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What is Unity's Component System

* The Entity Component System (ECS) is the core of the Unity Data-
Oriented Tech Stack (DOTS)

= As the name indicates, ECS has three principal parts:
= Entities — the entities, or things, that populate your game or program

= Components — the data associated with your entities, but organized by the
data itself rather than by entity. (This difference in organization is one of the
key differences between an object-oriented and a data-oriented design)

= Systems — the logic that transforms the component data from its current
state to its next state - for example, a system might update the positions of all
moving entities by their velocity times the time interval since the previous
frame



What is Unity's Component System

* |n a component system, components are mix-and-match packets of functionality,
and objects are built up as a collection of components, rather than as a strict
hierarchy of classes.

= A component system is a different (and usually more flexible) approach to object-
oriented programming (OOP) that constructs game objects through composition
rather than inheritance

* |In a component system, objects exist on a flat hierarchy, and different objects
have different collections of components. An inheritance structure, in contrast, has
different objects on completely different branches of the tree.

= The component arrangement facilitates rapid prototyping, because you can
quickly mix and match components rather than having to refactor the inheritance
chain when objects change



What is Unity's Component System

ECS Unity
Entity Game Objects
Unity Components: Transform, MeshFilter, Renderer,
Component

Colider, Rigidbody, Script component

RenderSystem: SpriteRenderer, MeshRenderer,

System ParticleSystemRenderer

MovingSystem:

PhysicSystem: behaviour of RigidbodyComponent,
ColliderComponent




Components in Unity

Game Object

Components

 Light Component

- Collider Component

Variables

Intensity Variable

Range Variable

Mass Variable

Drag Variable

Size Variable

Center Variable

Components are one of the three principle elements
of an Entity Component System architecture. They

represent the data of your game or program

= [n Unity, components come in

various forms. They can be for
creating behavior, defining
appearance, and influencing
other aspects of an object's
function in the game

By attaching components to an
object, you can immediately
apply new parts of the game
engine to your object



Components in Unity

= Common components of game production come built-in with Unity, such as the
Rigidbody component mentioned earlier, down to simpler elements such as
lights, cameras, particle emitters, and more

= To build further interactive elements of the game, you'll write scripts, which are
also treated as components in Unity. Try to think of a script as something that
extends or modifies the existing functionality available in Unity or creates
behavior with the Unity scripting classes provided



Common Components in Unity

GameObject name, tag, and layer

Transform Component

MeshFilter Component
Renderer Component

Collider Component

Rigidbody Component

Components Using / Datastore

Transform Position, Rotation, scale

Renderer Object appear on the screen

Collider Define the shape of an object for the
purposes of physical collisions

Rigidbody Add motion to GameObiject under the
control of Unity's physics engine

Script All code execution in Unity starts from code

files linked to an object in the scene

Scripts in Unity are more akin to individual
OOQOP classes, and scripts attached to
objects in the scene are object instances

Script Component
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Figure 20.1 The Inspector pane showing various important components



The Transform Component

. Transform 0 + ¢

Position X0 YO Z0

Transform: Position, Rotation, and Scale Rotaton X0 YO  ZO0
Scale X1 Y 1 Z 1

» Transform is a mandatory component that is present on all GameObjects

» Transform handles critical GameObject information like position (the location of
the GameObject), rotation (the orientation of the GameObiject), and scale (the
size of the GameOQObiject)

* Though the information is displayed in the Inspector pane, Transform is also
responsible for the parent/child relationships in the Hierarchy pane. When one
object is the child of another, it moves with that parent object as if attached to it



The MeshFilter Component

MeshFilter: The Model You See B Plane (Mesh Filter)

