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COMPUTER GRAPHICS

Computer Vision
Concepts in Computer Graphics
Rasterization
Raytracing / Physically Based
Materials
Level of Detall
Linear Interpolation
Photography
DOF
Image Design / Shift
Light
3 Point Light
Studio Lights
Post Processing (Photoshop/Composition)




Thresholding example
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,Find Edges® / Treshold

Source: Computer Graphics Laboratory ETH Zlrich

COMPUTER VISION

Image Processing

- Image Segmentation

- Which pixels form an object?

- Grouping of related pixels
- Correspondence (Find related/similar
image regions)

- Lookup in database

- Search in other images: optical flow,
stereo etc.
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http://graphics.ethz.ch/teaching/viscompAS10/downloads/VisComp02a_SegmentMorpho_v03.pdf
http://graphics.ethz.ch/teaching/viscompAS10/downloads/VisComp02a_SegmentMorpho_v03.pdf

COMPUTER VISION

Image Processing
- Image Segmentation
- Image Filtering



http://graphics.ethz.ch/teaching/viscompAS10/downloads/VisComp02a_SegmentMorpho_v03.pdf
http://graphics.ethz.ch/teaching/viscompAS10/downloads/VisComp02a_SegmentMorpho_v03.pdf

Stereoscopy
Source: Value Lab ETH Zurich

COMPUTER VISION

Image Processing

- Image Segmentation

- Image Filtering

- Stereoscopy / Kinect 3D Scan



http://www.valuelab.ethz.ch/use-it/kinect/
http://www.valuelab.ethz.ch/use-it/kinect/

COMPUTER VISION

Image Processing

- Image Segmentation

- Image Filtering

- Stereoscopy / Kinect 3D Scan

Kinect -
Source: http://www.xbox.com IA Information

Architecture



http://www.xbox.com
http://www.xbox.com

COMPUTER VISION

Image Processing
- Image Segmentation
- Image Filtering
- Stereoscopy / Kinect 3D Scan
- 3D Reconstruction
- Face / Pattern Detection ...



http://graphics.ethz.ch/teaching/viscompAS10/downloads/VisComp02a_SegmentMorpho_v03.pdf
http://graphics.ethz.ch/teaching/viscompAS10/downloads/VisComp02a_SegmentMorpho_v03.pdf

COMPUTER VISION

Image Processing
- Image Segmentation
- Image Filtering
- Stereoscopy / Kinect 3D Scan
- 3D Reconstruction
- Face / Pattern Detection ...

Image Creation (Computer Graphics)
- Games (OpenGL/DirectX/Consoles)
- Rendering Engine
- Compositions (After Effects / Motion)
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http://graphics.ethz.ch/teaching/viscompAS10/downloads/VisComp02a_SegmentMorpho_v03.pdf
http://graphics.ethz.ch/teaching/viscompAS10/downloads/VisComp02a_SegmentMorpho_v03.pdf

COMPUTER GRAPHICS

Computer Vision

Concepts in Computer Graphics
Rasterization
Raytracing / Physically Based
Materials
Level of Detall
Linear Interpolation
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Albrecht Durer, 1525: An early rasterization technique used
to draw a perspectivly correct image
Source: http://de.wikipedia.org/wiki/Raytracing

CONC
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GRAPHICS

Rasteriz

- Proj

ation
ection of a series of (3D) objects/

sha
- Bas

0es onto a 2D plane
e for all computer graphics

creation
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-1. 1. 1)

(1.-1,-1)

Frustum and orthogonal view cube in OpenGL
Source: Computer Graphics Lab, ETH Zurich
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CONCEPTS IN COMPUTER

GRAPHICS

Rasterization

- Projection of a series of (3D) objects/

shapes onto

a 2D plane

- Base for all computer graphics

creation

- Orthogonal or perspective projection

- basic algorit
graphic carc

"Ms Implemented on
s (OpenGL/Direct

X)


http://graphics.ethz.ch/teaching/viscompAS10/downloads/Part2_04_projections.pdf
http://graphics.ethz.ch/teaching/viscompAS10/downloads/Part2_04_projections.pdf

