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A Comparison on built-in software and audio middleware regarding sound design for a third person shooter video game created within Unreal Engine 4.
Is it advantageous to use middleware when creating sound for games?
This is a comparison between two separate audio middleware’s and the built-in audio capabilities of Unreal Engine 4 (UE4). Each of these middlewares are compatible with Epic games’ Unreal Engine 4, a game design and playback engine.

There are other game engines on the market such as Game maker studio, Unity and Gamedot as a few examples. Unity is widely used amongst independent developers with the aim of creating games and has a lot of plug in capability with middlewares. Gamedot and Game design studio are used for their easier layout and versatility in being able to create many different types of games on one engine, Unity included.

One of the main reasons for choosing UE4 over any others available software on the market came down to its free availability, the fact it’s widely recognised and has been awarded multiple times as best game engine,   used on top selling games every year and it has the ability to integrate with the middlewares chosen to test. The test will be carried out by performing a case study on each of the middlewares FMOD and Wwise and the built in Blueprints feature of UE4, which is a visual software that allows the user to input code into a game and run it successfully. The case studies will be performed with a fair test, compiled thoroughly, analysed and compared and will include a conclusion on the use of the middlewares and Blueprints to find which is better equipped and whether it is advantageous to use one whilst creating sound for a third person shooter in UE4.

A Game design and playback engine is a program used to create video games, a virtual interactable paint program. This allows developers to both visually and digitally (through code) create video games for many different platforms.

Middleware is a tool that can help a sound designer create channels, soundtracks, sound banks, triggers, volume, pitch, reverb automations and multiple other parameters, all without having to hold a strong understanding or any knowledge of coding. The parameters, channels and effects set in the middleware can be compiled into data, exported into UE4 and then unpacked into the game engines level. From here there is an option to link up the new middleware nodes (visual representations of pre-coded commands that can connect together to alter or create anything in the game) that will appear in the Blueprints editing graph. This can be implemented to the sound play cues, which is a feature in UE4 to create and edit multiple sound files and parameters into the game. Without this, sound designers would also have to learn how to properly program to get their own sonic world across effectively.

Whilst being able to programme code would allow a sound designer to alter and debug the levels of the game they are working on to fit the creative needs of the project, without the coding knowledge and accessibility it’s unlikely to alter all aspects of the game as and when needed, meaning it would be necessary to outsource some form of factor, like help from someone who is adept and knowledgeable when it comes to programming code. It is interesting to point out that the workflow in coding sound into a game would be much longer and arduous than using middleware, which codes all of the sound processes for the user and can be implemented straight into the engine.

All of the middlewares are used in both AAA game productions (High Tier releases) and independent projects as they are both free to use to some extent. There will be a test level of the game created within UE4 that has a selection of standard elements that would require sound. This level will have the same set of sound files for each middleware to work with, in order to keep a fair base foundation for the case studies. The overall process will be documented, concentrated on the sonic tools available in the middlewares as well as in Blueprints, along with their customisability, the efficiency of the workflow, the looping affectability (which is largely used for footsteps and gunshots in games). Other areas will be looked at such as User Interface (UI), integrability with UE4, specifications and licensing. Lastly, I will test how well the array of audio comes together to create a smooth and credible sonic world at the end.

Introduction of Case studies and expectations.

FMOD

FMOD is a professional audio engine developed by Fireflight Technologies, founded in 2002 in Melbourne, Australia. According to the Firelight Technologies CEO Brett Patterson “we strive to create the definitive solutions for adaptive audio. Our vision of truly interactive development is a reality today for game developers”. It is one of the industry leaders in middleware and gaming tools and it is supported on PC, Mac and all major consoles and can be used to develop sound for all major game editing and playback software. It is available to use for free for non-commercial use. FMOD has three different packages available: FMOD Studio, which is a tool designed to aid you in adding audio to your games using professional features, FMOD Core which is a lower level audio engine for specialised projects and FMOD.io which is an archive of sound effects to aid with FMOD Studio projects. For the purpose of this case study FMOD Studio will be the focus.

