powerful set of tools without any licensing costs. This makes it perfect for
solo developer projects, while also being suitable for large studios.

Godot’s node-based elements simplify the process of development, where a node acts
as a building block of the application, e.g., a button or a text. Every node can then be
used programmatically or visually, such as showing an image on the screen [4]. Godot’s
2D engine is optimized for creating crisp pixel-perfect visuals, ensuring that the appli-
cation maintains high-quality rendering for the user’s artwork [5]. Additionally, Godot’s
own scripting language, GDScript, is an adaptation of Python and easy to learn, enabling
rapid prototyping and seamless integration of custom features [6].

Another convenience factor of Godot is that it is lightweight, meaning there is no in-
stallation needed. Running Godot only requires the executable file, which is available
for multiple platforms. Additionally, due to its cross-platform compatibility, applications
made with Godot can also be deployed to multiple devices with small setting adjustments
for the specific platform [7]. This feature is perfect for the thesis goal of deploying the
application to various devices. Likewise, to the good exporting capabilities Godot has,
the engine also offers well-designed and well-documented built-in features, such as net-
working, signaling of events and more. Furthermore, Godot has a dedicated 2D rendering
engine, which ensures efficient, smooth pixel manipulation, thanks to its built-in support
for pixel-perfect rendering [8].
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Another good built-in feature is ENet, which is a lightweight networking library designed
for reliable and low-latency communication in real-time applications. It is particularly
useful for interactive programs that require efficient and lossless data transmission over
the network [9].

Unlike normal Transmission Control Protocol (TCP) networking, ENet is built on top
of User Datagram Protocol (UDP). UDP is faster in sending data by neither checking if
the data is correctly transmitted nor checking that it is received in the right order. ENet
enhances UDP such that the data is sent and received in the right order and correctly
while maintaining the speed of UDP, when possible [10].

ENet establishes peer-to-peer connections between a server and one or more clients and
manages the data exchange with minimal delay. ENet allows messages to be sent ef-
ficiently, whether they require guaranteed and ordered delivery, e.g., TCP [11] or fast,
unordered and unreliable transmission, e.g, UDP [9, 10].

In this project, ENet is used to handle the network communication between devices,
providing synchronization of pixel drawing. Its efficiency and reliability make it an ideal
choice for ensuring smooth real-time collaboration between a drawing device, e.g., a
tablet and a development workstation, e.g., a PC.
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3 Overview

The drawing application developed in the context of this thesis was designed to assist
game developers in drawing sprites, by providing ease of use and a streamlined workflow.
The application can later be integrated into the Godot game engine as a plugin to save
even more time.

Users can create a canvas size of choice or load an already existing sprite into the applica-
tion for further editing. These images can be edited in the designated area, with the use
of drawing functions, such as drawing, erasing, color picking, space-filling and shading.
The pencil as well as the earsing and shading tool can be used with a small brush, e.g.,
a brush with one pixel or a larger brush, e.g., a brush with 17 pixels, for either precise
or larger editing. For flooding enclosed areas with one color, the bucket fill can be used.
Additionally, a set of selection editing tools is available, in order to cut out, copy and
paste the selected area.

The shading feature implemented in this application is the gradient shading, which helps
with the process of adding depth and detail to the sprites. By default, the shading
changes the color making it lighter than the original color. It is applied using the brush.
Additionally, shading to a darker color is also possible. Users can switch between lighter
and darker shading by pressing the same button.

