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Schedule

date

topic

Introduction slides

Image resampling

Images and Displays cont.

Triangle meshes cont.

Ray tracing intersection slides
Ray tracing intersection
Perspective slides

Ray tracing shading slides

Ray tracing interpolation slides
Texture mapping slides

Ray Tracing acceleration slides

Transformations slides

ormations

Viewing: Orthographic demo slic

Viewing: Perspective
Rasterization demo slides
Graphics Pipeline demos slides
OpenGL and GLSL exhibits slides
Games with textures slides

Guest lecture

Midterm review

Midterm: 7:30pm, Gates GO1
Games with textures

Antialiasing slides

Compositing slides

Splines slides

Splines

Splines

Subdivision surfaces slides

Triangle meshes 2 slides
Hierarchies and scene graphs slides
Animation slides

Animation notes

Color science slides

—Thanksgiving Break—
—Thanksgiving Break —

—snow day—

Color science

Final exam review

Wrap-up

reading

Chap. 3
Sections 9.1-9.4

Chap. 4

Chap. 4, Sec. 2.7

Sec 11.1-2 except 11.2.4
Chap. 11

Sec 12.3

Chap. 6, Review 5.1-5.3

Sec. 7.0-71
Sec. 7.2-7.5

Sec. 8-8.1,12.2
Chap. 8

Chap. 17

Chap. 11

Chap. 3, Sec. 11.4

Sec. 15.0-15.3

Sec. 15.4-15.6

Sec. 12.1

Sec. 16.0-2

Sec. 16.3-7 (just for interest)
Chap. 19

assignments

Filters pa due

Mesh hw due

Mesh pa due

Ray part 1 due

Ray part 2 due

Manip due

Shaders pa due

Splines hw due

Splines pa due

Animation pa due

Cornell CS465 Fall 2019 ¢ Lecture 24

Computational Photography
Panoramas

Light field cameras
Non-line-of-sight imaging

© 2019 Steve Marschner



[Ren Ng thesis]

Cornell CS6640 Fall 2012
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_ight field camera native
image: (s,t) is outer loop;
(U,v) is inner loop

Characteristic behavior: objects at the
focus plane become constant-colored
circles; more distant points look like
inverted views of a small area of the
image.
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Transposed image: (u,v) IS
the outer loop, (s,t) is the
iInner loop.

[Ren Ng thesis] o |
Characteristic behavior: the constant-uv

images correspond to cameras located
i1 at different positions in the lens’s

™ entrance pupil. Note vertical parallax
between these two images.

Cornell CS6640 Fall 2012
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—pipolar plane
format: (v,t) is the
outer loop and (s,u)
IS the inner loop.

...'r.:ﬂﬂrr

Characteristic behavior: points in
scene become lines with slope
depending on distance. Objects at
focus plane produce vertical
features; more distant objects
produce negative slopes.

Cornell CS6640 Fall 2012
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_ i /
closer viewpoint (a = 0.9)

farther viewpoint (@ = 1.1)

mage

~
1
[
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closer viewpoint (a = 0.9)
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closer focus (a = 0.9) farther focus (a = 1.1)

Cornell €CS6640 Fall 2012




closer focus (a = 0.9) farther focus (a = 1.1)
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closer focus (a = 0.9) farther focus (a = 1.1)

Cornell CS6640 Fall 2012
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Schedule

topic

Introduction slides

—Labor Day—

Images and Displays slides
Sampling and reconstruction slides
Image resampling

Images and Displays cont.

Triangle meshes | .obj files demo meshes slides

Triangle meshes cont.