Given the popularity of the games that have used FMOD as a tool to implement and create sound, (such as the ‘Just Cause’ series) one can assume that the overall ability of the middleware must be of a high standard. The middleware is favoured among both independent and major projects and has been used on numerous award-winning titles such as ‘Forza Motorsport 7’. From this it is deduced that the middleware will be very versatile and will be able to create professional audio.




Wwise

Wwise (Wave Works Interactive Sound Engine) was owned by the Canadian based software company AudioKinetic Inc, which was developed by Martin H. Klein, before being acquired by Sony Interactive Entertainment in 2019. This is an interactive gaming audio middleware which is free to use for non-commercial purposes but comes with a limit of up to 200 audio assets in any given project. Wwise is the main software itself but it includes a range of plugins that work alongside it offering additional features. Much like FMOD, the games that have used Wwise as a tool in their sound design projects are in abundance, so again it is assumed that the overall output and processing abilities of the middleware are of a high calibre.


Unreal Engine 4 

UE4 technology was primarily created for computer programmers in 1998 to create games, audio wasn’t at the forefront of their priorities with the program. Years later in 2012 with the release of UE4, there is now a visual coding system called ‘Blueprints’. This is a drag and drop interface with many pre-coded nodes , which can be linked up to create whatever desired effect is needed. With Blueprints, audio triggers and sound files can be played within the game created .

As the Blueprints software is not primarily created for just audio processes it is to be expected that the process to actually edit the sounds will be a time-consuming task. The UI will be incredibly easy and so will the implementation of the sound files. Obviously, integration isn’t a problem due to it being in the game engine itself. 


Methodology

According to Jason Graves (who is), mentioned during an interview with MusicTech magazine, “The composers’ job is to enhance and elevate the emotional experience of the player” and this is something that will be taken into account throughout the case studies. For the purpose of keeping the testing on each software completely fair, the same bank of sounds will be used for each of the middleware and blueprints, which will all be implemented into the same level that has been designed in UE4. There  will be an evaluation regarding how effective the sounds are once implemented into the game, how well the features and tools presented in each middleware can edit and adapt the base audio files, it’s methods of integration, it’s UI, and  how effective these are overall. The workflow will also be taken into consideration. The video game level created has a selection of sonic assets that will need to be implemented. The assets required will consist of footsteps for four different surfaces (in this case wood, grass, sand and concrete), ambiance and background audio and a soundtrack that fades in and out with set triggers.

With the test level and sounds all the same, each case study will have a balance foundation and the results should highlight the capabilities of the middlewares and software in testing.

Results have been be input into the table below and all results will be analysed then compared and concluded on whether or not middleware is advantageous and if so, which is the better option when designing sound for a third person game within UE4. A table below represents my notes during the process of researching these middlewares. The results have been measured by the following criteria: sonic tools available, customisability, workflow, user interface, licencing and integration, and overall sonic world produced.


	
	Sonic tools available
	Customisability
	Workflow
	User Interface (UI)
	Integrability and Licensing
	Sonic world created

	FMOD
	
	
	
	
	
	

	Wwise
	
	
	
	
	
	

	Blueprints
	
	
	
	
	
	





FMOD

Integration

To integrate FMOD to UE4 the process is rather simple. It is necessary to download and install the integration files from the FMOD website, by following the instructions within the package. The user should then create a new project in FMOD and save it within the project folder in UE4. The next step is to connect FMOD with UE4 in the FMOD preferences. It is advised for the user to create a new folder named ‘FMOD’ in your UE4 Content folder where the files are stored for the creation of the game level. In the FMOD preferences, under the build tab, set the new FMOD folder that has just been created as the built banks output directory. Once this action has been performed, the user can build and compile the project in FMOD which sends any audio events that have been created to the UE4 game level editor.

User Interface
The UI for FMOD is very manageable for that of a sound designer. The program mostly resembles a Digital Audio Workstation (DAW) that is a familiar workspace for any sound designer wanting to create music, sounds and effects for games.
[image: ]









FMOD user interface and event viewer.

