Topic 11:

Texture Mapping

e Motivation

e Sources of texture

e Texture coordinates

e Controlling surface appearance with textures
e Texture mapping & scan conversion

e Perspectively-correct texture mapping

e Bump mapping, mip-mapping & env mapping
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Texture Mapping: Motivation
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Introduction to Texture Mapping
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e Texture coordinates



Texture Coordinates
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Texture Coords from Triangle Vertices
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e Controlling surface appearance with textures



Appearance Control via Texture Mapping
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Texture Coords of Pixels in Triangle’s Interior
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Reminder: Basic Scan Conversion
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Should we Interpolate Texture Coordinates?
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Artifacts Caused by Naive Scan Conversion

300m~C®memlcd po(_lﬂo\'\ COW PR Qe

e S e
— T — Ty . — -

brak occurs om
Scanlime where a
li)@uho\l’v\é Q,daQ_,

c\/\avxje,g )

Wo”aefj ) 1aq |



Why Do These Artifacts Occur?

center of. Ve
Pcaje,e/%ov\ plane
“\
4,
a S ~Ciy. -
q ) 3
ER y

I\[Q,QC&l JfC’) CO‘V\S\‘der ’pf‘ﬁ ‘;ol\ouom% QU\QSHOV;S ‘\%C)(o)go)?b)
, w\/\{a\\ 3D PO\M\‘ 7\5 \)roje,c/)rs to
P\'xe/\ 5\‘— ()(»‘,\4\) 7 ~

. whal are e loxture coocds o ’PO\’\/\JV ?(7

Y



Why Do These Artifacts Occur?
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Why Do These Artifacts Occur?
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Why Do These Artifacts Occur?
V\)\’HCJ/\ P{\ On +NOM3‘Q

cende 0{2 ‘é‘ﬁ”‘: should L\owz ‘H'\ese
Praje,&"‘tov\ \/\ JCQ)(MN/ (/OO‘(d 9?
N
Sl L= =
Ans P= ZY_ZCPW(’J] t
| ) L= -
“""‘r@c’l 2Lz (Pt F)]
1, LV g =~ FL (Mz, V‘I/)
A . Vde midpoini !
A\’\S ‘:Ji | —\'l(ul)v\) + %(M'L, VL)‘ —qg _P_
L[L( ~ W N
+ = ul,V‘L)-&- L(Mg)\/g (u. v, )\ ' ‘
pA bl T ) ] ' ’ ) \ ‘\/\'\MdPOi“f\

3 ¥
5
X i
% ;
X i
L

. SUPPOse a (s Hhe vvxno(poim{\ \OQ/{-W%W
écq_,-«-q*@) cand ’%(q_’z-&az) -
problewn: P will not proyet to 4 m opnecod.

E (u%, Vz)



Why Do These Artifacts Occur?
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Reducing Artifacts of Naive Scan Conversion
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Reducing Artifacts of Naive Scan Conversion
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Reducing Artifacts of Naive Scan Conversion
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Reducing Artifacts by Polygon Subdivision
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Reducing Artifacts by Polygon Subdivision
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Reducing Artifacts by Polygon Subdivision
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Perspectively-Correct Texture Mapping

center of. "‘l@“““
Ptoje,(’/“to\'\ plane
\
9.
‘T{ - FL
| A p
ot e w1 | Iy TR

Jr\\o, V\/\OLP\B\’\A%
Frow polygon
points fo +heir~ ~
Progeac\'m\ s A " P
\/\ovvxogvaplwo[ Hl@“w\os% general  transform Hod-

W pS 20 lnes Yo 2D |imes

\i °

- | w0l P00
/ S
P Fl) P 3

g
ee“f



Perspectively-Correct Texture Mapping
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Perspectively-Correct Texture Mapping
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Perspectively-Correct Texture Mapping
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Aliasing During Texture Mapping
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Aliasing During Texture Mapping
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Aliasing During Texture Mapping
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MIP-Mapping: Basic Idea
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Environment Mapping
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Topic 12:

Basic Ray Tracing

e Introduction to ray tracing e Computing normals
e Computing rays e Evaluating shading model
e Computing intersections e Spawning rays
e ray-triangle e |ncorporating transmission
e ray-polygon e refraction
e ray-quadric e ray-spawning & refraction

e the scene sighature
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Rasterization vs. Ray Tracing
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Ray Tracing: Basic Idea
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Ray Tracing: Basic Idea




