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01 - Graphics and physics in Unity

Content:

1. Cameras

2. Lightning

3. Models

4. Textures

5. Materials

6. Visual effects

7. Sky and color

8. Build-in 3D Physics
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Cameras o

Cameras:

A Unity scene represents GameObjects in a three-dimensional space. Since the viewer’s screen is two-dimensional, Unity
needs to capture a view and “flatten” it for display. It does this using cameras. In Unity, you create a camera by adding a Camera

component to a GameObject

What a camera sees is defined by its transform and its Camera component. The transform position defines the viewpoint, its forward (Z)
axis defines the view direction, and its and upward (Y) axis defines the top of the screen. Settings on the Camera component define the
size and shape of the region that falls within the view. With these parameters set up, the camera can display what it currently “sees” to the

screen. As the GameObject moves and rotates, the displayed view moves and rotates accordingly




Cameras

Perspective and orthographic cameras

A camera in the real world, or indeed a human eye, sees the world in a way that makes
objects look smaller the farther they are from the point of view. This well-known perspective
effect is widely used in art and computer graphics and is important for creating a realistic
scene. Naturally, Unity supports perspective cameras, but for some purposes, you want to
render the view without this effect. For example, you might want to create a map or
information display that is not supposed to appear exactly like a real-world object. A camera
that does not diminish the size of objects with distance is referred to as orthographic and
Unity cameras also have an option for this. The perspective and orthographic modes of

viewing a scene are known as camera projections.

Both perspective and orthographic cameras have a limit on how far they can “see” from their
current position. The limit is defined by a plane that is perpendicular to the camera’s forward
(2) direction. This is known as the far clipping plane since objects at a greater distance from
the camera are “clipped” (ie, excluded from rendering). There is also a corresponding near
clipping plane close to the camera - the viewable range of distance is that between the two

planes
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¥ m -~ Camera e 3 i
Clear Flags Skybox A
Background I
Culling Mask Everything -
Projection Perspective -
FOV Axis Vertical v
Field of View L 60
Physical Camera
Clipping Planes Mear 0.3

Far 1000
Viewport Rect X0 o 0
W1 H 1

Depth 0
Rendering Path Use Graphics Settings A
Target Texture None (Render Texture) ®
Ocelusion Culling v
HDR Use Graphics Settings -
MSAA Use Graphics Settings -
Allow Dynamic Resolution
Stereo Separation 0.022
Stereo Convergence 10

| Target Display Display 1 A

Target Eye

Both v




Lighting

Introduction to lighting

With Unity, you can achieve realistic lighting that is suitable for a range of
art styles. Lighting in Unity works by approximating how light behaves in
the real world. Unity uses detailed models of how light works for a more

realistic result, or simplified models for a more stylized result.

Direct and indirect lighting

Direct light is light that is emitted, hits a surface once, and is then reflected
directly into a sensor (for example, the eye’s retina or a camera). Indirect
light is all other light that is ultimately reflected into a sensor, including light
that hits surfaces several times, and sky light. To achieve realistic lighting
results, you need to simulate both direct and indirect light.

Unity can calculate direct lighting, indirect lighting, or both direct and
indirect lighting. The lighting techniques that Unity uses depends on how

you configure your Project
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Types of light

With Unity you can use the type property to choose how the Light behaves. The available values are:

= Point Light, a Light that’s located at a point in the Scene and emits light in all directions equally
= Spot Light, a Light that’s located at a point in the Scene and emits light in a cone shape
= Directional Light, a Light that’s located infinitely far away and emits light in one direction only

= Area Light, a Light that’s defined by a rectangle or disc in the Scene, and emits light in all directions uniformly across its surface area but only from

one side of the rectangle or disc
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Introduction to models

Models are files that contain data about the shape and
appearance of 3D objects such as characters, terrain
or environment objects. Model files can contain a
variety of data, including meshes, materials and
textures. They can also contain animation data, for
animated characters. You usually create models in an

external application, and then import them into Unity.

There are two ways models can be managed in Unity:
= creating models outside of Unity

= importing models
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Unity supports several standard and proprietary model file formats.

Creating models outside of Unity
Internally, Unity uses the .fbx file format as its importing chain. It is best
practice to use the .fbx file format whenever possible, and you should

not use proprietary model file formats in production.

Unity can read the following standard 3D file formats:

+ .fbx
+ .dae (Collada)
« .dxf
* .0bj.

These file formats are widely supported. They are also often smaller
than the proprietary equivalent, which makes your project size smaller,
and faster to iterate over. You can also also re-import exported .fox or

.0bj files into your 3D modeling software of choice to check that all of

the information has been exported correctly.



