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MAPPING PROBLEMS
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« Graphics is full of mapping problems. For example:
« Geometry vertices to transformed positions
 Then transformations through time as animation data
« UV coordinates to texture coordinates
« Often we have some dataset, manually or procedurally specified
« Then we use some mapping function to determine extra attributes, like normals or color
 “Procedural graphics™ is misleading — much of graphics is “procedural”! Proceduralism s

fuzzy.
Ik


http://www.chocofur.com/5-uv-mapping.html

COLOR IS POWERFUL

Leonid Afremov (source)

* Influences human perception tremendously

SRREC e e |Ust creating a sequence of pixel colors torPlE

On-screen based on some data.
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http://tophdimgs.com/407544-leonid-afremov.html

BEFER BRIEF COLOR [ HECHS

YELLOW
(FRIMARY)

* Colors: primary, secondary, tertiary composition Sl R TRr T

(TERTIARY) (TERTIARY)

* Pretty color palettes usually consist of colors with
some logical relationship. Eg.

GREEN
(SECONDRRY)

ORANGE
(SECONDARY)

Complementary - opposing colors

ORANGE RED ELUE GREEN
(TERTIARY) C(TERTIARY)
* Analogous - adjacent colors
« ColorTriad - three equidistant colors ReD BLUE
(FRIMARY) (FRIMARY)
* Generally, limit range of hue, luminance, etc.
RED FURFLE ELUE FURFLE
(TERTIARY) (TERTIARY)
. _PURPLE
. ; )
* o us procedural artists, we can treat color as just s
another dataset (7
:
£

« 3D values (1, g, b)

* We can map colors to or from any space
we like procedurally!



https://color.adobe.com/create/color-wheel/?base=2&rule=Analogous&selected=4&name=My%20Color%20Theme&mode=rgb&rgbvalues=1,0.6294174722499748,0.050000000000000044,0.91,0.45696059385712756,0.04550000000000004,1,0.3301187706078963,0,0.91,0.20481476052392528,0.04550000000000004,1,0.08652949874431215,0.050000000000000044&swatchOrder=0,1,2,3,4
http://cs.nyu.edu/courses/fall02/V22.0380-001/color_theory.htm
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The following i1s a motley assortment of shading and image-processing effects,
not a canonical selection, and not the most efficient algorithms.

Take these as inspiration In developing an inturtion for programming visual
SifEas
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CONSIDERATIONS
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» Vector distance In color space (rgb, hsy, etc) usually doesn't match difference in perception.
* Digrtal color representation is imperfect and cannot capture all natural colors.

- Convenient to generate | D or 2D color palettes to create color variation as we vary
some parameter(s). (Like with noise values!)

* Vary color across an object that would have a constant color

* Apply color to things that have no color defined for them, (eg. originally greyscale)
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http://devmag.org.za/2012/07/29/how-to-choose-colours-procedurally-algorithms/

EISINE COLOR PALE RIS

AN

* Observation: Varying rob component(s) smoothly will result
In a smooth change In color:

(32JN0S) 3uIyIASp

» |Qs idea: modulate color value using cosine functions!
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http://www.iquilezles.org/www/articles/palettes/palettes.htm
http://dev.thi.ng/gradients/

QUICK COSINE REVIEW
color(t) =a+ b * cos(2 w(cxt +d))

» These are the four knobs with which we can control our cosine function
* a :shifts the entire curve up or down along the y-axis
b :scales the amplitude. Increase makes the wave taller, decrease for shorter
* € :scales the frequency. Increase makes the cycle faster;, decrease for slower
- d :shifts the entire curve left or right along the x-axis

» Iry for yourself here.



https://www.desmos.com/calculator/nqfu5lxaij

EOSINE COLOR PALE IS
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* For vec3 output, we use vec3 input parameters. Iry it here.

