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1.0 INTRODUCTION
11 VR&THE FUTURE OF GAMING

The VR/AR market, while stillinits experimental stage, is gaining serious momentum.
The global market for VR/ARIs projected to increase exponentially over the coming
years:from $3.9bnin2016 to up to $108bn by 2021. The games industry, with its expertise
in generating engaging worldsand compelling narratives to create ground-breaking,
immersive experiences, is a perfect fit to take advantage of VR/AR capabilities.

1.2 WHY TRUE INTERACTIVITY IS CRITICAL TO USER EXPERIENCE
INVR

Characterand object interactions have longbeena crucial element of the video game
user experience. But with newadvancesin virtual reality, interactivity is being takentoa
whole new level. Inthis new breed of gaming, establishing presence isabsolutely keyand
users need to be able toseamlessly interact with the virtual worlds they're immersedin,
justastheywouldinreal life,so developersare conjuring up ever more ingenious ways to
deliver enhancedinteractioninto theirtitles.

Inthis paper we’llhear from experts producing some of the best content, platforms and
technology who are helping to bringincredible VR games and experiences tolife. You'll
hear from Supermassive Games, Improbable and ARM who are on the front edge of game
and platform development in the UK as wellKite &Lightningand Polyarc who areamong
the developers leading the charge inthe US.

Withaglobalview of howinteractivity iscomingto the forein VR gaming,you'llget an
excellent picture of how to take advantage of the huge opportunities arising. Hear how
advances in technology, haptics,audio and controllers are all playinga role inaugmenting
theimmersive experience for users and how our expert contributors see the next few

years playing out.
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Andifyourelooking for more on how VR is changingand enhancing digital experience
developmentin gamingand beyond, make sure yousign up to attend the next VRX
conferenceand expoin San Francisco on December 7-8 - where the real business of
immersive tech gets done.

Featuringsome of the contributors from this paper,and dozens more of the globe’s top
visionaries talkingabout the huge impact of immersive tech on gaming,entertainment,
enterprise and more, VRX s the world’s most senior level B2B event for VR and immersive
technology. Check out full details on www.vr-intelligence.com/vrx

1.3 UKDEPARTMENT FORINTERNATIONAL TRADE

With more than 450 British companies workingin the VR/AR sector, this report has
been producedin collaboration between VR Intelligence and the UK Department for
International Trade.

The UK’sinternational reputation for creativity and innovation in gaming, film/TV
production,andvisual effects,as wellas its high quality in design and digital, is attracting
significantinterest from major global businesses looking to generate new [P and products
forthe VR/AR market.

“Theintersection of brilliant creative content and cutting-edge technology will be at the
centre of the future economy. Combining creative and digital excellence,a strong R&D
base and supportive Government policy, the UK is already established as a global leader in
the growing VR/AR sector,” says Matt Hancock, the UK’s Minister of State for Digital.

The UK’s Department for International Trade (DIT) has responsibility for promoting UK
trade globallyandattractinginternationalinvestment into the UK. If you would like support
connecting, establishing or expanding your businessinthe UK VR /AR market please
contact Cindy Fabianat DIT: cindy.fabian@mobile.trade.gov.ulk/+1415 6171372


http://www.vr-intelligence.com/vrx
mailto:cindy.fabian@mobile.trade.gov.uk
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2.0 MEET THE EXPERTS

PABLO FRAILE, DIRECTOR OF
ECOSYSTEMS, ARM

Pablo Fraile is Director of Ecosystems at ARM, a British
company whoareamong the most dominant producers
of mobile processors for smartphonesandtabletsinthe
market today.

TAM ARMSTRONG, STUDIO DIRECTOR,
POLYARC

Tam Armstrong is Studio Directorat Polyarc. Their latest =
VR game, Moss,was announced on stage at PlayStation’s POLYARC

E3 conference this year.
ROB WHITEHEAD, CTO, IMPROBABLE

Rob Whitehead is Co-founderand CTO of Improbable;
aninnovative UK-based games technology company
and creator of SpatialOS - a platform that empowers A [7]IMPROBABLE
developers to build, runand operate previously

impossible online games.

JENNIFER CHAVARRIA, HEAD OF STUDIOS,
KITE&LIGHTNING

Jennifer Chavarriais Head of Studio at Kite & Lightning,
acinematic virtual reality company blending gaming,
social,and story to create emotionally transformative

experiences.

SIMON HARRIS, EXECUTIVE PRODUCER,
SUPERMASSIVE GAMES

VRX

Simon Harris is an Executive Producerat Supermassive

2017 Games Ltd,,a BAFTA-winning,independent UK game
December 7-8 developer,withareputationforinnovationinboth
Marriott Marquis, San Francisco storytellingand VR.

The world’s leading senior-level B2B event Interviews conducted by Tom Wallis

forVRand immersive tech

Tickets available now at
www.vr-intelligence.com/vrx
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3.0 EXPERTINSIGHTS ON INTERACTIVITY

The thoughts,insights and words of wisdom from those on the frontline of the VR
industry. Tosee eachinterviewin full, or to see more of VR Intelligence’s reports and
insights, visit http://www.vr-intelligence.com/

3.1 TELLUSALITTLEABOUT THE CURRENT AND RECENT
PROJECTS YOU’RE WORKING ON

Rob Whitehead Improbable is primarilya compute platformand client-based
environment service. Games studios use our technology to build their games - some of
whichare VR games.

