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Foreword

In December 2014, Godot Engine 1.0 was released. With this first |
packed, free, and open source project delivered on its promise of
use, and powerful game creation tool.

| fell in love with Godot's high-level features and its permissive lic
in, with no prior game development experience. | felt a bit lost whe
editor. | moved on to the online documentation and started reading

by-step introduction. It covered basic concepts, such as scenes an
programming language, and it showed how to create a Pong clone,
it, at that time. There were some more tutorials on advanced featu

between them and the first guide. As a complete beginner, | was st
guestion: how do | make my first game? Yet, | kept exploring, and
Godot community, | could eventually build a simple 2D game with a

What a feeling to see your first game on the screen!

Fast-forward to 3 years from then, Godot has grown a lot as a proj
engine. Godot 3.0 was released in January 2018 after 18 months of
free, community-driven project to the level of its proprietary count
game development. The beginner game developer that | was becam
helping to organize and focus the work of hundreds of contributors
engine. Working together with people from all around the world img
project: engine features, usability, localization, and, of course, do
Thanks to many dedicated contributors, Godot's documentation bec
accessible technical resources that | have seen in free and open s
great part thanks to Chris Bradfield, the author of this book, who s
writing new material and reviewing contributions to ensure their ac
writing.

With this book, Chris goes one step further and provides a thoroug
guestion (how do | make my first game?), shared by many Godot be
goes beyond that, as Godot Engine Game Development Projects wil
creation of five full-featficed ipga2i®sand one in 3D. Each game introc
features and concepts of Godot so that you can learn how and whe
own creations. Advanced users with experience in other game deve
Godot itself) will learn how to use Godot's unique architecture and
more maintainable code through Chris' showcase of best practices.



From setting up Godot for the first time on your computer to publis
to a wide range of platforms, Chris runs you through all the steps |
way. After the first lesson, you should already be able to see how
accessible game development can be with a tool such as Godot, ev
experience in game creation. You will also feel a great sense of ac
own creation playing on your computer or smartphone, with the pow
gameplay elements with just a few lines of code.

| wish you a lot of fun on your game development journey, and a w.
Godot community.

FEmi Verschelde

Godot EngiReoject Manager
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Preface

This book is an introduction to the Godot game engine and its new
has a large number of new features and capabilities that make it a
more expensive commercial game engines. For beginners, it offers
game development techniques. For more experienced developers, G
customizable tool for bringing visions to life.

This book will have a project-based approach. It consists of five pi
developers achieve a sound understanding of how to use the Godot

Who this book is for

This book is for anyone who wants to learn how to make games usi
engine. New users and experienced developers alike will find it a F
programming experience is recommended.

What this book covers

This book is a project-based introduction to using the Godot game
game projects builds on the concepts learned in the previous proje

Chapterl1 ,Introducgtiaobroduces the concept of game engines in general
specifically, including how to download Godot and install it on you

Chapter2 ,Coin Dadkals with a small game that demonstrates how to ¢
work with Godot's node architecture.

Chapter3 ,Escape the évhdaels a project based on a top-down maze gam
show how to use Godot's powerful inheritance features and nodes f
animation.

Chapter4 ,Space Rdaoskmonstrates working with physics Astkieside creat
style space game.

Chapter5 ,Jungle Jumpolves a side-scrolling platform @ameriMahieospir
Brothefteu'll learn about kinematic bodies, animation states, and pa
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Chapter6 ,3D Minigel¥tends the previous concepts into three dimensio
with meshes, lighting, and camera control.

Chapter7 ,Additional Topvess even more topics to explore once you've
material in the previous chapters.

To get the most out of this book

To best understand the example code in this book, you should have
programming, preferably with a modern, dynamically-typed languag
JavaScript. If you're new to programming entirely, you may wish to
Python tutorial before diving into the game projects in this book.

Godot will run on any relatively modern PC running Windows, macQO
systems. Your video card must support OpenGL ES 3.0.

Download the example code files

You can download the example code files for this book from your a
www.packtpub.com . If you purchased this book elsewhere, you can visit
www.packtpub.com/support and register to have the files emailed directly tc

You can download the code files by following these steps:

1.Log in or re gwswedckgptb.com
2.SelectSW®PPORTED.

3.Click @wmde Downloads & Errata
4

.Enter the name of the Qearichimxthed follow the onscreen
instructions.

Once the file is downloaded, please make sure that you unzip or e
latest version of:

e WinRAR/7-Zip for Windows
e Zipeg/iZip/UnRarX for Mac
e 7-Zip/PeazZip for Linux

The code bundle for the book is alsohhmsteditham Git/Hub at
PacktPublishing/ Godot- Game-Engine- Projects/ issues . In case there's an update to
code, it will be updated on the existing GitHub repository.

[ 2]
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We also have other code bundles from our rich catalog of books an
ahttps:/  / github. com/ PacktPublishing/ . Check them out!

Download the color images

We also provide a PDF file that has color images of the screenshot
book. You can downldam:/it/mewgackipub. com/sites/ default/ files/
downloads/ GodotEngineGameDevelopmentProjects_ Colorimages. pdf .

Conventions used

There are a number of text conventions used throughout this book.

CodelnText : Indicates code words in text, database table names, fold:
file extensions, pathnames, dummy URLs, user input, and Twitter h
example: "Mount the dwebSlowre-d@&Edmg disk image file as another disk
your system."

A block of code is set as follows:
extends Area2D
export (int) var speed

var velocity = Vector2()
var screensize = Vector2(480, 720)

Any command-line input or output is written as follows:

adb install dodge.apk

BoldIndicates a new term, an important word, or words that you se
example, words in menus or dialog boxes appear in the text like th
"The main portion of the editoWviwwpg®it is the

Warnings or important notes appear like this.

Tips and tricks appear like this.



https://github.com/PacktPublishing/
https://github.com/PacktPublishing/
https://github.com/PacktPublishing/
https://github.com/PacktPublishing/
https://github.com/PacktPublishing/
https://github.com/PacktPublishing/
https://github.com/PacktPublishing/
https://github.com/PacktPublishing/
https://github.com/PacktPublishing/
https://github.com/PacktPublishing/
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf
https://www.packtpub.com/sites/default/files/downloads/GodotEngineGameDevelopmentProjects_ColorImages.pdf

Preface

Get Iin touch

Feedback from our readers is always welcome.

General feedtEm keedback@packtpub.com and mention the book title in the
subject of your message. If you have questions about any aspect o
us guestions@packtpub.com

ErrataAlthough we have taken every care to ensure the accuracy of
do happen. If you have found a mistake in this book, we would be ¢
report this to us. Rwamkpubi®isubmit-errata , selecting your book,

clicking on the Errata Submission Form link, and entering the detal

Piracyf you come across any illegal copies of our works in any fort
would be grateful if you would provide us with the location address
Please contammpytght@packtpub.com with a link to the material.

If you are interested in becomifigheareaushartopic that you have exp¢
and you are interested in either writing or contributing to a book, j
authors.packtpub.com

Reviews

Please leave a review. Once you have read and used this book, wh
the site that you purchased it from? Potential readers can then see
opinion to make purchase decisions, we at Packt can understand w
products, and our authors can see your feedback on their book. Th

For more information about P apadkipubpb@ase visit
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Introductic

Whether it's your desired career or a recreational hobby, game dev
rewarding endeavor. There never been a better time to get started
Modern programming languages and tools have made it easier than
guality games and distribute them to the world. If you're reading tt
your feet on the path to making the game of your dreams.

This book is an introduction to the Godot game engine and its new
released in early 2018. Godot 3.0 has a large number of new featu
make it a strong alternative to expensive commercial game engines
a friendly way to learn fundamental game development techniques.
developers, Godot is a powerful, opettwnizfoblériagdng your visions
life.

This book takes a project-based approach that will introduce you t
engine. It consists of five games that are designed to help you ach
understanding of game development concepts and how they're appl
the way, you will learn how Godot works and absorb important tech
apply to your projects.

General advice

This section contains some general advice to readers, based on th
teacher and lecturer. Keep these tips in mind as you work through
you're very new to programming.

Try to follow the projects in the book in order. Later chapters may
introduced in earlier chapters, where they are explained in more dé¢
encounter something that you don't remember, go back and review
chapter. No one is timing you, and there's no prize for finishing th
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There is a lot of material to absorb here. Don't feel discouraged if
The goal is not to become an expert in game tleattsopnsé mtoovernigh
possible. Repetition is the key to learning complex topics; the mor
features, the more famshiagyawdll start to seem. TrycChapek2ng back at
Coin Dawtlhen you ¢Ehapieiln ,Additional .T¥pic'sl be surprised at how mu
more you'll understand compared to the first time you read it.

If you're using the PDF version of this book, resist the temptation
code. Typing the code yourself will engage more of your brain. It's
notes during a lecture helps you learn better than just listening, e
notes. If you're a slow typist, it will also help you work on your tyy
you're a programmer, so get used to typing code!

One of the biggest mistakes that new game developers make is tak
than they can handle. It is very important to keep the scope of you
possible when starting out. You will be much more successful (and
two or three small games than if you have a large, incomplete proj
beyond your ability to manage.

You'll notice that the five games in this book follow this strategy v
small in scope, both for peratdi€idl reesssaresbly into book-Buzed lessor
also to remain focused on teaching you the basics. As you build th
yourself thinking of additional features and gameWllagt afetrthents rigl
spaceship had Wphgrtadfest?e character could do wall jumps?

Ideas are great, but if you haven't finished the basic project yet, w
them for later. Don't let yourself becsideitddteekre d ntoyt heemre Developers
call thesture ,casma@pit's a trap that has led to many an unfinished ga
victim to it.

Finally, don't forget to take a break now and again. You shouldn't
the whole book in just a few sittings. After each new concept, and
chapter, give yourself time to absorb the new information before yc
You'll find that you not only retain more information, but you'll pro
more.
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What is a game engine?

Game development is complex and involves a wide variety of knowl
order to build a modern game, you need a great deal of underlying
can make the actual game itself. Imagine that you had to build you
write your own operating system before you could even start progr:
development would be a lot like that if you truly had to start from ¢
buildverythyog needed.

In addition, there are a number of common needs that every game |
matter what the game is, it's going to need to draw things on the s
that has already been written, it makes more sense to reuse it thar
for every game. That's where game frameworks and engines come i

Agame framewsr& set of libraries with helper code that assists in b
foundational parts of a game. It doesn't necessarily provide all the
have to write a great deal of code to tie everything together. Beca
game with a game framework can take more time than one built witl

Agame engi®e collection of tools and technologies designed to ea:
game-making by removingreheveat¢dheforhea&¢h new game project. It
provides a framework of commonly needed functionality that often |
investment in time to develop.

Here is a list of some of the main features a game engine will prov

e Rendering (2D anRe3ldering is the process of displaying yout
player's screen. A good rendering pipeline must take into ac
support, high-resolution displays, and effects like lighting, |
viewports, while maintaining a very high frame rate.

e Physic® hile a very common requirement, building a robust a
physics engine is a monumental task. Most games require sc
detection and response system, and many need physics simu
developers want to take on the task of writing one, especial
tried to do so.

e Platform supportoday's market, most developers want to be
their games on multiple platforms, such as consoles, mobile
A game engine provides a unified exporting process to publi
platforms without needing to rewrite game code or support m
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e Common development enviBgnusem$ the same unified interfac
make multiple games, you don't have to re learn a new work
start a new project.

In addition, there will be tools to assist with features such as netw
of working with images and sound, animations, debugging, level cri
more. Often, game engines will include the ability to import conten
as those used to create animations or 3D models.

Using a game engine allows the developer to focus on building the
creating all of the underlying framework needed to make it work. F
developers, this can mean the difference between releasing a game
development instead of three, or even never at all.

There are dozens of popular game engines on the market today, su
Engine, and GameMaker Studio, just to name a few. An important f
the majority of popular game engines are commercial products. The
require any financial investment to get started, but they will requir
and/or royalty payments if your game makes money. Whatever engi
need to carefully read the user agreement and make sure you unde
are not allowed to with the engine, and what hidden costs, if any,
for.

On the other hand, there are some engines whicb paere a@urwweEmmerc
as the Godot game engine, which is what this book is all about.

What is Godot?

Godot is a fully featured modern game engine, providing all of the
previous section and more. It is also completely free and open sou
very permissive MIT license. This means there are no fees, no hidc
to pay on your game's revenue. Everything you make with Godot 10
which is not the case with many commercial game engines that req
contractual relationship. For many developers, this is very appeali

If you're not familiar with the concept of open source, community-o
may seem strange to you. However, much like the Linux kernel, Fir
other very well-known pieces of software, Godot is not developed ¢t
commercial product. Instead, a dedicated community of passionate
time and expertise to building the engine, testing and fixing bugs,
documentation, and more.

[ 8]
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As a game developer, the benefits of using Godot are vast. Becaus
commercial licensing, you have complete control over exactly how
distributed. Many commercial game engines restrict the types of pr
require a much more expensive license to build games in certain c:
gambling.

Godot's open source nature also means there is a level of transpar
with commercial game engines. For example, if you find that a part
doesn't quite meet your needs, you are free to modify the engine it
features you need, no permission required. This can also be very h
large project, because you have full access to the engine's interna

It also means that you can directly contribuClapteo7 G oAddbdisidoaldre. Se
TopicBor more information about how you can get involved with Good

Downloading Godot

You can download the latest version luthsG o/dodotdnyinas i sartyi n gan d
clickiDbpwnload his book is written for version 3.0. If the version yo
another number at the end (like 3h0s3justhmtéanfsntthat it includes up
to version 3.0 that fix bugs or other issues.

A version 3.1 release is currently in development and may
released by the time you read this book. This version may
include changes that are incompatible with the code in thi
the GitHub repository for this book for imftpsimation and er
github. com/ PacktPublishing/ Godot- Game-Engine- Projects

On the download page, there are a few options that bear explaining
bit: this option depends on your operating system and your comput
not sure, you should choose the 64-bit verdiono Weuswails ailss@a see a
version specially built to be used with the C# programming languag
one unless you plan to use C# with Godot. At the time of writing, C
experimental, and is not recommended for beginners.

Double-click on the file you downloaded to unzip it, and you'll havi
Optionally, you can dr&ggranto papplfications folder, if you have one.
Double-click the application to launch it BnajegotuMlasegreGowot's
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Alternate installation methods

There are a few other ways to get Godot on your computer besides
Godot website. Note that there is no difference in functionality whe
following are merely alternatives for downloading the application:

e Steamlf you have an account on Steam, you can install Godo
desktop application. Search for Godot in the Steam store an
instructions to install it. You can launch Godot from the Ste

will even tracglgptume

e Package Manaldeysu're using one of the following operating
package managers, you can install Godot via its normal inst
documentation for your package manager for details. Godot
package managers:

e Homebrew (macOS)
e Scoop (Windows)
e Snap (Linux)

Overview of the Godot UI

Like most game engines, Godot has a unified development environr
you use the same interface to work on all ofetlce despeistsads, yowdig g
and so on. This section is an introduction to the interface and its
terminology used here; it will be used throughout this book when re
take in the editor window.

Project Manager

Thdroject Manisgéelme first window you'll see when you open Godot:

[ 10
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Godot Engine - Project Manager - © 2007-2018 Juan Linietsky, Ariel Manzur & Godot Contributors

Godot Engine - Project Manager V. ble.official

Project List @ env

Run
5can

New Project

Import

In this window, you can see a list of your existing Godot projects.
existing project Rudtolixllay the gamé&dittelickrk on it in the Godot
Editor (refer to the following screenshot). You can also Neaate a ne
Project

Create New Project
Praject Name:
New Game Project Create folder

Project Path:

Here, you can give the project a name and create a folder to store
a name that describes the project. Also keep in mind that different
handle capitalization and spaces in filenames differently. It's a go
lowercase and use undensteaalspf spaces for maximum compatibility

[ 11
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Note the warningemesGag®t, each project is stored as a separate f
computer. All the files that the project uses are in this folder. Notl
folder will be accessible in the game, so you need to put any imag
other data into the project folder. This makes it convenient to shar
only need to zip the project folder and you can be confident that a
able to open it and not be missing any necessary data.

Choosing filenames

When you're naming your new project, there are a few simple rules
follow that may save you some trouble in the future. Give your proj
describes whaWirasd BattleisAmemaich better proje Gtameem#dthhae
future, you'll never be able to remember which game #2 was, so be
possible.

You should also think about how you name your project folder and
operating systemseasenantdveistinguish Niye Ganeeeanndy game, while
others do not. This can lead to problems if you move your project f
another. For this reason, many programmers develop a standardize
their projects, forNexamgpdes in filenames, use 'Réglaetvesn ofowtiat
naming scheme you adopt, the most important thing is to be consis

Once you've created the proGeettf® & ebditttoen will open the new proje
in theeditowindow.

Try it now: create a ptestjprojectalled

If you're using a version of the Windows operating system
a console window open when you run Godot. In this windo
warnings and errors produced by the engine and/or your p
window doesn't appear under macOS or Linux, but you car
console output if you launch the application from the com
a Terminal program.

Editor window

The following is a screenshot of the main Godot editor window. Thi
spend most of your time when building projects in Godot. The edito
into several sections, each offering different functionality. The spe
section is described as follows:

[ 12
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RID F ooyt Aot Playtest buttons | »
Workspaces =2 | scme

mo

(]
]

Godot Editor Window

The main portion of the editoNWineiwmdawTl histhe where you'll see parts
your game as you're working on them.

In the upper-left corner is the Main menus, where you can save ani
settings, and get help.

In the center at the top is a list of the Workspaces you can switch
different parts of your game. You cab andibcholletwaesSweipt

mode, where you can edit your glasse'td ibodepldte where you can
download add-ons and examplaapsdjediddiSimemal Tbpriasore
information on udisiIgetbheRefer to the following screenshot:

Y30 N Script ol Assetlib
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The following screenshot shows the Workspaces buttons on the too
toolbar will change based on what kind of object you are editing. S
the Bottom panel, which will open various smaller windows for acce
information such as debugging, audio settings, and more:

& View

The buttons in the upper-right Playtest area are for launching the |
with it when it's running:

Finally, on the left and right siges ane the Dockiew and select gam
and set their properties. The left-hakdl@®gkteamtains the

bullet enemy

[ 14
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All of the files inside the project folder are shown here, and you c:
them and see what they contain. All resources in your project will

taes:// , which is the project's root folder. For example, a file path
res://player/Player.tscn

In the right-hand dock, you can seSceeabathaWws.tfibecurrent scene
are working on in the ViewWwypsqrdctloarbttheelow it, you can see and adju!
properties of any object you select. Refer to the following screens|

& Player

| Anim:
[ cCollisionshape2D

Inspector

E

I} Player Q

@ Script Variables
Speed
0 Area2D

Space Override Disabled «
Gravity Peint 0O On

Gravity Distanc 0




Introduction Chapter 1

Selectindmpertab and clicking on Rifelgyistéane lets you adjust how
Godot imports resources like textures, meshes, and sounds, as sho
screenshot:

Import

middle.png

Import As:

Mirrored ~
O on
on
0O On
Detect

As you work through the game projects in this book, you'll learn ab
these items and become familiar with navigating the editor interfac
few other concepts you need to know about before getting started.

About nodes and scenes

Nodesare the basic building blocks for creating games in Godot. A r
can represent a variety of specialized game functions. A given type
graphics, play an animation, or represent a 3D model of an object.
collection of properties, allowing you to customize its behavior. W
your project depends on what functionality you need. It's a modula
give you flexibility in building your game objects.

[ 16
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In your project, the nodes you add areetrgizniuzed limt® txee, nodes a
added @asildrenh other nodes. A particular node can have any number
only oparemibde. When a group of nodes are collectedscretpea tree, i
and the tree is referrecdenhe aseehe

Node

o

Node Node

AN

Node Node Node

Tree

Scenes in Godot are typically used to create and organize the vari
project. You might have a player scene that contains all the nodes
player's character work. Then, you might create another scene thaft
the obstacles and items that the player must navigate through. You
various scenes into the finabtgamew@schgyou'll learn about later.

While nodes come with a variety of properties and functions, any n
capabilities can also be extendsarilpiy &htea aloichegy. T his allows you to !
code that makes the node do more than it can in its default state.

a Sprite node to your scene to display an image, but if you want th
disappear when clicked, you'll need to add a script to create that &

Scripting in Godot

At the time of writing, Godot provides three official languages for
GDScript, VisualScript, and C#. GDScript is the dedicated built-in
tightest integration with the engine, and is the most straightforwar
still very new anesnrigpege, and should be avoided until you have a
understanding of Godot's workings. For most projects, C# is best r
portions of the game where there is a specific performance need; n
not need this level of additional performance. For those that do, G
to use a combination of GDScript and C# where you need them.

[ 17
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In addition to the three supported scripting languages, Godot itsel
you can get even more performance and control by extending the e
directly Cctamee7 ,Additional Tbprideaformation on using other language
extending the engine.

All of the games in this book use GDScript. For the majority of pro
choice of language. It is very tightly inAgpgrlacatdiontRrégdeaomming
Interfa@d), and is designed for rapid development.

About GDScript

GDScript's syntax is very closely modeled on the Python language.
Python already, you will find GDScript very familiar. If you are con
dynamic language, such as JavaScript, you should find it relatively
very often recommended as a good beginner language, and GDScrij
friendliness.

This book assumes you bham@ratgteashing experience already. If you
coded before, you may find it a little more difficult. Learning a gan
on its own; learning to code at the same time means you've taken
you find yourself struggling with the code in this book, you may fin
an introductory Python lesson will help you grasp the basics.

Like Python, GDSdyipamscallylaynmadaige, meaning you do not need to
a variable's type when creatimghite spEthdte nsetson) to denote code b
Overall, the result of using GDScript for your game's logic is that
means faster development and fewer mistakes to fix.

To give you an idea of what GDScript looks like, here is a small sc
move from left to right across the screen at a given speed:

extends Sprite
var speed = 200

func _ready():
position = Vector2(100, 100)

func _process(delta):
position.x += speed * delta
if position.x > 500:
position.x =0

[ 18]
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Don't worry if this doesn't make sense to you yet. In the following
writing lots of code, which will be accompanied by explanations of

Summary

In this chapter, you were introduced to the concept of a game engi
Godot in particular. Most importantly, you downloaded Godot and I

You learned some important vocabulary that will be used throughou
referring to various parts of the Godot editor window. You also lea
of nodes and scenes, which are the fundamental building blocks of

You also received some advice on how to approach the projects in
development in general. If you ever find yourself getting frustrated
through this book, go back Grdhdeeak adetiitéon. There's a lot to learn
it's okay if it doesn't all make sense the first time. You'll make fiv
course of this book, and each one will help you understand things

You're ready to mohagtern t@oin Dawlhere you'll start building your fi
game in Godot.

[ 19
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This first project will guide you through making your first Godot En
learn how the Godot editor works, how to structure a project, and |
game.

Why 2D? In a nutshell, 3D games are much more complex
while many of the underlying game engine features you'll
are the same. You should stick to 2D until you have a goo
of Godot's game development process. At that point, the j
be much easier. You'll get an introduction to 3D in this bc
final project.

Importandon't skip this chapter, even if you aren't a complete newc
development. While you may already understand many of the under
project will introduce a number of fundamental Godot features and
you'll need to know going forward. You'll build on these concepts &
complex projects.
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The game in this chapCexririsDasMedr character must move around thi
collecting as many coins as possible while racing against the clock
the game will look like this:

Project setup

Launch Godot and create a new project, @radte Rgderure btottose tiche
ensure that this project's files will be kept separate from other pro
Zip file of the art and sounds (colbaescttf®lytheogenmiasdve rie,

github. com/ PacktPublishing/ Godot- Game-Engine- Projects/  releases

Unzip this file in your new project folder.

In this project, you will make three Plageap aoidena b nebich will

all be combined intoMdire gaemee's In a larger project, it might be use
separate folders to hold each scene's assets and scripts, but for tt
you can save your scenes and scripts in the root fre¢der,¢(which is r
is shortréeoudceAll resources in your project will berésfated relativ
folder. You can see your projddtefdysedmmdk itthedhe upper-left corner:

[ 21
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Be assets
- aul |j||::]

For example, the images for the coinrestasdets/ban/located in

This game will use portrait mode, so you need to adjust the size of
on thRerojeaotenu and $Pealeetct Settamsgshown in the following screensh

Editor Help

Look forDOhspldyindovwection andictdtd80 anteightd@20. Also in this
section, s8trehtdhodet@D and tAspedteep . This will ensure that if the
resizes the game window, everything will scale appropriately and n
deformed. If you like, you can also Rrecheakltehereoenfothe window

from being resized entirely.

[ 22
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Vectors and 2D coordinate systems

Note: This section is a very brief overview of 2D coordinate systen
very deeply into vector math. It is intended as a high-level overvie
apply to game development in Godot. Vector math is an essential ti
development, so if you need a broader understanding of the topic,
Linear Algebrantp®/ri é®wfkhanacademy. org/ math/ linear- algebra ).

When working in 2D, you'll be using Cartesian coordinates to ident
particular position in 2D space is written as(d®8)pairepfresmduneingsuch
the position aloaggleaes, respectively. Any position in the 2D plan
described in this way.

In 2D space, Godot follows the common computer graphkiasipractice
to the right, gmadishdown:

X
(9,9’) >

(4,3)

Yy

If you're new to computer graphics or game development,
odd that the positive y axis points downwards instead of
likely learned in math class. However, this orientation is

computer graphics applications.

[ 23]
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Vectors

You can also think of @h® poasstafirisértom (0 6) point,ooirg.in
Imagine an arrow pointing from the origin to the point:

X
(0,0) |

This arroweéstakt represents a great deal of useful information incl
locatiga, 3)ts lenmgtand its angle rami@&hAltogether, thasiison
vectoin other words, it describes a position in space. Vectors can
movement, acceleration, or any other>aadyaty mipatnbas. an

In Godot, vesetwrs (for 2D/estor3 for 3D) are widely used, and you'll
in the course of building the projects in this book.

Pixel rendering

Vector coordinates infléatiofg gremlbers,imbgdg.effshis me¥daetora

could have a fractional (B3uUe) suctsimxre objects can't be drawn at |
pixels, this can cause visual problems for pixel art games where y«
the pixels of the textures are drawn.

[ 24
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To address thiBrogpleProject Setaimd findRtrederiQgalityection in
the sidebar andJeseahileel Saapshown in the following screenshot:

Project Settings (

rendering/  Property. Use Pixel ypEe: v Add  Override For.,

' Application Intended Usage

Config Frame ode

Run Framebuffer All

B
Rendering

Quality

Threads

Limits

Vram Con

Environment

Quadrant 0 Subdiv 1 Shadow

drant 1

If you're using 2D pixel art in your game, it's a good idea to alway
you start your project. This setting has no effect in 3D games.

[ 25
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PartelPlayer scene

The first scene you'll malkdagedinestth®@ne of the benefits of creatin
separate player scene is that you can test it independently, even b
other parts of the game. This separation of game objects will becol
helpful as your projects grow in size and complexity. Keeping indiv
separate from each other makes them easier to troubleshoot, modif
entirely without affecting other parts of the game. It aispomakes yo
can drop the player scene into an entirely different game and it wil

The player scene will display your character and its animations, re
moving the character accordingly, and detect collisions with other

Creating the scene

Start by clicking the Add/Create a New Node AreaPDo.n Tdrneth sellécking
on its name and chPapae.iCtlicSlcengSave Sceémesave the scene. This ic
scenebobr top-level node. You'll add more Hlayectibypaddiging the
children to this node:

Scene

=+ & | Filter nodes

o Player

Before adding any children, it's a good idea to make sure you don"
resize them by clicking on thlayen. 8elkeectahldeclick the icon next to th

& View

Makes sure the object's children are not selectable,

[ 26
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The tooltip will say Make sure the object's children are not selecta
preceding screenshot.

It's a good idea to always do this when creating a new sc
collision shape or sprite becomes offset or scaled, it can
errors and be difficult to fix. With this option, the node al
children will always move together.

Sprite animation

Withrea2D , you can detect when other objects overlap @rea2Dn into the
doesn't have an appearance on its Player, soodekickndnatldean
AnimatedSprite node as a chAhonatddsprite will handle the appearance at
animations for your player. Note that there is a warning symbol ne;
AnimatedSprite requir 8pgritaFrames resource, which contains the animatic
can display. To create one,spinadpéehlmey Fnathe Inspectorudlpd click
New SpriteFrames

Inspector

Next, in the same locaSporntedliame sopenSthréteFrampasel:

Animations Animation Frames
E X | Bm | Paste | Insert Empt

default

Speed (FPS):

A
v

Output Debugger Audio Animation

[ 27
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On the left is a list of animalta bansbin®lizakdtmenamre.iThen, click the
Addbutton and create a second adléematnanantmed huatm.e d

In threileSystdmck on the leftrunfiidld tharhdrt player images and drag
them into the corresponding animations:

Animations Animation Frames

E M [@ Copy Paste Insert Empty (Befor

hurt
idle

Output Debugger Audio Animation

Each animation has a default Spreeendesepengedond. This is a little t
so click on each of the animaSpeasdar®etit netion thnespector
checdknnext toPtlagingroperty and chAmiseadaitoe see the animations in
action:

Inspector
E @
® AnimatedSprite
@ Animateds
®: Frames

Animation idle

E on

Flip H

Flip Vv
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Later, you'll write code to select between these animations, depen
doing. But first, you need to finish setting up the player's nodes.

Collision shape

When usAmaD , or one of the other collision objects in Godot, it nee
defined, or it can't detect collisions. A collision shape defines the
occupies and is used to detect overlaps and/or coll$hage?B, Shapes .
and include rectangles, circles, polygons, and other types of shape

For convenience, when you need to add a shape to an area or phys
CollisionShape2D as a child. You then select the type of shape you wa
edit its size in the editor.

A dd GollisionShape2D as a chPlayeof (make sure you don't add it as a ch
th @dnimatedSprite ). This will allow you to determiinbptbe thlaerisds

of its collision arleaspértidrextSttoapecliekulland chobesw
RectangleShapfe®jDst the shape's size to cover the sprite:

Be careful not to scale the shape's outline! Only use the
to adjust the shape! Collisions will not work properly with
collision shape.
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You may have noticed that the collision shape is not centered on tl
the sprites themselves are not centered vertically. We can fix this
th @énimatedSprite . Click on the node andOffekpfromémey ihnsipector

Set i{0t®)

When you're finisiPlager ycseene should look like this:

Scripting the Player

Now, you're ready to add a script. Scripts allow you to add additio
isn't provided by the built-in Rlayges hn&€diclarttdeclikcdkdtlseript

button:

Sceneg

+ @

o Player

# AnimatedSprite

[ cCollisionshape2D
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In th®cript Settmigdow, you can leave the default settings as they a

remembered to save the scene (see the preceding screenshot),

the

be named to match the scen€'re ataeame .yGli'dck be taken to the script w
Your script will contain some default comments and hints. You can

(lines startintg.wRelfer to the following code snippet:

extends Area2D

# class member variables go here, for example:
#vara=2
# var b = "textvar"

func _ready():

# Called every time the node is added to the scene.
# Initialization here

pass

#func _process(delta):

# # Called every frame. Delta is time since last frame.
# # Update game logic here.

# pass

The first line of every script will describe what type of node it
define your class variables:

extends Area2D

export (int) var speed
var velocity = Vector2()
var screensize = Vector2(480, 720)

Using ekpert keyword ospeedevariable allows you to set its value
Inspector, as well adnepeogontbe what type of data the variable
contain. This can be very handy for values that you want to be
adjust a node's built-in properPigsr. Qlodke amdhsepeabgroperty
to350as shown in the following screenshot:

is a

in t
sho
abl
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velocity will contain the character's current movement speed and dil
screensize will be used to set the limits of the player's movement. Leé
scene will set this variable, but for now you will set it manually so

Moving the Player

Next, you'll uprecess® function to define what the player will do. Th
_process() function is called on every frame, so you'll use it to upda
game that you expect to be changing often. You need the player to

e Check for keyboard input
e Move in the given direction
e Play the appropriate animation

First, you need to check the inputs. For this game, you have four d
(the four arrow keys). Input actions are defined in thepprdjapt setti
tab. In this tab, you can define custom events and assign different
other inputs to them. By default, Godot has events assigned to the
can use them for this project.