Importing models into Unity

Models

Model files can contain a variety of data, such as meshes, animation rigs and clips, materials and textures. Your file might not contain all of these

elements, but you can follow any portion of the workflow that you need to:

+ Select the file in the Project view to see the Import Settings window

« Set any Model-specific or general importer options

» Set up options for importing Rigs and Animation (not available for SpeedTree Models)

» Dealing with Materials and Textures

» Drag the file into Unity

B Project 2i® @
+r [= s ¢ 3?0

v [ Assets
¥ (@ Level Environments

¥ [ Zone-Medieval

—o

¥ (@ Undead Castle
0— » @ MainCastle

» I Other
» Im Packages

. char_ethan Import Settings (- JELa
Open
Model m Animation | Materials
Animation Type Hurmanoid d
Avatar Definition Create From This Model -
The avatar can be configured after settings have been applied.
Configure...

Skin Weights
Optimize Game Objects

Standard (4 Bones)

Revert | Apply

Use skeleton from F None (Avatar)
Import skeleton

Mo transform mask defined
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Textures

Normally, the mesh geometry of an object only gives a rough approximation of the shape while most of the fine detail is supplied by Textures. A texture

Introduction to textures

is just a standard bitmap image that is applied over the mesh surface. You can think of a texture image as though it were printed on a rubber sheet that
is stretched and pinned onto the mesh at appropriate positions. The positioning of the texture is done with the 3D modelling software that is used to
create the mesh. Textures are applied to objects using Materials. Materials use specialized graphics programs called Shaders to render a texture on
the mesh surface. Shaders can implement lighting and coloring effects to simulate shiny or bumpy surfaces among many other things. They can also
make use of two or more textures at a time, combining them for even greater flexibility. You should make your textures in dimensions that are to the
power of two (e.g. 32x32, 64x64, 128x128, 256x256, etc.) Once your texture has been imported, you should assign it to a Material. The material can
then be applied to a mesh, Particle System, or GUI Texture. Using the Import Settings, it can also be converted to a Cubemap or Normalmap for

different types of applications in the game.




Textures

Importing textures

A texture is a bitmap image. You can create textures in a digital content creation application, such as
Photoshop, and import them into Unity. In a 3D Project, Unity imports image and movie files in the
Assets folder as Textures. In a 2D Project, Unity imports image and movie files in the Assets folder
as Sprites. As long as the image meets the specified size requirements, Unity imports and optimizes
it for game use. This extends to multi-layer Photoshop PSD or TIFF files.

To import image and movie files as Textures and Sprites in Unity:
1. Select the image file in the Project window.
2. Inthe Inspector, set the Texture Import Settings.
3. Click the Apply button to save the changes.
4. To use the imported Assets in your Project:
o For 3D Projects, create a Material and assign the Texture to the new Material

o For 2D Projects, use the Sprite Editor

The Texture Import Settings window defines how Unity imports images from your project’s Assets
folder into the Unity Editor. To access this window, select the image file in the Project window. The
Texture Import Settings window appears in the Inspector.
Note: Some of the less commonly used properties are hidden by default. Expand the Advanced
section in the Inspector window to view these properties.

- GrassHillAlbedo Import Settings (- 3.}
[ Open_
Texture Type Default 9 v
Texture Shape Cube -
Mapping Auto o =
Convolution Type None -
Fixup Edge Seams
SRGB (Color Texture) %
Alpha Source None -
Alpha Is Transparency
Remove Matte (PSD)
¥ Advanced
Non-Power of 2 ToNearest v
Read/Write Enabled ~
Streaming Mipmaps o
Generate Mip Maps. %
Border Mip Maps %
Mip Map Filtering Box -
Mip Maps Preserve Cove
Fadeout Mip Maps
Wrap Mode Repeat v
Filter Mode Bilinear -
Aniso Level L (o]
Default =)
Max Size 2048 -
Resize Algorithm Mitchell o -
Format Automatic -
Compression Normal Quality -
Use Crunch Compression
_Revert | Apply
GrassHillAlbedo RGB | R | G B [ —@ B :

512x512 RGB Compressed DXT1 UNorm 170.7 KB

AssetBundle None
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Materials

To draw something in Unity, you must provide information that describes its shape, and information that describes the appearance of its surface. You use meshes

Materials introduction
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to describe shapes, and materials to describe the appearance of surfaces. Materials and shaders are closely linked; you always use materials with shaders. A

material contains a reference to a Shader object. If that Shader object defines material properties, then the material can also contain data such as colors or

references to textures. The Material class represents a material in C# code. A material asset is a file with the .mat extension. It represents a material in your Unity

project. For information on viewing and editing a material asset using the Inspector window

© Inspector

lar_Texture (Material)

’ So

Shader Standard

MENU OPTIONS:

A: Inspector Controls
B: Material Controls
C: Material Hierarchy

Setting

Function

Select Shader

Move focus to this shader asset in the
Project window

. This can aid navigation in a Project with
many Assets.

