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INTRODUCTION 

SUMMARY 

V-Rcade is a virtual reality rhythm-FPS (first-person shooter) game created 
with Unity 3D and targeted for Oculus devices. The in-game worlds are based 
on the neon 80’s, synthwave, and retrowave aesthetics to create a sense of 
playing “inside” an arcade machine. The player will need to defeat enemies 
to accumulate points whilst avoid taking too much damage before the level 
finishes. 

AIM OF THE GAME 

The main aim of the game is to reach the end of each level with the highest 
score possible whilst avoiding losing all your lives by being shot by enemies. 
The player gains points by destroying enemies before they exit the level. 

OBJECTIVES 

To beat a given level, the player must be aware of a few factors. Firstly, that 
they have a set time limit to play, as enemies are spawned in based on the 
BPM (beats per minute) for the track which plays in each level. Once the 
track finishes playing, this will end the current level. 

Secondly, the player will have to destroy enemies to gain points for their 
score for that level. They will be armed with different weapons to help them 
achieve this objective, which offer offensive and defensive strategies. 
Different types of enemies will offer different points based on their individual 
statistics; for example, enemies worth more points will require more hits to 
destroy. 

Thirdly, the player will need to physically dodge projectiles fired at them. To 
give the player more opportunities to dodge projectiles, enemies will follow a 
pattern when firing and their projectiles will be slowed down whenever they 
enter the slow-motion field that surrounds the player. 

PERSONAL AIMS & GOALS 

V-Rcade looks to achieve several personal goals. Firstly, I wanted to improve 
my overall game design skill set as well as explore UX (user experience) 
design, particularly since the field of design is one I wish to pursue a career in. 
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Secondly, I believe that VR equipment will become a more commonplace 
item of technology in the future, so learning how to develop on a platform 
now will prove advantageous for my career in the future. I also wish to 
explore VR for applications beyond gaming in the future, ergo I am starting 
that process now. 

Finally, I wanted to challenge myself by pushing my boundaries beyond that 
of creating 2D and 3D game. As I already had an interest in VR technology, I 
decided to try learning about VR game development. 

SUMMARY OF THE UPCOMING CHAPTERS 

This report is compartmentalised into several sections which serve as a guide 
for the creation process that was employed prior, during, and after the 
project’s conception. The first section is the literature review which examines 
some of the main games which influenced and shaped the ideas behind V-
Rcade, identifying some of the tools and technologies which will assist in 
building the game. 

Next is the analysis section, wherein there is discussion of the game’s 
requirements and the development methodology which would be most 
practical for this project. 

Following this will be a breakdown of the game’s design which will explore 
areas such as the chosen aesthetics, intended gameplay, sound design, and 
UI elements. This will also examine the technical design, including how the 
game’s structure will work, the AI (artificial intelligence), and VR setup. Thus 
concludes the information about what the game will be. 

Afterwards, there will be a section on the implementation of the project 
which will dive into the pathway forged to build the game and how features 
were added. The report will then review the testing procedures that were 
conducted throughout development, what bugs were encountered, and 
how those bugs were resolved. 

Investigation into the possible legal, social, and ethical issues will be covered 
next before concluding with the final section that discusses the critical review 
and conclusion of the game. The critical review will highlight personal 
achievements, areas for improvement, and my future work, with a section 
containing the list of references and a technical appendix. 
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LITERATURE REVIEW 

SIMILAR GAMES 

SPACE PIRATE TRAINER 

A massively successful title, Space Pirate Trainer is a VR arcade game that is 
one of the main sources of inspiration for the project. The game was 
developed by indie developer I-Illusions, with gameplay taking great 
inspiration from Space Invaders and Galaga (Welden, 2016) as they place 
the player “inside the arcade game – fighting off relentless waves of droids” 
(I-Illusions, 2017) using a myriad of weapons. 

The premise of the main game is simply to get the highest score you can 
before you are killed by the droids. The gameplay works on the classic wave 
system seen in old arcade titles, in which the player must destroy all enemies 
in each wave before proceeding to the next level. There are 6 weapons 
available to the player, with the default being duel wielding guns that can 
change barrels to offer different gun types (such as a shotgun, gatling gun 
and grenade launcher) by using the joysticks, a shield to deflect most enemy 
attacks, and the Volton which can latch onto enemies, activate turrets, or be 
used as a sword to slice enemies that are in close range. Accessing the shield 
and Volton is done by reaching an arm behind the back, with switching 
between the two done using the joysticks. 

Figure 1 Space Pirate Trainer Steam Page Screenshot (I-Illusions, 2017) 
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In an interview with MCV UK, Dirk van Welden explains that “the first wave of 
VR games is all about experiences” which is what this project looks to focus 
on. VR technology is still in its infancy stage, with updates and improvements 
being made to all platforms frequently, and users will be expecting a fresh 
experience once they put on their headsets. Welden argues that this is “a 
new platform, we want innovative gameplay…smaller studios can take more 
risks…to fresh new approaches on VR” (Welden, 2016) meaning that there is 
plenty of room for experimentation. The success of Space Pirate Trainer also 
confirms that the arcade genre is one that consumers thoroughly still enjoy, 
as it is now regarded as one of the best VR gaming titles in the world. 

BEAT SABER 

Another incredibly successful title that this project takes much inspiration 
from, Beat Saber is a rhythm VR game in which players must use swords to 
destroy blocks that are coming at them in time to the music. To destroy the 
cubes, the sword colour must be the same as the block with the slicing 
motion done in the direction the arrow on the block face is pointing. The 
better the slice, the better points you get for breaking them, destroying as 
many as possible before the level ends. Missing too many blocks by letting 
them fly past you will result in the level abruptly ending, and the player must 
dodge red zones that will reset the score multiplier you accumulate from 
successful slices and avoid slicing into bombs. Each level is determined by an 

Figure 2 Beat Saber Steam Page Screenshot (Beat Games, 2018) 
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accompanying track, which will be a mechanic implemented into this 
project. 

The design of Beat Saber incorporates a lot of neon lights and fast paced 
body movement in time with the music. In an interview posted on the 
PlayStation Blog, full-time level creator Josh Joynes explains that music in VR 
“gives you a new way to experience music, and it’s unlike anything else” 
(Joynes, 2019). The primary driver behind the success of the experience is the 
way the user gets to experience music visually and physically, in addition to 
the various psychology aspects the team took into consideration when 
designing their levels. Factors such as lyrics, the current instrument, external 
meanings, and much more are being measured to create several layers to a 
level that help drive the experience. 

This led to the community mastering new physical feats that ultimately forced 
VR manufacturers to iterate on their tracking software to be able to keep up 
with these motions. Jaroslav Beck, CEO and co-founder of Beat Games, 
explained in an interview with RedBull how “We’re working with those 
manufacturers on how to push the tracking to the limits…the Beat Saber 
players are faster than they (Valve) thought is humanely possible” (Beck, 
2019). Putting the experience at the top of the priority list has now been 
shown to have unexpected collateral effects, including that of forcing 
technology to be enhanced to greater heights to improve the experience for 
users, which is why this will be one of the main themes this project looks to 
focus on during its lifecycle. 
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MARKET RESEARCH 

To help facilitate how well V-Rcade might do if released commercially on 
platforms like Steam, research was conducted into similar genres that this 
project expects to become a member of. Some examples of the genres 
analysed are arcade, retro, VR, and 3D. 

In nearly all cases, remade legacy or arcade games have only been done as 
part of a personal or very small-scale project, typically as either game jam 
entries or university ventures. One article highlights such exploits, including a 
VR Duck Hunt and Look Both Ways which creates a 3D, first-person Frogger 
(Elderkin, 2016). Although these projects have garnered enough attention to 
be mentioned in articles, they lack sufficient user review or sales data from 
which to extrapolate. 

A few games have, however, attempted to capture the fun of arcade 
classics and reinvigorate them with unique features. One such example is 
Marble Mountain by Lightning Rock, a game that looks to combine elements 
of Marble Madness and Super Monkey Ball in a VR package. 

 

Figure 3 Marble Mountain Steam Store Page Image (Lightning Rock, 2016) 

Despite favourable reviews from outlets like Kotaku and PC Gamer, Marble 
Mountain received weak reviews from users via the Steam platform, with 68% 
of reviews being positive. The biggest criticism users gave was about the poor 
design choices regarding camera movement. From the opening, the players 
are instantly disoriented because of how the camera moves backwards to 
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reveal the menu. This is continued into the gameplay where the camera 
sways to match the motions of the marble as it travels, inducing motion 
sickness and making it unplayable. As a non-VR game, it delivers a decent 
game, but the VR port requires a new approach to handling camera 
motions. Fixing this might improve sales and user reviews for the VR version of 
the game, as there are only about 40 reviews since release, suggesting it did 
not sell too well. 