The key feature of this application is the networking integration. This integration al-
lows the user to utilize a tablet for drawing the sprites, taking advantage of its touch
display and potentially drawing pencil support. At the same time, the resulting image
becomes instantly available on the connected PC. Consequently, the sprites can directly
be saved into the game’s resource folder. Sprites can be saved either in advance or in-
dividually when finished. Streaming the sprites to the PC eliminates the need to draw
with the mouse. Furthermore, drawing with a mouse can be less precise and unsatisfying
compared to drawing with a tablet and pencil. Finally, using this drawing application
eliminates the need to manually transfer the files between devices.
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4 Implementation

Two essential features of the drawing application are the color picker and the canvas
outline. The color picker is a built-in component provided by the Godot game engine.
It shows the complete color palatte and by clicking on any color it sets a cursor at the
chosen color. In addition to the color picker, an outline is displayed around the canvas.
The outline is an indicator, that provides a boundary of the drawing area. Furthermore,
Godot’s nodes can be linked to the code through its signals system. When a node is
set up as a button, the user can interact with it and trigger a signal if configured with
a receiving function. The button then sends a signal, executing the assigned function.
This implementation ensures that the interacted node can be modified immediately, for
a responsive UI experience.

4.1 Menu Bar

The menu bar was placed in the top left corner of the program for normal access to
features like in every other program. The menu system is built with Godot’s UI nodes
and has a HBox container as the root node, which is used to get a horizontal alignment
of all the menu elements.

Inside of the HBox container is a MenuBar node, which can tell the operating system to
be displayed as the OS menu bar. However, not every OS has such a feature. In case that
feature is not supported, the menu is displayed as buttons within the application win-
dow. Inside the MenuBar are three PopupMenu nodes, each being a category of controls,
e.g., File, Controls and Network. These menus expand when interacted with, revealing
functions from their category. Inside of the File tab are buttons for creating, loading or
saving an image, while the Network tab provides controls for hosting or connecting to a
server.

The interactions with these menu buttons are handled through Godot’s signal system,
which connects nodes to functions in the code. Upon a click on a menu option, a signal
is emitted, sending information about the button, including its name and category. The
function receiving this information then determines the next function call such as creat-
ing a new canvas, connecting to a host or modifying drawing settings.
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4.2 Sidebar

The sidebar where all the drawing functions are located, was created primarily using
Godot’s node system and the signal system to react on inputs, ensuring a structured and
modular approach. Inside the sidebar are various tools and settings, e.g., brush selection,
color customization and shading presets.

Every button of the different drawing tools consists of a button node and an image
node of the same size. The image node displays the corresponding drawing tool, while
the Button node detects an interaction. This allows flexibility in customizing the ap-
pearance and behavior of each drawing tool.

In addition to the buttons, the sidebar includes a number picker which allows to ad-
just the brush or eraser size, for precise or larger drawings. Every time a number is
entered or the up and down arrow is pressed a signal is sent, which changes the size of
the brush. Furthermore, the color picker is a node from the game engine itself providing
a full-color palette and when interacted the color is sent via a signal.

Moreover, the preset color shading brush consists of an arrow icon denoting the shading
direction and three ColorRect nodes, which display 3 individual colors. By interacting
with one of these color slots, a color can be set with the color picker to make a cus-
tom shading. The arrow icon above the color preset indicates the shading direction and
clicking on the preset shading icon switches between the color transitions.

4.3 Painting

The initial implementation of the drawing function was simple. In Godot, every time
the window is being re-rendered to show the changes made on the screen, the process
function is called. It acts as an initiator for code to run. Inside the process function
we check whether the mouse is pressed. If that is the case, we grab the position of the
mouse within the screen coordinate system. The rendered pixel data is stored in a 2D
list. Therefore, we use the gathered mouse x and y coordinates to access the correct
cell/pixel. The corresponding cell in the list is then updated with the selected color as
shown in Listing 1.
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Listing 1: Implementation of the paint method.
1 func _process(_delta ):
2 if paint:
3 var pos:Vector2=Vector2 (( get_global_mouse_position ()). floor ())
4 if insideCanvas(pos):
5 if lastPos !=pos:
6 positions[pos.x][pos.y] = color
7 queue_redraw ()

Unfortunately, this approach has a major flaw: When the user moves the mouse too
quickly across the canvas, the application can not get the mouse position of every pixel.
Therefore, not all the pixels along the path can be painted. This resulted in broken
or incomplete lines, making the painting experience inconsistent and unsatisfactory. In
order to resolve this problem, the Bresenham line algorithm is used for painting. This
algorithm only needs the start and end position of a straight line to calculate it. After
this change, the drawing felt consistent, because the algorithm ensures that all pixels
between two points are accurately painted, even when the mouse moves quickly.