CONCEPTS IN COMPUTER
GRAPHICS

Rasterization

Raytracing / Physically Based
Materials

Level of Detall

Linear Interpolation




- Backward Ray Tracing

secondary rays

primary ray

4

eye point

VAR G AT

N\

image plane shadow rays

light source

Backward Ray Tracing
Source: Computer Graphics Lab, ETH Zurich

CONCEPTS IN COMPUTER
GRAPHICS

Raytracing / Physically Based
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http://graphics.ethz.ch/teaching/viscompAS10/downloads/Part2_04_projections.pdf
http://graphics.ethz.ch/teaching/viscompAS10/downloads/Part2_04_projections.pdf

* Recursion tree

[Ray Generation] <
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[ Intersection J
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shading

Backward Ray Tracing
Source: Computer Graphics Lab, ETH Zurich

CONCEPTS IN COMPUTER
GRAPHICS

Raytracing / Physically Based

Turner Whitted 1980

Source: http://de.wikipedia.org/wiki/Raytracing -A
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http://graphics.ethz.ch/teaching/viscompAS10/downloads/Part2_04_projections.pdf
http://graphics.ethz.ch/teaching/viscompAS10/downloads/Part2_04_projections.pdf
http://de.wikipedia.org/wiki/Raytracing
http://de.wikipedia.org/wiki/Raytracing
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Bidirectional Reflectance Distribution Function, BRDF
Source: Wikipedia
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CONCEPTS IN COMPUTER
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Raytracing / Physically Based

BRDF first defined by Fred Nicodemus around 1965:

f( . - dLr(W'o) B dLr(W‘o)
Ir \Wuwo) T dEz (W'z) B Ll (ujl) COS 92 du.?l

Physically based BRDFs have additional properties:

positivity: fr(w-iawo) 2 0
obeying Helmholtz reciprocity: fr(wi,wo) = fr(wo,wi).
conserving energy: le.,/ Fu(wi, w,) cosByduw, < 1

Q)
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http://en.wikipedia.org/wiki/Helmholtz_reciprocity
http://en.wikipedia.org/wiki/Helmholtz_reciprocity
http://en.wikipedia.org/wiki/Bidirectional_reflectance_distribution_function
http://en.wikipedia.org/wiki/Bidirectional_reflectance_distribution_function

;&5{, BRDF M, BSSRDF
% i \: % i \.

Bidirectional Surface Scattering Reflectance Distribution Function,
BSSRDF
Source: Wikipedia
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CONCEPTS IN COMPUTER
GRAPHICS

Raytracing / Physically Based

Physically based BRDFs have additional properties:

poSitivity: f-r(w'iawo) = ()
obeying Helmholtz reciprocity: fr(wi,wo) = fr(wo,wi).

conserving energy: ‘v’w,i,/ frlw;, w,) cosfydw, < 1
BSSRDF &
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http://en.wikipedia.org/wiki/Helmholtz_reciprocity
http://en.wikipedia.org/wiki/Helmholtz_reciprocity
http://en.wikipedia.org/wiki/Bidirectional_reflectance_distribution_function
http://en.wikipedia.org/wiki/Bidirectional_reflectance_distribution_function
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CONCEPTS IN COMPUTER
GRAPHICS

Raytracing / Physically Based

RELATIVE ENERGY

450 500 550 600

Wavelength (Nanometers) Physically based BRDFs have additional properties:

oositivity: fr(wi,ws) = 0
obeying Helmholtz reciprocity: fr(wi,wo) = fr(wo,wi).

conserving energy: ;. [ Fi(wi, we) cosB,duw, < 1
- BSSRDF e

g wavelength dependend: A instead of RGB

. — fr(Adi, i, Ao, o)

450 500 550 600
Wavelength (Nanometers)

Two different SPD‘s may appear as the same RGB value
to the human eye!

