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Philosophy

 Motivation: Movie Quality in Real-Time
 Approach: DX11 latest features
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Agenda

* Tessellation
— Displacement mapping
— Subdivision (ACC)
— Creases Dispatch()
— Performance & Scalability
— Problems

— Non-surface tessellation
(hairs)

DirectX 11 new features

New Direct3D
11 Pipeline
Stages

e Compute Shader
— Cloth
— Particles

Programmable

° O t h e r Fixed function

— Reflection
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PART 1
TESSELLATION
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Motivation

A scalable tech to render & animate
wide range of high quality surfaces

Both sharp and smooth details!
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Concept

take a polygon and dice it

into smaller pieces

...but: flat surfaces remains flat
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Refinement schemes

Can use displacement procedures to
create high resolution surfaces:

— Data-Sampling
— Procedural
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DX11 pipeline

Pixel
Shader

Vertex Hull Domain
Tesselator

Geometry
Shader

Shader Shader Shader

il 10 5
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Basic pipeline

Tesselator =

Displacement  Diffuse Normal
map texture map
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Basic pipeline

*Vertex Shader
- Skinning, blendshape

Tesselator =

(YA LIS
Displacement  Diffuse Normal
map texture map
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Basic pipeline

*Hull Shader

-New primitive type : patch

-Conversion from one surface type to another
(e.g. subdivision surface to bezier patches)

-Tessellation factors per patch

-Runs once per control point

"9“_> Tesselator =

Displacement  Diffuse Normal
map texture map
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Basic pipeline

*Tessellator

-Generate new vertices based
on TessFactor

'9“—> Tesselator =

Displacement  Diffuse Normal
map texture map
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Basic pipeline

*Domain Shader
-One invocation per vertex
-Evaluate surface given UV coordinates

-Apply displacements

"9“-> Tesselator =

Displacement  Diffuse Normal
map texture map
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Basic pipeline

*Pixel Shader
- Lighting

Tesselator =

Displacement  Diffuse Normal
map texture map
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“Smoothing” Schemes

= procedural displacements

Procedural
smoothing
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Local schemes

* Use local vertex info
— (PN-Triangles, Phong tessellation, etc...)
* Merit
— Easy to implement
* Problems
— No guarantees on higher level continuity
— Is limited in the amount of curvature
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Subdivision

*Global scheme = depends on the
surrounding vertices
*Subdivision surface(fl 2 EIH M) =

the limit of successive refinements

*History
-3D surface subdivision dates back to
1978

-Used for ages in the Movie Industry

Geri’s Game (1989) : Pixar Animation Studios

...But it was not real time until now !
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Primal

Our Choice

- Many “smoothing” Schemes exist:
— Catmul Clark (Pixar, Maya)

Interpolating Butten‘ly Kobbelt

- DOO Sab|n . Doo-Sabin CatmuII-CIark
— Loop :
— Butterfly — Nira Dyn
— Ete...
*Our choice: ACC [Loop & Schaefer] ﬁ‘ \ \ \

-Approximating Catmull-Clark Subdivision il ‘ ‘
Surfaces with Bicubic Patches | V'

-Catmull Clark is what all tools are using ! GmtE“‘

From [Loop & Schaefer]
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A good
introduction to
subdivision
surfaces

ACC

ACC(gregory
patches)

Oct. 8, 2011
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ACC principle

* Principle:
— Use Bezier patches to approximate Catmull-Clark surface
— Shape of patches depends on control points
e 3 Types: Corner / Edge / Interior

— For each quad construct a geometry patch and tangent
patches

interior

corner

edge
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ACC principle

 Geometry patches

— For each patch, control points are calculated from surrounding
vertices as a weighted average using weight masks

— (almost) smooth everywhere

Control points Weight masks

b)

Fig. 4. Generalized masks for interior, edge and corner points.
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(almost) smooth everywhere ?!

Geometry patch only
e Patches are not smooth along B
edges leading to an extraordinary ,
vertex !

 Tangent patches
— Produce a continuous normal

field
— Make the patch surface appear Geomelry + tangent
smooth

(From Loop & Schaefer )
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Basic ACC Result
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Displacement mapping

(=displacement based on data sampling)

Displacement
mapping
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Concept

Vertex position += normal * height from texture
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Example

Disp. map: 940KB
Model: 790 quads

- Nice silhouette
- Workflow: similar to normal map
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“Vector”Displacement

- Vertex position += 3D info from texture
- Overhangs are possible !
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Example

- =
< -'i: i
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Results
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Tests:
performance
& scalability
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GPU Performance

« GPU Time (NSight)
Model: Static “grid” mesh

Results:

— Complex shader = slow
— Tessellation has overhea

 TessFactor=1 bad!

— faster to display the high-res

model

Oct. 8, 2011
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How not to use Tessellation

* Add local relief details on a static object ?
- Naive tessellation = bad idea
- at least use a density map to avoid waste...