* Using parameterized cosine waves for each channel, we can smoothly move between various colors.

e o
B [0 O0 S D0 [Parameters for red curve)
SRRa= e FOS0 1050 |11 0.50 ]
Parameters for blue curve
o (o= e 010N e B OO0 S I 16/ 0F S
s 000] 033 [os7] Earameters for green curva
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http://dev.thi.ng/gradients/
http://www.iquilezles.org/www/articles/palettes/palettes.htm

INS TAGRAM-Y FILTERS

(33Jn03S) 010poIoYY

Original “Brannan” filter

» Effects like Instagram filters are just more color-remapping effects!

* Brannan filter: increase contrast + brightness, blend with yellow
color; remap full value range to exclude darkest values.


http://photodoto.com/how-to-make-instagram-filters-in-photoshop-sierra-brannan/

INS TAGRAM-Y FILTERS
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« Software like Photoshop provide handy visualization tools for color remapping

- Above: Increasing contrast. Pinch the curve so the middle tones are less represented

)


http://photodoto.com/how-to-make-instagram-filters-in-photoshop-sierra-brannan/

SHADING IDEAS



BEIE RENDERING STATUS QU

Lambert shading

* Rendering is already full of
*

ight , * We just usually try to mimic the
direction s physical properties of light for
dot with realism eg. light diffusion

Normal . i
direction * Lambert shading Is just a
l ‘v 1 l procedural formula; scale base

color by dot(normal, vecTolLight)

_ » But, why stick to physically-
based shading models!




NON-PHOTOREALISTIC R
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Cmu (source)

Ming OuhYoung (source)

Franz Peschel (source)

« With some creative programming, we can mimic many artistic styles

« Much stylization Is defined by shading and coloring...how does a material
respond to light!

« Hatch-shader demo, various NPR effects demo
5



https://www.youtube.com/watch?v=ml9v8PZ5j10
https://www.youtube.com/watch?v=gT9qU_fJNuw
http://www.cmlab.csie.ntu.edu.tw/~tony/a05.htm
https://www.youtube.com/watch?v=TUwY4D5cl6o
https://www.cs.cmu.edu/~mbz/personal/graphics/

JTOON SHADING

cell shading

Albedo (optional) :

* [ ]
| Lighlt TR
direction b
dot with
Normal
direction
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Mimics cell-shading, an artistic simplification

Similar to lambert shading, but discretizes the
output color space

Output color: procedurally or manually specified

» Can add an outline by coloring black when

surface normal is perpendicular to view vector

 Windwaker demo

(33Jn03) sn|-|.

plastic shader toon shader
S ———————


https://www.youtube.com/watch?v=by06H2nVN_A
https://upload.wikimedia.org/wikipedia/commons/b/b7/Toon-shader.jpg

B SPHERE SHALDIINES

lit sphere shading

A sphere covers the full set of unit normals.

_  "Fake" reflectance models by reading color from a
Albedo (optional) sphere-image texture rather than computing,

« Map normal directions to image texture of a
sphere. (Like normal-mapping backwards!)

Normal

direction - Can encode a huge variety of styles! Allows you to

draw your own reflectance model!

« Lit-sphere demo

[
—+
98
E
Sphere 0
Image . >
g
3
(D

(

Can also be
generated!



https://www.clicktorelease.com/code/spherical-normal-mapping/
http://www.ppsloan.org/publications/LitSphere.pdf

IRIDESCENT SHADING

iridescent shading * Color is dependent on the viewing
angle, appears to shimmer and change

Albedo (optional) with rotation

* * Implementation Is similar to lambert,
out with the view vector instead of the

i - ‘_’ ight vector.

direction

dot with - Looks like this. Ok, physically-based.

-

Normal
direction

(33Jn03) A3|npu|

some cool color palie



https://www.youtube.com/watch?v=lbK_mrfhovw
http://indulgy.com/post/L0JM6x7zJ1/iridescent-abalone-sea-shell

FOOURIER
POS [-PROCESSING EFFECTS



EOLOR CYCLISS

color cycling

Some initial position in color palette
==
current time
as an offset

) SOWES109)7

922JN0OS
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- Aka."pallette shifting”

«— || —

- See effect here. (look at options)
color at

current time - Create cheap animation by offsetting
over time Into a texture or color map.