Spectral Power Distribution, SPD
Source: Computer Graphics Laboratory, ETH Zurich -A
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http://en.wikipedia.org/wiki/Helmholtz_reciprocity
http://en.wikipedia.org/wiki/Helmholtz_reciprocity
http://graphics.ethz.ch/
http://graphics.ethz.ch/
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CONCEPTS IN COMPUTER
GRAPHICS

Raytracing / Physically Based

Physically based BRDFs have additional properties:

Iridescence oositivity: frlwi,ws) = 0
obeying Helmholtz reciprocity: fr(wi,wo) = fr(wo,wi).

conserving energy: ‘v’w,-,/ frlwi, w,) cosfydw, < 1
BSSRDF e |
wavelength dependend: A instead of RGB

— fr(Ai,wi,Ao,w0)

— account for effects such as iridescence or

luminescence

Luminescence;

emission of light by a substance not resulting from heat =
Source:Wikipedia IA
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http://en.wikipedia.org/wiki/Helmholtz_reciprocity
http://en.wikipedia.org/wiki/Helmholtz_reciprocity
http://en.wikipedia.org/wiki/Iridescence
http://en.wikipedia.org/wiki/Iridescence
http://en.wikipedia.org/wiki/Luminescence
http://en.wikipedia.org/wiki/Luminescence
http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Light

Iridescence

Luminescence;

emission of light by a substance not resulting from heat
Source:Wikipedia
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CONCEPTS IN COMPUTER
GRAPHICS

Raytracing / Physically Based

Physically based BRDFs have additional properties:

oositivity: frlwi,ws) = 0
obeying Helmholtz reciprocity: fr(wi,wo) = fr(wo,wi).
conserving energy: ‘v’w,—./ frlwi, w,) cosfydw, < 1
BSSRDF e
wavelength dependend: A instead of RGB
— fr(Ai,wi,Ao,w0)
— account for effects such as iridescence or
luminescence
DEMO
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http://en.wikipedia.org/wiki/Helmholtz_reciprocity
http://en.wikipedia.org/wiki/Helmholtz_reciprocity
http://en.wikipedia.org/wiki/Iridescence
http://en.wikipedia.org/wiki/Iridescence
http://en.wikipedia.org/wiki/Luminescence
http://en.wikipedia.org/wiki/Luminescence
http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Light
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Rasterization

Raytracing / Physically Based
Materials

Level of Detalil

Linear Interpolation




CONCEPTS IN COMPUTER

GRAPHICS

Materials
- define how lig
refracted (thin
- diffuse color
- specularity

Nt is being reflected/

< Oof it as layers):
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GRAPHICS

Materials
- define how lig
refracted (thin
- diffuse color
- specularity

Nt is being reflected/

< Oof it as layers):
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CONCEPTS IN COMPUTER

GRAPHICS

Materials

- define how lig
refracted (thin

- diffuse color

- specularity

- reflection

il HD

Realtime Reflections using an environmap
Source: McHammond.com

Nt is being reflected/

< of it as layers):


http://www.mchammond.com/home/tutorials/blender-tutorials/26.html
http://www.mchammond.com/home/tutorials/blender-tutorials/26.html
http://www.mchammond.com/home/tutorials/blender-tutorials/26.html
http://www.mchammond.com/home/tutorials/blender-tutorials/26.html
http://www.mchammond.com/home/tutorials/blender-tutorials/26.html
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CONCEPTS IN COMPUTER
GRAPHICS

Materials
- define how light is being reflected/
refracted (think of it as layers):
- diffuse color
- specularity
- reflection
- displacement

- Note: bump maps have no bumps on
shadow silhouette, no self-occlusion,
Nno self-shadowing

