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Kaj je animacija?

Ustvarjanje sprememb v zaporedju slik ali položajev objektov, ki jih
po opravljenih spremembah predvajamo kot novo celoto. S tem
dosežemo iluzijo zveznega premikanja.

Pri animaciji v večini primerov ne posnemamo povsem resničnega
sveta, ampak dajemo poudarke na določene aspekte.

Največkrat se pri tem izpostavlja 12 principov animacije, ki jih mora
vsebovati vsaka dobra animacija.
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V računalniški grafiki animiramo tako, da premikamo virtualne
objekte.

Pozicije, ki jih ustvarjamo, se prevedejo na koordinate v preglednici,
računalnik pa zapolni vmesne slike, primer.

Naloga animatorja je, da privzeto robotsko premikanje, spremeni v
primerno (lepo) gibanje.

Kako zapolnimo te vmesne položaje pa je odvisno od tega, kako
prek računalnika definiramo gibanje iz ene pozicije v drugo.

Obstaja veliko načinov, kako lahko zapolnimo vmesne pozicije, vsem
pa je skupno, da jih lahko opišemo z matematičnimi funkcijami
(zlepki funkcij).

Tu se srečata matematika in umetnost.
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Kako poteka animiranje?

Določimo ključne položaje objekta na časovnem traku.

Določimo način prehoda med posameznimi stanji tako, da
prilagodimo krivulje.

Časovno uskladimo posamezne animacije.
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Animacijske krivulje

Določajo kako se med ključnimi pozicijami spreminjajo animirane
vrednosti (npr. položaj, orientacija objekta ... ):

linearna interpolacija,

Bézierova interpolacija.
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Linearna interpolacija

Določimo ključne pozicije objekta in nato vmesne pozicije:

ročno,

s pomočjo računalnika.

Privzeto računalnik poveže ključne pozicije s premicami, temu rečemo :

linearna interpolacija

x = (1− t)a + tb, t ∈ IR

Rezultat so enakomerno razporejeni odmiki med pozicijami.
Kako bi z uporabo linearne interpolacije dosegli bolj realistično gibanje?
Odsekoma linearna interpolacija.
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Bézierove krivulje

Z razvojem tehnologije in računalnikov se v poznih 50. letih pojavi
potreba po čimbolj natančnem prenosu oblik in idej oblikovalcev v
proizvodnjo.
Začetni koraki v avtomobilski industriji: inženirja P. de Casteljau
(1930-) pri Citroënu in P. Bézier (1910-1999) pri Renaultu.
Ker so bile raziskave de Casteljaua tretirane kot poslovna skrivnost,
Bézierove pa objavljene, se danes za ta razred krivulj in ploskev
uporablja Bézierovo ime.
Bézierove krivulje prinašajo enostaven opis krivulje z malo podatki,
enostavno spreminjanje oblike ter uporabne lastnosti za računalniško
predstavitev.
Zahtevnejše oblike opišemo s sestavljenimi Bézierovimi krivuljami, ki
z lokalno nižjimi stopnjami omogočajo večjo numerično stabilnost.
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Parametrične krivulje

So zelo pomembni objekti v CAGD.

Parametrizacija krivulje p (prostorska parametrična krivulja):

p : I → IR3, p(t) =

( x(t)
y(t)
z(t)

)
, I ⊂ IR

Zaželjene so predvsem polinomske (racionalne) parametrične krivulje.
Zgled: p : [0, 1]→ IR3, p(t) = (t3 − t, t2 − 1, t3)>

Zapis v drugi obliki?
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De Casteljauov algoritem

Geometrijska konstrukcija Bézierovih krivulj.
Je eden najosnovnejših na področju oblikovanja krivulj in ploskev.
Zgled: parabola, demo.

Temelji na ponavljanju linearne interpolacije.
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De Casteljauov algoritem

Geometrijska konstrukcija Bézierovih krivulj.
Je eden najosnovnejših na področju oblikovanja krivulj in ploskev.
Zgled: parabola, demo.
Temelji na ponavljanju linearne interpolacije, zgled (stopnja 3).
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Bernsteinova oblika Bézierove krivulje

Opazimo: Krivuljo lahko zapišemo kot linearno kombinacijo
posebnih polinomov in kontrolnih točk.

Glavno vlogo pri tem igrajo Bernsteinovi polinomi (Sergei
Natanovich Bernstein, 1880-1968).

Bernsteinovi bazni polinomi
Bernsteinov bazni polinom stopnje n z indeksom i ∈ {0, 1, . . . , n} je
definiran kot

Bn
i (t) =

(
n
i

)
t i(1− t)n−i , t ∈ [0, 1].
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Grafi Bernsteinovih baznih polinomov stopnje ≤ 4 :
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Bézierova krivulja

bn(t) =
n∑

i=0
biBn

i (t)
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Bézierove krivulje imajo nekaj pomembnih lastnosti za oblikovanje:

Prva in zadnja točka sta interpolacijski.

Krivulja leži v konveksni ovojnici kontrolnih točk.

Afine transformacije lahko izvajamo le na kontrolnih točkah.

...
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Posplošitve

Racionalne Bézierove krivulje, ki z dodatnimi parametri omogočajo
še boljše interaktivno oblikovanje.

Krivulje B-zlepkov, so nadgradnja Bézierovih krivulj, ki ponujajo
boljši lokalni nadzor nad krivuljo in enostavnejše pogoje
odvedljivosti, prinašajo pa zahtevnejšo implementacijo in večjo
računsko zahtevnost.

NURBS, ki temeljijo na ideji racionalnih krivulj, le da imajo za bazo
B-zlepke.