Sticking to VR remakes of classic games, another professional example is 
Doom VFR. Developed by id Software, the game tries to bring the gameplay 
of Doom into the virtual setting to give players a new, immersive experience. 

Figure 4 Doom VFR Steam Store Page Image (id Software, 2017) 

 

While not strictly an arcade classic anymore, the game is a modern retelling 
of the original Doom which began as a game with 2D sprites and matches a 
couple of the outlined genres that V-Rcade looks to join. In terms of 
reception, Doom VFR has received varying reviews depending on the 
platform being examined. On Steam, the game has received just shy of 1500 
reviews, leaving it with 57% of them being positive. The common criticism 
being highlighted pertains to the very poor control design, particular with no 
stick turning, making the game unplayable for many users that would not 
recommend it. On Google, 91% of users stated that they liked this game and 
left favourable 4- or 5-star reviews. It is worth noting that many reviews 
mention their experience of the game on PSVR (PlayStation Virtual Reality), so 
it could be inferred that the controls were more suitably designed for this 
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platform than on other VR platforms. Doom VFR has an estimated total gross 
of about $781,230.00 among 26,041 owners (Lang, 2018). 

The last of the games which looked to modernise arcade classics is one that 
meets most of the criteria, but with the caveat that it stuck to its 2D roots. This 
game is Pac-Man Championship Edition DX+. 

Figure 5 Pac-Man Championship Edition DX+ Steam Store Page Image (Mine Loader Software Co., Ltd., 2013) 

 

Developed by Mine Loader Software Co., Ltd., this reimagining of the 
infamous classic is without a doubt the most successful modernisation of the 
timeless arcade game. The game comes equipped with a host of new 
features including online competition, customisations, and new game modes 
whilst keeping to the original formula. Released in 2013, the game has 
received nearly 4000 reviews on Steam, with 96% of them being positive 
reviews. Even in the last 30 days, the game continues to receive new reviews 
which again are 96% positive. Whilst sales figures are not currently available, it 
is quite easy to imagine that this game succeeded grandly. 

Although relevant games which fit the “reimagining arcade classics in VR” 
description are very scarce, the implications are that V-Rcade may very well 
be entering either a niche space in the gaming market or even may be 
creating a new genre of gaming. The three games which have been 
highlighted do connect to this narrative in some form, each one offering 
different perspectives and data with which inferences can be made. 

Both VR titles experienced negative reception because of a poor design 
choice that impacted the player’s ability to interact with the game, even 
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when all other features of the game were deemed enjoyable or intuitive. 
From this, it can be concluded that designs for controls will be paramount to 
the success of a VR product. Two of the games also reimagined arcade 
classics but added their own twists to make the experiences fresh and 
exciting. In the case of Marble Mountain, there is a market which will be 
interested in buying this product based on its premise, but it is doomed to fail 
because of poor designs for how the player sees the virtual world. Pac-Man 
Championship Edition DX+ also demonstrates that by merging clear and 
intuitive designs into a beloved gaming formula, it is possible to see fantastic 
reviews and sell many copies. It also highlights that consumers love to see a 
successful comeback of an arcade game, meaning that the arcade genre is 
one which can still easily continue to exist and develop. 
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DESIGNING IN VIRTUAL REALITY 

Creation of a virtual reality game is going to come with its own unique 
challenges which must be overcome for a product to be considered a 
success. Examples of such challenges are reducing the chances of motion 
sickness or fatigue from wearing the headset for too long. 

To assist with planning suitable environments and gameplay mechanics, 
designs will primarily focus on human perception and interaction within the 
game world (A Guideline Study For Designing Virtual Reality Games (2020) 
pp.15-18). Current technology allows for stimulation of visual, aural, and 
haptic senses within VR experiences, all of which contribute to the quality of a 
given VR design. For V-Rcade, visual and aural will be especially critical since 
much of the player’s experiences will be dictated by how well these 
components have been designed and implemented. 

Understanding how human perception of reality works is important when 
designing games across any channel. The importance of this becomes 
paramount for VR since all other mediums possess screens and input devices, 
enabling the user to experience the game whilst continuing to perceive their 
surrounding real world (Jerald, 2016). In VR, the user is partially isolated from 
the real world, and this isolation can increase or decrease dependent upon 
the design choices. 

In all VR experiences, the visual sense loses connection with reality first, 
followed by the aural and possible haptic senses, quickly removing the user 
from their real-world surroundings. If the inputs given to the player are not 
consistent, they will likely experience motion sickness or other discomforts. 
Correctly conveying a sense of movement across distances runs the risk of 
creating such discomforts, and so will not be a feature that will be 
implemented. Instead, the player will be kept in a very small, almost 
stationary, position within the game world and only requiring the player to 
move their body within such constraints. 

Colours will also hold sway over the user’s experience. In nature, colour is a 
key part of survival: colours can be used as a means of camouflage to hide 
within the environment or as a tool to ward off predators. Colours also serve 
as a warning – blacks, reds, and greens typically are used by prey to indicate 
that they might be poisonous and could kill any predator that risks eating or 
attacking them. Colours can also subconsciously evoke emotions in humans 
(Clarke and Costall, 2008). Although VR creates the illusion of new worlds, 
colours still serve a similar purpose here. V-Rcade will look to utilize colours 
primarily to evoke sensations and emotions within the player’s subconscious 
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and, where suitable, use colours to help represent aspects of the game. 
Scaling of objects also impacts the psychology of the player as they 
experience the game (Silverman, 2017). Objects and lack of objects in the 
environment will influence the mind in various ways. Buildings like homes 
which typically accommodate human-like proportions can offer feelings of 
comfort and safety, while skyscrapers induce feelings of powerlessness and 
smallness. More occupied areas may also offer a sense of safety, while open 
terrains might induce a sense of vulnerability. All elements will be applied 
where suitable to achieve effective designs for the different levels that will be 
added into V-Rcade. 

Interaction is a separate pillar that forms the foundation of a successful VR 
experience. Typically, an interface is present that allows users or players to 
engage with an application or game. Jerald (2016) defines interaction in VR 
as “the communication that occurs between a user and the VR application 
that is mediated through the use of input and output devices”, and an 
interface in VR as “the VR system side of the interaction that exists whether a 
user is interacting or not”. From this, we can infer that a well-designed system 
of interactions will help the player complete the goals of the game efficiently 
whilst having fun as they do so. Enjoyable and intuitive interactions will ideally 
fit the mental model of a human, although it is important to include a sense 
of discoverability in VR to help the player learn the rules of the virtual 
environment they are placed in. Designers can achieve discoverability using 
affordances, signifiers, constraints, and feedback (Normal, 2013). 

Affordances pertain to a relationship between the player and the properties 
of a thing in the game world, which should therefore be perceivable due to 
the nature of interaction in the virtual world. Conversely, signifiers are used to 
inform the player to recognize affordances and solve how things in the virtual 
world work. Specific use of colours and shapes are such examples of signifiers. 
Jerald (2016) describes constraints as limitations on actions and behaviours 
that help keep interaction designs simple and viable. Constraints can 
improve the accuracy, precision, and efficiency of the player (Bowman et 
al., 2004) since they are used to limit the level of complexity of virtual 
interactions. Using constraints can help designers to create more effective 
interactions since players cannot always move the controller in the perfect 
direction. By extension, this will add extra realism to the VR experience, 
particularly when combined with suitable signifiers so that these constraints 
are more easily visible. Finally, feedback is used to inform the player about 
the consequences of their actions or the condition of a task. Players can 
improve their understanding of the state of things in-game as they interact 
with them, which influences their future actions. Feedback can be provided 
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as visual, auditory, or haptic responses. For the feedback to have any 
meaning, it must be synchronized to the player’s actions, otherwise it risks 
motion sickness or ruining the immersion. Overused feedback can also be 
counter-intuitive, causing distractions and reduced perception (Jerald, 2016). 

V-Rcade will need to take all these factors into consideration when designing 
all aspects of the game. Due to factors such as time constraints and 
unforeseeable circumstances, however, not all components in both pillars 
may be successfully solved. The project will endeavour to use the information 
described in its designs where applicable or adjust where necessary to deliver 
an enjoyable VR experience. 
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TOOLS & TECHNOLOGIES 

GAME ENGINES & PROGRAMMING LANGUAGES 

Software that supports development of VR titles has gradually increased in 
number over the years, both as support in existing game engines and as 
software built purely for making VR applications. This means that there is some 
selection available, although trying to learn a new application, such as 
Godot, within the time constraints would not be a wise decision. Therefore, 
the selection has been narrowed down to the two most recognised game 
engines: Unity and Unreal Engine. 

Both engines have their graces and can offer much to the project. Unreal 
Engine is known to be a very powerful engine and can provide very good 
graphics and visual effects, although it requires an understanding of how to 
effectively use the blueprint system and sometimes requires coding in C++ to 
achieve key features. 

