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			Foreword

			It is my pleasure to write a foreword for this book by Hrishikesh Andurlekar. I have known him for more than 18 years in different roles, from a CG supervisor to a real-time technology expert. Real-time technology has matured over the years and has moved from games to VFX. I have had the good fortune of working with computer graphics in movies as well as interactive graphics for games and virtual reality, and appreciate the overlap of the skillsets in the current games and VFX industry.

			After enabling the creation of stunning effects in games, real-time game engines are revolutionizing the way visual effects are created for movies. With the power and speed of modern game engines such as Unreal, VFX artists can now create stunning visual effects in real time, eliminating the need for lengthy render times and costly post-production processes.

			This technology has been used to create everything from realistic virtual sets to intricate particle effects, allowing filmmakers to create immersive and realistic worlds on a scale that was previously impossible. By using real-time game engines, VFX artists can see the results of their work immediately, making it easier to iterate and refine their designs.

			At Annapurna Studios, we have leveraged real-time technology for movie production, having set up the largest LED volume in India. As our teams started adopting the technology, we felt the need for good training content that explains the basics of the technology, which would lay a solid foundation for our artists.

			This book does a fantastic job of helping anybody new to real-time VFX to get started without being overwhelmed. It helps you work your way up and get comfortable with the tool to an extent that you start creating production-ready content. Niagara can be a bit overwhelming, even to artists who are familiar with Unreal, and this book holds your hand through the fundamentals. Hrishikesh not only demystifies the interface but also touches upon advanced concepts such as custom modules and event handlers.

			Unreal Engine offers ways to enable directors to experiment on their sets in real time, and this aspect of the workflow is often overlooked by newer entrants in the virtual production field. This is possible through blueprints, and this book also introduces you to workflows where you can tweak particle systems at runtime for games or virtual production studios.

			I appreciate the effort Hrishikesh has taken to encapsulate what is a pretty challenging topic into a step-by-step, easily digestible journey into learning particle effects in Niagara. I wish him all the success in the world with many more books to come.

			You are in for an awesome journey into Niagara!

			P N Swathi

			Virtual Production Producer, AGM Annapurna Studios, Hyderabad
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			Preface

			Unreal Engine’s Niagara is a powerful visual effects system developed by Epic Games for their Unreal Engine. It allows developers and artists to create stunning and complex particle effects and simulations in real time for use as high-quality visuals in games, films, and other interactive experiences. The learning curve is, however, very steep, and it is very difficult for beginners to get started with Niagara. This book addresses this issue and gives a gentle but detailed introduction to Niagara. 

			Who this book is for

			This book is aimed at beginners who want to learn about Unreal Engine’s Niagara, a powerful visual effects tool used for creating complex particle simulations in real time. Whether you are a game developer, a visual effects artist, or a hobbyist, this book provides a comprehensive introduction to the Niagara system, its features, and its functionality. With clear explanations, practical examples, and step-by-step guidance, this book will empower you to create stunning particle simulations and visual effects in Unreal Engine.

			What this book covers

			Chapter 1, Getting Started with Unreal Engine Particle System Frameworks, gives a little history of particle systems in Unreal Engine.

			Chapter 2, Understanding Particle System Concepts, helps you learn about foundational particle system concepts.

			Chapter 3, Exploring Niagara Concepts and Architecture, teaches Niagara-specific concepts and provides an overview of its architecture, relevant terminology, and workflow.

			Chapter 4, Building Our First Niagara System, gives an introduction to the UI and helps you create your first system.

			Chapter 5, Diving into Emitter-System Overrides, takes a look at module and parameter overrides and workflow tips.

			Chapter 6, Exploring Dynamic Inputs, helps you learn how to use dynamic inputs to extend parameter inputs and complex behaviors.

			Chapter 7, Creating Custom Niagara Modules, explores extending the power of Niagara with custom-built modules.

			Chapter 8, Local Modules and Versioning, demonstrates quick and dirty module development techniques and how to keep track of versions.

			Chapter 9, Events and Event Handlers, examines the interaction between emitters using events and event handlers.

			Chapter 10, Debugging Workflow in Niagara, delves into working with the Debugger panel, debug drawing, and debug console commands.

			Chapter 11, Controlling Niagara Particles Using Blueprints, teaches you how to make an easy-to-use asset embedding a Niagara system in a blueprint and control the Niagara system through public variables.