There is a feature called the event editor which allows the user to create 2D or 3D events used to edit the output of sound before being compiled into UE4, which all have a plethora of tools available to be used within said events.
In this case, the banks pane is where all your audio events will be assigned so that they can be sent to the game engine UE4.

There is a sandbox window available where it’s possible for the user to live test any audio events and measure their performance before fully compiling into the game. There are panes for events, banks and assets that can be used to create and keep on track of said created events.

The asset pane can show the user all the project assets added. The playback and analysis of the sounds is easily accessible within the audio selection bin and from there it is possible to test the looping capabilities, compress or flatten the sound without going into the tool or editor pane.
Although the event editor is capable of mixing and cutting up large sound files it is very complex and time consuming if the audio has not been pre-treated or cut to the required length, as it can be rather inaccurate in design when it comes to selecting certain parts of the tracks imported. When inputting sounds, both files and folders can be dragged and dropped into the audio bin within FMOD. If in folders the audio bin will keep files in the directory order you transferred them.



Tools:

[image: ]The tools that come with the middleware are all common tools (examples of this in right-hand side screenshot) apart from a few that are mostly used within game audio. Such as convolution reverb, this a reverb used with non-linear audio for games. As the listener can be any different degree away from the source of the sound or in a variety of environments, convolution reverb will first take an impulse response (short loud sounds in different spaces), then strip the sound and emulate the effect of the space.
All the tools can be added onto the bottom of the event editor pane, automation can be set on all effects that are attached to these events. A very easy layout to get used to and easily accessible and customizable effects.
The pitch shifting and volume automations used with repetitive sounds or multi-channel round robins, seem to become quite noticeable that you are using the same set of assets.
Other effects such as reverbs, compression and channel equaliser seem to work very well, the tool set is very capable but basic in processing power. There is also the ability to use outer sourced plugins with FMOD.
Whilst creating 2D events such as gunshots, it is possible to add many different tracks of samples and multiple layers to create immersive and realistic sounds.
There are also many types of different instruments that can be used within the event editor. Some of these are the standard options that come with any DAW (which are?), others like scatter instruments are much more tailored for game audio design. With this, you can set a selection of samples to start playing at random times. A great way to
add wildlife or ambience sounds to the level. It works rather well with modifications for distance, attenuation, pitch, attack and all the automation can still be added on top.


Sample Looping

Looping is the repetition of an audio sample. Creating footsteps requires the looping of separate files, interchanging to eradicate the possibility of repetition and annoyance to the listener. With FMOD you can drag all the already prechosen footstep sounds into the event editor as a multi-channel (a bank of multiple different sound samples). This multi-channel then has settings to do what is called a ‘round robin’. This means randomly playing the samples when they are triggered. On top of this it is possible to then add multiple effects to help smooth the sounds together with the FMOD Pitch shifter automation and volume automation. This event can then be built into the UE4 project connected, and from there, used within the blueprints to connect up with footprint notifiers (these are set on the animation to tell the engine when to trigger a footstep sound) to then play the event created in FMOD. The footsteps created do seem to become repetitive without enough samples loaded into the event, even with pitch automation and other effects being used. The problem could be avoided with a larger bank of samples to choose from.
[image: ]
Loading a multibank of samples into FMOD to create a bank of footsteps



3D events can be edited with a spatialiser to decide the parameters of attenuation when the listener is moving away from the sound source. This has a very visual spherical view in the top right-hand corner of the event editor, which is a useful aid for getting the right distances to be emulated through the sounds.

[image: ]
Panning automation within FMOD and the 3D test viewers




Music Systems

Music Systems are created by sound designers so that more than one soundtrack can be playing at once. This helps in a large game level that may have various elements of ambience that need to be constantly playing, fading in and out when certain triggers are activated. A great example of this  is a level on a cliffside not far from a fire. The closer to the fire the listener is, the louder that needs to become, but the listener should still be able to hear the backing track, the surrounding environment, the wind, the wildlife and any other extra sonic events that are needed.
Within the event manager pane, the user can set a whole array of different conditions. By creating parameters, the user can set what happens to the music whilst certain triggers are activated in game. For example, during a scene change or an event where the character enters a battle, there might be certain music the user will want to drop from the mix in order to allow the other sounds to become more prevalent. Such as battle music dropping in and out once end of battle is triggered. With these parameters and also setting ‘transition markers’ or ‘regions’ it is possible to create a music system that will change dependant on the variables you set for it. The transition markers and regions are quick ways to help your loops flow into one another. You can set which sample plays next, what the transition audio should be and set when to switch back.


