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Real-time animation [szirmay-kalos]

366 13. ANIMATION

[nitialize Timer( {yean );
do
I = Read Timer;
for cach object 0o do Set modeling transformation: Ty o = Tmoll):
Sct viewing transformation: Tv = Ty ({);
Generate Image;
while ¢ < {.,4;

In order to provide the ellect ol continuous motion, a new static image
should be generated at least every 60 msec. If the computer is capable of
producing the sequence at such a speed, we call this real-time animation.



tripes, fans, Hamiltonian mes

triangle “strip”
vertices: 10 triangles: 8
vertices per triangle: 1.25

triangle “fan’
vertices: 6 triangles: 4
vertices per triangle: 1.5
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Textu ring [Szirmay-Kalos, Ruzicky]

texture order mapping

local modeling world coordinate

Texture system system
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Figure 12.1: Survey of texture mapping

Z matematického hl'adiska definujeme vieobecni textiiru ako zobrazenie rovinnej
oblasti do modulovaného priestoru, ktorym méze byt priestor farieb alebo trovni Sedej

t:D,— M, kde D, c R* a M R (R?).

Ak mame zadany tvar objektu, tak pomocou inverzného mapovania budeme zobra-
zovat’ pre kazdy bod povrchu bod z oblasti textiry

m: Dy — D, kde Dy je oblast’ na povrchu objektu.
[

Obr. 15.1 Mapovanie textury (texture mapping)

Kapitola 15 229

parametrization projection

pixel space
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General surfaces

A general techuique developed by Bier and Sloan TBSSGT uses an interme
diate surface to establisl @ mapping between the surface and the texture
space. When mapping from the texture space to the surface, first the tex
ture point is mapped onto the intermediate surface by its parameterization.
then some “natural” projection is used to map the point onto the target sur

face. The texturing transformation is thus defined by a two phase mapping.

object normal object centroid intermediate surface normal

Figure 12.3: Natural projections

The mntermediate surface must be easy to parameterize and therefore
usually belongs to one of the following categories:

. Planar polygon

2. Sphere

3. Cyvlinder

L. Faces of a cube.



Texturing [Heckbert)

Fundamentals of Texture Mapping and Image Warping 2-D texture space
Master’s Thesis parameterization
under the direction of Carlo Séquin
compound .V
Paul 5. Heckbert mapping 3-D object space
Dept. of Electrical Engineering and Computer Science . .
University of California, Berkeley, CA 94720 p)"o_’ecnon
(©1989 Paul S. Heckbert v

2-D screen space
June 17, 1989
Figure 2.1: The compound mapping is the composition of the surface parameterization and the
viewing projection.

SCREEN ORDER:
for y
for x
compute u(x,y) and v(x,y)
SCR[x,y] = TEX[u,v]

24
texture order mapping
T local modeling world coordinate el
TEXTURE ORDER: exture < e ixel space
for v _ system system p P
f space o T
or u parametrization projection
compute x(u,v) and y(u,v) v - EEEE——
SCR[x,y] = TEX[u,v] z Y
MULTI-PASS:
for v
for u u v
compute x(u,v) .
TEMP[x,v] = TEX[u,v] X
for x
for v

compute y(x,v) screen order mapping

SCR[x,y] = TEMP[x,v]

Figure 12.1: Survey of lexture mapping

where TEX is the texture array, SCR is the screen array, and TEMP is an intermediate array.



Texturing [Heckbert)

2-D texture space SCREEN DRDER:

for y
parameterization for x
: compute u(x,y) and v(x,y)
compound \J SCR[x,y] = TEX[u,v]

mapping 3-D object space

projection

Y 24

2-D screen space

Figure 2.1: The compound mapping is the composition of the surface parameterization and the
viewing projection.

