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Shadows in Games: Crysis 2
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Shadow Methods & Techniques

A Deferred Shadows

A Cascaded shadow maps
A Soft Shadows Approximatio s
A Shadows & Transparency & '
A Contact Shadows/SSDO
A Screen Space S&hadowing
A Volumetric shadows
A Area Light Shadows




- Typical Shadows Frame Budgets

A 33 ms typical videogame frame budget (30 FPS)
A 4000 Draw calls (average PC L P

A ~57ms shadows frame budgfEFs s
A 10Mb shadowmagpexture i

pools (X360, ps3)
- PC can go much higher

A 10+ shadow casting lights




E;_ | Deferred Shadows
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A Shadow mask for the sun
A Special render target to accumulate shadow occlusion

A Shadow mask combines multiple shadowing technique on top of each other before using in
actual shading

A VSM, petobject shadows, clouds shadows

A Point light shadows rendered directly to the light buffer
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Cascaded Shadows Maps

A View Frustum is covered with multiple shadow frustums
A Usually distancdased splitting




ECa\scaded Shadows Maps

A CascadeSplitting Scheme

A Approximate Logarithmitexel density distribution

A Shadow frustums adjusted to cover the camera view
frustum conservatively

A Orientation for shadow frustums is fixed in world space

A Having more cascades allows

A Improvedtexeldensity, reduced aliasing and improved
selfshadowing for wider shadow range due to a better : =
approximation of the logarithmical distribution
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§Q¢ferr&d38haetow Passes

A Shadow passes for cascades/point lights are rendered in a deferred way

A Potential shadowreceiving areas are tagged in the stencil buffer by

rendering frustum volumes

A Allows to have a more sophisticated splitting into cascades

A Picks a cascade with the highest resolution in overlapping regions
A Uses shadow map space more efficiently




Shadow Cascades Caching

A Not all the cascades are updated in one frame

A Update cost distributed across several frames
A Performance reasons

A Allows us to have more cascadebetter shadow map density distribution
A Distant cascades are updated less frequently

A Cached Shadow Maps are not updated but are used for shadowing

A Can handle dynamic objects with additional memory

A Last cascade uses VSM and blends additively with the shadow mask
A Allows to have large penumbras from huge distant objects
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We always splibomni-directional lights into six independent projectors

Shadow map for each projector is scaled separately
A Based on the shadow projection coverage

A Final scale is a result of
a logarithmic shadow map density distribution function,
which uses the coverage as a parameter

Use cascades for large projectors
Texture atlas to pack all shadow maps
each frame after scaling

A Texture atlas is allocated permanently to avoid
memory fragmentation

A Size on consoles: 1024x1024 (4 MB)
A Recelving areas tagged by stencil
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PerzObject Shadow Maps

A Used to increase sethadowing details inutscenesand for very
large and detailed objects in game (first person weapon)

A Separate hresolution shadow map for dedicated objects

A Global and pepbjects shadows are blended to tsbadowmask
with a max() filter.

A Huge perobject shadow map bias to eliminate lewes self
shadowing with global shadow maps (CSM, point lights)
- Objects still cast global levesolution shadows
- Seltshadowing comes from fnesolution shadow map only



PerzObject Shadows




PerzObject Shadows




PerzObject Shadows




First Person Weapon Self-Shadowing _:.';fﬁ: i

A Different firstperson and thirdberson models for rendering and
global shadow map generating

Proper seshadowing is achievable only with separate-pbject shadow
maps X




A Problem with deferred shadowing

uses different view frustum (near/far planes, FOV)
General caseneedtoreLIN2 2S00 6SI L2y RSLIIK FNRBY (KS
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\ Soft Shadows Approximation

: -

A We use Poisson PCF taps with randomized rotations in shadow space

A Adjusting the kernel size at runtime gives a good approximation of soft
shadows with variable penumbra

A Soft shadows idea: Estimate average distance ratio to shadow casters
A Similar to PercentageCloser Soft ShadoyjRandima05]
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- Soft Shadows Approximation

A Basic Algorithm:

A
A
A
A

A

Poissonrdistributed taps are presorted by distance from the kernel center
Initial kernel radius set to match the maximum range (= largest/longest penumbra)
Use this kernel to estimate the average distance ratio
The amount of samples is reduced proportionally to the avg. distance ratio
A This affects the radius of the kernel since the taps are sorted
Use only the reduced amount of samples for final shadow computation

A Cascade shadow maps need custom kernel scale adjustment

to handle transitions between cascades

A ComputeShademption: fetch all taps to CS shared memory
and reuse them for both distance estimation and shadow computatic




Area Lights Shadowing




Area Lights Shadowing




Area Lights Shadowing
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~ Voxelbased area light shadom =- =




- Area Light Shadows

A Multi-resolution uniformvoxeldata
Efficient occlusion sampling for very langdumes
Adaptive resolution for ray traversal
Multiple distancebased cascades are an option
A Dynamic surfacgoxelizationanddownsampling
Downsamplingt RA NSO A2y Il f 200t dzaA2yé ¢
Adaptivedownsampling
Avoids updating static parts of the scene each frame

Bit-masked changawaredownsampling XOR with the previous
T NI Ydadtta)
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A Directional occlusion Concept
Downsampldight occlusion
Bidirectional; 3 component
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A Approximation of grouped rays

Vigibilit
6ona Y

Occluders

n: Occlusion Basis Direction




Source level: 1

Source level: 0 g Sampling Occlusion
P

Sample differenoxelizatiorlevels
Adjustvoxellevel along the ray Source lovel: 2
Directional Occlusion Gathering
—




A Sampling Errors

Sample
Volumes

Sample
Volumes

Sampling Errors

Cone Source Cone Source



A Sampling Errors

Sampling Errors Sample

Volumes

Sample
Volumes

Cone Source Cone Source
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1 Light Shadows

Ray-traced Spherical Area Light
Autodesk Maya 2012 ~40s

Real-time Area light shadows20ms
(Voxelization + Cone Tracing )




A World Space Ambient Occlusion with cone tracing
- Approximatedwith 8 uniformly distributed cones




A For alpha blended shadow receivers
A Forward passes to apply shadows

A For transparent shadow casters(e.g. hair, smoke) we accumulate
alpha values of the casters

A Stored in a it render target



