Non-Photorealistic Real-Time

Edge Rendering using
Non-Duplicate Parallel
Detection and Capping
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® Non-Photorealistic Rendering



Non-Photorealistic Rendering

® Non-Photorealistic Rendering (NPR) presents
more and different information, compared to
- photorealistic rendering
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Technical Quake/NPRQuake




Legend of Zelda:Wind Waker

o Crouch;
& S




MadVVorld

R 1A AL
- ) P 1“4 //:

gy \\r‘
: R ™

. vl' ! “
N IRR AR
Al s | Wiag N
. > g \ - -










‘ -
I-......-..-...-I

\IFENS'S, i’b‘ﬁ'll VW88
\ 1997
’ // // ‘“(@ 2459

%‘}4 ( u't o

}




Edges
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Applications

e Differentiate multiple objects

e Differentiate sections of objects




Types of Edges

® Contour Edges - Polygon edge separating a front-
facing polygon from a back-facing one

® Crease Edges - Polygon edges where the adjacent
polygons’ normals are greater than a user-defined
angle from each other
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Additional Terminology

® Silhouette - Contour on the outer border

® Ridge Crease - Crease that points at the camera

™ R A g "3 AR Ty . £ < R TN el » e L y ¥ S ’ b . T <4 P I oA s w5 0 S S / W RET L TG




How to ldentify Edge Types




Edge Practical Qualities

View-Independent
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urvey Overview

® Method categories

® Hardware methods




Hardware Methods

® Render edges as a bi-product of the order and
method of rendering, no specific detection step

® Pros

® No preprocessing necessary
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Hardware Methods

® For example,
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. Render front-facing polygons




Image-space Method

® Uses image filters to detect areas of rapid change
(edges) in data representations of the scene

® Pros
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Image-space Method

® First, render a normal and depth buffer to textures (a, c)
® Then, apply image filter to both textures (b, d), and...

® Final rendered image is modified by the detected
edges (e)




Object-space Methods

® Detects edges in 3D space by checking individual
polygon edges

® Pros




Object-space Methods

® At every frame, iterate through all unique polygon
edges, checking them for drawability

® Those edges detected as drawable are expanded
and rendered
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Object-space Methods

® Variations

® Do detection on the GPU




Object-space Examples




Miscellaneous Methods

® Everything else, for example:

® Render black at places where the
normal is nearly perpendicular to the
view vector (right)

® For a scaled-up copy of mesh, render
it black, with inverted normals, and
back-face culling (bottom)




Part ||

® Specific Area of Study




Object-space Edges on GPU

® Morgan McGuire and John F Hughes’ paper from
2004 took the brute-force object-space edge
detection and implemented it on the GPU
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How it VWorks

Find all unique edges in a mesh

Obtain the edge data: vO,vl,v2,v3,n0,nl,r,and i
Duplicate the edge data 3 times (4 total)

Make sure i is unique (0, 1, 2, 3)

Send to vertex buffers




How it VWorks

® Drawability tests:

Contour: [dot(nA, (eye - v@)) * dot(nB, (eye - v@)) < 0]

Ridge Crease: [dot(nA, nB) < -cos(BR)] && dot((v3 - v2), nA) <= 0]
Valley Crease: [dot(nA, nB) < -cos(BV)] && dot((v3 - v2), nA) > 0]

Marked: [v3 == v0@]
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How it VWorks

® For drawable edges, generate the four points of a
screen-space quad

® For non-drawable edges, generate a degenerate quad

® The p vector is the perpendicular vector to the
screen-space edge vector
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Variations

® Rasterized lines can be used instead of quads,
requiring only two duplicates

® Contour edges can be rendered as a “half-quad,”
which only renders outside the mesh

Half-Quads Thin Line




Capping

® McGuire and Hughes generated two half caps
® One on each side of drawable edges

® |ine up along the screen-space vertex normals

“outside”

finish cap




The Complete Setup

® Four Passes

® Render mesh with depth offset




Problems

® Screen-space thickened edges can overpower the mesh

® Normals may not repre
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Contributions

® Depth-based thickness of edges

® Solve the “bad normal” problem

° Reduce render passes W|th alternate edge types




Screen-based Thickness

® Affects object depth perception

® Distant edges can overwhelm the mesh




Depth-based Thickness

® Fixes both previous issues

® Adding a minimum prevents loss of distant edges

_—_—

-
s x e
| ok 4 s e
5 S —_— ’ g et

]
ol |
]
]
—_— ]
—_—

< 1/




Bad Normal Problem

® (Case |:three or more drawable edges converge

® Three (or more) normals are correct, though edge
redundancy usually prevents complete failures
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Bad Normal Problem

® (Case 2:curved area abuts a flat area

® Only one normal is needed




Solving Bad Normals

editor and

‘edge splitting” command in 3D
allow for duplicate edges

¢

® Use




Solving Bad Normals

® Pick better normals for the edges during the mesh
creation process
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Alternate Edge/Cap Types

® Combine caps into edges to reduce render passes







New lechnology

ear, version |.0 of OpenCL (Open Compute
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Non-Duplicate Parallel Edge
Detection and Capping

® OpenCLs abilities allow another method of edge
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How it VWorks

® Store only adjacency information

® Use mesh vertex data already on the GPU
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How it Works

® Output from the edge detecting step can be used
‘to detect and create appropriate caps

i «
Vg 3

23
.

LB X L



How it VWorks

® Determine the vectors along the edges from the
edge detection output

’

® Calculate the “middle vector
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Capping with Adjacency




H it VWorl
Vertex Buffer V[1] viz] | Trivial set of connected
polygons in 2D space

V[0] V2]

m X , Cap Out Buffer
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The Complete Setup

® 7 Compute Passes

® Create Edges




Setbacks

® My OpenCL implementation was slow

® Several potential causes were found

® Using non-vector memory loads/stores
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Method Alterations

® Optimized kernel with vector memory operations

® |mplemented both methods on the CPU, where
memory speeds are equwalent and short-circuiting
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Comparative Analysis

® How many operations are performed?
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CL - Edge (Worst)

GLSL - Edge (Worst)

CL - Cap (Worst)

GLSL - Cap (Worst)
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Logical/Other Operations

CL - Edge (Worst)
GLSL - Edge (Worst)
CL - Cap (Worst)

GLSL - Cap (Worst)




Processing Ratios
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Edge and Cap Quantities
B (CUGLS) (@) Cas(GLS) CopfgeRado (CL) Capfge Rado (GLsL)

24 24 48 2

12 24 24

96

96




Edge and Cap Memory Usage

172032 276480
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Speed Comparisons: CPU
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Speed Comparisons: GPU
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Speed Comparisons: GPU with

McGuire and Hughes’ Capping
| Fameio(0l)  Framerato GLSL)
el

770 1184




Conclusion

® OpenCL has some potential for complex meshes
in terms of speed, but it’s not quite there yet

° ngher accuracy caps are the only reaI advantage
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Future Work

® Fully implementing McGuire and Hughes’ method
down to the duplicate data would allow for
memory caching and probably faster speeds

® My capping method could be implemented with a
geometry shader/data texture setup
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