4.4 Rendering

In the first implementation of the image rendering, the entire image was repainted when
one or more pixels are modified. The draw function can be executed with every frame
update, similar to the process function, but the draw function must be called manually
to run. A loop iterates over every position from the image, calling a function to draw a
rectangle for each pixel, which in terms renders the image on the screen.

This approach is straightforward, because the pixel positions in the list directly corre-
spond to their locations on the canvas. Therefore, it eliminates the need for calculations
regarding position translation. This method causes significant performance issues when
large images have to be rendered. Since the entire image is re-rendered every time, a
single pixel is added to the list, the concurrent redraw for every pixel creates performance
issues. This led to noticeable lag during painting, as the CPU became occupied by calling
the rectangle render function to transfer the data to the render pipeline.
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In order to solve this problem, an alternative approach was used, by sending the en-
tire image to the rendering pipeline rather than calling a function for every pixel. This
solution helped remove the workload from the CPU by removing unnecessary rectangle
draw calls altogether.

4.5 Networking

The network communication between the devices uses the ENet library. It is a networking
library inside Godot, which means that the networking is handled by the library and the
engine. The complete network implementation is very small and manual configuration is
not needed for reliable network communication.

In order to establish communication between two devices, both devices must have the
drawing application running. The application can either be run as a server or a client
instance. The server provides a connection and can only receive network data, while the
client connects to the server using the IP address of the server and can only send data.
Once the connection is established, both the client and server store the ID of the other
instance. However, the server ID is always 1 and the client ID is a random number. In
addition, the ID allows ENet to determine to which instance the data packets should be
sent.

Furthermore, functions are connected via listeners to detect when a connection is estab-
lished or lost. As soon as a connection is successfully made, the window title is updated,
renaming to either "Server" or "Client" based on the role of the instance. The name is an
indication that the connection is successful and working. However, when the connection
is lost, the server instance deletes the client’s ID and a new connection can be established.

In order to better understand how the ENet library works within Godot, consider the
server instance creation as shown in Listing 2. There you see that only a few lines of code
are required to create and configure the server instance. The process begins by setting
up the server and setting listeners to call the clientConnected and clientDisconnected
methods when a client connects or disconnects, respectively (lines 11 and 12). This host
create function can be called with a click on a button.

After the server instance is created, it is then passed to the ENet library to handle
the rest. The library handles tasks such as splitting and transferring data packets. All
of this is done with minimal programming from the developer.

10



Listing 2: Implementation of the server creation method.
1 var server = ENetMultiplayerPeer.new()
2 var serverCreated : bool
3 var clientID
4
5 func createHost ():
6 if !serverCreated:
7 var error = server.create_server (8910)
8 if error:
9 print("we␣have␣an␣error␣for␣server:␣" + error)

10 multiplayer.multiplayer_peer = server
11 multiplayer.peer_connected.connect(clientConnected)
12 multiplayer.peer_disconnected.connect(clientDisconnected)
13 serverCreated = true

Another example of how easy it is to utilize ENet within Godot can be observed in List-
ing 3. In the code snippet, one can see a function decorated with the @rpc keyword (in
line 1). Which stands for Remote Procedure Call and means the function is set up as
an endpoint on the server that can be called remotely from the client. In this case, the
function is tasked with starting the flood fill algorithm. The client instance sends two
arrays to the server. One contains the position, where the fill should begin and the other
contains the color to fill the space. By using @rpc and passing the modes any_peer,
call_remote and reliable the client can remotely trigger this server-side function and
transmit the required data.