Displacement and Bump Maps
Source: Computer Graphics Lab, ETH Zurich iA
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http://graphics.ethz.ch/teaching/viscompAS10/downloads/Part2_04_projections.pdf
http://graphics.ethz.ch/teaching/viscompAS10/downloads/Part2_04_projections.pdf

CONCEPTS IN COMPUTER
GRAPHICS

Rasterization

Raytracing / Physically Based
Materials

Level of Detail

Linear Interpolation




—

Vision fof Mas&iar City

~Source: Forster & Partners.*
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CONCEPTS IN COMPUTER
GRAPHICS

Level of Detail, LoD
- by hand (modeling different versions)
-In procedural code
- camera distance
-low LoD when modeling, high LoD

when rendering (RenderMan; Pixar‘s render
engine)
- DEMO (Reyn‘s Blog)



http://reynantem.blogspot.com/2011/11/blender-mesh-lod-test.html
http://reynantem.blogspot.com/2011/11/blender-mesh-lod-test.html

CONCEPTS IN COMPUTER
GRAPHICS

Rasterization

Raytracing / Physically Based
Materials

Level of Detall

Linear Interpolation
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http://alt.3dcenter.org/artikel/grafikfilter/
http://alt.3dcenter.org/artikel/grafikfilter/
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CONCEPTS IN COMPUTER
GRAPHICS

Linear Interpolation
- scale an image

Linear Interpolation Point Sampling (without

linear interpolation) iA Chair for
Architecture



CONCEPTS IN COMPUTER
GRAPHICS

Linear Interpolation
-warp an image / texture

1A
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demidproject, Gregor Piontek - keystone library: keystonepS.sourceforge.net

CONCEPTS IN COMPUTER
GRAPHICS

New Partition

Linear Interpolation

- -warp an image / texture

»
» 4 items

)11 GB, 92 GB free

BOOTCAMP
$00.11 GB

1A
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trilinear

bilinear
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- scale a texture

MIP Mapping

)

(same texture in different sizes

Chair for
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COMPUTER GRAPHICS

Computer Vision
Concepts in Computer Graphics
Rasterization
Raytracing / Physically Based
Materials
Level of Detalil
Linear Interpolation
Photography
DOF
Image Design / Shift




Aperture

COMPUTER GRAPHICS

Photography
DOF - Depth of Field

>
f/16
f/4
f/11
f/2.8
f/8
>
f/2
f/5.6

A
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X-axis y-axis
vanishing point 24 vanishing point

z-axis real world
vanishing point

X-axis y-axis
vanishing point z‘ vanishing point

looking more solid

3 and 2 vanishing points
Source: Computer Graphics Laboratory, ETH Zurich

COMPUTER GRAPHICS

Photography

DOF - Depth of Field

mage Design / Shift
- choose a nice angle (up to artist)
- tradition in architectural

ohotography to fake 2 point

perspective with a shift lens
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COMPUTER GRAPHICS

Computer Vision
Concepts in Computer Graphics
Rasterization
Raytracing / Physically Based
Materials
Level of Detall
Linear Interpolation
Photography
DOF
Image Design / Shift
Light
3 Point Light
Studio Lights
Post Processing (Photoshop/Composition)
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3 point lighting
Source: Wikipedia
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COMPUTER GRAPHICS

Light
3 Point Light
- key-, fill-, backlight
- Industry standaro
- for use with low power machine,
point lights are very time efficient
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" Nt

studio light kits
Source: greyscalegorilla.com

COMPUTER GRAPHICS

Light
3 Point Light
Studio Lights

35



COMPUTER GRAPHICS

Computer Vision
Concepts in Computer Graphics
Rasterization
Raytracing / Physically Based
Materials
Level of Detall
Linear Interpolation
Photography
DOF
Image Design / Shift
Light
3 Point Light
Studio Lights
Post Processing (Photoshop/Composition)

1A




COMPUTER GRAPHICS

Post Processing (Photoshop/Composition)

- non destructive methods
- filters/adjustments as a program being applied
to every frame
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THANK YOU!