Mesh H Plane

= A MeshFilter component attaches a 3D
mesh in your Project pane to a GameObject

= To see a model on screen, the GameObject INEINGTES Rie—=
must have both a MeshFilter that handles -
the actual 3D mesh information and a
MeshRenderer that combines that mesh
with a shader or material and displays the
Image on screen

gun_colour_and_ambocc Go. |
hader | Bumped Specutar ) |

= The MeshFilter creates a skin or surface for
a GameObject, and the MeshRenderer
determines the shape, color, and texture of https://www.youtube.com/watch?v=m3pblzmvFpE
that surface




The Renderer Component

Renderer: Allows You to See the GameObject

= A Renderer component - in most cases, a
MeshRenderer - allows you to see the
GameQObiject in the Scene and Game panes

» The MeshRenderer requires a MeshFilter to
provide 3D mesh data as well as at least
one Material if you want it to look like
anything other than an ugly magenta blob
(Materials apply textures to objects, and
when no Material is present, Unity defaults
to solid magenta to alert you to the problem)

Renderers bring the MeshFilter, the Material(s),
and lighting together to show the GameQObject
on screen 10




The Rigidbody Component
Rigidbody: The Physics Simulation

* The Rigidbody component controls the physics simulation of your GameObject

* The Rigidbody component simulates acceleration and velocity every FixedUpdate
(generally every 50th of a second) to update the position and rotation of the
Transform component over time. It also uses the Collider component to handle
collisions with other GameObjects

* The Rigidbody component can also model things like gravity, drag, and various
forces like wind and explosions

= Set isKinematic to true if you want to directly set the position of your GameObject
without using the physics provided by Rigidbody



The Rigidbody Component
 Configure the Rigidbody

« Mass: Sets the mass of the Rigidbody. Higher mass makes the object harder to
move or affect by external forces

 Linear Drag: Applies a damping force to slow down the Rigidbody's linear
motion. Higher drag values result in slower movement

« Angular Drag: Applies a damping force to slow down the Rigidbody's angular
rotation. Higher angular drag values result in slower rotation

» Gravity scale: Determines how much gravitational force affects the object

» Constraints: You can limit the movement of the Rigidbody along certain axes
by checking the corresponding checkboxes



The Collider Component

Collider: The Physical Presence of the GameObject

= A Collider component enables a GameQObject to have a physical presence in the
game world and collide with other objects

= Unity has four different kinds of Collider components, which ve arranged below in
order of their speed. Calculating whether another object has collided with a
Sphere Collider is extremely fast, but calculating whether an object has collided
with a MeshCollider is much slower:

» Sphere Collider: The fastest collision shape to calculate. A ball or sphere
= Capsule Collider: A pipe with spheres at each end. The second fastest type
= Box Collider: A rectangular solid. Useful for crates and other boxy things

= Mesh Collider: A collider formed from a 3D mesh. Although useful andaccurate, mesh
colliders are much, much slower than any of the other three.Also, only Mesh Colliders
with Convex set to tr ue can collide with otherMesh Colliders



The Collider Component

« Colliders are components which provide collision detection through the various
green lines (or boundaries)

* They define the shape of game objects for the purposes of physical collision

Box Collider Sphere Collider  Capsule Collider Mesh Collider
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The Collider
Component
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Script Components

Runmning code in Unity: Script components
= All code execution in Unity starts from code files linked to an object in the scene

= Ultimately, this code execution is all part of the component system described

earlier; game objects are built up as a collection of components, and that
collection can include scripts to execute

Listing 1.1 Code template for a basic script component

using System.Collections; .
. . : Include namespaces for Unity
using System.Collections.Generic;
, , , and .NET/Mono classes.
using UnityEngine;

public class HelloWorld : MonoBehaviour { <—— The syntax for inheritance
void Start () {

// do something once <—— Put code here that runs once.
}
void Update () { Put code here that

// do something every frame runs every frame.

