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Overview

Basic sampling problem

- Texture mapping defines a signal in image space
- That signal needs to be filtered: convolved with a filter

- Approximating this drives all the basic algorithms

Antialiasing nonlinear shading

- Basic sampling suffices only if pixel and texture are linearly related

- Normal mapping is the most important nonlinearity

Image based lighting

* Another key application of textures in realistic rendering

- A texture map defines lighting that comes from infinity



[exture mapping from O to infinity

When you go close...
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[exture mapping from O to infinity

When you go far...




Solution: pixel filtering

Problem: Perspective produces very high image frequencies

Solution

- Would like to render textures with one (few) samples/pixel

- Need to filter first!
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Pixel Tiltering In texture space

Sampling is happening in image space
- therefore the sampling filter is defined in image space

- sample is a weighted average over a pixel-sized area

- uniform, predictable, friendly problem!

Signal is defined in texture space

* mapping between image and texture is honuniform
-+ each sample is a weighted average over a different sized and shaped area

- Irregular, unpredictable, unfriendly!

This is a change of variable

- Integrate over texture coordinates rather than image coordinates



Pixel Tootprints

image space

texture space
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How does area map over distance’/

At optimal viewing distance:

- One-to-one mapping between pixel area and texel area

When closer

- Each pixel is a small part of the texel --------------

- magnification =========!1
- interpolation is needed -H.H-r“'].ﬂ-"
When farther - [ -7 4 ~
- Each pixel could include many texels
“minification” el e e e e e e e e e e e ]

upsampling downsampling

» averaging is needed magnification minification




oW 1O get a handle on pixel Tootprint

We have a nonlinear mapping to deal with

- image position as a function of texture coordinates: IR* — IR* : u — x(u)

- but that Is too hard

Instead use a local linear approximation

* hinges on the derivative of u = (u,v) wrt. x = (X,y)

ou
A\
Ox =
ou ou

ou |0z Oy « Matrix derivative,
| dv  Ov or Jacobian
0x oz Oy

u(x + Ax) ~ u(x) +




Sizing up the situation with the Jacobian

image Space texture space




—ow to tell minification from magnification

Difference is the size of the derivative

- but what is “size”?

0_u
ox

+ max-stretch: 2-norm of Jacobian (requires a singular-value computation)

- area: determinant of Jacobian:

+ Frobenius norm of matrix (RMS of 4 entries, easy to compute)

- max dimension of bounding box of quadrilateral footprint: max-abs of 4 entries (conservative)

Take your pick; magnification is when size i1s more than about 1



Solutions for Minification

For magnification, use a good image interpolation method

- bilinear (usual) or bicubic filter (fancier, smoother) are good picks

- nearest neighbor (box filter) will give you Minecraft-style blockies

For minification, use a good sampling filter to average

- box (simple, though not usually easier)

+ gaussian (good choice)

Challenge is to approximate the integral efficiently!

- trilinear interpolation mipmaps — basic and fast
- multi-sample anisotropic filtering (based on mipmap) — popular for real time rendering

- elliptical weighted averaging (based on mipmaps) — popular for offline rendering



NVipmap image pyramid

MIP Maps

 Multum in Parvo: Much in little, many in small places

- Proposed by Lance Williams

Stores pre-filtered versions
of texture

-+ geometric sequence of resolutions
(typically factors of 2)

Supports very fast lookup

- but only of circular filters
at certain scales




(3iven derivatives: what is level”

Need to reduce the matrix to a single number

+ aka. choosing a matrix norm; several choices available with different tradeoffs

- elementwise max partial derivative:
o i Ou| |Ov| [Ou| |Ov|\
—log max | |—|.,.|=—1|,|=—|,|=—
> ox|’ |0z | oy | |oy|)
* root-mean-square of partial derivatives:
. ou 2+ Ov 2+ ou 2+ v\
— 10 _ E— - -
S\ oz Oz Oy By

- elther way, you get a non-integer level at which to look up




Jsing the MIP Map

In level, find texel and

- Return the texture value: point sampling (but still better)!
- Bilinear interpolation

- Trilinear interpolation

Level k Level (k + 1)



\Viemory Usage

What happens to size of texture?

- level 1 takes 1/4 the
memory of level O

- level 2 takes 1/16, etc.

- |In total, adds 1/3 to the
storage requirements

image: Kavita Bala
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E\/\/A ﬁ ‘J[@H ﬂg (attributed to Greene & Heckbert, but they didn’t work out the MIP map part)

Treat pixel as circular

- e.g. Gaussian filter

Use linear apx. for distortion

» circular pixel maps to elliptical footprint

- ellipse dimensions calc’d from quadratic

Loop over texels inside ellipse

- actually over bounding rect

- weight by filter value and accumulate

Select appropriate MIP map level

Greene & Heckbert ‘86

- so that minor radius I1s 1-2 texels
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Simpler anisotropic MIP mapping

EWA requires a lot of lookups for diagonally oriented footprints

Instead, approximate your footprint as a single line of blobs

- each blob is produced by taking a single bilinear sample using the standard MIP map

