
Game Programming
with Unity and C#

Â Complete Beginner’s Guide

Casey Hardman



Table of Contents
About the Author ........................................................ xv

About the Technical Reviewer xvii 

Introduction xix

Chapter 1 : Installation and Setup  ....................................................1

Installing Unity 1

Installing Our Code Editor 4

Creating a Project 7

Summary ......................................................................................................................... 9

Chapter 2: Unity Basics  ..................................11

Windows 11

Project Window.. 12

Scene Window 13

Hierarchy Window 14

Inspector Window 14

Components .....................................14

Adding GameObjects 17

Summary 20

Chapter 3: Manipulating the Scene 21

Transform Tools 21

Positions and Axes  ........................................................23

Making a Floor 24

Scale and Unit Measurements ..........................................................................24

Summary 26

iii



TABLE OF CONTENTS

Chapter 4: Parents and Their Children...............................................................................29

Child GameObjects...........................................................................................................................29

World vs. Local Coordinates........................................................................................  32

A Simple Building.............................................................................................................................33

Pivot Points...................................................................................................................................... 36

Summary.......................................................................................................................................... 39

Chapter 5: Prefabs................................................................................................................ 41

Making and Placing Prefabs...........................................................................................................41

Editing Prefabs.................................................................................................................................42

Overriding Values.................................................................  44

Nested Prefabs.................................................................................................................................48

Prefab Variants.................................................................................................................................49

Summary..........................................................................................................................................50

Chapter 6: Programming Primer........................................................................................53

Programming Languages and Syntax............................................................................................53

What Code Does...............................................................................................................................54

Strong vs. Weak Typing...................................................................................................................55

File-Type Extensions.......................................................................................................................57

Scripts............................................................................................................................................. 57

Summary..........................................................................................................................................59

Chapter 7: Code Blocks and Methods................................................................................61

Statements and Semicolons...........................................................................................................61

Code Blocks.................................................................................................................................... 61

Comments....................................................................................................................................... 63

Methods.......................................................................................................................................... 64

Calling Methods.............................................................................................................................. 67

Basic Data Types............................................................................................................................. 69

Returning Values with Methods..................................................................................................... 69

Declaring Methods..........................................................................................................................70

iv



TABLE OF CONTENTS

Operators........................................................................................................................................ 73

Summary......................................................................................................................................... 75

Chapter 8: Conditions................            77

The “if” Block....................................................................................................................  77

Overloads........................................................................................................................................ 79

Enums............................................................................................................................................. 80

The “else” Block.........................................................................................  81

The “else if” Block..........................................................................................................................82

Operators for Conditions.................................................................................................................83

Equality Operators.................................................................................................................... 83

Greater Than and Less Than..................................................................................................... 85

Or.............................................................................................................................................. 85

And...........................................................................................................................................86

Summary........................................................................................................................................86

Chapter 9: Working with Objects.................  87

Classes..........................................................................................    87

Variables.................................................................................................................................. 89

Accessing Class Members.......................................................................................................90

Instance Methods.................................................................................................................... 93

Declaring Constructors........................................  95

Using the Constructor.............................................................................................................. 98

Static Members........................................................................................................................99

Summary...................................................................................................................................... 101

Chapter 10: Working with Scripts..................................      103

Usings and Namespaces..............................................................................................................104

Script Class.................................................................................................................................. 105

Rotating a Transform....................................................................................................................107

Frames and Seconds...................................................................................................................109

Attributes......................................................................................................................................110

Summary.......................................................................................................................................112



TABLE OF CONTENTS

Chapter 11 : Inheritance....... .............................................  113

Inheritance in Action: RPG Items...................................................................................................113

Declaring Our Classes................................................................................................................... 115

Constructor Chaining.....................................................................................................................118

Subtypes and Casting....................................................................................................................122

Number Value Types.......................................................................................................................124

Type Checking................................................................................................................................126

Virtual Methods..............................................................................................................................127

Summary........................................................................................................................................128

Chapter 12: Debugging..................................................................................  129

Setting Up the Debugger...............................................................................................................129

Breakpoints....................................................................................................................................131

Using Unity’s Documentation........................................................................................................135

Summary........................................................................................................................................137

Part I: Obstacle Course......... .............................................      139

Chapter 13: Obstacle Course Design and Outline.........................................................141

Gameplay Overview......................................................................................................................142

Technical Overview....................................................................................................................... 143

Player Controls........................................................................................................................ 143

Death and Respawn................................................................................................................145

Levels.......................................................................................................................................145

Level Selection........................................................................................................................146

Obstacles..................................................................................................................................146

Project Setup................................................................................................................................ 146

Summary........................................................................................................................................148

Chapter 14: Player Movement......................................  149

Player Setup.................................................................................................................................. 150

Materials and Colors.....................................................................................................................152

Declaring Our Variables.................................................................................................................155

vi



TABLE OF CONTENTS

Properties...................................................................................................................................... 158