Edit Shader

Open the source file for the shader asset
that this Material uses.

Select Material

Move focus to this Material asset in the
Project window. This can aid navigation in a
Project with many Assets.

Flatten Material Variant

Convert this Material Variant to a Material
and retain its Property values. Only
available when the selected Material is a
Variant.

Copy Material Properties

Copy Material Property values so that you
can copy them to other Materials.




Visual Effects

Visual effects introduction

Unity provides a number of post-processing effects and full-screen
effects that can greatly improve the appearance of your application with
little set-up time. You can use these effects to simulate physical camera
and film properties, or to create stylized visuals. This section contains
the following information:

Render pipeline compatibility

Which post-processing effects are available and how you apply them
depend on which render pipeline you are using. A post-processing
solution from one render pipeline is not compatible with other render
pipelines.

Effect availability and location

In previous versions of Unity, you applied all post-processing effects
and full-screen effects in the same way; by adding components to a
Camera. In more recent versions of Unity, you can apply these effects
in different ways. Note that Unity implements effects differently
depending on the package you are using. This means that effects vary
in terms of performance, appearance, and configuration between

packages.
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Visual Effects

Using the Built-in Particle System

The Built-in Particle System uses a component, so placing a Particle System in a Scene is a matter of
adding a pre-made GameObject (menu: GameObject > Effects > Particle System) or adding the
component to an existing GameObject (menu: Component > Effects > Particle System). Because the
component is quite complicated, the Inspector is divided into a number of collapsible sub-sections or
modules that each contain a group of related properties. Additionally, you can edit one or more
systems at the same time using a separate Editor window accessed via the Open Editor button in the
Inspector.

When a GameObject with a Particle System is selected, the Scene view contains a small Particle
Effect panel, with some simple controls that are useful for visualising changes you make to the
system’s settings. The Playback Speed allows you to speed up or slow down the particle simulation,
so you can quickly see how it looks at an advanced state. The Playback Time indicates the time
elapsed since the system was started; this may be faster or slower than real time depending on the
playback speed. The Particle Count indicates how many particles are currently in the system. The
playback time can be moved backwards and forwards by clicking on the Playback Time label and
dragging the mouse left and right. The buttons at the top of the panel can be used to pause and

resume the simulation, or to stop it and reset to the initial state.

l[ ® 0 Gradient Editor |
' | Blend 18
[ ] 0 (]
Calar _&,J-;!f Location ITIEE
Presets =

| | Mo —]




Visual Effects o

GPU instancing offers a large performance boost compared with CPU rendering. You can use it if you want your particle system to render Mesh particles (as
opposed to the default rendering mode of rendering billboard particles).

Particle System GPU Instancing

W| a e Shader "Instanced/Pa
Donut Instance Particle @ = = pmpeftle i . .
Color Color™, Color)
Shader|| Particles/Standard Surface z || -
Blending Options
Rendering Mode | opaque 3|
Main Options
Flip-Book Mode [ Simple :] [ "RenderType"="0Opaque"” ]
Two Sided -,
Maps
DAIbedo f hysi y based ¢ ard lighting model, and enable shadows on all light types
© Metallic —— — (04| AR s : i p [T SRt
Smoothness os5a | a surfac & dard nolightmap nometa noforwardadd keepalpha fullforwardshadows addshadow vertex:v
« Renderer . ) P I SIS
: 3 s C cedural :ver stancingSetup
Render Mode Mesh §
Mesh @l Donut ]
[+
Material W InstanceParticle @
Trail Material Mane (Material) o]
Sort Mode Mone %
Sorting Fudge 1]
Render Alignment View i ed4 Color;
[Enable GPU Instancingw| half Glossin
Piwvot X o 0z [¥] half _Metalli
‘isualize Pivet | void vert (inout appdata_full v, out Input o)
Masking Ma Masking % {
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Sky and Colors

A sky is a type of background that a Camera draws before it renders a frame. This

Introduction to Sky in Unity

type of background greatly benefits 3D games and applications because it provides a
sense of depth and makes the environment seem much larger than it actually is. The
sky itself can contain anything, such as clouds, mountains, buildings, and other
unreachable objects, to create the illusion of distant three-dimensional surroundings.
Unity can also use a sky to generate realistic ambient lighting in your Scene. The sky

solutions you can use depend on which render pipeline your Project uses.

