Comparison of virtual reality technology and design
Logan Felix Anderson 
P151073 
Introduction 
This paper sets out to discover which VR headset is designed the best. To do this the paper will look at 4 main aspects of a VR headset these 4 main aspects will be the ergonomics of the headset, the ergonomics of the controllers, the aesthetics of the headset and controllers and the affordability of the headsets. By comparing all of these factors within the essay you should be able to determine which VR headset was designed the best in terms looks, ergonomics and price. 

Context 
Currently there are 3 main VR headsets that are dominating the markets. These headsets are the HTC VIVE, the Oculus Rift and the PlayStation VR. With each headset costing over £220 it can be hard for a customer to make the correct purchase for them. This essay will discuss which headsets are designed the best for user experience and at the end of it there will be a conclusion stating which headset is designed the best out of the 3. Greenwald, W. (2018). 

PS VR
What is PS VR 
The PS VR or PlayStation VR is a VR headset made by SONY to allow users of the PlayStation 4 to experience Virtual reality. The headset according to SONY's website allows for 120 frames per second with a 5.7” OLED screen. The headset also includes 3D audio and includes a Built-in mic.  the headset can be used with a dual shock 4 controller, a PlayStation move motion controller and a PS VR aim controller. To track the headsets movement the headset uses the PlayStation camera which tracks nine LED’s that are positioned on the front back and sides of the PS VR headset. (Playstation, 2018) 

Ergonomics of headset  
According to tom’s hardware website the PlayStation VR is the heaviest of the three headsets. Interestingly though, what Alex Davies author of “Oculus Rift Vs. HTC VIVE Vs. PlayStation VR” for toms hardware says about the PlayStation VR is “What may initially seem strange then is that it is also the most comfortable. SONY’s headset design is simply ergonomically better than the VIVE and Rift.” (Davies, 2016) so why is this? 
According to tom's hardware while the other VR headsets are designed like ski goggles the PS VR uses more of a welder's mask approach with a very heavily padded band that circles the head of the user's head like a crown. This band is angled so that the large frontal areas of the headset can rest on your forehead this then causes the headset to hang across your face. This stops large amounts of pressure being applied to your head to keep the headset in place. The headset also includes a counterbalance weight on the back of the headset to further improve the balance of the headset making it harder for it to slide off. Another benefit of the headset being designed more like a welder's mask than a ski goggles, means that it is a lot easier to take the VR headset on and off  meaning that sharing with fiends is easier (Davies, 2016) 
Because the PlayStation VR hangs of the face instead of being pressed into the users face like the HTC VIVE and the Oculus Rift do the VR Headset only just touch your face. Because of this the SONY headset uses a rubbery plastic to surround the user's eyes to help seal off the outside light. However according to Alex Davies “when compared to the other headsets, there is more light leakage, because of the large gap around your nose” this can ruin some of the immersion that you would possibly get from other VR headsets. on the other hand though, because of the lack of a tight seal around the face a benefit of this, means that there is more ventilation which will reduce the heat of the headset and reduce the effects of sweating you may otherwise experience in other VR headsets. As well as this according to tom's hardware the lose fitting around the face allows for “plenty of room for glasses without needing to replace anything” (Davies, 2016)


