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Introduction to Star Citizen

eAmbitious futuristic space-sim
oFirst person perspective
eSpace combat, exploration, trading, mining
o' Instanced” MMO
oFull single player campaign — Squadron 42
«Crowd funded project
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CryEngine

eMature FPS and Multi-platform Code Base
oAAA standard technology and effects
ePhysically based rendering pipeline
eDeferred/Tiled-Deferred/Forward+

«10 different modes of Anti-Aliasing
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Arena Commander

DYING STAR



Arena Commander

BROKEN MOON
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Visual Quality

Video...
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Visual Quality

oExtremely high-end visuals
eLoONg term focus on quality

eHigh system specs
«Current high-spec PC will be mid-spec by release

oCurrently DX11 only
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Ship Complexity
oExtremely high poly ships

«60%-40% split between texture and geometry memory
rather than more typical 80-20

eFar more assets than can fit into typical
GPU memory

eHeavy use of streaming
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Ship Complexity

eInitially we allocated more geometry than
we had space for on the GPU

eMostly fine because only a small % on
screen at once

eDifferent LODs

eMutually exclusive assets (damage states)
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Ship Complexity

eHOowever memory paging to GPU
eventually reared its ugly head
«Difficult to predict and avoid
o' GPU View’ tool can be useful in tracking this
eAs can GPU hardware vendors' assistance ©

«DX12 would help avoid/diagnose these from
the application
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Ship Complexity
oIdeally predict meshes required in advance

eEasy for LODs

eImpossible to predict when damage will occur
and therefore require damage meshes

eNeed to stay within GPU memory budget
as much as possible

eAvoid rarely-used / mutually-exclusive assets
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Ship Complexity
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Ship Complexity

eDiscrete damage models for each ship part
e0%, 25%, 50%, 75%, 100%

eSwitch independently

*All need LODs

10+ parts, 5 damage states, 4 LODs
«200+ meshes for one ship!
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Ship Damage - Goals
oIdentified need to improve system

oKey goals were:
eLess art intensive
eBetter use of modern hardware & DX11
sLOwer memory usage
eMore accurate and location specific damage
eMaintain or improve on visual fidelity
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Ship Damage
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Ship Damage
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Ship Damage - Overview

oKey idea was to ditch decals and 25% / 50% / 75% damage
states as these are primarily just surface damage

oStore data about any damage on the GPU and feed this into
the pixel shader to visualize the damage

eUse DX11 & DirectCompute to enable more complex
damage model and improved visuals

«Keep 100% damage state for major silhouette changes
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Ship Damage - Overview

Graphics pipeline
Mesh Data K Rasterize BBN Screen

Rasterize

BN position Map

Impact Data _-> Damage Map

DirectCompute \ Pk
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Ship Damage - Damage Model

eWe chose to model some more physical
properties that just ‘damage’ to achieve more
complex and dynamic results

eDeformation

e Thickness

eemperature

eBurn
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Ship Damage - Damage Model

burnt paint
\

hole
burnt metal exposed metal
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Ship Damage - Damage Model

eNeed to decide which space to store this data
eMostly just surface damage
eNeeds consistent resolution
«Opted for 2D textures as opposed to 3D textures
or vertices

e«Considered more complex structures such as
octree’s but overhead was considered too high
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Ship Damage - Damage Model

eNeed geometric representation of ship on GPU in
order to paint into this Damage Map

eSolution is to use object space texture

eHOwever ship parts animate
oStore bone ID in alpha channel
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Ship Damage - Damage Model
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Ship Damage - Adding Damage

eArbitrary artist-defined UV layout

eRead of position map and skinning limit
performance

eHOowever most impacts only effect <5% of
damage map

e~95% of the GPU work required to determine this
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Ship Damage - Adding Damage

ePotentially multiple hits on multiple ships in a
single frame

eEspecially for larger ships

oIn heavy combat could be a major performance hit
eNeed to find a way to direct GPU work to the
desired parts of the damage map
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Ship Damage - Adding Damage

e Texture is 99% spatially coherent

eLogical to split into smaller tiles to avoid work
«Calculate bounds of each tile
eUse like Hi-Z buffer to early out

eHowever texels aren’t static but are skinned!
«Moving flaps / wings / turrets
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Ship Damage - Adding Damage

eHard to avoid wasted work with pixel shader

eEvery pixel still needs to read some memory, do some
calculations then bail out — usually bandwidth limited

«Compute shaders open up many different ways to
optimize

eThread group shared memory

eDispatchIndirect
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Ship Damage - Adding Damage

oCalculate N bounding spheres per tile
eN isn't fixed, but in practice has an upper limit of about 4

eEach thread tests one bounding sphere against
the impact location

«Only shade pixels if at least one passes
eDistributes the cost — much quicker rejection
o«But most threads still idle during this stage
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Ship Damage - Adding Damage

eMost impacts last multiple frames, and larger
ships will likely receive many hits at once

eUse idle threads to calculate multiple hits
othreadGroupSize = maxBonesPerTile * maxHits
eMore hits would require a loop per thread
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Ship Damage - Adding Damage

eAlternate approach is to perform one tile-bone-
impact calculation per thread and store results in a
buffer and accumulate number of tiles visible

eDispatchIndirect can be used to trigger a 2n¢
compute on just the required tiles

e Theoretically less wastage, but overhead of
intermediate buffer and 2" dispatch are significant



GAME DEVELOPERS CONFERENCE® 2015 MARCH 2-6, 2015 GDCONF.COM

Ship Damage — Extras

eParallax occlusion mapping for internals
ePerfect use case as silhouette is hidden and poly count
needs to be low for memory & performance

eScreen space height-map

eUse the differential to calculate surface gradient and
perturb normal [Mikkelson 2010]