Ray tracing intersection slides
Ray tracing intersection
Perspective slides

Ray tracing shading slides

Ray tracing interpolation slides
Texture mapping slides

Ray Tracing acceleration slides
Transformations slides
Transformations

Viewing: Orthographic demo slides
Viewing: Perspective

—Fall Break—

Rasterization demo slides
Graphics Pipeline demos slides
OpenGL and GLSL exhibits slides
Games with textures slides
Guest lecture

Midterm review

Midterm: 7:30pm, Gates GO1
Games with textures
Antialiasing slides

Compasisi

es slides
Splines
Splines

Subdivision surfaces slides

Triangle meshes 2 slides
Hierarchies and scene graphs sligles
Animation slides
Animation notes

or science slides

—Thanksgiving Break —

—snow day—
Color science
Final exam review

Wrap-up

reading

Chap. 3
Sections 9.1-9.4

Chap. 4

Chap. 4, Sec. 2.7

Sec 11.1-2 except 11.2.4
Chap. 11

Sec 12.3

Chap. 6, Review 5.1-5.3

Sec. 7.0-71
Sec. 7.2-7.5

Sec. 8-8.1,12.2
Chap. 8

Chap. 17

Chap. 11

Chap. 3, Sec. 11.4

Sec. 15.0-15.3

Sec. 15.4-15.6

Sec. 12.1

Sec. 16.0-2

Sec. 16.3-7 (just for interest)
Chap. 19

assignments

Filters pa due

Mesh hw due

Mesh pa due

Ray part 1 due

Ray part 2 due

Manip due

Shaders pa due

Splines hw due

Splines pa due

Animation pa due

Cornell CS465 Fall 2019 ¢ Lecture 24

10

Modeling and Animation
Character animation
Deformation tools
Physics-based animation

© 2019 Steve Marschner



arget Height = 1.3m

Lee, Lee, Park, & Lee. “Scalable Muscle-actuated Human Simulation and Control” SIGGRAPH 2019



arget Height = 1.3m

Lee, Lee, Park, & Lee. “Scalable Muscle-actuated Human Simulation and Control” SIGGRAPH 2019



Preview: 3D Kelvinlet brush deformations

de Goes & James. “Regularized Kelvinlets: Sculpting Brushes based on Fundamental Solutions of Elasticity” SIGGRAPH 2017



Preview: 3D Kelvinlet brush deformations

de Goes & James. “Regularized Kelvinlets: Sculpting Brushes based on Fundamental Solutions of Elasticity” SIGGRAPH 2017
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Schedule

topic

28 Oct
29 Oct
30 Oct
1 Nov
4 Nov
6 Nov
8 Nov
11 Nov
13 Nov
15 Nov
18 Nov
20 Nov
22 Nov
25 Nov
27 Nov
29 Nov
2 Dec
4 Dec
6 Dec
9 Dec

Introduction slides

—Labor Day—

Images and Displays slides
Sampling and reconstruction slides
Image resampling

Images and Displays cont.

Triangle meshes | .obj files demo meshes slides
Triangle meshes cont.

Ray tracing intersection slides

Ray tracing intersection
Perspective slides

Ray tracing shading slides

Ray tracing interpolation slides
Texture mapping slides

Ray Tracing acceleration slides

Transformations slides

Viewing: Perspective
—Fall Break—

Rasterization demo slides

Graphics Pipeline demos slides
OpenGL and GLSL exhibits slidg

Games with textures slides

uest lecture
review
Midterm: 7:3Upm, Gates GO1
Games with textures

Antialiasing slides

Compositing slides

Splines slides

Splines

Splines

Subdivision surfaces slides

Triangle meshes 2 slides
Hierarchies and scene graphs slides
Animation slides

Animation notes

Color science slides

—Thanksgiving Break—
—Thanksgiving Break —

—snow day—

Color science

Final exam review

Wrap-up

reading

Chap. 3
Sections 9.1-9.4

Chap. 4

Chap. 4, Sec. 2.7

Sec 11.1-2 except 11.2.4
Chap. 11

Sec 12.3

Chap. 6, Review 5.1-5.3

Sec. 7.0-71
Sec. 7.2-7.5

Sec. 8-8.1,12.2
Chap. 8

Chap. 17

Chap. 11

Chap. 3, Sec. 11.4

Sec. 15.0-15.3

Sec. 15.4-15.6

Sec. 12.1

Sec. 16.0-2

Sec. 16.3-7 (just for interest)
Chap. 19

assignments

Filters pa due

Mesh hw due

Mesh pa due

Ray part 1 due

Ray part 2 due

Manip due

Shaders pa due

Splines hw due

Splines pa due

Animation pa due

Cornell CS465 Fall 2019 ¢ Lecture 24
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Real Time Graphics