Tracking the Velocity.....................................................................................................................159

Applying the Movement................................................................................................................166

Summary........................................................................................................................................170

Chapter 15: Death and Respawning................................................................................173

Enabling and Disabling.................................................................................................................174

Death Method................................................................................................................................ 177

Respawn Method..........................................................................................................................178

Summary.......................................................................................................................................180

Chapter 16*. Basic Hazards..............................  181

Collision Detection.......................................................................................................................181

Hazard Script............................................................................................................................... 188

Projectile Script............................................................................................................................190

Shooting Script............................................................................................................................194

Summary......................................................................................................................................197

Chapter 17: Walls and Goals............................................................................................ 199

Walls........................................................................................................................................... 199

Goals............................................................................................................................................201

Build Settings for Scenes............................................................................................................ 204

Summary......................................................................................................................................207

Chapter 18: Patrolling Hazards..................    209

Resembling a Patrol Point............................................................................................................209

Arrays........................................................................................................................................... 210

Setting Up Patrol Points..........................................................................................................  212

Detecting Patrol Points................................................................................................................216

The “for” Loop........................................................................................................................218

Sorting Patrol Points....................................................................................................................221

Moving the Patroller.....................................................................................................................226

Summary...................................................................................................................................... 229

vii



TABLE OF CONTENTS

Chapter 19: Wandering Hazards................................................................................  233

Wander Regions............................................................................................................................233

A Basic Editor Extension...............................................................................................................236

Editor Scripts...........................................................................................................................236

Custom Inspectors...................................................................................................................237

Accessing the Inspector Target.............................................................................................. 237

Drawing to the Scene..............................................................................................................238

Wanderer Setup.............................................................................................................................240

Wanderer Script............................................................................................................................ 241

Handling the State....................................................................  243

Reacting to the State...............................................................................................................245

Summary........................................................................................................................................247

Chapter 20: Dashing....................        249

Dashing Variables.........................................................................................................................249

Dashing Method............................................................................................................................251

Final Touches................................................................................................................................ 254

Dash Cooldown............................................................................................................................. 255

Summary........................................................................................................................................257

Chapter 21 : Designing Levels...................      259

Prefabs and Variants.....................................................................................................................259

Making Levels............................................................................................................................... 261

Adding Walls................................................................................................................................. 263

Level View Camera........................................................................................................................264

Summary....................................................................................................................................... 264

Chapter 22: Menus and Ul................................................................................................. 267

Scene Flow................................................................................................................................... 267

Level Selection Script...................................................................................................................269

Summary....................................................................................................................................... 276

viii



TABLE OF CONTENTS

Chapter 23: In-Game Pause Menu................................................................................... 279

Freezing Time................................................................................................................................ 279

Summary....................................................................................................................................... 284

Chapter 24: Spike Traps......................................................................................................285

Designing the Trap........................................................................................................................285

Raising and Lowering...................................................................................................................289

Writing the Script..........................................................................................................................290

Adding Collisions.......................................  295

Summary.......................................................................................................................................297

Chapter 25: Obstacle Course Conclusion..................................    299

Building the Project......................................................................................................................299

Player Settings............................................................................................................................. 301

Recap...........................................................................................................................................303

Additional Features..................................................................................................................... 304

Summary......................................................................................................................................306

Part II: Tower Defense....... .......  307

Chapter 26: Tower Defense Design and Outline........ ...................  309

Gameplay Overview.....................................................................................................................309

Technical Overview......................................................................................................................311

Project Setup...............................................................................................................................313

Summary...................................................................................................................................... 313

Chapter 27: Camera Movement......................    ...315

Setting Up.................................................................................................................................... 315

Arrow Key Movement...................................................................................................................318

Applying Movement.....................................................................................................................320

Mouse Dragging...........................................................................................................................322

Zooming........................................................................................................................................324

Summary...................................................................................................................................... 325

ix



TABLE OF CONTENTS

Chapter 28: Enemies, Towers, and Projectiles.............................................................. 327

Layers and Physics.......................................................................................................................327

Basic Enemies................................................................................................................................329

Projectiles......................................................................................................................................333

Targeters........................................................................................................................................339

Towers............................................................................................................................................348

Arrow Towers................................................................................................................................. 351

Summary........................................................................................................................................359

Chapter 29: Build Mode...... ............................................................  361

Ul Basics........................................................................................................................................ 362

The RectTransform.........................................................................................................................366

Building Our Ul...............................................................................    368

Events............................................................................................................................................ 373

Setting Up......................................................................................................................................374

Build Mode Logic...........................................................................................................................379

The Dictionary................................................................................................................................385

OnClick Event Methods.................................................................................................................388

Summary........................................................................................................................................395

Chapter 30: Play Mode.................................................................  397

Spawn and Leak Points.................................................................................................................397

Locking the Play Button..........................................................................................    399

Pathfinding Setup..........................................................................................................................401