Perhaps our most well-known project isagame called Worlds Adrift, which we've been
working onin partnership with Bossa Studios. Worlds Adriftisn'ta VR game, but itisa highly
physical, massively multiplayer environment, where thousands of players build ships using
physical parts to sail through the skyand explore the remnants of an exploded planet.

Players explore environments together; they're competing witha real, physical ecology
that runs 24 hoursaday. When players cut down trees, they physically fallinto pieces. As
their ships fight one another, the panels attached to those ships canfall off and land on
the ground.

The worldis persistent,soany one of those ship panels,any one of those trees youfell or
creatures youkill stickaround until something happens to them.

Atthe core of the gameisameaningfuland engaginginteractive world. That is something
we enable with our platform -these more interactive,more meaningful environments to
create believable,immersive worlds.

Worlds Adrift runs across hundreds of servers on the back end; all cooperating together,
sharingand organically redistributing the workload on the fly as the world ebbs and flows.

Bossa Studios have beenat the heart of defining the aspiration for the game,and they've
provided the core of what the game is. We've taken on the heavy liftingwhen it comes to
making that vision happen. Bossa Studios are used toa more traditional game engine like
Unity,and we've come alongand supercharged that with our technology. Under the hood
we're running -atany one time - hundreds of instances of Unity to represent this huge,
richand persistent world.

Tam Armstrong Moss isanaction/adventure game featuring unique mechanics around
playerinteractionand characterinteraction. You play the role of The Reader,and you're
reading throughabook about a heroine named Quill. As you read, youre transported into
that world with Quill,and you head off on anadventure together.

You guide Quillat the same time you interact with the environment, and that is the basis
forthe challengesand puzzles throughout the game.


http://www.vr-intelligence.com/
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Jennifer Chavarria Over the past 18 months we have been developinga VR
tournament-style fighting game called Bebylon Battle Royale. The game takes place
inthe future,after humanity has discovered away to extend human life to the point of
immortality. After takinganimmortality pill, you're effectively frozen in your body,soa
baby remainsasjust that forever:a two-foot-tall, chubby baby. These immortal babies
growtired of livingin the world of comparatively tall men,so they builda place for
themselves where they can feelnormal. That’s Bebylon.

Bebylonis this Vegas-style fantastical world where the inhabitants live peacefully with one
another. Over time, they begin to overcompensate for what they lack,and fight amongst
themselves torule Bebylon.

Thereare four power familiesin Bebylon, whichisimportantinthe lore of the game.
Whenyou get dropped into the world asa player, you choose which family you want to
fightfor.In Bebylon,whoever has the most toys, wins. So, combatants fight to level up, to
unlockriches, to socially gain fans, to make their family proud and to make their family the
most powerfulinall of Bebylon.

Beyond the immediate combat-arenagameplay, we are expanding the game intoa social
world. There willbe alot of lifestyle experiences and events you can attend as your baby
avatar. You'llalso be able to attend events; to gather with people inthe world,and to
interactinsocial environments. The ideais for people to create acommunityandtojoin
togetherto enjoy these experiences.

At launchthe primary focus will be on the fierce combat of the arena, but shortly after
launchwe’llbe opening up tointeractive spectating, and then follow that with different
scenesfor peopletovisitand spendtimein.

Tentatively wereaiming to launchin February 2018 on Oculus Riftand HTC Vive, with
quarterly updates that follow to expand the experience.

Pablo Fraile Since we are atech company,all of the work we do around VR content
creationistoshowcase the technologies, hardware and techniques we are developing, as
wellasthe key partners we work with.

Wealsowrite alot of software to run on our processorsand GPUs. The projects we do
are generally intended to demonstrate capability,as opposedto content that people will
purchase from their digital store of choice to use onaregular basis.

For GDC this year we createdavirtual triparound the inside of amobile phone: Circuit VR.
The experience allowed you to dive intoamobile device using your VR headset to walk
aroundthe processors,camera, speakers,memoryand printer boards you'd find in your
smartphone. It was pretty cool asashowcase of what our mobile processors are capable
of whenit comes to mobile VR.

Simon Harris We first started working on VR with Sony when PlayStation VR was known
as ‘Project Morpheus’. We actually builta demo called Jurassic Encounter,which Sony used
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toshow off their hardware to developers behind closed doors at Gamescom 2013. That
demowasalso used the next year at E3, when they went public with PSVR for the first time.

We built two products for the launch of PlayStation VR and they both launched on day
onealongside the hardware: Until Dawn Rush of Blood,and Tumble VR, whichwasa
remake of game made for the PlayStation Move motion controller back in 2010.

Weare the onlyindependent developerto deliver two titles forlaunch and these were at
two very different ends of the spectrum. One,an action-oriented, shooting, rollercoaster
horrorgame, the other,a great physics puzzle game that worked asasort of calm
introduction to VR for people whoare unsure about how theyare goingto react it.

At E3 this year we announced two more PSVR products. The Inpatient, which will launch
later this year,isahorror game with psychological elements set over 60 years prior to the
events of our2015 PS4 title Until Dawn. With it we will be bringing branching storytelling to
first person VR.

We also have Bravo Team, whichisa VR shooter built primarily with two pillarsin mind: the
PSVR Aim controllerand co-operative play. Every part of the game is playable asa co-op
online experience, either with afriend oran Albuddy.