You can detect whether an inputnpstip raetos eptessedin g , which
returtne if the key is heldfasswnifantdis not. Combining the states of
buttons will give you the resultant direction of movemaeght. For exan
andown at the same time, the resulting ve(Qt)ity. Vacthiswidbdesince
we¢re adding a horizontal and a vertical movement togetftaestethe pla
than if they just moved horizontally.

You can preventnoratabbiztime velocity, which mealesn gehdlintt ets
multiplying it by the desired speed:

func get_input():

velocity = Vector2()

if Input.is_action_pressed("ui_left"):
velocity.x -= 1

if Input.is_action_pressed("ui_right"):
velocity.x +=1

if Input.is_action_pressed("ui_up"):
velocity.y -=1

if Input.is_action_pressed("ui_down"):
velocity.y +=1

if velocity.length() > 0:
velocity = velocity.normalized() * speed
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By grouping all of this codgettiom&therfumaion, you make it easier tc
change things later. For example, you could decide to change to ar
type of controller. Call thispfacessflionafré@ mhen change the player's

position by the reswelddityg . To prevent the player from leaving the sc
can useclalm®) function to limit the position to a minimum and maxin

func _process(delta):
get_input()
position += velocity * delta
position.x = clamp(position.x, 0, screensize.x)
position.y = clamp(position.y, 0, screensize.y)

Click Play the Editled &rceémrcor{firm that you can move the player aro
screen in all directions.

About delta

T h eprocess() function includes a pardetetethatlilsdhen multiplied by t
velocity. Wdehd i3

The game engine attempts to run at a consistent 60 frames per sec
change due to computer slowdowns, either in Godot or from the cor
frame rate is not consistent, then it will affect the movement of yo
example, consider an objeldt pixtek® evevy frame. If everything is rur
smoothly, this will transl&@@ poxmlesvingone second. However, if som
frames take longer, then there may only have been 50 frames in th
only mo®@d pixels.

Godot, like most game engines and frameworks, dathve swthiishbiys pas:
the elapsed time since the previous frame. Most of 0t0lé tsm(eo,rthis w
around 16 milliseconds). If you then takeoOy pxysdeasmnide dnsiperld Gy
delta, you will get a movenientlfofhexweutégtathencreas@€8 tahen

the object will bl8 moweld. Overall, the movement speed remains col
independent of the frame rate.

As a side benefit, you can express your movement in units of px/s
which is easier to visualize.
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Choosing animations

Now that the player can move, you need to chammjmtedBprtdr animation
is playing based on whether it is moving or stamdimgistalliomhe art
faces to the right, which means it should be flipgdidp hpropents)ly (u
for movement to the left. Add this_pooceks) entuo¢tyonr

if velocity.length() > O:
$AnimatedSprite.animation = "run”
$AnimatedSprite.flip_h = velocity.x < 0

else:
$AnimatedSprite.animation = "idle"

Note that this code takes dligititleisteoBieakean property, which mean
berue ofalse . A Boolean value is also the result<afBae cawmseanifsomidik
we can set the property equal to the result of the comparison. This
writing it out like this:

if velocity.x < 0:
$AnimatedSprite.flip_h = true
else:
$AnimatedSprite.flip_h = false

Play the scene again and check that the animations are correct in
surPlayinig seOhdn tArématedSprite so that the animations will play.

Starting and Ending the Player's Movement

When the game starts, the main scene will need to inform the playe
begun. Addtatd)e function as follows, which the main scene will use
player's starting animation and position:

func start(pos):
set_process(true)
position = pos
$AnimatedSprite.animation = "idle"

Thdie() function will be called when the player hits an obstacle or
func die():

$AnimatedSprite.animation = "hurt"
set_process(false)
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S e ttiseq process(false) causes process() function to no longer be called
this node. That way, when the player has died, they can't still be n

Preparing for collisions

The player should detect when it hits a coin or an obstacle, but yo
so yet. That's OK, because youwigarlusctiGoalitysto make it work. Si
are a way for nodes to send out messages that other nodes can def
nodes have built-in signals to alert you when a body collides, for ¢
button is pressed. You can also define custom signals for your own

Signals are ucscerdn bgtlimngm to the node(s) that you want to listen and
This connection can be made in the Inspector or in the code. Later
how to connect signals in both ways.

Add the following to the top ofettbrsspcaazbt (mfter

signal pickup
signal hurt

These define custom signals thaemofse pdaget)whlen they touch a cc
an obstacle. The touches will becaPbtetdelf.bS etlRlayertheode and
click hhedetab next tomgpectioor see the list of signals the player can
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Note your custom signals are there as well. Since Arka®Dother object:
nodes, you waneda é¢mered() signal. Select itComa edtdk€Clonne on
theConnecting Sigimalewou don't need to change any of those settin
will automatically create a newofiullayéi areacentéed() in your

script.

When connecting a signal, instead of having Godot create
you, you can also give the name of an existing function trt
link the signal to. Makel & duhetsontchOtfdif you don't

want Godot to create the function for you.

Add the following code to this new function:

func _on_Player_area_entered( area ):
if area.is_in_group("coins"):
area.pickup()
emit_signal("pickup")
if area.is_in_group("obstacles"):
emit_signal("hurt")
die()

When anoAtea2D is detected, it will be passed in to tareafunction (usi
variable). The coin objemdkup()ll Hametaon that defines the coin's beh
when picked up (playing an animation or sound, for example). Whe
and obstacles, you'll assign themgtroo tilpe alpey oqamabe detected.

To summarize, here is the complete player script so far:

extends Area2D

signal pickup
signal hurt

export (int) var speed
var velocity = Vector2()
var screensize = Vector2(480, 720)

func get_input():

velocity = Vector2()

if Input.is_action_pressed("ui_left"):
velocity.x -=1

if Input.is_action_pressed("ui_right"):
velocity.x +=1

if Input.is_action_pressed("ui_up"):
velocity.y -=1

if Input.is_action_pressed("ui_down"):
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velocity.y += 1
if velocity.length() > O:
velocity = velocity.normalized() * speed

func _process(delta):
get_input()
position += velocity * delta
position.x = clamp(position.x, 0, screensize.x)
position.y = clamp(position.y, 0, screensize.y)

if velocity.length() > O:
$AnimatedSprite.animation = "run"
$AnimatedSprite.flip_h = velocity.x < 0

else:
$AnimatedSprite.animation = "idle"

func start(pos):
set_process(true)
position = pos
$AnimatedSprite.animation = "idle"

func die():
$AnimatedSprite.animation = "hurt"
set_process(false)

func _on_Player_area_entered( area ):
if area.is_in_group("coins"):
area.pickup()
emit_signal("pickup™)
if area.is_in_group("obstacles"):
emit_signal("hurt")
die()

Parte2Coin scene

In this part, you'll make the coins for the player to collect. This wi
describing all of the properties and behavior of a single coin. Once
will load the coin scene andiosdanegtmattip/ecopies) of it.
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Node setup

ClicBcene | New Samanadd the following nodes. Don't forget to set t
not be selected, like yo®Rlaged wsid@ntehe

e Area2D (name@ain )
e AnimatedSprite
e CollisionShape2D

Make sure to save the scene once you've added the nodes.

Set up AnimeatedSprite like you did in the Player scene. This time, you
animation: a shine/sparkle effect that makes the coin look less flat
frames and ssegetchce (FRA2) The images are a little tooSlaalpd, so set t
AnimatedSprite td.% ,05 ). In CblisionShape2D , Us €iraleShape2D and

size it to cover the coin image. Don't forget: never use the scale h
collision shape. The circle shape has a single handle that adjusts

Using groups

Groups provide a tagging system for nodes, allowing you to identif
can belong to any number of groups. You need to ensure that all cc
calledns for the player script to react correctly to toQarming the coi
node and cliNbddab (the same tab where you found the signals) an
GroupsTypans in the box andddlieck shown in the following screenshc

Node

A Signas [
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Script

Next, add a scrigopintnaokde. If you Empdge tFemplasetting, Godot
will create an empty script without any comments or suggestions. T
script is much shorter than the code for the player's:

extends Area2D

func pickup():
queue_free()

T h pickup() function is called by the player script and tells the coin
been collauodwedfree() is Godot's node removal method. It safely rem
from the tree and deletes it from memory along with all of its child
visual effect here, but for now the coin disappearing is good enouc

gueue_free() doesn't delete the object immediately, but rath
a queue to be deleted at the end of the current frame. Thi
immediately deleting the node, because other code runnin
may still need the node to exist. By waiting until the end

Godot can be sure that all code that may access the node
and the node can be removed safely.

Parte3Main scene

Th&lain scene is what ties all the pieces of the game together. It wi
the coins, the timer, and the other pieces of the game.

Node setup

Create a new scene and addVannolde adcdnelde player to the scene, cl
Instance button and selekRlaygrasem saved

Scene

-+ & JFilter nodes

O Main
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Now, add the following nodesMais ,challdieg thfem as follows:

e TextureRect (nammBatkground » for the background image

e Node (name@anContainer » to hold all the coins

e Position2D (namRlayerStart » to mark the starting position of
t h elayer

e Timer (nam@ameTimery to track the time limit

Make sBadkground is the first child node. Nodes are drawn in the ord
background wiélhbreie player in this case. AddBadkgriomagenoa dhe

by draggingashgng image fromssétse folder intdebthteireroperty.

Change $heetch Modéleand then lchdivokytFull Retot size the frame to the
size of the screen, as shown in the following screenshot:
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Set tResiticf thlayerStart node 240 ,850).

Your scene layout should look like this:

Main script
Add a scriptMantimede (use the Empty template) and add the followi

extends Node

export (PackedScene) var Coin
export (int) var playtime

var level

var score

var time_|left

var screensize
var playing = false

The€oin anklaytime properties will now appear in the Inspector when
Main . Dr &gin.tscn from thideSystpmnel and dropCdninptbhperty.

S eRlaytime t80 (this is the amount of time the game will last). The re
will be used later in the code.
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Initializing
Next, add reddg() function:

func _ready():
randomize()
screensize = get_viewport().get_visible_rect().size
$Player.screensize = screensize
$Player.hide()

In GDScript, yousctonreéer to a particular node by name. This allow
size of the screen and assignscréetsizd h e viala g dides) makes the
player start out invisible (you'll make them appear when the game

In ti$enotation, the node name is relative to the node running the s
$Nodel/Node2 would refer toNmded)deh &t is the NMddelld efhich itself is a
child of the currently running script. Godot's autocomplete will sug
the tree as you type. Note that if the node's name contains spaces
marks around it, fos"dxidodgile,

You mus trandamize() if you want your sequence of "random"
numbers to be different every time you run the scene. Tec
speaking, this selectseafdbantientrandom number generator.

Starting a new game

Next, beve game() function will initialize everything for a new game:

func new_game():
playing = true
level = 1
score =0
time_left = playtime
$Player.start($PlayerStart.position)
$Player.show()
$GameTimer.start()
spawn_coins()

In addition to setting the variables to their starting values, this fu
start() function to ensure it moves to the proper starting location.
started, which will count down the remaining time in the game.
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You also need a function that will create a number of coins based |

func spawn_coins():
foriin range(4 + level):
var ¢ = Coin.instance()
$CoinContainer.add_child(c)
c.screensize = screensize
c.position = Vector2(rand_range(0, screensize.x),
rand_range(0, screensize.y))

In this function, you creatien st anuoélstdbero fobject (in code this time,
rather than by clitkksh@gntleea Sadhen), and add it as a child of

th €oinContainer . Whenever you instance a new node, it must be adde
u s i negld_child() . Finally, you pick a random location for the coin to a
call this function at the start of every level, generating more coins

Eventually, youndlw waef) to be called when the player clicks the sta
For now, to test if everythingnew gameRintp, tehced end ofeadp(u r

function and click PlayFh.eWhepegby are prompted to choose a mail
chooMantscn . Now, whenever you play tMainpsacjere, whlé be started.

At this point, you should see your player and five coins appear on
player touches a coin, it disappears.

Checking for remaining coins

The main script needs to detect whether the player has picked up ¢
coins are all chdodCeimaiadr , You cameushiid_count() on this node

to find out how many coins remaimprodeasf) thifsinnttbe so that it will be
checked every frame:

func _process(delta):
if playing and $CoinContainer.get_child_count() == 0:
level +=1
time_left +=5
spawn_coins()

If no more coins remain, then the player advances to the next leve
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Parte4dUser Interface

The final piece your gamsereiedsrifsiflae This is an interface to displa
information that the player needs to see during gameplay. In game.
as ldeads-Up Disfdlhl, because the information appears as an overl:
game view. You'll also use this scene to display a start button.

The HUD will display the following information:

e Score

e Time remaining

e A message, such as Game Over
e A start button

Node setup

Create a new sceneCawabLaydd anode nakluUdd LanvasLayer node

allows you to draw your Ul elements on a layer above the rest of tt
information it displays doesn't get covered up by any game elemen
coins.

Godot provides a wide variety of Ul elements that may be used to ¢
indicators such as health bars to complex interfaces such as inven
editor that you are using to make this game is built in Godot using
basic nodes for Ul elements aCeneottenared dppear with green icons |
the node list. To create your Ul ,Cymural'll nce@evatréopssition, format, a
display information. HerélUB wihaltobtkelike when complete:
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Anchors and margins

Control nodes have a position and size, but they alsbohemve propert
marginsAnchors define the origin, or the reference point, for the ed
relative to the parent container. Margins represent the distance frc
edge to its corresponding anchor. Margins update automatically wh
control node.

Message label

Add lmbel node to the scene and chaMeassagdlabalamehie label will
display the game's titléame WelWhan the game ends. This label shot
centered on the game screen. You could drag it with the mouse, bu
precisely, you should use the Anchor properties.

Selediew|Show Helpeasdisplay pins that will help you see the ancho
then click draybamhenu and $eCeater Wide
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T h MessageLabel now spans the width of the screen and is Tentered ve

property indntheectoets what text the label diGpiayBdsSmmtdit to
seAlignan¥alighndCenter

The default flmbdal fowodes is very small, so the next step is to assigr
Scroll down Caushem Fosdgstion ihnsipectamd seNeot DynamicFast
shown in the following screenshot:

Now, cliclobymamicFamtd you can adjust the font sé&tifien)ysstémom the
dock, draH@emieg Bold.ttf font and drop Roimt thg@traoperty.
Se$fizeat8, as shown in the following screenshot:
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Score and time display

The top oHuDhwill display the player's score and the time remaining
of these widdeloenodes, arranged at opposite sides of the game scre¢
position them separatelyContanetll woelea to manage their positions.

Containers

Ul containers automatically arrange the gQordrotio m® dd st enclaldiilrdg
oth&ontainers ). You can use them to add padding around elements, c
arrange elements in rows or colu@ontaineEadasypeeafal properties ths
control how they arrange their children. You can Gestbtmese propert
Constamtesction dhspector

Remember that comutd mansa@atlagnge their children. If you
move or redieatadhat's inE€odt@inar node, you'll find it
snaps back to its original position. You can nmoanually arra
arrange them with a container, but not both.

To manage the score and timvargirQoethmeraddnade toHWbeUse the
Layouhenu to set the ahchdvsdttm tBastom ConsbsaercttsonMaedin
RighMargin Toamndargin Lé&d. This will add some padding so that th
isn't against the edge of the screen.

Since the score and time labels will use theMessageLabeint, sewihlgs as
save time if you duplicatesshgeCabiet k @md pr€sishD CmdD on

macOS) twice to create two duplicate labels. Drag them both and d
t h &arginContainer to make them its childrescoreNabehe ané the other

TimeLabel and setTelxegpropert§y tor bothAl$gmtd e ftf oScoreLabel and
Rig hfofimeLabel

Updating Ul via GDScript

Add a scriptHub nloede. This script will update the Ul elements when
need to change, updating the score text whenever a coin is collect
the following code:

extends CanvasLayer

signal start_game
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func update_score(value):
$MarginContainer/ScoreLabel.text = str(value)

func update_timer(value):
$MarginContainer/TimeLabel.txt = str(value)

Th#ain scene's script will call these functions to update the display
change in valueMebsagetdbel , you also need a timer to make it disapp
brief period.Timéd nrode and change iMessageiieneto.ln th@spector

set Msait Timm@ seconds and check th@nkoShtmOnefThis ensures that,
when started, the timer will only run once, rather than repeating. A

func show_message(text):
$Messagelabel.text = text
$MessageLabel.show()
$MessageTimer.start()

In this function, you display the message and start the timer. To h
t h @meout() signaMesfdageTimer and add this:

func _on_MessageTimer_timeout():
$MessageLabel.hide()

Using buttons

Add Button node and change iSwmriBattore toThis button will be displayec
before the game starts, and when clicked, it will hideMeiself and se
scene to start the gamepSgtethgttaorand change the custom font like
did with MdssageLabel . In thayouhenu, chGesnéer Bottdmis will put the
button at the very bottom of the screen, so move it up aUlgttle bit e
arrow key or by editing the marompd eb0 d asred o ht@ rmes0 .

When a button is clicked, a signaNodaabtfoSthiRottdrne , connect
t h pressed() signal:

func _on_StartButton_pressed():
$StartButton.hide()
$MessageLabel.hide()
emit_signal("start_game")

TheluD emits stditegame signal to Manifyhat it's time to start a new gam
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Game over

The final task for your Ul is to react to the game ending:

func show_game_over():
show_message("Game Over")
yield($MessageTimer, "timeout")
$StartButton.show()
$MessagelLabel.text = "Coin Dash!"
$MessageLabel.show()

In this function, you need the Game Over message to be displayed
then disappear, whishowi snessagel) does. However, you also want to sl
start button once the message hayeld()s apfuenaritéadn paheses execution
the function until the MeéessageTintede @mits a givenimeogingl Once

the signal is received, the function continues, returning you to the
can play again.

Adding the HUD to Main

Now, you need to set up the communiMairtisrc eorect vaeivD.hited d an
instance olfUDIBeene thaimhescene. IMaihhsecene, connimeduthe
signalGanfieTimer and add the following:

func _on_GameTimer_timeout():
time_left-=1
$HUD.update_timer(time_left)
if time_left <= 0:
game_over()

Every tim@&ate@imer times out (every second), the remaining time is r
Next, connepickupfle anhdlrt() signals @fayene:

func _on_Player_pickup():

score +=1
$HUD.update_score(score)

func _on_Player_hurt():
game_over()
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Several things need to happen when the game ends, so add the foll

func game_over():
playing = false
$GameTimer.stop()
for coin in $CoinContainer.get_children():
coin.queue_free()
$HUD.show_game_over()
$Player.die()

This function halts the game, and also loops through the coins and
remaining, as well as callshog_ghmee ldud) 's function.

Finally , StantButton needs to actinemtgammb(® function. ClickU®n the
instance and sewegameéf)s signal. In the signal connectNakelialog, clic
FunctiaamOffand in Meehod In Nbiééd, ngweame. This will connect the
signal to the existing function rather than creating a new one. Tak
screenshot:

Remowmewv game() from thkady() function and add these two lines to the
new_game() function:

$HUD.update_score(score)
$HUD.update_timer(time_left)

[ 50



Coin Dash Chapter 2

Now, you can play the game! Confirm that all the parts are working
the countdown, the game ending and restarting, and so on. If you f
working, go back and check the step where you created it, as well
was connected to the rest of the game.

Parte5Finishing up

You have created a working game, but it still could be made to fee
Game developers uspuiteo tescribe the things that make the game f
play. Juice can include things like sound, visual effects, or any otl
the player's enjoyment, without necessarily changing the nature of

In this section, you'll adjdiicsgeetwmalto finish up the game.

Visual effects

When you pick up the coins, they just disappear, which is not very
visual effect will make it much more satisfying to collect lots of co

Start by adiweepn amode toCdihescene.

What is a tween?

Atweems a way to interpolate (change gradually) some value over t
to an end value) using a particular function. For example, you migl
steadily changes the value or one that starts slow but ramps up in
sometimes referreaksitogas

When usifveea node in Godot, you can assign it to alter one or more
node. In this case, you're goiscpldo dhdheaseihhand also cause it to
out using the Modulate property.

Add this line_readyhe functio@oionf:

$Tween.interpolate_property($AnimatedSprite, 'scale’,
$AnimatedSprite.scale,
$AnimatedSprite.scale * 3, 0.3,
Tween.TRANS_QUAD,
Tween.EASE_IN_OUT)
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T h mterpolate_property() function cauBeesnth@® change a node's property
There are seven parameters:

e The node to affect

e The property to alter

e The property's starting value
e The property's ending value
e The duration (in seconds)

e The function to use

e The direction

The tween should start playing when the player puadesfraef) the coin. |
in tipiekup() function:

func pickup():
monitoring = false
$Tween.start()

S e ttimanitoring téalse ensures thaesa Enter() signal won't be emitted if
the player touches the coin during the tween animation.

Finally, the coin should be deleted when the animaTween finishes, sc
n o d ethe&een_completed() signal:

func _on_Tween_tween_completed(object, key):
queue_free()

Now, when you run the game, you should see the coins growing lar
picked up. This is good, but tweens are even more effective when :
properties at once. You camerpdlade aropety@ r , this time to change
the sprite's opacity. This is domaulate apieapregtyhewhiGoloris a

object, and changing its alpha(ochagun®) (ftmamsparent). Refer to the
following code:

$Tween.interpolate_property($AnimatedSprite, ‘'modulate’,
Color(1, 1, 1, 1),
Color(1, 1, 1, 0), 0.3,
Tween.TRANS_QUAD,
Tween.EASE_IN_OUT)
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Sound

Sound is one of the most important but often neglected pieces of g
design can add a huge amount of juice to your game for a very sma
Sounds can give the player feedback, connect them emotionally to
be a part of the gameplay.

For this game, you're going to add thre®a®o 8o dneffeadtd.thmethe
AudioStreamPlayer nodes and nanCeinBSoeh ,LevelSound , arEshdSound .
Drag each sound dudiom ftdleler (you can findsets unmetréeleSystem
dock) into the correstpeamirogerty of each node.

To play a sound, yeplayalfuhetion on BCoidSdohd.play() to the
_on_Player_pickup() functigEmdSound.play() to tdeene_over() function,
a n @LevelSound.play() to t¢pawn_coins() function.

Powerups

There are many possibilities for objects that give the player a sma
In this section, you'll add a powerup item that gives the player a s
collected. It will appear occasionally for a short time, then disappeé

The new scene will be veryCa@rnmskaerntoytdhie already created, so click
youCoin scene and SrtengSave ScenandlssavePaweaptscn . Change
the name of the ro®towedeadha remove the script by clicking the clee

button: . You should also areacotwnedct shgenal (you'll reconnect it
later). IrGtbaepsab, remowsithgroup by clicking the delete button (it
a trash can) and adding it to a powewpsroimgtealded

In tWeimatedSprite , change the images from the coin to the powerup,
find in res#assets/pow/ folder.

Click to add a new script and copyCdihgdcodorifotonChlamge the name
o f on_Coin_area_entered t oon_Powerup_area_entered and connect

t h area_entered signal to it again. Remember, this function name will
chosen byitgreal conwéctow.

Next, adionem node nahfaiche . This will limit the amount of time the
remains on the scréadait Semmétsand b@®thme Shahdutostatdn.
Connect its timeout signal so that it can be removed at the end of
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func _on_Lifetime_timeout():
queue_free()

Now, go to your Main scene aTiuderdmodp odiPewedupTimer . Set its
One ShptopertpmnoThere is Pohewpavav sound irautioe folder you can
add with anAudioStreamPlayer

Connecttimkaut signal and add the following Poxkripto spawn a

func _on_PowerupTimer_timeout():
var p = Powerup.instance()
add_child(p)
p.screensize = screensize
p.position = Vector2(rand_range(0, screensize.x),
rand_range(0, screensize.y))

Theowerup scene needs to be linked by adding a variable, then drag¢
the property limspleetars you did earliedoiwistcehe:

export (PackedScene) var Powerup

The powerups should appear unpredictably, Powetdp€imeraitn eierdes of the
to be set whenever you begin a new |evwedéss@hddfumicstitoontakter the
new coins are spawpaed_ooinsf)

$PowerupTimer.wait_time = rand_range(5, 10)
$PowerupTimer.start()

Now that you will have powerups appearing, the last step is to give
time when one is collected. Currently, the player script assumes al
either a coin or an obstacle. CPlayergd thteo cheeknfor what kind of ob
has been hit:

func _on_Player_area_entered( area ):

if area.is_in_group(“coins"):
area.pickup()
emit_signal("pickup”, "coin")

if area.is_in_group("powerups"):
area.pickup()
emit_signal("pickup”, "powerup™)

if area.is_in_group("obstacles"):
emit_signal("hurt")
die()
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Note that now you're emitting the pickup signal with an additional
type of object. The corresponMaingd fumartianownbe changed to accept
argument and matehtlséatement to decide what action to take:

func _on_Player_pickup(type):
match type:

"coin":
score +=1
$CoinSound.play()
$HUD.update_score(score)

"powerup":
time_left += 5
$PowerupSound.play()
$HUD.update_timer(time_left)

Theatch statement is a useful Altetatdinvente, especially when you h:
large number of possible values to test.

Try running the game and collecting the powerup. Make sure the sc
timer increases by five seconds.

Coin animation

When you creaCen ttceene, you addmatedSprite , but it isn't playing yet
The coin animation dhimmagifeact traveling across the face of the co
coins display this at the same time, it will look too regular, so eac

random delay in its animation.

First, click AmimatédSprite and then ofrdmeessource. Makeojugeset
toOffand tlogpteeds sel2to

Add T@mer node toCdihescene, and add thisadg@de to

$Timer.wait_time = rand_range(3, 8)
$Timer.start()

Now, conne tirhebhtf signal frohiméheand add this:

func _on_Timer_timeout():
$AnimatedSprite.frame = 0
$AnimatedSprite.play()
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Try running the game and watching for the coins to animate. It's a
very small amount of effort. You'll notice a lot of effects like this |
Though very subtle, the visual appeal makes for a much more pleasc

The preceRbwegp object has a similar animation that you can add in
manner.

Obstacles

Finally, the game can be made a bit more challenging by introducir
player must avoid. Touching the obstacle will end the game.

Create a new scene for the cactus and add the following nodes:

e Area2D (name@attus )
e Sprite
¢ CollisionShape2D

Drag the cactus textuFeldBymtédmeE k toTtdyetureroperty &pritde.
A dd RectangleShape2D to the collision shape and size it so that it cove
Remember when yadfiareads mdgroup("obstacles") to the player script?
Add tRectus body toolidtaeles group usiniothetab (nexmstpec)or

Now, ad@actus instance Mainth®cene and move it to a location in the u
of the screen (away from where the player spawns). Play the game
when you run into the cactus.

You may have spotted a problem: coins can spawn behind the cactt
impossible to pick up. When the coin is placed, it needs to move if
overlapping the obstacle. Coareacantered@ cobsrignal and add the
following:

func _on_Coin_area_entered( area ):
if area.is_in_group("obstacles"):
position = Vector2(rand_range(0, screensize.x), rand_range(0,
screensize.y))

If you've added the Rowerae dobgect, you'll need to do the same for its
area_entered signal.
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Summary

In this chapter, you learned the basics of Godot Engine by creating
up the project and created multiple scenes, worked with sprites an
user input,sigedles communicate with events, and Cremttrasdoa efl. usin
The things you learned here are important skills that you'll use in

Before moving on to the next chapter, look through the project. Do
each node is doing? Are there any bits of code that you don't unde
review that section of the chapter.

Also, feel free to experiment with the game and change things arot
to get a good feel for what different parts of the game are doing is
what happens.

In the next chapter, you'll explore more of Godot's features and le
types by building a more complex game.

[ 57



Escape the Mz«

In the previous chapter, you learned how Godot's node system worl|
build a complex scene out of smaller building blocks, each providir
functionalities for your game's objects. This process will continue
and more complex projects. However, sometimes you'll find yoursel
nodes and/or code in more than one different object, and this proje
techniques for reducing the amount of repeated code.

In this chapter, you'll buildEacepgpreetltalMalztthis game, you will be tr
to navigate a maze to find the exit while avoiding the roaming ener

You will learn about the following key topics in this project:

e Inheritance
e Grid-based movement
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e Spritesheet animation
e Using TileMaps for level design
e Transitioning between scenes

Project setup

Create a new project and download th attgs:r o jegithttba scere/ts from
PacktPublishing/ Godot- Game-Engine- Projects/ releases

As you've seen previously, Godot, by default, includes a number of
to various keyboard inputs. For euvideft pleanwonght sedor arrow key
movement in the first project. Often, however, you need a different
provided, or you'd like to customize the actions' names. You might
for mouse or gamepad inputs. You Rraojedd She siiinmckd w .

Click onltnlpaut Mapb and add four new ingtdtrigttipnanlowh by

typing the namesAotiorbloex and clik#&dn§hen, for each new action, cl
thet button to &@&dgaaxtion and choose the corresponding arrow key. Y
WASD controls, if you wish:
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This game will have a variety of objects on the screen. Some of th
collisions (the player against the walls, for example), while others
another (like the enemies versus coins). You can solve this by sett
layer and physics layer mask properties. To make these layers eas
allows you to give the game's physics layers custom names.

Click onGhbereraab and findykee Naf@BPsPhysbsestion. Name the first fo
layers as follows:

You'll see how the collision layer system works with the various ob
the project.
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Next, inDiisgpld¥indovsection, sModhteviewporntnd thspedikeep
This will enable you to resize the game window while keeping the ¢

unchanged. Refer to the following screenshot:

Finally, iRehderiQgalityectionUsetPixel Sdap This setting is useful,
especially for pixel art-styled games, as it ensures that all objects
number pixel values. Note that this does not affect movement, phy:
it only applies to the rendering of objects. Refer to the following s
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Project organization

As your projects become larger and more involved, you'll find that
and scripts in the same folder becomes unwieldy.

A common response to this by Godot begdmesefslde it casnuptiee a
folder, and to save each type of file in the respective folder. This
you find yourself huntingsdriptsougfloltcheer, looking for the script you ne
because it's jumbled up with all the other scripts of your game.
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A more logical organization is to create a foldeplajar datdhetypi®@rof o
example, will hold the player's scene file, script(s), and any other
Organizing your project in this way is much more scalable and can
further if you have a very large number of objects. For example, re
screenshot:

Throughout this project, the examples will assume that each new s
in a folder of that type, along wridyerit¢en s cramelayEhgel files, for
example, will be gayed folder.

Inheritance

InObject-Oriented Progia@Pninmgheritance is a powerful tool. Put bri
can define a cliavetifrastm another class. An object created using the
contain all of the methods and member variables of the master clas

Godot is strongly object-oriented, and this gives you the opportuni
just with objects (scripts) but also with scenes, allowing you a gre
designing your game's architecture. It also removesithtevoeed to du
objects need to share a set of methods and variables, for example,
script and let both objects inherit from it. If you make a change to
both objects.
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In this project, the player's character will be controlled by key eve
wander around the maze randomly. However, both types of characte
number of properties and functions in common:

A spritesheet containing the four directional movement anim
A nAnimationPlayer to play the movement animations

Grid-based movement (the character canileatly miove) one full
Collision detection (the character can't move through walls)

By using inheritance, you canChara@dre asgemeriontaining the nodes t
all characters need. The player and mob scenes can inherit the she
scene. Similarly, the actual movement code (though not the control
between player and mob, so they can both inherit from the same sc
movement.

Character scene

Start creati@hgrackee scene by addieagDaand nam iQgradter
Area2D is a good choice for this type of character because its main f
overlapwhen it moves onto an item or enemy, for example.

Add the following children:

e Sprite

CollisionShape2D

Tween (namMdaveTween)
AnimationPlayer

Leave $price without a texture, Imstpercttdrader Ahematiosrection of
th&prite , setVMfsamesntiframemropertiédsan@, respectively. This tells
Godot to slice the texture into a 5 x 4 grid of individual images.
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The spritesheets you'll use for the player and the enemy are arran
pattern, with each row containing the animation frames for a single

When a spritesheet has been \fliaenckandll hrgg hepsroperties, you can us
th&ramproperty to set which individual frame to use. In the preced
left-facing animation would use frames 5 through 9 (counting from
left corner). Y ouAhimat®ePlayer to chang€&rdmproperty below. Refer t¢
the following screenshot:

Next, createRectangleShape2D in the collision shape's Shape. Click on
<RectangleShapedDseExtenpsoperty ihnsipectioft6,16) . Note that
Extentseasures the distance from the center in each direction, so t
shape that is 32 by 32 pixels.
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Because all the characters are drawn to the same scale, v
confident that the same sized collision shape will work fo
If thisftishe case with tfre astiygpuyou can skip setting the

collision shape here and configure it later for the individt
scenes.

