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csl1l23 INTRODUCTION TO COMPUTER GRAPHICS
Review: Ray Tracing Pipeline

} Ray tracer producegisiblesamples of scene
}  Samples are convolved with a filter to form pixel image

}  Ray tracing

pipeline:

Preprocessing

Scene Graph/

-Traverse scene graph

Object database

-Accumulate CTM

-Spatially organize objects

Ray Tracing

Generate ray

for each sample

Post processing

suitable for ray
tracing

Evaluate lighting

-for all objects in scene:
-intersect each with ray
-keep track of nearest

equation at sample

v

-intersection

Generate reflection rayg

Convolve with filter

All samples

Final image pixels
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Rendering Polygons

}
}
}

Often need to render triangle meshes

Ray tracing works well for implicitly defined surfaces

Many existing models and modeling apps are based on polygon mestes

we render them by ray tracing the polygons?

}  Easy to do: raypolygon intersection is a simple calculation

1 6A0OU ET AEEAEAEAT Oq y 060 AT T 1 11T A& O Al
scene therefore hundreds of thousands or even millions of triangksch needs to
be considered in collision tests

Traditional hardware pipeline is more efficient for many triangles:

} 00T AAOO OEA OAAT A PIAQUEEAOAUODTAMACA DINE
}  Local illumination model

}  Use crude shading approximation to compute the color of most pixels
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Traditional Fixed Function Pipeline (disappearing)

} Polygons (usually triangles) approximate the desired geometry

} One polygon at a time:
}  Each vertex is transformed into screen space, illumination model evaluated at each
vertex. NO GLOBAL ILLUMINATION (except through ambient term hack)
}  One pixel of the polygon at a time:

Depth is compared againstlauffer; if the pixel is visible, color value is computed using
either linear interpolation between vertex color valuéo{raudshading) or (better) a crude
local lighting model for each pixel (e.dPhongshading)

Geometry Processing Rendering/Pixel Processing
World Coordinates Screen Coordinates

Selective traversal Transform Lighting: . Backface ) Image Shadlng:

X . calculate light . View - . interpolate vertex
of object database vertices to . . culling precision VSD:
: intensity at volume . color values
(or traverse scene canonical vertices (lighting (next clipping compare pixel (Gouraud or
graph to get CTM) view volume model of choice) slide) depth (zbuffer) normals(Phong
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Visible Surface Determination

}  Back face culling:
y 7A 1T EOAT AT 180 T AAA O OAT AAO OOEAT CI AO OEAAE]
y 7A ET 1T x OEAO OEA OOEAT CI A0 OAOOEAAO AOA 1 EOQO;
convention)
} ) £ OAOAAT OPAAA OAOOA@w i OEOEIT O AOAT 60 ET AT
triangle and the triangle can b&kipped

} Viewvolume clipping:

1 If atriangle lies entirely outside of the view volume, it does not need to be rendered becdudeliid O
seen

}  Somespecial cases requiring polygon clippifgrge triangles, triangles near edges of the view volume
(i.e., triangles that intersect or overlap faces of the view volume.) Analogous to 2D case where we
cannot trivially accept or reject using simmatcodetests comparing vertex coordinates against clip
bounds

P

y |/ AAl OOEiI T AOITETCh OOEATGCI A0 OEAO AOA AAE
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Programmable ShaderBased Pipeline

}  To allow the programmer to fine tune and
optimize rendering, various stages of the
pipeline are customizable

} 91 06 OA D bhAdgrdinrlabx E OE

}  Shadersare fast! Usinghaderseven all of the

more advanced techniques mentioned in this
lecture can be done in real time

}  Physical phenomena such as shadows (slides
18, 19) and light refraction can be emulated
usingshaders

The image on the right is rendered with a custshrader
Note that only the right image has realistic shadows. A
normal map is also used to add detail to the model.
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Shading Models Compared

Constant shadingno
Interpolation, pick a
single representative
Intensity and propagate itj§
over entire object.Loses
almost all depth cues.

OEGAO O3EOOOAOAD
www.siggraph.org/education/materials/HyperGraph
/scanline/shade_models/shading.htm
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Shading Models Compared

Flator Faceted Shading:
constant intensity over
eachface

Constant Shading
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Shading Models Compared

GouraudShading: Linear
Interpolation of intensity across
triangles to eliminate edge
discontinuity

Flat Shading
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Shading Models Compared

PhongShading: Interpolation
of vertexsurfacenormals
Note: specular highlights but no

shadows. Still a pure local
illumination model

Gouraud Shading
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Shading Models Compared

= .

Globallllumination:Objects
enhanced using shadow,
texture, bump, and

reflectionmapping (see S20)

Phong Shading
—
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Shading Models (1/6: Faceted)
} Faceted Shading:
}  Single illumination value per polygon

} With many polygons approximating a curved surface, this
creates an undesirable faceted look.

} &AAAOO AGACCAOAOAA
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intensity
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actual intensity

perceived intensity
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distance along surface

intensity
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distance along surface
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Shading Models (2/6: Gouraud)

+ lllumination intensity interpolation

} lllumination values are computed at vertices,
linearly interpolated across the pixels of the

polygon
}  Eliminatesintensity discontinuities at polygon
edges; still have gradiemtiscontinuities.

}  Machbanding is largely ameliorated, not
eliminated

1 Mustdifferentiate desired creases from
tesselationartifacts (edges of cube vs. edges on
tesselatedsphere

}  Step 1: Compute vertemormalsby
averaging surrounding polygomormals
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Shading Models Explained (3/6: Gouraud cont.)