Introduction to Color in Unity

The Unity Editor allows you to work in traditional gamma color space as well as
linear color space. While gamma color space is the historically standard format,
linear color space rendering gives more precise results:

» Linear or gamma workflow for information

« Gamma Textures with linear rendering

* Linear Textures for information
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Unity includes a dedicated manager - the SkyManager - to ensure that environment lighting affects your scene by default. The SkyManager automatically generates an

SkyManager

ambient probe and default reflection probe to capture environment lighting. Unity updates these probes each time environment lighting in your scene changes, until the
moment you generate lighting. After you generate lighting, Unity bakes the current environment light values into the probes. When you specifically use the Generate
Lighting control to manually bake your lighting, Unity stops updating the probes from that point onward and only updates them again at the next bake. If you want Unity to
continue to update the probes each time the environment lighting changes, enable the Auto Generate option. If you remove the Lighting Data Asset from your project,
Unity continues to update the probes each time the environment lighting changes.

Skyboxes

A skybox is a cube with a different texture on each face. When you use a skybox to render a sky, Unity essentially places your Scene inside the skybox cube. Unity
renders the skybox first, so the sky always renders at the back. Similar to other sky implementations, you can use a skybox to do the following:

« Render a skybox around your Scene.

» Configure your lighting settings to create realistic ambient lighting based on the skybox.

« Override the skybox that an individual Camera uses, using the skybox component.

Skybox shaders

Unity provides multiple Skybox Shaders for you to use. Each Shader uses a different set of properties and generation techniques. Each Shader falls into one of the
following two categories:

» Textured: generates a skybox from one or multiple textures. The source textures represent the view of the background from all directions.

* Procedural: does not use textures and instead uses properties on the Material to generate a skybox.
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Linear and gamma color space

The human eye doesn’t have a linear response to light intensity. We see some brightnesses of light more easily than others - a gradient that proceeds in a linear fashion

from black to white would not look like a linear gradient to our eyes.

The Unity Editor offers both linear and gamma workflows. The linear
workflow has a color space crossover where Textures that were
authored in gamma color space can be correctly and precisely
rendered in linear color space. See documentation on Linear rendering
overview for more information about gamma and linear color space.
Textures tend to be saved in gamma color space, while Shaders
expect linear color space. As such, when Textures are sampled in
Shaders, the gamma-based values lead to inaccurate results. To
overcome this, you can set Unity to use an RGB sampler to cross over
from gamma to linear sampling. This ensures a linear workflow with all
inputs and outputs of a Shader in the correct color space, resulting in a
correct outcome. To specify a gamma or linear workflow, go to Edit >
Project Settings, then select the Player category, navigate to the Other
Settings, open the Rendering section, and change the Color Space to

Linear or Gamma, depending on your preference.

Linear Space Gamma Space

L | N | ®iv
Settings for PC, Mac & Linux Standalone

Resolution and Presentation
lcon
Splash Image

Other Settings

Rendering

AaF

Color Space* | Linear
Auto Graphics APl for Windows ¥
Auto Graphics APl for Mac [«
Static Batching [+
Dynamic Batching [«




Built-in 3D Physics o

Introduction to built-in 3D physics

Unity’s built-in 3D physics engine is an integration of the Nvidia PhysX engine. You can use this engine in object-oriented 3D projects. There are several options you

can use in Unity to create and control 3D objects:

Topic Description
Character control Configure physics-based character control for first-person and third-person characters.
Rigidbody physics Apply physics-based behavior to GameObjects
Collision Use colliders to configure collisions between GameObijects.
Joints Apply and configure joints that connect GameObjects and simulate physical forces for pivoting, movement, and restriction.
Articulations Configure complex systems of rigid bodies and joints.
Ragdoll physics Configure ragdoll physics for characters.
Cloth Simulate fabric movement for character clothing and other in-application textiles.
Multi-scene physics Manage different physics contexts in one project with multiple dedicated physics scenes




Built-in 3D Physics

Introduction to character control

The character in a first- or third-person game usually needs some
collision-based physics so that it doesn’t fall through the floor or walk
through walls. In many applications, the character’s acceleration and
movement are intentionally not physically realistic, so that the character
can accelerate, brake and change direction almost instantly and without
being affected by momentum. In 3D physics, this type of behaviour can
be created using a Character Controller. This component gives the
character a simple, capsule-shaped collider that is always upright. The
controller has its own special functions to set the object’s speed and
direction but unlike true colliders, a rigidbody is not needed and the
momentum effects are not realistic. A character controller cannot walk
through static colliders in a scene, and so will follow floors and be
obstructed by walls. It can push rigidbody objects aside while moving but
will not be accelerated by incoming collisions. This means that you can
use the standard 3D colliders to create a scene around which the
controller will walk but you are not limited by realistic physical behavior on

the character itself.