Animations

Create four new animaAninatonRlayghe node. Name them to match the |
directions you used in the liofgru g hatcpi amglowh. It's important that the
spelling matches here: the names of the input actions must have th
capitalization as the animation names. If you are inconsistent in ng
much more difficult when you get to the scripting stage. Take a loc
screenshot:

For each animatiobermsgtthdhaend tAeeg0.2 . These properties are locate
the bottom édmimatigpanel:
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Starting withowmanimation, clic3priien thede and detnimproperty to
0. Click the key icon mrexhgoo preety and confirm that you want to adc
track forFrtlaenproperty:

Th&ramproperty will automatically be incremented by one and the
be advanced by one step (0.2 seconds). Click the key again until y
You should now have five keyframes on the animation track. If you
forth, you'll #eanibeoperty change as you reach each keyframe:
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If, for some reason, you find that the frames aren't correct, you ca
keyframes by clicking on the dbo¢labah poasskeyboard, or right-clicki
the dot and chPemionge SelecRimmember, whatever vRltaengo,utbat

will be the value of the keyframe whded Kewyfpalmsd otthe You can also

click and drag keyframes to change their order in the timeline.

Repeat the process for the other animations, using the following ta
which keyframes to use for each direction:

Animation Frames
Down 0,1,23,4
Left 56,7,8,9
Right 10, 11, 12,13, 14
Up 15, 16, 17, 18, 19

As long as the spritesheet for a character follows the same 5 x 4 a
AnimationPlayer configuration will work, and you won't need to create
animations for each character. In larger projects, it can be a huge
your spritesheet animations while following a common pattern.

Collision detection

Because the characters are moving on a grid, they need to either n
the next tile or not at all. This means that, before moving, the cha
if the move is possible. One way to test if an adjacent square has
raycaRaycastimgans extending a ray from the character's position t
destination. If the ray encounters any object along the way, it will

adding four rays to the chloraktdaheisqgaares around it to see if they
unoccupied.

Add foRayCast2D nodes and set their Qastefaamperties as follows:

Name Cast To
RayCastRight (64, 0)
RayCastLeft (-64, 0)
RayCastDown (0, 64)
RayCastUp (0, -64)
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Make sure to Ertalihegiroperty on e &RahCasteP (options are disabled by
default). Your final node setup should look like this:

Character script

Now, add a scrighatactrthenode (make sure you've saved the scene fi
script will automaticallGhaetengdne). First, define the class variables

extends Area2D
export (int) var speed

var tile_size = 64
var can_move = true
var facing = 'right'
var moves = {'right": Vector2(1, 0),
'left": Vector2(-1, 0),
‘'up": Vector2(0, -1),
‘down': Vector2(0, 1)}
onready var raycasts = {'right": $RayCastRight,
'left': $RayCastLeft,
'up": $RayCastUp,
‘down': $RayCastDown}
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speed will control the movement and animation speed of the charact¢
customize the movement speed. Aisapeolu |Eeratroald g hiuosring

export allows you to set the value of a variable via the Inspector. S
the&Speedroperty itm the Inspector.

can_move is a flag that will track whether the character is allowed to
current frame. It wifbdlsdbe whtléothe movement is underway, preventin
second movement from being started before the facieayioissane has f
string denoting the current direction of movement (again, spelled a
like the input actions you created at the begimavées od ixcftitdireapyoject).
contains vectors describing the four rdycsistiodisc,tvwmideythentains
references to the four raycast nodes. Note that both dictionaries" k
action names.

When referencing another node during variable declaratio
usenready to ensure that the variable isn't set before the r¢

node is ready. You can think of it as a shortcut to writing
_ready() function. This line:
onready var sprite = $Sprite
Is equivalent to writing this:
var sprite
func _ready():
sprite = $Sprite

The following is the code that will execute a movement from one sc

func move(dir):

$AnimationPlayer.playback_speed = speed

facing = dir

if raycasts[facing].is_colliding():

return

can_move = false

$AnimationPlayer.play(facing)

$MoveTween.interpolate_property(self, "position”, position,
position + moves[facing] * tile_size,
1.0/ speed, Tween.TRANS_SINE, Tween.EASE_IN_OUT)

$MoveTween.start()

return true
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move() takes a direction as an aRayCasRDht.fdf the given direction detec
collision, the move is canceled and the function returns without ex
the return valueuli)l aherwise, itfacinggng®sthe new direction, disab
additional movemeamtmaovdh and starts playing the matching animatiol
actually perform the moweeanenodéhienterpolpdsitiontheproperty from

its current value to its current value plus a tile-sized movement in
duratid®/(peed seconds) is set to match the length of the animatic

Using Thveen.TRANS_SINE transition type results in a pleasing, smooth n
accelerates up and then down to the final position. Feel free to try
here to alter the movement style.

Finally, to enable movement againcaymove eveldleto theesetovement has
finished. Connweeeh_tbrepleted signal MavaTween and add the following:

func _on_MoveTween_tween_completed( object, key ):
can_move = true

Player scene

The player scene needs to contain all theChaanter no ddisswis gvdnea e o
you'll take advantage of the power of inheritance.

Start by making a new scene. However, instead of making a new en
ScenpeNew InheriSednien the menu.Olmeth8ase Swienrdeo w,
s e | eregx//character/Character.tscn , as shown in the following screenshoi
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Rename the root node of this Gheracterc e h@lajeromand save the new
scene. Note th&bhamttethenodes are also present. If you make a chan
Character.tscn and save it, the changes will alPmy¢takescefliect in the

Now, you need to set the Player's physCoxslliay®smestion fiimd htd e
Inspectamd setLalyeantMaskpropertiayeshould be glatyeonly,
whilMaskshould swawW,enemieanidemsRefer to the following screensh

The collision layers system is a powerful tool that allows you to cu
can detect each ditheeprbiperty places the object in one or more col
while tMaskproperty defines what layersdbld abpadtitecamject is not ir
one of its mask layers, it will not be detected or collided with.

The only other node that needs tdSmie chamged youhreeed to set the
texture. Drag the player spritesdfassets frormotther and drop it in
thelTexturproperty &prithhe. Go ahead and test out the animations in th
AnimationPlayer and make sure they're showing the correct directions.
problem with any of the animations, makeharacter yosic Eixei,it dandthe
will automatically be Playerd isxc ¢ime as well:
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Add Gamera node as a dtayed odnd checkuitremtropertPnhnoGodot will

automatically render whatever the current camera sees in the game
allow you to make maps of any size, and the camera will scroll the
around on it. Note that when you add the camera, a purplish box aj
centered on the player. This represents the camera's visible regior
of the player, it follows the player's movement. If you look at the c
Inspectorou’'ll sedifmigroperties. These are used to stop the camera
past a certain point; the edge of your map, for example. Try adjust
box stops followlayer ttaes you drag it around the screen (make sure )
thelayer node itself and not one of its children). Later, the limits w
by the level itself so that the camera won't scroll "outside” the lev

Player script

The player's script also needs to extend the character's. Remove t
Charactergd ) by selectiflayethenode and clickihgathec biptton:
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Now, click the button again to attachAdtaelw NodieptSddmilptye click
the folder icon némhdoitdpeion and Gharbeteitgd

Here is the player scripdxtemistethleatharacter script):
extends "res://character/Character.gd"
signal moved

func _process(delta):
if can_move:
for dir in moves.keys():
if Input.is_action_pressed(dir):
if move(dir):
emit_signal('moved)

Because it inherits all theCheedttangdor fridome player will also have
thewove() function. You just need to extendmdvef)ith acscedde otm tedlinput
events. As you've seen beforeprogesa()carumseidmeto check the input s

each frame. Howevean nwondy aiflows it do you actually check the input
move() .

Because you used uheowm,efes, anmight for the input actions as well a
keys tonbhes anmycasts dictionaries, you can loop through those key:

each one as an input as well.
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Recall moet) retummus if it succeeds. If it does, thmopddwegneah,ts the
which you'll be able to use later with the enemies.

Run the scene and try moving the player character around the scre

The player doesn't have a level to walk around on yet, but you can
code the player will need later. As the player moves around the le\y
various objects and needs to respond to them. By using signals, yc
this before you've even created the level. Add three more signals t

signal dead
signal grabbed_key
signal win

Then, connech Entered signal oflaypre and add this code:

func _on_Player_area_entered( area ):

if area.is_in_group(‘enemies’):
emit_signal(‘dead’)

if area.has_method('pickup’):
area.pickup()

if area.type == 'key_red"
emit_signal(‘grabbed_key")

if area.type == 'star"
emit_signal(‘win’)

Whenever the player encouAnda®bs, ahboshfemction will run. If the objec
enemy, the player loses the gammas_Nettel()the Tutsise @afiflows you to
identify collectible objects by checkin gickup@th enrettthheyd raande oan |y

call the method if it exists.

Enemy scene

Hopefully, you're seeing how inheritance works EngmpgosweYeou'll crea
using the same procedure. Make a new €laateristheritamg frame
iEnemy. Drag the mob s prest/asdes/slime.png , to Spete ‘'sTexture

In th®ollisisrection dhspectoret LlageanMaskpropertiayeshould
be seteh@mieswhiMaskshould swaWanglayer
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As you did wiRlaydrhe remove the existing script and attach a new sci|
fr o @haracter.gd

extends "res://character/Character.gd"

func _ready():
can_move = false
facing = moves.keys()[randi() % 4]
yield(get_tree().create_timer(0.5), 'timeout')
can_move = true

func _process(delta):
if can_move:
if not move(facing) or randi() % 10 > 5:
facing = moves.keys()[randi() % 4]

The code imedady@ function serves an important purpose: because th
added to thbetlldadEleMap nodes, they'll be processed first. You don'!
enemies to start moving before the walls have been processed, or
wall tile and get stuck. You need to have a small delay before they
to give the player a moment to prepare. To diim¢hisodatherthkean adc
scene, you carcreaseetimnbr function &tehbleee to make a one-off
timer, yielding execution until its timeout signal fires.

G D Scripitld) function providespawmsaxetoution of a
function until a later time, while allowing the rest of the ¢
running. When passed an object and a named signal, exec
resume when that object emits the given signal.

Every frame, the enemy will move if it is able to. If itmoue()s into a w
returmdél ), or sometimes just randomly, it changes direction. The re
unpredictable (and hard to dodge!) enemy movement. Remember th
Player anBnemy speeds independently in their sgeedeis, tdrechange
Character scene and it will affect them both.
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Optiomralturn-based movement

For a different style of game, ymocess{uld npantethent code in a functio
calleah_Player_moved() instead, and connect it movah siglaalerThis

would make the enemies move only when the player does, giving th
strategic feel, rather than one of fast-paced action.

Creating the level

In this section, you'll create the map where all the action will take
implies, you'll probably want to make a maze-like level with lots of

Here is a sample level:

The player's goal is to reach the star. Locked doors can only be or
key. The green dots mark the spawn locations of enemies, while th
player's start location. The coins are extra items that can be picke
bonus points. Note that the entire level is larger ticamerbhwidlisplay
scroll the map as the player moves around it.
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You'll us@ildMap node to create the map. There are several benefits
TileMap for your level design. First, they make it possible to draw th
paintinlyge tiles onto a grid, which is much fasterSpttan pbaeisg indivi
one by one. Secondly, they allow for much larger levels because th
drawing large numbers of tiles efficiently by batching them togethe
chunlod the map that are visible at a given time. Finally, you can a:
individual tiles and the entire map will act as a single collider, sin
code.

Once you've completed this section, you'll be able to create as ma
wish. You can put them in order to give a progression from level to

ltems

First, create a new scene for the collectable objects that the playe
will be spawned by the map when the game is run. Here is the scer

Leave $price Texturelank. Since you're using this object for multiple
texture can be set in the item's script when it's created.

Set thickup Collision Lageemand Maski@playerYou don't want the
enemies collecting the coins before you get there (although that m
variation on the game where you race to get as many coins as you
gobble them up).
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Give tCokisionShape2D node a rectangle shape and (8% 82)ts extents to
(strictly speaking, you can use any shape, as the player will move
and completely overlap the item anyway).

Here is the scripitkipr:the

extends Area2D

var textures = {'coin": 'res://assets/coin.png’,
'key_red": 'res://assets/keyRed.png',
'star': 'res://assets/star.png'}

var type

func _ready():
$Tween.interpolate_property($Sprite, 'scale’, Vector2(1, 1),
Vector2(3, 3), 0.5, Tween. TRANS_QUAD, Tween.EASE_IN_OUT)
$Tween.interpolate_property($Sprite, ‘'modulate’,
Color(1, 1, 1, 1), Color(1, 1, 1, 0), 0.5,
Tween. TRANS_QUAD, Tween.EASE_IN_OUT)

func init(_type, pos):
$Sprite.texture = load(textures[_type])
type = _type
position = pos

func pickup():
$CollisionShape2D.disabled = true
$Tween.start()

Thegpe variable will be set when the item is created and used to de
the object should utgme. Asinlge variable name in the function argume
use the name without comfddctimpgietiths already in use.

Some programming languages upeivhtanotiomsodr
variables, meaning they are only us&mdihogcaldyyvelmtéon in
GDScript is used to visually designate variables or functit
be regarded as private. Note that they aren't actually any
any other name; it is merely a visual indication for the pr

[ 79



Escape the Maze Chapter 3

The pickup effeTvieansisgsimilar to the one you used for the coins in
Dagshanimating the scale an3priep acCtynmfe ctivddmecompleted signal
offween so that the item can be deleted when the effect has finished

func _on_Tween_tween_completed( object, key ):
queue_free()

TileSets

In order to draw a mEIpPMasingt anust hldeSsta assigned to it. The
TileSet contains all of the individual tile textures, along with any cc
may have.

Depending on how many tiles you have, it can be TileBetcponsuming t
especially the first time. For that reason,TiléSere iscdupredgantdrated
assets folder tiilletdtres . Feel free to use that instead, but please ¢
following section. It contains useful information to hiéfetyou unders
works.

Creating a TileSet

ATileSet in Godot is aReyqueeof Examples of other resources include -
Animations, and Fonts. They are containers that hold a certain typ
typically sawesd akiles.

By default, Godot saves files in text-based ffoimrmats, indic:
tscn  otres , for example. Text-based files are preferred o\
formats because they are human-readable. They are also

Version Control SYy€tgmghich allow you to track file chang
over the course of building your project.

To makEle8et , you create a scene Spritth anede®fcontaining the textur
from your art assets. You can then add collisions &prideothidesuroper
Once you've created all the tiles, youTieSgtortrebeuscenevhsch can
then be loadedildWagherode.
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Here is a scre en slleSetdkattsn scene, containing the tiles you'll b
to build this game's levels:

Start by ad8piitg anode and setting its texture to
res://assets/sokoban_tilesheet.png . To select a single tile, set the
RegidbBnablegropertPhn@and clTekture Regitothe bottom of the editor
window to open the pampl M3E&Srid Snamd theedgd4pin botfand

y. Now, when you click and drag in the texture, it will only allow yc
sections of the texture:
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Give t8pritan appropriateraealnosvn( owal_red , for examphe3 name
will appear as the tile'Silesatme d td8taticBody2D as a child, and then
a d d GallisionPolygon2D to that. It is important that the collision polygo

properly so that it aligns with the tiles placed next to it. The easie
on grid snapping in the editor window.

Click thhee Snaptton (it looks like a magnet) and then open the snaj
on the three dots next to it:
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Choo€eonfigure Snapd.setGttid Ste@ bgs:

Now, withColissonPolygon2D selected, you can click in the four corner
one by one to create a closed square (it will appear as a reddish o

This tile is now complete. You CarmDjugpnic atakie another, and you on
need to change the texture region. Note that collision bodies are o
tiles. The ground and item tiles should not have them.

When you've created all y®uwre higesnwditKlMdleSatnd save it with an
appropriate nametjlesattds as . If you come back and edit the scene a
you'll need to redo the conversion. Pay 3dyerga lVittthe r& x dsy itregn h e

If this is Oat ttlhhe current scene'snielegewthl thee ones already in the
tileset file. Sometimes, this can result in changes to the tile indice
in unwanted ways. Take a look at the following screenshot:
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tres stands for text resource and is the most common form
stores its resource files in. Gempawhithisswtihle text scene

storage format.

Y o uTileSet resource is ready to use!

TileMaps

Now, let's make a new scene for the game level. The level will be
and will include the map and the player, and will handle spawning
in the level. For theNade?D, angle naa nheveit (later, you can duplicate thi

node setup to create more levels).
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You can op eevethtecn file from the assets folder to see the
completed level scene from this section, although you're ¢
create your own levels.

When uslirglap , you will often want more than one tile object to apry
location. You might want to place a tree, for example, but also hav
below it. This can be dbileMapy assimgny times as you like to create |
data. For your level, you'll make three layers to display the grounoc
walk on; the walls, which are obstacles; and the collectible items,
spawning items like coins, keys, and enemies.

Add HeMap and nanGeourid . Drag tidset.tres into thiee Sptoperty

and you'll see the tiles appear, ready to be used, on the right-hanc
window:
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It's very easy to accidentally click and drag in the editor window a
map. To prevent this, make suGemupd unsedle atnthelick the Lock button

DuplicateTitdMap twice and name TileMam e wo d®alls a nltems
Remember that Godot draws objects in the order listed in the node
s@round should be at theWalp, awilthms underneath it.

As you're drawing your level, be careful to note which layer you're
should only place the item markers on the Items layer, for example
the code is going to look for objects to create. Don't place any oth
because the layer itself will be invisible during gameplay.

Finally, add an instBlayge osfcelnee. Make Blayee tlh®@de is below the
threfdéeMap nodes, so it will be drawn on top. The final scene tree sl

Level script

Now that the level is complete, attach a script to create the level I
first scaikertbemap to spawn any enemies and collectibles. It will al:
monitor for events that occur during gameplay, such as picking up
enemy:

extends Node2D

export (PackedScene) var Enemy
export (PackedScene) var Pickup

onready var items = $ltems
var doors =]

[ 86-]



Escape the Maze Chapter 3

The first two variables contain references to the scenes that will n
théems map. Since that particular map node will be referenced freq
thgltems lookup in a variable to save some time. doorsalilwyillan array c
contain the door location(s) found on the map.

Save the script anEnanyasgnt h @ nRickup.tscn files into their respective
properties in the Inspector.

Now, add the followingeatg@le:for

func _ready():
randomize()
$ltems.hide()
set_camera_limits()
var door_id = $Walls.tile_set.find_tile_by name(‘door_red’)
for cell in $Walls.get_used_cells_by_id(door_id):

doors.append(cell)

spawn_items()
$Player.connect('dead’, self, 'game_over’)
$Player.connect('grabbed_key', self, '_on_Player_grabbed_key")
$Player.connect('win', self, '_on_Player_win’)

The function starts by endtamsngiitbantaphés hidden. You don't want th
to see those tiles; they exist so the script can detect where to spa

Next, the camera limits must be set, ensuring that it can't scroll p:
You'll create a function to handle that (see the following code).

When the player finds a key, the door(s) need to be opened, so the
Walls map fordaomyed tiles and stores them in an array. Note that yo
find the iildrom TheSet , because the c&iddapf oméy contain ID
numbers that refer to the tile set.

More onspaven_items() function follows.
Finally,Pllyer signals are all connected to functions that will procesc

Here's how to set the camera limits to match the size of the map:

func set_camera_limits():
var map_size = $Ground.get_used_rect()
var cell_size = $Ground.cell_size
$Player/Camera2D.limit_left = map_size.position.x * cell_size.x
$Player/Camera2D.limit_top = map_size.position.y * cell_size.y
$Player/Camera2D.limit_right = map_size.end.x * cell_size.x
$Player/Camera2D.limit_bottom = map_size.end.y * cell_size.y
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get_used_rect() returmvecamr2 containing the sGroandflalyer in cells.
Multiplying thisceliyizshe gives the total map size in pixels, which is
the four limit valuGaseoan nbede. Setting these limits ensures you won'
deadpace outside the map when you move near the edge.

Now, addspdne_items() function:

func spawn_items():
for cell in items.get_used_cells():
var id = items.get_cellv(cell)
var type = items.tile_set.tile_get_name(id)
var pos = items.map_to_world(cell) + items.cell_size/2
match type:
'slime_spawn':
var s = Enemy.instance()
s.position = pos
s.tile_size = items.cell_size
add_child(s)
'player_spawn':
$Player.position = pos
$Player.tile_size = items.cell_size
‘coin’, 'key_red', 'star"
var p = Pickup.instance()
p.init(type, pos)
add_child(p)

This function looks for themstilkssy eém,theturget dsdaycells() . Each

cell hawl athat maps to a ndiegetin {hlke names that were assigned to
tile wherTileBet was made). If you made your own tile set, make sur
names that match your tiles in this function. The names used in thq
the tile set that was included in the asset download.

map_to_world() converts the tile map position to pixel coordinates. Th
upper-left corner of the tile, so then you must add one half-size til
tile. Then, depending on what tile was found, the matching item ob

Finally, add the three functions for the player signals:

func game_over():
pass

func _on_Player_win():
pass
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func _on_Player_grabbed_key():
for cell in doors:
$Walls.set_cellv(cell, -1)

The player deghadswin should end the game @athgd veqaeen

(which you haven't created yet). Since you can't write the code for
uspass for the time being. The key pickup signal should remove any
their tile indexwtloich means an empty tile).

Adding more levels

If you want to make another level, you just need to duplicate this ¢
same script to it. The easiest wayScemgbdhes Anndosase the level as
Level2tscn . Then, you can use some of the existing tiles or draw a w
layout.

Feel free to do this with as many levels as you like, making sure t
levels folder. In the next section, you'll see how to link them togeth
will lead to the next. Don't worry if you number them incorrectly; vy
in whatever order you like.

Game flow

Now that you have the basic building blocks completed, you need t
together. In this section, you'll create:

e The Start and Game Over screens
e A global script to manage persistent data
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The basic flow of the game follows the following chart:

The player is sent to the end screen whenever he/she dies, or whe
the last level. After a brief time, the end screen returns the player
a new game can be played.

Start and end screens

You need two scenes for this part: a start or title screen that show
the player start the game), and a game over screen to notify the pl
ended.

Make a new scene @mtioladdoale na®&at8creen . AddLabeds a child

and auxksg//assets/Unique.ttf as a mgnamicFont with a font &lize& of
theAlignanW¥aligmpropertiegse hteand thext&scape the Maze! . In the
Layoumhenu, sé&lelttRedNow, duplicate this node and setTeExtsecond |
Press <space>

For this demonstrS8tarisoreebhe is being kept very plain. Once you have
working, feel free to add decoraniratisnPlayerevehoamake a player
Sprite run across the screen.

ChooSeengSave Aes save another copy of this $meéSteeandDred eite it
the seclabhal (the one th®treays<spaxred adihea node. Set
theAutostagtopertPmn®ne ShbdOn anWait Tine.
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Th&mer will send the game StartSkreem thafter it expires.

However, before you can connect these other scenes together, you
to work with persistenrtudataaarrsd

Globals

It is a very common scenario in game development that you have s
persist across multiple scenes. Data that is part of a scene is lost
so persistent data must reside somewhere outside the current scen

Godot solves this problem with the use of AutoLoads. These are sc
automatically loaded in every scene. Because Godot does not supp
autoload actsSinlgdea®his is a node (with attached script) that is aut
loadedeiwmerggcene. Common uses for AutoLoads include storing globe
player data, and so on), handling scene switching functions, or an\
need to be independent of the currently running scene.

Singletos a well-known pattern in programming which desc
class that only allows for a single instance of itself, and
access to its member variables and functions. In game de
often used for persistent data that needs to be accessible
of the game.

When deciding if you need a singleton, ask yourself whether the okt
toalwayxist and if there widndywamstbhece of that object.

Global script

First, make a new scripfEibgfNdwckintperipwindow. Make sure it inheri
fromode (this is the defaultPatanfieihd thseet the Qiohahgd ta Click
Creatend add the following code to the new script:

extends Node

var levels = ['res://levels/Levell.tscn',
'res://levels/Level2.tscn']

var current_level

var start_screen = 'res://ui/StartScreen.tscn'

var end_screen = 'res://ui/EndScreen.tscn’
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func new_game():
current_level =-1
next_level()

func game_over():
get_tree().change_scene(end_screen)

func next_level():
current_level +=1
if current_level >= Global.levels.size():
# no more levels to load :(
game_over()
else:
get_tree().change_scene(levels[current_level])

This script provides a number of functions you'll need.

Most of the work is dohangelsyentdfle method oScadeg@ree . The

SceneTree represents the foundation of the currently running scene. \
loaded or a new node is added, it bec ®Sreaslrae mchandeescené()t h e
replaces the current scene with a given one.

T h aext_level() function progresses through the list of levels you've
listed ifewdlse array. If you reach the end of the list, the game ends

To add this script as an aRtojeatd Sepeemd sclick Autbleoaab.

Click theutton neRa&attand sele cGlgbalgd script. TheNaodeill
automatically b@leba(tbis is the name you'll use to reference the nc
scripts, as shown in the following screenshot):

[ 92



Escape the Maze Chapter 3

Now, you can access any of the global script's properties by using
across your whole game,Glabal.euxram [eVvel,

Attach the following sStariPdreén the

extends Control

func _input(event):
if event.is_action_pressed('ui_select’):

Global.new_game()
This script waits for the spacebar to be pmewgade@ntunicenonadfs the

Global
Add this oBreScoeen

extends Control

func _on_Timer_timeout():
get_tree().change_scene(Global.start_screen)
You'll also need to tmevoate ctitdreaTimehk . To do this, you have to creat

script first, tGommecthéutton will create the new function for you.

In thevelgd script, you can now fill in the remaining two functions:

func _on_Player_win():
Global.next_level()

func game_over():
Global.game_over()

Score

The global singleton is a great place to keep the player's score so
from level to level. Stanarbgoraddivragiable at the top of the file, and

new_game() , adsdore=0
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Now, you need to add a point whenever a Pwkup.gd calldcted. Go to
a d dignal coin_pickup at the top. You can emit thickugjgnalriatite:

func pickup():
match type:
‘coin’:
emit_signal(‘coin_pickup’, 1)
$CollisionShape2D.disabled = true
$Tween.start()

The valule iefincluded here in case you want to later change the nur
coins are worth, or add other objects that add different point amou
used to update the display, so nowHYb.u can create the

Make a new scerGanvasthyen naméldD and save the scene. Add a
MarginContainer node as a child, and Luabee rnbama&cbeelabel

Set thaeginContainer Layouttofop Widend its four margin properties (four
undeCustom Congtanli2do Add the £fauseom Fpnoperties you used befo
for the start and end screens, then attach a script:

extends CanvasLayer

func _ready():
$MarginContainer/ScoreLabel.text = str(Global.score)

func update_score(value):
Global.score += value
$MarginContainer/ScoreLabel.text = str(Global.score)

Add an instancklUDftdhtétesel scene. Remember from the previous proj
th €anvasLayer node will remain on top of the rest of the game. It will

camera movement, so the display will remain fixed in place as the
level.

Finally, ibevehgd script, when you spawn a new collectible object, c
to tiED function:

‘coin’, 'key_red', 'star"
var p = Pickup.instance()
p.init(type, pos)
add_child(p)
p.connect(‘coin_pickup', $HUD, 'update_score')

Run the game and collect a few coins to confirm that the score is
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Saving the High Score

Many games require you to save some kind of information between
information that you want to remain available, even when the appli
Examples include saved games, user-created content, or download:
this game, you'll save a High Score value that will persist across ¢

Reading and writing files

As you've seen before, Godot keeps all resources stored as files ir
code, these are accessidsl/e ufidledethgath. For

e x a m pres://project.godot will always point to the current project's cotl
file, no matter where on your computer the project is actually store

However,resli/e filesystem is set as read-only for safety when the pi
also read-only when the project is exported. Any data that needs t¢
is placed usertthe file path. Where this folder physically exists will v
on what platform the game is running on.

You can find the current platform's user-writable data folc

u s in@S.get_user_data_dir() . A ddprimt() statement to the
ready() function of one of your scripts to see what the loca
system.

Reading and writing to files is acddanpoilsjteed. uBhing abject is used tc
open the file in read and/or write mode, and can also be used to te

Add the followingGhbalegd ta

var highscore =0
var score_file = "user://highscore.txt"

func setup():
var f = File.new()
if f.file_exists(score_file):
f.open(score_file, File.READ)
var content = f.get_as_text()
highscore = int(content)
f.close()
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You first need to test whether the file exists. If it does, you can re
being stored as human-readable texthighscdreas srigm ailh |[ea Bhimary data
can also be stored in files, if needed, but text will allow you to loo
check that everything is working.

Add the following code to check if the player has beat the previous

func game_over():
if score > highscore:
highscore = score
save_score()
get_tree().change_scene(end_screen)

func save_score():
var f = File.new()
f.open(score_file, File.WRITE)
f.store_string(str(highscore))
f.close()

T h save_score() function opens the file to write the new value. Note t
doesn't exist, opMRiWEhhnode will automatically create it.

Next, you need teeto@)l thienction when the game starts, so add this
Global.gd

func _ready():
setup()

Finally, to display the high sclabel, add ea hdStitescreen scene (you
can duplicate one of the existing ones). Arrange it below the other
order you like) anS8coaneotieeit. Add the following to the script:

func _ready():
$ScoreNotice.text = "High Score: " + str(Global.highscore)

Run the game and check that your high score is increasing (when vy
persisting when you quit and start the game again.

Finishing touches

Now that the main functionality of the game is complete, you can a
to polish it up a little bit.
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Death animation

When the enemy hits the player, you can add a small animation rat
game. The effect will spin the character around while shrinking its

Start by sele cAnimgtidrirayer node ofPlajee and clickingethe

Animatidorutton: . Name the nedieanimation

In this animation, you'll be animRbitagibme Dpait@'ssalproperties.

Find tRetation Degrmeogserty ihnsipectamd click the key, , to add a
Move the scrubber to the end of theRan aniati ob e gie®@Bpend click
the key again. Try playing the animation to see the character spin.

Keep in mind that while degrees are typically used for Ins
properties, when writing code most Godot functions expec
measuredaichians

Now, do the same thincallopgkety. Add a keyframe (at th(g beginnin

1) and then another at the end wif@R2, 02 scalleys@tiaping the animatic
again to see the results.

The new animation needs to be triggered when the player hits an e
following code to thenpPlaygrearea entered() function:

if area.is_in_group(‘enemies’):
area.hide()
set_process(false)
$CollisionShape2D.disabled = true
$AnimationPlayer.play("die")
yield($AnimationPlayer, ‘animation_finished')
emit_signal(‘dead’)

The added code takes care of a few things that need to happen. Fil
was hit makes sure that it doesn't cover the player and prevent yol
animation. Next,sstguocesséfalse) to stop_prbooess() function from

running so that the player can't keep moving during the animation.

disable the player's collision detection so that it doesn't detect an
to wander by.
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After startidig theimation, you need to let it finishddad feignam,itdong t
yield is used to wait for thdnsnaiorePlayerom .

Try running the game and getting hit by an enemy to see the anima
works fine, you'll notice something wrong on the next playthrough:
animation ends with t8ea$pai(®8L0.2) and nothing is setting it back
normal size. Add the following to the Player's script so that the sc
right value:

func _ready():
$Sprite.scale = Vector2(1, 1)

Sound effects

There are six sound eé§dasestsiaudid e folder for you to use in the ge
These audio files are in OGG format. By default, Godot sets OGG f
imported. Select the OGBEillayssiaabhéyou carhifeeClick to select
multiple files) andlmboktaheon the right-hand side of the editor win
Unchetkopand clicRehmpobutton:

First, add the pickup sounds for thwidSteeansPlayedd tw@des to the
Pickup scene and narkeyPitkepn andoinPickup . Drag the corresponding au
file intoSttheamroperty of each node.
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You can also adjust the soundWohorhempnoipeittsy, as shown in the
following screenshot:

Add the following code to the Ipiekyp@ninfg rodtide:

match type:

‘coin";
emit_signal(‘coin_pickup', 1)
$CoinPickup.play()

'key_red":
$KeyPickup.play()

The other sound effects will Flayeaddednt®. théd three of

t h AudioStreamPlayer and name Whmelmse , arFdotsteps , adding the matching
sound file to eacShtmeadw)'sdate drhelayer_area_entered() function as
follows:

if area.type == 'star"
$win.play()
$CollisionShape2D.disabled = true
yield($Win, "finished")
emit_signal(‘win’)

You need to disable theyrhlllisoonttaendound to finish, or else it woul
instantly terminated by the next level loading. This way, the playel
sound before moving on.