1 Step 2: Evaluate illumination at each vertex using lighting mod&iQ, 'O
1} Step 3: Interpolate illumination along polygon edgéeho
}  Step 4: Interpolate illumination along scan lin€®

A

I,

Yo -

2

p

Ys[—

.

il A/\
V. | . l,  scanline

3

1 ys y2 + I yl
Yi- Y y1 -

YVi- Vs S Y-
Xb_ p+|bx_

T %t Xy X = Xy

Ys
Yo
Ys- Y3 +1, Y1~ Ys
Ys
Xa

Andries van Dam

November 8, 2012

14



csl123 INTRODUCTION TO COMPUTER GRAPHICS

Shading Models (4/6: Gouraud cont.)

} Takes advantage of scan line algorlthm for efficiency
} y— IS constant along polygon edge— IS constant along scan line

y
}  Gourauavs. Faceted shading: *\

” Surface Yo b
V. Ve N
Intensity 774x
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Shading Models (5/6: Gouraud cont.)

}  Gouraudshading can miss specular highlights
because it interpolatesertex colormstead of %
calculating intensity directly at each point, even
interpolating vertexnormals(Phongshading)

1KTC
. Nax /‘Nb
+ N,andN,would cause no appreciable specular S o---2 e real surface

Viewpoint

component, wherea®_.would. Interpolating = N
betweenl, andl, misses the highlight that 2 . \ ok,
evaluatingl at ¢ would catch approximation
Gouraud
} Phongshading:
1 Interpolatednormal comesclose tothe actual L S by o ahading
normal of thetrue curved surface at a given point I Iy

1 2AAO0AAO OAI Pl OAIl highiglhe.®ET Cp A £Z£AJA Ghohg /£
when rotating sphere duringnimation (example on '
next slide)
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Shading Models (6/6: Phong Shading)

+  PhongModel: normal vector interpolation

1 InterpolateN rather thanl

1 Always captures specular highlights, but
computationally expensive

} At each pixel, N is recomputed and normalized Gouraud Phong
(rGQUireS Sq. I’OO'[ Operation) http://www.cgchannel.com/2010/11/egciencefor-artists-

} Then | iS Computed a.t eaCh pixel (Ilghtlng mOdel iS part-2-the-reaktime-renderingpipeline/
more expensive than interpolation algorithms)

+ Thisis now implemented in hardware, very fast

} Looksmuch better thanGouraud but still no
global effects

Gouraud Phong

http://en.wikipedia.org/wiki/Gourad_shading
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Shadows (1/5) 0 Simplest Hack

}  Render each object twice
}  First pass: render normally

}  Second pass: use transformations to compress obje
onto ground plane, render completely black

} Pros: Easy, can be convincing. Eye more sensiti
Of DOAOAT AA 1T £ OEAAI x
}  Cons: Becomes complex computational geometry
problem in anything but simplest case
} Easy: projecting onto flat, infinite ground plane
}  How to implement for stairs? Rolling hills?

http://web.cs.wpi.edu/~matt/courses/cs563/t

alks/shadow/shadow.html

Andries van Dam November 8, 2012 18


http://web.cs.wpi.edu/~matt/courses/cs563/talks/shadow/shadow.html
http://web.cs.wpi.edu/~matt/courses/cs563/talks/shadow/shadow.html

csl123 INTRODUCTION TO COMPUTER GRAPHICS

Shadows (2/5) 6 More Advanced

1+ For each ligh
For each poind in scene

If 0 is in shadow cast by
Only use indirect lighting
(ambient term forPhonglighting)

Else
Evaluate full lighting model
(ambient, diffuse, specular fd?hong)

Stencil shadow volumes implemented by

} Next up: different methods for Computing former ¢s123 ta and recent Ph.D. Kevin

Egan and former PhD student and book co -

Whetherfj |S in ShadOW cast W author Prof. Morgan McGuire, on nVidia chip
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Shadows (3/5)d Shadow Volumes

+ For each light + object pair, compute mesh enclosing area where object
occludes the light

}  Find silhouette: every edge shared by two triangles, such that one triangle faces
light source and other faces away

On torus, where angle betweeh and0 becomes 90z ,
Project silhouette along light rays Original
} ] | _ 9_ 9 | y B Projected = Silhouette
1 Generatetriangles bridging silhouette and projectio Sl =™
1 A point0 is in shadow from lighi if
} M shadow volumencomputedfor 0
such thatv is insidew
}  Can determine quickly using stencil buffer
#1711 AET AA OAAET ENOA AAI T A
More onStencil BuffersStencil Shadow Volumes

Example shadow volume
(yellow mesh)

http ://www.0zone3d.net/tutorials/images/stencil 20
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http://en.wikipedia.org/wiki/Stencil_buffer
http://arxiv.org/ftp/cs/papers/0301/0301002.pdf
http://www.ozone3d.net/tutorials/images/stencil_shadow_volumes/shadow_volume.jpg
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Shadows (4/5)d Shadow Maps 1

Shadow Map

}  Render scene from point of view of light,
saving depths instead of colors per pixel

}  Depth: worldspace distance from light source
to object under that pixel

1 2A001 6d WwW$ Ei ACA AAI 1 AAvA OOEAAT x |
1 To determine if poinD on object is in shadow
1 Compute distanc& from U to light source

}  Look up min distanc& in shadow map

Find pixel (depth valu® ) where line from)
to 0 passes through shadomap

} 0 in shadow ifQ Q Visualization of Shadowlap

. http://graphics.cs.williams.edu/papers/CS
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