# Scene
1 Textured
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¥ o [ Character Controller 8
Slope Limit 45
Step Offset 0.3
Skin Width 0.08
Min Mowve Distance 0
Center
X |0 0
Radius 0.5
Height 1
-= | ©Inspector v=
+| | RGB + |0 | 2| (] Player_noMesh
Tag | Player + | Layer | 3
b .  Transform @ %
» O M Animation *,
¥ &k (¥ Character Controller )
Slope Limit 90 |
Step Offset 03
Skin Width 10.08
Min Move Distance 0
Center
X0 v[1.03 'z/o
Radius 0.5
Height 2
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02 - Audio, video and animation in Unity

Content:
1. Audio
2.Video
3. Animation
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Audio overview
A game would be incomplete without some kind of audio, be it background
music or sound effects. Unity’s audio system is flexible and powerful. It can

import most standard audio file formats and has sophisticated features for

playing sounds in 3D space, optionally with effects like echo and filtering _ ﬂ
applied. Unity can also record audio from any available microphone on a Listener
user’s machine for use during gameplay or for storage and transmission. Source

Source

To simulate the effects of position, Unity requires sounds to originate from Audio Sources attached to objects. The sounds emitted are then picked up by an Audio
Listener attached to another object, most often the main camera. Unity can then simulate the effects of a source’s distance and position from the listener object and
play them to the user accordingly. The relative speed of the source and listener objects can also be used to simulate the Doppler Effect for added realism. Unity can’t
calculate echoes purely from scene geometry, but you can simulate them by adding Audio Filters to objects. For example, you could apply the Echo filter to a sound
that is supposed to be coming from inside a cave. In situations where objects can move in and out of a place with a strong echo, you can add a Reverb Zone to the
scene. For example, your game might involve cars driving through a tunnel. If you place a reverb zone inside the tunnel, then the cars’ engine sounds will start to echo
as they enter, and the echo will die down as they emerge from the other side. The Unity Audio Mixer allows you to mix various audio sources, apply effects to them,

and perform mastering.



Audio files

Audio
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As with Meshes or Textures, the workflow for Audio File assets is designed to be smooth and trouble free. Unity can import almost every common file format but there

are a few details that are useful to be aware of when working with Audio Files. Since Unity 5.0 audio data is separated from the actual AudioClips. The AudioClips

merely refer to the files containing the audio data and there are various combinations of options in the AudioClip importer that determine how the clips are loaded at

runtime. This means that you have great flexibility for deciding which audio assets should be kept in memory at all times (because you may not be able to predict how

often or how fast they will be playing, i.e., footsteps, weapons and impacts), while other assets may be loaded on demand or gradually as the player progresses

through the level (speech, background music, ambience loops etc). When audio is encoded in Unity the main options for how it is stored on disk is either PCM,

ADPCM or Compressed. Additionally, there are a few platform-specific formats, but they work in similar ways. Unity supports most common formats for importing audio

(see the list below) and will import an audio file when it is added to the project. The default mode is Compressed, where the audio data is compressed with either

Vorbis/MP3 for standalone and mobile platforms

Format Extensions

MPEG layer 3 .mp3

Ogg Vorbis .0gg

Microsoft Wave .wav

Audio Interchange File Format .aiff / .aif

Ultimate Soundtracker module .mod

Impulse Tracker module At

Scream Tracker module .Ss3m

FastTracker 2 module

Xm




Audio

The AudioMixer is an Asset that can be referenced by AudioSources to provide more complex routing

An overview of the concepts and AudioMixe

and mixing of the audio signal generated from AudioSources. It does this category-based mixing via the
AudioGroup hierarchy that is constructed by the user inside the Asset. DSP effects and other audio

mastering concepts can be applied to the audio signal as it is routed from the AudioSource to the

AudioListener.