Ray Tracing: Advantages
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Ray Tracing: Basic Algorithm
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Ray Tracing: Basic Algorithm

Bosie. \oeP:
go\r eaeh P\‘Ae& q
d cast oy )r\/\rouﬂ\/\ q @ estimalke awount O—Q
€ j;v\d Y mbersection oQ \%klr Jtr‘ave, \I’V\S Gom«

g withh seene (12 powit P) B )ro

Al ow f~
® estwmate awount O—Q qut\ 8 =
reachmg B
Qa. SPaUOl/\ s NL
Srows B P Iw various 7 f”‘*j r

airections
| .\? oy hiks o ttht
Source | estimatc (\%V\jr O
&-v*avﬁ)lmg OLOV\ﬂ r: and SbP - /
c @\se, O\pr_/) lOOp rﬁuu\%we,\\j to My Iy

/s




Q@j brac
Vzg A ‘u\o. AV OO
les

« Rl i
W iy ?

C,\’\ \'Sl.'eAA
r~ WQJF O»L,Q 2006
)




WWW. oV ~Oou) .oc\% /COW\W\\AV\{\‘*:J /l/\os2

MOUW\ SPM (Uue} " The Gol Cowg(/




\NWV\LPOV ‘\O‘*é .OP% /COW\W\\AV\A“:] /|/\O¥

o
o
| e

'—.;.‘
-
=]

P g
(-8
AL
(=]
[ =
M

¥ e
1
> ¥,
Ky av
" i

5 Wonesd

Toe b » yisa \ [ [, ”\\‘-,-'-_,' o
| g P

T L iy Y G e
//T D(lf"\ﬁ g\y.o\-e O_f _r‘/:e‘e/glz




Ov\\\‘w, QCL»\j f\—rokcm% @w\pa)d%\ov\%

wWwWw, \‘P’"C OJ\S/%/{—'“S




S\0G-RAPHOS
eAPHOS  (purse 1014 Slusalleck et ol




IS cors, 240 Mquads, YO W rays

Revder~ tme = without o JﬂwnLOnL\onS >4cla@

with o kulo&\O\'\S ~ B s




Computational Issues in Basic Ray Tracing
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Ray Tracing: Basic Algorithm
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Topic 12:

Basic Ray Tracing

e Computing rays



Computing the Ray Through a Pixel
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Computing the Ray Through a Pixel: Main
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Computing the Ray Through a Pixel: Steps
CO\AAP@G{‘ \M% \/\O\N\O\CS@V\COUS coords 6:@ aw :

@ COV\VEJ“\‘ diSCfQJ(Q Pi)(e/‘ COOt’dW\O&QS
(row & colummn numer ) to covonicod  coordinates
(x4u) Prak Lie iw the vovge Ny

| N,M _
U'M) MXN ( ) (-1 ) Caronieal ( )
pixel arron = pixel

CrHn (™, 17 (—I)ol)-COOPdg (l,—l)

—

CO )V&{/ V\ngj v Qrven
CQV\1~£P 0 rowy r
- discreke pixel POSl%to\/\ projection (1 S

* U\)C’)(‘O\ j\‘I'J camera W\Od_ﬂ)( WC.

/s

« COWero - XO CQY\OY\\CQ\ V\ 20
wokvix  Mey




Computing the Ray Through a Pixel: Steps
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Computing the Ray Through a Pixel: Steps
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Topic 12:

Basic Ray Tracing

e Computing intersections
e ray-triangle
e ray-polygon
e ray-quadric
e the scene sighature



Computing Ray-Object Intersections
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Computing Ray-Triangle Intersections

A\%or%lc\aw\ #1 < _ ;‘
T
@Cowpu’re, NO YW \ &
" PR P T3 o))