Simplified model with tess. & disp.
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Adaptive Tessellation

*LOD algorithm can run on GPU
*Patch-level LOD
— Detail-density maps

— Distance of patch to camera

— Orientation of patch to camera |
— Screen-space size of patch \
— Frustum culling(tessFactor=0) o
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How to use Tessellation

e Model: artist-created skinned mesh

* Test: (=)
— High-Res model vs. ACC + Disp. Map

— Similar visual quality

High Res 40,000 10,936 KB 378 fps 265fps

triangles

Low Res + 2,544 628 KB + 410 fps 290fps

Disp Map + guads 223 KB = Not yet
ACC 851 KB optimized !

GeForce GTX 460

Faster rendering using less space !
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Animated Mesh : Result

© 2011 SQUARE ENIX CO., LTD. All rights reserved.

37



Oct. 8, 2011

How to improve ACC?

© 2011 SQUARE ENIX CO., LTD. All rights reserved.

38



ACC is too smooth

* How to express hard creases?
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Various methods

Displacement Patches Add polygons

Artifacts.. memory Hard to use.. Not very scale-able..
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Solution = Creasing

* Give a “weight” to edges
* Possible to control “sharpness”
* Used in Maya

none

partial
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Crease algorithm

*Offline: give a weight to creased edges

*Hull Shader:
for each control point, get the 3 highest
crease values of incoming edges: Cc1>C2>C3

*(C1=C2=C3=0)
no crease, usual ACC equation

*(C1>0, C2=C3=0)
1 creased edge. Corner does not move. Only
edge points.

*(C1>0, C2 >0, C3=0)
2 creased edges. Corner converges to plan
defined by these edges

*(C3>0) S —

more than 3 creases. Corner converges to
original corner
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* (CREASE +1) P

b)

lized masks for interior, edge and corner points.
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Crease Implementation

* When creasing:
— Have to keep the normals coherent with geometric changes
— LERP between original normals and ACC normals
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Results

e Merits

— Easy to produce intermediary
shapes

— No need to change topology

* Demerit
— Heavy

— Need to preprocess edges —
— No perfect match with Maya
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Crease: Results
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Problems & Difficulties

© 2011 SQUARE ENIX CO., LTD. All rights reserved.
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Basic Problems & Difficulties

e Difficult to debug huge shaders

— Output normal field or barycentric
coordinates as color

 We don’t use only vertex data, but a
whole neighborhood ring

* Have to keep all calculus on patches

= 4
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Displacement cracks

* Discontinuities
- Displacing with disjoint normals
- Different displacement values

- Texture Seam / Sampling error

- Solution: insure you use the same UV on both sides of edges
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Tangent Field

* Discontinuities in the tangent field -> Cracks or artifacts !

singularity

discontinuity

e Our solution
— Preprocess the mesh to create a continuous tangent field
— detect singularities and avoid displacement at those points
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Minification aliasing

* Problem . .
High freq data (disp. map)
— Low-frequency sampling of high
frequency texture ?
e T S |

— Change tessellation on a displaced Low{reats_am)p/ing
vertices
mesh = shimmering

Mip-mapped texture
* Solution

— Use mip-mapping * o

vertices
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Bulging

* Bulging on mesh tips when height-displacing with ACC
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Non-surface tessellation
(lines)
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Hairs

e Sarah Tarig @ Nvidia method

- Tessellation on isolines

Create large amount of hairs (10,000+)
- Heavy

Control Compute Bezier
- g

Default performance of the demo on GTX 480.
: ) > Tessellate
Hairs Tangents Curves /

Engine and
Compute Shader
Tessellated

Smooth

Final
Control < Interpolate /> Ha
: A airs
Hairs

—n Hair rendering
L 5 r=}
Bezier aa "\(\ // \\
N, \ 7

and simulation

with wind
Interpolated
Final Hair

60 fps

hair simulation
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Results
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Impressions on Tessellation
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A lot of merits...

* Performance
- Faster animation with less data
* Scalability
- Expand on-demand on GPU
* Visual Quality
- Perfect smoothness
- Accurate silhouette
- Proper occlusion & shadow
* Simpler pipeline
— subdivide & sculpt !
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... and a few “buts”

 ACCis heavy and needs preprocessing
 Need to find a balance

* Too much tessellation is bad
 Too few tessellation is a waste

© 2011 SQUARE ENIX CO., LTD. All rights reserved.
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Advice

* Keep the shaders as simple as possible
 Topology matters
 Communicate a lot with the artist

- E.g. Ask for quad-only models if you use ACC

Will likely use the tech:
- For animation (cloth, facial, transformation effects)
- When seamless LOD is necessary




Present & Future work

e Asset from artist

— Hi-Res Movie Quality Asset
(e.g. Cloth)

— Mesh Reduction & Baked
vertex animation (Maya)

Model ’ .
 Real-time framework i ‘Zx

Low Res

— ACC only "V)}?
— Even Higher-resolution

="

mesh on screen | <X
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Baked vertex animation Result
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PART 2
COMPUTE SHADER
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Compute Shader Features

*Structured buffers

*shared memory between threads
*Un-ordered I/O operations
*Atomic operations

Application has control over dispatching and
synchronization of threads

=) \ore general algorithms, beyond shading
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CS applications
Currently under investigation

* |mage processing
- Post-effect, convolution, SSS, etc...

