Lecture 22:
Texture Mapping
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Now to Texture mapping
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Adding surface detall

« Surfaces in the world have appearance

— They are seldom one flat color.

— They
— They

— They

nave true texture — repeating patterns.
nave structured markings.

nave tiny changes in surface height.

* Purists view (don’ t try this!)
— Use ever more even smaller uniform triangles.
* Pragmatists view
— Paint surfaces with images — texture mapping.




Texture Mapping

» Use projective geometry to compute where
vertices appear in the image

* Apply shading to determine the color of pixels
_ - Of —

» Map an existing texture onto a surface

— Textures supercede/augment the specification of
surface material

— Leaves room for distinction diffuse vs. specular




Mapping

» Guess what? The underlying problem is to
apply a geometric transformation
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Mapping (Il)

» Textures are color images
— Logical texture coords run from (0,0) to (1,1)

— Coordinates fixed regardless of image size

* Polygons are 2D surfaces in a 3D space

* The transformation from texture coordinates
to surface coordinates is expressed as — you

guessed it — a matrix




Texture Matrices

* Given vertices and the corresponding
texture coordinates...
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= How many correspondences are needed?
= Maps from surface to texture




Worked Example - Before

» Consider point correspondences
— Pairs of points in texture and 3-D coordinates
— Three such pairs of points yield six constraints
— Constraints match free variables — six.

« Specifically

Point (0,0) matches
Point (1,1) matches

Point (0,1) matches

point (1,2,3)
point (2,2,2)

point (3,2,2)
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Texture Mapping (ll)

* The fragment processor computes a
reflectance color for every pixel

 When textures are enabled,

— The fragment processor also computes a texture
value for every pixel

— Using the pixel to do texture mapping

* These values are multiplied together to
produce the final value




Issue #1: Sampling

* The mapping from surface points to texture
coordinates produces real values




Sampling

* Nearest-neighbor:

— pick the closest texture pixel

 Bilinear:
— linearly interpolate in both dimensions
* Bicubic:
— fit a 3rd order surface to 16 surrounding points

— Not as expensive as it sounds
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Sampling (I11)

* A better solution is for the texture map to be
roughly the same size as the surface
projection.

A MipMap is an image pyramid built from a
texture map

— Example: if the texture is 64x64, the pyramid also
includes 32x32, 16x16, etc.




Issue #2: Getting Textures

= WEB!

* millions of textures — people use them for
backgrounds of web pages a lot! You can download
them in bulk packages, etc..

= Build your own

* Make them “seamless”
= When tiled, you cannot see the edges of the tiles.
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Just for example ...

Free and Open Source Textures | OpenGameArt.org

=] | = @ opengameart.org

#2  Bing iWeather Weather Ross

Coord¥ PSD¥Y News¥ Miscc¥ CSUY SoNet¥ Frisco¥ Scouting¥ Webdev~v CS410¥v > H

#OPENGAMERRT.ORG O ) RS (1o | Regis

"~ Home Browse Submit Art

11/19/19

Collect Forums FAQ

Advertise with 0ca  FREE AND OPEN SOURCE TEXTURES

Texture CATEGORIES

Browse Textures: All
These textures are intended for use in 3D modeling, mapping, games, etc. Please check

Normal Map (sort later) (173)
Abstract (115)
E Animal (34)
@ Architecture (27)
@ Buildings (129)
@ Brick and Stone (man-made) (327)
@ Ceilings (7)
[ Concrete (165)
Electronics (2)
B Equipment (356)
[ Floors (82)
Fire and Lava (24)
B FX(127)
@ Ground (152)
Pictures and Paintings (32)
B Human (95)
B Metal (353)
@ Miscellaneous Materials (160)

individua! textures for license and attribution information.
- =
- -
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Texture Makers

* There are tons of them.. Some examples:

— ftp://zdftp.zdnet.com/pub/private/sWIIB/graphics_
multimedia_tools/graphics_tools/terltx32.zip

— http://www.backgroundmagic.com/software/BGM.
Zip

— http://www.metaworkshop.com/ftp/twinst.zip

— http://216.156.212.112/photoseam.exe




Example in SketchUp - Cube

® 00 Untitled - SketchUp Pro

NI/ BOBC SRR LERBSZLHES ® a5

O @ ©‘® Select objects. Shift to extend select. Drag mouse to select multiple. Measurements
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Import a Texture Image

(O]