Listing 3: Implementation of the data receiving method.
1 @rpc("any_peer", "call_remote", "reliable")
2 func receiveFloodFill(pos:Array ,color:Array ):
3 get_node("/root/Drawing"). color=Color(color.pop_front ())
4 get_node("/root/Drawing"). flood_fill(Vector2(pos[0],pos [1]))

In Listing 4, one can observe the client-side code, where the server instance ID and the
function name are passed alongside relevant data (position and color array). This com-
bination of the server’s instance ID, function name and data allows ENet to direct the
call to the correct function on the server. One important detail here is that the data can
be sent as a data structure such as color data. However, the Color structure in Godot
cannot be directly transmitted over the network. Instead, the color structure has to
be placed into an array. The RGBA values can be placed in a single slot in the array,
representing the color that will be applied.
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Listing 4: Implementation of the data sending method.
1 rpc_id(serverID ,"receiveFloodFill",position ,color)

4.6 Shading

The application has two variants of the shading feature: light/dark shading and color
preset shading. Both shading functions work similarly to the standard drawing tool but
modify the colors of the canvas in a specific way.

The first type is light and dark shading. The user can switch between these two modes
by clicking on the light/dark shading icon. When this tool is enabled and the user paints
over an already colored area, this tool takes the color of the already painted pixels, cal-
culates a lighter or darker version of the color and paints them. The initial press on
the shading icon and drawing makes the pixels lighter. When pressing again on the
light/dark hading icon (without switching to another function in between), the function
changes to the darker shading. This allows the creation of shade and depth without
manually selecting different lighter and darker versions of the same color.

The second type is the color preset shading, which allows for a cycle through three
predefined colors. These colors can be set by clicking on the three-color placeholders and
selecting a desired color from the color picker and the desired color will be set with the
ColorRect node. Once the colors are chosen, clicking on the shading icon enables the
tool. Unlike the light/dark shading mode, this function only affects pixels that match
the selected color, replacing them with the next color. With a click inside of the canvas,
a color will be selected and when it matches with one of the 3 preset colors, the next
color in line will be painted when dragging around.

The direction of the shading sequence can be changed by clicking on the preset shading
icon again, a signal is sent to the arrow image indicator which rotates it 180 degrees to
face either left or right. In case the arrow points to the right, the middle color is set for
drawing when the left color is detected. Similarly, when the middle color is detected, the
right color will be set for drawing. When the arrow points to the left, the matching of
the color is reversed, transitioning from the right color back to the middle and then to
the left color. However, if the color does not match with a color in the preset selection,
or if the match is the last color (left color when pointing left or right color when pointing
right), no changes will be made to the canvas.
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Furthermore, the size of the shading brush can also be adjusted by using the size picker,
allowing for more precise or larger lines. The preset colors can be changed at any time
by clicking on their placeholders and selecting a new color.

4.7 Hotkey and Navigation

The hotkey implementation of the application is designed to enhance the experience,
particularly for PC users. For devices with a touchscreen, most hotkeys are not neces-
sary, due to the touch functionality. However, some hotkeys are accessible exclusively
from the menu bar inside of the Controls tab. For both types of devices, the hotkeys are
actions for managing the drawing, including copying, pasting and cutting selected areas.
These hotkeys are only usable in combination with the selection tool. When copying or
cutting, the application uses the start and end position of the selected area and retrieves
all the pixels inside that selection. This data is stored temporarily in an image the size
of the selection, allowing it to be pasted at any new location within the canvas. The
pasted pixels will overwrite the existing pixels, effectively transferring the selected area
to a new position.

In addition to the basic editing hotkeys, canvas navigation is also available through
several hotkeys and gestures to improve the drawing experience and efficiency. MacOS
has the Magic Trackpad, which provides an intuitive way to zoom and pan the canvas,
mimicking the touch gestures found on mobile devices. When using the touchpad, zoom-
ing is achieved by pinching or spreading two fingers, while moving the canvas is done by
swiping with two fingers.