Sony remainanimportant partnerfor us,but we area cross-platform studio and our VR
ambitions stretchacross multiple platforms

3.2 CREATINGINTERACTIVITY IS CORE TO IMMERSION IN VR
GAMING. HOW ARE YOU APPROACHING THIS - AND WHAT
ARE THE MAIN CHALLENGES YOU’RE FACING?

Rob Whitehead With VR,alot of gamesare builtinaway where everythingis bolted
down. You can really consider the game to be more of atheatre set than atruly realistic
simulation of the real world.

Thedifficulty with VR is the very thing that makes it so special; the fact that you now have
these environments where your hands can be accurately animated and you can move
aroundenvironmentsis both a blessingandacurse. It totally breaks the immersion if, for
example,you'reinalibraryand the momentyoutrytointeract with the books it becomes
apparent thattheyaren’t physical objects, but a wall with some texture onit.

From our perspective, we see arequirement forahuge amount of computationto create
allof these physical elements. Within VR you have to allow the freedom to interact with
everything; to pick stuff upandtoss things around the room. You're going to need a huge
amount of compute power to do that,and that’s where our platformreally can help.

Tam Armstrong We believe the best way to create interactivityinagameis to ensure
thatatafundamentallevel,interaction is required to succeed as a player. Anythingless
than that raises the questionas to why the gameisin VR inthe first place.
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Inthe design of Moss, The Reader’s interaction with the world to assist Quill on her
adventureisfundamental. As easy as it may be to say a simple statement like that, we faced
alot of challengesto figure that out.

Early on, the challenges included communicatingto the player the states of interaction
and constraint of motion. When we beganthe project, we were used to creating games
whereinteraction meant pressinga button onagamepad to make something happen. To
perform physical movements to interact with objects means you need to communicate
withthe playerinanentirely different way. For example, real life provides physical
constraints to motion that communicate howan object should operate that just don’t
existin VR. VR has alternative feedback channels such as texture, sound and additional
userinterface - but the early problem we needed to overcome was learninghow to
encourage thatinteractionand communicate using these channels effectively.

Once we hadasuite of interactions including slidingand turning objects that felt right, it
wasn't necessarily obvious how they would be integrated into the core mechanics of the
game. There’snotalot of priorartforagame where youneed to physically move pieces
with yourhand.Howyou reach into the space and how you lay out spaces to make them
interestingin three dimensions - these were things we had to figure out through trialand
error. You then have to work out how to use these tools to create good gameplay.

Iwould say the biggest recent challenge has beenatechnical resource one: how to build
these interactionsinto the gameinany kind of quantity. An object thatis interactive
usually takes more work than something static. With background elements, you can build
themand tweak aspects to make themlook better, but generally they don’t have as many
dependencies with other gameplay elements. Assoonas an object has multiple states,
youhave todoalot of work to represent each state effectively, make transitions between
states feelgood,and handle interactions with other objects.
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Workingin VR has brought a new dimension of industrial design to game development
forus. We didn’t have that expertise before, but we are certainly learning through the
creation of this project.

Jennifer Chavarria \We're approaching interactivity fromtwo different angles:
gameplayand lifestyle.

Whenyouare playing Bebylon,youreimmersed visually in your avatar body. Whenyou
look down you willfeelwhat it is like to be inside your customized, chubby-baby body.
Forsome of our gameplay mechanics we are takingadvantage of utilizingtools suchas
Oculus Touch controllers to accentuate the experience during combat. For example,
whenyou'resitting in youravatar body inside the battle ring, you're controlling or
puppeteeringa mini-me version of yourself that is actually doing the fighting, similar to
Battlebots. Theidealis that if you wave your hands to taunt somebody in the ring, or dance
around, or punch, you're able to do that freely, with the full range of motion through the
Touch controllers-youaren’t confined like with agamepad.

Anotherway that we're implementingimmersion during gameplay is through specialized
items called “Humiation Bombs.” For example, if your opponent throws asmoke bomb
intothe ring, when the bomb hits the floor and explodes the smoke will go off and rise up;
impairingyouravatar’s visionand affecting your gameplay by not beingable to see well
through the smoke - it will affect your avatar directly in 1st person.

Inregard to the lifestyle aspect of the game, we have completely designed the experience
tobefromaist person perspective to fullyimmerse you emotionally within the world.
You're able to customize your home environment - your crib -as wellas changing the
outfit you might like to wear fora night out in Bebylon. You will travel around in your

own hovervehicles,whicharealso customizable, to further express your personal style
howeveryousee fit.

Spectatorinteractionalso comes into play,and kind of acts asa crossover point between
the gameplayand lifestyle aspects of the game. You'll have the opportunity to dress up
and head out to watchatournament with your friends, interact with each otherand even
throwthingsintothe ring that could affect the outcome of the tournament itself. This
createsasense of belongingand culture within the environment.