To play the foots$kogoisteps.didy() a f tié€move(dir): in thpeocess()

function. Note: you may want to reduce the sound of the footsteps
overwhelm everything; they should be subtle bdoaigtemsun c csbas,nds. |1
set thelume Dplropertypoto
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Finally, to plLase th@und, add it to the enemy collision code here:

if area.is_in_group(‘enemies'):
area.hide()
$CollisionShape2D.disabled = true
set_process(false)
$Lose.play()
$AnimationPlayer.play("die")
yield($Lose, 'finished")
emit_signal(‘dead')

Note that you need to change the yield function. Since the sound i
animation, it will get cut off if you end it on the animation's compl:
could adjust the duration of the animation to match the length of ti

Summary

In this project, you have learned how to take advantage of Godot's
organize and share code between different objects in your game. T
tool that you should keep in mind whenever you start building a ne
making multiple objects that repeat the same properties and/or cod
stop and think about what you're dodag.|Asse yiomhresrétdince here to sh
these objects havelhnnacbhggenyame with many more objects, this ¢
large amount of time.

You saw hoWileMap node works and how it allows you to quickly desi
spawn new objects. They have many uses across many game genre:
this book, TileMaps are also ideal for designing platform game leve

You were also introdWcetd Lol éure, which allows you to create a g
that contains persistent data used across multiple scenes. You als
implement grid-based moveme rhimatidnRlserd thto work with spriteshee
animations.

In the next chapter, you'll learn about Godot's [Rmwkodiydd physics bo
You'll use it to create a game in a classic genre: the space shoote
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By now, you should be getting more comfortable with working in Go
creating scripts, modifying ptoppeftemnid sbeon. As you progress thr
this book, you won't be forced to rehash the basics again and agai
stuck, or feeling like you don't quite remember how something is d
back to a previous project where it was explained in more detail. A
common actions in Godot, they will start to feel more and more fam
each chapter will introduce you to more nodes and technigques to e
understanding of Godot's features.

In this next project, you'll make a space shooter game similar to tt
Asteroids. The player will control a ship that can rotate and move

will be to avoid thepfdoatiagksshoot them with the ship's laser. Ref
following screenshot:




Space Rocks Chapter 4

You will learn about the following key topics in this project:

e Physics WRigidRpdy2D

e Finite State Machines

e Building a dynamic, scalable Ul
e Sound and music

e Particle effects

Project setup

Create a new project and download thetgs:ro jegithtba scere/ts from
PacktPublishing/ Godot- Game-Engine- Projects/ releases

For this project, you'll set up custom inppttabtagrss ngsimgstheature,
you can define custom events and assign different keys, mouse eve
them. This allows for more flexibility in designing your game, as Yy«
to respond jumpthi@put, for example, without needing to know exactly
user pressed to make the event happen. This allows you to make tt
different devices, even if they have different hardware. In addition
expect to be able to customize a game's inputs, this enables you t¢
the user as well.

To set up the inputs for thPsoga¢PaojgrdnSettimdgsseledhpgbe Map
tab.

You'll need to create four nemntais [efit a qroiaren sght thrust , and

shoot . Type the name of each &AcxtiimmoxtarntdedlddkThen, for each
action, cliekbtheon and select the type of input to assign. For exam
player to use both the arrow keys and the popular WASD alternativ
like this:
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If you have a gamepad or other controller connected to your compu
inputs to the actions in the same way. Note: we're only considering
this stage, so while you'll be able to use a d-pad for this project, 1
would require changes to the project's code.

Rigid body physics
In game development, you often need to know when two objects in

intersect or come into contact.cbhlissienkdetihtaana collision is
detected, you typically want something to hagplé¢is.iodmhiedpokrnsewn a:

Godot offers three kinds of physics bodiPhysicgBady2De d olbrjdet thee:

e StaticBody2D : A static body is one that is not moved by the phy
participates in collision detection, but does not move in res
This type of body is most often used for objects that are pat
or do not need to have any dynamic behavior, such as walls
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e RigidBody2D : This is the physics body in Godot that provides si
physics. This means that yo WRigidBoty2Dondipécaly. Instead, you
apply forces to it (gravity, impulses, and so on) and Godot's
engine calculates the resultant movement, including collisio
rotating, and other effects.

e KinematicBody2D : This body type provides collision detection, b
All movement must be implemented in code, and you must im
collision response yourself. Kinematic bodies are most often

characters or other actorsrchde rptyyigies rather than realistic
simulation.

Understanding when to use a particular physics body type is a big
game. Using the right node can simplify your development, while tr
node to do the job can lead to frustration and poor results. As you
body, you'll come to learn their pros and cons and get a feel for wl
what you need.

In this project, you'll RiggdRody2iy thede for the player ship sysawell as
rockthemselves. You'll learn about the other body types in later ch:

IndividRgidBody2D nodes have many properties you can use to custol
behavior, sMads @riction , cBounce . These properties canlhsp®ettdn the
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Rigid bodies are also affected by the world's propePtiejssctvhich can
Settingsnddrhysidq&8D These settings apply to all bodies in the world.
following screenshot:

In most cases, you won't need to modify these settings. However, 1
gravity has a 9&laprdoé direc@@,dn ofdownward). If you want to chang
world gravity, you can do that here. You should also be aware of tl
Default Linear Ba@h@fault Angular.Didmege properties control how qu
body will lose forward speed and rotation speed, respectively. Sett
will make the world feel frictionless, while using larger values will
are moving through mud.

Area2D nodes can also be used to affect rigid body physics
Space Overpidperty. Custom gravity and damping values w
be applied to any bodies that enter the area.

Since this game will be taking place in outer space, gdafawitwon't [
Gravityd. You can leave the other settings as they are.
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Player ship

The player ship is the heart of the game. Most of the code you'll w
about making the ship work. It will be controlled in the classic Ast:
left/right rotation and forward thrust. It will also detect the shoot |
to fire the laser and destroy the floating rocks.

Body setup and physics

Create a new sceneRigidBbdg2Dd enam@idyer as the root no%pete with

a n €ollisionShape2D children. A ded://aksets/player_ship.png image to
theTextureroperty &prithhe. The ship image is quite IScqdpropasetty the
of tisprite t¢0.5,0.5) and iRotatidno.

The image for the ship is drawn pointing upwards. In God¢
0 degrees points to the righix{(a)Joddiitheneans you need to
theRotaticof tBmite node9@oso it will match the body's
direction.

In thhaperope rt@olisfonShape2D , adCieleShape2D and scale it to cover
the image as closely as possible (remember not to move the rectan
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Save the scene. When working on larger-scale projects, it is recom
scenes and scripts into folders based on each game object. For ex;
player folder, you can save player-related files there. This makes it
modify your files rather than having them all together in a single fi
is relatively small, it's a good habit to adopt as your projects grow

State machines

The player ship can be in a number of different states during game
aliveéhe ship is visible and can be controlled by the player, but is v
rocks. On the other hand|neh&linédeship should appear semi-transpare
immune to damage.

One way that programmers often handle situations like this is to ac
to the code. For exmvonetabletheflag is sed twhen the player spawns,
when tdive flag is fdsk towhen the player is dead. However, this can
errors and strange situation saliweh e renitivalbbrablee flags are set to

true at the same time. What happens when a rock hits the player in
states are mutually exclusive, so this shouldn't be allowed to happ

One solution to this problEmiite t9tatte MagchMneWhen using an FSM,
an entity can only be in one state at a given time. To design your |
number of states and what events or actions can cause a transition
another.

The following diagram outlines the FSM for the player ship:
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There are four states, and the arrows indicate what transitions are
event triggers the transition. By checking the current state, you ca
is allowed to do. For ex®mplkstanetheéon't allow input, or in the
INVULNERABd4tlate, don't allow shooting.

Advanced FSM implementations can become quite complex, and the
scope of this booAppésixe the further reading). In the purest sense, y
technically won't be creating a true FSM, but for the purposes of tl
sufficient to illustrate the concept and keep you from running into
problem.

Add a scriptPtayethenode and start by creating the skeleton of the F¢
implementation:

extends RigidBody2D

enum {INIT, ALIVE, INVULNERABLE, DEAD}
var state = null

Arenum (short for enumeration) is a convenient way to ceeuw®te a set ¢
statement in the preceding code snippet is equivalent to the follow

const INIT=0

const ALIVE =1

const INVULNERABLE = 2
const DEAD =3

You can also assign @nomamwhtichams useful when you have more than
collection of constants in a single script. For example:

enum States {INIT, ALIVE}
var state = States.INIT

However, this isn't needed in this script, as yenuhhltontyablk thsdng th
ship's states.

Next, cre athangk estate function to handle state transitions:

func _ready():
change_state(ALIVE)

func change_state(new_state):
match new_state:
INIT:
$CollisionShape2D.disabled = true
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ALIVE:
$CollisionShape2D.disabled = false
INVULNERABLE:
$CollisionShape2D.disabled = true
DEAD:
$CollisionShape2D.disabled = true
state = new_state

Whenever you need to change the state of the player, you'll call th

change_state() function and pass it the value of the newmatthte. Then,
statement, you can execute whatever code should accompany the ti
state. To illustraUnlislohShap&2d is being enabled/disabled by the

new_state value.rdatdy() , you specify the enictuatesw®i¢E so that you
can test, but you'll tNtiTanipdeit. to

Controls

Add the following variables to the script:

export (int) var engine_power
export (int) var spin_power

var thrust = Vector2()
var rotation_dir =0

engine_power angpin_power control how fast the ship can accelerate and
Inspector, set50beamib®00 , respectitvasty. will represent the force beir
applied by the ship's e@g)ne:wdidhecoasting, or a vector with the lel
engine_power when pow er edxatiom dir will represent what direction the
turning in and apply a torque, or rotational force.

By default, the physics settindamppowgthéecbhomeeuces a body's velocit
spin. In space, there's no friction, so for realism there shouldn't b
However, for an arcade-style feel, it's preferable that the ship sho
of the keys.lhspbetmret the pllainerfamptda and AsgulArampts.

The next step is to detect the input and move the ship:

func _process(delta):
get_input()

func get_input():
thrust = Vector2()
if state in [DEAD, INIT]:
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return

if Input.is_action_pressed("thrust"):
thrust = Vector2(engine_power, 0)

rotation_dir =0

if Input.is_action_pressed("rotate_right"):
rotation_dir +=1

if Input.is_action_pressed("rotate_left"):
rotation_dir -=1

func _physics_process(delta):
set_applied_force(thrust.rotated(rotation))
set_applied_torque(spin_power * rotation_dir)

T h get_input() function captures the key actions and sets the ship's |
the rotation dirmgatiomodir ( ) to a positive or negative value (represen
clockwise or counter-clockwise rotation). This function is called ev
_process() . Note that if thiNITstaDEABget input() will exit by using

return before checking for key actions.

When using physics bodies, their movement and related functions s
_physics_process() . Here, you catnappkeel_force() to apply the engine
thrust in whatever direction the ship is fasetnapplidchtemuefjou can use
to cause the ship to rotate.

Play the scene and you should be able to fly around freely.

Screen wrap

Another feature of classic 2D sarresede widarples psayer goes off one sic
the screenapgphegn the other side. In practice, you teleport or instart
the ship's position to the opposite side. Add the following to the cl
the script:

var screensize = Vector2()
And add thirsady)
screensize = get_viewport().get_visible_rect().size

Later, the game's main script wddreehsized | ef sre etliingf the game's objec
but for now, this will allow you to test the screen wrapping with ju:
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When first approaching this problem, you might think you could use
position property and, if it exceeds the bounds of the screen, set it
However, whenRigidBody2D , you can't direcqdstionet ,itsecause that
would conflict with the movement that the physics engine is calculz:
mistake is to try adding sometblysigsl|pioeedsf)is to

func _physics_process(delta):
if position.x > screensize.x:
position.x =0
if position.x < 0:
position.x = screensize.x
if position.y > screensize.y:
position.y =0
if position.y < 0:
position.y = screensize.y
set_applied_force(thrust.rotated(rotation))
set_applied_torque(rotation_dir * spin_thrust)

This will fail, trapping the player on the edge of thhléetebiegn (and o
unpredictably at the corners). So, why doesn't this work? The Godc
recomm e mtysics_process() for physics-relatetdev@dehtayssiios the

name. It makes sense at first glance that this should work correctl

In fact, the correct way to solweotioi s physibs @rocess()
To quoteRighBody2D docs:

"You should not change a RigidBody2D's position or linear_velo
very often. If you need to directly affect the body's state, use _
allows you to directly access the physics state.”

And in the descrigrtegnatef forces()

"(It) Allows you to read and safely modify the simulation state f
instead of _physics_process if you need to directly change the |
physics properties. (emphasis added)"

The answer is to change the phintegase foadddf)lack towhich gives you
access to thehygad3DBirectBodyState . This is a Godot object containin
great deal of useful information about the current physics state of
location, the key piece of inform@atansform2zDthe body's
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Atransfoimma matrix representing one or more transformations in 2D
translation, rotation, and/or scaling. The translation (that is, posit
by accessiargintheproperty dfandieem2D

Using this information, you can implement the wrap around effect &
_physics_process() t ointegrate_forces() and altering the transform's origi

func _integrate_forces(physics_state):
set_applied_force(thrust.rotated(rotation))
set_applied_torque(spin_power * rotation_dir)
var xform = physics_state.get_transform()
if xform.origin.x > screensize.x:
xform.origin.x = 0
if xform.origin.x < 0:
xform.origin.x = screensize.x
if xform.origin.y > screensize.y:
xform.origin.y =0
if xform.origin.y < 0:
xform.origin.y = screensize.y
physics_state.set_transform(xform)

Note that the function's argument namephyaiss_Istaten cHiaorgeidsto
defaustate . This is to prevent any possible confusion stteh the alrea
variable, which tracks what FSM state the player is currently assig

Run the scene again and check that everything is working as expec
wrapping around in all four directions. A common mistake is to acc
than or less-than sign, so check that first if you're having a proble
edges.

Shooting

Now, it's time to give your ship some weapahost Vdbeimmprassudigethe
should be spawned at the front of the ship and travel in a straight
screen. Then, the gun isn't allowed to fire again until a small amot

Bullet scene
This is the node setup for the bullet:

e Area2D (nammBulet )
e Sprite
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e CollisionShape2D
¢ VisibilityNotifier2D

U s mes://assets/laser.png from the assets folder for tBmitdextane af the
CapsuleShape2D for the collision shape. You'Rohavieofotlset the
CollisionShape2D t60 so that it will fit correctly. You s®miteld also scale
down to half{osjasB) ( ).

Add the following scBulget ton blde :

extends Area2D

export (int) var speed
var velocity = Vector2()

func start(pos, dir):
position = pos
rotation = dir
velocity = Vector2(speed, 0).rotated(dir)

func _process(delta):
position += velocity * delta

Set the expueete dropertioooo.

T h ¥isibilityNotifier2D is a node that can inform you (using signals) w
node becomes visible/invisible. You can use this to automatically ¢
goes off screen. Csmereedtethe sign aVigbilityNotifier2D and add

this:

func _on_VisibilityNotifier2D_screen_exited():
queue_free()

Finally, connect thalybantdred's signal so that you can detect when the
hits a rock. The bullet dkesmhyntdhedgt@about rocks, just that it has
something. When you create the rocks, you'll amckstheamdtgiaegroup
them explode() method:

func _on_Bullet_body_entered( body ):
if body.is_in_group(‘rocks"):
body.explode()
queue_free()
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Firing bullets

Now, you need instances of the bullet to be created whenever the |
you make the bullet a child of the player, then it will move and rot
instead of moving independently. Instead, the bullet should be add
scene. One way to do this we ylder(padd chilsl@ , SinceMame

scene will be the parent of the player when the game is running. H
mean you could no lonRaerrusceme by itself like you have been doir
get_parent() would produce an error Mé@nr,sideimethieu decided to arrang
things differently, making the player a child of some other node, tt
added where you expect.

In general, it is a bad idea to write code that assumes a f

Especially try to aygaiphrens()ng if at all possible. You may
find it difficult to think this way at first, but it will result
modular design and prevent some common mistakes.

Instead, the plagjiegheilbullet to the main scene using a signal. In tt
Player scene doesn'tkmeemnyohing about Manw sbene is set up, or even
th&ain scene exists. Producing the bullet anRlajean dimegdt' ® fd nilsy the

responsibility.

A dd Rosition2D node to the player atgzlmanfdiig will mamk zthief
the guhhe location where the bullet wPo sipieds0, 0p et tiasplace it
directly in front of the ship.

Next, adohea node na@Guehmer . This will prawidld @aonthe gun,
preventing a new bullet from firing until a certain amount of time h
One Shanhdutoplabyoxes.

Add these new variables to the player's script:
signal shoot

export (PackedScene) var Bullet
export (float) var fire_rate

var can_shoot = true

Drag tBulet.tscn onto the Buelweproperty ihnsipectoarnd sefFittee Rate
tad.25 (this value is in seconds).
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Add thisreagy()

$GunTimer.wait_time = fire_rate
And thigetinput()

if Input.is_action_pressed("shoot") and can_shoot:
shoot()

Now, creatshodtle function, which will handle creating the bullet(s):

func shoot():
if state == INVULNERABLE:
return
emit_signal("shoot", Bullet, $Muzzle.global_position, rotation)
can_shoot = false
$GunTimer.start()

When emittimsigopdthesignal, you (Bakes theself plus its starting position
direction. Then, you disable sé¢nachontg Wlidhg 8med st@urTiblee. To
allow the gun to shoot agaiimeocto n s egrt atth eGunfimer :

func _on_GunTimer_timeout():
can_shoot = true

Now, make your Main sdede nAmddldin andSgrite  nam 8ackground
U s ms://assets/space_background.png as the Textddean instance of the
Player to the scene.

Add a scriygintothen connllkayethenodaeshsot signal, and add the followil
to the created function:

func _on_Player_shoot(bullet, pos, dir):
var b = bullet.instance()
b.start(pos, dir)
add_child(b)

Play t™Main scene and test that you can fly and shoot.
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Rocks

The goal of the game is to destroy the floating space rocks, so, no
time to add them. Like the ship, thRigi8ody28Dw,livhieb Wwell make them
travel in a straight line at a steady speed unless disturbed. They'll
other in a realistic fashion. To make things more interesting, rocks
when you shoot them, break into multiple smaller rocks.

Scene setup

Start a new scene bRigiBoéyabg anaminRock, and addBprifea using

t h ees://assets/rock.png texture. AdlisiamShape2D , buton'add a shape

to it yet. Because you'll be spawning different-sized rocks, the col
be set in the code and adjusted to the correct size.

Set tBeuncgroperty ®kbckhed and bdhatimedDampandngulrampto.

Variable size

Attach a script and define the member variables:

extends RigidBody2D

var screensize = Vector2()
var size

var radius

var scale_factor = 0.2

Th#lain script will handle spawning new rocks, both at the beginnincg
the smaller rocks that will appear after a large one explodes. A lar
size 03 and break into ro@ksanfl siaeo scald lfaetor is multiplied by

size to set the sprite's scale, the collision radius, and so on. You c
change how big each category of rock is.

All of this will be sat{) by mreehod:

func start(pos, vel, _size):
position = pos
size = _size
mass = 1.5 * size
$Sprite.scale = Vector2(1, 1) * scale_factor * size
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radius = int($Sprite.texture.get_size().x / 2 * scale_factor * size)
var shape = CircleShape2D.new()

shape.radius = radius

$CollisionShape2D.shape = shape

linear_velocity = vel

angular_velocity = rand_range(-1.5, 1.5)

Here is where you calculate the correct collisiopizehame asdedt on tl
to tiCellisionShape2D . Note thatsisdnds already in use as a class variab
can usiee for the function argument.

The rocks also need to wrap around the screen, so use the same te
Player

func _integrate_forces(physics_state):

var xform = physics_state.get_transform()

if xform.origin.x > screensize.x + radius:
xform.origin.x = 0 - radius

if xform.origin.x < 0 - radius:
xform.origin.x = screensize.x + radius

if xform.origin.y > screensize.y + radius:
xform.origin.y = 0 - radius

if xform.origin.y < 0 - radius:
xform.origin.y = screensize.y + radius

physics_state.set_transform(xform)

The difference here is that incladsngrelselb®dgp'smoother-looking
teleportation. The rock will appear to fully exit the screen before ¢
side. You may want to do the same thing with the player ship. Try |
you like better.

Instancing

When new rocks are spawned, the main scene will need to pick a re
do this, you could use some geometry to pick a random point along
screen, but instead you can take advantage of yet another Godot n
path around the edge of the screen, and the script will pick a rand
path. Addtt@D node and nRokPait . When you clicRathaD theou will

see some new buttons appear at the top of the editor:
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Select the middédoRe)ifitto draw the path by clicking to add the poin
make the points alignSmakdosgmsedchecked. This option is found und
Snapping Opthamnson to the leddckobubton. It appears as a series of th

vertical dots. Refer to the following screenshot:

Draw the points in the order shown in the following screenshot. Aft
point, clicklblse Cubwdto3) @nd your path will be complete:
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Now that the path is deFRatheoligwalld mode as a djotkBatbf and name

itRockSpawn . This node's purpose is to automatically follow a path as
set_offset() method. The higher the offset, the further along the patl
path is closed, it will loop around if the offset value is bigger than

Next, adiddea and nanReckd. This node will serve as a container to hol
rocks. By checking its number of children, you can tell if there are

Now, add tMan.go
export (PackedScene) var Rock

func _ready():
randomize()
screensize = get_viewport().get_visible_rect().size
$Player.screensize = screensize
for i in range(3):
spawn_rock(3)

The script starts bysgedtsizeg tla@d passing thRldaydro tHehen, it
spawns three rocBsusfegawe rock) , which is defined in the following
Don't forget Rockitsagy onto theckproperty ihnsipector

func spawn_rock(size, pos=null, vel=null):
if Ipos:
$RockPath/RockSpawn.set_offset(randi())
pos = $RockPath/RockSpawn.position
if lvel:
vel = Vector2(1, 0).rotated(rand_range(0, 2*PI)) * rand_range(100,
150)
var r = Rock.instance()
r.screensize = screensize
r.start(pos, vel, size)
$Rocks.add_child(r)

This function will serve two purposes. When called with only a size
random position aRakRattheand a random velocity. However, if those -
also provided, it will use them instead. This will let you spawn the
location of the explosion.

Run the game and you should see three rocks floating around. How
affect them.
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Exploding rocks

T h Bullet is checking for borddilkss grabhp, so Rockthsscene, click on the
Nodetab and clcooug@sTypeks and clAdid

Now, if you run the game and shoot a rock, you'll see an error mes
trying to call teeloaefk smethod, which you haven't defined yet. This
needs to do three things:

e Remove the rock
e Play an explosion animation
e NotiMMain to spawn new, smaller rocks

Explosion scene

The explosion will be a separate scene, whadskhayaulaber add to the
thelayer . It will contain two nodes:

e Sprite  (namEegblosion )
e AnimationPlayer

For the spTeets,ra ses://assets/explosion.png . You'll notice that this is
sprite shaatimage made up of 64 smaller images laid out in a grid

images are the individual frames of the animation. You'll often finc
this way, and Gmwi#ot'sode supports using them as individual frames
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In the Inspector, findAtmienapiratecsion. Seframesndiframelsoth to

8. This wiittthe sprite sheet into its individual images. You can veri
the&eramproperty to different vaOueaeséb e tMvaelean sure Ftroa seltsa c kOt o
when finished:

T h &nimationPlayer can be used to animate any property of any node.
AnimationPlayer to changéredhmproperty over time. Start by clicking on
and you'll sAeitha&tiganel open at the bottom, as shown in the follo
screenshot:
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Click thhew Animatbartton and reaplosiont . Set Leegth0.64 and the
Stepp6.01 . Now, click Qpritethenode and you'll notice that each propert:
Inspectmow has a key button next to it. Each time you click on the
keyframe in the current animation. The kenampttome ntegxaltsos thas a
symbol on it, indicating that it will automatically increment the val
frame.

Click the key and confirm that you want to create a new animation
Framproperty has incremeQtlieck tthhe key button repeatedly until you
reached the fin®8)rame (

Click thlmyputton iPAbhhmatigganel to see the animation being played.

Adding to Rock

In tlReck scene, add an ikgdlasiboae @afnd add thissthrtfle to

$Explosion.scale = Vector2(0.75, 0.75) * size
This will ensure that the explosion is scaled to match the rock's si

Add a signaleg@ddedd at the top of the scriptexplbde) addntbEeon,
which will be called when the bullet hits the rock:

func explode():
layers =0
$Sprite.hide()
$Explosion/AnimationPlayer.play("explosion")
emit_signal("exploded", size, radius, position, linear_velocity)
linear_velocity = Vector2()
angular_velocity = 0

Thlyers property ensures that the explosion will be drawn on top o
on the screen. Then, you will send MaisikmalwthatswaWwhehew rocks.
This signal also needs to pass the necessary data so that the new
properties.
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When the animation finisheMmimpdtogPlager thewill emit a signal. To conn
it, you need to wninkatiotPlayer node visible. Right-click on the instar
Explosiamd seEadldtable Childhem s eldaimdtioaPlayer and connect its
animation_finished signal. Make sure tRockelpctiitehenect to Nedeion.

The end of the animation means it is safe to delete the rock:

func _on_AnimationPlayer_animation_finished( name ):
queue_free()

Now, test the game and check that you can see explosions when yo
this point, your rock scene should look like this:

Spawning smaller rocks

ThRock is emitting the signal, but it needBaino. breo g oaare ttesleimhe
Nodetab to connect it, Beckainssa atthees are being created in code. Sicg
connected in code as well. Add thispalimeck) the end of

r.connect(‘exploded’, self,'_on_Rock_exploded")

This connects the rock's signaaiho caa Iflesdc Rookn ekploded() . Create
that function, which will be called wheregplaleda sogkadends its

func _on_Rock_exploded(size, radius, pos, vel):

if size <= 1:
return

for offset in [-1, 1]:
var dir = (pos - $Player.position).normalized().tangent() * offset
var newpos = pos + dir * radius
var newvel = dir * vel.length() * 1.1
spawn_rock(size - 1, newpos, newvel)
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In this function, two new rocks are created unless the rock that wa
smallest size it ceffisetbe.ldde variable will ensure that they spawn ar
opposite directions (that is, one will be the nlegatavie bifet hie g htédare) .
vector between the player and thamget@ k, tbhefindstlse perpendicular t
that vector. This ensures that the new rocks travel away from the g

Play the game once again and check that everything is working as

Ul

Creating a game Ul can be very complex, or at least time-consumin
individual elements and ensuring they work on different-sized scre
least interesting part of game development for many programmers.
variety of Control nodes to assist in this process. Learning how to
nodes will help lessen the pain of creating your game's Ul.

For this game, you don't need a very complex Ul. The game needs
information and interactions:

e Start button

Status message (Get Ready or Game Over)
Score

Lives counter
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The following is a preview of what you will be able to create:

Create a new sceneCaavadLayerd avith the mMabhas its root node. The Ul
will be built on this layer bYoutsln gL &yaute'stures.

Layout

Godo€mtrol nodes include a number of specialized containers. The:
nested inside each other to create the precise layout you need. Fo
MarginContainer will automatically add padding around its contents, w|
HBoxContainer ~ anVBoxContainer organize their contents in rows or column
respectively.

Start by ad MamgmCantainer , which will hold the score and lives counte
thdayouhenu, sdlegtWiddhen, scroll do@usttmmh€ onsseaercttson and
set all four ma2dg.ins to

Next, adHBaxContainer , which will hold the score counter on the left a
counter on the right. Under thisLabelnt@iapmrScateldbel ) and another
HBoxContainer ~ (nam kivesCounter ).

Set t3rereLabel Text0 and, urBikeFlags , séftorizonttafillIExpand
UndeCustom FpmatddymamicFont like you dhdptenli ,Introducgtiusring
res:/lassets/kenvector_future_thin.ttf from absets folder and setting the
sizeé6da
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Under thvesCounter , ad dreatureRect and namek.iDrag

res://assets/player_small.png into thextureroperty and Sertethk Mode
toKeep Aspect CenNaresd sure you lHanedidheselected and press Duplic
(CtrbD) two times td2ceadBe(they'll be named automatically). During
theluD will show/hide these three textures to indicate how many live

In a larger, more complicated Ul, you could save this section as it:
in other sections of the Ul. However, this game only needs a few m
it's fine to combine them all in one scene.

As a child ldDthede, aTedtueeButton (naméetdrtButton ), label (named
MessagelLabel ), andiner (namMeksageTimer ).

In thes://assets folder, there are two teStdnButtsnfor bme normal
play_button.png ) and one to show when the mouse is hovering over it
play_button_h.png ). Drag theselTextuvméiormaandexturesver

properties, respectitalyoutimetlue chGesn¢er

For tMessageLabel , make sure you set the font first before specifying
won't be centered properly. You can use the samSroskdiélngs you use
After setting the font, seFuhleRilagbut to

Finally, s&xntthé&S hptopertMesshgeTimer tdOnand Wait Time.

When finished, your Ul's scene tree should look like this:
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Ul functions

You've completed the Ul layout, so nowURs$'c yaauw @ascadat tloe
functionality:

extends CanvasLayer
signal start_game

onready var lives_counter =

[$MarginContainer/HBoxContainer/LivesCounter/L1,
$MarginContainer/HBoxContainer/LivesCounter/L2,
$MarginContainer/HBoxContainer/LivesCounter/L3]

Thetart game signal will be emitted when theSgiBuytten cliclkisethe
lives_counter variable is an array holding references to the three life
The names are fairly long, so make sure to let the editor's autocon
to avoid mistakes.

Next, you need functions to handle updating the displayed informat

func show_message(message):
$MessagelLabel.text = message
$MessageLabel.show()
$MessageTimer.start()

func update_score(value):
$MarginContainer/MarginContainer/HBoxContainer/ScoreLabel.text =
str(value)

func update_lives(value):
for item in range(3):
lives_counter[item].visible = value > item

Each function will be called when a value changes to update the di
Next, add a function t&ame®ddre shete:
func game_over():
show_message("Game Over")

yield($MessageTimer, "timeout")
$StartButton.show()
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Now, connepressbce signal oStattBetton so that it can emit the signal t
Main :

func _on_StartButton_pressed():
$StartButton.hide()
emit_signal("start_game")

Finally, conntanebuthesignaMesdageTimer so that it can hide the message

func _on_MessageTimer_timeout():
$MessageLabel.hide()
$MessageLabel.text ="

Main scene code

Now, you can add an indiubntoe thiinthecene. Add the following variabl
Main.gd

var level =0
var score =0
var playing = false

These will track the named quantities. The following code will hanc

func new_game():

for rock in $Rocks.get_children():
rock.queue_free()

level =0
score =0
$HUD.update_score(score)
$Player.start()
$HUD.show_message("Get Ready!")
yield($HUD/MessageTimer, "timeout")
playing = true
new_level()

First, you need to make sure that you remove any existing rocks th
previous game and initialize the variablesstdtQn't fwocntyoabontthlee
player; you'll add that soon.
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After showin@ettReady! message, you weld|l usewait for the message t
disappear before actually starting the level:

func new_level():
level +=1
$HUD.show_message("Wave %s" % level)
for i in range(level):
spawn_rock(3)

This function will be called every time the level changes. It annour
spawns a number of rocks tosimatelyoMdhetleelizad, this will set it
ta for the first level.

To detect whether the level has ended, you continually check how |
Rocks node has:

func _process(delta):
if playing and $Rocks.get_child_count() == 0:
new_level()

Now, you need to connectartlyamelUBignal (emitted when the Play but
pressed) newtbane() function. SeHeDt ¢hiek oM oketab, and connect the
start game signal Ma&kte Functtid@rffand tyewe game in tiMethod In Node
field.

Next, add the following function to handle what happens when the
func game_over():
playing = false

$HUD.game_over()

Play the game and check that pressing the Play button starts the g
Player is currently stullK irstehte, so you can't fétythetayend yet
doesn't know the game has started.