Untitled - SketchUp Pro

(GG
G/HDQQOAOCL B ORI EBPZLALS S

[«/»> [z i || & - || (3 figs20 4 Q
FAVORITES » [ figs16 S =
o — ’ [ figs18 " = SafariScree...pz001.png
[&] ross
— » [ figs19 » SketchUpS...pz001.png
| Adams » [ figs20 S
Desktop » [ figures »
'Aﬂ Applications b | LO1_Introduction.ppt
8 LO2_Overview.ppt
@ Documents # LO3_2DGeometry.ppt
o Downloads @ L04_2DTra...ations.ppt
H Movies & LO5_3DTra...tions.pptx
ﬂ Music M LO6_AxisAngle.pptx Name m-024.jpg
M LO7_Raysphere.pptx Kind JPEG image
[C] Google Drive @ L08_Came...ection.pptx Size 1.2 MB
M L0O9_Came...ement.pptx Created Today 7:42 AM
SHARED @ L09_Viewvolume.pptx Modified Today 7:42 AM
[ epsonb87443 & L10_Revie...idterm.pptx Last opened Today 7:42 AM
[] EPSONB87443 (Wo... (7] L11_CameraPlacement  » Dimensions 1024 x 1024
q M L11_Came...ement.pptx
=) Tweetie (L entee ! !
Format: | JPEG Image (*.jpg) 4| | Options...
| Use As Texture )

| Cancel | [lmport ]

Drag to orbit. Shift = Pan Measurements
O®O@ drag

© Ross Beveridge 2019 CS CSU
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Place Texture on Face

"G/ B@OC S B+ ORBIEBISI2LHE

Untitled - SketchUp Pro

S ®H

Endpoint

® @ ©|® Pick first point on face to paint with image. Dbl Click=Drop. Ctrl=By Center. Shift=Non-Uniform.

Dimensions | 1.000m.1.000m
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View the Result

® 00 Untitled - SketchUp Pro

NI /B CGOCSHSORAIBPZLLES ®E

O @ ©|® Select objects. Shift to extend select. Drag mouse to select multiple. Measurements

© Ross Beveridge 2019 CS CSU
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11/19/19

Position/Reset-Position

® 00 Untitled - SketchUp Pro

NG /B O@OC LS LA LB ZLLED R

f-‘ ;

B |
Entity Info
Erase
Hide

Select >
Area
Intersect Faces >
Align View

Align Axes

Reverse Faces

v

................................................................................... ! Orie |"|t Faces

! Zoom Extents

Texture > Position
Reset Pasition

Make Unique Texture
Projected

Add Photo Texture Edit Texture Image...

@ @ ©‘® Select objects. Shift to extend select. Drag mouse to select multiple. Measurements

© Ross Beveridge 2019 CS CSU
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View the Result

® 00 Untitled - SketchUp Pro

NG/ HB@CGOCSHSORAILBPZPLLES RS

O@@‘@ Select objects. Shift to extend select. Drag mouse to select multiple. Measurements

© Ross Beveridge 2019 CS CSU
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Support for ‘Painting” Textures

®0o0 Untitled - SketchUp Pro

» /B @OCSHSPOCRIUBIe ZLHAES ® B

O @ ©|® Select object to match paint from Measuremen ts

© Ross Beveridge 2019 CS CSU
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Final Result — Textured Cube

® 00 Untitled - SketchUp Pro
» /ARG LALLM L EBIPZL K
1z
O®©|® Drag to orbit. Shift = Pan | Measurements

11/19/19 © Ross Beveridge 2019 CS CSU
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Alas - .obj support marginal

 Texture vertices do come through.
* File linkage to texture map does not.

® OO0 | ] test03.o0bj

DB ©€>00Q0 1O

# Alias OB) Model File
# Exported from SketchUp, (c) 2000-2012 Trimble Navigation Limited
# File units = meters

mt11lib test03.mt] [%

g Meshl Model

usemt] m_024
v1i00

vt 4.02933 0

vn 00 -1

v0O0oO

vt0O

v01l0

vt 0 -4.02933
v11l0

vt 4.02933 -4.02933
f 1/1/1 2/2/1 3/3/1 4/4/1

Fi11l column s;t to 78 (was 70)
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More Examples

VA main M =] B3
File

I } I | IIIIIII]I I

Tex

Surface lextures
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Texture Map from Image

Users/ross/Active/WebSites/CS410WebFall07/code/codePart4

Texture Mapped Face
Texture Mapped Face

-384, -102,
-384, -103,
-384, -104,
-384, -105,

-384,
-384,
-384,
-384,
-384,
-384,

NNNOOOOOAOUUIUTUUNUUIUVTUUUUUTEEEBRWWWWNN




Texture in Blender

UV Editing

> UV Maps

*» Vertex Colors
» Face Maps

» Normals

» Texture Space
» Geometry Data

» Custom Properties

Credit where credit is due — YouTube video:

“Blender 2.8 Beginner Textures and Materials Tutoria
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