			To get the most out of this book

			Before diving into Unreal Engine’s Niagara, it’s recommended that you have a basic understanding of the Unreal Engine editor. Additionally, familiarity with visual scripting languages such as Blueprint or similar programming languages will be helpful but is not required.

			It’s also beneficial to have a general understanding of computer graphics and the concepts behind particle systems, such as emitters, particle lifetimes, and particle attributes. Familiarity with vector math and basic physics concepts can also be useful when working with particle simulations. Some of these basics are covered in the initial chapters.

			
				
					
					
				
				
					
							
							Software/hardware covered in the book

						
							
							Operating system requirements

						
					

					
							
							Unreal Engine 5.1 – Niagara

						
							
							Windows, macOS, or Linux

						
					

				
			

			The recommended OS is Windows 11.

			All the exercises in the book are available in a project posted on the GitHub link given in the next section. If your Niagara systems are not working as intended, please download the project file to find examples of working Niagara systems and figure out what you may have overlooked. If you are using a more recent version of Unreal than 5.1.1, please double-check for any errors that may crop up in the project during the project upgrade. 

			Download the example code files

			You can download an Unreal project file for this book from GitHub at https://github.com/PacktPublishing/Build-Stunning-Real-time-VFX-with-Unreal-Engine-5 . If there’s an update to the project, it will be updated in the GitHub repository.

			We also have other code bundles from our rich catalog of books and videos available at https://github.com/PacktPublishing/. Check them out!

			Download the color images

			We also provide a PDF file that has color images of the screenshots and diagrams used in this book. You can download it here: https://packt.link/jM6sa.

			Conventions used

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

			Bold: Indicates a new term, an important word, or words that you see onscreen. For instance, words in menus or dialog boxes appear in bold. Here is an example: “These include the Beam type, GPU sprites type, Mesh type, and Ribbon Data type.”

			Tips or important notes

			Appear like this.

			Get in touch

			Feedback from our readers is always welcome.

			General feedback: If you have questions about any aspect of this book, email us at customercare@packtpub.com and mention the book title in the subject of your message.

			Errata: Although we have taken every care to ensure the accuracy of our content, mistakes do happen. If you have found a mistake in this book, we would be grateful if you would report this to us. Please visit www.packtpub.com/support/errata and fill in the form.

			Piracy: If you come across any illegal copies of our works in any form on the internet, we would be grateful if you would provide us with the location address or website name. Please contact us at copyright@packt.com with a link to the material.

			If you are interested in becoming an author: If there is a topic that you have expertise in and you are interested in either writing or contributing to a book, please visit authors.packtpub.com.

			Share Your Thoughts

			Once you’ve read Build Stunning Real-time VFX with Unreal Engine 5, we’d love to hear your thoughts! Please click here to go straight to the Amazon review page for this book and share your feedback.

			Your review is important to us and the tech community and will help us make sure we’re delivering excellent quality content.

			Download a free PDF copy of this book

			Thanks for purchasing this book!

			Do you like to read on the go but are unable to carry your print books everywhere?

			Is your eBook purchase not compatible with the device of your choice?

			Don’t worry, now with every Packt book you get a DRM-free PDF version of that book at no cost.

			Read anywhere, any place, on any device. Search, copy, and paste code from your favorite technical books directly into your application. 

			The perks don’t stop there, you can get exclusive access to discounts, newsletters, and great free content in your inbox daily

			Follow these simple steps to get the benefits:

			
					Scan the QR code or visit the link below

			

			
				
					[image: ]
				

			

			https://packt.link/free-ebook/9781801072410

			
					Submit your proof of purchase

					That’s it! We’ll send your free PDF and other benefits to your email directly

			

		

	


		
			Part 1: Introduction to Niagara and Particle Systems in Unreal Engine 5

			The objective of this section is to familiarize you with the basics of particle systems and introduce you to the Niagara user interface. It walks you through creating your first Niagara system and covers the system hierarchy and the workflow around it.

