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Abstract 

This project will aim to find out how sound/music are used in relation to vr The goal is to see how sound is used in vr as compared to the standard format. The first question of the project will look at the early years of vr and give a brief description on its history up until the current year then how sound is used in virtual reality and its effects on the player and how game devs use this to effect the player in different ways. The second question will be how Traditional audio comperes to sound in vr the tools used in the process and if one format is better than the other why? How?. The final question will be Uses for vr sound design outside of video games so how do other industries use the format and if there is any uses in the medical/movie/construction industry if there is a demand for it or not.


Aims 
•	The main aim of this paper is to analyse the use of music audio in vr and how they affect the player and their actions in game as compared to the standard format.

· The early years of virtual reality audio and its progression through time 

•	Music and sound effects and their effect on the game world and how game developers and sound engineers use it in effective ways and also in creative ways to create realism in a vr environment.

•	 How sound design has changed over the years and how game developers use it today as compared to the past and new and emerging technology’s such as ambisonics and complete surround sound devices.  
 
· To look how audio is used in games and also outside of games and what if any industry’s use vr and why?

Context 

This paper aims to dissect how music and sound design are used in vr games from the past to the present and also how game designers/sound designers would have to use music in place of graphical quality or game content and if limitations hold vr back or not.
Uses of music in different game genres and how there use can affect the game or atmosphere and bring out different emotions in the layer anger, sadness, happiness ex and how those effects can be used with the  mechanics and How vr audio is used in  different genres     
The use of new emerging technologies and concepts that use vr and sound in conjunction to effect the player and there perception of the world around them. How sound based technology has evolved over the years and where it’s going and also how the player interacts with this idea e.g  playing a horror game and the sound of doors opening and closing or a sneaking game and the sound of grass or nature to guide the player. How vr sound is used outside of video games for example how the medical industry or movie industry use it or not
The overall goal of this paper is to look at how vr audio is used in general and to see what the differences between standard format audio and virtual reality audio are this will be achieved by compering a stander game to one in vr and then to see what differences both have and if one is better than the other and why. 
The final conclusion will be a roundup of the findings and what has been discussed and a brief overview of what vr audio is/ can do and also where it’s going in the future and what’s in production in the future.  

Introduction 
Virtual reality has been around a lot longer than most know with the first ever vr device the Morton heilig sensorama being reviled in the 1950s to the public it looked like an arcade cabinet you could sit in and it featured stereo speakers and a vibrating chair to simulate the effect of being in a race car (1). Although this technology was very basic it showed the world what virtual reality could be if it was developed more. Over the years Vr continued to evolve and change with entrees such as the super cockpit from the 1970s-1980s created by ivan Sutherland the first portable vr device further progressing virtual reality’s progress (2).         
In this paper the goal is to look at the use of sound in vr technology and how new emerging technologies are using vr to create new experiences. The main goal is to look at the state of vr today and how sound and music are used in conjunction with it and how it’s evolved over the years and also where it’s going in the future.  
Vr will be analysed and how it uses sound as compared with the compotation and what new technologies are being developed for it. Technology’s such as ambesonic surround sound and also Real-Space 3D audio and other such technologies.
How players react to vr sound/music vs normal sound/music and what is better and more effective will also be looked at if vr can offer a more immersive experience than the standard format or if vr is viable for this. 
How vr is being utilised in other areas will also be analysed and if sound can be used in them as well for example vr used in medical background to help blind people or deaf and other such applications.

Case studies 
Vr sound design early years to now 

Although sound has been used to make music since the beginning of time it constantly changes and evolves with the times. As new technology is produced new ways of making music and sound are developed and the current generation is fully throwing themselves into Virtual reality and other forms of vr. But where did it begin? In the 1950s audio was still mainly monophonic (audio playback from just one speaker) the use of stereo sound was not available until around the 1960s (3).  

 Virtual reality audio has taken many interesting iterations over the years like the theatrophone a 19th century theatre phone that allowed people to listen to live opera anywhere in Paris This was achieved by laying wires through the sewers into people’s homes (4). Although this failed to gain any real foothold on the market it shows that people where coming up with unique ways of creating/sharing audio even back then. 