Interms of the challenges we are currently facing, with our launch being in early 2018,
therearestillonlyalimited number of people in the market who own headsets and
arefamiliar with hand controllers. Gamers are used to traditional game pads so when
we have tested the game at events with a‘gamer’ heavy demographic, surprisingly this
isachallenge forthem to pick up and the majority of people have still never beenina
headset. With that being said, we want to ensure thereare alot of people online to play
eachotherand create community to get the most fromthe experience. Gaining fans
duringgameplay is a big dealin Bebylon, soif youare fighting in the ring you want to have
people watchingto react to your showboatingand fightingantics,which helps createa
more realistic experience of what we see in reallife sporting events like the WWE, whichiis
similarin nature to our design.
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Pablo Fraile Intraditional gaming, you think of increasing interactivity by creating bigger
landscapes, more characters or allowing more freedom for the user to be able to explore.

Within VR, interactivity is less about the environment and more about you as a player. How
canyoumove? Where canyou go? What objects canyou interact with? Fora developer,
itislessabout creative freedomand more about the technical challenges; how you allow
users to express theirinteractivity personally.

With early versions of Circuit VR, it wasn’t very interactive at all. You couldlook around and
move todifferent places, but there wasnt muchactualinteraction. That’s mainly down
tothetechnical challenges of mobile VR, which is one of the main areas were looking to
developtoday.

When you have amobile headset with 360 degrees of freedom, you can only look around
orteleport;that’sabout it. Because we don’t have aremote control, you don’t have

the option of interacting with two hands,and that can be alittle weird for usersifitisn’t
handled correctly.

Technology, rather than creativity, is what will enable interaction, particularly in mobile
VR.Mobile VR willmatch -and eventually surpass - tethered VR in this respect. When you
arenottetheredtoaPCortoaconsole, theability tointeract;to move;to explore;itall
becomes that much greater.

Simon Harris The main challenge with creatinginteractivity is actually managing
expectation. The second you start giving the consumer the expectation of interactivity,
you then have to manage that expectation. A great exampleisinatraditional TV-based
game. We present the 3D environment to move around, usually with Ul elements to
highlight the objects you caninteract with. Once youare trying to convince the playerin
VRthatitistotallyimmersive,interactivity has towork everywhere.

With The Inpatient we ensure that you, as a player,are represented completely. So when
you look down you will see arepresentation of your whole body —arms, hands, legs -

and yourarms react depending on your actions with the controller. When you start
interacting with the environment - picking things up, knocking things around - everything
works to enhance that feeling of presence. Surfacesare tagged correctly so it sounds
different when you knock on metal, wood, concrete or anything like that.

That suddenlyincreases the amount of work involvedin producingthe game. However,
it’s essential because you move closer to that point where the player starts to believe they
are physically inan environment, rather than viewing through ascreen.

Therearetricks you canemploy,however. In Bravo Team we focus everythingaroundthe
gunyou're given,and your interaction with the environment through that. Because you're
holdingthe gun,we don’t needto use up resources to provide the same fidelity as when
you pick up objects. But you stillhave to convince the player that the environment is real;
making sure all the auraland visual cues they would expectinthe real world are present
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and correct. Whenyou bumpinto things it has to make the right noise,and the audio
needsto be positionedallaround you to understand where things are coming fromand
where things are happening. So it can become quite a challenge, but something which
truly elevates VR above the traditional TV experience.

3.3 WHAT CANBE DONE TO DRIVE INCREASES IN CHARACTER
AND OBJECT INTERACTION IN VR? AND WHAT’S THE PLACE
FORNEW TECHNOLOGY ADVANCES LIKE EYE AND MOTION
TRACKING?

Rob Whitehead Traditionally,alot of games effectively led the user through scripts
tocraftanarrativeand move them through an environment. When you can manipulate
everysingle object inthe environment, as you should be able to with VR, thenyou've
effectively created an explosion of different avenues and pathways that proactively need
tobewrittenin.

Userexpectationis that the systemis already there; it has been designed. Sowith VR, rather
thanthinkingabout the exact narrative and paths you choose, developers needtoinstead
thinkmore about the different parts of the worldand how they interact with each other.

Theidea of physics; the idea of farmability; of social interactions in that space... modelling
therules,how those different objects interact and the level of play is the mostimportant
aspect of increasing interactivity. You don’t want to put the brakes onyour users or curb
theirinterest by forcingthemtoo far downa particular route, because that defeats the
purpose of VRinthe first place to a certain extent.

Just like withany media, you can do some fantastic narrative-led things with VR. Virtual
reality representsan opportunity forincredibly rich sandboxes, the likes of which
have neverbeen seen before. The fidelity of interaction you can have in VR isso much
higher than many otherkinds of visualisation. There’sasense of presence as well that
immediately makes your interactions more meaningful.

Tam Armstrong Whenwe're thinkingabout gameplay and how we canincrease
characterand objectinteraction, we thinkabout the moment-to-moment experience
of playing Throughout development we kept comingback to this refrain:it’s not
enoughthat you caninteract, if this is going to be agame, the game needs to have rules
that require these interactions.

Oncethe game has the requirement forinteraction at the core, we found that we needed
tobuildambience into the systems around the main mechanics to encourage that
interaction. If youre going to reach into the game to interact with objects, the entire

rest of the game - even fromanambience point of view - needs to support the fact that
your physicalinteractioninthe world matters. That means the player should be getting
feedback fromevery object, not just those that require you to interact with them.
Reachingthrough the grass should cause the grass to move,and dust motes should float
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away in reaction to your movements. Ambient interactions outside of the core gameplay
teachthe player that theiractions will be rewarded.