Number of samples proportional to
major:minor axis ratio

- with some limit to bound slowness In
extreme cases

This Is the kind of method used when
GPU says it uses “16x anisotropic
texture sampling”

FELINE: McCormack et al. 1999



slide courtesy of Kavita Bala, Cornell University



—lltering normal maps

Normal (or bump) maps can produce aliasing too

- shiny surface => color very sensitive to normal

- normal swings around faster as camera moves away => high contrast, high detail image

Filtering the normal map does the wrong thing

- shiny, bumpy surface at a distance becomes a shiny smooth surface

* microfacet theory tells us the non-resolved bumps produce a rough surface appearance

Normal map filtering is about producing appropriate BRDF at large scales

- bumps filtered away, replaced by roughness

+ surfaces can become anisotropic depending on normal map content



—AN Mapping

Linear Efficient Anisotropic Normal Mapping
A practical and efficient normal map antialiasing approch

Key ideas:

- Approximate normal mapping as defining a shifted normal distribution function (NDF)
(rather than changing the shading frame)

~

- Use Gaussians for the NDFs

- Approximate the sum of multiple Gaussians by adding the first and second moments



—AN Mapping

an NDF In tangent-vector space



—AN Mapping

combining two centered NDFs combining two off-center NDFs
IN different tangent spaces IN a common tangent space




LEAN mapping bottom line [Olano & Baker 2010]

Given normals from a normal map:

—

N = (b,.z, l;n.y, br.2)
Store the following in the base level texture:

B:(l;na:, bny) 5 5 . Y 4

@‘l

Allow the textures B and M to be filtered by the MIP map machinery,
then at shading time use an NDF defined by the mean B and the covariance:

Mx—BxxBax M.z—B.xxBuy

2= Mz—bxxby My—byxBy




T

LEAN mapping [Olano & Baker |3D 2010]



Figure 13: Anisotropic bump pattern as a model moves away.

LEAN mapping [Olano & Baker 13D 2010]
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LEADR mapping [Dupuy et al. SIGGRAPH 201 3]



mage-obased lignting

Older idea (70s-80s): reflection/environment mapping

+ basic technique for rendering shiny surfaces

- originally used in LDR setting

Newer idea (90s-00s): illumination from HDR environment maps

+ same idea but the environment is HDR for better accuracy
- HDR environment can also provide lighting: image based lighting (IBL)

* now an indisepensible tool in realistic rendering

Refinements (10s-20s)

* various parameterizations
- better sampling methods

- better/faster acquisition methods



Reflection mapping

Early (earliest?) non-decal use of textures

Appearance of shiny objects
- Specular BRDFs produce blurry highlights for glossy surfaces.

- A polished (shiny) object reflects a sharp image
of its environment.

The whole key to a
shiny-looking material is
providing something
for it to reflect.

(@) (b)

Figure 2. (a). A shiny sphere rendered under photographically
acquired real-world illumination. (b). The same sphere rendered
under illumination by a point light source.

[Dror, Willsky, & Adelson 2004]



Reflection map

A function from the sphere to colors, stored as a texture.




pnerical environment map
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Hand with Reflecting Sphere. M. C. Escher, 1935. lithograph



[CS467 slides]



DR environment maps and image-pnased lignting

Older use case: environment map is only for specular reflection
- split BRDF into diffuse and specular

- diffuse part is lit by light sources
+ specular part is lit by environment map (with blurring for non-ideal specular)
- efficient but inconsistent

- Ideal specular works with LDR environment maps

More accurate and consistent: environment map is part of the illumination

- keep BRDF together, integrate against the incoming illumination from both local sources and the
environment map

- simple, works naturally in path tracers

* requires proper HDR environment maps to work correctly



AcCquIring HDR environments

Environment maps often come from photos

» Just point a camera at a mirror ball

- for better quality, point a camera directly at the environment

+ use a wide angle lens and take enough pictures to see everything

- align and stitch the images into a panorama

Problem: camera has a noise floor

* INn a sunny scene, the sun is maybe 10k times brighter than a sunlit object
(maybe 1M times brigher than a dark corner, or more)

- expose for the scene -> sun is saturated

- expose for the sun -> everything else is lost in the noise

Solution: take several exposures and merge them






straight up straight up straight up

due East due South due North due East

straight down straight down straight down

A spherical panorama, aka. enironment map

openfootage.net


http://openfootage.net

Cube map

(u,v) =(1,1)

right face has
x> lyl and
x>zl

u

(u,v) =(0,0)
X=—-y=-¢

a direction vector maps to the point on the cube that is along that direction.
The cube is textured with 6 square texture maps.



[Zephyris at en.wikipedia]

[Emil Persson]















Sampling direcitons

Environment map iIs a continuous function on the sphere

- to get a sampling PDF, convert to a scalar (luminance maybe)

Simple sampling: bag of pixels
- define the radiance as piecewise constant per pixel
-+ compute the radiance - solid angle product for each pixel

- sample in two steps:

- select a pixel (discrete choice) with propoability proportional to that product
- select a point uniformly wrt. solid angle in the pixel (continuous choice)

- many methods try to maintain stratification better

- underlying mechanism: selection from a tabulated discrete PDF