Another interesting form of audio from the past is the Binaural recordings of the 1930s using a dummy people would wear headphones and walk around the dummy’s head but would hear the sound of the dummy’s voice from its prospective (5). From this primitive form of audio, we can see the accidental beginning of Virtual reality sound and how sound can be used to interact with people in different ways other than just listening. But what about a modern example of audio in regards to vr in the 1970s dolby created surround sound speakers and the film industry would set them up to face different directions in the cinema so in the actually movie when someone screams or shouts it would come out of the left or right side and simulate the effect that there actually standing there (6). This could be seen as an early example of virtual reality although no headset was involved it still creates the illusion of a different dimension or layer onto our own.        
When looking for an example of a more modern form of vr audio a really stand out example is Ambisonics. Michael Gerzon an engineer came up with the term “harmonic synthesis” and used it in conjunction with Ambisonics to create new sound techniques one of his inventions being the 4-way mic that can sense audio in all directions (8).is a method of recording audio in three dimensional space so to the player it sounds like sound is coming at them from every direction giving a unique immersive experience. Out of all formats Ambisonic B-format is the most popular as it offers a simple 4 channel format that is easy to use. (7)

    Primarily ambesonics is used in theatres to offer a more immersive experience to the views/listeners but it also has uses in video games with the biggest example being the recant uses in vr with the oculus rift using it in their dream-deck a variety of demos that gives the user very different experiences so for example one moment they could be on the moon talking to an alien and then they are transported to a highly detailed city on a rooftop (9). To expand on the experience ambesonics is used to simulate that the user is actually  in the environment so in the city segment you can here cars bellow you and sounds from above you only ambesonics can simulate this effect. People often say this demo is what introduces them to vr as shown in this interview with Paul James a video game dev “One of the stand-out demos put me in front of an alien on some sort of Moon-like world. The alien was looking at me and speaking in an unfamiliar tongue. When I moved my head, its gaze followed me” (Paul James, 2016).

[bookmark: _GoBack]Traditional game audio vs sound in Vr

  While audio has taken many forms over the years Traditional audio is seen as the standard audio in regards to video games. Throughout the 6 bit/8-bit era used chiptune a type of synthesized electronic music then with the introduction of cdrom on the PlayStation and Sega cd could hold up to 80 mins of compressed audio theses cds would contain the data of the music (10) (11).further progressing from cdroms blue ray disks where introduced offering a much higher data limit and crisper quality sound was truly starting to sound like how the composer/creator wanted you to hear it (12).  
[bookmark: _Hlk534135605]With the introduction of virtual reality sound had to evolve to engage the player in a realistic why but how? What did designers use to elevate the sound design above the standard format?  With the creation of the oculus rift vr headset a new standard for virtual reality connectivity was achieved but how did the audio change to accommodate the new tech. The company Visisonics was set up to create audio technology for the oculus in 2014 and was unveiled at Consumer electronics show in Las vegas. Mona Lalwani an engadget journalist who attended the event states “if the sound is consistent with geometry you will know where things are even if they’re not in your view” this sums up what sound can be used for in regards to vr even if you can’t see what’s happening the sound can guide you and keep you aware of your left side and right side (13)(14).

In regards to actually vr sound design in games most of it is done in engine and attached to objects for example you could have objects in the distance and the closer you get the louder they sound. In vr this could be implemented so the closer you actually  get to loud objects the vr head set shakes or vibrates to simulate the effect of sound bouncing off surfaces elevating the players immersion.      
 the standard oculus rift headset comes with earphones designed by the company themselves as stated by roadtovr a tech website it compered the pros and cons of the ear buds they said that its cheap 49$ dollars easy to use and offers noise –insolation to keep the player engaged and not distracted by outside sources but on the downside theirs lots of pressure on the users ears and the ear buds can’t be used on their own as they are uniquely made for oculus rift(15). Maybe the cons outweigh the pros in this case but is this a persistent problem with vr headsets in the industry?            