Ergonomics of controllers 
Because of the fact that the PS VR controller are repurposed PS3 move controllers there are many issues that have surfaced because they were not designed with VR in mind. The controllers are based on outdated tech that was used to compete with the Nintendo Wii. This means that the controllers are not accurate and often require repeating the same movements over and over again for the games to register what the player has done. (Davies, 2016)
The cylinder shape of the controller is not ergonomically designed with VR in mind. Because of this after several hours of playing many people feel muscle strain around their wrists. A coned shaped controller would fit in the hand better and reduce stress and gripping needed on the controller.
Another common issue with the controller is because of the fact that the controller is cylinder shaped with no rubber or grips it can become easy to lose grip. This doesn’t help in VR because you can’t see were your hand are. To fix this ridges or rubber grips could be used to help keep the controller in the players hand and require less adjustments during gaming. (Davies, 2016)
Because of the cylinder shape of the controllers they can be very slippery to hold. This means that the player has to grip the controller harder than they should. This increases stress on the wrist's, fingers and palm of the user. which according to ergo-plus.com forceful excretions are one of the primary ergonomic risks factors designers need to consider when designing a product for long term use. (ErgoPlus, 2018) 
A simple fix would be changing the shape to more of a cone so that the weight of the controller rests on the top of the hand. Additionally, adding in ridges would help the controller not slide around as much. (Davies, 2016)
Another big complaint about the controller is the location of the buttons and shape of them. Because they were designed to rival the Wii and didn’t look at VR the designers never took into consideration that the player can't see the controller in VR. This means that pressing specific buttons can be hard for the user as they cannot see were the buttons are. Simple fix for this would be to make the buttons larger and change the shape of them so they are more easily recognisable without looking at them. (Davies, 2016)

It seems like SONY know this as there have been patented designs for new PlayStation VR controllers.  
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The new controllers as shown above appear to fix a lot of the issues faced with users who are using the PS3 move controllers. As you can see the controller is no longer cylinder-shaped which means the user doesn’t have to grip the controller as much reducing stress. The new cone shape rests in the hand which means it doesn’t have to be gripped nearly as much as the previous version. The buttons are better spaced apart and larger meaning people using the VR headset can more easily find the buttons they are looking for without having to remove the headset. The new controller also features new wrist straps so if players drop the controller it won't get damaged by being dropped on the floor. (Pocket Lint, 2018) 

Aesthetics of headset and controllers 
The headset is all done in a simple black and white plastic theme keeping the entire product looking professional and minimalist. The only exception to this is the 9 LED sections that are used to track the headset. The area around the glasses are covered in a rubbery black material to help keep light out of the headset. 
The controllers are in a similar black style with a LED ball at the end of them. Again, this is to help track the controllers so that they work in VR. 
All of these coupled with the black VR camera gives a professional look to the entire product. 
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(Epstein, 2017)

Affordability 
Out of the three headsets the PlayStation VR is the cheapest. This is mostly due to reusing many pieces that have already been mass manufactured years before I.e. the camera and the move controllers. Because of this the PlayStation VR is also the least accurate and has many issues with tracking software because it is using outdated tech to achieve VR. 
The headset is also running at a lower resolution which means the screen will give a less detailed display however it means that they can manufacture them at a cheaper price. 
All of this together gives the PlayStation VR the lowest price of £277 as of January 2018. PS VR does however give the user access to many VR games that are too demanding for mobile VR and the PSN library is constantly growing making the PS VR very good value for money when comparing it to the HTC VIVE and the Oculus Rift.  Greenwald, W. (2018).  