J MAP1 o MAP2 = u affine [ bilinear projective
affine affine bilinear projective
bilinear bilinear biquadratic rational bilinear
projective projective | rational biquadratic | projective TEXTURE ORDER:
for v
;. s P . . . for u
Thus, the composition of two bilinear mappings is a biquadratic mapping.
compute x(u,v) and y(u,v)
SCR[x,y] = TEX[u,v]
PROPERTY AFFINE BILINEAR PROJECTIVE
preserves parallel lines yes no no
preserves lines yes not yes MULTI-PASS:
preserves equispaced points yes not no for v
maps square to parallelogram quadrilateral quadrilateral
degrees of freedom 6 8 8 for u
closed under composition yes no, biquadratic yes compute x (u, v)
cllosed under i.nversion yes no, solve quadratic  yes TEMP[x,v] = TEX [u , v]
single-valued inverse yes no yes
forms a group yes no yes for x
incremental forward mapping | 2 adds 2 adds 2 divs, 3 adds? for v
incremental inverse mapping | 2 adds 1 square root, more 2 divs, 3 adds compute 3(1 )

SCR[x,y] = TEMP[x,v]

Texcept for horizontal and vertical lines in source space
see §2.3.5

For the designer, affine mappings are the simplest of the three classes. If more generality is
needed, then projective mappings are preferable to bilinear mappings because of the predictability
of line-preserving mappings. For the implementer, the group properties of affine and projective
mappings make their inverse mappings as easy to compute as their forward mappings. Bilinear
mappings are computationally preferable to projective mappings only when the forward mapping
is used much more heavily than the inverse mapping.



Bilinear Interpolation ru

Zobrazenie ¢ sa Casto definuje tabulkou s celoéiselnymi hodnotami. Mézu to by1
obrazky zosnimané skenerom alebo vytvorené grafickym editorom, ktoré ukladaji in-
formaciu v diskrétnej podobe. Inverzné zobrazenie mapuje do oblasti D, vo vieobecnos-
ti reAlnymi hodnotami, preto musime vediet’ interpolovat’ chybajice hodnoty. Najéastej-

Sie sa vyuZiva bilinearna interpolacia. [A ke N i ne- M o) | I e r’ RTR]

Chceme ziskat’ hodnotu #(x, ), preto oznaéme najblizsie hodnoty nasledovne:

|x] - zaokrtihlenie smerom dole na celo¢iselnt hodnotu a

[x] - zaokrtihlenie smerom hore,
n=tlxLlyl, n=uxlly)),
o1 =tlxllyh, m=uxlly).

Z obrazku 15.2 vidime ako vypoéitat’ hodnotu #(x, ) pomocou interpolacie:
ta=tu(l—dx)+1n(dx), te=rt(l—dx)+in(dx),

f(xsy} = !Il{] - aj')) + txZ(dy) .

Po tprave

(x ! 7.}’,1) (x,- ay[)

. ‘ ‘

toe,y)=tn +(tn—tn)dy+ta —tn+(tn — ti2 — ta +t22)dyldx

(x7.) (x,.Vp)

|'1J_\' T

“(xy)

Obr. 15.2 Vypocet interpolovanej hodnoty 1(x, )
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AI iaSi ng [Strasser, 1995]

B = Objext mil
Schachbrottextur
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Visual Abstract + anim wi

2D projection
of 3D geometry

Texture (1/2/3 D image)

Wang, Huamin. 2016. "Texture Mapping"” @ https://en.wikipedia.org/wiki/Texture _mapping

Animation Mapping a two-dimensional texture onto a 3D model




CU be Ma ppl ng [Akenine-Moller, RTR]

Cube mapping

eye

Journal of Computer Graphics Technigues Vol. 5, No. 2, 2016 http://jcgt.org

Simple math: compute reflection vector, r Mappings between Sphere, Disc, and Square
e Largest abs-value of component, determines which W T

CUbe face Univcrs.ily of Siegen, Germany

- Example: r=(5,-1,2) gives POS_X face
e Divide r by 5 gives (u,v)=(-1/5,2/5) 5, R
e If your hardware has this feature, then it does all the ? /{? {% - } T

work \ % i 3

N l. N ,ﬂ“‘—)‘"tg} .
B |

Figure 1. A mapping between a sphere and a square, composed of a mapping between a
hemisphere and a disc, a mapping between a disc and a square. and an arrangement of two
squares in a new square,