We see thisasarule ingame designand it’s simply being reframed for 3D interaction: you
need confirmation, rejection,and feedback with everyinput. Every wave of your hand
orpullof the triggerto grab somethingis aninput that needs to provide the user with
feedbackall of the time. When you achieve that, the whole experience s incredibly rich.

The ability to motion-track the headand the hands - that’s the thing that makes you feel
immersed in the environment beyond the presence afforded by stereo rendering. Your
hands causingan effect makes you feel grounded and present within the world. One
interesting thing that comes out of this is the emotional effect of physically interacting
with characters withinavirtual world; it's much more impactful than we thought it would
be.People formbonds with the characters much more quickly than they wouldina
more traditional game. You could take the same characters and put themonaflat screen
television,and | don’t think players -although they'd find them very charming - would
have the same emotional reaction. It’s hard to describe what happens when a character
appearsto be standing rightinfront of you, reacting to you,and has a heartbeat you can
feel. We had noideait was going to have suchanimpact.

Jennifer Chavarria Eye trackingis a hugely beneficial technology for VR because you
can eliminate some of the things that take you out of the experience. Youre able to react
andgetreactionsinrealtime. If youreinteractingwith a character oran Alandit’s giving
aperformance that you're watching,and you look away, or maybe even look beyond

the persontalkingtoyou, if the Al hasadeadpanlook,doesnt react to you or change its
expression based on yourinteraction,youareimmediately pulled out of the experience.
Your brain recognizes thismoment is not real. Our eyes lead our bodies to where they
needto go.Bybeingable tofollowthatandinteract with that in real time - that’s going to
improve the experience tremendously, creating a feeling closer to what we knowin our
everyday life.

Improved motion tracking - that you can perform in real time and imitate your actual
movement - grants the user more freedomto express themselves, creatingan emotional
bondwith the character oravatar body they are inhabiting within the environment. This
willhelp eliminate alot of delayed or static movements duringinteractionin VR, which
create barriers between usand the environment. This once again causes your brainto
recognize the experience as not real,and forces you out of being present in the moment.
Forexample,whenyou're working with a gamepad, you're restricted to touching buttons.
Those buttons cueinteractions, rather thanactually triggering activations by physically
gesturing. Withagamepadin VR, youaren't participating in1st person through interaction
in the same way that you can with motion controllers.

Thefaster we canimprove these technologies in VR, the faster we are going to completely
sellthrough the realism. Right now there’s aslight delay to everything,and that produces
adisconnect betweenthe userandthe experience. Let’s break down those wallsand pull
peoplein!
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Pablo Fraile For mobile VR, eye tracking is mostly about efficiency. Theideais thatasa
creator | can seamlessly remove any detail that isn’t necessary, which frees up resource.
Eyetrackingallows us to extract the most from the hardware we have at hand.

One of the problems of mobile VVR,as opposed to desktop, is that you have all of your
processing power effectively strapped to you. These mobile devices are extremely
powerful, but the single biggest problem they have is power dissipation: heat. How do you
manage heat inamobile device? Anything you can do to reduce power consumption is
extremelyimportant.

We demonstrated eye tracking at GDC this year. The ability to render the minimum
amount of the virtual world, without the user perceiving the resource cost saving is going
tobeveryimportant. However, itisn’t going to significantly transform the experiences
you can have with VR.

Motion tracking is really fascinating, and it’s incredibly complex. To motion track
effectively youneedavery detailed map of the environment. Because of that, we will
seethingslike simultaneous localizationand mapping (SLAM) tracking become very
common inmobile. We'll probably see this technologyincluded within prototypes this
year,and wouldn’t be surprised if SLAM, or something very similar, begins to be included
within devices onthe market as early as next year.

Simon Harris Developers have to plan for this from the beginning, The challenge is this:
ifyoudon'tthinkabout the world you're creating; the interactions the player is going to
have;and what that means with everything you create from there onwards, then that will
continually throw up unexpected challenges as you develop.

You have to plan effectively,and consider exactly what experiences you want the player
tohave. The more developers do this,the more it will stand out when atitle does not have
that level of interaction. Once consumers have seen something, they tend to expectitin
everything. In the gamesindustry generally, we are always raising the bar, then setting that
astherequirementforeverythingwe doinfuture. Newtech willalways do that.

Youaskedabout eye tracking Right now we know where users are pointing their head
based onthe headset,and we cantarget specific scares and events based on that
information. In our cinematic games we can lead the player and tell the story using
framingand camerawork.In VRit'’sabit more difficult to get the player to lookin specific
places, because theyare in complete control of where theyare looking, Implementing eye
tracking would enable us to deliver that toa much higher fidelity.

As new tracking technology and techniques come in it willallow us to increase that level
of immersion; that representation of the playerinall our VR games. We have already sort
of moved on from the disembodied floating hands that were common in the very early VR
games because the technology has moved on, even in these early days of VR.
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3.4 WITHTHEINCREASE IN CONTROLLER CAPABILITIES
RECENTLY, HOW IS THIS HELPING TO AUGMENT THE
EXPERIENCE FOR USERS?

Rob Whitehead Usingakeyboard and mouse ora controller,thereis afinite bandwidth
of interactivity that you're able to deliver, if you're buildinga game around 3D construction
ormanipulation of 3D objects.