20


http://www.effectgames.com/demos/canvascycle/
http://www.effectgames.com/demos/canvascycle/

POINTILLISM

Pointillism shading » The speckled effect — basically represents

darkness using density of speckles
noise (position)

* We can approximate this density by
Compare to applying color with some probability.

Darkness (for use as » Probability scales with original darkness
value. Eg. If the original color was pure black,
we color the pixel with 1009 probability

or Albedo ,
color AR

Effect: G
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| Eias3d (source)


http://www.eias3d.com/products/konkeptoine-plugins/nprshader/

HATCHING

hatching shading

* Mimics the illustration technique of representing
darkness with diagonal lines

Darkness

We can use a sine function to make periodic dark
e ines which look like hatches

. . ; Use both x + vy as an input to get a diagonal hatch
sin(pixel_x, pixel_y)

Not perfect — would be better to also vary
distance between hatches, but more complex

See effect here

Effect:

mstworkbooks (source)
L)


https://www.shadertoy.com/view/MsSGD1
http://www.mstworkbooks.co.za/technology/gr8/gr8-technology-04.html

GAUSSIAN BLUR

(35Jn035) 003J4adnsgem

original radius 2.5 px radius 5 px

* We can achieve blur/smooth by averaging neighboring pixel values.

» [he more neighbors (larger radius within to consider), the
more dramatic the blur effect

» Closer pixels should contribute more, and further pixels less.

VWe want to scale contribution by distance (like interpolation!)
L


http://www.websupergoo.com/helpie/source/2-effects/gaussianblur.htm
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the (2D) kernel shape possible pixel weights
* Like much in signal processing, notation makes this look output __ kernel (flipped) ;.
scary, but the concept is simple. i 1h]9|[o0 "'O’I‘Z'O)I
| | . . . (N l¢leld ”‘2”|
« This gaussian equation describes the weight that cells ) (G o
contribute based on their spatial relationship to the center. Bhs o
—

 The Gaussian Is a normal distribution — using it to weight
neighboring pixel values in averaging does a smooth blend.

il

kernel application



http://computergraphics.stackexchange.com/questions/39/how-is-gaussian-blur-implemented
http://rastergrid.com/blog/2010/09/efficient-gaussian-blur-with-linear-sampling/

Creates a glow around bright
parts of an Image.
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First do a "high pass filter’,
extract pixels of high
luminosity from your image.
Store these bright pixels in a
texture.

Apply gaussian blur to the
bright pixel image to create
fake glow effect

(320N03) o1y
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- Blend the blurred bright
image with the original image.



http://www.gamespot.com/reviews/journey-ps4-review/1900-6416195/
https://software.intel.com/sites/default/files/m/d/4/1/d/8/hdr-figure-5.png

source)
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WARP EFFECTS

image for f(p) = fbm( p )

image for f(p) = fom( p + fbm( p))

image for f(p) =

mm(P + fom( p +fbm(P)))

A simple example

Like color mapping, you can remap
position/spatial input

In general, ordinarily, we have some
output = f(position)

However, we can arbitrarily modify the
input position:

output = f(other_f(position))

More on spatial domain transforms
from 1O

26


https://www.shadertoy.com/view/MlfSW4
http://www.iquilezles.org/www/articles/warp/warp.htm
http://www.iquilezles.org/www/articles/warp/warp.htm
http://www.iquilezles.org/www/articles/warp/warp.htm

K-MEANS COLOR COMPRESSION

« Want to reduce the number of colors in
an Image

) 99739007

« But want to minimize the distance from
original colorization

22JNOS

(

« Well, It we were reducing to a single
color, we'd use the average of all pixel
colors

250
200

150 - Need a way to find k averages, for

compression to k colors.