«ddx/ddy on bilinear filtering looks bad under magnification

eTake 2 extra samples and manually calculate forward
difference
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Ship Damage — Extras

eHeat dissipation in compute shader
eHole cutting
oClip()
eNeeds including in depth/shadow pass when close-up ®

eInvestigating the possibility of identifying bones that have
holes in the compute shader and using DispatchIndirect to
limit the number of polys using clip()
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no damage
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+burn albedo
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+ dent normals
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+ burn normals
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+ bare metal
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+ hole cutting
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+ cut height/normals
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Ship Damage — Results

Video...
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Ship Damage - Extensions

eBut we're just scratching the surface!
ePun intended ©

«Geometry Morphing
«Create second version of ship which panels shrunk inwards
oExport offsets in compacted 32bit RGBE format
ePush vertices towards offset as they are dented
«Could potentially use tessellation for more accuracy
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Ship Damage — Extensions

«GPU particles
eSpawn in compute shader when thickness is modified
eUse position map for location/orientation
eUse thickness, temperature & diffuse map for color
«Complete GPU solution for VFX ©
«But need to efficiently manage variable particle count
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Ship Damage — Extensions

«Many GPU particle implementations don’t handle arbitrary
particle counts

«Can use append/consume buffer as free-list for spare slots
in a fixed sized array — but hard avoid cost of empty slots in
particle update & render

eInstead make the upper bound of the number of particles
that can be spawned from each hit deterministic

eTreat particle array as a ring-buffer
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Ship Damage — Extensions

oKeep track of start/end points \{fm

eDispatch updates just for the
particles we need

«Skip unused particles in compute
shader

eDifferent ring buffers for different
particle life-times

free space

growth

s end()



GAME DEVELOPERS CONFERENCE® 2015 MARCH 2-6, 2015 GDCONF.COM

Ship Damage — Extensions

eSparse / Tiled memory
eMost tiles are empty most of the time
«Especially on larger ships
oIdeally allocate on demand
eTiled resource in DX11.2
oOur current min-spec is DX11.1 ®
eRevisit later in development
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Scale Issues

eENnormous scale
eNo ‘faked’ UI or FPS arms/body
eEverything is 'in the world’
eUI is ~3cm from camera
eShips up to a mile long with ~100 rooms
ePlanets are hundreds/thousands of miles wide
oInter-planetary travel
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Scale Issues

oQuickly reached 32bit precision issues
eUpgraded CryEngine to 64bit transforms
eRenderer stays 32bit camera-relative

eDepth buffer changed to inverted 32f
eNo performance hit on modern hardware
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Depth buffer precision comparison, range 0.01 .. 10,000,000 (9 decades)

DirectX Reversed 32bit FP
DirectX 32bit FP

Ideal (logarithmic) 24bit
Ideal (logarithmic) 32bit
Unusable region

resolution [m]

depth [m)]
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Environments

eDue to the MMO part of the game we require a
LOT of environments and so opted for a modular
approach

eModular ‘kits’ are built that easily snap together
oSimplifies art pipeline (e.g. out-sourcing)
oVery flexible for level designers
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Environments

«We immediately hit many performance issues
ePoly count due to desired fidelity
e Texel density too high for baking textures
o Tiling textures means many draw calls per mesh
eLots of meshes to build a room
«Even more meshes for a space-station!
oLOTS of draw calls
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Environments

eexture arrays are a potential solution
eResolution limitation means streaming is difficult
eInstead use low-resolution texture arrays just for LODs
e«NO need to stream individual textures — entire texture
array at 256x256 for a level is < 15Mb

«Can now render LODs with a single draw call! ©

oVertex buffers sorted by material ID so can still use high-
res textures if required
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Environments

eMesh merging solution similar to KillZone
«Build LODs for each individual modular asset

oIterative heuristic algorithm to combine LODs to
build a hierarchy with min draw calls and memory

eRelies on aggressive LODs but can drastically
reduce draw calls with no manual artist work
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Future

eThat's just a tiny sub-set of what we're doing,
there’s lots more to come...

«Gas-clouds

oAsteroid fields

oStars

ePlanets

«Worm-holes
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Thanks

eThanks for listening!

eSpecial thanks to our awesome team at CIG, especially these lot:

Nicolas Thibieroz, Chris Roberts, Erin Roberts, Neil McKnight, Bjorn Seinstra, Nathan
Dearsley, Okka Kyaw, Geoff Birch, Muhammad Ahmad, Matt Intrieri, Mark Abent
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Obligatory "We’re Hiring” Slide

https://cloudimperiumgames.com/jobs

Manchester (UK) + Frankfurt + Santa Monica


https://cloudimperiumgames.com/jobs
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Questions?

alistair.brown@cloudimperiumgames.com
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References

e«Rendering Wounds in Left 4 Dead 2
ohttp://www.valvesoftware.com/publications/2010/gdc2010 vlachos |4d2wounds.pdf
«Making of Killzone 3
ohttps://www.youtube.com/watch?v=QfvBIHFex9Y
«Maximizing Depth Buffer Range — Brano Kemen
ehttp://outerra.blogspot.co.uk/2012/11/maximizing-depth-buffer-range-and.html
«Bump Mapping Unparametrized Surfaces on the GPU - Morten S. Mikkelsen
ohttps://dl.dropboxusercontent.com/u/55891920/papers/mm_sfgrad bump.pdf
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Unofficial Trailer

Fan Trailer...

Watch on YouTube



https://www.youtube.com/watch?v=lJJ9TcGxhNY