Oculus Rift
What is Oculus Rift 
Oculus Rift is a VR headset originally created on kickstarted back in 2012. Facebook later bought Oculus Rift in 2014. 
The Oculus Rift is a ski google framed headset that features 2 1080p screens with a total resolution of 2016x1200 all displayed in OLED at 90Hz or 90 Frames per second. 
The headset has a gyroscope, magnetometer, accelerometer and a 360-degree position tracking that allows the headset to have six axis of movement and a latency time of milliseconds. 
When purchasing an Oculus Rift there are many bundles but the most common includes the Sensor to track the headset a remote, the oculus touch controllers and an Xbox one controller. 
The oculus Rift is designed for PC and because of the user will require a PC with at least windows 7 or higher, an i5-4590 or above, at least 8gb of ddr3 ram, a Nvidia GeForce 980 or above and at least 3 USB 3.0 slots and a USB 2.0 slot as well as a spare HDMI slot so the entire thing can be hooked up to the user's PC and run all the software developed for it.  (Smith and Andronico, 2016)
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Ergonomics of headset 
The Oculus headset has many great ergonomic features. The first is the weight of the headset, weighing in at 470g the oculus headset is the lightest of the headsets and spreads out the weight the most evenly. This helps for long sessions of gaming as it reduces the stress put on the neck muscles. 
Another good thing about the Oculus Rift is foam on the front of the visor. This help by cushioning the effect of having your faced pressed into the googles. As well as this there is a large area accommodating for lots of nose sizes. If your nose is small then this allows for lots of ventilation meaning that the headset doesn’t get as warm as others can get which will reduce sweating in the headset. The flip side of this though is that it lets in more light meaning that it can make it harder to see the screen. 
Other good points about the Oculus include that the 3 cables on the back are fed into a single cable. while wireless is the best way to play unfortunately, we have to use a cable at the moment as to have it wireless increases the cost substantially. However with the cable being as one instead of 3 separate cables like the HTC VIVE it means that you are less likely to get tangled up in the cables while playing. 
While the straps can be hard to put on and adjust at first. Once they have been set to the width of your head the front spring-loaded Velcro allows the headset to be taken on and off easily and quickly. 
The negatives of the Oculus Rift however include the front foam is quite ridged Which means people who wear glasses will struggle when wearing the headset. As the headset it doesn’t allow for much space for glasses during your gaming session the headset will push your glasses into your face which is not comfortable and can break your glasses. 
Another issue with the Oculus Rift is that there is a sensor on the back of the headset and if you have long hair this can be covered up so you are forced to pull your hair to the sides as to avoid covering up the sensor.   (Davies, 2016) 


Ergonomics of controllers 
When the Oculus first launched it came with a small remote controller that was only useful for navigating the menus and a standard Xbox one controller. However, Oculus Rifts now ship with the Oculus Rift touch controllers. These controllers are incredible light and built around the hand keeping your hands in a comfortable position so you can game for hours. The button and trigger layout is good and instinctive meaning that it doesn’t take long to figure out where each button is.  while others feel like you are holding a stick the Oculus touch controllers fit so comfortably in the hands that you barely notice them. The haptic feedback and tactile triggers is a nice addition to the controller as well as it gives you the sense of more feedback and comfort. (DURBIN, 2016)
The triggers are not too hard to press which helps for long sessions of gaming as high task repetition can cause MSD if in awkward positions and requiring forceful pressure. (ErgoPlus, 2018) 
The controller includes vibration units which can help give haptic feedback. Unfortunately, they are loud but if a user wants, they can disable vibration in the settings.  (DURBIN, 2016)

Aesthetics of headset and controllers  
The overall design of the Oculus set is a simplistic minimalist dark and light black theme. This is uniform amongst all of the items with slight changes to specific items. And besides being the logo on the front of the headset, there is very little branding on all items. 
The headset itself is a matt black plastic front with a fabric textured sides, this is designed to reduce condensation in the mask however offers a unique feel to the headset that others don’t give. This gives the overall headset a distinct look and feel compared to other headsets and provides a professional look to the entire product. 
The controllers themselves are a matt black design with a glossy plastic around the buttons. While this looks nice it does mean that fingerprint marks will become more noticeable after using the device reducing the aesthetic of it. 
The sensors are again in the same black and dark black theme however these are much more robust being made out of a metal instead of a plastic.  (Carbotte, 2016)


Affordability 
The Oculus Rift comes in many bundles however the most popular one includes the Oculus Rift, and the touch controllers. On amazon this bundle sells for £349 (January, 2019) which compared to the other two devices puts it in the middle in terms of pricing. The Oculus can be bought for a cheaper price without the touch controllers however the experience is significantly worse without them. (Amazon.co.uk, 2019) 
Unfortunately, £349 is not the end of the expenses as you will also require a PC that can run the Oculus. PC prices fluctuate a lot however and PC’s that can run these specs are selling on PC World for around £699. You could reduce this price by building one yourself or looking for cheaper deals.  (PC World, 2019)
However, while the overall price is high it does give you access to the steam library and PC gaming in general which has more frequent games released than its console counterpart because it's easier to publish games on PC than on console. The Oculus being on PC as well offers the opportunity for mod support for some games which can give extra content. 
The Oculus is still wired and may receive a wireless version update however if this happens the price may rise even further. 