=
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L] Inspector
Grenade &,
FPSMixer 4
Pitch -0
m Send
Receive | sFx\Receive —
Send level C[0.00d8 |
 Attenuation G
Volume .
I I
» 5FX Reverb g
Dry Level 1 |0.00 mB
Room O
Room HF o
Decay Time O
Decay HF Ratio .
Reflections O
Reflect Delay =0
Reverb (= 0.00 mB
Reverb Delay O
Diffusion ()| 100.00 %
Density )
HF Reference | 5000.00 Hz
Room LF O
LF Reference O

Add Effect



Video overview

Use Unity’s video system to integrate video into
your game. Video footage can add realism, save on
rendering complexity, or help you integrate content
available externally. To use video in Unity, import
Video Clips and configure them using the Video
Player component. The system allows you to feed
video footage directly into the Texture parameter of
any component that has one. Unity then plays the
Video on that Texture at run time. Unity’s video
features include the hardware-accelerated and
software decoding of Video files, transparency
support, multiple audio tracks, and network

streaming.

ot

[ |

B v

v

v

Transform

Sphﬁ':r e (Mesh Filter)

Mesh Renderer

Video Plaver

Audio Source

~
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Video Player component

Use the Video Player component to attach video files to GameObjects and play them on

Video Player

the GameObiject’s Texture at run time. The screenshot below shows a Video Player
component attached to a spherical GameObject. By default, the Material Property of a
Video Player component is set to a GameObiject’'s main texture, which means that when
the Video Player component is attached to a GameObject that has a Renderer, it
automatically assigns itself to the Texture on that Renderer (because this is the main
Texture for the GameObject). Here, the GameObject has a Mesh Renderer component,
so the Video Player automatically assigns it to the Renderer field, which means the Video

Clip plays on the Mesh Renderer’s Texture.

You can also set a specific target for the video to play on, including:
A Camera plane

A Render Texture

A Material Texture parameter

Any Texture field in a component




Video clips

Video

A Video Clip is an imported video file, which the Video Player component uses to play video content (and

accompanying audio content, if the video also has sound). Typical file extensions for video files include .mp4, .mov,

.webm, and .wmv. When you select a Video Clip, the Inspector shows the Video Clip Importer, including options,

preview, and source details. Click the Play button at the top-right of the preview to play the Video Clip, along with its first

audio track.

To view the source information of a Video Clip, navigate
to the preview pane at the bottom of the Inspector
window, click the name of the Video Clip in the top-left
corner, and select Source Info. Platform-specific options
adapt the transcode process for each target platform,
allowing the selection of default options for each platform.
If transcode is disabled, the video file is used as is,
meaning compatibility with the target platform must be
verified manually (see documentation on video file
compatibility for more information). However, choosing
not to transcode can save time as well as avoid

transformation-related quality loss.

Havana *

Source Info k

AssetBundle None
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& |nspector | lk =

"ulii Havana Import Settings B,

Importer Version | WideoClip ¢ || open |
Deinterlace | off t]
Flip Horizontally -

Flip Vertically O
Import Audio [
Default | & | [0 v &
Transcode J
Dimensions Original {1920 X 1280) #
Codec Auto
Bitrate Mode High

Spatial Quality High Spatial Quality

. Notall platforms transcoded. Clip is not
Lr guaranteed to be compatible on platforms
without transcoding.

Revert || Apply |

Source Info #




Animation System Overview

Unity has a rich and sophisticated animation system

(sometimes referred to as ‘Mecanim’). It provides:

+ Easy workflow and setup of animations for all
elements of Unity including objects, characters,
and properties.

» Support for imported animation clips

* Humanoid animation retargeting

+ Simplified workflow for aligning animation clips.

» Convenient preview of animation clips, transitions
and interactions between them.

+ Management of complex interactions between
animations with a visual programming tool.

* Animating different body parts with different logic.

» Layering and masking features
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Unity’s animation system is based on the concept of Animation Clips, which contain information about how certain objects should change their position, rotation, or

other properties over time. Each clip can be thought of as a single linear recording. Animation clips from external sources are created by artists or animators with 3rd

party tools such as Autodesk® 3ds Max® or Autodesk® Maya® or come from motion capture studios or other sources.
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Animation

You can use Unity to animate your GameObiject’s rotations. There are different methods of applying these rotations to suit your project best. See Rotation and

Rotation in animations

orientation in Unity for more information on rotational representations. You can use the Animation window to choose how Unity applies rotation to your GameObject.
Unity uses interpolation to calculate how a GameObject visually moves from one orientation to another in your animation. Different interpolation methods look
different in motion but have the same result. Unity offers three types of interpolation for your animations:

Euler angle interpolation applies the full range of motion to the GameObject specified by the angles you enter; if the rotation is greater than 360 degrees, the
GameObiject rotates fully before it stops at the correct orientation.