			This section comprises the following chapters:

			
					Chapter 1, Getting Started with Unreal Engine Particle System Frameworks

					Chapter 2, Understanding Particle System Concepts

					Chapter 3, Exploring Niagara Concepts and Architecture

					Chapter 4, Building Our First Niagara System

					Chapter 5, Diving into Emitter-System Overrides

			

		

		
			
			

		

	


		
			1

			Getting Started with Unreal Engine Particle System Frameworks

			Unreal Engine’s particle system, called Niagara, is a powerful tool for creating stunning, realistic special effects in games and other interactive applications. It allows developers to create and manipulate a wide range of particle effects, such as fire, smoke, rain, snow, and more. The particle system is highly customizable, with a wide range of settings that can be adjusted to create unique effects. It is optimized for real-time performance, making it a popular choice for game developers who want to add eye-catching visual effects to their games.

			Niagara replaced Cascade as Unreal Engine’s particle system because it offered several significant improvements over its predecessor. Niagara was designed to be more flexible, scalable, and performance-friendly, making it a better fit for the demands of modern game development.

			Some of the key features that set Niagara apart from Cascade include a more modern and user-friendly interface, improved particle simulation capabilities, and better performance and scalability. Niagara also allows developers to create and manage particle effects using either a visual interface or code, making it a versatile tool for a wide range of use cases.

			In addition, Niagara was designed to be more flexible and extensible, making it easier for developers to create custom particle effects and incorporate them into their projects. This has helped make Niagara one of the most popular and widely used particle systems in the game development industry today.

			We will begin our journey into Unreal particle systems with an overview of the particle system modules in Unreal Engine. There have been major changes in the particle system workflow in Unreal as we’ve moved from the older Cascade particle system to the Niagara particle system over the last few versions. Unreal Engine 5 continues to support the Cascade particle system, and though we do not expect to create new assets in Cascade, we will familiarize ourselves with Cascade in this chapter in case we need to support older projects made with Cascade.

			We will discuss the changes Niagara brings and learn about the features expected in the future. We will also dive into the reasons behind Niagara’s development and end the chapter with some interesting use cases for Niagara.

			This chapter will cover the following topics:

			
					Particle systems in Unreal

					The Cascade particle system

					The reasons behind Niagara’s development

					Use cases for Niagara

			

			Technical requirements

			For this chapter, you need to have access to a machine capable of running Unreal Engine 5. We are going to use the default assets, which should be available with your installation of Unreal Engine.

			Here are the steps to install Unreal Engine using the Epic Games Launcher:

			
					Download the Epic Games Launcher: Visit the Unreal Engine website (https://www.unrealengine.com/en-US/download) and click on the Download button. After downloading the installation file, double-click on it to install the Epic Games Launcher.

					Sign in or create an account: If you already have an Unreal Engine account, sign in. If you don’t, create a new account.

					Launch the Epic Games Launcher: Once you’ve signed in, launch the Epic Games Launcher.

					Install Unreal Engine: In the Epic Games Launcher, click on the Library tab, find Unreal Engine in the list, and click Install next to it. The installation process will begin, and you can monitor its progress in the Downloads tab. Make sure that you have at least 80 GB of disk space as the full Unreal Engine installation may take up to 60 GB.

					Launch Unreal Engine: Once the installation is complete, you can launch Unreal Engine by clicking on the Launch button in the Epic Games Launcher.

			

			And that’s it! You’ve now successfully installed Unreal Engine using the Epic Games Launcher.

			 These are the recommended system configuration requirements:

			
					Windows 10 (64-bit, version 20H2)

					32 GB RAM

					256 GB SSD (OS drive)

					2 TB SSD (data drive)

					NVIDIA GeForce RTX 2080 SUPER

			

			AMD Ryzen 7 5800H and above (Intel Core i9, 10th generation and above)

			You can find the project we worked on in this book here:

			https://github.com/PacktPublishing/Build-Stunning-Real-time-VFX-with-Unreal-Engine-5

			Let us now understand how particle systems are implemented in Unreal Engine.

			Particle systems in Unreal

			Particles are a bunch of assets, such as images, meshes, lights, and even fully rigged characters, which are managed by a particle system. The particle system enables us to manage a huge number of these elements and attach logic and behavior to them.

			The term particle system was coined in 1982 by William T. Reeves, a researcher at Lucasfilm Ltd. while working on Star Trek II: The Wrath of Khan. He was developing an effect for the film where a planet was terraformed. To show this terraforming, a visual effect called the Genesis Effect was created where a firewall ripples across a whole planet. You can watch it here: https://www.youtube.com/watch?v=52XlyMbxxh8.