Irecently sawavirtual world project where it had a fully physical chess set. You played
chessinthe game by picking each piece upand movingitas you wouldareal chess set.
There’sanimportant distinction here because any chess game you may have played
outside of VR inthe past, where what you're effectively doing is sendinginstructionsforan
animation to playand foryour pieces to be moved. In VR however, you should be able to
grabapieceandthrowitacrossthe roomif youso choose.

Seeing someone who has never used VR or played video games before kneelingdownto
pickupachess pieceto place it back onthe table - that’s quite a phenomenon to behold. If
youtried toimplement that kind of 3D manipulation usinga keyboard and mouse, it would
beincredibly complex.

Simply because of the nature of VR however, you have this intuition as a personas to how
you can manipulate objects within the three-dimensional space.

Tappingintothatintuitionincreases the opportunity to have these newkinds of
interactions. If you can leverage that intuition - of howthings are done in the real world -
the need to construct game mechanics that are, by necessity, of alower fidelity, disappears.

Tam Armstrong Full trackingand haptic feedbackare the things that make physical
interaction possible. This new technology is exactly what has allowed us to move away

fromtreating controllers likelaser pointers, orin cases where there are no controllers,
treating the head direction likealaser pointer.
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Thereareimplementations of this laser-pointer-as-input-mechanic analogy that have
worked well, but if we want to augment the immersive experience, we need to eliminate
some of those abstractions. Pointing your head at somethingto doathingis notanatural
input mechanism foraperson. They can certainly learn thatinteraction, but it elevates the
experience whenyou can make more of itintuitive.

Jennifer ChavarriaForusin particular, the introduction of new controllers, like the
Oculus Touch, has beenhuge. These controllers allow you to be freeand to physically
interact.| can’'t express enough what a difference these controllers have made in our
game mechanics. When we first designed the game, we were restricted because of the
gamepad: your hands were stationary, very close together,and pressing buttons would
triggeranaction. That was not the experience we had envisioned.

Within our game, fighting with your own style isa massive part of the emotional buy-in for
the consumer. Whenyou activate beast mode inthe game, you are bestowed with aflashy
weapon suchasadiamond-studded selfie stick. Because of the new controllers,you can
physically take yourarmsinreal life and whack your opponent inan upand down motion
withthe selfiestickin real time. You can punchand fight with your body in real life while
the controllerstrack your every move,and it feels like you're actually participatinginthe
game. That gives the playeramuch bigger rush than if you were one step removedall the
timeand had to use a traditional gamepad buttons. The controllersallow you to physically
connectwith your characterasan extension of yourself.

Pablo Fraile Controllers make allthe difference. Going froma mobile VR headset, where
your interactionsare limited to tapping on your head to move around, toa VR headset
where you can pointand shoot -it makes a massive difference.

Some companiesare doing really cool stuff with things like hand and gesture tracking, but
forme, the lack of grip inhand tracking technologies is something of a deal breaker.

Controllersare definitely the way to go,and some of those controllers - like for the HTC
Vive and Oculus Rift - they are pretty realistic in terms of the gestures they allowyou to do
inthe virtual world.

Therearestillissuesaround the detection of virtual objects,and how to stop users
frommovingtheir hands throughan object in the virtualworld -andas those issues are
resolved, that’s only goingto improve interactivity within the VR environment.

Simon Harris [t'sallabout fidelity. The new controllers give us more and more
information about what the player is doing with their hands. Initially we only knew where
your head and hands were withina 3D space, with simple button presses permitting
rudimentary interactions like makingafist or pickingup anitem.

The more detailed data we receive from the new controllers means we start to
understand what you are doing with individual fingers. Valve are moving in an exciting
directionwith theirknuckles controller,which will provide incredible detailand enable the
complete animation of awhole hand. Ourability to make the player believe that they are
actuallyinavirtualworldis only getting stronger as the technology grows.
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3.5 HOWIMPORTANT ISAUDIOIN ENHANCING INTERACTIVITY
AND PRESENCE?

Rob Whitehead Along with the massive leaps in visual fidelity and visual presence, you
absolutely have to match that on the audioside. | can’t profess to be an expertinaudio,
but I've seenanumber of interesting techniques around server-side processing, You
caneffectivelyworkit so that whenyou'reinaroominagame, the game knows exactly
whataudio properties need to be delivered to make you feel like you'reinasmall space as
opposed toalarge space orvice versa. Audiois undoubtedly superimportant, butasit’s
not my specificarea of expertise it'’s not something | can really comment furtheron.

Tam Armstrong Audiois critical to enhancinginteractivityand presence in VR. Audio
communicatesasense of place. From the noises in the background, to the reverbyou
perceive fromthe objects youinteract with,everyaural cue suggests the contentand
geometry of the place you're in. That feedback gets combined with what you see to builda
more complete picture of your surroundings.

Audio hasaveryimportant role in communicating the physical properties of things like
weight, texture,and power. Objects you drop that make alouder, deeper crash will sound
heavier to you. Scraping noises when you dragan object suggest friction. Every piece of
audio can help give youasense of what a material is.

Inanenvironment where you can interact with everythinginamore natural way -
whetheryou consciously perceive it or not - the expectationis that the simulationand
audiowillwork together to realize the world. Soundis averyimportant feedback channel
right along with visuals. When the whole experience of the interaction is cohesive and
responsive, it makes the world more real.