HTC VIVE
What is the HTC VIVE? 
The HTC VIVE is a VR headset and controller system that allows the person to use the steam library and play VR games. 
Valve began work on the VIVE back in 2012 and later collaborated with Oculus in 2014. After Facebook bought Oculus Valve entered a deal with HTC so that the headset could be made. (Souppouris, 2016)
What makes the HTC VIVE unique from the other headsets is the space that you can play in. While others will limit you to a small amount of space the HTC VIVE allows up to 15” x 15” of free movement if you have the space for this at your house.
The VIVE also features 360* controllers and headset that are specifically designed for VR. This also allows them to use the chaperone system that will show you in game the boundary's off your walls in real life. This is also helped by the camera mounted on the front so you don’t have to take the headset off to see what is in front of you. 
Similar to the Oculus Rift you will require a high spec PC to use the system. The minimum requirement for using the HTC VIVE are:
· NVIDIA® GeForce® GTX 1060 or AMD Radeon™ RX 480 
· Intel® Core™ i5-4590 
· 4 GB RAM 
· HDMI 1.4, DisplayPort 1.2 or newer
(Vive.com, 2019) 
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Ergonomics of headset 
The HTC VIVE is in the middle in terms of weight weighing 563g (Unipage.net, 2019) unfortunately because the straps aren't as good as the Oculus or the PS VR the HTC VIVE comes across as the least comfortable out of the three. 
However, this does not mean it is not comfortable. The front of the HTC has a very large cushioned area which helps against the pressure the straps put on the head. The straps themselves make adjustments harder however they do allow for people with longer hair, as it won't cover up a sensor like with the Oculus Rift. 
Unfortunately, the HTC VIVE has the tightest seal out of all 3 headsets which restricts ventilation making the headset get warm. This can cause the user to start sweating more frequently in this headset than in others. The benefit of this however is that less light leaks into the mask making gaming more immersive. 
On the flip side thought this does mean that the temperature if hot enough can make the lenses fog up depending on the heat outside.  As well as this if the user starts sweating the foam can soak up the sweat making it very unhygienic and uncomfortable if swapping between multiple users. 
Another issue with the headset is the 3 main wires that come out of the system. These can easily get caught around the user's legs and trip up the person in the VR. However, HTC do have a wireless version unfortunately it costs far more than the standard HTC VIVE. 
On the plus side if users wear glasses there are optional foam cut outs that you can swap that give space for glasses making the HTC VIVE the best for users who wear glasses.  (Davies, 2016) 

Ergonomics of controllers 
When the HTC VIVE launched it was one of the few that came with VR controllers. The controllers were original praised for being more ergonomic than their competitors as at the time Oculus had not released their touch controllers yet. The original design was better than the PS MOVE controllers as they were conned shaped meaning less stress was put on the hands for gripping the controllers. However, over the past years better controllers have come out and shown the problems with the HTC Wands. (Sophie Charara and Prasuethsut, 2016)
The First of these problems is the weight. The controllers 543g which after long periods of holding up can cause straining in the arms and hands as one reddit user complained about in his post. In this post the user also complains about the pressure needed to press the triggers claiming that while good for shooters, when you have to pick up objects in games and hold the trigger down then it can become tiresome.  (Reddit.com, 2018)
Fortunately, it looks like HTC have listened to feedback as they are working on new controllers to replace the Wands. The new knuckles controller are better ergonomically as they encase the hand instead of forcing the user to constantly squeeze the item to hold it. The new controllers now rest in the hands more easily with the added feature of a grip around the hand that allows the user to let go of the controller without it dropping. The triggers are also improved and now require less pressure then the current ones in the HTC. This is good because once again this reduces stress in the hands.
(Brown, 2017)


