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Outline

* Problem definition
* Dynamic scenes

— Shadow maps

« Static scene elements
— Other methods (too)
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What's the problem?

» “Shadows for Many Lights”
— Can mean many different things!
— Each with many solutions.

Real-Time Many-Light Management and Shadows with Clustered Shading — 2015

A Shadows for Many Lights sounds like it might mean something, but
A In fact it can mean very different things, that require very different solutions.



What's the problem?

i e
* Not our problem: Example:

— Very small and many lights | IR ER

[Stiirzlinger97, Dachsbacher06]
e Don’t need shadows. « Occlusion a|ready

computed
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A For example, very small and numerous lights may not require shadow calculations
at all.

A An example of this is photon splatting, where occlusion resolved in the photon
tracing.



What's the problem?

* Not our problem:

— Very small and many lights
n
- Don't need visibility. = B

— Large lights with much overlap Bampe

= Imperfect Shadow
Maps [Ritschel08]
©  ManyLoDs [Holiander11]

« Can approximate visibility.
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A On the other hand, with many very large lights we can use approximate visibility
A As errors average out, as it is called.
A An example of where this is done is Virtual point lights.



What's the problem?

* Our problem: In between
— Current / Future games.
— Dynamic lights & scenes.
— 100s of omnidirectional lights

+ < Few 10s of lights per view sample.
— High-quality shadows

* No “averaging out” of errors.
— Real time

» At least “research real time”
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A We aim for something like the numbers of lights and degree of overlap we might
expect in modern games.

A We also target fully dynamic environments, so nothingrecomputed

A The resulting numbers of lights per pixel implies that we must calculate high
quality shadows.

A As there will not be enough overlap to hide errors.



UKD Necropolis

I

\

~300-400 Lights st

— Varying sizes ™
2.6M triangles
Min =30 FPS
Geforce Titan

A To illustrate what we are aiming for, here are some results from our paper

A This scene contains almost 400 shadow casting, omnidirectional, point lights,

A Some very large, most smaller.

A All lights and geometry is treated as dynamic.
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Shadow Quality
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A Here is another screen shot from a scene in our paper with an avefatlights
per pixel.

A Despite this fairly high number each shadow is quite distinct, and so we need a
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FULLY DYNAMIC SCENES

Real-Time Many-Light Management and Shadows with Clustered Shading — 2015

10



Why Shadow Maps? (Oh why?)

De-facto standard

— Despite everything...
Shadows have high coherency.
Increased flexibility in HW/APIs.

Scaling no worse than other techniques.
Cube shadow maps available

Ray tracing / Shadow volumes / Etc?

— Not dynamic.

— Too slow.

— Unfilterable.
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A Aimingfor real timepretty much necessitatethe use of shadow maps for the bulk
of the work.

A We will consider mostly omnidirectional lights and thus cube shadow maps.
A Other light types are typically simpler and can be viewed as a special case.
A As other solutions fail to deliver this level of performance.

11



Solution breakdown

1. Which lights cast shadows? ' %
2. Required resolution for each shadow map? e

3. Manage shadow map memory.® !! -
4. Cull shadow-casting geometry.

5. Draw shadow maps.

6. Shade scene.
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A These are the steps we need to perform each frame, using the current camera
view, to calculate a shaded scene.
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A We will now talk about the techniques presentechiry paper at 13D in 2014, with
an extended version in TVGGut now-

A XG4 A Gt SHRiciemt2/idigl Shadow Maps for Many Lights.
A This paper in turduilds on clustered shading,
A and adds support for shadows from hundreds of lights in real time.

A Since this paper provides efficient solutions to all the steps, it is a good starting
point for this talk.
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