			The term particle system was coined for the effect shot called the Genesis Effect.

			While each particle in a particle system is a discrete entity, it’s the combined effect of all the particles in the particle system together that creates the impression of a bigger entity, such as an exploding fireball or a fireworks effect.

			A game will need a particle system to show various effects such as fire, smoke, or steam. Unreal Engine previously featured a tool called Cascade to create particle system effects starting from the UE3/Unreal Development Kit (UDK) days. Cascade was also available in Unreal Engine 4. In UE 4.20,  Epic introduced the new Niagara Fx system to replace Cascade as a beta version plugin, which was not enabled by default. In later versions of Unreal Engine, Niagara came enabled by default as an option along with Cascade. The user interface continued to give priority to Cascade as the primary particle effects creation tool to ease the transition to Niagara gradually. This changed in UE5 where the primary method of creating particles is Niagara and Cascade exists only to support legacy projects containing Cascade particle effects.

			
				
					[image: Figure 1.1: Creating a Niagara System using the right-click pop-up menu in the Content Browser ]
				

			

			Figure 1.1: Creating a Niagara System using the right-click pop-up menu in the Content Browser

			There's also a plugin called Cascade To Niagara converter, which can help you convert the majority of Cascade systems into Niagara Systems. It contains a Blueprint Function Library and some Python scripting to help with the conversion. You can enable the plugin in the Plugins Browser tab in Unreal 5. The Plugins Browser tab can be opened by clicking on Edit > Plugins in the menu bar.

			
				
					[image: Figure 1.2: The Cascade To Niagara Converter plugin ]
				

			

			Figure 1.2: The Cascade To Niagara Converter plugin

			Enabling this plugin will add a new option to the menu when you right-click on a Cascade particle system asset in the Content Browser.

			
				
					[image: Figure 1.3: Converting a Cascade system into a Niagara System using the Converter plugin ]
				

			

			Figure 1.3: Converting a Cascade system into a Niagara System using the Converter plugin

			This option will create a new Niagara System in the same folder as the Cascade system with the suffix _Converted added to it. The conversion does not fully support all cases, so expect to find a bunch of errors showing up in the Niagara System when you open it in the Niagara Editor, which will need to be manually fixed. So, while we can use the converter as a starting point to convert Cascade systems into Niagara Systems, additional work is almost invariably needed to complete the conversion.

			To sum up, UE5 contains two different particle systems: Niagara, the primary particle system, and Cascade, which is available for compatibility purposes. In the next section, let us get an overview of the Cascade system.

			Cascade particle system

			Cascade is a modular particle effects editor integrated into Unreal Engine. As of Unreal Engine 5.1, the option to create a Cascade particle system has been moved into the Miscellaneous section.

			
				
					[image: Figure 1.4: Creating a new Cascade particle system in Unreal 5.1 ]
				

			

			Figure 1.4: Creating a new Cascade particle system in Unreal 5.1

			Alternatively, if you upgrade from a UE4 project containing Cascade particle systems, you should be able to double-click on the particle system asset and open Cascade Editor. If you need to create a new particle system, you should use Niagara. This chapter is to familiarize you with Cascade just enough for you to manage any older projects that you might need to work on.

			Learning about Cascade, Unreal Engine’s previous particle system, can still be important for several reasons:

			
					Legacy content

			

			Many older projects in Unreal Engine still use Cascade, so being able to work with it is an important skill to have in case you need to make changes or updates to existing content.

			
					Historical context

			

			Understanding Cascade can give you valuable insights into the history and evolution of Unreal Engine and how it has changed over time to become the powerful development platform it is today.

			
					Skills transfer

			

			Many of the concepts and techniques used in Cascade are still applicable to Niagara, so learning about Cascade can help you build a strong foundation of particle system knowledge that you can apply to your future work with Niagara.

			
					Career opportunities

			

			There may still be opportunities to work with Cascade in certain industries, such as film and television, where older projects may still be in use.

			While Niagara has replaced Cascade as Unreal Engine’s current particle system, learning about Cascade and its capabilities can still be a valuable part of your education as an Unreal Engine developer.

			If you do not plan on working on any old UE4 projects, feel free to skip this chapter and move on to Chapter 2.