Player code
Add a new signal and a nePlaysrgdiable to

signal lives_changed

var lives = 0 setget set_lives
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T h setget

statement in GDScript allows you to specify a function tha

whenever the value of a given variable is chandiesd. Thdsrmasaams, tha
you can emit a signalUD&krnewtihteneeds to update the display:
func set_lives(value):

lives = value
emit_signal("lives_changed", lives)

T h start()

func start():
$Sprite.show()
self.lives =3

change_state(ALIVE)

function is caodiedwlhhyen a new game starts:

When ussaetggt , if you access the variable locally (in the lo
you mustsgfut in front of the variable name. If you don't, t
setget function will not be called.

Now, you need to connect thisPlaygn atiof tépeate Hiees method in the
HUD. IMain, click oRlaybre instance andlifés dhanged signal ilNohe
tab.

ClCoknnegcand in the connection wiammectindeNoll@o s ¢iu e
FoMethod In Noty@edate lives .

Make sure yoMalkavEunctobn and
clickonnecéas shown in the following screenshot:
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Game over

In this section, you'll make the player detect when it is hit by rock
feature, and end the game when the player runs out of lives.

Add an instancExpiokidhe to thlayer , as welllimer anode (named
Invulnerability Timer ). In imespectoret Widit TinotvulnerabilityTimer

t®2 and Qse ShodOn Add this to thRayeogd of

signal dead

This signal will Matifysdbéee that the player has run out of lives and
over. Before that, however, you need to update the state machine t

each state:

func change_state(new_state):
match new_state:
INIT:
$CollisionShape2D.disabled = true
$Sprite.modulate.a = 0.5
ALIVE:
$CollisionShape2D.disabled = false
$Sprite.modulate.a = 1.0
INVULNERABLE:
$CollisionShape2D.disabled = true
$Sprite.modulate.a = 0.5
$InvulnerabilityTimer.start()
DEAD:
$CollisionShape2D.disabled = true
$Sprite.hide()
linear_velocity = Vector2()
emit_signal("dead")
state = new_state

Theodulatea property of a sprite sets its alpha channel (O@nsparenct
makes it semi-transpadrenits svdlilde.

After enteri NYyULINERABLE state, you slhauterbiétyTimer . Connect its
timeout signal:

func _on_InvulnerabilityTimer_timeout():
change_state(ALIVE)
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Also, conneanimativa_finished signal froBxplokien animation like you
did in Rbhak scene:

func _on_AnimationPlayer_animation_finished( name ):
$Explosion.hide()

Detecting collisions between physics b

When you fly around, the player ship bounces off the rocks, becau:
RigidBody2D nodes. However, if you want to make something happen w
bodies collide, you need to enable contacRlagepnitodim@n8eetheahe
InspectorCorettact MonitoaddmgBy default, no contacts are reported, s
also Catntacts RepioarteNlow, the body will emit a signal when it cont
body. Click tNomdkteab and conrbedyt enteesd signal:

func _on_Player_body_entered( body ):
if body.is_in_group(‘rocks"):
body.explode()
$Explosion.show()
$Explosion/AnimationPlayer.play("explosion")
self.lives -= 1
if lives <= 0:
change_state(DEAD)
else:
change_state(INVULNERABLE)

Now, go tdailhescene and connect dbeel Bligyal'$garhb @ver()

function. Play the game and try running into a rock. Your ship shol
invulnerable (for two seconds), and lose one life. Check that the g
three times.

Pausing the game

Many games require some sort of pause mode to allow the player t
action. In Godot, pausing is a function of the scene tree and can b
get_tree().paused = true . When SdeeeTree is paused, three things happen:

e The physics thread stops running
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e process anhphysics_process are no longer called, so no code in t
methods is run
e input andnput event are also not called

When the pause mode is triggered, every node in the running game
based on how you've configured it. This behabPeouddsodet via the noc
property, which you'll find all the way at the bottom of the Inspecti

The pause mode can be set INBERIT et hvea ldieefszu | t STOPU eA)n d

PROCESSSTOP means the node will cease processing while the tree is j
PROCESSsets the node to continue running, ignoring the paused state
would be very tedious to set this property on eveiNHBRIGelehsthe wh
the node use the same pause mode as its parent.

Open timput Mapb Hnoject Sedtiamgdks create a new inputpausdion called
Choose a key you'd like to use to toggle pause mode; for example,

Next, add the followingMaingdtiom tespond to the input action:

func _input(event):

if event.is_action_pressed(‘pause’):

if not playing:
return

get_tree().paused = not get_tree().paused

if get_tree().paused:
$HUD/Messagelabel.text = "Paused"
$HUD/Messagelabel.show()

else:
$HUD/Messagelabel.text = ™
$HUD/Messagelabel.hide()

If you ran the game now, you'd hledvVen@dpsodtenpausedjainn.cluding
This means that since it isingut proceaningdetect the input again to u
the game! To fix this, you R aadMtod saitaihh ¢ ®PROCESS Now, you have
the opposite problem: all tiMeaimodasrbeltdiwws setting. This is fine for
the nodes, but you need to SEGPtte thede threPklapen d ®ecks , and

HUD.

Enemies

Space is filled with more dangers than just rocks. In this section,
spaceship that will periodically appear and shoot at the player.
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Following a path

When the enemy appears, it should follow a path across the screen

too repetitive, you can create multiple paths and randomly choose
starts.

Create a new sceneNeded /Hd&nemyPaths and save the scene. To draw
path, addthaD node. As you saw earlier, this node allows you to dra
connected points. When you add the node, a new menu bar appears

These buttons let you draw and modify the path's potisysambQ®llidk the
add points. Click to start the path somewhere just outside the gam
purple rectangle), and then click a few more points to create a cur
making it smooth just yet:

When the enemy ship follows the path, it will not look very smooth
corners. To smooth the curve, click the second button in the path t
Select Control)Pbdliows if you click and drag any of the curve's point
control point that allows you to angle and curve the line. Smoothin
results in something like this:
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Add a few Pathe® nodes to the scene and draw the paths however yo
loops and curves rather than straight lines will make the enemy loc
make it harder to hit). Remember that the first point you click will

so make sure to place them on different sides of the screen, for va
example paths:

Save the scene. You'll add this to the enemy's scene to give it the
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Enemy scene

Create a new scene for the RredDyasisisgramt nod¥prtédddchrmad use
res://assets/enemy_saucer.png as itexturesSet AmématiFramedas so
that you can choose between the different-colored ships:

As you've done b e fQolisjorestiapeaD and giv €ircteShape2D scaled to
cover the sprite image. Next, addEmemyPathtasce ns ame an

AnimationPlayer . I'n t#AninationPlayer , you'll need two animations: one to 1
saucer spin as it moves, and the other to create a flash effect whe

e Rotate animafAidth a new animatiomtemamed sebLehgthd.
Add a keyframeSpute tifeansfo/Rotation Degrmeogserty after
setting 0t then drag the play bar to the end and add a keyfra
rotation $£6a .t€lick thepbutton andutoplayutton.

e Hit animatidndd a second animaflasm n&meeldés gtho.25
and tlseep0.01 . The property you'll be animatiMgdslalhe Sprite
(found undiesibil)tyAdd a keyfravmeddbatte® create the track, the
move the scrub®eratod changMothhelatoolor to red. Move forwar
anoth04 and change the color back to white.

Repeat this process two more times so that you have three flashes

Add an instancExpiokidlhe scene as you did with the other objects. Als
did with the rocks, connect Afireat®xRidyes i o mhsnation_finished
signal and set it to delete the enemy when the explosion finishes:

func _on_AnimationPlayer_animation_finished(anim_name):
queue_free()

Next, adinem node cadwlimer that will control how often the enemy s
the player. WattiflsSint@5 andutostai®n. Connedimddg signal, but
leave the codepassadbrgnow.
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Finally, clickAma2Dhand tNedetab and add it to a gnemigs caAled
with the rocks, this will give you a way to identify the object, even
enemies on the screen at the same time.

Moving the Enemy

Attach a scripindmytheene. To begin, you'll make the code that will ¢
move the enemy along it:

extends Area2D
signal shoot

export (PackedScene) var Bullet
export (int) var speed = 150
export (int) var health = 3

var follow
var target = null

func _ready():
$Sprite.frame = randi() % 3
var path = $EnemyPaths.get_children()[randi() %
$EnemyPaths.get_child_count()]
follow = PathFollow2D.new()
path.add_child(follow)
follow.loop = false

APathFollow2D node is one that can automatically Rathee .aBoyng a paren
default, it is set to loop around the path, so you need faemanually

The next step is to move along the path:

func _process(delta):
follow.offset += speed * delta
position = follow.global_position
if follow.unit_offset > 1:
queue_free()

You can detect the end of difset pashgwéater than the total path lengt
However, it's more straighttoitwfsed to whdch varies from zero to on
over the length of the path.
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Spawning enemies

Open Men scene andTaemdd aode cd&deyTimer . SetQinse Shptoperty
taOn. ThenMaimgd , add a variable to reference your enemy scene (dr:
Inspectafiter saving the script):

export (PackedScene) var Enemy

Add the followingnenolédelho

$EnemyTimer.wait_time = rand_range(5, 10)
$EnemyTimer.start()

ConnectEbbmeyTimer timeout signal, and add the following:

func _on_EnemyTimer_timeout():
var e = Enemy.instance()
add_child(e)
e.target = $Player
e.connect('shoot, self,'_on_Player_shoot’)
$EnemyTimer.wait_time = rand_range(20, 40)
$EnemyTimer.start()

This code instances the enenkEpewienere viémeélseout. When you add
shooting to the enemy, it will use the same Rayycessoygouusad for tt
reuse the same bullet-spawning fomPlayensheotflich .is

Play the game, and you should see a flying saucer appear that will
paths.

Enemy shooting and collisions

The enemy needs to shoot at the player as well as react when hit b
player's bullets.

Open Buket scene and Saov@es & cen o Assa v e EnengyBullet.tscn
(afterwards, don't forget to rename the root node as well). Remove
the root node and clGt&kamgthbeskuitpon:
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You also need to disconnect the signal condedtiahsabyd chobkBiggthe
Disconnect

There is also a differentasststufeldrertlyou can use to make the enem
appear distinct from the player's.

The script will be very much the same as the regular bullet. Conne
body_entered signal anstreemeexited s i g n aVigibilityNotifier2D

extends Area2D
export (int) var speed
var velocity = Vector2()
func start(_position, _direction):
position = _position
velocity = Vector2(speed, 0).rotated(_direction)

rotation = _direction

func _process(delta):
position += velocity * delta

func _on_EnemyBullet_body_entered(body):
queue_free()

func _on_VisibilityNotifier2D_screen_exited():
queue_free()
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For now, the bullet won't do any damage to the player. You'll be ac
player in the next section, so you can add that at the same time.

Save the scene and dr8aliepnop ehtg obnettye

| nEnemy.gd , add ditmet function:

func shoot():
var dir = target.global_position - global_position
dir = dir.rotated(rand_range(-0.1, 0.1)).angle()
emit_signal(‘shoot’, Bullet, global_position, dir)

First, you must find the vector pointing to the player's position, th
randomness to it so that the bullets don't follow exactly the same |

For an extra challenge, you can make thgeenemuytshleotaimid shots:

func shoot_pulse(n, delay):
for i in range(n):
shoot()
yield(get_tree().create_timer(delay), timeout’)

This function creates a given numdely ofimelllked swweethh them. You can
use this whene&ueTimtdnetriggers a shot:

func _on_GunTimer_timeout():
shoot_pulse(3, 0.15)

This will shoot a3phudsletsf®liihseconds between them. Tough to dod

Next, the enemy needs to take damage when it's hit by a shot from
using the animation you made, and then explodé.when its health re

Add these funcEnemygda

func take_damage(amount):
health -= amount
$AnimationPlayer.play(‘flash’)
if health <= 0:
explode()
yield($AnimationPlayer, ‘animation_finished')
$AnimationPlayer.play('rotate')

func explode():
speed =0
$GunTimer.stop()
$CollisionShape2D.disabled = true
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$Sprite.hide()

$Explosion.show()
$Explosion/AnimationPlayer.play("explosion™)
$ExplodeSound.play()

Also, connect thalyasntesaéds signal so the enemy will explode if the p
into it:
func _on_Enemy_body_entered(body):
if body.name == 'Player"

pass
explode()

Again, you're waiting for the player shield to add the damage to th
pass placeholder there for now.

Right now, the player's bullet is only detecting physics bodies bec
it Body_entered signal is connected. However Areh2D e reemiy wsildamot
trigger that signal. To detect the enemy, you need to also connect
t h earea_entered signal:

func _on_Bullet_area_entered(area):
if area.is_in_group(‘enemies'):
area.take_damage(1)
queue_free()

Try playing the game again and you'll be doing battle with an aggr«
Verify that all the collision combinations are being handled. Also n
bullets can be blockednbdybroglbs can hide behind them for cover!

Additional features

The structure of the game is complete. You can start the game, pla
ends, play again. In this section, you'll add some additional effect!
to improve the gameplay experience. Effects is a broad term and c:
techniques, but in this case, you'll specifically address three thing

e Sound effects andurdisics very often overlooked, but can be
effective part of game design. Good bmaedrfdthimmmraomes Blael or
annoying sounds can create boredom or frustration. You'll a
packed background music, and some sound effects for sever
game.
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e ParticlRarticle effects are images, usually small, that are ge
numbers and animated by a particle system. They can be us«
number of impressive visual effects. Godot's particle system
too powerful to fully explore here, but you'll learn enough tc
experimenting with it.

e Player shiélgou're finding the game too hard, especially on |
where there are a lot of rocks, adding a shield to the player
your chances of survival. You can also make larger rocks do
shield than smaller ones. You'll also make a nice display ba
the player's remaining shield level.

Sound/music

In thes://assets/sounds folder are several audio files containing differ
theOggVorbfigrmat. By default, @ggpdbiteset® loop when imported. In th
o Bxplosion.ogg Jaser_blast.ogg , aralelupogg , you don't want the sounds

loop, so you need to change the import settings for those files. To
thdeileSystdmck, and then knhigkrthle located neSte¢aebtbeon the
right-hand side of the editor window. Un dloegl ntd & IB@kmmpeoxtt to

Do this for each of the three sounds. Refer to the following screen
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To play a sound, it needs to Audioboreath®ldydry anode. Add two of these
nodes tcPlayee scene, namingsdiseund anfngineSound . Drag the
respective sound into arcmmoaEesty ihnslpectolfo play the sound
when shooting, add the foldlwat()n g iliPtageriga

$LaserSound.play()

Play the game and try shooting. If you find the sound a bit too lou«
Volume Dpboperty. Try a-Walue of

The engine sound works a little differently. It needs to play when t
try to plagd the sound dget ibpu() function, it will restart the sound
frame as long as you have the input pressed. This doesn't sound g
start playing the sound if it isn't already playing. Here is the relev
get_input() function:

if Input.is_action_pressed("thrust"):
thrust = Vector2(engine_power, 0)
if not $EngineSound.playing:
$EngineSound.play()
else:
$EngineSound.stop()

Note that a problem darnhecplayer dies while holding down the thru:
engine sound will remain stuck on. This can be solved by adding
$EngineSound.stop() to thEAD statehange_ state()

In thMain scene, add th rredioBtreanPlayer n o d &splodeSound
LevelupSound , arMusic . In th®tireamropertiesexplosign.ogg ,
levelup.ogg , arFdnky-Gameplay_Looping.ogg

A d dbExplodeSound.play() as the first dinrReck exploded) , and add
$LevelupSound.play() t aew_level()

To start/stop the mMMwsicplapgld taew _game() an$Music.stop() to
game_over()

The Enemy also BwmkdeSoand andSkootSound . You can use the same
explosion as the player, eneiytfasaravavs asound to use for the shot.
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Particles

The player ship's thrust is a perfect use for particles, creating a s
engine. ARhttickes2D node toPlajee scene and reamawtit You might
want to zoom in on the ship image while you're doing this part.

When first cre aPatitlesebe node has a wArmiaterial to process the par
not assiglhadticles will not be emitted Bnoteds Materi@dssigim dhe
Inspector. Two types of mater Shhderdateriplo s s amnle :

ParticlesMaterial .ShaderMaterial allows you to write shader code in a GL
language, RahiclesMaterial is configurednaptheetdtextPtarticles
Materiatlick the down-arrow Mewd PlaobicéesM.aterial

You'll see a line of white dots streaming down from the center of tl
challenge now is to turn those into an exhaust flame.

There are a very large number of properties to choose from when c¢
especially PRantitlesMaterial . Before starting on that, set these propel
Particles2D

Amoumb

Transfo/Pmositi@28,0)
Transfo/Rotati:da8d
VisibiliBshow Behind Parent

Now, click drarticlesMaterial . This is where you'll find the majority of
properties that affect the particles' B hss\bar .S adra ny et hB oto

This will r8BwexaExtentbich should (le5s1ét to Now, the particles are
emitted over a small area instead of a single point.

Next, Sptred3preatd anGravitGravitiyo, 0, 0) . Now, the particles aren
falling or spreading out, but they are moving very slowly.

The next proplarityailsVelocS®&telocity00. Then, scroll Sacahana
set iBto
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To make the size change over ti®oe|le oliuc@li ckéddbew CurveTexture
and click on it. A new p@uoevelaldledppgear. The left-hand dot represer
starting scale, and the right-hand dot represents the end. Drag the
until your curve looks something like this:

Now, the particles are shrinking as they age. Click threspefdtarrow a
to go back to the previous section.

The final section t@addjU®t make the particles appear like a flame,
should start out a bright orange-yellow and shift toGebowhile fadin
Rammproperty, cINekwo@BradientTeXthea, ictheéieproperty, choose
New Gradient

The sliders |hbalkdelect the starting and endidghoodsrewhwthiclelor is
set on the currently selected slideandCthckn@ticsktiense an orange
color, then click dangligletr it to a deep red.
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Now that we can see what the particles are doing, they are lasting
thé&xhaust node and chahgfe ttivged.1 .

Hopefully, your ship's exhaust looks somewhat like a flame. If it d¢

t h @articlesMaterial properties until you are happy with it.

Now that theEsheusts is configured, it needs to be turned on/off base
input. Go to the player s$ixhatseemitirmyddalse at the beginning of
get_input() . Then, $&dhdust.emitting = true underithestatement that

checks for thrust input.

Enemy trail
You can also use particles to make a trail effe farticles?ind ttoe enemy
the enemy scene and set the properties as follows:

e Amoun20

Local Codfds

T e x t u:res://assets/corona.png
Show Behind FGorent

Note that the effect texture you're using is white on a black backgi
its blend mode changed. To do this, on theMmaetiiglleo p e dtg, (fiith ds time
th €anvasltem section). Sehe€anvaslitemManad,jah the resulting materie

change Bhend Motdxdd.

Now, cre ®adiclesMaterial like you did previously, and use these sett

e Emission Shape
e ShapBox

e Box Exte2ftt25,1)
e Spread
e Gravity(0, 0, 0)
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Now, cre &tale@urve like you did for the player exhaust. This time, m
look something like the following:

Try running the game and see how it looks. Feel free to tinker with
have something you like.

Player shield

In this section, you'll add a shield to the player HUR sdhawspfay elen
the current shield level.

First, add the following toPlkler.gtop ©dripe:

signal shield_changed

export (int) var max_shield
export (float) var shield_regen

var shield = 0 setget set_shield

Thehield variable will work sliveslarkemtoting a sigmab twohemever it
changes. Save the somixpshialdd @0 a nshield_regen té in the
Inspector

Next, add the following function, which handles changing the shiel

func set_shield(value):
if value > max_shield:
value = max_shield
shield = value
emit_signal("shield_changed", shield/max_shield)
if shield <= 0:
self.lives -= 1
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Also, since some things, such as regeneration, may add to the shie
make sure it doesn't go above the maximum allowed value. Then, w
shield_changed signal, you pass hieldmaax ghielfl . This way, the HUD's

display doesn't need to know anything about the actual values, jus
state.

Add this listaet()to and seo lives()

self.shield = max_shield

Hitting a rock will damage the shield, and bigger rocks should do n

func _on_Player_body_entered( body ):
if body.is_in_group(‘rocks"):
body.explode()
$Explosion.show()
$Explosion/AnimationPlayer.play("explosion")
self.shield -= body.size * 25

The enemy's bullets should also do damage EremyBublekgd this change t

func _on_EnemyBullet_body_entered(body):
if body.name == 'Player":
body.shield -= 15
queue_free()

Also, running into the enemy should damage theEmehaydr, so update

func _on_Enemy_body_entered(body):
if body.name == 'Player"
body.shield -= 50
explode()

The last addition to the player script is to regenerate the shield ec
_process()

self.shield += shield_regen * delta

The next step is to add the dispHap. Remhemtth@anhkisplay the shield’
value itabal , you'll UOeeuraProgress node. ThiGnimla node that is a
type RidgressBar : a node that displays a given value as a filled bar.
TextureProgress node allows you to assign a texture to be used for the
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In the exiKdBoxOpntainer , a diéxtureRect a nTextureProgress . Place them
after Sbamelabel and befondévesBeunter . Change the name of the
TextureProgress tdShieldBa¥our node setup should look like this:

Drag tbsy/assets/shield_gold.png texture infloe xhepeoperty of
TextureRect . This will be an icon indicating what the bar is displaying

The&hieldBlaas three texture properties: Under, Over, and Progress.
texture that will be displayed as the bar's value. Drag
res://assets/barHorizontal_green_mid 200.png into this property. The other

texture properties allow you to customize the appearance by settin

below or above the progre s est/fazdatsglasdPargey 200.png into the
Ovetexture property.

In thReRangsection, you can set the numeric pMopevVakbeaxdf aahe bar.
Valueshould beOsanil®, as this bar will be showing the percentage v
shield, not its raw value. Value is the property that controls the cu

value. Changsg ibtoee the bar partly fillddorwlcotaitzest filts§ slito
Expand
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Now, you can update the HUD script to control the shield bar. Add
top:

onready var ShieldBar = $MarginContainer/HBoxContainer/ShieldBar

var red_bar = preload("res://assets/barHorizontal_red_mid 200.png")

var green_bar = preload("res://assets/barHorizontal_green_mid 200.png")
var yellow_bar = preload("res://assets/barHorizontal_yellow_mid 200.png")

In addition to the green bar texture, you also havasseessd and yellow
folder. This will allow you to change the shield's color as the value
textures in this way makes them easier to access later in the scrip
the appropriate im aexardRrogless node:

func update_shield(value):
ShieldBar.texture_progress = green_bar
if value < 40:
ShieldBar.texture_progress = red_bar
elif value < 70:
ShieldBar.texture_progress = yellow_bar
ShieldBar.value = value

Lastly, clickMain theenRidyer node and conslead diaeged signal to

t h epdate_shield() function you just created. Run the game and verify
the shield and that it is working. You may want to increase or decr
rate to adjust it to a speed you like.

Summary

In this chapter, you learned hRigidBody2® rknwdths and learned more
about how Godot's physics works. You also implemented a basic Fi
Machinsomething you'll find more and more useful as your projects
saw he@wentainer nodes help organize and keep Ul nodes aligned. Fing
some sound effects and got your first taste of advanced visual effe
AnimationPlayer a nMarticles2D nodes.

You also created a number of game objects using the standard God
CollisionShapes being atta cCodisiot®bjects . At this point, some of these
node configurations should be starting to look familiar to you.
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Before moving on, look through the project again. Play it. Make su
each scene is doing, and read through the scripts to review how ev

together.
In the next chapter, you'll learn about kinematic bodies, and use tl
scrolling platform game.

[ 151



Jungle Jump (Platf

In this chapter, you'll bpliddfarestgbkesigame in the Sapetiadhaoifo

BrosPlatform games are a very popular genre, and understanding hc
you make a variety of different game styles. The physics of platfor
complex, and you'll see KinewatiéBody@D's physics node has features to
you implement the character controller features you need for a sat

look at the following screenshot:
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In this project, you will learn about:

e Using KmematicBody2D physics node

e Combining animations and user input to produce complex ch:
e Creating an infinitely scrolling background using ParallaxLa
e Organizing your project and planning for expansion

Project setup

Create a new project. Before you download the assets from the link
to prepare the import settings for the game art. The pikalsaets for
style, which means they look best when not filtered, which is Godo
texturé&sltering a method by which the pixels of an image are smoot
improve the look of some art, but not pixel-based images:

It's inconvenient to have to disable this for every image, so Godot
the default import setting&on@hgck folre timdtiHeSystdmck, then click
thdmpadrtab next Bcéeheab on the right. This window allows you to cl
import settings for the file you've seHelt¢éepdoplemtyh,ethken e sietk

and choSeé as Default for.'Thkduway, all images will be imported wi
disabled. Refer to the following screenshot:
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If you've already imported images, their import settings w
automatically. After changing the default, you'll have to r
existing images. You can select nrul¢eipystides iandhe

click theimpobtutton to apply the settings to many files at

Now, you can download the game assets from the following link ant

project folder. Godot will import all the images witipsthe new defaul
github. com/ PacktPublishing/ Godot- Game-Engine- Projects/ releases

Next, ofPganjetProject SetdhmdgsindeanderiQualifysdéiise Pixel Soap
On. This will ensure that all images wild bemadithpneg fhatpwily be very
important when you're designing your game's levels.

While you have the settings windoWwiopleéW, mgibotwetrtheon and change
Stretihhodet@d andspedtwexpand . These settings will allow the user to r
game window while preserving the image's quality. Once the projec
you'll be able to see the effects of this setting.
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Next, set up the collision layer names so that it will be more conve
between different types of LayjectdatbeosRbysamsd name the first four
layers like this:

Finally, add the following actions for thelppayeMampntrols in the
tab undPepoje¢Project Settings

Action Name Key(s)
right D,
left A,..
jump Space
crouch St
climb W it

Introducing kinematic bodies

A platform game requires gravity, collisions, jumping, and other ph
might thinkRighiBddy2D would be the perfect choice to implement the
movement. In practice, however, yredlispinydsihsatofhthhe rigid body ar
not desirable for a platform character. To the player, realism is le:
responsive contrclcairotieah As the developer, you therefore want to
control over the character's movements and collision response. Fol
body is usually the better choice for a platform character.
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T h &inematicBody2D node is designed for implementing bodies that are
directly by the user or via code. These nodes detect collisions witt
moving, but are not affected by global physics properties like grav
doesn't mean that a kinematic body can't be affected by gravity an
you must calculate those forces and their effects in code; the engi

kinematic body automatically.

When moWinegnaticBody2D , as wRighiBody2D , you should nqobsiiet its
directly. Instead, you uwunsse eandhaelidef)e or

move_and_slide() methods. These methods move the body along a give
instantly stop if a collision is detected wKinhematitBdady2D b dichys. After

collided,caoilision remushsee coded manually.

Collision response

After a collision, you may want the body to bounce, to slide along
properties of the object it hit. The way you handle collision respon

method you used to move the body.

move and_collide

When usmow_and_collide() , the function rkbnematisCdallision2D object
upon collision. This object contains information about the collision
You can use this information to determine the response. Note that

nul when the movement was completed successfully with no collisi

For example, if you want the body to bounce off of the colliding ob
following script:

extends KinematicBody2D
var velocity = Vector2(250, 250)

func _physics_process(delta):
var collide = move_and_collide(velocity * delta)
if collide:
velocity = velocity.bounce(collide.normal)
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move_ and_slide

Sliding is a very common option for collision response. Imagine a
walls in a top-down game or running up and down slopes in a platf
possible to code this response ymavesantlfcalfdef) us,ing

move_and_slide() provides a convenient way to implement sliding move
using this method, the body will automatically slide along the colli
addition, sliding collisions allow youidonuifeer)methtmddeli&et the
orientation of the colliding surface.

Since this project will require not just moving along the ground, bu
down slompevs,and_slide() is going to play a large role in your player's
You'll see how it works as you build up the player object.

Player scene

Open a new scene KmthadaBddyD object n®lyedd as the root and save
the scene (don't forgeMakelébkldhen unsebadtaim)le When saving the
Player scene, you should also create a new folder to contain it. Thic
project folder organized as you add more scenes and scripts.

As you've done in other projects, you'll include all the nodes that 1
to function Rlaydthescene. For this game, that means handling collisi
game objects, including platforms, enemies, and collectibles; displ
actions, such as running or jumping; and a camera to follow the pl:

Scripting the various animations can quickly become ufima@ageable
state madbhimenage and track the planaete's sEasteapReehe tdaze
review how the simplified FSM was built. You'll follow a similar pa

Collision Layer/Mask

A body's collision layer property sets what laydidys) time eébdosd yois fou
be assigned to the player lay®nmrogjewctndetdidh grs
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Theollisimaskproperty allows you to set what types of objects the |
Set tRbayelmayemplager and its maskvimonmemtemieandollectibles
3, amd:

Sprite
Add a Sprite Plagee toDrag résiassets/player_sheet.png file from the

FileSystdmck and drop Meixtulmeoperty &prithe. The player animation
is saved in the form of a sprite sheet:

You'll ArsmeationPlayer to handle the animatioABinsatiigurtdhpeerties
ofBprite , s&/tframetst andiframetst9. SEramed to begin, as this is the fr
that shows the character standing still (iites theifmestiomame of the

Collision shape

As with other physikKisehaicBalg2D needs a shape assigned to define
collision bound<ollisidniEBhape2D object and create a new

RectangleShape2D object inside it. When sizing the rectangle, you want
bottom of the image but not be quite as wide. In general, making tl
smaller than the image will résedheém pllaginhgr, avoiding the experier
hitting something that looks like it wouldn't result in a collision.
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You'll also need to offset the shape a small ampasititoOmake it fit.
5) works well. When you're done, it should look approximately like

Shapes
Some developers prefer a capsule shape over a rectangle shape fo
A capsule is a pill-shaped collision that's rounded on both ends:

However, while this shape moyktheespmite better, it can lead to diffi
when implementing platformer-style movement. For example, when
edge of a platform, the character may slide off due to the rounded

very frustrating for the player.
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In some cases, depending on the complexity of your character and
other objects, you may want to add multiple shapes to the same ob
shape at the character's feet to detect ground collisions, another ¢
damage (sometimes called a hurtbox), and yet another covering the
contact with walls.

It's recommended that Restangld$bdpeP® , as shown in the preceding
screenshot, for this character. However, once you've finished the g
changing the player's collCsgsnleSkdpedDe and observing the resulting
behavior. If you like it better, feel free to use it instead.

Animations

Add anmimationPlayer node toPlayee scene. You'll use this node to chan
Frampropertgpota to display the character's animations. Start by m
animation nidlme:d

Setength6.4 seconds andbtiege®l seconds. ChaRgaemid$prite t3
and clickAdde keyfralbugton next Roathgroperty to create a new animat
track, then press it again, noting that it autdmampadlpyeinhgrements t
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Continue pressing it until ydutheowephrafmeaslly, clErkabfiizisable
loopingutton to enable looping ahldybemnepreyssur animation. Your
animation setup should look like this:

Now you need to repeat the process for the other animations. See
list of settings:

name length frames looping
idle 0l4 7,18,9,10 on
run D.5 1B, 14, 15, 16, 17, 18 on
hurt 0.2 5,6 on
jump_up D.1 il off
jump_down D.1 12 Off

Finishing up the scene tree

Addamera2D to tlRlgager scene. This node will keep the game window CE€
player as it moves around the level. You can also use it to zoom in
pixel art is relatively small. Remember, since you set filtering off |
player's texture will remain pixelated and blocky when zoomed in.

To enable the camer@uruleqgkrapert®niothen seZohmproperty to
(0.4, 0.4) . Values smaller than one zoom the camera in, while largel
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Player states

The player character has a wide variety of behaviors, such as jumpg
crouching. Coding such behaviors can become very complex and ha
solution is to use Booleasjumpmgiahbdis gufning , for example), but this
leads to possibly confusin gisscrauchiag (w haridi fumping are btoueh ?)

and quickly leads to spaghetti code.