Jennifer Chavarria Audiois hugely important-arguablyasimportantas the visuals.
Audio can make or break an experience. Let’s even forget about VR forasecond; infilm
oranyother mediain 2D, if the audio is bad, it can really throw you out of the experience.
It’s extremely important that we pay attention toaudio because it will helpto sell the
visual realism.

InVR,audioalso helpsto create depth perception within the environment. If you have a
stadiumarena-aswe have in our game - that massive environment will have a very different
aural feelingtobeinginacloset, for example. It’s veryimportant that you're able to use audio
to differentiate and accentuate the environment that you're putting people into.

If youre developingmore of anarrative storyin VR, it'simportant not to underestimate
theimportance of audio cues. Your audience has the freedom of movementand can
look wherever theywant, so you have to guide them through the experience,and audio
is perfect for helpingthem subtly guide them where you want themto go next. You
want themto keep that sense of self-discovery while directingthem through using their
auditorysenses.
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Intournamentarenastyle game like Bebylon,whenyou go toasportingevent,yougo to
beapart of theaction. The energy of the powerful sounds of beingamongst thousands
of peopleisinfectious -it emotionally pulls youin. That’s exactly why people still attend
live eventsinthe age of the high-definition screen. When you can create that visually
andaccentuate it with the audio, the two work hand-in-hand to truly createareal-world
immersive experience.

Pablo Fraile Audioisactuallyakeyingredientin creating virtualatmospheres. VR is so
immersive that a poor audio experience, evenif it’s only perceived subconsciously, can
devastatean experience. Audio makes up asignificantamount of our perceived world.

I stillrememberwhen Iwasakid playing doom - hearing the monstersaround the corner
inthe corridor freaked me out. That remains a powerful memory to this day simply
because of the sound.

Audiois goingto becomeincreasingly importantin VR. Having accurate audio location
andaudio effects that interact with the virtual world will be paramount to delivering
agreat VR experience. Factorslike refraction - off the wallsand ceiling, as well as how
different materials reflect soundin different ways - these things will be get more and more
attention from creators.

Audioisavery compute intensive technology. Creating good audioisalsoavery
dedicated creative process.

Content creators have decided, at least so far, to dedicate their valuable processor
bandwidth to enhancingvisuals. Because of that,audio has been neglected to some extent.

Audioisanareathat ARM has beeninvesting heavily in. We've been working with our
partners tointegrate new audio technologies into mobile devices, granting greater audio
fidelity whilst reducing computing overheads. We believe this will give artists alot more

freedom toinclude more feature-rich content.
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Unfortunately, because often youwon't realise the impact of poor audio overtly, the only
way to show the impact is with an A/B comparison. You can try the same experience with
audio thatis somewhat lacking, then repeat that experience with effective audio - the
difference it makesis unbelievable.

Simon Harris Audiois possibly the mostimportant factorin enhancing presence.
Obviously,you have to create the visuals of the world for the player to be in - without that
youaren'tanywhere - butincredibly, the subconscious understanding of audiois there
inallof us. Youreally have to experience a VR game that hasn’timplemented positional
3Daudio, or one that has doneit poorly:it’s just wrong. It immediately screams at you
subconsciously, “thisis not correct”. It very quickly becomes incredibly important to get it
right, just becauseitis sojarringwhenit’'s wrong,

Beyondsight, hearingis the next sense you rely on when navigating spaces. There are
some great VR experiences which use audio only to demonstrate that as well.

Sowhilstaudioand visualsare the primary concerns with VR today, the next thing will be
touch. We have abit of that with haptic feedback on some controllers,but in the future
we'llsee agradual replacement of every single one of your senses - fully implanting each
ofthemin VR We're already working very hard on touch, when we can deliver smelland
taste,thenyouare welland trulyinavirtual world.

3.6 WHATARE THE BEST EXAMPLES OF TECHNIQUES TO
IMPROVE INTERACTIVITY YOU’VE SEEN IN GAMES AND VR
EXPERIENCES YOU’VE COME ACROSS?

Rob Whitehead \Within our platform we have one techniquein particular that is
relatively unique. Whenyou have large, multiplayer experiences, youwant to be able to
manipulate the worldand have everything feel natural. You want to be able to pick upan
object,shakeitaboutinyourhandveryfast,and for that movement to animate as it would
inthe real world -almostasiif the object is attached to your hand.

Ifthat object was being simulated onaserver somewhere, latency and lagwould impact
the responsiveness of that interaction. Within our platform, we have atechnique
whereby developers can change the owner of objects on the fly with regards to compute
responsibility.

Thisisjustanexample, butif you pick upabarrel,your local compute power becomes
responsible for the physical simulation of that barrel. What that means is youimmediately
haveavery high-fidelity, interactive experience with that object. Ungrappling from the
barrel then moves the responsibility back to the server, so the object goes back to being
simulated onthe serverside.

By coming up with this very interesting simulation technique, where we can move the
simulation between the serverand the client’s machine seamlessly, we basically eliminate
the problem of interaction latency that you often find with other multiplayer online games.
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Thistechnology came about because we realised latency is a problem that probably isn’t
goingaway -the speed of light isn’t going to change anytime soon! On the server side,
forsometime now we have used a number of different game engines that constantly
overlap with oneanother. We had to become expert at moving objects between game
engines onthefly,and we simply extended these techniques to include the client’s local
compute power.