Bézierove ploskve, ki so jih precej uporabljali v avtomobilski
industriji.
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Figure 2: The control mesh for Geri’s head, created by digitizing a
full-scale model sculpted out of clay.

animated. As a case in point, considerable manual effort was
required to hide the seams in the face of Woody, a principal
character in Toy Story.

Subdivision surfaces have the potential to overcome both of these
problems: they do not require trimming, and smoothness of the
model is automatically guaranteed, even as the model animates.

The use of subdivision in animation systems is not new, but for a
variety of reasons (several of which we address in this paper), their
use has not been widespread. In the mid 1980s for instance, Sym-
bolics was possibly the  rst to use subdivision in their animation
system as a means of creating detailed polyhedra. The LightWave
3D modeling and animation system from NewTek also uses subdi-
vision in a similar fashion.

This paper describes a number of issues that arose when we
added a variant of Catmull-Clark [2] subdivision surfaces to our
animation and rendering systems, Marionette and RenderMan [17],
respectively. The resulting extensions were used heavily in the cre-
ation of Geri (Figure 1), a human character in our recently com-
pleted short  lm Geri’s game. Speci cally, subdivision surfaces
were used to model the skin of Geri’s head (see Figure 2), his hands,
and his clothing, including his jacket, pants, shirt, tie, and shoes.

In contrast to previous systems such as those mentioned above,
that use subdivision as a means to embellish polygonal models, our
system uses subdivision as a means to de ne piecewise smooth sur-
faces. Since our system reasons about the limit surface itself, polyg-
onal artifacts are never present, no matter how the surface animates
or how closely it is viewed.

The use of subdivision surfaces posed new challenges through-
out the production process, from modeling and animation to ren-
dering. In modeling, subdivision surfaces free the designer from
worrying about the topological restrictions that haunt NURBSmod-
elers, but they simultaneously prevent the use of special tools that
have been developed over the years to add features such as variable
radius  llets to NURBS models. In Section 3, we describe an ap-
proach for introducing similar capabilities into subdivision surface
models. The basic idea is to generalize the in nitely sharp creases
of Hoppe et. al. [10] to obtain semi-sharp creases – that is, creases
whose sharpness can vary from zero (meaning smooth) to in nite.

Once models have been constructed with subdivision surfaces,
the problems of animation are generally easier than with corre-
sponding NURBS surfaces because subdivision surface models are
seamless, so the surface is guaranteed to remain smooth as the
model is animated. Using subdivision surfaces for physically-based

(a) (b)

(c) (d)

Figure 3: Recursive subdivision of a topologically complicated
mesh: (a) the control mesh; (b) after one subdivision step; (c) after
two subdivision steps; (d) the limit surface.

animation of clothing, however, poses its own dif culties which we
address in Section 4. First, it is necessary to express the energy
function of the clothing on subdivision meshes in such a way that
the resulting motion does not inappropriately reveal the structure
of the subdivision control mesh. Second, in order for a physical
simulator to make use of subdivision surfaces it must compute col-
lisions very ef ciently. While collisions of NURBS surfaces have
been studied in great detail, little work has been done previously
with subdivision surfaces.

Having modeled and animated subdivision surfaces, some
formidable challenges remain before they can be rendered. The
topological freedom that makes subdivision surfaces so attractive
for modeling and animation means that they generally do not
admit parametrizations suitable for texture mapping. Solid tex-
tures [12, 13] and projection textures [9] can address some pro-
duction needs, but Section 5.1 shows that it is possible to go a good
deal further by using programmable shaders in combination with
smooth scalar  elds de ned over the surface.

The combination of semi-sharp creases for modeling, an appro-
priate and ef cient interface to physical simulation for animation,
and the availability of scalar  elds for shading and rendering have
made subdivision surfaces an extremely effective tool in our pro-
duction environment.

2 Background

A single NURBS surface, like any other parametric surface, is lim-
ited to representing surfaces which are topologically equivalent to
a sheet, a cylinder or a torus. This is a fundamental limitation for
any surface that imposes a global planar parameterization. A single
subdivision surface, by contrast, can represent surfaces of arbitrary
topology. The basic idea is to construct a surface from an arbitrary
polyhedron by repeatedly subdividing each of the faces, as illus-
trated in Figure 3. If the subdivision is done appropriately, the limit
of this subdivision process will be a smooth surface.

Catmull and Clark [2] introduced one of the  rst subdivision
schemes. Their method begins with an arbitrary polyhedron called
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Slika: Geri’s game (1997), kratki animirani film (Pixar), ki je bil leta 1998
nagrajen z Akademsko nagrado za najboljši kratki animirani film. Levo:
kontrolna mreža, desno: Geri.
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Danes se Bézierove krivulje in ploskve uporabljajo kot osnovna
implementacija krivulj in ploskev na računalnikih na področju

geometrijskega in industrijskega oblikovanja, znanstvenih raziskovanj in
modeliranj ter v industriji zabave (filmi, 3D računalniške igre...).
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Blender

Predstavitev programa.

Spoznavanje z uporabniškim vmesnikom.

Osnove animiranja s programom Blender.
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Predstavitev programa Blender

Blender je odprto programsko orodje za grafično 3D modeliranje,
animiranje, komponiranje, post produkcijo, 3D manipulacijo v realnem
času, izdelovanje 3D računalniških iger in predvajalnik naštetega.
Vključuje tudi vgrajen programski jezik Python, s katerim lahko
uporabnik avtomatizira in dodatno razširi možnosti tega programa.
Idejni vodja in glavni programer: Ton Roosendaal
Februar 2019: „Oskar za animacije“ („Annie Award ceremony“), ki jih
vsako leto podeljuje ASIFA-Hollywood
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Slika: Dva primera iz uporabe Blenderja.
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Hvala za pozornost.
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