A better solution to this problem is to use a state machine to hand
state and control the transitions to other states. Finite state machi
Chapter3 ,Escape the Maze

Here is a diagram of the player's states and the transitions betwee

As you can see, state machine diagrams can become quite complex
small number of states.
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Note that while the spritesheet contains animations for th
CROUCH and CLIMB animations are not included here. Th
the number of states manageable at the beginning of the |
you'll have the opportunity to add them to the player's ste

Player script
Attach a new scrPyeto hloele. Add the following code to create the p
machine:

extends KinematicBody2D

enum {IDLE, RUN, JUMP, HURT, DEAD}
var state

var anim

var new_anim

func ready():
change_state(IDLE)

func change_state(new_state):
state = new_state
match state:
IDLE:
new_anim = ‘idle’
RUN:
new_anim = 'run'
HURT:
new_anim = 'hurt'
JUMP:
new_anim = ‘jump_up"'
DEAD:
hide()

func _physics_process(delta):
if new_anim != anim:
anim = new_anim
$AnimationPlayer.play(anim)

Once again, youénemutadnlgst the allowed states for the system. When

change the player's stahange etate) callfor e xarhphge: state(IDLE)
For now, the script only changes the animation value, but you'll ad

functionality later.
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You may be askingpt just play the animation when the state change
busine¥&?s is because whm@ay()y o w wranhationPlayer , it starts the
animation from the beginning. If you did that while running, for exae
the first frame of the run animation as it restartedweangry frame. By
variable, you can let the current animation continue to play smooth
change.

Player movement

The player needs therekefdomrrtighls, and jump. The combination of the
plus which keys are pressed will trigger a state change if the trans
state rules. Aeadnpdi(e function to process the inputs and determine

extends KinematicBody2D

export (int) var run_speed
export (int) var jump_speed
export (int) var gravity

enum {IDLE, RUN, JUMP, HURT, DEAD}
var state

var anim

var new_anim

var velocity = Vector2()

func get_input():
if state == HURT:
return # don't allow movement during hurt state
var right = Input.is_action_pressed(‘right’)
var left = Input.is_action_pressed(left’)
var jump = Input.is_action_just_pressed(‘jump")

# movement occurs in all states

velocity.x =0

if right:
velocity.x += run_speed
$Sprite.flip_h = false

if left:
velocity.x -= run_speed
$Sprite.flip_h = true

# only allow jumping when on the ground

if jump and is_on_floor():
change_state(JUMP)
velocity.y = jump_speed
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# IDLE transitions to RUN when moving

if state == IDLE and velocity.x != 0:
change_state(RUN)

# RUN transitions to IDLE when standing still

if state == RUN and velocity.x == 0:
change_state(IDLE)

# transition to JUMP when falling off an edge

if state in [IDLE, RUN] and lis_on_floor():
change_state(JUMP)

Note that the jump ch&cdctios juss iprapsed() rather than

is_action_pressed() . While the latter alwags astuong as the key is held
down, the formetrues amlyhe frame after the key was pressed. This m
player must press the jump key each time they want to jump.

Now, call this functghysicd poavess() , add the pull of gravity to the pl;
velocity , and cahhotd end_slide() method to move the body:

func _physics_process(delta):
velocity.y += gravity * delta
get_input()
if new_anim != anim:
anim = new_anim
$AnimationPlayer.play(anim)
# move the player
velocity = move_and_slide(velocity, Vector2(0, -1))

The second paramoee and csfide() ismmormakctor, indicating what surfac
direction the engine should consider to be the groundiormahysics 3
a vector perpendicular to a surface, defining the dire¢@ion a surfac
-1) , which is a vector pointing upwards, the top of a horizontal surf
as ground. Refer to the following screenshot:
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After movingmavet nd_slide() , the physics engine will use this informa
the value wfonhfleor() Jis_on_wall() a nid_on_ceiling methods. You can
use this fact to detect when the jump ends by adding this after the

if state == JUMP and is_on_floor():
change_state(IDLE)

Finally, the jump will look better if the animpaugo husy idsimes from
when falling:

if state == JUMP and velocity.y > 0: new_anim =
‘jump_down'Testing the moves

At this point, it would be a good idea to test out the movement and
working. You can't just run the player scene though, because the p
falling without a surface to stand on.

Create a new sceneNededcadtam (later, this will become your real m
scene). Add an instBlayge pthée aStdicBody2D with a rectangular

CollisionShape2D . Stretch the collision shape horizontally so that it's
walk back and forth on (like a platform) and place it below the cha

Predslay Scemal you should see the player stopideallamgmatdomun the
when it hits the static body.

Before moving on, make sure that all the movement and animations
Run and jump in all directions and check that the correct animatior
the state changes. If you find any problems, review the previous se
you didn't miss a step.
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Later, once the level is complete, the player will be passed a spaw
add this functidMayeogdhe script:

func start(pos):
position = pos
show()
change_state(IDLE)

Player health

Eventually, the player is going to encounter danger, so you should
The player will startheidhashdrdese one each time they are damaged.

Add the following to the top of the script:

signal life_changed
signal dead

var life

T h Bfe_changed signal will be emitted wheneblfer threangkwse abtifying
the display to depddatell be emittelle whreeracBhesAdd these two lines to
t h start() function:

life=3
emit_signal('life_changed', life)

There are two possible ways for the player tepikebpedct faontmieng into
environment, or being hit by an enemy. In either event, the followil
called:

func hurt():
if state '= HURT:
change_state(HURT)

This is being nice to the player: if they're already hurt, they can't
the brief time thrutimnhrmation has stopped playing).

There are several things to do whenHURT isdrmbge ctaef)ges to

HURT:
new_anim = 'hurt'
velocity.y = -200
velocity.x = -100 * sign(velocity.x)
life-=1
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emit_signal('life_changed', life)
yield(get_tree().create_timer(0.5), 'timeout')
change_state(IDLE)
if life <= 0:
change_state(DEAD)
DEAD
emit_signal(‘dead’)
hide()

Not only does does the player lose a life, but they are also bounce
damaging object. After a short time, thelDEEate changes back to

Also, input will be disabled while HURTpd tayteer. iSdich tthie to the beginn
o fet_input()

if state == HURT:
return

Now, the player is ready to take damage once the rest of the game

Collectible items

Before you start making the level, you need to create some pickup:
since those will be part of the dsset®dpries wellf.olldheer contains sprite
sheets for two types of collectibles: cherries and gems.

Rather than make separate scenes for each type of item, you can u
merely swap out the sprite sheet texture. Both objects will have th
animating in place and disappearing (that is, being collected) wher
You can alsoivedrd animation for the pdlakerp (da@aéroductfon an
example).

Collectible scene

Start the new scermealDtlarad nanCelladtible . An area is a good choice
these objects because you want to detect when the player contacts
body_entered signal), but you don't need collision resplospe drom them
set tBellisilhmayeracollectib(ksyer 4) aG6odlthsEdaskplaye(flayer 2).
This will ensure th#&tayenlynolde will be able to collect an item while
will pass right through.
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Add three childSprited eGollisionShape2D , anAdiimationPlayer , then drag
t h ees://assets/cherry.png Sprite sheet into thexSyprstet W eam et
andHframetd. Add a rectangleCdlismp3hape2D and size it appropriately

As a general rule, you should size your objects' collision
they benefit the player. This means that enemy hitboxes s
be a little smaller than the image while the hitboxes of be
should be slightly oversized. This reduces player frustrati
a better gameplay experience.

Add a new anim Abination®layer (you only need one, so you can just n
anim ). Setlbédegtha6 seconds arbdeth@®2 seconds.

Set the SFiaariproperty amd click the keyframe button to create the
you reach frame number four, start reversinglth®hertiell beaqk edooen
of keyframes should be:

6,1.,2,3,4,3,2,1

Enable looping andPdeefsgttbe. Now, you have a nicely animated che
res://assets/gem.png into the texture and check that it animates as wel
theAutoplay on bwoaadon to ensure the animation will play automatical
scene begins. Refer to the following screenshot:

Collectible script

The Collectible's script needs to do two things:

e Set the start cotexdirei 0 n@anbsition )
e Detect when the player enters the area
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For the first part, add the following code to the new script:

extends Area2D
signal pickup

var textures = {"cherry". 'res://assets/sprites/cherry.png’,
'‘gem’: 'res://assets/sprites/gem.png'}

func init(type, pos):
$Sprite.texture = load(textures[type])
position = pos

Thpickup signal will be emitted when the player ctedtbessts the item. Ir
dictionary, you have a list of the item types and their correspondin
that you can quickly paste those file paths by rigkileSg¢&iam on the
dock and cho®eprygPath

Next, you hanitg anfunction that texurs thanmbsition to the given
values. The level script will use this function to spawn all the coll
your level map.

Finally, you need the object to detect when it's resaPDpacikded up. ClI
conn e cbodysentered signal. Add the following code to the created fun

func _on_Collectible_body_entered(body):
emit_signal(‘pickup’)
queue_free()
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Emitting the signal will allow the game's script to react appropriat
can add to the score, increase the player's speed, or whatever oth:

to apply.

Designing the level

It wouldn't be a platformer without jumps. For most readers, this s
largest chunk of time. Once you start designing a level, you'll find
all the pieces, creating challenging jumps, secret paths, and dange

First, you'll createelgsmcemnie containing all the nodes and code tha
to all levels. You can then create any number of level scenes that
level.

TileSet configuration

In thssets folder you downloaded at the beginnitilgsetsf théopdeject is
It contains three r&debgt-madsources using the 16x16 art for the gan

e tiles_world.tres : Ground and platform tiles
e tiles_items.tres . Decorative items, foreground objects, and col
o tiles_spikes.tres : Danger items

It is recommended that you use these tile sets to create the levels
if you would rather make them yourself, the original art is in
res://assets/environment/layers . Semapter2 ,Coin D,abdh review how to creat
aTileSet resource.

Base-level setup

Create a new sceneNede2D adadmaalkel . Save the scene in a new folder
levels . This is where you'll save any other levels you create, after |
Leveltscn . The node hierarchy will be theesamlg fthre dbylewteWsill be
different.
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Next, adieMap and seCeét/§izd@6,16) , then duplicate it three times (
CtrbD to duplicate a node). These will be the layers of your level, |
and information about the layouTileMegpmeénthanfoes as follows and dra
and-drop the correTFlp®andinmgto thiéde Sptoperty of each. Refer to the
following table:

TileMap Tile Set
World tiles_world.tres
Objects tiles_items.tres
Pickups tiles_items.tres
Danger tiles_spikes.tres

It's a good idea to press the LolleMbuttomdes your
prevent accidentally moving them while you're working on

Next, add an instaPayer ofstlea e ahositian2D name@kyerSpawn . Click
the hide buttorPlayer thgou'll ste®() in the level script to make the ple
appear when it starts. Your scene tree should now look like this:

Attach a scriplieved thede:

extends Node2D
onready var pickups = $Pickups
func _ready():

pickups.hide()
$Player.start($PlayerSpawn.position)
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Later, you'll be schickapsig mtagg to spawn collectible items in the des|
locations. This map layer itself shouldn't be seen, but rather than
scene tree, which is easy to forget before you run the game, you ¢
hidden during gameplay byredyihg. sbeicause there will be many refer
to the node, storing ®Riekupssuilt ofiekups variable will cache the resul
(RememBNadeName is the same agewnddefNpdeName”) .)

Designing the first level

Now, you're ready to start drawingcthreeNewelhiCdicted @ oene
choolssweltscn . Name the nekeveldldeand save it (stavdlsin fokder).

Start witlWdrlde map and be creative. Do you like lots of jumps, or tw
explore? Long runs, or careful upward climbs?

Before going too far in your design, experiment with jump distance
Play ejufrp_speed ,run_speed , a rgeavity properties to alter how high and hc
they can jump. Set up some different gap sizes and run the scene |
forget to drRlgyetBmwn node to the place you want the character to s

For example, can the player make this jump? Take a look at the fol

How you set the player's movement properties will have a big impa
should be laid out. Make sure you're happy with your settings befo
time on the full design.

Once you hawWerlthéayer set up,Objeas thlmayer to place decorations and
accents like plants, rocks, and vines.
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Use thickups layer to mark the locations you'll spawn collectible iter
kinds: gems and cherries. The tiles that spawn them are drawn wittl
to make them stand out. Remember, they'll be replaced at runtime
the tiles themselves won't be seen.

Once you have your level laid out, you can limit the horizontal scrc
camera to match the size of the map (plus a 5 tile buffer on each e

signal score_changed
var score

func _ready():
score =0
emit_signal('score_changed', score)
pickups.hide()
$Player.start($PlayerSpawn.position)
set_camera_limits()

func set_camera_limits():
var map_size = $World.get_used_rect()
var cell_size = $World.cell_size
$Player/Camera2D.limit_left = (map_size.position.x - 5) * cell_size.x
$Player/Camera2D.limit_right = (map_size.end.x + 5) * cell_size.x

The script also need®idkapscdaytdreand look for the item markers:

func spawn_pickups():
for cell in pickups.get_used_cells():

var id = pickups.get_cellv(cell)

var type = pickups.tile_set.tile_get_name(id)

if type in ['gem’, ‘cherry":
var ¢ = Collectible.instance()
var pos = pickups.map_to_world(cell)
c.init(type, pos + pickups.cell_size/2)
add_child(c)
c.connect('pickup’, self, '_on_Collectible_pickup’)

func _on_Collectible_pickup():
score +=1
emit_signal('score_changed’, score)

func _on_Player_dead():
pass
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This functiogetuseds cells() to get an array of the tiles that are in us
Pickups map. TieMap sets each tile's daluhbeataeferrences the individua
object iMiédet . You can then (ieSey tHer the tile's name using
tile_set.tile_get name()

A d dpawn_pickups() t oready() and add the following at the top of the sc

var Collectible = preload('res://items/Collectible.tscn’)

Try running your level and you should see your gems and/or cherri
placed them. Also check that they disappear when you run into the

Scrolling background

There are two background resVagsets/envirdimeent/layers folder:

back.png anmiddle.png , for the far and near background, respectively.
these images behind the tilemap and scrolling them at different sp
camera, you can create an attractive illusion of depth in the backg

To start, RatallasBackground node toevkle scene. This node works
automatically along with the camera to create a scrolling effect. DI
the scene tree so that it will be drawn behind the rest of the nodes

ParallaxLayer node as a PBdrallakBackground can have any number of
ParallaxLayer as children, allowing you to make many independently ¢
Add Sprite node as a chibPdrallaxldyer and drag the
res://assets/environment/layers/back.png image into the

Texturéemportamncheck the box n€etntergguoperty oS ptiiee
The background image is a little sma$l¢cadefise1.9he Sprite's

On tlrerallaxLayer , set Matio/Bcalef.2, 1) . This setting controls how f
the background scrolls in relation to the camera. By setting it to a
background will only move a small amount as the player moves left

Next, you want to be sure the image repeats if yoMirlreovedtgs very w
(576,0) . This is exactly the widtiB8sftimesSmage® the image will be
repeated when it has moved by that amount.
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Note that this background is best for wide rather than tall levels. |
you'll reach the top of the background image and suddenly see the
You can fix this by setting the top limit of the camera. If you havel
left corner of the ima@eO)will soe yaotu can Tseplitmet on the c@dmdfa to

you've mov eRardlfae ayer , you can find the correct valueybwalaeking a

of the noRl@sstion

Now, add anRerdlexl ayer (as a sibling of the first) for the middle bat
layer and gigpeiteit echild. This time, use the
res://assets/environment/layers/middle.png texture. This texture is much
narrower than the cloud/sky image, so you'll need to do a little ext
repeat properly. This i$abadaxBackgrourde needs to have images that a
least as big as the viewport area.

First, click on the teKtlereystdmek and sellaep attab. Change the
RepegtropertWMimorednd cloacfloMipmapsPreReimporNow, the
texture can be repeated to fill the screen (and the parallax system
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The image's origin#k3ss8z,eairsd it needs to be repeated horizontally.
Sprite  propertiesQOualficRegion EnabNedkt, seRetheropert®, 00

880, 368) (880 is 176 times 5, so you should now see five repetition:
t h @arallaxLayer so that the image overlaps the bottom half of the oce

Set tHaenllaxLayer Motio/Scale@.6, 1) and tMerrorintg880,0) . Using
a higher scale factor means this layer will scroll a little faster thal
giving a satisfying effect of depth, as shown in the following scree

Once you're sure everything is workinggc atlea laudel ustrirbgp tthhdayers and
see how it changes. For exampgle,lxry anvaheeniddle layer for a muc
different visual effect.

Your main scene's tree should now look like this:
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Dangerous objects

Thdangemap layer is meant to hold the spike objects that will harnm
touched. Try placing a few of them on your map where you can eas
them. Note that because of the way TileMagnwideko rc ahliig ilragy eari i | |
cause damage to the player!

About slide collisions

W h e nKiaematicBody2D is movedmoevehand_slide() , it may collide with more
than one object in a given frame. For example, when running into a
may hit the wall and the floor at the samgetishite.cotm@ can use the
method to find out how many collisions occurred, and then get info
collision gstislide_ collision()

In the casePlafjetheyou want to detect when a collision occurs again:
Dang€ileMap object. You can do this jwové anftk slidef)singn
Player.gd

velocity = move_and_slide(velocity, Vector2(0, -1))
if state == HURT:
return
for idx in range(get_slide_count()):
var collision = get_slide_collision(idx)
if collision.collider.name == 'Danger":
hurt()

Before checking for a dahbgesiogpowmitdban check whether the player is
thelURT state and skip checking if it is. d¢edide gmut)musttowsiegerate
through any collisions that may have occurred. For each, you can c
collider.name i Banger .

Run the scene and try running into one of the spike objects. Just |
hurt() function previously, you should see thdHyRayeate famge toighe
time before retubPbEngAfoer three hits, the pl®EAD statter,swihiec h
currently sets the visibility to hidden.
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Enemies

Currently, the map is very lonely, so it's time to add some enemies

There are many different behaviors you could create for an enemy.
enemy will walk along a platform in a straight line and reverse dire

obstacle.

Scene setup

Start wKinématicBody2D with three c Sdrde e pAnimationPlayer , and
CollisionShape2D . Save the sEnemgtsars in a new foldesnemi&bled f you
decide to add more enemy types to the game, you can save them al

Set the body's collismmidsayanmdtots collisionemiesrkentto,player ,
andnemies . It's also useful to group the enerNicedet aslo an de la dbch tthee
body to a groupnaengdde.d

Add thes://assets/opossum.png sprite sheet to tlHeXaprida/tframeto

1 andiframetd. Add a rectangular collision shape that covers most (|
image, making sure that the bottom of the collision shape is aligne

image's feet:

Add a new animatiAmmatortfiayer calleak . Set tleemgth6.6 seconds
and tls¢eepg 0.1 seconds. Thoopimgndutoplay

[ 179



Jungle Jump (Platformer) Chapter 5

Thwalk animation will have two tracks: Toerxd utifead pseertty tdred one that
changesFtteenproperty. Clikdkdtlkeyfralrugton nekéxtureence to add

the first track, then click Eranoemednreeqetoot until you Bathedugimes

5. PreBlkayand verify that the walk animation is pAaymatigoanedtly. Th
should look like this:

Script
Add the following script:

extends KinematicBody2D

export (int) var speed
export (int) var gravity

var velocity = Vector2()
var facing = 1

func _physics_process(delta):
$Sprite.flip_h = velocity.x > 0
velocity.y += gravity * delta
velocity.x = facing * speed

velocity = move_and_slide(velocity, Vector2(0, -1))
for idx in range(get_slide_count()):
var collision = get_slide_collision(idx)
if collision.collider.name == 'Player":
collision.collider.hurt()
if collision.normal.x != 0:
facing = sign(collision.normal.x)
velocity.y = -100

if position.y > 1000:
queue_free()
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In this scrifatinggthevariable tracks the directioh off moAsmehi (he
player, when moving, you iterate through the slide collisions. If th
Player , you cahllrt{ts function.

Next, you can check whether the colliding body somoroment ethitatr ha:
isnOt This means it points to the left or right (that is, it is a wall,
The directionnoffrmiaé used to set the new facing. Finally, giving the
upward velocity will make the reverse transition look more appealil

Lastly, if, for some reason, the enemy does fall off a platform, you
have to track it falling forever, so delgteoandiratemye wdroes too big

Sefpeetsd anGravityd00 in thespecitarnd then creety amyour level
scene. Make sure it has an obstacle on either side, and play the s«
walks back and forth between the obstacles. Try putting the player
that the plawtdr'smethod is getting called.

Damaging the enemy

It's not fair if the player can't strike back, so in the tradition of St
on top of the enemy will defeat it.

Start by adding a new aniAnimaiionPlayertheof tBremy and name it
death . Set tLlkeength60.3 seconds arbdeth@05 .Don'turn on looping for this
animation.

This animation will aTextsieentthrameThis time, drag the
res://assets/enemy-death.png image into the T®xtiteesfore adding the
keyframe for that property. As befo Fem&ewdlaese Dadlimtbead.h
Press Play to see the death animation run.

Add the following code to the Enemy's script:

func take_damage():
$AnimationPlayer.play(‘death’)
$CollisionShape2D.disabled = true
set_physics_process(false)

When thHager hits Ehemy under the right conditiotake damagd() call
which playdeatiheanimation. It also disables collision and movement
of the animation.
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When tdeath animation finishes, it's OK to remove the enemy, so cor
animation_finished() s i g n aAnorfationPlayer . This signal is called every tim
animation finishes, so you need to check that it's the correct one:

func _on_AnimationPlayer_animation_finished(anim_name):
if anim_name == 'death":
queue_free()

To complete the proceBRlayergd tosthiept and add the following to the c
checks inplysies_process() method:

for idx in range(get_slide_count()):
var collision = get_slide_collision(idx)
if collision.collider.name == 'Danger":
hurt()
if collision.collider.is_in_group(‘enemies'):
var player_feet = (position + $CollisionShape2D.shape.extents).y
if player_feet < collision.collider.position.y:
collision.collider.take_damage()
velocity.y = -200
else:
hurt()

This code chexk®sdhkinate of the player's feet (that is, the bottom ¢
shape) against thg ememdyhnate. If the player is higher, the enemy is
otherwise, the player is.

Run the level and try jumping on the enemy to make sure all is wor

HUD

The purpose of the HUD is to display the information the player ne
gameplay. Collecting items will increase the player's score, so tha
displayed. The player also needs to see their remaining life value,
as a series of hearts.
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Scene setup

Create a new sceMagimOdritaiaer node. NaHRUD Btnd save uin fokder.
Set thayouttafop Widén tBastom Constarcttsohnepectowsret the
following values:

e Margin Rigtht
e Margin T20p

e Margin LE¥Oft

e Margin Bot2om

Add &iBoxContainer . This node will contain all the Ul elements and ke
It will have two children:

e Label :ScorelLabel
e HBoxContainer :LifeCounter

On tlseoreLabel , set Trexproperty,tand unSliegre FlagéitorizonttadFill
anExpandAdd a cuBynamicFont usimeg://assets/Kenney Thick.ttf from
thassets folder, with a fo48t. dizce@Gafstom Coboerstion, skdntthe
Colotwhite and thent Color Shaeddaskv . Finally, Wukdom Constants
sebhadow Offsghaxdow Offsetn8hadow As Oualime You should see a
large wHiteith a black outline.

For tlifeCounter , ad dreatureRect and namk.ibDrag

res://assets/heart.png into Ttesxtuaend s®ttretch M o#laep Aspect

Centered . Click on the node CamBDpfreelsrstimes so that you have a row o
hearts:
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When finished, your HUD should look like this:

Script
Here is the scripCior the

extends MarginContainer

onready var life_counter = [$HBoxContainer/LifeCounter/L1,
$HBoxContainer/LifeCounter/L2,
$HBoxContainer/LifeCounter/L3,
$HBoxContainer/LifeCounter/L4,
$HBoxContainer/LifeCounter/L5]

func _on_Player_life_changed(value):
for heart in range(life_counter.size()):
life_counter[heart].visible = value > heart

func _on_score_changed(value):
$HBoxContainer/ScoreLabel.text = str(value)

First, you make an array of references to the five heart indicators.
_on_Player_life_changed() , which will be called when the player gets hu
you calculate how many hearts to vikide lay thise seiftilmg number of the
heart is less than the life amount.

_on_score_changed() is similar, changing th&caralabel ofwtheen called.

Attaching the HUD

O p elrevel.tscn (the base-levalogymaleeel)l scene) andCandabLayer
node. InstarHty® sltene as a chiCahvadLayers.
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Click onPllger node and co nlifiee changes signal to the HUD's
_on_Player_life_changed() method:

Next, do the samecwretthanged signal olfeudhe node, connecting it to th
H U D '®n_score_changed

Alternative metboa:that if you don't want to use the scene tree to c
or if you find the signal connection window confusing, you can acc
in code by adding these twready@ e sfum dthelrevelfgd

$Player.connect('life_changed', $CanvasLayer/HUD,
'_on_Player_life_changed’)

$Player.connect('dead’, self,'_on_Player_dead')

connect('score_changed', $CanvasLayer/HUD, '_on_score_changed’)

Run your level and verify that you gain points when collecting item
getting hurt.

Title screen

The title screen is the first scene the player will see. When the ple
return to this scene and allow you to restart.
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Scene setup
Start wiCbntewl node and sleaythwtdull Rect

Add TextureRect . SetTiéextur®
res://assets/environment/layers/back.png ,Layouttdcull Rea@atnftretch Mode
toKeep Aspect Covered

Add anoftlerureRect , this time wiliéxthaesing
res://assets/environment/layers/middle.png and teretch Maedée Tole

Drag the width of the rectangle until it's wider than the screen and
the bottom half of the screen.

Next, addLdahelo nodelgle( anMessage) and set Ghsiom Feattings using
the same options you used earlier for thEBe&cmrrep eabidla n@pdée their
Jumppn®ress Space toeRBlmecectively. When you're finished, the screer
like this:

To make the title screen a bit moreArimatonPEyéng, addeaand create a
new animation. dhameaent set it to autoplay. In this animation, you ¢
various components of the screen to make them move, appear, fade
you like.

Drag thetldabel to a position above the top of the screen and add a
drag it back (or manually typRosheiwahweseitnanother keyframe at arc
05 seconds. Feel free to add tracks that are animating the other n
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For example, here is an animation that drops the title down, fades
then makes the message appear (note the names of the properties
track):

Main scene

Delete the extra nodes you added Nainystcur tEehdaygerarynstance and

the t8wmticBody2D ). This scene will now be responsible for loading thi
Before it can do that, however, you need an Autoload script to trac
variables sauwrhntalsvel and other data that needs to be carried fronm

scene.
Add a new scripGameSteeechd in the Script editor and add the followin
extends Node

var num_levels = 2
var current_level = 1

var game_scene = 'res://Main.tscn'
var title_screen = 'res://ui/TitleScreen.tscn'

func restart():
get_tree().change_scene(title_screen)

func next_level():
current_level +=1
if current_level <= num_levels:
get_tree().reload_current_scene()
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Note that you shomlidveset to the number of levels youlevelsmade in th
folder. Make sure to name theaveldbismistepudlg2.(scn , and so on)
and then you can automatically load the next one in the sequence.

Add this scripAunotlheaab Bfoject Seftamngls add this Mainipt to
extends Node

func _ready():
# make sure your level numbers are 2 digits ("01", etc.)
var level_num = str(GameState.current_level).pad_zeros(2)
var path = 'res://levels/Level%s.tscn' % level_num
var map = load(path).instance()
add_child(map)

Now, whenevBainth®cene is loaded, it will load the level scene corre
GameState.current_level

The title screen needs to transition to the game scene, so attach t
TitleScreen node:

extends Control

func _input(event):
if event.is_action_pressed('ui_select’):
get_tree().change_scene(GameState.game_scene)

You can also call the restart function when the player dies by addi
Level.gd

func _on_Player_dead():
GameState.restart()

Level transitions

Your levels now need a way to transition from one to the next. In t
res://assets/environment/layers/props.png sprite sheet, there is an image
door that you can use for your level's exit. Finding and walking int
the player moving to the next level.
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Door scene

Make a new scendrem2bh mam®dor and save ittemsthf®@lder. Add a

Sprite  and us eed:Hassets/environment/layers/props.png sprite sheet along
with tRegicrtting to select the door image, then attach a rectangu
CollisionShape2D . This scene doesn't need a script, because you're ju:

ar e a&osly entered signal.
Put the door colectibies layer and set its mask t@layerly Isg@nm.the

Instance this door scene in your first level and put it somewhere tt
Click onDbtyre node and con bedytertered signal tbevehgd script
where you can add this code:

func _on_Door_body_entered(body):
GameState.next_level()

Run the game and try running into the door to check that it immedi
next level.

Finishing touches

Now that you've completed the structure of the game, you can cons
that you can add more game features, more visual effects, addition
ideas you might have. In this section, there arecaadetesmgagsessedrfe
adjust them to your liking.

Sound effects

As with the previous projects, you can add audio effects and music
gameplay experie nree/ladsetstdueio folder, you'll find a number of fil
can use for various game events, such as player jump, enemy hit a
two music files: Intro Theme for the title screen and Grasslands Th

Adding these to the game will be left to you, but here are a few tip

e Make sure the sound dffepgisthidfevhile the music files have i
in thhenporsettings tab.
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e You may find it helpful to adjust the volume of individual so
set withMbleume Dpbroperty. Setting a negative value will redu:
sound's volume.

e You can attach music tlevehtscrmasaed that music will be used
all levels (AwioStreamPlayer tAAutoplpy

e You an also attach separate music to individual levels if yol
mood.

Infinite falling

Depending on how you've designed your levels, it may be possible
the level entirely. Typically, you want to design things so that this
walls that are too high to jump, spikes at the bottom of pits, and s
does happen, add the following cophgsite pgrbcesg{l ayemsthod:

if position.y > 1000:
change_state(DEAD)

Note that if you've designed a level yhafo@xtegmodsllbakevd a0 increase
the value to prevent accidental death.

Double jump

Double-jumps are a popular platforming feature. The player gets a
upwards boost if they press the jump key a second time while in th
feature, you need to add a few things to the player script.

First, you will need two variables to track the state:

var max_jumps = 2
var jump_count =0

When enteridgvPhstate, reset the number of jumps:
JUMP:

new_anim = 'jump_up'
jump_count=1
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Finallyget mput() , allow the jump if it meets the conditions:

if jump and state == JUMP and jump_count < max_jumps:
new_anim = 'jump_up'
velocity.y = jump_speed / 1.5
jump_count += 1

Note that this makes the second jump 2/3 the upward speed of the
adjust this according to your preferences.

Dust particles

Dust particles at the character's feet are a low-effort effect that c:
your player's movements. In this section, you'll add a small puff of
that is emitted whenever they land on the ground. This adds a senc
to the player's jumps.

A dd Rarticles2D node and nBuste. ilote the warning that a process mat
must be added. First, however, set Dug progerties of the

Property Value

Amount 20

Lifetime 0.45

One Shot On

Speed Scale 2

Explosiveness 0.7

Local Coords Off

Position (-2, 15)

Rotation -90

Now, undaocess Mateardd| a PeetislesMaterial . Click on it and you'll se

all the particle settings. Here are the ones you need for the dust e

Particle Property Value
Emission Shape Box
Box Extents (1,6,1)
Gravity (0,0,0)
Initial Velocity 10
Velocity Random 1
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Scale 5
Scale Random 1
The default particle color is white, but the dust effect will look bet

should also fade away so that it appears to dissipate. This can be
ColorRamp . NextCt@lor RancgickNerw GradientTeXtuthe
GradientTexture properties, chodzalientnew

Theradient has two colors: a start color on the left and an end color
are selected by the small rectangles at the ends of the gradient. C
the right allows you to set the color:

Set the start color to a tan shade, and set the end color to the san
value s@t(tsansparent). You can test how it |dorkstthpgokheakihg the
InspectdBecause the nod@nis Skttthere will only be one puff of partic
you have to check the box again to emit them.

Feel free to alter the properties from what is listPaltitles2B. Experime
settings can be great fun, and often you'll stumble on to a very nic
Once you're happy with the appearance, add the following to the P
_physics_process() code:

if state == JUMP and is_on_floor():
change_state(IDLE)
$Dust.emitting = true # add this line

Run the game and every time your character lands on the ground,
appear.
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Crouching state

The crouching state is useful if you have enemies or projectiles th
dodge by ducking under them. The sprite sheet contains a two-fram

state:

Add a new animaticmoaeltie dhe plAgimatisnPlayer . Setliemgtho
02 and add a trackrfaomdgheperty that changes tRBetdalfetftioen

animation to loop.
In the player's script, add themmewarsdaseate thheange:

enum {IDLE, RUN, JUMP, HURT, DEAD, CROUCH}

CROUCH:
new_anim = 'crouch’

In thet input() method, you need to handle the various state transiti
ground, the down input shoulCROUELHsSWhemCR@®UCH releasing the down
input should tranlBLEiorFitoally, ifCROUCHstate and left or right is pres:

the state should RUMNnge to

var down = Input.is_action_pressed('crouch’)

if down and is_on_floor():
change_state(CROUCH)

if Idown and state == CROUCH:
change_state(IDLE)

You also need to change this line:

if state == IDLE and velocity.x != 0:
change_state(RUN)
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To this:

if state in [IDLE, CROUCH] and velocity.x != 0:
change_state(RUN)

That's it! Run the game and try out your new animation state.