Sphere Param [szirmay-kalos]

Parameterization of a sphere

The tmplicit definition of a sphere around a point (@, .. z.) with radius r
is:
{ V2 { 2 { V2 2 [1a) +
(r—a. ) +ly—y )+ 2=z =1, (12.2)
Au appropriate parameterization can be derived using a spherical coor

dinate system with spherical coordinates ¢ and 0.

wlo,0)=x,+1 cosl-cos o,
ylo )=y, +r-cosll-sino, (12.3)
o) =z 4+ s,

The spherical coordinate ¢ covers the range [0..27]. and § covers the range
—w /2.7 /2], thus. the appropriate {u. v) texture coordinates are derived as

j'n)]]n;\\ 8 | _
(0 +m/2)
v = —

i
I T

= (12.4)

The complete transformation from texture space to modeling space is:

rlu,v)=a.+r-coswiv—0.5) cosru,
ylu,v) =y, +r-coswlv—0.5) - sin2ru, (12.5)
uv) =z, +rosinw(e = 1.5).
For texture order mapping, the inverse transformation is:
ule.y. z) = o sarctan |y — Yo, & — &)
vla.y, z) = — - larcsin + /2], (12.6)
T r

where arctan™(a.b) is the extended arctan function. that i<, it produces an

angle £ in [0.27] if siné = a and cos & = b.

Grimm & Niebruegge. 2007.

Continuous Cube Mapping.
Journal of Graphics GPU and Game Tools 12(4):25-34


https://dblp.uni-trier.de/pid/g/CindyGrimm.html
https://dblp.uni-trier.de/pid/14/8030.html

Intermediate Surface sq

General surfaces

A general technique developed by Bier and Sloan "BSSG7 uses an interme

diate surface to establish a mapping between the surface and the texture

space. When mapping from the texture space to the surface, first the tex

ture point is mapped onto the intermediate surface by its parameterization.

then some “natural” projection is used to map the point onto the target sur

face. The texturing transformation s thus defined by a two phase mapping.

/

object normal object centroid intermediate surface normal

Figure 2.3 Nalwral projections

Ihe intermediate surface must be easy to parameterize and therefore

usually belougs to one of the following categories:
. Planar polygon

2. Sphere

A0 Cylinder

I. Faces of a cube.

Grimm & Niebruegge. 2007.

Continuous Cube Mapping.
Journal of Graphics GPU and Game Tools 12(4):25-34



https://dblp.uni-trier.de/pid/g/CindyGrimm.html
https://dblp.uni-trier.de/pid/14/8030.html

VULKAN, WebGL, Collada...

VULKAN 2018 https://www.khronos.org/registry/vulkan/specs/1.1/refguide/Vulkan-1.1-web.pdf
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FONNECTING BORTWARE TO BHCON

Khronos royalty-free open standards for 3D graphics, Virtual and Augmented Reality, Parallel

Computing, Machine Learning, and Vision Processing
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[Documemnrion I [hnplementalions ] IDemos

« WebGL Overview o Desidop
+ WebGL specification

« Typed Arrays




24 Content Descriptors in MPEG-/

« Color 7 — space, quantization, dominant, scalable, layout...

« Texture descriptors 3 —homogenous, browsing, edge histogram
« Shape descriptors 3 —region shape, contour shape, shape 3D

« Motion 4 — camera, trajectory, parametric motion, action

« Others 2 —localization, face

« Audio 5 - signature, instrument, melody, indexing, spoken

* In total, 10 radiometric, 9 geometric, 5 others



Interpretation

Image-related
Digital
Information
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Figure B.1 - Computer imaging model



Real-time ? >> IBR, IBL

« Image based rendering, no model, plenoptic function

« Image based illumination, no simulation, just data, Debevec
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