Quaternion interpolation rotates the GameObject across the shortest distance to a particular orientation. For example, regardless of whether the rotation value is 5

degrees or 365 degrees, the GameObject rotates 5 degrees.
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03 - World building Iin Unity

Content:

1. Terrain

2. Terrain tools
3. Tree Editor




Terrain

Terrain overview

The Unity Editor includes a built-in set of Terrain features that allow you to add landscapes to your game. In the Editor, you can create multiple Terrain

tiles, adjust the height or appearance of your landscape, and add trees or grass to it. At runtime, Unity optimizes built-in Terrain rendering for efficiency.

The pages in this section explain the various built-in options available for Terrain, and how to use them.

Creating and editing terrains

To add a Terrain GameObject to your Scene, select GameObject > 3D Object >
Terrain from the menu. This also adds a corresponding Terrain Asset to the
Project view. When you do this, the landscape is initially a large, flat plane. The
Terrain’s Inspector window provides a number of tools to create detailed

landscape features.

Create Neighbor Terrains
The Create Neighbor Terrains tool allows you to quickly create adjacent Terrain
tiles, which automatically connect. In the Terrain Inspector, click the Create

Neighbor Terrains icon.
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Terrain tools

Terrain tools overview

To access the Terrain painting tools, click on a Terrain object in the

Hierarchy window and open an Inspector window. In the Inspector,

click the Paint Terrain (paintbrush) icon to reveal the list of Terrain

tools.

The Terrain component provides six distinct tools:

To access the tool, click the Paint Terrain icon, and in the drop-down
menu, select Raise or Lower Terrain. Select a brush from the palette,
then click and drag the cursor over a Terrain object to raise its height.

Click and drag while holding down the Shift key to lower the Terrain

Raise or Lower Terrain: paint the heightmap with a paintbrush tool.
Paint Holes: hide portions of the Terrain.

Paint Texture: apply surface textures.

Set Height: adjust the heightmap toward a specific value.

Smooth Height: smooth the heightmap to soften Terrain features.

Stamp Terrain: stamp a brush shape on top of the current heightmap.

height.
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Tree editor

Tree editor overview

Unity provides a tool called Tree Editor that lets you design trees
directly within the editor. This is very useful when you want to create
detailed forests and jungles with different tree types and variations.
This section of the manual explains how to use the Tree Editor. Use
the navigation column on the left-hand side of the page to view topics
in this section. You can use SpeedTree Modeler from IDV, Inc. to
create trees with advanced visual effects such as smooth LOD

transition, fast billboarding and natural wind animation.

Adding a new Tree

To create a new Tree asset, select GameObject > 3D Object > Tree.
You'll see a new Tree asset is created in your Project View and
instantiated in the currently open Scene. This new tree is very basic
with only a single branch, so let's add some character to it. Select the
tree to view the Tree window in the Inspector. This interface provides all
the tools for shaping and sculpting your trees. You will see the Tree
Hierarchy window with two nodes present: the Tree Root node and a

single Branch Group node, which we’ll call the trunk of the tree.
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04 - C# Scripting in Unity

Content:
1. Setting up scripting environment

2. Scripting concepts
3. Unity architecture
4. C# Job System
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Integrated development environment

Introduction to integrated development environment

An integrated development environment (IDE) is a piece of computer software that provides tools and facilities to make it easier to develop other pieces of software.
Unity supports the following IDEs:

* Visual Studio

+ Visual Studio Code

» JetBrains Ride

Visual Studio

When you install Unity on Windows and macOS, by default Unity also installs Visual Studio or Visual Studio for Mac, respectively. You can choose to exclude it when
you select which components to download and install. By default, the External Script Editor (menu: Unity > Preferences > External Tools > External Script Editor) is
set to Visual Studio. When you enable this option, Unity launches Visual Studio and uses it as the default editor for all script files.

Visual Studio Code

Unity supports opening scripts in Visual Studio Code (VS Code). To open scripts in VS Code, go to Unity > Preferences > External Tools > External Script Editor and
select Visual Studio Code. For information on using VS Code with Unity, see Visual Studio’s documentation on Unity Development with VS Code.