Aesthetics of headset and controllers 
The HTC VIVE features a black/grey theme throughout all the devices that come with it keeping the entire product in a uniformed theme. The products are made out of a plastic matt grey/black with the logo of the product on each item. The most unique look of the product is the crater holes on the headset itself. These holes are for the headset's sensors so that the VR tracking works better.  
The lighthouses are again in a matt black plastic which matches with the controllers and headset. 
The controllers keep in theme with the headset by including crater shaped indents on the sides of the ring.  while this keep the uniform look, it also benefits the controller because of the sensors placed there. This is done in the same style as that on the headset.  
The pro version of the HTC VIVE does come in a dark blue and white theme however there is an increase in price.   (Kypreos, 2018) 


Affordability 
The HTC VIVE comes in many bundles however the most popular one includes two Wands, and two lighthouses. On Curry's this bundle sells for £499.99 (January, 2019) which compared to the other two devices makes the HTC the most expensive terms of pricing. (curry's, 2019)
Unfortunately, again similar to the Oculus £499.99 is not the end of the expenses as you will also require a PC that can run the HTC VIVE. PC prices again fluctuate a lot however and PC’s that can run these specs are selling on PC World for around £699. You could reduce this price by building one yourself or looking for cheaper deals.  (PC World, 2019)
However, while the overall price is high it does give you access to the steam library and PC gaming in general which has more frequent games released than its console counterpart because it's easier to publish games on PC than on console. The HTC being on PC as well offers the opportunity for mod support for some games which can give extra content. 
The HTC is wired however if you would like, you can purchase the wireless adaptor which costs £299 on overclockers.co.uk. (Overclockers UK, 2019)
In total if you had none of the items and wished to purchase VR with a computer and a wireless adaptor you would be looking at spending around about £1,500 on a VR set up. 


Conclusion and evaluation 
When it comes to the headsets and the ergonomics the PS VR is the superior headset as it sits best on the head without applying to much pressure on the users face. The rubber sides also allow for glasses to be worn more easily than the Oculus and allow for more ventilation than the HTC. This alongside its unique welders' style of head mount make this the most ergonomic headset.  
The best VR controller ergonomically is the Oculus Touch controllers. These are better than the HTC Wands and the PS move because it fits into the hand the best without causes stress to the wrists and hands. These controllers are very uniquely shaped on purpose so the user doesn’t have to apply to much pressure to hold them making them ideal for longer term usage. The button placement is well thought out as it means that the user isn't stretching to hit specific buttons but, is far enough apart so that the user can tell which button they are pressing without taking of the VR headset.
When it comes to price the best value for money is the PlayStation VR as it comes to a total of £277 however if you do not own a PS4 and do own a PC then the cheapest option is the Oculus Rift coming to £349. The HTC VIVE was by far the most expensive and offers similar results to the Oculus Rift. 
When it comes to the aesthetics of each head set all of them are in a similar style of minimalism and simplicity to have a very professional look to them. Overall the best aesthetics comes down to the user's personal preference. While some may enjoy the gentle glow of the LED’s on the PlayStation headset others will prefer the fabric design of the Oculus Rift. 
Overall when comparing all VR headsets, the best designed headset would be a split between the PlayStation VR and the Oculus Rift. The main differences between them is price and which system you are using. 
While the PlayStation is cheaper this comes at a cost as it is reusing many PS3 technology such as the MOVE controllers. While the main disadvantage to the Oculus Rift is the requiring a high spec PC capable of running games on it. 
However, the HTC does have design benefits over the other two designs. By allowing cut outs for glasses the best headset to wear with glasses is the HTC VIVE and if you are wanting to use the VR in a large open space then the HTC is the better option as long as you are willing to spend extra. 
But in conclusion, the best headset is the PS VR with the best controllers being the Oculus Rift touch controllers. 
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