Similarly, the Unity game engine is a very popular tool which, if harnessed 
correctly, can produce very impactful in-game effects. Furthermore, the 
simplicity and friendliness of the engine and its interface compared to similar 
programs, like the Unreal Engine, allows for a much smoother development 
process. 

Unity also provides extensive and thorough documentation and online 
support thanks to its vast community, including communities which have 
specialist knowledge of VR development with this engine. Thanks to the Unity 
Asset Store, plugins already exist which help quickly set up VR controllers and 
allow for immediate testing when connecting an Oculus device to a desktop 
machine. Unity also supports programming in multiple languages, although 
the native C# assembly language will be used for programming in the 
game’s features and mechanics. 
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ANALYSIS, REQUIREMENTS SPECIFICATION & DEVELOPMENT 
METHODOLOGY 

The previous section covered an in-depth look at suitable gameplay 
mechanics, features, tools, and available technologies which would benefit 
the creation of V-Rcade. This section will explore the final decisions made 
which will enable for successful implementation of these various components. 
Here, a list of requirements has been made to facilitate this process in the 
form of a MoSCoW analysis. To conclude, development methodologies are 
discussed before one is chosen for the project. 

ANALYSIS OF TOOLS & TECHNOLOGIES 

The first decision to be made entails picking the game engine in which to 
create V-Rcade. As previously highlighted, the prime competitors are Unreal 
and Unity. Given the choice, it could be argued that Unreal would be a more 
suitable match since I could achieve much more polished and high-end 
graphics, in addition to possibly cleaner level designs. Despite this, I would be 
disadvantaging myself since my experience with the Unreal Engine is very 
limited, ergo I would spend more time learning how to use the engine’s 
blueprints than I would building and designing the game. It would therefore 
be in my best interests to utilise the Unity 3D engine, which I have 
considerably more experience with and can therefore more realistically 
achieve my goal of creating a VR arcade gaming experience. 

The second decision entails determining what my target platform will be. 
Given the large variety of available VR equipment, I was presented with quite 
the choice. Different headsets come with various pros and cons, varying from 
performance abilities to community support for building applications on 
them. They also may require different packages or software to smoothly 
develop and publish onto them. To determine the best course of action, I first 
analysed which brand of equipment I found most comfortable to use, since 
this would become an important part when I conducted tests. Personal 
experience led to the conclusion that Oculus was much more comfortable to 
use compared to its competitors, such as the HTC Vive. During this stage, I 
also acquired a second-hand Oculus Rift set to play VR games on, meaning I 
also had immediate access to VR equipment and would not need to be 
reliant on external services. 

The second thing I analysed was the online communities that exist for each 
brand. The online Unity community is considerably populated, and within it I 
discovered that the Oculus platform had the most active and largest 
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following out of all VR brands. Should I encounter difficulties during 
development, I had the assurance that there is an online group which I could 
reach out to for assistance. This gave me the confidence to then proceed 
with learning how to develop a game for the Oculus devices. 

Towards the midpoint of development, it became apparent that the Oculus 
Rift was becoming a quickly redundant piece of hardware. I therefore 
acquired an Oculus Quest to keep up with current technological advances, 
as well as to provide even smoother playtests whenever new features or 
mechanics were added. 
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MOSCOW ANALYSIS 

MUST HAVE 
• Basic virtual reality controls 

o Working hand controllers 
 Basic weapons for each hand in-game 

o Working head and body movement 
• Basic enemies with basic interactions 

o Shoot to damage the player 
o Take damage and lose health 
o Can be destroyed 
o Give fixed number of points to the player upon death 
o Basic movement within scenes 

• A few visually different enemies 
o Different shapes and colour schemes, but still recognisably 

‘blocky’ or voxel-based 
• Basic world / environment surrounding the player 

o 1 basic world acting as the level 
• Basic sounds 

o Firing sound for the player 
o Firing sound for the enemies 
o Music 

• Basic UI 
o Title screen menus 

 Select level to play 
• Level 1 

o Play level 
o Go back 

• Level 2 
o Play level 
o Go back 

• Level 3 
o Play level 
o Go back 

• Go back 
 Options 

• Change volume 
• Go back 

 Exit game 
• Closes and quits application 

o Score UI 
 In-game scoreboard that updates the score whenever 

enemies are destroyed 
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• Spawn system to create enemies 
o Must create enemies in time to the BPM of the track being 

played in the level 
• Basic game won and game over conditions 

o Game won 
 Survive until the song concludes playing 
 Return to level select 

o Game over 
 Take too much damage from enemies 
 Return to level select 

SHOULD HAVE 
• Cleaner / friendlier UI 

o Improve visual design of menus 
o Improve navigation across menus 
o Transitions between levels and menus 

• High score table 
o Locally stores highest scores for each level just like an arcade 

machine 
• Enemies with different score values 

o Each unique enemy will give a unique score when destroyed 
• Improved visuals for the score UI 

o Visuals match the overall theme, including font 
• Improved audio 

o Wider array of audio effects 
o Audio balancing 

• Multiple weapons 
o Weapon swapping for each hand 
o 2 different offensive weapons 

 Regular gun 
 Charged gun 

o 1 defensive weapons 
 Shield to protect from enemy projectiles 

o Weapon penalties 
 Reloading for regular gun 
 Cooldown on charged gun 

• Improved enemies 
o Smoother movement between points along flight paths after 

spawning 
o More accurate shooting at the player 
o Improved collision detection between enemies and player 

projectiles 
• Gameplay additions 
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o 3 levels, each with distinct environment designs, to pick and play 
from 
 3 different tracks, one for each level 

o 3 sets of difficulties to choose from for each level 
 Easy, medium, and hard 

• Easy: enemy spawn time is doubled, less health, fire 
less 

• Medium: spawn time matches BPM of track, health is 
normal, fire rate is normal 

• Hard: spawn time is halved, more health, fire more 
frequently 

o Slow-motion zone 
 Area around the player that slows down enemy projectile 

velocity 
o More interesting enemy deaths 

COULD HAVE 
• Countdown timer when resuming play after pausing 

o 5 seconds to give the player time to ready themselves to 
continue playing 

• Sweet spots on enemies 
o Like a target ring, hits on different body parts would give different 

points 
• Player customisation 

o Adjustment to in-game height to match the player’s own height 
o Adjusting appearance of weapons by colour 

• Enemies escape levels 
o Portals behind player would serve as the exit points for enemies 

to travel towards 
• In-game ads 

o Embedded into the environment to avoid being a nuisance, 
such as billboard ads 

WILL NOT HAVE 
• Local or online multiplayer 
• Non-VR ports 
• Avatar customisation 
• Micro-transactions 
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DEVELOPMENT METHODOLOGY 

PROGRESSION 

Progress has been done in accordance with the priority order of items given 
in the MoSCoW. The Must section contains all the necessities for creating a 
simple working game that matches the objectives that have been described. 
Items in the Should category reflect on the more advanced elements that 
have been added either after or alongside creation of basic items. Could 
items are possible features that could be added should there be additional 
time leftover once everything in the previous sections has been achieved to 
an acceptable standard. 

AGILE SOFTWARE DEVELOPMENT 

The project will make use of the agile method of development due to the 
scale of tasks that this project looks to complete. The delivery cycle will 
deliver features in smaller iterations to allow for suitable time to plan, design 
and build the next set that will be in the game. Testing and reviewing each 
set of added gameplay elements will be far more efficient in the case of this 
game, as certain features need to be implemented first before better 
versions can be created later in the lifecycle. Without adopting this strategy, 
development would greatly struggle as there may be unforeseen changes 
being made to gameplay features later in production that would force 
frequent revisiting of older content before new progress could be made. 

Using iterations for the development will allow for much smoother, more 
efficient workflow, and more effective use of time. Furthermore, there is a lot 
more flexibility should anything unexpected occur during the development 
process, such as technology issues. This will help ensure that the project 
maintains an organised path regardless of any events that may take place 
along the way. 
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Figure 6 Visualisation of Agile Development Methodology (Adminservices, 2019) 
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GAME DESIGN 

CONCEPTUAL DESIGN 

V-Rcade is set to be a pure VR, arcade gaming experience in which players 
can pick an arcade cabinet to “enter” when picking a level to play. The 
game will focus on capturing the aesthetics of the neon 80’s through the 
visuals and audio. Due to the nature of the game, there is no plan to include 
a narrative, as the project looks to focus on the VR experience, game design, 
and the easy fun that arcade machines offer. 

The game combines the classic experience of arcade game machines with 
the experience of gaming inside virtual reality. The gameplay will differentiate 
from the traditional style of arcade games by not using an endless wave 
system, instead using audio tracks to define a level and thus a play session’s 
length. The game will be an entirely single-player experience with the goal of 
surviving a continuous assault from enemies and securing the highest score 
possible by destroying said enemies. 