Games

Interactive 3D tools

Mixed Reality

© 2019 Steve Marschner
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NVIDIA Corporation + Unreal Engine. GeForce GTX tech demo, 2019




PUIMEMY clock 211

- 1 Terp 4
U MEM Temp 58 “(

1 PWR Tenv
‘W Eant Tacho 1274 RPM
U Fan? Tacho 1208 RPM
lema y Laage 0304 MU

sergE AQ it
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Schedule

date

30 Aug
2 Sep
4 Sep
6 Sep
9 Sep

11 Sep

topic

Introduction slides

—Labor Day—

Images and Displays slides
Sampling and reconstruction slides
Image resampling

Images and Displays cont.

Trianglegs Pomghi files demo meshes slides

gle meshes cont.
Ray tracing intersection slide
Ray tracing intersection
Perspective slides

Ray tracing shading slides
Ray tracing interpolation slides
Texture mapping slides

Ray Tracing acceleration slidg¥

asformations slides
Transfo
Viewing: Orthographic demo slides
Viewing: Perspective

—Fall Break—

Rasterization demo slides

Graphics Pipeline demos slides
OpenGL and GLSL exhibits slides
Games with textures slides

Guest lecture

Midterm review

Midterm: 7:30pm, Gates GO1
Games with textures

Antialiasing slides

Compositing slides

Splines slides

Splines

Splines

Subdivision surfaces slides

Triangle meshes 2 slides
Hierarchies and scene graphs slides
Animation slides

Animation notes

Color science slides

—Thanksgiving Break—
—Thanksgiving Break —

—snow day—

Color science

Final exam review

Wrap-up

reading

Chap. 3
Sections 9.1-9.4

Chap. 4

Chap. 4, Sec. 2.7

Sec 11.1-2 except 11.2.4
Chap. 11

Sec 12.3

Chap. 6, Review 5.1-5.3

Sec. 7.0-71
Sec. 7.2-7.5

Sec. 8-8.1,12.2
Chap. 8

Chap. 17

Chap. 11

Chap. 3, Sec. 11.4

Sec. 15.0-15.3

Sec. 15.4-15.6

Sec. 12.1

Sec. 16.0-2

Sec. 16.3-7 (just for interest)
Chap. 19

assignments

Filters pa due

Mesh hw due

Mesh pa due

Ray part 1 due

Ray part 2 due

Manip due

Shaders pa due

Splines hw due

Splines pa due

Animation pa due

Cornell CS465 Fall 2019 ¢ Lecture 24
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Realistic Image Synthesis

Global illumination
Light transport
Material appearance

© 2019 Steve Marschner
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Red anisotropic scattering diel. (n=1.5, g=0.95)

White isotropic scattering diel. half space (n=1.5)

Conductor (Aluminum)

Measured BRDF (Blue metallic paint 2, [Matusik et al.])

White isotropic scattering dielectric (n=1.5)

Measured BRDF (Blue metallic paint 2, [Matusik et al.])

[Jakob et al. SIGGRAPH 2014]

Blue isotropic scattering dielectric (n=1.5)

Conductor (copper)

Thin blue absorbing dielectric (=15

Purple anisotropic scattering diel. () = 1.5, g=0.8)
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volume optics
light reflection from translucent materials



volume optics
light reflection from translucent materials

Henrik Wann Jensen, Stephen R. Marschner, Marc Levoy, and Pat Hanrahan.
“A Practical Model for Subsurface Light Transport.” SIGGRAPH 2001.




Why do these look wrong?

.