On the PC, navigation is handled with the keyboard and mouse wheel. Zooming is done
by pressing Shift and moving the mouse wheel, which makes the canvas larger or smaller
depending on the up or down movement of the mouse wheel. For vertical movement,
only the mouse wheel has to be used by scrolling up or down. Likewise, for horizontal
movement, holding Ctrl while moving the mouse wheel shifts the canvas left or right, de-
pending on whether you move the wheel up or down. These controls are designed to assist
with precise navigation and allow for quick focus changes on different parts of the canvas.

Applying transformations directly to the canvas, comes with a lot of problems, for in-
stance scaling up the canvas needs also an offset to the mouse to keep the drawing point
aligned with the mouse. Moreover, the further away the mouse was from the origin point

13



of the canvas, the larger would the offset get and vice versa with scaling the canvas down.
However, a much simpler solution for handling movement and scaling is to use the 2D
camera from Godot. The camera can be controlled with all the adjustments, zooming
in and out and moving left, right, up or down. This approach not only simplifies the
implementation but also makes the process more efficient. The camera ensures smooth
zooming and movements between different parts of the canvas and allows for a more
flexible zoom without the need to manually scale the drawing itself.

5 Usage

In order to enable seamless collaboration between devices, the program includes a net-
working feature that allows one instance to act as a server and another as a client. This
setup uses real-time communication over the network. Making it perfect to draw on a
tablet while having the artwork transferred instantly to a PC.

5.1 Establishing a network connection

Before drawing with the program, the instance running on the developing PC must first
create a server. This can be done by navigating to the Network tab in the top menu and
selecting “create Host” as seen in Figure 4. After the server instance is created, the second
instance of the program running on another device, e.g., a tablet can connect to the server
by navigating to the same Network tab in the top menu and clicking on “connect to Host”.

A pop-up window will appear, allowing the user to enter the server’s IP address, which
is displayed in the Network tab of the server instance. After entering the IP address and
clicking "Confirm", the client and server will connect. Additionally, the two programs
display the connection by stating either “Client” or “Server” as the window name.

14



Figure 4: Network tab.

5.2 Creating and loading an image

Once the network connection between the server and client has been successfully estab-
lished, the client can either create a new image or open an existing image. These options
are accessible via the File tab in the top menu seen in Figure 5.

Figure 5: File tab.

In the file menu, when pressing “create File” a new sprite can be created. This opens
a pop-up window where the desired width and height of the sprite can be entered, seen
in Figure 6. For demonstration and testing propose, a button labeled "400 button" is
available, which automatically creates a blank canvas and sets the size to 400×400 pixels.
When the dimensions are entered and clicked on “create”, the program generates also a
blank canvas with the specified dimensions.
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Figure 6: File creation.

On the other hand, by clicking “load file” in Figure 5, the file manager of the oper-
ating system opens. This allows to browse the file structure of the device and select
an image to be loaded into the program. However, the image-loading functionality is
currently only available on the client device, meaning that the server device can not send
an image to the client.

5.3 Pencil brush

The pencil brush is the primary drawing function of the program, allowing drawing
pixels on the canvas, by only clicking or clicking and moving around, seen in Figure 7
and Figure 8. This function is enabled by clicking on the pencil icon button in the
toolbar.

Figure 7: Empty drawing canvas. Figure 8: Pencil drawing.
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The color that the pencil brush draws can be selected using a color palette, as seen in
Figure 9. By clicking on any given point inside of the color palette the color will be
selected and the pencil will draw the chosen color.

Figure 9: Color palette.

In order to draw thick and thin strokes, the sidebar also provides an input field. A
number can be typed into the input field or the number can be increased or decreased
by clicking on the arrows. The number in the input field represents the thickness of the
drawing tools for the eraser, the pencil and the shading brush. For instance in Figure 10
a brush size of 7 is selected, which means the pencil will draw 7x7 large squares. This
allows to easily create brushes for fine details and broader strokes, depending on the
needs.