To replicate the behaviour of classic arcade villains, the enemies in the game 
will follow a set flight path in the game world before disappearing after a set 
amount of time [Figure 7]. Enemies will attack the player along this path, with 
certain characteristics changing depending on the difficulty selected. Once 
at the end of the flight path, enemies will begin to move in a straight line 
towards the player. There will be different enemy designs with each unique 
enemy possessing different base stats, such as health and how many points 
they award the player when destroyed. They will also be given unique death 
animations to differentiate them further and offer more interesting gameplay. 
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Figure 7 Ideas for Enemy Behaviours 

To further cement the arcade aspect, the theme, and general components 
of the game, such as the music, will be based on similar styles seen from the 
retrowave or synthwave genre. Where possible, assets will be self-made using 
online guides and tutorials which will improve the immersive experience for 
players. Enemies will be created in the voxel style to serve as the 3D 
equivalent to the 2D sprites that were originally used in the first gaming 
machines. 

The player’s hands / controllers will be replaced by weapons in-game that 
they can use to destroy enemies or protect themselves from projectiles. 
Offensive weapons may either have a cooldown or fixed magazine size, 
while the effects of defensive weapons can persist but at the cost of less 
firepower to the player. Ideas for these are not completely cemented yet, 
but as a guide please refer to the table: 
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Weapons Comparison & Examples of Appearance In-Game 
 Example Image Offensive 

or 
Defensive

? 

Reload or 
Cooldown

? 

Damag
e Type 

Default 
Guns 

 
Figure 8 Template for Default Guns 
Appearances from House of the 
Dead (Shop121617 Store, N/A) 

Offensive Reload once 
magazine is 

empty 

Standard 
damage 

to 
enemies 

Special 
Gun 

 
Figure 9 Template for Special Gun 

Appearance from James Bond 007 
(Kiwichris, n.d.) 

Offensive Cooldown 
after firing 

once 

Fire a 
powerful 
blast to 

destroy all 
enemies 
the blast 
passes 

through 

Deflectiv
e Shield 

 
Figure 10 Template for Shield 

Appearance from Space Pirate 
Trainer (Johnson, 2016) 

Defensive Indefinite 
effect until 

switched out 

Blocks 
and 

deflects 
enemy 
attacks 

To swap weapons, the player will need to move the controller up and over 
the back of their head, as if reaching to grab something on their back. For 
reloading, the player will need to tilt the controller 90+ degrees to the left or 
right to receive more bullets. The special gun will have a reasonable 
cooldown on it to account for its ability to remove many enemies in a single 
shot. Additionally, there will be an invisible zone around the player which will 
slow down time when enemy projectiles enter it. This is to give the player a 
chance to reposition themselves or deflect against these attacks once the 
level is fully underway. 
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The proposed means of weapon swapping will need to be tested to see how 
well it works, with suitable adjustments being made to ensure this does not 
negatively impact player experience. One alternative might be only using 
the proposed method for changing between the offensive and defensive 
weapons and using the joysticks to select which offensive weapon to use 
instead. There is room for adding in new weapon types later in the 
development cycle, but these will function as a core trinity for the game. 

The UI (user interface) will also need to match the game’s themes and be 
intuitive and friendly for players. Since this is in VR space, it will likely require 
much trial and error to find a practical UI setup whilst keeping the menu 
transitions simple and clean. To help visualise the flow between menus, a 
rough sketch was created [Figure 11]. 

Figure 11 Menu Flow Design 

 

From the main menu, the player can access the settings and the level 
selector. A tutorial level may be included to introduce the mechanics and 
objectives of the game whilst the other levels would then lead to a difficulty 
selection menu. Here, the difficulty influences one of the core technical 
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components – the beats per minute (BPM). The BPM dictates how quickly 
enemies are created and varies depending on the song used in each level, 
therefore manipulating this variable will also manipulate how hard or easy 
that level will be. At the end of the game, scores will be displayed before 
returning to the title screen. Finally, the player can pause the game to access 
settings or to return to the main menu. After unpausing, there should be a 
countdown timer to prepare the player to resume play. 

As previously mentioned, play length is determined by the length of an audio 
track playing in each level. This is to avoid player fatigue from being inside a 
VR headset for too long, as there is a definite end state the player will see 
which will allow them to either continue playing or to take a break. In other 
words, if the length of a track for a given level is 3 minutes long, then that will 
be roughly how long it takes to complete that level. Proper utilization of 
player scores and local high score leader boards should offer enough replay 
value & help maintain player engagement, since the players will be trying to 
get the highest rank possible.  
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GAME DESIGN 

The appearance and theme of V-Rcade are intended to go together and 
complement one another. This extends to all aspects of the game: audio, 
visuals, gameplay, even the AI will be designed to match these motifs. Each 
element is broken down and explained in the following sub-sections to 
explain the design choices and their implementation. 

ARTIFICIAL INTELLIGENCE & ENEMY DESIGN 

As the game focuses on the design and user experience aspects primarily, 
artificial intelligence (AI) has been designed on a somewhat primitive level. 
This also partially allows for the enemies to feel like they behave similarly to 
their ancestorial arcade villains. Regardless of the primitivity, AI enemies are 
still a key aspect for nearly all games and are particularly vital when it comes 
to arcade ones. 

The AI will exhibit similar behaviour to that of the AI found in old arcade 
games, such as Space Invaders (Wikipedia, n.d.) where enemies follow a set 
path upon entering the level. These enemies will then fire attacks at the 
player at set locations along their flight path to tie into the arcade thematic. 
Basic characteristics, such as health, will change depending on the difficulty 
chosen by the player.  

For the enemy designs, initial designs were created using cube game objects 
inside of Unity [Figs. 13.1-13.2] before later moving into voxel software. Voxel 
creations and software are models or images made up of cubes, with one of 
the most popular voxel games being Minecraft. The initial process took direct 
inspiration from one of the enemies found in Space Invaders [Figure 9] before 
exploring more unique designs [Figs. 14.1-14.3]: 
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Enemy Inspiration Initial 3D Voxel Designs for Enemies 

 
Figure 12 Image of a Space Invader Alien 

(Anon., N/A) 

 
The more distinct enemy designs were later completed in the MagicaVoxel 
software before being exported into Unity: 

New 3D Voxel Designs for Enemies 

 

 
Figure 14.1 - 14.3 New Voxel Enemy Designs 

 

Figure 13.1 – 13.2 Voxel Space Invader in Red and Green 
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Two enemies were crafted to fit a specific appearance, with the third serving 
as a template until a better idea for a design can be made. The designs are 
the following: 

• Eye-drone: a blue floating robot with a large eye 
• Skull: charcoaled skull with green eyes and a loose lower jaw to create 

animations with in the future 
• Cannon eyeballs: a temporary design consisting of a pair of eyeballs 

carrying a cannon, with one eye damaged and blinded 

The enemies need to be immediately recognisable as a threat without 
having any direct association with people, places, or animals. Using elements 
which are commonly associated with villainy in pop culture and media, like 
an ominous eye or monstrous skull, helps to get this identity across to the 
player as they are playing. 

Although shooting at animal or humanoid enemies is less frowned upon 
today, having alien or monster-like creatures in the game means that there 
will be less legal and ethical issues when it comes to publishing the game. This 
is the same approach that was taken when Tomohiro Nishikado designed his 
enemies for Space Invaders (Goodall, 2021). 
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LEVEL AND ENVIRONMENT DESIGN 

Upon starting, the first thing the player is introduced to is the main menu or 
title screen for the game. This acts as the main hub for the player, wherein 
they can choose which level they wish to play or perform other actions such 
as changing settings or quitting the game. 

As this game looks to recapture and futurize the feeling of being at an 
arcade and playing on arcade machines, the main hub has been designed 
to evoke the feeling of being at an arcade [Figs. 15.1 – 15.2]. 

Main Hub Level Design 

 

 
Figure 15.1 - 15.2 Views of the Arcade Hub 

 
Utilising an arcade room as the hub also keeps things fresh for the players and 
helps differentiate this location from the gameplay locations. This will also aid 
in capturing the sense of being at a traditional arcade venue. In existing VR 
titles, it is not uncommon to see the hub and level encapsulated as an all-in-
one package. 
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For instance, Space Pirate Trainer has the same scene acting as both the 
main hub and the level in which you play in. Whilst this may offer 
performance and optimisation benefits, the novelty of the scene wears of 
much faster since the player is always viewing the same environment. With 
new enhancements being developed for better VR equipment, it is much 
safer for developers to expand upon their scenes to enhance the player 
experience and keep that feeling of freshness alive for longer. 

To futurize the sensation of being at the arcade, the level selection UI (user 
interface) has been designed in such a way that each level appears to be its 
own arcade machine [Figs. 16.1-16.2].  