Overall Sonic World created

Overall the sonic world created is very impressive. The footsteps and sample loops appear  to become quite repetitive, which means that more audio samples would have to be used to avoid that problem. The UI is very friendly and easy to use, with a lot of simple set out tools and automation dials that can be adjusted at will. Parameters and transitions make the creation of an immersive background very possible; it allows there to be a lot of dynamics that coincide with actual visual feedback in-game, this creates a sense of immersion. The sounds all meld very well together in the end, but a plethora of mixing and samples would need to be extensively used to create a top industry level sound.
WWISE



Integration
[image: ]To install Wwise, the user must download an installer from the  AudioKinetic website. The project can be created for free, ss long as the project is of a non-commercial nature and contains  under 200 media assets. Once the Wwise Launcher is installed, the Wwise application can be installed by opening the Wwise tab and selecting ‘install’. Once everything is installed there is a tab on the launcher that is named ‘Unreal Engine’, here the user can search for projects that they want to have Wwise integrated into. Once the project that is desired to work with is chosen, select the correct file for your UE4 version must be selected and followed up by clicking on ‘integrate’. Now when the user saves and builds the project, they will be able to compile the files inside UE4 at the click of a button.
Help in the bottom left corner and the standard WWise UI

UI
.


The Wwise interface is set out similar to programming software, as this software is primarily geared towards those who may  be programming too, or from a similar domain background. This UI is essentially a collection of different windows that can be customized to however the user believes would work best. These  include some of the following:
· Event viewer: which shows all events created in the project so far
· Project explorer: where you can view, create and edit event, sound banks and other tools.
· Sound bank manager and editor: to see over and edit all the files with various tools and effects.
Set out much less like a DAW, this layout may be a little challenging to those at first glance, especially coming from a sound design background. In actuality, although overwhelming at first, these windows are where most of the workflow within the middleware takes place.

Tools

Once sound is imported in and selected you can view it within the sound editor window and check the playback.
[image: ]
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There are a lot of standardized effects on the sound editor , but each are very precisely adjustable, there are pre-sets to help for a base for your sound ( such is built in reverbs for certain spaces) and the ability to send and share effect data to more than one audio source.
You can add all kinds of attenuation options to your sounds to give off a more realistic feel. This can be altered however if necessary, in the positions tab. All setting can be applied to more than one source via Busses and groups, if needed.
Wise to note that on everything you click on there is a help box in the bottom left hand corner that will give you a brief description of the module you are highlighting and a link to
more information on the topic.
To the right ; Effects and tools available to the user in WWise.
Looping/footsteps

The user can add in things called ‘switch containers’ which can hold multiple samples. They will switch between samples dependant on a trigger that can be set in the game engine using the gamesyncs. Within the settings of the designer layout it is possible to  add in randomization of pitch and volume along with all the other possible effects from before. This neatly banks all your footsteps together which can then be made into an event. The user can also add in static sounds as layers to these sounds, for example clothing movement added to footsteps or gun barrel accessories moving when shooting a gun.
Blend containers can be used if the user wants to create a scene where more than one sound is playing at once. Being able to add effects, blends and other necessities to the audio.
Random and sequencer containers can also be created to trigger off certain sound files at specified times, meaning one object in game could play a set of sounds in order, or a random one each time it is triggered.
AudioKinetic events can be added within the UE4 game engine, this will allow the user to choose one of the events from the Wwise sound bank and set their own triggers to the gamesync states made in Wwise (altering footstep surfaces, dynamic music changes, etc.). The ability to pre-set trigger parameters within Wwise and instantly compile to UE4 to implement is incredibly useful and saves a lot of time on projects. The amount of effects and their abilities are very in-depth but can be quite complicated to get the hang of.
Can set automated 3D and 2D panning that is in accordance to the position of the user in the game. This can be seen and tested visually in the Wwise panning tab.