Interms of external techniques that have impressed me -there is somuch I could talk
abouthere! Construction - orrather creative-oriented experiences - those are the ones
that have really blown me away. When you construct somethingin VR, the sense of how
it feelstohave your creation right there with you - it’sincredible. In terms of application;
whenapplied to industrial design, things get very interesting because you could drawa
picture of acarin TiltBrush, walkaround itand feel what it’s like to actually be around that
car. That has potentially huge implications for product development across the board.

Tam Armstrong We are big fans of the hand modelin Lone Echo. Oursolutionis
different due to own unique goalsand constraints, but the high-fidelity nature of
theirworkis soimpressive and inspiring. The physical response to movementand the
interactivity of the hand modelare done so well.

What Ilove about VRis that everyone has a different set of techniques. When you see
someone tackleaprobleminan entirely different way than you, it is still so inspiring,
Forexample, take content creation tools like Tilt Brush or Medium; they visualize tools
instead of hands and have such a great use of haptics. There s texture to everything you
doandit’savery physicalact to create modelsand paint. It’s truly inspiring to see what the
possibilitiesare.

Jennifer Chavarria One game | recently played is Lone Echo from Ready at Dawn.
Thefeeling of weightlessness while tracking your avatar robot arms and hands, utilizing
the hand controllers, really pulled me into the experience. | love that they did not stop at
just showing hands but simulated the feeling of imitating your fullarm movements: your
elbows bendandforearms twist and turningas you graband pullyourselfthrough the
zero-gravity environment. Theyalso did awonderful job with Al tracking; responding via
dialogue,and interacting with youas you move around and toy with different objects.

Anotherexperience | have alot of funwithand provides great interactivity is The Climb
from Crytek. Having the ability to grip using controllers as you climb, yourarms free to
pullyourself up to climb higherand higher, experiencing visual rewards along the way -
it’s exhilarating. As you grip to hold on, you feel like arock climber with yourarms going
upand down. This creates physicalimmersion: tapping into your motor skills. If I was
doingthat same experience withagamepadandjust tapping buttons, lwould feel so far
removed, eventhough the visuals might still be great. When you'rein The Climband you
look down,you don’t want to fall off that mountain. You find yourself gripping tight and,
utilizingthe Oculus Touch controllers, it allows you to interact heavily withina relatively
simple game design.



(VR) Intelligence

The ROIe Of InteraCtiVity Proud to support
in VR Game Development GREAT

BRITAIN & NORTHERN IRELAND

P~ Zd BN

“llove the
experiences that
give me feelings |
can’t havein the real
world... One that

stands out for mein
Lone Echo on Oculus
Rift.”

Simon Harris,
Supermassive Games

VRX

2017

December 7-8
Marriott Marquis, San Francisco

The world’s leading senior-level B2B event
forVRandimmersive tech

Tickets available now at
www.vr-intelligence.com/vrx

21

Pablo Fraile | saw one piece created by the BBC that | thought was really interesting, it’s
called Easter Rising: Voice of aRebel. The experience focused ona conflict between the
Irishand Britishinthe early 2oth century. Whilst that doesn’timmediately soundlike a
greattopic fora VR experience, it was incredibly well executed.

The creative industries in the UK generally are world class. However, organisations like the
BBC, partly because they don’t have the same commercial drivers as other companies,
they seemto belessafraid to experiment with different media. They are able to bring
togethersome of the best technicians in the world with some of the best content
creators,and theyinstilagreat culture by being unafraid to experimentation. Theyare
doingsome truly amazing stuff.

Ingeneral, the British content creators are up there with the best in the world right now.
We deal with quite afew companies out there that want to create content foravariety
of reasons - to showcase some of the stuff they are doing-andthey tend to gravitate
towards British content creators because they are absolutely world class.

Simon Harris When | was asked thisayearago, it was easy. The technology was so
earlyand the market so small that I had played practically everything. Today there are so
many great teams building VR experiences thatit’simpossible to see themall. love the
experiences that give me feelings | can’t have in the real world. A lot of what we doas game
developersisdeliveringafantasy. We create games for people to goand do thingsand
take onroles;to be people and have experiences that they cannot in the realworld.

One that stands out for meis Lone Echo on Oculus Rift. They've created anincredible
experience whereyoufeel like youre interactingwith aspace station in zero gravity.
They've done some fantastic work inasimilarareato us;when llook down | can see my
arms, | canreach outand grab pieces of the space stationand using discrete motions

to propel myselfaround. Lone Echo delivers something that I have no experience of
whatsoever;|dont knowwhat it really feels like to be weightless in space. When 'm playing
it though, boy,am | convinced | do.
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Driving the Business of VR and Immersive Tech
San Francisco, December 7-8

With so much opportunity onthe horizon for VR in gaming and way beyond, now s
the time you needto hear from those building the future of VRand immersive tech and
network with the true industry leadersin the field.

VRX2017inSan Franciscois just the opportunity. Established as the globe’s leading senior
level cross-industry event, the agenda features the brightest and best minds from across
gaming, media, enterprise,brand marketingand immersive technology.

With speakers representing everyone from Oculus, Ubisoft, Epic, Google, Survios, Intel,
HTC, The VOID, Unity, Resolution, Kite & Lightning, Cloudhead, Polyarc, ARM and more,
there’s no better place foryouto learn fromand network with the top tier companies
leading the charge.

Headtothe dedicated event website to see more: www.vr-intelligence.com/vrx
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