[bookmark: _Hlk533944494]Example of a vr game done well – resident evil 7 (2017)
A stand out example of a game that uses vr sound design well is the recently release resident evil 7 although released on pc, xbox one and ps4 its main platform was the psvr unlike previously released resident evils the game was made with the psvr headset in mind. The game gathered good scores from websites like IGN giving it 7.7/10 and praising its fresh new take on the franchise and a 10/10 from Zack Furniss at destructoid.com as well (16)(17). 
The game revolves around the player investigating an abandoned mansion reminiscent of resident evil 1 but the main difference being in the use of the psvr headset that puts the player in the role of the main hero along the way the player will encounter many horrors and scares such as the monsters that will call out your name and stomp around the house to give the player an indicator of their location this works well with the vr headset and really creates tension in the moment. but to really push the scares to the limit the sound design needed to suggest that there could be a monster behind you to achieve something like this capcom the studio that made resident evil 7 had to make there own in house game engine (the device that lets you make games).  The engine  they made was called the re engine and it specialised in sound design it could detect where the player was in the world and use that to activate events and scares to achieve this they used in game triggers so for example you would walk through a doorway and the trigger would detect your movement and activate something behind you to create scare/tension(18). A different technique they used in regards to vr sound design was ‘‘Reverb’’ a technique where the game uses actual models in-game to bounce sound off and make it seem like there a lot more depth to the objects around you and example of this from the game would be the glass object in the kitchen rattle and make sounds when you shoot a gun although small this adds an extra layer to the game(18). All these techniques where use to give the game a more real feeling and offer a more real horror to the player it used theses techniques in creative ways to drive the player and a real scary experience. Some of the actual technology they used includes microphones like the AKG C214 C414 Harmonizers like the Ｈ8000 H3000 and also hundreds of real objects to record from to create a realistic sound to make the game feel more real (18). 

Example of a vr game done wrong - Final Fantasy XV: The VR Experience (2017)
Although on paper an interesting and engaging idea final fantasy the vr experience puts you in control of a hero that supports his friends with his gun from a distance. The game falls flat for many reasons’ bad controls, has many bugs and is very short but the biggest disappointment is the sound design (19). The final fantasy games are well known for there music and any of their songs are recognisable but the vr experience lacks any sound design at all and suffers because of it. Square-enix the studio that made the game also showed this game off at E3 2016 the biggest gaming event of the year the reaction from fans must have really scared the studio and somewhat influenced there decision not to continue with its production (19).   
You play has a floating hand so already the player has lost a sense of realism and because of the lack of music and just the sound of a gun lacks what resident evil 7 had in there sound design a real feeling of being in the game that vr sound design can achieved when is used correctly (20). Andrew Webster from the verge.com states “it doesn't feel particularly Final Fantasy in any way” and feels like a "generic shooter" these staments makes sense the game lacks creativity of other vr games and the choice to not use sound design in their game backfired (20).
The game received so many negative comments that the game was actually cancelled and the lead developer Wan Hazmer had to come out with this statement “The Prompto Shooting game was actually a showcase back then. It was just to showcase the power of the VR,” although seeming to say it was a just a test as soon as the vr experience was cancel they announced a new vr game monsters of the deep a vr fishing game yet to be released but with how the last game went problems may continue with this project as well (21). In 2018 Universal Studios Japan teamed up with Square Enix to produce a vr roller coaster ride maybe some of the scraped ideas and concepts made it into this ride instead (22). 
    
How sound is used in VR

Unlike standard traditional games audio in vr is a much more vital and important aspect of the game as a VR game requires the player to interact with the world and without sound the player has lost a vital function to help them navigate the world. Much like the previously mentioned resident evil 7 sound in vr can elevate a game and create a much more real experience to enjoy but also without proper sound design can also be the opposite and become a bad game experience no one can enjoy. 
[image: ]Visuals and sound are processed differently in the human brain Professor Lars Muckli from the University of Glasgow stated that "Sounds create visual imagery, mental images, and automatic projections (23). From this we can gather that humans not only see objects with there eyes but also with their ears creating a visual image in our brains but how does this work with vr design? Like the previously mentioned ambesonics devices that can recorded in 3 dimensions simulate this effect on people so when interacting with Vr devices audio is so realistic you can picture what made the sound and also feel the direction that sound came from creating a level of realism not seen in standard games and media.