JetBrains Ride

Unity supports opening scripts in JetBrains Rider. To open scripts in Rider, go to Unity > Preferences > External Tools > External Script Editor and select Rider. Rider

is based on ReSharper and includes most of its features. It supports all of C# 7.2’s features as well as C# debugging on the .NET 4.6 scripting runtime in Unity.



Scripting concepts

Creating and using scripts

An integrated development environment (IDE) is a piece of computer software that provides tools and
facilities to make it easier to develop other pieces of software. The behavior of GameObijects is
controlled by the Components that are attached to them. Although Unity’s built-in Components can be
very versatile, you will soon find you need to go beyond what they can provide to implement your own
gameplay features. Unity allows you to create your own Components using scripts. These allow you
to trigger game events, modify Component properties over time and respond to user input in any way
you like. Unity supports the C# programming language natively. C# (pronounced C-sharp) is an
industry-standard language similar to Java or C++. In addition to this, many other .NET languages can

be used with Unity if they can compile a compatible DLL.

Creating Scripts

Unlike most other assets, scripts are usually created within Unity directly. You can create a new script
from the Create menu at the top left of the Project panel or by selecting Assets > Create > C# Script
from the main menu. The new script will be created in whichever folder you have selected in the

Project panel. The new script file’s name will be selected, prompting you to enter a new name.

smart

Assets » Scripts

using UnityEngine;

using System.Collections;

public class NewBehaviourScript : MonoBehaviour {

// Use this for initialization
void start () {

// Update is called once per frame

void Update () {
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Unity architecture

Unity architecture introduction
The Unity engine is built with native C/C++ internally however it has a C# wrapper that you use to interact with it. As such, you need to be familiar with some of the

key concepts of scripting in C#. This section of the User Manual contains information on how Unity implements .NET and C#, and any exceptions you might

encounter as you code.

Page Description

How the Unity engine uses the .NET framework, and any differences you might encounter if you have used .NET outside of Unity

Overview of .NET in Unity before. This area also contains information on how Unity manages memory, and how to reference additional profiles in your Project.

Unity has two main scripting backends: Mono and IL2CPP
Scripting backends . This section describes the differences between the backends and how and when to use them, plus their restrictions. It also contains
information on managed code stripping, which removes unused code from your build.

Information on domain reloads and how they impact on the performance of your application. Also contains information on running code

Code reloading in the Editor on Editor launch, and how to quickly enter and exit Play mode with Configurable Enter Play Mode.

Serialization is the automatic process of transforming data structures or object states into a format that Unity can store and reconstruct

Script serialization . . . 2 o .
P later. This contains information on how to use serialization in your Project in an effective way.

How Unity compiles your scripts and in what order. Also contains information on Assembly Definitions and best practices around using

Script compilation them.




C# Job System

C# Job System Overview

An integrated development environment (IDE) is a piece of computer software that provides tools and facilities to make it easier to develop other pieces of
software. The behavior of GameObjects is The Unity C# Job System allows users to write multithreaded code that interacts well with the rest of Unity and
makes it easier to write correct code. Writing multithreaded code can provide high-performance benefits. These include significant gains in frame rate. Using
the Burst compiler with C# jobs gives you improved code generation quality, which also results in substantial reduction of battery consumption on mobile
devices. An essential aspect of the C# Job System is that it integrates with what Unity uses internally (Unity’s native job system). User-written code and Unity

share worker threads. This cooperation avoids creating more threads than CPU cores, which would cause contention for CPU resources.

What is a job?
A job is a small unit of work that does one specific task. A job receives parameters and operates on data, similar to how a method call behaves. Jobs can be

self-contained, or they can depend on other jobs to complete before they can run.

What are job dependencies?
In complex systems, like those required for game development, it is unlikely that each job is self-contained. One job is usually preparing the data for the next
job. Jobs are aware of and support dependencies to make this work. If jobA has a dependency on jobB, the job system ensures that jobA does not start

executing until jobB is complete.

smart
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C# Job SySte m e

To create a job in Unity you need to implement the 1Job interface. I1Job allows you to schedule a single job that runs in parallel to any other jobs that are

Creating jobs

running. Note: A “job” is a collective term in Unity for any struct that implements the 1Job interface.
To create a job, you need to:

» Create a struct that implements job

» Add the member variables that the job uses (either blittable types or NativeContainer types)

» Create a method in yours struct called Execute with the implementation of the job inside it.

When executing the job, the Execute method runs once on a single core. Below please find example of simple job definition.

// Job adding two floating point values together

public struct MyJob : IJob
{

public float a;

public float b;

public NativeArray<float> result;

public void Execute()

I
L

result[e] = a + b;
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