Level Selection UI Design 

 

 
Figure 16.1 - 16.2 Full View & Close-Up of Level Selection UI 

 
The objective behind this is to make it feel as if the player is choosing a 
machine to “go into” for their play session, with some inspiration deriving from 
how Neo enters the Matrix in the movie franchise of the same name. It also 
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attempts to mimic the real scenario of playing on a machine for a given time 
before finishing up and moving onto another one. 

Currently, the textures on the arcade machines do not match the actual 
levels present in the game. One such example can be seen in Figure 16.2 
where the “Cyberspace” machine is currently textured to indicate that the 
cabinet contains a game called “Baited Space”. This will be a simple 
retexturing fix, however due to time constraints, this is not a priority to fix. 
Textures for the posters would also be adapted to match the newly textured 
cabinets when this is done in the future. 

The game features 3 levels that are all set in a landscape which is easily 
identifiable as a neon-80s inspired environment. Each level has been crafted 
to be distinct in appearance to keep the player engaged when playing, as a 
static scenery can quickly become quite dull to look at all the time. 

Several ideas were considered on what the overall theme for each level 
could be, with the final designs on the 3 unique environments being 
cyberspace, a mountainous landscape, and a beachside landscape. To 
help see where inspiration originated from, a table has been prepared for 
side-by-side comparisons between an example image(s) that provided 
creativity and the final level design: 

Examples of Inspiration Final In-Game Designs 

 
Figure 17 Cyberspace Design Inspiration 

 

 
Figure 18 Player View, Cyberspace Level 

 
Figure 19 Sky View, Cyberspace Level 
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Figure 20 Mountains Design Inspiration 

 

 
Figure 21 Player View, Mountains Level 

 
Figure 22 Sky View, Mountains Level 

 

 

 
Figure 23.1 - 23.2 Beach Design Inspiration 

 

 
Figure 24 Player View, Beach Level 

 
Figure 25 Sky View, Beach Level 

 

Within each location there are portals to indicate clearly to the player where 
the enemies will be coming from. In old arcade games, enemies would either 
appear from off-screen if they are moving around frequently or directly on-
screen if their movements were limited. Although it was possible to have 
enemies spawn from a great distance or from a hidden location, such as 
under the terrain, it felt that this would impact the player’s experience 
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negatively. By having a clear and definitive point from where enemies would 
appear, it should add to the player’s gameplay experience. 

Portal Spawn Points for Each Level 

 
Figure 26 Cyberspace Portal Spawn Points 

 

 
Figure 27 Mountains Portal Spawn Points 
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All levels also possess a spherical and invisible zone around the player which 
acts as a slow-motion field. When enemy projectiles enter this zone, the 
velocity is reduced by a reasonable amount to allow the player a chance to 
either dodge or block these bullets before they hit the player. As the current 
build sees a sizable number of projectiles being shot at the player in the 
middle stages of gameplay, this zone should help to maintain game 
balance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28 Beach Portal Spawn Point 
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AUDIO AND VISUAL DESIGN 

As previously seen, the visual design focuses on a few key themes which are 
all synonymous with the arcade and retrowave or synthwave genre. The 
visuals are one of the first elements that introduce the player to a game, 
playing an important role in stimulating one of the key senses: sight. 

For the game to match the targeted styles, the visual components must 
immediately reflect their key themes which primarily involve grid lines, neon 
lights, and wireframes, but include other features as well. A select couple of 
objects in the game break this theme to try incorporating the future or 
modern aspect as well, which can be seen through the architecture and the 
portals. Combined, the visuals capture the old school vibe whilst putting 
gameplay elements in a futurized setting. 

This naturally extends to the audio to ensure that the sounds match the visuals 
which will be presented to the player. Audio also holds an important role for 
this project, particularly as certain features can only be delivered with sound. 
This will stimulate another key sense for the player: hearing. 

As the game makes use of the retrowave or synthwave themes, it will also use 
these genres for the music played in each level. Additionally, to remain 
consistent with the arcade, appropriate arcade-inspired sounds will be used 
for features such as when weapons are fired as a call back to the 8-bit 
sounds used in old arcade gaming cabinets. 

Moreover, it will be important to ensure that appropriate visual and audio 
cues are given to the player during playtime. Players will need to be aware of 
their surroundings, but there will be inevitable blind spots where enemies 
might be difficult to see, so spatial audio needs to be suitable established to 
give players a fair chance to react to enemies. This was a particularly 
important feature for Space Pirate Trainer, as Welden explains that “audio-
visual cues are very important in VR – you need to attract the player’s 
attention at the right moment” (Welden, 2016). Following Welden’s advice, 
the systems put in place should add to the experience and help maintain 
game balance. 

 

 

 

 



 39 

PLAYER EXPERIENCE & REPLAY VALUE 

Both Beat Saber and Space Pirate Trainer are single-player experiences, each 
with a global and local set of leader boards that offer enough competitive 
drive to give players a reason to replay the game. V-Rcade will use the 
scoreboards from these and the old arcade games as a means of retaining 
player engagement and offering replay value. In much the same way that 
people would look to have their names in the top 10 spots on a leader board, 
this will encourage players to try again to see if they can get the largest score 
possible for each level. 

Currently, the build will display the top score achieved per level but without a 
ranking system or option to add in a username. A top 10 leader board is in 
development in the project, but currently can only be populated with 
predefined values. In the future, this may be completed so that it accurately 
copies the original arcade leader boards that were present on arcade 
cabinets. There is no plan to include a global leader board presently. 

Additional options may be included in the near future to enhance the 
player’s experience. For instance, adding the ability to change player height 
in-game so that experiences feel much more personal to whoever is playing 
instead of making it a potential disadvantage if your height does not match 
the default height used in testing. 
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TECHNICAL DESIGN 

V-Rcade is planned to have a handful of managers which handle specific 
logic within their scripts. These managers will be for the player, enemies, and 
spawner. The spawner manager will also contain functionality that checks 
when a game should end, so could also be deemed the game manager as 
well. The enemy manager will store all characteristics which will be applied to 
all enemies that will be instantiated by the spawner. Finally, the player 
manager will store logic specific for the player that is not applicable to any 
other entities in the game. 

The spawner manager will handle the core logic that the game will be built 
around. This primarily is in relation to checking the music and adjusting the 
game based on parameters. If music is currently playing, then this manager 
should be creating new enemies at certain locations to populate the game 
world. When music is no longer playing and no enemies are left in the scene, 
the player must have survived without dying, and so the game won condition 
should be executed. If the player loses all their health while the music is still 
active, then the game over condition is executed instead. 

The enemy manager will control factors such as health and damage output, 
as well as checking what behaviour should be currently engaged. While 
enemies have health, they should follow a designate travel path. Along this 
path, enemies should attack the player at select intervals. The enemy 
manager will also be checking if enemies have lost all their health. When this 
occurs, the enemy should be destroyed, and the score should be updated to 
increment the score by however many points the destroyed enemy was 
worth. 

Finally, the player manager will handle functionality for VR controls and 
interactions. This will include logic to handle weapons, detecting when the 
player is damaged by enemies, and the invisible slow-motion field that 
surrounds the player. Additional scripts will also be present throughout the 
game to handle other various types of logic, such as UI interactions. 
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DATA FLOW DIAGRAM 

 

Figure 29 Gameplay Implementation Design 

Figure 29 shows the possible design that could be implemented to achieve 
the necessary mechanics that would accompany V-Rcade. Upon the game 
starting, two events will occur that will handle the player and enemy setup. 
For the player, the avatar rig will be changed to ensure that the correct rig is 
active. This rig will replace the hands with guns by default since virtual hands 
will not be necessary for the gameplay. It will then check what type of 
weapon is currently active and run checks which are relevant to those 
weapons. For the shield, the algorithm will watch to see if it blocks enemy 
projectiles. If it does not, then it must check if the projectile has hit the player 
and subtract health accordingly. When guns are equipped, the algorithm 
checks for whenever the player fires and for when player bullets connect with 
enemies. When enemies are hit, it will either subtract health from them or 
destroy the enemy object if is has no health remaining after being damaged. 

For the enemies, it will first check to see if we have music playing. If music is 
not playing, then the player health needs to be checked to determine if the 
game is lost or won. While music is playing, new enemies will be created that 
will follow a flight path within the game world. If an enemy reaches a location 
where it can fire, then it will do so, otherwise it will continue to the next 
location. If no more locations are left to fly towards, then the enemy should fly 
forwards to escape. Once enemies have escaped, they will be destroyed 
from the scene. When an enemy attacks, the algorithm will check if 
projectiles have hit the player’s avatar. If they have, then health is taken 
away from the player until it reaches zero, at which point the game over 
logic will be executed. 
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IMPLEMENTATION 

V-Rcade was created over the course of 8 months, although the actual time 
invested is understandably quite less due to handling various other factors 
that required time investment. To assist in maintaining focus and a reasonable 
work ethic, the project underwent a few stages that act as checkpoints to 
check on the progress of the game. These stages are broken down into the 
prototype, alpha, beta, and final stages. 