spatial audio is used in conjunction with VR technology to create realism in sound design for example audio frequencies are manipulated to change into a higher or lower pitch to create the illusions of distance and depth of an object or sound to create a sense of realism that’s not really there (24).
 Interesting an early example of using spatial audio would be in museums as the public are given earphones that explain the animals/paintings an image of what the audio is talking about is conjured in the brain and to some extent we can feel like where are there although a simple idea this concept can be seen in today’s use of vr technology as well. When it comes to actually hearing sound humans typically hear binaurally which basically means from two ears so when creating sounds and music its best to have headphones as they deliver the most precise way of receiving audio and simulating the way humans hear sounds (25). This is why most Vr headsets are designed with earphones in mind as they deliver a more closer experience to the actual audio and sounds without headphones a layer of sound would be lost and that’s why company’s like occuls/Microsoft/sony all have their own earphone products so they can be used in conjunction with their headsets.Fig 2 Diagram of how spatial audio functions 

Going back to ambesonics and sound in 3D when sound is recorded for VR is typically recorded in three different ways first is channel a technique where 4 speakers or devices play sounds that simulates 3d dimensions although primitive and simple this technique was used for many years (25). Secondly is ambesonics as sound is recorded using a multi-directional microphone it simulates the effect that sound is coming from all directions and creates a real immersive effect on the listener this is the most commonly used form of sound used in Vr as it creates the most real effect on the listener (25). Finally, there is object-based sound this type of audio focuses on one point and that point usually moves around to simulate an object in 3d space in real time this form of audio is the most recant and there’s not much information on this yet (25).  
    As well as creating sounds and music for the game/experience the most important role of audio in vr is ambient sound an often-overlooked subject. Ambient sound or background sound is used to create a layer of realism William Sherman states that “ambient sound have the effect of making the experience more compelling” without ambient sound games set in space or under the sea would not make sense as ambient sound is what is added to create the effect that there is more going on between the audio (Sherman,2003).
 Although ambient sounds are a small part in the production of games/ media its no less important it can be used to set a scene and also guide the Vr player in the world for example the player could hear wind blow from a direction they need to go to small things like this aren’t really noticed but play a role in the overall production of Vr audio.    

   The future of vr game audio
As many other medium’s sound/audio is ever evolving and in recent years with the explosion of popularity of VR in gaming have pushed sound designers to create new more advanced forms of audio that can be used in this medium. VR being a fresh new medium to create for has attracted big names that hope to collaborate with game designers on new forms of audio and example of this is the famous Abbey road recording studio teaming up with Oculus and other VR companies to create new forms of audio design in 2016 (26). They hope to look into spatial audio and advance in that area and this could have huge implications for game designers that also join up and start looking into new forms of audio design.
Michael Abrash a lead scientist at Oculus stated that at 2021 we'll be able to “quickly and easily generate a personalised head related transfer function your own home” from this we can gather that company’s aim to make VR more popular with consumers and they want more of them in the human much like a tv or games consoles (28). Henney Oh at vrscout.com seams to think that ambesonic sound design will be adopted by most game studios that work with VR to truly embrace 3d sound design G’Audio Lab, was set up to start capturing more ambesonic and 3d sound design in 2017 and more company’s like this will start to emerge in the future (28). The upcoming vr game Stormland from insomniac games ls set to be a smash hit it uses the newest technology available to the Oculus and that includes sound that is being recorded using ambesonics and 3d technology other company’s also have been experiment with vr and have games set to be released in the future like  Space Junkies and Borderlands 2 VR they have been in development for years and have perfected how audio will function in their games (29) . 
Vr audio outside of games
Although made popular in recent years by video games VR has been a much experimented with medium that many industries are involved with. One of the earliest adopters of virtual reality sound design is the film industry and big names in the movie industry are throwing themselves behind it for example Alejandro González Iñárritu a well-known Mexican director has been working with skywalker sound a branch of Lucasfilm to work on Vr sound in new upcoming movies an example being 2018s Lost and Henry a movie shot in 3d using ambesonic and 3d vr sound (30).
 The medical industry have also got involved with vr in recent years one example being Treatment for PTSD in solders Vr audio Is used in conjunction with visuals to recreate war grounds and help suffers through their problems (31).a different use of Vr audio is in Exposure therapy where sound and images are used to help people fight there fears and phobias in a controlled environment and many more applications are being used by the medical industry to their full extent  grandviewresearch.com states that just in the USA spending on vr will  reach USD 5.1 billion by 2025 showing just how much the medical industry sees in Virtual reality results (32) . 
In recent years many different industries have also been experimenting with new audio technology’s in 2015 a new way to upload videos was released on 360° video-posting where you record yourself in a panorama view and then it creates a 3D effect the same goes for the audio in what direction you face you can hear the music get louder or quieter creating a strange experience (33) . Many musicians have adopted this technique themselves some examples include Gorillaz and Avicii who both have experimented with virtual reality in their music (34).
Binaural beats are a recant form of audio that actually affects you physically and mentally some of the effects include reduced pain, increased happiness, better sleeping pattern (35). To create this effect binaural beats, use different frequency patterns like Delta, Alpha, Beta it changes between theses to create a higher hidden frequency (35). But to even achieve this audio needs to be recorded in ambesonics or any other 3d sound recording device much of binaural beats haven’t been explored so there needs to be more research on this to get a conclusive for or against argument.