Green level

100

- We can use the k-mean algorithm:
clustering technique applicable in many
0 100 150 200 250 domains. Works In virtually any feature
Red level Sp ace

50 4
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https://en.wikipedia.org/wiki/K-means_clustering#/media/File:Rosa_Gold_Glow_2_small_noblue_color_space.png

K-MEANS COLOR COMPRESSION

Initialize with k randomly-selected centroids

2 '

O}

Bishop (source)


http://users.isr.ist.utl.pt/~wurmd/Livros/school/Bishop%20-%20Pattern%20Recognition%20And%20Machine%20Learning%20-%20Springer%20%202006.pdf

K-MEANS COLOR COMPRESSION

Assign every point to a cluster based on distance to centroid

Y

O}

Bishop (source)
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http://users.isr.ist.utl.pt/~wurmd/Livros/school/Bishop%20-%20Pattern%20Recognition%20And%20Machine%20Learning%20-%20Springer%20%202006.pdf

K-MEANS COLOR COMPRESSION

Per cluster; chose new centroid that will reduce distance to all points in the cluster.

'2 !

Ot
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Bishop (source
= p (source)


http://users.isr.ist.utl.pt/~wurmd/Livros/school/Bishop%20-%20Pattern%20Recognition%20And%20Machine%20Learning%20-%20Springer%20%202006.pdf

K-MEANS COLOR COMPRESSION

Given the new centroids, reassign all points to a cluster by distance again.

o

O}

o

Bishop (source)


http://users.isr.ist.utl.pt/~wurmd/Livros/school/Bishop%20-%20Pattern%20Recognition%20And%20Machine%20Learning%20-%20Springer%20%202006.pdf

K-MEANS COLOR COMPRESSION
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IN SUMMARY

* We introduced a lot of random shading and image processing techniques really fast!
» Graphics is full of mapping functions
By remapping color spaces, we can create cool effects

* You can use any combination of existing attributes as parameters to some
modification function, eg. map normals or look vector or darkness to some output
space.

* Highlights
» (Gaussian blur - use distance-sensitive averaging to smooth
* Toon shading - discretize your output color domain
» Lit sphere - fake a reflectance model with a simple texture read

» |In conclusion, there are too many cool effects to study! Take this as inspiration to experiment
33



REFERENCES

* Papers

- Lit Sphere

» Non-photorealistic Rendering in Chinese Painting of Animals

* Helpful articles

* Intro to color theory

Intro to edge/outline detection

Intro to gaussian blur algorithm And another!

|Q’s color palettes / reference implementation / Unity implementation

Huge collection of non-realistic graphics references

Procedural color palette ideas

Great step-by-step shader guide for color effects

« Jextbook

+ Machine Learning reference (go big or go home!)
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http://www.ppsloan.org/publications/LitSphere.pdf
http://www.cmlab.csie.ntu.edu.tw/~tony/Chinegraph_fullpaper.pdf
http://cs.nyu.edu/courses/fall02/V22.0380-001/color_theory.htm
http://dl.lcg.ufrj.br/cg2/downloads/non-photorealistic%20rendering/Intro%20to%203D%20NPR%20Silhouettes%20and%20Outlines.pdf
http://www.pixelstech.net/article/1353768112-Gaussian-Blur-Algorithm
http://rastergrid.com/blog/2010/09/efficient-gaussian-blur-with-linear-sampling/
http://www.iquilezles.org/www/articles/palettes/palettes.htm
https://github.com/thi-ng/color/blob/master/src/gradients.org
https://github.com/keijiro/CosineGradient
http://www.red3d.com/cwr/npr/#painterlyrender
http://devmag.org.za/2012/07/29/how-to-choose-colours-procedurally-algorithms/
http://thebookofshaders.com/06/
http://users.isr.ist.utl.pt/~wurmd/Livros/school/Bishop%20-%20Pattern%20Recognition%20And%20Machine%20Learning%20-%20Springer%20%202006.pdf

ASSIGNMENT

* Implement a variety of fun visual effects, in both world space
and screen space shaders
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