[image: ]
The Effect Editor in WWise



Music Systems

In Wwise the user can create an interactive music folder, within this they can create a  plethora of containers much like in the effects, creating switch containers , playlists , segments and others. Once all the sounds and different playlists have been added into the projects, a timeline of what is encased can be viewed.
The user then, can create triggers for the music (called states) in the game sync tab where  they can add in parameters of what music fades in and out, where or when. The transition settings can be set between each state, the samples can be infinitely looped or can also have an introduction or an outroduction and then loop the part that is desired.

Overall Sonic world

Overall the sonic world of Wwise is very well arranged. The effect automation within Wwise gave off the illusion that there were more samples being used than in actuality. The music triggers are easier to set which relate into a smoother transition in audio switches within the game engine. All the triggers for the sounds are a lot easier to implement (as they come up as an actual asset within UE4 with viewable parameters), which consequently, related in a lot of the audio sitting better within the sonic world.










Blueprints (Within UE4)
Integration
As Blueprints is directly connected with the game engine and comes as a part of the UE4 game design software, there is no need for any integration. This means that anyone who would want to put their own audio to the game could very well do so without the use of audio middleware or any prior knowledge of coding.



UI
The Blueprint editor is set out similar to a node graph(Pictured in the Looping section). There are pre coded ‘nodes’ that can be thrown onto the graph and connected up with others to create executable commands, an example would be playing a sound cue as the player spawns into the game.
The layout is of very simple design but to complete complex commands with Blueprints can be quite troublesome without some prior reading on their forums. There are also tutorials and some premade blueprints that can be used without having to edit any of the nodes.






Tools
[image: ]Within UE4 blueprints most of the tools are in the form of the editable nodes mentioned above. There is a plethora of different capabilities within Blueprints as it is the building blocks for the level being designed. The nodes to create sound in the game are modified within the ‘Sound cue editor’. In the editor the user can edit how the sounds previously imported are played back to the listener. With a large amount of sound nodes to choose from, the playback is highly customizable but takes a while to fine tune.
There are options to drag and drop nodes from the right-hand side of the window which all have highly adjustable settings. All the nodes that are connected can be test played, which give a live feedback of the circuit direction and output.
Switches and parameters can also be set with nodes to trigger certain effects on the output given a certain situation. An example would be flipping between effects when standing on a certain surface. This can all be created on the sound cue editor and then attached to the relevant blueprint in UE4 to connect it up. Most of the time it is just a simple case of dragging and dropping the sound cue that has been  made into the Game engine editor.

The user is available to single file import any .wavs and is able to import a multichannel, so as long as the files are saved with the correct files extensions, the software will create an element called a ‘Surround’ asset which works with up to 7.1 surround sound.


[image: ]
Setting Footstep notifiers within UE4 so a sound cue can be played


Looping/footsteps
Looping and creating footsteps can be accomplished in a manner of ways. Without using the sound cue editor, it is possible to create a round robin like circuit that will randomly change between certain samples. It is an arduous operation and becomes difficult to customise without any prior experience.
[image: ]This creates a situation where whenever the program starts, it will find the surface type underneath, find the sound files that relate to that surface type and then flip between a number of samples.
With the sound cue the same thing can be achieved much easier and with much higher levels of customizability. Looper nodes can be added into the sound cue to get sounds to loop between samples, for things such as ambiance stings that may loop in alternation.

Music Systems

Much like with most of the blueprints so far, it really helps to have a base of knowledge in UE4. To create music systems there are no set way to do so. Many blueprints can be taken from online and then the user can import their own sound files.
There isn’t much room for error or customisation without prior experience. Most of the music systems available, don’t have the capabilities to implement vast and in-depth editing within the blueprints, without things getting too technical for a beginner.