Figure 10: Bursh size selector.

5.4 Eraser brush

The eraser brush removes pixels from the canvas, providing a way to correct mistakes or
refine artwork. It functions similarly to the pencil brush but instead clears pixels rather
than applying color. The eraser brush is selected by pressing on the icon in the sidebar.

In addition, the size of the eraser can be changed using the size picker, which deter-
mines the erase radius. This allows for both precise erasing of single pixels and removal
of larger areas as needed.
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5.5 Bucket fill

The bucket fill is a convenient drawing function that allows to fill enclosed areas with a
selected color quickly. The algorithm behind the bucket filling is the flood fill algorithm,
which ensures that all pixels within a boundary are colored entirely.

The bucket is selected by pressing on the icon in the sidebar. After that the bucket
can be used anywhere inside the canvas, by doing so the algorithm spreads outward,
coloring all adjacent pixels until it reaches a border or an area of a different color. An
example can be seen in Figure 11 and Figure 12 by clicking inside the larger part of
the circle. The color with which the area will be painted can be selected with the color
palette. This makes filling large areas on the canvas very efficient without manually
painting each pixel.

Figure 11: Before the bucket fill. Figure 12: After the bucket fill.

5.6 Color Picker

The color picker tool provides a convenient way to select and reuse colors already drawn
on the canvas. It is enabled by clicking on the color picker icon in the sidebar. Once
enabled, a simple click on any pixel within the canvas retrieves the color. The selected
color is then automatically set in the color palette, ensuring that it can be used immedi-
ately. An example can be seen in Figure 13 when clicking on the blue color. This helps
for a smooth switch between colors without manually adjusting it in the palette. After
selecting a color, the pencil tool can be used to apply it back onto the canvas, making
the process of detailing or correcting artwork more efficient.
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Figure 13: Color picking.

5.7 Selection Tool

The selection tool provides the ability to select areas inside the canvas. These selected
areas can then be copied, pasted and deleted. This function is helpful for repositioning
and duplicating parts of drawings.

The selection tool is enabled by clicking on its icon in the sidebar. Once activated,
the tool can be used by holding down the mouse button while dragging across the can-
vas. As soon as the mouse button is released, a black outline appears and highlights the
selected area. The selected area can then be modified in combination using either the
hotkeys or the menu buttons.

These hotkeys are available for modifying the selected area:

• CTRL + C copies all pixels within the selection. This allows to paste the selection
elsewhere on the canvas leaving the original unchanged.

• CTRL + V pastes all copied pixels at the current mouse position. This allows for
duplication or pasting the selection inside of the canvas.

• CTRL + X is a cut command, which copies the selected area while also removing
is from the canvas, leaving an empty space.

In addition to these hotkeys, which can only be used with a keyboard, the copy, paste,
and cut functions can also be used through the buttons in the Controls tab, located in
the top menu, as seen in Figure 14. This provides a way to use the selection tool when
there is no keyboard available or only a touchscreen.
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Figure 14: Control tab.

5.8 Shading Brush

The shading tool allows users to change the brightness of already painted pixels, making
them lighter or darker to create shading effects. This function can give the sprite depth
and detail without the need to select different colors from the palette. The shading brush
can be selected by pressing the shading icon in the sidebar. When the shading brush is
selected, drawing over pixels gradually increases their brightness, seen in Figure 16. By
clicking on the icon again, the shading brush changes its property to darken the pixels,
seen in Figure 17.

Figure 15: Unshaded image.
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Figure 16: Light shaded. Figure 17: Dark shaded.

5.9 Preset Color Shading Brush

The preset color shading brush allows for shading with a predefined sequence of colors.
This function can be activated by clicking on the preset shading icon, enabling an auto-
matic color transition effect when painting over existing pixels.