Climbing ladders

The player animation also includeéem firagiesnfoanal the tileset contain
ladders. Currently, the ladder tilesTie Siotttheggdoimabhehave any
collision shape assigned. That's fine, because you don't want the g
ladders; you want to be able to move up and down on them.

Player code

Start by clicking on AhimafidPlagar's and adding a new animation name
cimb . Itlsengthhould beOsletstcconds arrdamealues fdprithe ar®
1,0,2 . Set the animation to loop.

Now, gcPlayer.gd and add a ne@LIMBgteéq the state enum. In addition, &
new variables to the declarations at the top:

export (int) var climb_speed
var is_on_ladder = false

is_on_ladder will be used to tell if the player is on a ladder or not. U

decide whether the up arrow should hamMespeygteffdchblB pded
50 .

| change_state() , add a condition for the new state:

CLIMB:
new_anim = 'climb’

Next, gat input() , you need to didld theput action and add the code to
determine when to trigger the new state. Add the following:

var climb = Input.is_action_pressed('climb")

if climb and state != CLIMB and is_on_ladder:
change_state(CLIMB)
if state == CLIMB:
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if climb:

velocity.y = -climb_speed
elif down:

velocity.y = climb_speed
else:

velocity.,y =0

$AnimationPlayer.play(“climb")
if state == CLIMB and not is_on_ladder:
change_state(IDLE)

Here, you have three new conditions to check. FirGuiMBfsttageplayer i
but is on a ladder, then pressing up should start make the player s
player is climbing, then up and down should move them accordingly
no keys are pressed. Finally, if the player leaves the ladder while
CLIMB state.

The one remaining issue is you need gravity to stop pulling the pla
climbing. Add the following condition tophis&Esgmacess§y code in

if state 1= CLIMB:
velocity.y += gravity * delta

Now, the player is ready, and you can add some ladders to your le:

Level code

Place a few ladder tiles somewhere on your AncaPD tlvethadeévelLadde
scene. Give thiGollismaIhape2D with a rectangular shape. The best we
the area is to use grid snapping. Turn this €ofiguhe eopsand us:
the grid s{(¢g)to:
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Adjust the collision shape so that it covers the center portion of th
bottom. If you make the shape fully as wide as the ladder, the play
climbing even when hanging off the side. You may find that this loc
the shape a bit smaller than the width of the ladder will prevent th

C onn e ctbhadyeentered a nlebdy_exited signals dé&ddére and add the
following code to have them set the Player's ladder variable:

func _on_Ladder_body_entered(body):
if body.name == "Player":
body.is_on_ladder = true

func _on_Ladder_body_exited(body):
if body.name == "Player":
body.is_on_ladder = false

Now you can give it a try. You should be able to walk to the ladder
it. Note that if you are at the top of a ladder and step onto it, you'
than climb down (although pressing up as you fall will grab the lad
automatically transition to the climbing state, you can add an addif
_physics_process()

Moving platforms

Make a new scerkinematitBaly2D root node. Jpdtd achild and use the
res://assets/environment/layers/tileset.png sprite sheetlTastumeith
Regioenabled so you can choose one particular tile. You probably
be wider than one tile, sEBplteplizatmaiimye times as you like. Turn gric
snapping on so that the sprites can be aligned in a row:
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A grid sett(®8) of works well for aligning the tiles. Add a rectangula
CollisionShape2D that covers the image:

Platform movement can be made very complex (following paths, che
on), but this example will stick with a platform that moves horizont
between two objects.

Here is the platform's script:

extends KinematicBody2D
export (Vector2) var velocity

func _physics_process(delta):
var collision = move_and_collide(velocity * delta)
if collision:
velocity = velocity.bounce(collision.normal)

This time, you'move snd gollide() to move the kinematic body. This is
choice since the platform shouldn't slide when it collides with anot
bounces off the colliding body. As long as your collision shapes ar
TileMap bodies are), this method will work fine. If you have a rounde
may send the platform off in a strange direction, in which case you
like the following to keep the motion horizontal:

func _physics_process(delta):
var collision = move_and_collide(velocity * delta)
if collision:
velocity.x *= -1

Set tMelocitythe Inspgbst@dy to then go to your level scene and instal
these objects somewhere in your level. Make sure it is between tw
move back and forth between them.
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Run the scene and try jumping on the moving platform. Since the P
move_and_slide() , they will automatically move along with the platform
it.

Add as many of these objects as you like to your level. They will e

other, so you can make chains of moving platforms that cover a lar
careful timing of the player's jumps.

Summary

In this chapter, you learnedKinematitBody2z tme@de to create arcade-sty
physics. You als dAnirsatidnRlayer to create a variety of animations for
character behavior, and made extensive use of what you learned in
everything together. Hopefully, by this point, you have a good gras
and how a Godot project is structured.

RememberSthetch Maddéspegqiroperties you sertojecth8etaiin glse
beginning? Run the game and observe what happens when you resi
These settings are the best for this style of GanmedcthuMotdieg changinc
Viewporihstead, then make your game window very wide or tall. Exp
other settings to see the effect of the different resizing options.

Once again, before moving on, take a few moments to play your ga
various scenes and scripts to review how you built it. Review any ¢
that you found particularly tricky.

In the next chapter, you'll make the jump to 3D!
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The previous projects in this book have been designed in 2D space
order to introduce the various features and concepts of Godot whil
scopes limited. In this chapter, you'll venture into the 3D side of g
some, 3D development feels significantly more difficult to manage;
straightforward. In either case, there is certainly an additional lay
to understand.

If you've never worked with any kind of 3D software before, you me
encountering many new concepts. This chapter will explain them as
remember to refer to the Godot documentation whenever you need
understanding of a particular topic.

The game you'll make in this dciapgelfThicaWMedd consist of a small
customizable course, a ball, and an interface for aiming and shooti
hole.

This is what you'll learn in this chapter:

e Navigating Godot's 3D editor

e The Spatial node and its properties

e Importing 3D meshes and using 3D collision shapes
e How to use 3D cameras, both stationary and moving
e Using GridMap to place the tiles of your golf course
e Setting up lighting and the environment

e An introduction to PBR rendering and materials

But first, here's a brief introduction to 3D in Godot.



3D Minigolf Chapter 6

Introduction to 3D

One of the strengths of Godot is its ability to handle both 2D and 3
what you've learned earlier in this book applies equally well in 3D
and so on), changing from 2D to 3D brings with it a whole new laye
capabilities. First, you'll find that there are some additional featur
editor window, and it's a good idea to familiarize yourself with how
editor window.

Orienting in 3D space

When you click on the 3D button at the top of the editor window, y«
project view:

The first thing you should notice is the three colored lixes in the ¢
(redy,(green),zgbtlue) axes. The point where they meet is the origin
010, 0, 0)
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Just as yo Weuatsrgd, y) to indicate a position in two-
dimensional ¥qE@Be,y, 2) describes a position in three
dimensions along these three axes.

One issue that arises when working in 3D is that different applicat
conventions for orientation. Godot uses Y-Up orientation,xso when
is pointing to the leftyrighitp/dloevmz isntlorward/back. You may find wt
using other popular 3D software that they use Z-Up. It's good to be
lead to confusion when moving between different programs.

Another major aspect to be aware of is the unit of measure. In 2D,
in pixels, which makes sense as a natural basis for measurement w
screen. However, when working in 3D space, pixels aren't really us
exactly the same size will occupy different areas on the screen dej
they are from the camera (more about cameras soon). For this reas
in Godot are measured in generic units. You're free to call these u
meters, inches, or even light years, depending on the scale of youl

Godot's 3D editor

Before getting started with 3D, it will be useful to briefly review h«
3D space. The camera is controlled with the mouse and keyboard:

e Mousewheel up/down: Zoom in/out

e Middle button + drag: Orbit the camera around the current te
e Shift middle button + drag: Pan camera up/down/left/right

e Right-click + drag: Rotate camera in place

If you're familiar with popular 3MiganrsftswclamPhadts to switch
to Freelook mode. In this mode, you can tlyarouen dVh®Dskene twohile
aiming with the mouSkiftPeggsssin to exit Freelook mode.
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You can also alter the camera's viel Phgrrepicktimpelininhtehe upper-lef
corner. Here, you can snap the camera to a parTiccpuMirearientation s
Front View

This can be especially useful on large displays when combined witl
Viewport€lick Yhewmenu and you can split the screen into multiple \
space, allowing you to see an object from all sides simultaneously.

Note that each of these menu options has a keyboard sho
with it. You canEkditgroditor SetfidDso adjust the 3D
navigation and shortcuts to your liking.
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When using multiple viewports, each can be set to a different pers,
effect of your actions from multiple directions at the same time:

Adding 3D objects

It's time to add your first 3D node. Just as NMddeZI) wodels inherit fro
provides propertiemsgionch asmtation , 3D nodes inheritSdataim the
node. Add one to the scene and you'll see the following:
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That colorful object you see is not thegipoheGizutosatahrertaodb that

allow you to move and rotate objects in space. The three rings con
three arrows move (translate) the object along the three axes. Noti
arrows are color-coded to match the axis colors. ahenghreows move
respective axis, while the ringsarotadepahréi obljercaxis. There are als
small squares that lock one axis and allow you to move the object

Take a few minutes to experiment and get familiar with the gizmo.
yourself getting lost.

Sometimes, gizmos get in the way. You can click on the mode icon:
only one type of transformation: move, rotate, or scale:

The&,W,E, an’keys are shortcuts for these buttons, allowing for quic
between modes.

Global versus Local Space

By default, the gizmo controls operate in global space. Try rotating
how you turn it, the gizmo's movement arrows still point along the
t h &patial node back to its original position and orientation (or dele
one). Rotate the object around oneLaxbed, ShaaecM oldwth@m):

Observe what happened to the gizmo arrows. Théyeobox dznt along
axes and not the world's. When you click and drag them, they will |
to its axes. Switching back and forth between these two modes can
place an object exactly where you want it.
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Transforms

Look at Itrhsp e ctfoorr 'y Gpatial node. Inste®d itigomroperty, you now
havé@ranslatias weRoaation Deggre®saleAs you move the object aroul
observe how these values changeansdacirelpae seats the object's
coordinates relative to the origin:

You'll also ndoteoesfaommoperty, which also changes as you move and
object. When you change translation or rotation, you'll notice that
guantities will change as well.

A full explanation of the math behind transforms is beyond the sco
nutshell, a transfoatmitisatt describes an object's translation, rotatio
at once. You briefly used the 2D equivalent in the Space Rocks gal
but the concept is more widely applied in 3D.

Transforms in code

When positioning a 3D node via code, yransfdimve amakess to its
global_transform properties, wfiankfoemme objectBrangform has two sub-
propertoag anlehsis . T loegin represents the body's offset from its j
origin or the global origin, rébagecproplgrtyitcentains three vectors tl
define a local coordinate system traveling with the object. Think of
the gizmo when you are in Local Space mode.

You'll see more about how to use 3D transforms later in this sectio
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Meshes

Just IN&d=2D, Spatial node has no size or appearance of its own. In 2
Sprite to assign a texture to the node. IM&BPhAyme steésl 40 add a
mathematical description of a shape. It consists ofvaerticlésction of
These vertices are connectedc dbyedmesyudailpéal edges (at least three
together mékeea

A cube, for example, is composed of eight vertices, twelve edges,

If you've ever used 3D design software, this will be very familiar t
you're interested in learning about 3D modeling, Blender is a very
for designing 3D objects. You can find many tutorials and lessons
you get started with Blender.

Importing meshes

Whatever modeling software you may use, you will need to export y
that is readable by GodobbjWaaefir&€motllgeda) @re the most popular.
Unfortunately, if you're using Blender, its Collada exporter has sol
unusable with Godot. To fix this, Godot's developers have created
Better Collada Ewpatrtyeoou can downhop:d fodoengine. org/ download .

If your objects are in another format, such as FBX, you'll need to
them as OBJ or DAE in order to use them with Godot.

A new format called GLTF is gaining in popularity and has
significant advantages over Collada. Godot already suppo
free to experiment with any models you may find in this fc
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Primitives
If you don't have any models handy, or if you just need a simple m

the ability to create certain 3D meMbsheisthince cthyodédalsaa child of
Spatial, andlnspghetarlick Meshproperty:

These predefined shap@simr¢iwaddetthey represent a handy collectior
common useful shapes. You can use these shapes for a variety of j
later in this chaptNew SSadubeMasitd you'll see a plain cube appear on
screen. The cube itself is white, but it may appear bluish on your s
ambient light in the 3D editor window. You'll learn how to work witl
chapter.

Multiple meshes

Often, you'll find yourself with an object composed of many differe
might have separate meshes for its head, torso, and limbs. If you I
types of objects, it can lead to performance issues as the engine t
meshes. As aMukideshinstance is designed to provide a high-performa
method of grouping many meshes together into a single object. Yol
yet, because it won't be necessary for this project, but keep it in n
come in handy later.
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Cameras

Try running the scene with your cube mesh. Where is it? In 3D, yol
the game viewport withGamerasiAddaone, and use the camera's gizmo
position and point it towards the cube, as in the following screensl

The pinkish-purple, pyramid-shaped objectfustcahhe dethree camtsraie
camera's view, and can be made narrow or widlielt aff\déwthe came
triangular arrow at the top of the fustrum is the camera's up direct

As you're moving the camera aroun®®,rewieheaathomsenthhee upper-right
check yourPaiewiewill always show you what the selected camera ca

As with Gdnera2D you used eaCdinera must be Seurasrfor it to be active.
Its other properties adéedti dlawoftview, projection, and near/far. Thi
values of these properties are good for this project, but go ahead
to see how they affect the view of the cube. Use Undo to return ev
values when you're done.

Project setup

Now that you've learned how to navigate in Godot's 3D editor, you'
Minigolf project. As with the other projects, download the game as:
link and unzip them in your project fokday. Tdle aurnzoppgaitdns images,
3D models, and the other assets you need to complete the project.
file of the art and sounds (colleacsts¥éfoyr kinewga misspdy e r/aithub.

com/ PacktPublishing/ Godot- Game-Engine- Projects/ releases
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This game will use the left mouse button as an input. The Input Ma
default actions defined for this, so you Peeflet® rajeconettipgs

and go tonpet Mapb. Add a new actdbimkadldadclick the plus to add a
Mouse Butewmnt to it. CafdoBatton

Creating the course

For the first scene, addMainrnddeseavke@ds your scene's root. This sce

contain the major parts of the game, starting with the course itself
GridMap node to lay out the course.

GridMaps

GridMap is the 3D equivaldeMapf nhloele you used in earlier projects. It
you to use a collection of meshMesh(ibmaryta)namdihag them out in a gri
to more quickly design an environment. Because it is 3D, you can ¢

direction, although for this project, you'll stick to the same plane.

Making a MeshLibrary

T h ees://assets folder contains a prbdleghtibmyatefdr the project,
containing all the necessary course parts along with collision shap

to change it or make your own, you'll find the procdik$ee issvery sir
created in 2D.
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The scene used to create thMesplibragjenematedso be
found inrddvfassets folder. Its name is

course_tiles_editl.tscn Feel free to open it and look at how i
up.

Start by making a new <Spatale, ws$tht@ root. To this node, add any nu

Meshlnstance You can find the original course meshes, exported from
res://assets/dae folder.

The names you give to these nodes willMeshLidtayr names in the
Once you have added the meshes, they need static collision bodies

collision shapes that match a given mesh can be complicated, but ¢
automatically generating them.

Select a mesh and Mesh'lmere appear at the top of the editor window
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SeleCteate Trimesh Staaicd B®adot will StateBddy a and add a
CollisionShape using the mesh's data:

Do this with each of your mesh objeStenpanvteeh [Bedebtibrary
to save the resource.

Drawing the course

Drag t\WeshLibrary res://assets/course_tiles.tres or the one you created) i
theThemeropert@ridaMap in thespectoXlso, check CedBitheproperty is
set (202, 2)

Try drawing by selecting the tile piece from the list on the right an
clicking in the editor window. You can rotate a piece &rdwnd the y
remove a tilghitdsseight-click.
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For now, stick to a simple course; you can get fancy later when ev
Don't forget the hole!

Now, it's time to see what this is going to look like Gaimera the game
the scene. Move it up and angle it so it looks down on the course.
the Preview button to check what the camera sees.

Run the scene. You'll see that everything seems very dark. By defe
environmental light in the scene. To see more clearly, you need to

WorldEnvironment

Lighting is a complex subject all on its own. Deciding where to pla
their color and intensity can dramatically affect how a scene looks

Godot provides three lighting nodes in 3D:

e OmniLight : For light that is emitted in all directions, like from
candle

¢ DirectionallLight : Infinite light from a distant source, such as s

e SpotLight : Directional light from a single source, such as a fle

In addition to using individual lights,ayolidmthh b lsoirsgt an
WorldEnvironment
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A d d \&orldEnvironment node to the scene. In the IMeweE bhwiy osrerie@aitt
the&Environmermoperty. Everything will turn black, but don't worry, y«

Click New Environnaewrdt you'll see a large list of properties. The one
Ambient LigB€toloto white and you'll see your scene become more &

Keep in mind that ambient light comes from all directions
scene needs shadows or other light effects, you'll want to
Light nodes. You'll see how light nodes work later in the c¢

Finishing the scene

Now that you have the course laid out, two treege lbermsiar mehiarethe
the ball will start, and a way to detect when the ball has entered t|

A dd Rosition3D node naTeed Just Hositon2D , this node is used to mark &
location in space. Place this node where you want the ball to start
above the surface so that the ball doesn't spawn inside the ground

To detect the ball entering the hétea, podecafihusen@ade is directly
analogous to the 2D version: it can signal when a body enters its &
Area and giv &ollisianShape child.
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In the chSlapproperty cblliisivaShape , ad dBphereShape :

To size the collision sphere, use the single radius adjustment hanc

[ 214+



3D Minigolf Chapter 6

Place Ale® just below the hole and size the collision shape so that |
of the hole. Don't let it project above the top of theimhwhenoirt the be
hasn't dropped in yet.

You may find it easier to position the node if you use the Perspect
hole from one direction at at time. When you've finished positionin
thdrea télole .

Ball

Now, you're ready to make the ball. Since grawviayl firediomphygsitisic
with walls, and other phygiRgidBodypemiktlsbe the best choice of node.
Create a new sceRigdBodyh aam 8all

RigidBody is the 3D equRigdeody2Df thoede you uSHapteihy ,Escape the
Mazelts behavior and properties are very similar, and you use man:
to interact with iapplyumpulse§ a n dntegrate_forces()
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The shape of the ball needs to be a sphere. The basic 3D shapes s
cylinder, and so onpaimitceMBxsddot can automatically make primitives
Meshinstance node, so add one as a child oFntdpee bty o dbenh e
SphereMeishtiMeeshproperty:

The default size is much too large, so click on the new sphere mes
propertiRradius0.15 an#ieight6.3 :
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Next, addllisionShape node toBalheand give&phereShape . Size it to fit the
mesh using the size handle (orange dot):

Testing the ball

To test the ball, adManitstceernbewith the instance button. Position it s
above the course and hit Play. You should see the ball fall and lan
may find it helpful to &dderanmaderpositioned on the side of the cou
different view.Cetrdipgoperty on whichever camera you want to use

You can also temporarily give the ball someinmedfiedochiprogptdinyg. its
Try setting it to different values and playing theyso@sei.s Rigpmamdb er
that using too large a value may cause the ball to go right through

(0,0, 0) when you're done.

Improving collisions

You may have noticed when adjusting the velocity that the ball son
through the wall and/or bounces oddly, especially if you choose a |
few adjustments you canRigidBody toptloperties to improve the collision

behavior at high speeds.
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First, tur@oomninuous Collision OEEC&ctivocu'll find it Cisnéith asus

Cdin thespectdfsing CCD alters the way the physics engine calcula
Normally, the engine operates by first moving the object and then |
collisions. This is fast, and works in most common situations. Whe
the engine projects the object's movement along its path and attem
collision may occur. This is slower than the default behavior, and ¢
especially when simulating many objects, but it is much more accul
one ball in the game, CCD is a good option because it won't introd
performance penalty, but will greatly improve collision detection.

The ball also needs a little mor&8 awcticted.?2 sanset@tdaesity Sdale

Finally, you may also have noticed that the ball takes a long time |
thdinefdamppropert§g5s5toandngulDrampt6.l so that you won't have to
wait as long for the ball to stop moving.

Ul

Now that the ball is on the course, you need a way to aim and hit t
number of possible control schemes for a game of this type. For th
two-step process:

1.Aim: An arrow will appear swinging back and forth. Clicking
will set the aim direction to the arrow's.

2.Shoot: A power bar will move up and down on the screen. CI
will set the power and launch the ball.

Aiming arrow

Drawing an object in 3D is not as easy as it is in 2D. In many case
a 3D modeling program such as Blender to create your game's obje
case Godot's primitives have you covered; to make an arrow, you j
long, thin rectangle and a triangular prism.

Start a new scene [Bpatialdim@ de wilMbstdnstance child. Add a new
CubeMesh. Click omMelsdproperty and Sezgthepert®.5®.2, 2) . This

is the body of the arrow, but it still has one problem. If you rotate
rotates around its center. Instead, you need the arrow to rotate ar
thelransfo/MmanslatioMeshlinstan@eo, -1)

[ 218



3D Minigolf Chapter 6

Try rotatingravhe(root) node with the gizmo to confirm that the shap
correctly.

To create the point of the arrvdeshinatddeanoagahdrthis timeNehwose
PrismMes8et its ¢li3 e, 0db) . You now have a flat triangle shape. T
properly at the end of the rectangleT ramar g/Ememes Ira eitgin' G,

-3) and Retation Degr9e, 0)

Using primitives is a quick way to create placeholder obje
Godot without having to open up your 3D modeling softwa
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Finally, scale the whole arrow down by sEtaimgfdBrearle@i5,node’'s
0.5, 0.5)

You now have a completed arrow shape. Save Maipn the@aniem.stance it ir

Ul display
Create a new sce@anwidblLagaklgld In this scene, you'll show the pow

as well as the shot count for the pNargia€Costanern r e,VBaxDbn@iner
twdabel properties, TextuckPaogress . Name them as shown:
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Set tBastom Cons bdlatgnContainer all 200. Add Xolenium-

Regular.ttf font to bothLabél threodes and set their 3@ntSsetzeseto

Shots labeT'extdShots:afid thlkel TextdowerDrag one of the colored bal
textures faso/assets into thextu/Perogres®owerBar . By default,
TextureProgress bars grow from left to right, so for a verticdildrientat!
ModetdBottom to.Top

The completed Ul layout should look like this:

Instance this scé&aie iscéme. Because it's a CanvaslLayer, it will be ¢
the 3D camera view.

Scripts

In this section, you'll create the scripts needed to make everything
of the game will be as follows:

1.Place the ball atTah)e start (

.Angle mode: Aim the ball

.Power mode: Set the hit power

.Launch the ball

.Repeat from step 2 until the ball is in the hole

a b~ WN
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Ul

Add the following scUiptotoptthate the Ul elements:

extends CanvasLayer

var bar_red = preload("res://assets/bar_red.png")
var bar_green = preload("res://assets/bar_green.png")
var bar_yellow = preload("res://assets/bar_yellow.png")

func update_shots(value):
$Margin/Container/Shots.text = 'Shots: %s' % value

func update_powerbar(value):
$Margin/Container/PowerBar.texture_progress = bar_green
if value > 70:
$Margin/Container/PowerBar.texture_progress = bar_red
elif value > 40:
$Margin/Container/PowerBar.texture_progress = bar_yellow
$Margin/Container/PowerBar.value = value

The two functions provide a way to update the Ul elements when th
new value. As you did in the Space Rocks game, changing the prog
on its size gives a nice high/medium/low feel to the power level.

Main
Next, add a sMainptanal start with these variables:

extends Node

var shots =0

var state

var power =0

var power_change = 1

var power_speed = 100

var angle_change = 1

var angle_speed = 1.1

enum {SET_ANGLE, SET_POWER, SHOOT, WIN}
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Thenum lists the states the game capowee ianahdidie vheiables will be

used to set their respective values and change them over time. Talk
code snippet:

func _ready():
$Arrow.hide()
$Ball.transform.origin = $Tee.transform.origin
change_state(SET_ANGLE)

At the beginning, the ball is placed ®de thsihgchbitdn bofdibe’
transform.origin properties. Then, the gameHE ANGLE statéhe

func change_state(new_state):
state = new_state
match state:
SET_ANGLE:
$Arrow.transform.origin = $Ball.transform.origin
$Arrow.show()
SET_POWER:
pass
SHOOT:
$Arrow.hide()
$Ball.shoot($Arrow.rotation.y, power)
shots += 1
$Ul.update_shots(shots)
WIN:
$Ball.hide()
$Arrow.hide()

Th8ET_ANGLE state places the arrow at the ball's location. Recall tha

so it will appear to be pointing out from the ball. When rotating the
around yvhaexis so that it remaynesxif$éap ofitthtess upwards).

Also, note that when SHOOMIsit@ttdh,eyou slobt)thefunction oBallthe
You'll add that function in the next section.

The next step is to check for user input:

func _input(event):
if event.is_action_pressed(‘click’):
match state:
SET_ANGLE:
change_state(SET_POWER)
SET_POWER:
change_state(SHOOT)
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The only input for the game is clicking the left mouse button. Depe
you're in, clicking it will transition to the next state:

func _process(delta):
match state:

SET_ANGLE:
animate_angle(delta)

SET_POWER:
animate_power_bar(delta)

SHOOT:
pass

Inprocess() , you determine what to animate based on the state. For
function that animates the property that's currently being set:

func animate_power_bar(delta):
power += power_speed * power_change * delta
if power >= 100:
power_change = -1
if power <= 0:
power_change =1
$Ul.update_powerbar(power)

func animate_angle(delta):
$Arrow.rotation.y += angle_speed * angle_change * delta
if $Arrow.rotation.y > PI/2;
angle_change = -1
if $Arrow.rotation.y < -PI/2:
angle_change =1

Both of these functions are similar. They gradually change a value
reversing direction when a limit is hit. Note that the arrow is anim:
arc.

Ball

In the ball script, there are two functions needed. First, an impuls
ball to launch it. Second, when the ball stops mdainng,cetneexeas to r
that the player can take another shot:

extends RigidBody
signal stopped

func shoot(angle, power):
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var force = Vector3(0, 0, -1).rotated(Vector3(0, 1, 0), angle)
apply_impulse(Vector3(), force * power / 5)

func _integrate_forces(state):
if state.linear_velocity.length() < 0.1:
emit_signal("stopped")
state.linear_velocity = Vector3()

As you saw in the Space Rocks game, you can use the physics stat
_integrate_forces() to safely stop the ball if the speed has gotten too
due to floating point number precision, the velocifyomaiysnowmactual
The ball may appear to be stopped, but its velocity may actually be
0.0000001 instead. Rather than waitofoyoit tameaake the ball stop if it
speed dropsOielow

Hole

To detect when the ball has dropped intdré¢d eimane amcdi clo ometheits
body_entered signal:

func _on_Hole_body_entered(body):
print("Win!")
change_state(WIN)

Changing tWwiNhsgate will preventtéppedbasligsnal from allowing another
shot.

Testing it out

Try running the game. You may want to make sure you have a very
straight shot to the hole for this part. You should see the arrow ro
position. When you click the mouse button, the arrow stops, and th
moving up and down. When you click a second time, the ball is lau

If any of those steps don't work, don't go any further, but stop and
what you missed.
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Once everything is working, you'll notice some areas that need imp
the ball stops moving the arrow may not point in the direction you
this is that the starting &ngwe iichapwints akoavgsthand then the arrow
swings +/- 90 degrees from there. In the next sections, you'll have
the aiming in two ways.

Improving aimingtion 1

The aim could be improved by making the 180-degree swing of the
pointing towards the hole.

Add a variableotcadired to tMa&n script. At the start of aiming, this wil
the angle pointing towards the hole using the following function:

func set_start_angle():

var hole_pos = Vector2($Hole.transform.origin.z,
$Hole.transform.origin.x)

var ball_pos = Vector2($Ball.transform.origin.z,
$Ball.transform.origin.x)

hole_dir = (ball_pos - hole_pos).angle()

$Arrow.rotation.y = hole_dir

Remember that the ball's position is its center, so it's slightly abo
hole's center is somewhat below. Because of this, an arrow pointin
would point at a downward angle into the ground. To prevent this a
level, you can use« andyvalees frotandfbren.origin to produce a

Vector2

Now the initial arrow direction is towards the hole, so you can alte
+/-90 degrees to that angle:

func animate_angle(delta):
$Arrow.rotation.y += angle_speed * angle_change * delta
if $Arrow.rotation.y > hole_dir + P1/2:
angle_change =-1
if $Arrow.rotation.y < hole_dir - PI/2:
angle_change =1

Lastly, chan3gd ANELEstate to call the function:

SET_ANGLE:
$Arrow.transform.origin = $Ball.transform.origin
$Arrow.show()
set_start_angle()
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Try the game again. The ball should now always point in the gener:
This is better, but you still can't point in any direction you like. Fc
option 2.

Improving aiminption 2

The previous solution is acceptable, but there is another possibilit
bouncing back and forth, you can aim by moving the mouse side-to
option is that you're not limited to 180 degrees of motion.

To accomplish this, you can make use of a particular input event:
InputEventMouseMotion . This event occurs when the mouse moves, and r
relative property representing how far the mouse moved in the previ
use this value to rotate the arrow by a small amount.

First, disable the arrow animatioSEDVAN@UE @ wirt go hh Epomoess()
Next, add the followirnmpugode to

func _input(event):
if event is InputEventMouseMoation:
if state == SET_ANGLE:
$Arrow.rotation.y -= event.relative.x / 150

This sets the arrow's rotation as you move the mouse left/right on
150 ensures that the movement isn't too fast and that you can move
you move the mouse all the way from one side of the screen to the
your mouse's sensitivity, you can adjust this to your preference.

Camera improvements

Another problem, especially if you have a relatively large course, |
placed to show the starting area near the tee, it may not show the
well, or at all. This can make it challenging to aim when the ball is

In this section, you'll learn two different ways to address this prob
creating multiple cameras and activating whichever one is closer t¢
other solution is toocheacgnmnara that follows the ball and that the p
control to view the course from any angle.
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Multiple cameras

Add a se€Camaeta node and position it near the hole or at the opposite
course, for example:

Add amea child to this second cam@Gamaa2MNeamanid then add a
CollisionShape . You could use a spherical shape just as well, but for
choosBox®hape . Note that because you've rotated the camera, the bo;
You can reverse this by settirCglisioeShapéatioto ahe opposite value, or
you can leave it rotated. Either way, adjust the size and position o
portion of the course you want the camera to be responsible for:
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Now, connect thbedya estares signal to the main script. When the ball
area, the signal will be emitted, and you can change the active car

func _on_Cam2Area_body_entered(body):
$Camera2.current = true

Play the game again and hit the ball toward the new camera area.
view changes when the ball enters the area. For a large course, yo
cameras as you want/need and set them to activate for different se

The drawback of this method is that the cameras are still static. U]
placed them in the right positions, it still may not be comfortable t
locations on the course.

Orbiting camera

In many 3D games, the player can control a camera that rotates an
Typically, the control scheme uses a combination of mouse and ke
be to add some new input actions:

The WASD keys will be used to orbit the camera by moving it side -
down. The mouse wheel will control zooming in/out.
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Creating a gimbal

The camera movement needs to have some restrictions. For one, it
level, and not be tilted side to side. Try this: take a camera and rc
around x (red ring), then a smali @hwanringnoudModw, revetatidhe

and click the Preview button. Do you see how the camera is now til

The solution to this problem is to plgcmbtdde dearmeerad @siggned to keeg
an object level during movement. You can cr&ati@ a momds,| whiog tw
will control the camera's left/right and up/down movement respecti

First, make sure to rem®@ame@anyodatherin the scene. If you tried the n
camera setup from the previous section and you'd rather not delete
theiCQurrentalueOfdand disconndwrh asligynals for them.