 Simulation
- Cloth
- Particles

* Real-time global illumination

Oct. 8, 2011 © 2011 SQUARE ENIX CO., LTD. All rights reserved.
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Compute Shaders: Impressions

* CS merits
— Easy to use
— Flexible (not limited to graphics)
— Can provide nice optimizations

e CS demerits

— So many things to do: tiled-rendering, SSAO, DOF,
Soft bodies, Al, Etc...
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Cloth Simulation
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Basic approach

e Cloth is modeled as a set of
particles

* Each particle is subject to:

— External forces: gravity, wind,..
— Internal “spring” constraints
— collision constraints
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Basic approach

* Verlet integration of particles’ motion

newx = x + (x — o0ldx)*damping + a*dt*dt
* Not always accurate, but stable!

* Constraints solved by relaxation, using a given
number of iterations.

“OpenCL Cloth Simulation in the Bullet Physics SDK“
[Lee Howes] AMD
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Results

* Physical simulation at 30Hz

* rendering with ACC

— 40x40 cloth & TessFactor=8 > 40*40*64 = 102,400 quads on screen
— 200+ fps

Oct. 8, 2011 © 2011 SQUARE ENIX CO., LTD. All rights reserved. 69



Oct. 8, 2011 © 2011 SQUARE ENIX CO., LTD. All rights reserved. 70



Oct. 8, 2011

Particles
IN—T 4TI

© 2011 SQUARE ENIX CO., LTD. All rights reserved.
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Next generation particle system

REXD/N—TATIL- VAT L

* Goal - BHE
— 100 000 particles and more — 10A{ELLE
— very small particles — W& T/NELY
— Update, create geometry — GPUTT7wIT—hEDA A
on GPU MDA R
— Self-shadowing and — LT R+ APy R)
scattering 2l
* Challenges o PREX
— Random numbers on GPU — GPULTOELZ

— Fast sorting — LYY —F
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Our solution
BRDV)1—3>

« GPULTOELE
— Tiny Encryption Algorithm

e Random numbers on GPU:
— Tiny Encryption Algorithm

[Zafar10] [Zatar10]
[afrto) | "GPU Random Numbers i the Ty Encypton Aokt . Zafr .|
* Sort « Y—Fh
- “Bitonic sort” - “Bitonic sort”
- not satisfied - T
- In future: hybrid radix/merge - %3 radix/merge /AT
sort k) —hk
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Our solution

FBRDIV)1—3>

e Self-shadowing o wILTINED

- inspired by [Swobodal1] - [Swobodall]x& %

- Splitin slices by depth from - TJAMOLBRITE EHDOR
light source FTARIZEREZENS

- Render slice N to a shadow - RTAANZE., ¥k yT
map [ZFaEl

- Use that result to shadow - RTAAN+1IZIHEBE T HEE,
particles in slice N+1 ZFDvRO<yTE#=FIA
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Fluid-like movement

AR

* Possible approaches: - WARELTIO—F
— Grid based fluid simulation — GUyRIZEDLEal—
(Stam’s stable fluids) 32 (Stam’s stable fluids)
* Slowin 3D * BRILIGHEL
ey * nimis
P
e Some stabilit(;/froblerrlls, : 'Eﬁlﬁliﬁi
not very good for smoke . B DER:
* Our Choice: — T'Curl Noise on GPU|
— Curl Noise on GPU [Bridson07]
[Bridson07] — B =0
— Fake, but nice shapes and — ELN

very fast
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Result_s
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Reflections
JoLoo 3>
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Dynamic Local Reflections
O—AIIEE) L3y

 Planar reflections  ¥m)oJLoiay
— Reflected object: arbitrary - RESNSG HATH
— Receiver object: objects — R BHE : KAERBLAM
facing one general [ZRIWTULND B
direction JoxHk
e Cubemap e Xa—JvvT
— Heavy — EL
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Dynamic Local Reflections
O—AIIEE) L3y

 Billboard Reflection « EJLR—k-1)TLO13ay
- “Epic’s Samaritan Demo” - Epic®[Samaritan]7TE
- Reflected object: - REEhAA EJILR—KTE
billboard [F
- Receiver object: arbitrary - REITEAIGATEH
- Isotropic/Anisotropic - TFAvVbkOEys-7=vkO
Reflection EvooL o3y Ml kE
|
-~

23

From “The Technology Behind the DirectX 11
Unreal Engine"Samaritan" Demo”



Dynamic Local Reflections
O—AIIEE) Lo 3y

N W

e Future: Try screen space local
reflections from Crysis 2

o JFE:Crysis2MDRAI)—2 = AR—
A-A—A)IL-YTL o3>

From

“Crysis 2 DX11
Ultra Upgrade”

“One-Shot Approximate Local Shading”, L. Wang et al.
Game Developer Conference 2011. The Technology Behind theDirectX 11 Unreal

Engine"Samaritan” Demo

ort/download/c2 dx11 ultra u
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Results
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Conclusion

A new project
Many things to do and techs to test!
Soon we will have real assets!
Next year will be awesome |
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