Finding a Path............................................................................................................................... 404

Play Mode Setup...........................................................................................................................409

Spawning Enemies.......................................................................................................................414

Enemy Movement.........................................................................................................................417

Summary....................................................................................................................................... 423



TABLE OF CONTENTS

Chapter 31 : More Tower Types.........................................................................................425

Arcing Projectiles..........................................................................................................................425

Cannon Tower...............................................................................................................................431

Hot Plates......................................................................................................................................435

Barricades.....................................................................................................................................437

Summary.......................................................................................................................................437

Chapter 32: Tower Defense Conclusion........ .................................................................439

Inheritance....................................................................................................................................439

Ul...................................................................................................................................................441

Raycasting....................................................................................................................................441

Pathfinding................................................................................................................................... 442

Additional Features......................................................................................................................442

Health Bars..................................................................................  442

Types for Armor and Damage................................................................................................ 443

More Complex Pathing.......................................................................................................... 443

Range Indicators....................................................................................................................444

Upgrading Towers..................................................................................................................445

Summary......................................................................................................................................445

Part III: Physics Playground............ ..............      447

Chapter 33: Physics Playground Design and Outline....................................  449

Feature Outline.............................................................................................................................449

Camera...................................................................................................................................449

Player Movement....................................................................................................................450

Pushing and Pulling................................................................................................................450

Moving Platforms...................................................................................................................451

Swings.................................................................................................................................... 451

Force Fields and Jump Pads................................................................................................. 451

Project Setup............................................................................................................................... 451

Summary...................................................................................................................................... 452

xi



TABLE OF CONTENTS

Chapter 34: Mouse-Aimed Camera...................................................................................453

Player Setup....................................................................................................................................453

How It Works...................................................................................................................................454

Script Setup....................................................................................................................................456

Hotkeys...........................................................................................................................................463

Mouse Input....................................................................................................................................464

First-Person Mode.........................................................................................................................469

Third-Person Mode........................................................................................................................470

Testing.............................................................................................................................................474

Summary......................................................................  475

Chapter 35: Advanced 3D Movement....... .........      477

How It Works.................................................................................................................................. 477

Player Script....................... 480

Movement Velocity.........................................................................................................................486

Applying Movement.......................................................................................................................490

Losing Velocity............................................................................................................................... 493

Gravity and Jumping.................................................................................................................... 494

Summary...................................................................................................................................  496

Chapter 36: Wall Jumping..........................................................................................  497

Variables...............................  497

Detecting Walls....................................................  499

Performing the Jump..................................................................................  502

Summary........................................................................................................................................505

Chapter 37: Pulling and Pushing......................................................................................507

Script Setup...................................................................................................................................507

FixedUpdate...................................................................................................................................511

Target Detection............................................................................................................................ 513

Pulling and Pushing......................................................................................................................515

xii



TABLE OF CONTENTS

Cursor Drawing............................    517

Summary.......................................................................................................................................518

Chapter 38: Moving Platforms.....................      ....519

Scene Setup...........................................................  520

Platform Movement......................................................................................................................522

Player Platforming.......................................................................................................................529

Summary...................................................................................................................................... 532

Chapter 39: Joints and Swings............................        533

Swing Setup.....................................................................................  533

Connecting the Joints..................................................................................................................540

Finishing Touches.........................................................................................................................542

Summary......................................................................................................................................543

Chapter 40: Force Fields and Jump Pads...... ................      545

Script Setup................................................................................................................................ 545

Force Field Setup........................................................................................................................547

Adding Velocity to the Player......................................................................................................548

Applying Forces..........................................................................................................................549

Summary..................................................................................................................................... 552

Chapter 41: Conclusion.....................................    553

Physics Playground Recap..........................................................................................................553

Further Learning for Unity........................................................................................................... 555

The Asset Store......................................................................................................................555

Terrains...................................................................................................................................555

Coroutines..............................................................................................................................556

Script Execution Order............................................................................................................556

Further Learning for C#................................................................................................................557

Delegates................................................................................................................................ 557

Documentation Comments.....................................................................................................558

Exceptions.............................................................................................................................. 560

xiii



TABLE OF CONTENTS

xiv

Advanced C#................................................................................................................................... 562

Operator Overloading............................................................................................................... 562

Conversions...............................................................................................................................562

Generic Types............................................................................................................................563

Structs....................................................................................................................................... 563

Summary..........................................................................................................................................563

Index..... ....................................................................................................................................565



About the Author
Casey Hardman is a hobbyist game developer, who found 
inspiration in the capacity for immersion and interactivity 
provided by games. His area of focus is the Unity game 
engine. He has nurtured a passion for video games since 
he was a child. In his early teens, this interest led him on a 
journey into the world of game design and programming. 
He is self-taught through a variety of personal projects, some 
small and some lofty. He has been a regular contributor on 
various online game development platforms and spends far 
too much time in front of the computer.