T




Marble sample

40mm cube of statuary marble
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Light diffusion

Chris W. jdhnson









Marble data fitting

data not used in fit
data used in fit




Marble data fitting

data not used in fit
data used in fit
diffusion theory using fitted parameters




Results: milk

Diffuse “milk’



Results: milk

Diffuse “milk” Skim milk



Results: milk

Diffuse “milk’” Skim milk Whole milk



Results: skin

opaque skin translucent skin






hair optics
scattering from human hair fibers




hair optics
scattering from human hair fibers

Stephen R. Marschner, Henrik Wann Jensen, Mike Cammarano, Steve Worley,
and Pat Hanrahan. “Light Scattering from Human Hair Fibers.” SIGGRAP
2003.




Hair appearance

highlight




Classic hair reflection model

predicts a single, white highlight



Classic hair reflection model

predicts a single, white highlight



Classic hair reflection model

predicts a single, white highlight



Classic hair reflection model

predicts a single, white highlight



Hair appearance




Hair appearance

secondary

primary




Hair appearance

secondary

primary




[Robbins 1994]



Cross
section

cortex

cuticle

(after [Robbins 1994])
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King Kong (2005) | visual effects Weta D|g|ta| |






A Practical and Controllable Hair and Fur Model for Production Path Tracing
Matt Jen-Yuan Chiang, Benedikt Bitterli, Chuck Tappan, Brent Burley
Eurographics Symposium on Rendering, 2016



cloth mechanics
varn-based cloth modeling



cloth mechanics
varn-based cloth modeling

Jonathan Kaldor, Doug James, and Steve Marschner. “Simulating Knitted Cloth at
the Yarn Level.” SIGGRAPH 2008

Jonathan Kaldor, Doug James, and Steve Marschner. “Efficient Yarn-based Cloth
with Adaptive Contact Linearization.” SIGGRAPH 2010

Cem Yuksel, Jonathan Kaldor, Doug James, and Steve Marschner. “Stitch Meshes
for Modeling Knitted Clothing with Yarn-level Detail.” SIGGRAPH 2012




Why Yarns Are Important

m Cloth is not a continuum

» Discrete yarn behavior drives
overall cloth behavior

m Particularly evident in knit fabrics

http: / /toveb.typepad.com /



http://toveb.typepad.com/photos/patterns/frilly_scarf.html

Why Yarns Are Important

m Cloth is not a continuum

» Discrete yarn behavior drives
overall cloth behavior

m Particularly evident in knit fabrics




Structure-Dependent Behavior

el

T

Stockinette

)-

T

o

f

P8.06.06.0G

Garter

Sdald x N

Lt e "a il 0o
o R T e e T L YL
DR L T e T R

)
N e
st C T TR DY TN B NE LA

~4 W A
VW o cgoi

s i T T L R L



Yarn Properties

m Thin, flexible rods, with
many degrees of freedom

m Strongly resist stretching
= Weakly resist bending
= Can compress laterally

m Friction between yarns




Yarn Properties

m Thin, flexible rods, with m Constrained Lagrangian dynamics
many degrees of freedom Mq=f—-VE-VD

C(q) =0

m Strongly resist stretching m [nextensibility constraints

= Weakly resist bending = Bending, twisting energies
= Can compress laterally m Collision energy

m Friction between yarns m Velocity filter for damping
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Small regions

m Damp yarn-yarn contacts
= Damp non-rigid motion

= [Miiller et al. 2006]
|Rivers and James 2007]

= Small regions: stabilizing Large regions

260698980608
S
5¢5¢525¢5¢5¢

= Large regions: damp
cloth-level motion




Relaxed Models
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Relaxed Models

Rib

1nette

Stock

Garter




Relaxed Models
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Contact Matrix
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54,340 knit loops, ~365K contact sets .
6.7X contact force speedup, 4.2X overall /s speed
10.5m per 1/30s frame



54,340 knit loops, ~365K contact sets .
6.7X contact force speedup, 4.2X overall /s speed
10.5m per 1/30s frame



45,960 knit loops, ~295K contact sets
9.1X contact force speedup, 5.0X overall
8m per 1/30s frame

12 speed




45,960 knit loops, ~295K contact sets
9.1X contact force speedup, 5.0X overall
8m per 1/30s frame

12 speed
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Stitch Mesh
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Braid Cables Pattern [Allen et al
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