   Future applications for vr 
[image: ]Virtual reality has proven that it’s a successful industry that shows results and is brand new and has many avenues to explore ranging in many forms of media Although video games and movies have been throwing themselves into it more recently. Many other industries are also advancing in there use of virtual reality as well in the medical industry Virtual reality is used to experiment and operate on people without the risk of harming them this is use to help medical students get a hand on how things work in a safe environment (31).Vr is also used Pain Management & Physical Therapy to help people after surgery to fight the pain interestingly maybe binaural beats could be a future subject that the medical industry looks into as this can be used to block pain receptors as well ?  (31). As the healthcare industry grows so do their spending as stated previously stated money spent on vr is projected to increase dramatically in the future and with this many new advancements will be achieved (32).
 The music industry also has been experimenting with vr sound design with an example being Enosis VR a company that collaborates with bands to create 3d versions of them, so fans can experience their music in vr they have worked with big bands like queen to bring their music alive, so you can actually dance with a 3d render of Freddy Mercury (37). other bands are also trying things like that out as well as it lets them reach more fans around the world its safe to say more bands will try this in the future and the line between reality and the real world will be blended more than ever. Fig 3 Projected money spent on vr 

Virtual reality is also being utilised in schools to teach students about music in a 3d space and is also used to help autistic students/children how to learner in a safe environment to help them experience new things (38). Universities like The University of Michigan are also offering VR tours of their facilities to show perspective students what its like and if they would like also simulating parts of the uni to show different aspects of it to students vr has many applications to the teaching industry and it would seem that university /schools are embracing the change (38).
There’re also many interesting uses of vr you wouldn’t think of recently news organisations have been using CVR a form of vr where you can see in all directions at ones to create a 3d image of the places the user is in. This technology is still new and in January 2018 director Darren Aronofsky signed a deal to use this in his new upcoming vr series about space (39). Jaunt VR and Facebook have also been in talks to create their own vr device so it’s safe to assume that vr is here to stay and will only continue to advance in the coming years possibly changing social media and how we interact with other people it would be interesting to see how everyday people would interact in a 3d world (39). 
conclusion
 In this paper the goal was to talk about and understand how audio is used in virtual reality through the paper discovery’s like how vr started much earlier than many people think with the theatrophone from the 19th century and also up to now with cutting edge technology like the HTC vive and the occuls rift headsets how their technology is being utilised in different ways. One of the more interesting aspects of the paper was seeing just how many industry’s use vr audio from the medical industry to the movie industry to even the teaching industry virtual reality has truly had a great impact on society. In the future we can be certain that virtual reality audio will continue to improve far beyond what people see today with big deals with movie company’s and spending on vr technology going up humanity is one step closer to having start trek like holo deck technology. Its also interesting to see how many people and industry fully support the use of vr at first it seemed like vr was a strange obscure form of technology but that is wrong it’s an ever-improving industry that will keep growing and it will be fascinating to see where it goes for good or bad.    
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