			Let’s take a look at how Cascade works before leaping into Niagara.

			Cascade particle systems are available as a part of the Starter Content pack. Starter Content is a bunch of assets made available in Unreal Engine as a starting point for the user to have some basic assets to work on at the start of a project. It has a bunch of audio files, textures, materials, meshes, particle systems, and other assets that you might typically need to prototype a project.

			So let’s get started: create a new UE5 project and enable Starter Content.

			You can enable Starter Content by checking the Starter Content checkbox when creating a new project, as shown in Figure 1.5.

			
				
					[image: Figure 1.5: Ensuring that the Starter Content checkbox is ticked ]
				

			

			Figure 1.5: Ensuring that the Starter Content checkbox is ticked

			Once the project is created, you should see the Starter Content folder in the Content folder. In the Starter Content folder, open the Particles folder in which you will find a few sample Cascade particle systems.

			
				
					[image: Figure 1.6: The legacy Cascade particle systems ]
				

			

			Figure 1.6: The legacy Cascade particle systems

			Double-click on the P_Fire system to launch the Cascade interface.

			
				
					[image: Figure 1.7: The Cascade interface ]
				

			

			Figure 1.7: The Cascade interface

			There are six main zones in the Cascade interface:

			
					MenuBar

					ToolBar

					Viewport

					Emitters Panel

					Details Panel

					Curve Editor

			

			We won’t go into the details of the Cascade Editor, but we will review some key features in the Editor that are relevant to our pursuit of learning about Niagara:

			
					The MenuBar section has standard Save, Undo, Redo, and more menu options

					The Toolbar section also has the Save, Undo, and Redo options along with a few notable buttons as follows:	Restart Sim: This resets the particle simulation in the Viewport window
	Restart Level: This resets the particle system instance in the level
	Thumbnails: This takes a snapshot of the Viewport and saves it as a thumbnail in the Content Browser
	Bounds: This toggles the Bounds display in the Viewport
	Origin Axis: This toggles the origin axis of the particle system in the Viewport
	Background Color: This changes the Viewport background color
	Level of Detail (LOD): This opens the options to create and modify particle LODs



			

			The Viewport shows a real-time preview of the particle as it would appear in game. It also has different render modes such as Unlit, Wireframe, and Shader complexity, which can be accessed via the View modes submenu. You can also play the system at different speeds such as 100%, 50%, 25%, and 1%. There are a lot of properties available in the View menu to visualize different aspects of the particle system, about which we won’t go into detail.

			The Viewport can be navigated using the left mouse button (LMB) to tumble the camera, middle mouse button (MMB) to pan the camera, and right mouse button (RMB) to rotate the camera, Alt + LMB to orbit the system, and Alt + RMB to dolly.

			Emitters panel is the main work area of the Cascade particle editor. This is where you create all the emitters contained in the particle system. You can also add and modify different modules to the emitters. Modules control various the behavioral aspects of the particles released by the emitter. A module can interact with other modules and this interaction is affected by their position in the stack of modules. So, for example, if we have two modules applying different velocities, it will result in the cumulative velocity of those modules being applied to the particles.

			Creating an emitter

			Now that we’ve learned a little about the Cascade particle system, let us see how we can add a new emitter to the P_Fire particle system. A Cascade emitter can only be created inside a Cascade particle system.

			
				
					[image: Figure 1.8: Creating a new Particle Sprite Emitter by right-clicking in the blank space ]
				

			

			Figure 1.8: Creating a new Particle Sprite Emitter by right-clicking in the blank space

			You can add an emitter by right-clicking on the blank area in the panel and clicking on New Particle Sprite Emitter.

			
				
					[image: Figure 1.9: Newly created Particle Emitter with the emitter Block at the top and the modules below ]
				

			

			Figure 1.9: Newly created Particle Emitter with the emitter Block at the top and the modules below

			The emitter created is a column with an emitter block on top and a few default modules under it. The emitter block contains the main properties of the emitter, which can be accessed by clicking on it. On clicking the emitter block, the Details panel shows properties including Emitter Name, Emitter Render Mode, and Detail Mode Bitmask, which can be edited. You can also change the color of the color bar on the left of the emitter block here by changing the Emitter Editor Color setting, allowing you to color-code your emitters:

			
				
					[image: Figure 1.10: The Details panel in the Cascade Editor ]
				

			

			Figure 1.10: The Details panel in the Cascade Editor

			In each emitter, we can add modules (which are components of the emitter) to modify particle behavior. A module can, for example, affect the velocity, direction, color, and other properties of a particle. Every emitter will have a Required module and a Spawn module.