}

17



Script Components

As you've probably surmised from this description, in Unity, scripts are
components - not all scripts, mind you, only scripts that inherit from
MonoBehaviour, the base class for script components

MonoBehaviour defines the invisible groundwork for attaching components to
game objects, and inheriting from it provides a couple of automatically run
methods that you can implement

Those methods include Start(), called once when the object becomes active
(which is generally as soon as the scene with that object has loaded), and
Update(), which is called everyframe. Your code is run when you put it inside
these predefined methods



Advantages of Component-Based Design (CBD)

There are many advantages of developing
the applications using the CBD:

1.Ease of deployment — As new compatible
versions become available, it is easier to
replace existing versions with no impact on the
other components or the system as a whole

2.Reduced cost — The use of third-party
components allows you to spread the cost of
development and maintenance

3.Ease of development - Components
implement well-known interfaces to provide
defined functionality, allowing development
without impacting other parts of the system

Component 1

Extension

Extension
Point 1




Advantages of Component-Based Design (CBD)

4.Reusable — The use of reusable components means that they can be used to
spread the development and maintenance cost across several applications or
systems

5.Modification of technical complexity — A component modifies the complexity
through the use of a component container and its services

6.Reliability — The overall system reliability increases since the reliability of each
individual component enhances the reliability of the whole system via reuse

7.System maintenance and evolution - Easy to change and update the
implementation without affecting the rest of the system
8.Independent - Independency and flexible connectivity of components.

Independent development of components by different group in parallel. Productivity
for the software development and future software development



Practice — Assets folder structure

Hint: In order to organize the Assets folder, create the following folders:

Example 1

Assets

+--=-Art

| +=---Materials

| +=--Models

| +---Textures

+---Audio

| +==--Music

| \=-=-=Sound

+---Code

| +---Scripts # C# scripts

| \---Shaders # Shader files and shader graphs
+---Docs # Wiki, concept art, marketing material
+---Level # Anything related to game design in Unity
| +=---Prefabs

| +---Scenes

| \---UI
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Practice 1 — Create an enemy

1.Create an empty game object, reset its
transform, and rename it Goober (Enemy)

2.Add the Sprite Renderer component to

Goober
- Drag and drop an image (SPA_Enemy_Right.png)
into the Sprite field

. Set the Sorting Layer to ‘Enemies’

© Inspector =

@ v Goober (Enemy) Static ¥ a

v

Tag Untagged ¥ Layer Default ~

. Transform 0 i+ :

8l v Sprite Renderer e i+

Sprite [*]SPA_Enemy_Righ ®

Color

Flip

Draw Mode Simple

Mask Interaction None

Sprite Sort Point Center

WEYCEIE] ® Sprites-Default
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O Inspector

Practice 1 — Create an enemy O O e

s Transform
3.Add Rigidbody 2D component to Goober o e mence
® BOdy Type K|nemat|C S/I(;C’:Zr—ira}:pe ii)nneem(i’tri;sics MatE;)

Simulated v
4.Add Capsule Collider 2D component to Goober Jecfullnematiece
eepin ode Start Awake
« Click 'Edit Collider' and adjust the collider's scale i'ter:m.ftz i —
Colr:]rsc;[:zlgtpsosition
Freeze Rotation

Layer Overrides
Info

0 -~ cCapsule Collider 2D

Edit Collider P

Material None (Physics Mate ®
Is Trigger
Used By Effector
Offset

X 0.0383637 Y -0.112384
Size

X 0.6686025 Y 0.6686032
Direction Vertical

Layer Overrides
Info




Practice 1 — Create an enemy

5.Add an Animator component to

# Scene > Animator 2 i @ Inspector Qi
| G oo be rl o ti o n a I Layers Parameters +© Base Layer Auto Live Link @ o — Static
p 7 Tag Untagged ~ Layer Default v

B e . & Transform o it

. In the Assets/Animations folder, right- 5 + spriteRenderer
& Rigidbody 2D

click and select Create > Animator Bl

™= v Animator

Controller i i
. Open the Animator window (navigate to e

Window > Animation > Animator).

Rename the controller to Goober T cut

Controller (Goober.controller, also g e o et

referred to as Goober Animator .