In order to provide customization, the tool includes only three color placeholders. The
color can be changed by clicking on one of them to select it, as seen in Figure 18. When
a placeholder is selected, a color can be chosen from the color palette. This allows a
transition between three chosen colors, making it a good tool for shading, color blending,
or applying structured color gradients without the need for manual color selection.

Figure 18: Preset color selector.

By default, the brush operates in the right direction of the color preset, e.g., left →
middle → right color. When the left color is detected during drawing, the middle color
is applied. Similarly, the right color is applied when the middle color is detected, as
depicted in Figure 20. This rotation can be reversed by clicking on the icon again. The
arrow over the color palette will change the direction from right to left, which indicates
the color transition is reversed, meaning painting over the right color, the middle color
is painted and the left when the middle is detected, an example can be seen seen in
Figure 21.
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Figure 19: Unshaded Image.

Figure 20: When applied right shading. Figure 21: When applied left shading.

6 Limitations and Future Work

While the features that were agreed upon for this work were implemented, there are
still certain limitations and potential for future improvements. These limitations are
discussed in Section 6.1 and the future work is outlined in Section 6.2.

6.1 Limitations

One of the primary limitations encountered during development was the difficulty in
implementing a wand selection tool. The intended feature would allow the selection of
shapes other than a simple rectangle. This functionality could be easily implemented
with a multilayer system, which would allow for the selection to be made on a different
layer directly mimicking the selection of the drawing. Without multilayer support, the
implementation would require an efficient shape storage system, to accurately determine
and track the boundaries of the complex selections. Without the multilayer component,
the wand selection tool remains impractical in its current form and would require further
development to function effectively.
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6.2 Future work

The first improvement to the drawing application is adding better color management,
which includes adding alpha transparency, allowing for semi-transparent pixels within
sprites. Additionally, implementing a better color palette with RGB or hex code input
fields would make color selection easier and more precise.

The second addition is the implementation of multiple drawing layers, which would allow
users to work on separate layers and merge or split them as needed. This feature can
improve and add flexibility when creating complex sprites or environments. Furthermore,
the multiple layers can add parallax scrolling, a technique widely used in 2D games to
create depth and motion effects for 2D backgrounds.

Another enhancement would be to build on the first two improvements by adding more
shading features, providing greater control over drawing gradients and allowing the user
to highlight objects and shadows. At this point, shading is limited to simple lightening
and darkening shading and the preset color shading. With the help of multiple layers
and alpha channel colors, more complex shading methods could be added as well.

A major addition would be the ability to animate sprites and provide a preview window
of a selected animation. Additional features such as adjustable frame rates, animation
length settings and onion skinning, would make animation creation much easier. Onion
skinning allows to see faint outlines of the previous animation frames.

Up until now, the only selection function is the rectangle selection, which only allows to
copy, paste and cut. A great addition to this functionality would be the ability to drag
and repositioning of selected areas around.

Lastly, another good feature for future updates would be tilemap support coupled with
direct import support for Godot. This would enable users to create large modular maps
for game development and could be especially useful for designing levels in a structured
and efficient manner. Furthermore, the sprite and animation creation could also benefit
from the direct import feature for the Godot engine.
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7 Conclusions

In conclusion, the presented pixel art drawing application was developed with a focus on
networking functionality to help solo developers use almost any touch device for sprite
creation efficiently. The Godot engine and its built-in ENet library allow for a smooth
transfer between two devices. Additionally, simplicity was chosen for this project, which
includes the use of a 2D camera for canvas navigation and a fast rendering method to
reduce CPU usage. Despite being in its early stage and offering only a few drawing
functions, the application already serves as a reliable drawing tool that helps save time
and reduce frustration. Furthermore, the instant transfer of drawings to the PC enhances
the overall experience, making the process more seamless and satisfying. Lastly, the
project demonstrates how Godot can also be used for applications and not only for game
development.
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