Add a nSpatial node ca&ihdlOut and place it near the center of the co
Make sure not to rotat&patial Gichiltdl & &imbdliin , and then Gathdraa
to that node. Sratn sliefmanslatiofdam e rta0, 0, 10)

Here's how the gimbal works: the outer spabtirllyns alhoMetthe¢oimoeate
one rotatrelymx. You can try it yourself, but make lsaucal yDpackange to
Mode(see ltltroductionstocB3bDn). Remember to ogrigemiog eo fhtd e

outer gimbal node antedniyg oifethe inner one. Don't change the cam
Reset all the rofabimmes fou've finished experimenting.

To control this motion in the game&simbalGuc h aan d ca dalt tttoe following:

extends Spatial

var cam_speed = PI1/2
var zoom_speed = 0.1
var zoom = 0.5

func _input(event):
if event.is_action_pressed(‘cam_zoom_in'):
zoom -= zoom_speed
if event.is_action_pressed(‘cam_zoom_out"):
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zoom += zoom_speed

func _process(delta):

zoom = clamp(zoom, 0.1, 2)

scale = Vector3(1, 1, 1) * zoom

if Input.is_action_pressed(‘cam_left"):
rotate_y(-cam_speed * delta)

if Input.is_action_pressed(‘cam_right’):
rotate_y(cam_speed * delta)

if Input.is_action_pressed(‘cam_up"):
$Gimbalin.rotate_x(-cam_speed * delta)

if Input.is_action_pressed(‘cam_down'):
$Gimbalin.rotate_x(cam_speed * delta)

$Gimbalin.rotation.x = clamp($Gimbalin.rotation.x, -P1/2, -0.2)

As you can see, the left/rigbimbatQuonenigtangthris, while the
up/down actionSimbdiimte on tkeaxis. The entire gimbcale sypstoeme'rdy

is used to handle zooming. It is also necessacygmph) seThome limits
rotation limit holds up/down moveMe(dlmeotstelewvel with the ground)
90 degrees (looking straight down) while the zoom limit keeps you
or too far away.

Run the game and test the camera controls. You should be able to
and zoom with your mouse wheel. However, the gimbal's position is
have trouble seeing the ball properly from certain angles.

Tracking camera

There is one final improvement to the camera: making it follow the
a stable, gimbaled camera, it will work great if the gimbal is set to
Add this lineMain thee n @feess() function:

$GimbalOut.transform.origin = $Ball.transform.origin

Note that you shouldn't set the gimbal's transform to the ball's tra
alspotates the ball rolls!

Try the game now and observe how the camera tracks the ball's mo
able to rotate and zoom.
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Visual effects

The appearance of the ball and the other meshes in your scene ha\
very plain. You can think of the flat, white ball like a blank canvas
shaped the way you want it. Applying graphics to 3D models can be
process, especially if you're not familiar with it. First, a bit of voc

e Texture®extures are flat, 2D imvagppeatdoatndr8D objects to giv
them more interesting appearances. Imagine wrapping a pre:
folded around the package, conforming to its shape. Texture
or quite complex depending on the shape they are designed
example of a simple one would be a small pattern of bricks t
on a large wall object.

e Shader®hile textures dehaimicirawn on an object's surface, s
determimewit is drawn. Imagine that same brick wall. How wol
were wet? The mesh and the texture would still be the same
light reflects from it would be quite different. This is the fut
alter the appearance of an object without actually changing
typically written in a specialized programming language and
of advanced math, the details of which are beyond the scope
many effects, writing your own shader is unavoidable. Howe)
an alternative method of creating a shader for your object tt
deal of customization without divin ShatédMadrialder code:

e Material@odot uses a computer graphbPdsysiodEly cBadlseed
Renderif®R. The goal of PBR is to render the surface of obj
more accurately models the way light works in the real worlc
applied to meshesMaterialg tipeoperty. Materials are essentially
containers for textures and shaders. Rather than apply them
are contained in the material, which is then added to the ob
properties determine how the textures and shader effects ar
Godot's built-in material properties, you can simulate a wide
stylized) real-world physical materials, such as stone, cloth
in properties aren't enough for your purposes, you can write
code to add even more effects.

You can add a PBR material t&patiaiMaetialusing a
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SpatialMaterials

Click on thevdéshlhstance and, unMdateriasel®etw SpatialMatéehmieal

click the new material. You will see a great number of parameters,
covered in this book. This section will focus on some of the most u
ball look more appealing. You are Btp:¢ oldoesg gadotboginei s idrg/ en/

3. 0/ tutorials/ 3d/ spatial_  material. html for a full explanation of all the
SpatialMaterial settings. To improve the look of the ball, try experime
parameters:

e AlbedoThis property sets the base color of the material. Cha
ball whatever color you like. If you're working with an objec
to be applied, you can add it here as well.

e Metallic and Roughhess parameters control how reflective th
Both can be set to valuasnibeiTlweeMetallic value controls the
shininelssgher values will reflect RougHhnglstsu §d hegpplies an
amount of blur to the reflection. You can simulate a wide va
adjusting these two properties. The followinRoisghngsidde to h
andMetallpcoperties affect the appearance of an object. Keep
lighting and other factors will alter the surface appearance
Understanding how light and reflections interact with surfac
part of learning to design effective 3D objects:
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e Normal Maormal mapping is a 3D graphifekitedppenique for
appearance of bumps and dents in a surface. Modeling these
would result in a large increase in the number of polygons,
the object, leading to reduced performance. Instead, a 2D te
maps the pattern of light and shadow that would result from
features. The lighting engine then uses that information to &
those details were actually there. A properly constructed no
great amount of detail to an otherwise bland-looking object.

The ball is a perfect example of a good use of normal mapping bec
hundreds of dimples on its surface, but the sphere primitive is a st
regular texture could add spots, but they would look flat and paint¢
that would simulate those dimples looks like this:

It doesn't look like much, but the pattern of red and blue contains
engine which direction it should assume the surface is facing at th
which direction light should reflect from it there. Note the stretchi
bottemthat's because this image is made to be wrapped around a s¢

Enable Nlmemal Mpapoperty an desd/assgts/ball_normal_map.png into
theTextufieeld. Try this Wible dwéor set to white at first, so you can be
effect. AdjwDeptithparameter to increase or decrease the strength of
negative value will make the dimples look ind®t; swmdn>ethsng betwee
good value:
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Take some time to experiment with these settings and find a combi
forget to try it in the game as well, as tha&ValdEbvionmehtghtwibl of the
effect the final result.

Environment options

When you added the WorldEnvironment, the only parametbreyndu cha
Lighdolor. In this section, you'll learn about some of the other prog
improved visual appeal:

e Backgrounidhis parameter lets you specify what the backgrou
looks like. The default value is Clear Color, which is the pla
currently. Chamgeed ¢t kyand, inSthyproperty, cNewse
Procedural Slloye that the sky is not just for backalrjewrnd appe
will reflect and absorb its ambient light. Observe how the be
changes as you chBremgge pheameter. This setting can be used
the impression of a day or night sky, or even that of an alie
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e Screen Space Ambient P8AlsWmen enabled, this parameter
together with any ambient light to produce shadows in corne
sources of ambient lighackagwo (chdy) andmbéent Lighttings.
Enable SSAO and you'll immediately see an improvement, m:
the course look much less fake and plastic. Feel free to try
SSAO properties, but remember, a small change can make a
Adjust the properties in small increments, and observe the ¢
changing them further.

e DOF Far Blepth of &dealsd a blur effect to objects that are abo
distance from the camera. Tryisthne#iomethye to see the effect

For more information about advanced usage of atpviridnanental effec
godotengine. org/ en/ 3. 0/ tutorials/ 3d/ environment_ and_post_ processing. html .

Lighting

A dd BirectionalLight to the scene. This type of light simulates an infi
parallel rays of light, so it's often used to represent sunlight or an
of light that illuminates an entire area equally. The location of the
matter, only its direction, so you can position it anywhere you like

so that it strikes the course at & addde alhetdO husse that you'll see
shadows being cast from the walls and other objects:
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There are a number of properties available to adjust and alter the
shadows, bothSimatlmection, which is preigentnfoodeall and in
theDirectional Sseacdbonn, which is BipaiondiLighto . The default values
will work for most general cases, but the one property that you shc
improve shadow appeMaanRiestshosvering this value will improve sha
appearance, but only when the camera is closer than the given dist
mostly be close to objects, you can reduce this value. To see the ¢
10 and zooming in/out, then do the $@Me with it set to

Directional light can even be used to simulate the day/night cycle.
the light and slowly rotate it around one axis, you'll see the shado
rising and setting.

Summary

This chapter introduced you to the world of 3D graphics. One of Gc
that the same tools and workflow are used in both 2D and 3D. Ever
about the process of creating scenes, instancing, and using signal!
For example, an interface you build with control nodes for a 2D ga
3D game and will work just the same.

In this chapter, you learned how to navigate in the the 3D editor tc
using gizmos.You learned about meshes and how to quickly make vy
Godot's primitives. You used GridMap to lay out your minigolf cour
using cameras, lighting, and the world environment to design how \
on screen. Finally, you got a taste of using PBR rendering via God
resource.

Congratulations, you've made it to the end! But with these five pro
becoming a game developer has just begun. As you become more p
features, you'll be able to make any game you can imagine.
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Congratulations! The projects you've built in this book have starteq
becoming a Godot expert. However, you've only just scratched the
possible in Godot. As you become more proficient, and the size of
you'll need to know how to find solutions to your problems, how to
so they can be played, and even how to extend the engine yourself

In this chapter, you'll learn about the following topics:

e How to effectively use Godot's built-in documentation
e Exporting projects to run on other platforms

e Using other programming languages in Godot

e How to use Godot's asset library to install plugins

e Becoming a Godot contributor

e COommunity resources

Using Godot's documentation

Learning Godot's APl can seem overwhelming at first. How can you
nodes, and the properties and methods each one contains? Fortuna
documentation is there to help you. Develop the habit of using it o
things when you're learning, but it's also a great way to quickly lo«
property for reference once you know your way around.

When you areSaripiab of the editor, you'll see the following button:
right corner:
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Thenline Ddostton will open the documentation website in your bro
a multimonitor setup, it can be very useful to keep the API referen
qguick reference while you're working in Godot.

The other two buttons allow you to view the documentation directly
The&lassdatton allows you to browse through the available node an
while thearch Hbugton lets you search for any method or property n
searchesmagimeaning you can type part of a word and the results w
down as you type. Take a look at the following screenshot:

When you find the property or method youwme @odinlgefor, click
documentation reference for that node will appear.
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Reading the APl documentation

When you've found the documentation for the node you want, you'll
common format, with the name of the node at the top followed by s
information, as shown in the following screenshot:

At the top of the documentlinderitiwhictiesthows you the chain of clas
a particular node is built from aObj¢tte, wahyidhatk Goodot's base objecH
class. For exafrgaP®, aode has the following inheritance chain:

CollisionObject2D < Node2D < Canvasltem < Node < Object

This lets you quickly see what other properties this type of object
on any of the node names to jump to that node's documentation.
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You can also see a list of what node types, if any, inherit from tha
as a general description of the node. Below that, you can see the 1
methods of the node. The names of most methods and types are lin
any item to read more about it.

Develop the habit of consulting the APl documentation regularly as
that you will quickly begin to develop a stronger understanding of
together.

Exporting projects

Eventually, your project will reach the stage where you want to shze
Exportiyygur project means converting it into a package that can be
doesn't have the Godot editor. You can export your project for a nt
popular platforms.

At the time of writing, Godot supports the following target platform

e Windows Universal
e Windows Desktop
e macOS

e Linux

e Android (mobile)
e iOS (mobile)

e HTML5 (web)

The method for exporting the project varies depending on the platf
targeting. For example, to export for iOS, you must be running on
Xcode installed.

Each platform is unique, and some features of your game may not \
because of hardware |limitations, screen size, or other factors. As
to export the Coin DashCgpene (Fnomoduqgtifom the Android platform,
your player wouldn't be able to move because the keyboard control
that platform, you would need to include touchscreen controls in yc
about this later).
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You may even find that you need to seRrdjEfetr Srett oarlpde 65f é ne nt
platforms. You can do this by selecting tDeesrattia ¢-@mick. aliklking
create a new setting specific to that platform.

For example, if you want to enable HiDPI| support, but not allow it
create an override for that setting:

Every platform is uniqgue, and there are many factors to c¢
configuring your project for export. Consult the official dc
the latest instructions on exporting to your desired platfo

Getting the export templates

Export templtateersions of Godot that are compiled for each target
include the editor. Your project will be combined with the target pl

create a standalone application.
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To begin, you must download the exportMempatEzp Oltidk oplates
from tBditomenu:

In this window, youDcawndobiatd fetch the export templates:

Templates can also be downloaded fromhtthie Geddtenging.e loggite at
download . If you choose to do thssallsferamdkilen to complete the
installation.

[ 243



Additional Topics Chapter 7

The template's version must match the version of Godot y
you upgrade to a new version of Godot, make sure that yo
download the corresponding templates, or your exported p
work properly.

Export presets
When you're ready to export yourPpopgg¢EKpokitck on

In this window, you paeschmaeeach platform bAddliakdhgelecting the
platform from the list. You can make as many presets for each plat
example, you may want tdDebaatpeoleayersions of your projects.

Each platform has its own settings and options, too many to descri
values are typically good, but you should test them thoroughly bef¢
project.
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In thReResourcead, you can customize which portions of your project a
example, you can choose to only export selected scenes or to excl
from the project:

Thd&atcheéab allows you to create updates for your previously expor
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Finally, Ré@tureasb displays a summary of the featur®sp (icomshilgured it

for the platform. These features can determine which properties ar
Overridealue inPrlogect Settings

Exporting

There are two export buttons at the bottom of theEwpomdbw. The firs:
PCK/Zjpnill only create a PCK, or packed, version of your project's
include an executable, so the game can't be run on its own. This m
need to provide add-ons or DLC (downloadable content) for your ge

The second bEntpont Prpjwidl create an executable version of your g
anexe for Windows.apk afmr Android.

ClicRaveand you will have a playable version of your game.
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ExampdeCoin Dash for Android

If you have an Android device, you can follow this example to expo
for mobile platforms. For other platforms, see I@wddtbssdocumentati
godotengine. org/ en/ latest/  getting_ started/ workflow/ export

Mobile devices come with a wide variety of capabilities. Always co
documentation in the preceding link for information on your platfor
restrictions, if any, may apply to your device. In most cases, Godo
work, but mobile development is sometimes more art than science,
some experimenting and searching for help in order to get everythi

Modifying the game

Because the game as written in this chapter uses keyboard control
play on a mobile device without making some changes. Fortunately
touchscreen input. Pircjtecap®attamgls inDtisgpld¥ indovwection, make
sur®rientatiisnsepdotraan@&mulate Touchsg¥refhis will let you test t
program on your computer by treating mouse clicks as touch event:
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Next, you need to change the player controls. Instead of using the
player will move toward the position of the touch event. Change th:

follows:

var target = Vector2()

func _input(event):
if event is InputEventScreenTouch and event.pressed:
target = event.position

func _process(delta):
velocity = (target - position).normalized() * speed
if (target - position).length() > 5:
position += velocity * delta
else:
velocity = Vector2()

if velocity.length() > O:
$AnimatedSprite.animation = "run"
$AnimatedSprite.flip_h = velocity.x < 0

else:
$AnimatedSprite.animation = "idle"

Try it out and make sure that mouse clicks are causing the player |
working, you're ready to set up your computer for Android developr

Preparing your system
In order to export your project to Android, you'll needotovdoevnload

developmeniSPi{ fromgps/ /developer. android. com/studio/ and the
Java DevelopmehD KK itrommp:/ /www.oracle. com/technetwork/ java/ javase/

downloads/ index. html
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When you run Android Studio for the Ciosfigiuw8 D KliM & noengenrd
make sure that youndneid!/SDK Platform-Tools

This will insedbl ebeanmand-line tool, which Godot uses to communica
device.

After you've installed the development tools, create a debug keysti
following command:

keytool -keyalg RSA -genkeypair -alias androiddebugkey -keypass android -
keystore debug.keystore -storepass android -dname "CN=Android
Debug,O=Android,C=US" -validity 9999

In Godot, clEkitoiEditor Settihigsl Bxpoindroidection, and set the
paths to the applications on your system. Note that you'll only hav
editor settings are independent of the project settings:
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Exporting

You're now ready to explroj€liExibmend add a preset for Android (s
previous section).EGhokttheochecttton and you'llAmalveidnPackage Kit

(APR you can install on your device. You can do this with a graphic
command lineadbsing

adb install dodge.apk

Note that if your system supports it, connecting a compatible Andr
one-click deploy button to appear in the Godot editor:
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Clicking this button will export the project and install it on your de
device may need to be in developer mode for this to happen: consu
documentation for details.

Shaders

Ashadesx a program that is designed to run in the GPU, and alters t
appear on the screen. Shaders are used extensively in both 2D and
create a variety of visual effects. They are called shaders because
for shading and lighting effects, but today they are used for any nt
Because they run in ptagaGIRbeiynare very fast, but also come with sc
restrictions.

This section is a very brief introduction to the concept of
more in-depth understatps/inghetmekefshaders. com/ and

Godot's shader documhap/tatdesn goliotengine. org/ en/

latest/  tutorials/ shading/ shading_ language. html .

In Godot 3.0, shaders are written in a language very similar to GL¢
familiar with C, you will find the syntax very similar. If you are not
you at first. See the end of this section for links to further resourc
more.

Shaders in Godot come irspghtegfay Bdsrendeaimggs itdmr 2D), and
particléfor rendering particle effects). The first line of your shader
these types you are writing.

After determining the type of shader, you have another three choic
phase(s) you want to affect: fragment, vertex, and/or light. Fragme
the color of every affected pixel. Vertex shaders are used to modif
or mesh (and thus are typically used more in 3D applications). Fing
applied to alter the way light is processed for an object.
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After choosing the type(s) of your shader, you will then write code
runsimultaneonséwery affected item. This is where the real power o
from. For example, when using a fragment shader, the code is run
object at the same time. This is a very different process than what
using a traditional language, where you would loop over each pixel

kind of sequential code just isn't fast enough to handle the huge n
games need to process.

Consider a game running at the relatively low resolution c
total number of pixels on the screen is almost 350,000. A
of those pixels in code must happen in less than 1/60 of &
lag even less when you consider the rest of your code tha
run for every frame: game logic, animation, networking, a
else. This is why GPUs are so important, especially for hi

that may be processing millions of pixels for each frame.

Creating a shader

To demonstrate some shader effects, Spriraten@dsecane etivlose any
texture you like. This demo will use the cactus image from Coin Da

A shader can be ad@Gadadlemrangerived nodethis Sadte, , via
itMaterialroperty. In this propeetwy Shalkecrt Maaamdadlick on the newly

created resource. The firShagadewaetyeigou can Moo Sdad&fhen
you doShadegranel appears at the bottom of the editor window.
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This is where you'll write your shader code:

A blank shader looks like the following:

shader_type canvas_item; // choose spatial, canvas_item, or particles
void fragment(){

/I code in this function runs on every pixel
}

void vertex() {
/I code in this function runs on each vertex
}

void light() {
/I code in this function affects light processing
}

For the purposes of this example, you'll be coding a 2D-fragment s
to include the other two functions.
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Shader functions have bunlmibemhioh are either input values or outp!
For example€EXTURE input built-in contains the pixel data of the objec
th€OLORoutput built-in is used to set the result of your calculation.
fragment shader's purpose is to affect the color of every processec

When working with shaTEXT¢REptrioperty, for example, coordinates ar
measuredniarmaligthdat is, rangngaf)reamordinate space. This coordin:
space is t¥lteddistinguish itxiycmottdénate space:

As a result, all values in coordinate v@camtks will range from

As a very small example, this first shader will take the pixels of th
change them all to a single color. To allow you to chaforsne the color
variable.

Uniforms allow you to pass data into the shader from outside. Decl
uniform variable will cause it tolappeat@rnmtihar texpootw works in
GDScript) and also allow you to set it via code.

Type the following co8éaddéwanted:
shader_type canvas_item;
uniform vec4 fill_color:hint_color;

void fragment(){
COLOR.rgb =fill_color.rgb;
}
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You should see the image change immediately: The whole image tu
a different color, cMakeomihtdhe inspector, and yonifotlhh see your
variable listedShader Param

You're not done, however. The image just turned to a colored recta
the cactus to change color, not its surrounding transparent pixels.
setti@@QLOR.rgb :

COLOR.a = texture(TEXTURE, UV).a;

This last line makes the shader output every pixel with the same al
as the pixel in the original texture. Now the empty area around the
transparent, with ad.alpha of

The following code shows one more example. In this shader, you cr
setting each pixel's color to the average value of the pixels arounc

shader_type canvas_item;

uniform float radius = 10.0;

void fragment(){
vec4 new_color = texture(TEXTURE, UV);
vec2 pixel_size = TEXTURE_PIXEL_SIZE; // size of the texture in pixels
new_color += texture(TEXTURE, UV + vec2(0, -radius) * pixel_size);

new_color += texture(TEXTURE, UV + vec2(0, radius) * pixel_size);
new_color += texture(TEXTURE, UV + vec2(-radius, 0) * pixel_size);
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new_color += texture(TEXTURE, UV + vec2(radius, 0) * pixel_size);

COLOR = new_color / 5.0;
}

Note that since you've added five color values together (the origin
that are found by moving in each direction aroundb.0t)toygatnthed to
average value. The largerragioz matkke toere "smeared"” the image look

Learning more

Shaders are capable of an amazing range of effects. Experimenting
language is a great way to learn the basics, but there is also a we
internet for learning more. When learning about shaders, you can
specific to Godot, and you shouldn't have much trouble getting the
concept is the same across all types of graphics applications.

To see some examples of just how powerfhtlpss h d dvershadertdy. be, visit
com/ .

Using other languages

The projects in this book have all been written using GDScript. GD
advantages that make it the best choice for building your games. I
with Godot's API, and its Python-style syntax makes it useful for r:
also being very beginner-friendly.
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It's not the only option, however. Godot also supports two other "o
languages, and also provides tools for integrating code using a val

C#

With the release of Godot 3.0 in early 2018, support was added for
language for the first time. C# is very popular in game developmen
is based on the Mono 5.2 .NET framework. Because of its wide use
resources available for learning C# and a great deal of existing co
accomplishing a variety of game-related functions.

At the time of writing, the current Godot version is 3.0.2. In this v
be considered preliminary; it is functional, but has not been fully t
capabilities, such as exporting projects, are not yet supported.

If you want to try out the C# implementation, you'll need to first m
installed, which you chatp/ gedwlh®no-project. com/download/ . You must

also download the Godot version that has C# support included, whi
http:/  / godotengine. org/ download where it is IMbaebe&ersion

You'll probably also want to usecasuektasn¥lisaxbitdctudio Code or
MonoDevelblpat provides more debugging and language functionality
built-in editor. You calBdsedrtBiesttiiimgler MeEnosection.

To attach a C# script to a node, selectAttta clla Nyudeg &ldvdmigth e
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In general, scripting in C# works very much the same as what you"
The main difference is that API functRascaCasee tenforhledv iG#

standards insdmmkedcask , which is the standard for GDScript.
Here is an exaKimprhatioBbdy2D movement using C#:

using Godot;
using System;

public class Movement : KinematicBody2D
[Export] public int speed = 200;
Vector2 velocity = new Vector2();

public void Getlnput()
{

velocity = new Vector2();
if (Input.IsActionPressed("right"))

{

velocity.x +=1;

if (Input.IsActionPressed("left"))
{

velocity.x -= 1;

if (Input.IsActionPressed("down"))

{

velocity.y +=1;

if (Input.IsActionPressed("up"))
{

velocity.y -= 1,
}

velocity = velocity.Normalized() * speed;

}

public override void _PhysicsProcess(float delta)
{
Getlnput();
MoveAndSlide(velocity);
}
}
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For more details about usiSgrip#imgectibmeof the docunmgpritation at
docs. godotengine. org/ en/ latest/  getting_ started/  scripting/

VisualScript

Visual scripting is intended to provide an alternative scripting met
drop visual metaphor instead of written code. To create a script, y
confused with Godot's nodes) representing functions and data, and
drawing lines. Running your script means following the path of the
The goal of this style of presentation is to provide a more intuitive
program flow for non-programmers, such as artists or animators, w
on a project.

In practice, this goal has yet to be reached in a practical way. Goc
added for the first time in version 3.0, and it is currently not matu
be used in an actual project. As with C#, it should be considered i
interested in it, your testing and feedback will be very valuable to
improving its functionality.

One potential strength of VisualScript is to use it as a second laye
create an object's core behavior in GDScript, and then a game des
VisualScript that calls the functions of those scripts in visual node

The following screenshot is an example VisualScript project. Here,
the player movement code in Coin Dash:
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The player movement code in Coin Dash

Native coedéDNative

There are many programming languages to choose from. Each has i
weaknesses, as well as its fans who prefer to use it over other opt
make sense to support every language directly in Godot, there are
GDScript is no longer sufficient to solve a particular problem. Pert
existing external library, or you're doing something swahpasahilonall
or procedural world gehatadoesn't make sense for GDScript.

Because GDScript is an interpreted language, it trades performanc
means that for some processor-intensive code, it can run unaccept
highest performance would be achieved by running native code wrif
language. In this situation, you can move that code to a GDNative
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GDNative is a C API that can be used by external libraries to inter
external libraries can be your own or any existing third-party libral
for a particular project.

In GDScript, you can GDNatives ea hi@iBNativeLibrary classes to load and
call functions from these libraries. The following code is an examp
has been sav@NatiwelLibrary resource file:

extends Node

func _ready():
var lib = GDNative.new()
lib.library = load("res://somelib.tres")
lib.initialize()

/I call functions in the library
var result = lib.call_native("call_type", "some_function",
arguments_array)

lib.terminate()

Whereas, the library might look something like this (in C):

#include <gdnative.h>

void GDN_EXPORT godot_gdnative_init(godot_gdnative_init_options *p_options)
{

/ initialization code

}

void GDN_EXPORT godot_gdnative_terminate(godot_gdnative_terminate_options
*p_options) {
/Il termination code

}

void GDN_EXPORT godot_nativescript_init(void *p_handle) {
}

godot_variant GDN_EXPORT some_function(void *args) {
/I Do something

}
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Keep in mind that writing code like this is definitely more involved
GDScript. In a native language, you'll need to handle calling const
for objects and manually manage woVariang withsGodmtisshould only
resort to using GDNative when performance truly becomes an issue
use it if the functionality really demands its use.

If this section made no sense at all to you, don't worry. Most Godo
need to delve into this side of development. Even if you find yours
performance code, you may only need to look at the Asset library t
already created a library for you. You can find out about the Asset
section.

Language bindings

Another benefit of GDNative is that it has allowed proponents of ot
APl bindings to enable scripting in those languages.

At the time of writing, several projects are available that use GDN.
other languages for scripting. These include C, C++, Python, Nim,
these additional language bindings are still relatively new at the ti
have a dedicated group of developers working on them. If you're in
particular language with Godot, a Google search of "godot + <lang!
you find what's available.

Asset library

At the top of the editor wWwidoks,p arcseelcgion, you'll find a button labe
Assetlib
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Clicking this button will take you to Godot's Asset library. This is .
tools, and utilities contributed by the Godot community that you me
projects. For example, if States sg@nuchl foare that there isimmiteool called
state mactHFi8B available in the library. You can click on its name f¢
information, and if you decide you wamnhsiatloydidwoupadliidkinto the

res://addons/ folder, which will be created if it doesn't already exist:
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You then need to enable the ad®Rroje bty Setdamid & h 0 0 siiPd utdhien s
tab:

The plugin is now ready to use. Be sure to read the plugin author's
understand how it works.

Contributing to Godot

Godot is an open source, community-driven project. All of the work
test, document, and otherwise support Godot is done primarily by r
contributing their time and skills. For the majority of contributors,
they take pride in helping to build something of quality that people

In order for Godot to continue growing and improving, there is alw:
members of the community to step up and contribute. There are ma
out, regardless of your skill level or the amount of time you can co
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Contributing to the engine

There are two main ways you can directly contribute to Godot's de\
vishttps:/ /github. com/godotengine/ godot , you can see Godot's source code, ¢
find out exactly what's being wor€éanenorChiccWntilmétabn, and you'll
have the up-to-the-minute source code and can test out the latest -
build the engine, but don't be intimidated: Godot is one of the easi
to compile that you'htpfindocsS goeotengine. org/ en/ latest/  development/

compiling/ for instructions.

If you're not able to actually contribute tols$keeGtht adicke e gym uoc aime
report or read about bugs and suggestions for improvements. There
people to confirm bug reports, test fixes, and give their opinions o

Writing documentation

Godot's official documentation is only as good as its community's ¢
something as small as correcting a typo to writing an entire tutoria
very welcome. The home of the offichitps/ddgithub.e odatin is

godotengine/  godot- docs .

Hopefully, by now you've taken some time to browse through the of
and get an idea of what's available. If you spot something wrong o
open an issue at the aforementioned GitHub link. If you're comfort:
you can even go ahead and submit a pull request yourself. Just ma
guidelines first so that your contribution will be accepted. You can
ahttp:/  /docs. godotengine. org/ en/ latest/ community/ contributing/

If you speak a language other than English, translations &
much needed, and will be greatly appreciated by Godot's |
speaking usehtps/ Skhested. weblate. org/ projects/ godot-

engine/ godot- docs/ for how to contribute in your language.

Donations

Godot is a not-for-profit project, and user donations go a long way
costs and development resources, such as hardware. Financial con
project to pay core developers, allowing them to dedicate themselyv
working on the engine.
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The easiest way to contribute to Godot ishugsa thewkpattsoe.on page at
com/ godotengine

Getting PPecppmmunity resources

Godot's online community is one of its strengths. Because of its ofr
a wide variety of people working together to improve the engine, w
help each other with issues.

You can find a full list of comm intpst/y F@gpSaveudigee S o@t community .

These links may change over time, but the following are the main c
you should be aware of.

GitHub

https:/  / github. com/ godotengine/

The Godot GitHub repository is where Godot's developers work. Yo

source code here, if you find yourself needing to compile a custom
your own use.

If you find any kind of problem with stbmeghgrigethtstetifoesn't work, a
in the documentatione @mid $o tdhre place where you should report it.

Godot Q and A

https:/  / godotengine. org/ qa/

This is Godot's official help site. You can post questions here for |
as well as search the growing database of previously answered que
see a question you know the answer to, you can help out as well.
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Discord / Forum

https:/ [/ discord. gg/ zZH7NUgz

http:/  / godotdevelopers. org/

While mdficiahese are two very active communities of Godot users
help, find answers to questions, and discuss your project with othe

Summary

In this chapter, you learned about a few additional topics that will
level up your Godot skills. Godot has a great many features in add
this book. You'll need to know where to look and where to ask for |
working on projects of your own.

You also learned about some more advanced topics, such as workir
programming languages and using shaders to enhance your game's

In addition, since Godot is built by its community, you learned how
and become part of the team that is making it one of the fastest-gr
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If you enjoyed this book, you may be interested in these other boo

Getting Started with Unity 2018 - Third Edition
Dr. Edward Lavieri

ISBN: 9781788830102

e Set up your Unity development environment and navigate its
e Import and use custom assets and asset packages to add ch
e Build a 3D game world with a custom terrain, water, sky, mo
e Animate game characters, using animation controllers, and ¢
e Apply audio and particle effects to the game

e Create intuitive game menus and interface elements

e Customize your game with sound effects, shadows, lighting ¢
rendering options

e Debug code and provide smooth error handling



Other Books You May Enjoy

Unity

Virtual Reality Projects - Second Edition

Jonathan Linowes

ISBN:

9781788478809

Create 3D scenes with Unity and other 3D tools while learnil
and scale

Build and run VR applications for specific headsets, includir
Daydream

Interact with virtual objects using eye gaze, hand controller
events

Move around your VR scenes using locomotion and teleporta
Implement an audio fireball game using physics and particle
Implement an art gallery tour with teleportation and data inf
Design and build a VR storytelling animation with a soundtre
Create social VR experiences with Unity networking
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Leave a review - |let other readers
you think

Please share your thoughts on this book with others by leaving a r
bought it from. If you purchased the book from Amazon, please lea
on this book's Amazon page. This is vital so that other potential re
your unbiased opinion to make purchasing decisions, we can under
customers think about our products, and our authors can see your |
they have worked with Packt to create. It will only take a few minu
valuable to other potential customers, our authors, and Packt. Tha
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