			The Required Module has all the must-have properties of an emitter. These properties include properties that describe the material applied to the particles, the position of the emitter origin, any rotation applied to the emitter, and the alignment of the particle with respect to the screen. Many of these properties will be covered in the upcoming chapters in the context of Niagara.

			The Spawn Module contains the properties that affect the way particles are spawned. In this module, the Spawn and Burst categories determine the rate at which particles are spawned.

			
				
					[image: Figure 1.11: The Spawn Module properties in the Details panel ]
				

			

			Figure 1.11: The Spawn Module properties in the Details panel

			After the Required and Spawn modules, you can add any number of modules as required to get the effect that you want. The modules can be added by right-clicking on the emitter column.

			These modules can be divided into the following categories depending on their function. The functions of the modules in each category should be evident from their names:

			
					Acceleration modules

					Attractor modules

					Beam modules

					Camera modules

					Collision modules

					Color modules

					Event modules

					Kill modules

					Lifetime modules

					Particle lights

					Location modules

					Orbit modules

					Orientation modules

					Parameter modules

					Rotation modules

					Rotation Rate modules

					Size modules

					Spawn modules

					SubUV modules

					Vector Field modules

					Velocity modules

			

			As we learn more about Niagara, you will find that these Cascade modules have Niagara equivalents to allow us to recreate any of the effects produced in Cascade.

			In addition to the aforementioned modules, we also have TypeData modules, which determine the type of particles emitted. These include the Beam type, GPU sprites type, Mesh type, and Ribbon Data type. The type of particles each of these emits should be evident from their names. As you would expect, Niagara has equivalent methods of its own to determine the type of particles emitted by the Niagara emitters.

			Finally, we have the Curve Editor. This used to be the standard Unreal curved editor interface. This interface has since changed in other areas of Unreal Engine (including Niagara); however, it is somewhat frozen in time when it comes to Cascade. The Curve Editor allows the user to modify any values specified in any module that will change across the lifetime of a particle (or an emitter). To make a property editable in the Curve Editor, we need to set that property to DistributionFloatConstantCurve in the Details panel.

			To push any module property to the Curve Editor, click on the green box on the left of the module.

			
				
					[image: Figure 1.12: Click the rightmost green box on a property to add it to the Curve Editor ]
				

			

			Figure 1.12: Click the rightmost green box on a property to add it to the Curve Editor

			To remove any curve from the Curve Editor, right-click on the property and click Remove Curve.

			
				
					[image: Figure 1.13: Remove Curve from Curve Editor ]
				

			

			Figure 1.13: Remove Curve from Curve Editor

			Curve Editor has tools to add/edit points to the curves, which are accessible from the toolbar at the top of Curve Editor.

			
				
					[image: Figure 1.14: The Curve Editor toolbar has tools similar to those in other animation apps ]
				

			

			Figure 1.14: The Curve Editor toolbar has tools similar to those in other animation apps

			This briefly sums up the Cascade particle system’s interface. Many of the concepts and tools used in Cascade will be discussed in detail when we learn about Niagara.

			The reasons behind Niagara’s development

			With an expanding user base, the need for a particle system that was more robust and worked across all industries was felt more acutely. The use of Unreal has now extended beyond gaming to industries including architectural visualization, automotive and industrial design, virtual production, and training simulations. This had led to demands for accurate, efficient, and easy-to-use particle workflows. The newer workflows demanded that artists should be able to work on particle systems easily without having to deal with a complex set of tools while also letting the technical team members have access to tools that may not be very user-friendly but allow them to create customized solutions. Particle systems also needed to be more fully integrated with the main code of the Unreal app.

			Against the background of these scenarios, the shortcomings of the Cascade particle system started becoming more evident.

			The development of Niagara was driven by the following goals:

			
					It should be easy to use and put control in the hands of the artists

					It should be customizable and programmable in every aspect

					It should have an improved toolset for operations such as debugging, visualization, and performance

					It should be able to seamlessly interface with other parts of Unreal Engine

			

			Perhaps the biggest issue with Cascade was that it was very difficult to add additional features or customized behaviors to particle systems. Artists were heavily dependent on programmers to add new features. Niagara has made it possible for artists to develop additional features on their own, giving them more control.