Overall Sonic world

There would be a difficulty in getting sounds to pleasantly sit well in the mix of the game world without a lot of prior research and knowledge in either blueprints or coding.
The sounds are not as smooth as the other middlewares down to just how much time and effort was spent on implementing the sound effects. There is a lot of jarring where parameters hadn’t been set correctly, but the sound files still play sufficiently. It is time consuming to edit any of the audio samples within the game engine using Blueprints. The inbuilt audio parameters for attenuation are incredibly accurate but, it is easier to get the desired effect by a pre-treated ordeal instead of attempting to edit in Blueprints.



[image: ]
Creating a sound cue in UE4s Blueprints.




	
	Sonic tools available
	Customisability
	Workflow
	User Interface (UI)
	Integrability and Licensing
	Sonic world created

	FMOD
	
Versatile effects/high level
processing power

	Easy to alter sound within the Middlware/very customisable
	Very smooth and instant reactions with UE4
	User friendly and similar set to DAW
	Integrates easily.
Free on projects under $500k
	Overall very well put together. Realised a lot of repetition within the level

	Wwise
	High bank of effects / Very high processing power
	Complex but very high customisability
	Very smooth
And instant reactions within UE4
	Complex at first, steep learning curve for a non-programmer
	Integrates easily
Free licensing on projects under $150k
And under 500 assets/sound files
	Flowed very well together. Certain triggers work really well .
Took a little longer to implement

	Blueprints(UE4)
	Standardised effects / Very high processing but very complex
	Very complex and not a lot of customisability of the sound within
	Hard to create and customise if all working within Blueprints.
	Easy to use for any beginner. Created for those with no knowledge in coding
	No integration required .
Free licence on games created so long as no monetary value is gained from said game.
	A lot of inconsistencies due to the amount of time spent implementing and creating only using blueprints. Repetition was heard and also jitters.







Analysis of all three



In answer to the question ‘is middleware advantageous to use when designing sound for games?’, after this research it is demonstrated that the use of middleware is highly advantageous, but not impossible to create in-game sound without.
Blueprints are a very strong option when creating a game in UE4 and the only one if you do not use middleware. A lot of the effects and tools given with Sound cues are powerful and customizable, making sounds possible to adjust within the engine itself. Therefore, there is no need to go back and remix the audio.  It is very versatile, but as it is initially created for helping game designers, with no coding knowledge to program the game, the audio options are very longwinded to execute and without precise editing it becomes a task to create a truly smooth sonic world, especially for a beginner.
FMOD is a very versatile and a user-friendly middleware. Its integration is very easy and simple to set up, with real-time processing of information between the two. The layout is familiar to that of a DAW, suited for a beginner in the field of sound design. All the effects and tools given are extremely capable and make it possible to edit sounds substantially and create a very believable sonic world.
Wwise has also demonstrated to be extremely versatile and has many tools at its disposal. The integration is straightforward, and all information can be processed straight into UE4 with the click of a button. The editing tools and automation effects are of top calibre, with a lot of precise adjustability for each parameter. The ability to create trigger switches and connect with Blueprint saves a lot of time with workflow and project management. The UI is somewhat overwhelming at first glance as a sound designer as it is set much like programming software, but once the layout to all the separate windows have been figured out, the workflow is very efficient.

Conclusion

Overall, Wwise is the better middleware. It has much more capabilities within its effects, such as attenuation, panning and various other tools. The sounds that you can create from Wwise are much smoother and realistic. The quality of sounds that it can generate blended well within the sonic world. This comes down to being able to edit precisely and get real time feedback within the middleware. Wwise has a steep learning curve but overall shows to be the most advanced and efficient middleware to use. With the news that Tencent Cloud’s Game Multimedia Engine (GME) will be integrated into Audiokinetics WWise audio engine, WWise users “will be able to easily leverage the GME one stop, cross platform voice solution , to delight players with more immersive full featured connected multiplayer experiences” according to Simon Ashby, Head of Product at Audiokinetic .   FMOD would be a better middleware to learn the ropes of this kind of workflow, with the intention to then carry the skills across to Wwise. Blueprints is always a very good knowledge base to have, as you have to use it within the game engine to implement sounds created. Sonically and compared to the other middlewares, it doesn’t stand up to the processing powers, customisability, workflow and ultimately the sonic world created at the end.
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