PROTOTYPE 

An early prototype was developed which focused on setting up the VR 
avatar that would represent the player and the instantiation of enemies to a 
song’s BPM. Both components would form a strong base from which 
development could build upon, hence why they were first addressed. 

The first step was to set up a basic world for the player to reside in. Using 
planes and a grid texture, the floor and ceiling were constructed to give the 
sense of them being endless with added fog to compliment this illusion 
[Figure 30]. The skybox was also changed to a purple colour to fit with the 
simple colour scheme. With the game world setup, I was ready to move onto 
the player controller. 

 

Figure 30 Basic Game World 

The Unity Asset Store offers a free asset called the Oculus Integration 
Package that allows users to quickly set up basic modules for their VR 
projects, including avatars. Once installed, I was presented with a choice of 
avatars to use: OVRCameraRig and OVRPlayerController. Research into these 
two avatars led me to the conclusion that they are best suited for different 
purposes; OVRPlayerController is more suitable for games where you want 
the player to be moving around, and OVRCameraRig for when you want 
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your player to be stationary. Since the plan is to have the player remain in a 
very small area, I opted to utilize the OVRCameraRig. 

Within the OVRCameraRig, I worked on replacing the player’s hands with 
weapons. Using a couple of cubes, 2 guns were created that were given 
distinct colours to represent the left and right hands [Figs. 31 – 32]. These guns 
were then made into prefabs and made as children of the appropriate left 
and red anchors within the rig [Figure 33]. 

Figure 31 Basic Blue Gun for Left Hand 

 

Figure 32 Basic Red Gun for Right Hand 
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Figure 33 Hierarchy of OVRCameraRig with Child Guns 

 

With the rig set, functionality to fire bullets was next. A couple of scripts were 
created that handled the logic for each gun on both hands by instantiating 
bullet prefabs from a point. After a short time, these instantiated bullets would 
get destroyed. Basic enemies were also created using cube game objects 
which could be destroyed and damaged by the player’s bullets [Figs. 13.1 – 
13.2]. 

The second task required a spawn system to be created to have enemies be 
instantiated in the scene over time. This system would ultimately form the core 
for the game since all other scripts would be associated with this spawner in 
one form or another. To create enemies at the correct time, a simple 
calculation of one minute divided by the BPM of a song multiplied by two, or 
(60/𝐵𝐵𝐵𝐵𝐵𝐵) ∗ 2, is used together with a timer variable. When the timer exceeds 
the beat value, a new enemy is instantiated into the scene and is destroyed 
after a certain amount of time [Figure 34]. Once the track finishes playing, 
enemies will cease spawning. 

With a spawner now in place, a score script and score UI are added that 
have the score increment by a base value whenever an enemy is destroyed. 
Enemies travel forward from their respective spawn location, of which there 
are 4 locations. With these features added, a prototype was now ready to 
demonstrate [Figure 35]. 
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Figure 34 Code for Basic Spawner System 

 
Figure 35 Prototype Game Scene with Spawning Enemies and Score UI 

 

To add some additional complexity to the AI, a new script was created and 
tested on a pair of dummy enemies. This enemy script kept an array of 
locations for the AI to travel towards as part of the early stages of a flight 
path system. An index helps keep track of which location the AI is currently at 
in the list of locations, and resets when approaching the end of the list to 
cause the AI to loop through the flight path indefinitely. A second array kept 
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a list of locations at which the AI would shoot at the player, forming the basis 
for more interactive computer enemies [Figure 36]. 

 

Figure 36 Controlling Enemy Locations to Travel Towards & Fire At 
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ALPHA 

The alpha saw a considerable increase in content that focused primarily on 
level and environment design. This includes fleshing out the first level and the 
creation of two new scenes: the main menu screen and a second level. 

The first challenge was improving the overall design of the initial level that 
had been created. As the theme for this level was going to be a cyberspace 
atmosphere, I set about utilising shaders to give the level more pizzazz. The 
project was being developed inside Unity’s Universal Render Pipeline, or URP, 
which enabled me to access the powerful shader graphs. Using these shader 
graphs, I created a grid shader which would lerp between two colours over 
time continuously so that the ground felt more engaging and active [Figure 
37]. I also figured out how to acquire a spectrum of colours should I wish to 
make the floor a rainbow of colours instead of only two. 

Figure 37 Grid Lines Shader Graph 

 

Next, I explored possible designs that would make the skybox more interesting 
and fit the cyberspace theme. I discovered that the Oculus Integration 
package comes equipped with some skyboxes of its own and found a grid 
one that would be a perfect match. To allow the player to properly see it, I 
removed the ceiling, so it felt much more open and added in a post-
processing profile that applied bloom. Finally, I created some new test 
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enemies to replace the Space Invader ones which were yellow and purple 
cubes [Figure 38]. The red and yellow enemies which are separated from the 
rest are using the enemy controller script to follow a flight path and shoot at 
the player whilst the other enemies are simply moving forward from their 
spawn locations. 

Figure 38 Updated Cyberspace Level 

 

I then began to learn about how to go about creating a high score table or 
leader board in which I could store certain data. It was a tricky concept to 
understand and my first time using JsonString and PlayerPrefs in Unity, but 
eventually a working example was created [Figs. 39 – 40]. 

The working example uses predefined values stored in the PlayerPrefs binary, 
with the top player highlighted in green to indicate that they are the best 
score. Entries in the table are sorted based on the score, with the lowest score 
being in position 10 and the highest in position 1. Additional entries that do 
not make it into the top 10 spots are discarded and are unused. Although this 
base is implemented, not much additional development has taken place 
with it to give it practical functionality, and so will most likely be left out of the 
final build. 
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Figure 39 Highscore Table Implementation 
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Figure 40 Highscore Table in Game Scene 

 

The next addressable item was designing another level to play in. This level’s 
theme would be that of the mountainous landscape that is often seen in the 
neon 80s images. Using Unity’s in-built terrain tools, a suitable landscape was 
created and painted using a grid texture [Figure 41]. 
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Figure 41 Early Mountain Landscape 

 

With the landscape set, I went about creating my own skybox to capture the 
neon sun that is often associated with such a terrain. Once the image was 
completed in Photoshop, it was imported and assigned as a cubemap 
[Figure 42]. Coupled with the post-processing volume and some fog, the 
mountainous level was taking shape [Figure 43]. This level was also given a 
different synthwave song to play in the background and for enemies to 
spawn in to. 

Figure 42 Custom Skybox Made in Photoshop 
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Figure 43 Prototype Mountainous Level 

 

With 2 levels now in the game, a main menu scene was needed from which 
the player could access them. A new scene was created and given a slightly 
different OVRCameraRig to use. Instead of guns, the player now had 
functional VR hands for better interactivity with the canvases. During my 
research into VR development, I learned that there is a specific means in 
which UI should be done for the Oculus platform wherein panels and a panel 
history were required. This differed from the traditional methods I had 
employed for my menus in the past but was straightforward to grasp. We 
begin with an array of panels and acquire all panels that are children on the 
canvas. A foreach statement then goes through all the panels and 
references its instance of the panel manager before showing the current 
panel we are on. Whenever we go to a new panel, it gets added into a 
panel history in case we wish to return to it immediately after displaying the 
new panel. Before showing the new panel, we hide the current panel and 
pass in the new panel we wish to show. This forms the basis for how to 
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Figure 44 VR Optimised Menu Manager 

With the menu system in place, a simple UI was created that displayed 
images of the different levels so that the player can get a sense of what they 
would be going into [Figure 45]. Additional tweaks and changes were done 
inside various scripts and for the designs of each scene before concluding 
the alpha stage. 

 

Figure 45 Main Menu Scene in Alpha Build 
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BETA 

The beta stage focused more on enemy and player interactions, enemy 
designs, player weapons, and visual effects (VFX). A template for the final 
level design was also constructed. 

As discussed in previous sections, the enemies were given an overhaul on 
their designs to offer more engagement and stimulus to the player. These 
creations were done using voxel software before being imported into the 
game to replace their predecessors that travelled forwards upon spawning 
in. The slightly more sophisticated enemies also received an update to their 
script, allowing them to explode into tiny cubes upon death and changing 
their materials to red for a second to indicate that they have been hit and 
have taken damage [Figure 46]. This script can be tweaked to instead create 
miniature copies of the game object it is attached to instead of using 
primitive shapes. Each enemy was given different base stats to help 
differentiate them further from each other, like how each unique enemy in 
an arcade game will give the player different points once they are 
destroyed.  

Figure 46 Enemy Cubes Taking Damage and Exploding 
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The player received some updates to their abilities. Firstly, a new script was 
added which enabled the player to switch between different weapons 
during playtime. By default, the player begins with a gun in both hands, but if 
they raise their arm(s) up and over their heads as if they are reaching for 
something on their back, they can switch out the gun for a shield [Figure 47]. 
The shield destroys projectiles fired by enemies to give the player a better 
chance of survival. 