			Every aspect of Niagara can be customized. Cascade does not offer such flexibility. In Niagara, every parameter of forces acting on particles can be tweaked and connected to external parameters. The user can, for example, drill down and change the force of gravity acting on an object over time using a sine wave. This open-ended architecture puts no limits on the kind of effects that can be achieved with Niagara.

			Cascade used CPU resources very inefficiently. CPU and GPU simulations would work very differently. Niagara is optimized to handle both GPU and CPU sims and achieve parity between them. Niagara also has two great tools for debugging simulations. In the Niagara Editor, you can use the Debug Drawing tool to see visual representations of the particle system, while in the game level you can use Niagara Debugger, which shows detailed information about given particle systems in the heads-up display. This helps pinpoint performance and behavioral issues in your particle systems easily.

			Niagara works very well with other parts of Unreal Engine. For example, a game object’s speed data can be shared very easily with the Niagara particle system to drive various parameters in the particle system, such as sprite size, the brightness of the particle, or the amount of gravity acting on the particle. This lets game designers create fine-tuned game mechanics very easily in a short amount of time. You also read data from external sources.

			Cascade did have some upsides. The module-stacking workflow was a great way to get an overview of the particle system at a glance, and Cascade was very approachable for non-technical artists. However, the node graph paradigm of Unreal is very powerful and was necessary to adopt to deliver the next-gen features promised by Niagara. So, a hybrid method with both a stack and graph was chosen for Niagara, which derives the advantages of both paradigms.

			Figure 1.15 illustrates the stack paradigm in Niagara where modules are stacked on top of each other. The stack-based workflow is simpler and suitable for designing basic particle behaviors.

			 

			
				
					[image: Figure 1.15: The stack paradigm in a Niagara Emitter node ]
				

			

			Figure 1.15: The stack paradigm in a Niagara Emitter node

			While the stack paradigm is simpler, it can be a bit limiting in its flexibility and hence its capabilities. Therefore, when such flexibility and power is required, a node-based approach is used, as shown in Figure 1.16. You will find Niagara adopting a node-based workflow for designing Niagara modules.

			
				
					[image: Figure 1.16: The graph paradigm inside a Niagara module ]
				

			

			Figure 1.16: The graph paradigm inside a Niagara module

			As we will learn later in the book, Niagara also makes it easy for teams to work in parallel developing particle systems by employing a modular approach to development and eliminating production bottlenecks.

			All these reasons have helped Niagara replace and improve upon the old Cascade particle system and leave it perfectly poised to take on the challenges of delivering particle effects for the wide variety of industry verticals in which Unreal Engine 5 finds itself being used.

			Use cases for Niagara

			Being the next-generation FX system, Niagara allows technical artists to add custom functionality to a particle system. It is equally accessible to beginner and advanced users alike. Beginners can start with a variety of templates as their starting points, while advanced users can add custom modules to create complex effects.

			Niagara can be used to create all the effects that Cascade can and then go much further. Standard particle effects such as fire, smoke, rain, and snow are surprisingly easy to set up.

			Niagara particles can be used to create much more beyond standard particle effects. As you gain more knowledge of Niagara, you will find interesting and powerful features that extend its capabilities.

			Some of the advanced features include interfacing with the world by reading mesh triangles, tracing against physics volumes, and reading scene depth and query distance fields.

			These features allow you to create flocks of birds or swarms of spiders that respond to the game environment. A flock of bats, for example, can work their way through an enclosed cave environment without colliding with the rocks. A swarm of spiders made in Niagara can crawl across the floor, over any obstacles, and react to the presence of a player. Particles can be represented by animated meshes to render more authenticity to such a simulation.

			Niagara also makes it possible to create complex effects such as the morphing of meshes with a particle-based transition where an object may dissolve into particles, and then those particles reassemble to form another object of a different shape. The objects, in this case, can be static or skeletal meshes, which can help game designers include interesting events in their games.

			The most important aspect of all the aforementioned effects is you do not need a programmer to design these effects. Unreal artists can design such effects on their own without needing any programming knowledge.
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