@COV\AP&LJFQ nterseckion [ \PC’/\)//

o vouy ond plare

of triowgle

X
L2 Fimal 2 Aot QOLJ({@Q?Q,S

() ver Q\j Mot P Calls woithain Hriavgle

2.9 MSH«@ \/\Oh\(’fg’PO(GQ COV\SPYQ,(N\](S (QSSFC}V\W\&V\\‘Q




Computing Ray-Triangle Intersections
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Computing Ray-Polygon Intersections
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Computing Ray-Poly Intersections: Step a
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Computing Ray-Poly Intersections: Step b
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Computing Ray-Poly Intersections: Step b
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Computing Ray-Quadric Intersections
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Computing Ray-Quadric Intersections
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Computing Ray-Quadric Intersections: 3
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Ray-Quadric Intersections: Sub-cases for A>0
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Intersecting Rays & Composite Objects
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Ray Intersection: Efficiency Considerations
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Ray Intersection: Efficiency Considerations
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Ray Intersection: Efficiency Considerations
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Topic 12:

Basic Ray Tracing

e Computing intersections

e the scene sighature



The Scene Signature
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The Scene Signature
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Computing the Scene Signature
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Computational Issues in Basic Ray Tracing
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Topic 12:

Basic Ray Tracing

e Computing normals



Computing the Normal at a Hit Point
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Computing the Normal at a Hit Point
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Topic 12:

Basic Ray Tracing

e Evaluating shading model



Evaluating the Shading Model
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Evaluating the Shading Model

Use « *w0~Coprv\ev~‘r wodel
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Evaluating the Shading Model: Using Textures

Use « *w0~Coprv\ev~\- wodel
L(@) = L(k,®3) +G(3)r

/D\f\ov\% wmode] \

Tu +ou< (O, R.Z) + Vs I qu(o) v E)d CO\MPW\QA
:»::V AR Tw@—/ QQ ter (\au&,
SPQ\UN'V\%

. Weed Ao CowpwéF@ pe boxture
coordmartes

. u\n\i\ce Scan—COYwe on , Wwe COMPU(‘Z
P texture Coordmakes by linear
\'v\JF@PPG\aJtIOn On the POMQOV\ plam} fV\oJl‘
m image space (evo digtortion arkifocts )

Textue can e used +o woduate -
M 0~V\O\ d: \/




Computational Issues in Basic Ray Tracing
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Topic 12:

Basic Ray Tracing

e Spawning rays



Whitted Ray Tracing
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Whitted Ray Tracing
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Whitted Ray Tracing: An Example

Use « *w0~Coprv\ev~‘r wodel
L(@) = L(k,®3) +G(3)r

/’V\OM% wmode) \

LVQ Io( + g Icl mMax (O, ?;) + Vg Is qu(o, ? E)"( C,loloql gPecwkar\
\/_/

Analment A LRuse Specular ‘,ﬁm
c
3
b
\A e
/




Whitted Ray Tracing: An Example

Use « *w0~Coprv\ev~‘r wodel
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Whitted Ray Tracing: An Example

Use « *w0~Coprv\ev~‘r wodel
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Whitted Ray Tracing: An Example

Use « *w0~Coprv\ev~‘r wodel
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Simulating Shadows

Use « *w0~Coprv\ev~‘r wodel
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Simulating Shadows

Use « *w0~Coprv\ev~‘r wodel
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Simulating Shadows

Use « *w0~Coprv\ev~‘r wodel
L(@) = L(k,®3) +G(3)r
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Topic 12:

Basic Ray Tracing

e |ncorporating transmission
e refraction

e ray-spawning & refraction
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Modeling Reflection: Transmission
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Physics of Refraction
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Physics of Refraction
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Geometry of Refraction: Transmission Vector
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Geometry of Refraction: Path Reversibility
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Geometry of Refraction
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Geometry of Refraction
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Geometry of Refraction

2ne\ls  law
Smd  C
SimOL Ca
(aur) E 0 MH'PP“"Q

~ i TN |
(g\ass ) S - ;%w; G
P

©, H; C220C, l\‘C:}\/\Jr lenols Jrowomol +e normal
\g? ca>e,  light  lends Qux0y Loon nosmal



Geometry of Refraction: The Critical Angle
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Geometry of Refraction: Total Internal

Reflection
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Geometry of Refraction: Total Internal
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Geometry of Refraction: Normal Incidence
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Topic 12:

Basic Ray Tracing

e |ncorporating transmission

e ray-spawning & refraction



Whitted Ray Tracing with Refraction
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Whitted Ray Tracing with Refraction
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Visualizing the Spawned Rays
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In-class lecture ends here
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