 

Figure 47 Weapon Swapping 

Secondly, a slow-motion field was added around the player which slows 
down the velocity of enemy projectiles that enter it [Figure 48]. Due to the 
number of enemies which will be present shortly after starting a level, there 
will be several enemy projectiles flying towards the player. This invisible zone 
should help to offset this assault by giving the player time to either dodge or 
block these projectiles before they hit them. 

 

Figure 48 Slow-Motion Zone 
Script 
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To conclude the major changes for the beta, the final level design was made 
using temporary components. My initial idea was to use real world 
heightmaps to create a terrain set at a beach, although results turned out 
unfavourably and so were scrapped. Instead, pre-set terrain heightmaps 
from the Unity Asset store were used and were coupled with a special 
particle system that created a wavy sea effect. The colours for each particle 
are changed based on the height of the particle from a colour gradient 
which gave some very nice effects, particularly when coupled with post-
processing [Figure 49]. Whilst I especially liked the appearance of the particle 
sea, neither it nor the terrain used would be suitable matches for the game as 
they did not blend in with the game’s themes. Keeping them in would break 
the immersion, particularly when compared to the previous level designs, and 
so these were deemed as temporary features for the final level. 

Figure 49 Template Beach Design with Particle Sea 
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FINAL 

The final build looks to deliver the final pieces that were highlighted within the 
MoSCoW requirements, specifically the Must and Should categories. 

The clearest task to deal with was sorting out the design for the final level. An 
idea for how it might look had developed a lot more in my mind, and so I set 
about creating it from scratch. Taking a similar approach to the mountain 
level, I made use of Unity’s terrain tools to structure an enclosed terrain with a 
large, open cove that would contain the body of water. After I was satisfied 
with the terrain, I imported assets to help create a town that would exist 
behind the player and added in a simple script to make vehicles hover at 
different rates. All imported materials needed to be upgraded to the URP, 
which for the most part is a simple process, however a few materials could 
not be upgraded since they are using custom shaders. I recycled the custom 
skybox and painted the terrain with two different colours: green for the land 
and yellow for the sand. The results can be seen in Figs. 50 – 51. 

 

Figure 51 Player View of Beach Level without UI, Water, and Spawner

 

 Figure 50 View of Designed Town Including Water 
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The trees are also imported assets that have had their default materials 
replaced with two new materials made from a CG wireframe shader: brown 
for the trunks and green for the leaves. Wireframes are a perfect feature to 
incorporate into the game since they are almost always used in artworks that 
capture the neon 80s style. They are particularly common on palm trees, 
hence why I have chosen to include them in my level design here. 

The water is a complex shader that looks to achieve the effect present in 
Gerstner waves. To attain this effect, 5 sub-graphs have been made which 
focus on handling different pieces of the Gerstner effect before being 
combined into a PBR shader. I then recycle some of my grid shader so that 
the albedo and emission generate the grid pattern to maintain consistency 
with the terrain. “Water colour” refers to the colour of the grid squares while 
“GridColour” refers to the colour of the grid lines. I can customise any 
element of the Gerstner shader from the inspector to achieve whatever 
effect I like the best, as can be seen in Figure 52. 

Figure 52 Gerstner Water Shader Customization 

 

Afterwards, I looked to combine my various scripts that handled different 
enemy behaviours so that it made the code cleaner and more streamlined. 
All scripts were first merged into a single enemy master script that initially 
handled all functionality for the AI. After testing to ensure this still functioned 
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as intended, logic was cleaned up to be much more user friendly to read 
and understand. 

The movement code was adjusted inside the enemy master script and the 
spawner script so that enemies will follow a specific flight path that is 
associated with a particular spawn point [Figure 53]. This paves the way for 
easier implementation of any number of spawners and custom flight paths. 
Once enemies reach the end of their paths, they will fly forwards towards the 
player before being destroyed after reaching a certain coordinate. This gives 
the impression that enemies are escaping and adds an extra challenge for 
the player, since escaped enemies mean potential extra points lost from their 
score. The flight path indicators could also be made into a feature that 
explicitly tells the player what direction enemies are going to be travelling in. 

Figure 53 Cyberspace Flight Paths Represented by Spheres and Colour Coded 
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Figure 54 Configuration of Cube Death Effect 

 

Previously, enemies would either be destroyed or be blown up into cubes 
within the same script which was no longer suitable. The death animations 
have now been separated into their own scripts which extend from the 
abstract class to make customization easier. Once the death script is added 
to the game object, it needs to be placed within the “Death Animation” slot 
in the Enemy Master Script to fully synchronize. 

The spawner script also received updates [Figure 55]. Previously, when the 
song finished playing, it would immediately load the main menu screen 
despite there still being active enemies. To counter this, a counter was added 
to keep track of how many enemy objects exist in the current scene. This 
counter is incremented and decremented within the enemy master script. 
Once the song concludes playing and there are 0 active enemies in the 
scene, it then runs the code which takes the player back to the title screen. 
We can also declare how many unique enemy types we wish to instantiate in 
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the game here. Essentially, the spawner script is now the game manager that 
handles the core gameplay elements. 

Figure 55 Updated Spawner Code 

 

The asset pack used to design the beach town was also used for creating the 
mountain city. Currently, the only visual stimulus in the mountain level comes 
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from the terrain which is little more than rocky terrain surrounding the player 
from all angles. Adding in a city with skyscrapers behind the player offers 
more stimulus whilst keeping to the targeted themes [Figs. 56.1-56.2]. 

Figure 56.1 - 56.2 Views of Mountain City 

 

A few final additions and changes were made, with one such example being 
the ability to control the colour of the skybox in the cyberspace level. Instead 
of it being static, it will gradually lerp through random colours every second. It 
is a small addition, but one which I believe opens opportunities into features 
such as audio responsive behaviours. 
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TESTING & EVALUATION 

Testing was continuously performed throughout the development of V-
Rcade. In line with the principles of the agile method, after a new mechanic 
was added it was tested. If it worked as expected, it was deemed finished 
and creation of the next mechanic began. Most tests were completed 
without issue, but in the case of there being errors or bugs, these were 
addressed first before moving on to a new mechanic. One such example 
occurred during the prototype stage when creating the guns for the player. It 
became apparent that pressing the trigger button on either controller would 
cause both guns to fire using the original method. Therefore, a new means of 
controlling the guns separately was given priority and addressed first. 

BLACK BOX TESTING 

Test ID Expected Output Actual Output Solution 
VR Avatar 
Controls 

VR hands and 
head move in 
time with real-
world actions 

As expected  

Gun Mechanics Guns fire when 
the correct 

trigger is 
activated 

Both guns fired 
when either 
trigger was 
activated 

Code 
restructured to 

correctly 
associated 
triggers with 

each hand / gun 
Basic Enemy 

Spawner 
Creates enemies 

at multiple 
spawn points 

that travel 
forwards in time 

to the given beat 

As expected  

Basic AI Enemies fly along 
a path & shoot 
when reaching 

specified 
locations. 

Repeats when 
nearing the end 

of the path 

Trajectory of 
bullets were not 
aligned to the 
player and so 

missed 

Barrel angle 
adjusted until the 

trajectory 
matched the 

player location 

Basic Enemy 
Death 

Enemies are 
destroyed when 

hit by player 
bullets 

As expected  
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Score Increments 
when an Enemy 

Dies 

Score UI updates 
each time an 
enemy is killed 
based on the 

points that 
enemy is worth 

As expected  

High Score Table High score table 
updates values 
based on hard-

coded data 

As expected  

Interactive UI Player can 
engage with 

main menu UI to 
pick levels and 
adjust settings 

Levels would not 
always load 

Updated string 
values to match 

the updated 
level names 

Damaging Basic 
Enemies 

Enemies will 
briefly turn red 

when hit by 
player bullets 

As expected  

Enemies Explode 
into Cubes 

Upon death, 
enemies blow up 

into a pile of 
cubes that 
randomly 

disappeared 
after some 

seconds 

As expected  

Weapon 
Swapping 

Player can switch 
between 

weapons when 
raising their 

controller above 
and behind their 

head 

As expected  

Shield 
Mechanics 

Shield destroys 
enemy 

projectiles that 
hit it 

Projectiles were 
not destroyed 

Incorrect 
method used to 
detect collision. 

Code was 
corrected to use 

the proper 
collision 

detection 
method 
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Improved AI 
Flight 

Spawned 
enemies follow a 
flight path before 

travelling 
forwards 

Enemies would 
reach the end of 

the flight path 
but stop at the 

last location 

Index logic was 
not correctly 

updating at the 
end of the list. A 

“dummy” 
location was 
added at the 

end of the paths 
to counteract 

the issue 
Improved AI 

Combat 
Spawned 

enemies fire at 
their given 
locations 

Enemies 
continued to fire 
in intervals after 
reaching all fire 

locations 

Like previous, 
issue lies within 
the index logic. 