Controller)

Culling Mode Always Animate

Quat: O Euler: 0 Scale: 0

Add Component

I Project B Console © Animation
+- a

« In the Animator window, drag and drop the T

O, All Modified

downloaded Goober Animation from the o A Exelieg

O, All Materials

Assets > Animations folder onto the ST e

[a@ Assets

Animator panel  Arimations
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Practice 1 — Create an enemy

© Inspector =
i ' ] . v Goober (E Static ~
6.Add an Animator component to ‘Goober' (optional)  EZEREEGAEL e
Tag Untagged v Layer Default ~
. Select the Goober GameObject and add the Animator T .
Component [e] v Sprite Renderer s

« Next, drag and drop the Goober Animator Controller into the & Rigidbody 2D
Controller field of the Animator Component 0 - Capsule Collider 2D

» v Animator

4

® O O ® O®
T+

4

Controller % Goober
Avatar None (Avatar)
Apply Root Motion

Update Mode Normal

Culling Mode Always Animate

Clip Count: 0

Curves Pos: 0 Quat: O Euler: 0 Scale: O
Muscles: 0 Generic: 0 PPtr: O

Curves Count: 0 Constant: 0 (0.0%) Dense: 0
(0.0%) Stream: 0 (0.0%)

. Sprites-Default (Material) 0 :
Edit.. =
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Practice 1 — Create an enemy

T+

Animator

@ Inspector =
7.Add an Script component to ‘Goober’ Q. ¥ Goober (Enemy) Static v
. Select the Goober GameObject, drag and drop the Tag Untagged > Layer Default
EnemyMovement.cs script into the Inspector window fransform 9=
Sprite Renderer 0
Rigidbody 2D o
8.Press Play and test the movement of Goober T o =
@
@

}

Enemy Movement (Script)

Move Speed 1

. Sprites-Default (Material) 0 :
Edit.. =

26



Practice 2 — Add Cinemachine Follow Camera

1.Import Cinemachine: Start by ensuring you've installed the Cinemachine package in your
Unity project. You can do this using the Package Manager (Window > Package Manager
> Cinemachine)

#f Scene > Animator = Package Manager
4 ¥ Packages: Unity Registry ¥ Sort: Name (asc) v Filters v Clear Filters
All Services

-

CCD Management Cinemachine Remove
Cinemachine 2.9.7 - May 08, 2023

Cloud Code From Unity Registry by Unity Technologies Inc.

Cloud Diagnostics com.unity.cinemachine

Cloud Save

Code Coverage

Description  Version History = Dependencies  Samples

& Collections

Core RP Library Smart camera tools for passionate creators.

Deployment New starting from 2.7.1: Are you looking for the Cinemachine menu? It has moved to the

X X . GameObject menu.
Device Simulator Devices
IMPORTANT NOTE: If you are upgrading from the legacy Asset Store version of
Cinemachine, delete the Cinemachine asset from your project BEFORE installing this version
Editor Coroutines from the Package Manager.

Economy

Entities

Entities Graphics
FBX Exporter
Friends

Last update Dec 31, 00:11
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Practice 2 — Add Cinemachine Follow Camera

2.Create a Virtual Camera: Right-click in the Hierarchy ® Inspector a
window, select Cinemachine > Virtual Camera. This creates (D), v FollowCamera Static v
a new Cinemachine virtual camera Tag [Untagged v Layer [Default™
L Transform e i+ :
. Body: Framing Transposer v CinemachineVirtualCamera @ :
Status: Live Solo
. Follow: Goober (For testing. In real game, Virtual Camera Game Window Guide: v
Save During Play
should follow the player) eriorty —

Follow X Goober (Enemy ©® £
Look At None (Transform) ®
Standby Update Round Robin

Lens Vertical FOV 60

Transitions

3.Press Play and test the
virtual camera

Body Framing Transposer

A Aim Composer

Noise none

Extensions
Add Extension (select)
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