The dummy 
location helped 

fix this 
Improved Enemy 

Spawner 
Enemies 

spawned at 
different location 
follow a unique 

flight path 
instead of all 
following the 
same path 

As expected  

Slow-Motion Field Enemy projectiles 
that enter the 

field are slowed 
down 

As expected  

Basic Game Won 
Condition 

When the song 
finished playing 
and no enemies 
remain, change 

to title screen 

As expected  

Basic Game Loss 
Condition 

When damaged 
too much by 

enemies, 
change to title 

screen 

As expected  
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PLAYER FEEDBACK 

Under traditional circumstances, willing play-testers would be asked to take 
part in playing a build of the game using a supplied Oculus device before 
completing a short survey about the game. Unfortunately, due to the 
ongoing covid-19 crisis, this has become nigh-on impossible since the project 
is a VR only game requiring participants to be able to access an Oculus Rift 
or Oculus Quest device. As the number of people who can access such 
equipment is zero, no survey has been made to get player feedback. 

It is worth nothing that although official documentation for the Oculus 
Integration package suggests that any applications using the package can 
run across any VR device, this has not once been tested. I only have access 
to Oculus Rift and Quest devices and therefore have no knowledge of how 
the project might run on other VR equipment. 

MOSCOW REVIEW 

In retrospect, most of the MoSCoW Analysis requirements which were 
planned have been met, except for a handful of requirements that were 
incomplete because of time constraints. 

All “Must” requirements were met within the timeframe, with a respectable 
majority of “Should” items also being completed. Some items were dropped, 
such as the high score table feature due to its complexity and it not being a 
critical component of the project. The third weapon design also did not see 
full fruition, as well as the weapon penalties for the guns not being finalised in 
time. One item from the “Could” requirements managed to see production, 
that being enemies escape the level if the player does not kill them in time. 
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LEGAL, SOCIAL, SECURITY & ETHICAL ISSUES 

PEGI RATING / ESRB RATING 

V-Rcade would likely match with a 7+ PEGI rating and an E10+ ESRB rating 
due to the inclusion of minor violence towards fantasy characters by using 
virtual guns. As this is an arcade-styled game, there will be no dialogue and 
no recognisable human or animal-like characters. 

INTELLECTUAL PROPERTY 

Self-made assets have been utilized for as much of the game’s features as 
possible to avoid running the risk of copyright infringement. 3D assets have 
been created either within the Unity game engine or in 3D software such as 
Maya and MagicaVoxel. 

Audio has been sourced via the internet but will be credited to their original 
authors with licences checked to ensure these are open-source materials. 
Musical compositions will need to be changed if it is not possible to gain 
permissions to use them in a commercial release of the game but will remain 
in the game so long as it is not made publicly available or profiting financially. 

3D models, textures and visual effects that have been taken from the Unity 
Asset Store or other online distributors will also be properly credited. Where 
needed, permissions will be checked from the creators of any assets used 
within this project before commercially releasing the game. 

There currently is no plan to make V-Rcade commercially available. If this 
changes then necessary licences will be obtained and registration with HM 
Revenue Customs will be done to ensure taxes are paid based on whatever 
income the game may generate. 

DATA SECURITY 

V-Rcade currently will not store any data about the user. In the future when 
high score tables may be added, then the game will store very basic 
personal data in the form of a username to go with scores on the leader 
board, in the same way these would be saved on arcade machines. This 
data would be stored locally rather than on a server. 

ETHICAL ISSUES 

V-Rcade will feature prominent use of flashing colours and lights, therefore 
requiring clear warning upon starting that gameplay may induce epileptic 
seizures. All scenes and visuals will be set in a purely fictional setting, with no 
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direct relation to any real-world locations. The game will cautiously adhere to 
the given guidelines associated with the assigned PEGI and ESRB ratings. 
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CRITICAL REVIEW & CONCLUSION 

SUMMARY OF ACHIEVEMENTS 

Despite the ambitious nature of the project, a considerable number of 
achievements have been made. A virtual reality arcade experience was 
successfully made, in which designs have matched expectations with 
gameplay akin to traditional arcade machines. Players can engage with 
different retro-inspired enemies within a set timespan across different 
locations and with varying degrees of difficulty. 

TESTING RESULTS 

Different testing stages produced differing results throughout the project’s 
development cycle. Persistent self-testing highlighted various errors that 
occurred whenever a considerable mechanic or feature was employed. In 
doing so, these problems could be corrected at the time of implementation. 
Black box testing assisted in showing minor bugs and issues which, while 
important to fix, were not necessarily game breaking. These issues were either 
fixed upon discovery or at a later stage when they could be given more 
priority. 

Player feedback would have undoubtedly offered a different viewpoint on 
the mechanics and features, however due to the global crisis, it has been 
impossible to acquire practical feedback. In the future, it may be possible to 
return to this so that fresh perspectives could be provided on elements that 
work and elements that need improvement. 

TIME MANAGEMENT 

The project began with very strong time management during the initial 
stages and up to the alpha checkpoint. Afterwards, time management 
began to struggle due to the demands of other factors requiring greater 
precedence, resulting in the project being left on the back burner at times. 
Time management began to return to a more efficient standing towards the 
beta checkpoint and beyond. 

Furthermore, the difficulties of adapting to the new working and studying 
from home lifestyle strained and tested time management skills more so than 
they perhaps would have under normal circumstances. As a result, it can be 
argued that there were moments of downtime that could have been utilised 
for adding in minor features or mechanics. 
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AREAS FOR IMPROVEMENT 

Overall, most areas were successfully implemented as intended, although 
some areas are possible to improve. The code to handle the AI could be 
better designed for example. As highlighted previously, temporary solutions 
were found that enabled the code to function when it came to the 
movement and firing behaviours. The problem lies within the design used to 
handle these components, and so could be redesigned either slightly or 
entirely to function more accurately. 

Completion of the high score table would add extra depth to the game’s 
scoring system, although investigation into how best to record the username 
would need to be conducted. Since this is the first time using virtual reality for 
development, it is unclear how simple or difficult it would be to create an 
interactable keyboard in the VR space. An alternative might be to either 
acquire the player’s name automatically via the system the game is running 
on or to have it inputted and stored before levels are chosen. 

Weapon designs could also be enhanced with a more engaging look and 
possible VFX. Whilst the current versions do their job, they are somewhat 
bland and are not stimulating for the player. Animations could be added 
here to further improve the designs. 

PERSONAL ACHIEVEMENTS & LEARNING 

My biggest achievement is undoubtedly the successful development of a 
game using virtual reality technology. Granted, not all my desired features or 
mechanics were able to see fruition, however many of them were achieved 
which led to a playable VR game.  

In the past, I have made 2D and 3D projects with the Unity engine with each 
project aimed at being unique in some way. For my dissertation, I wanted to 
push my boundaries by exploring an entirely new medium of gaming – that 
medium being virtual reality. It came with many challenges, but I can now 
say that I have experience with creating VR applications with Unity. 

Another area of focus was design. This encompasses multiple fields, including 
level, environment, UX and UI design, but with an emphasis on level design. I 
feel my understanding has improved over the course of this project, 
particularly as I had to learn a different style of designing in virtual reality. 
Since the player was stationary, I tried to create engaging worlds without 
requiring too much memory from the headsets. To do this, I created an illusion 
that the world was dense with architecture by blocking out views with 
buildings. Behind these few buildings exists nothing but empty terrain, which 
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the player can never see due to the placement of the avatar rig and the 
environment designs. I would say that, in doing so, I was able to successfully 
design levels which felt busy whilst saving on resources like memory. 

A final area that I feel accomplished with is with my VFX. Despite it not being 
anticipated as a particularly key feature, VFX played a big role in the project. 
Through various techniques, I was able to create a variety of interesting 
effects that I feel added to the game and improved the gaming experience. 
It has also become a new topic which I find particularly interesting and fun to 
explore and will undoubtedly continue to develop my VFX skills in the future 
because of this. 

FUTURE DEVELOPMENT 

V-Rcade has a strong foundation from which development could easily build 
upon. There are a handful of known issues which require attention first before 
I might move on to new features and fortunately these issues are nothing 
game breaking. Once these are mended, I can explore adding in the other 
items listed within my MoSCoW analysis to make the project a complete 
experience. New ideas, such as adding in haptic feedback, can be 
considered at this stage as well to either add to the existing MoSCoW 
requirements or to form the basis of a new one. 

As mentioned previously, I would want to get play testers to test V-Rcade so 
that I can receive practical feedback on the gameplay and overall 
experience. Although I can scrutinize or praise features, feedback from users 
will be invaluable and will likely shed light onto elements that I might have 
either overlooked or misjudged. Given time, it may be possible to release the 
game commercially on a platform such as Steam. 
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