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Presenter
Presentation Notes
What coordinate systems are there to speak of? What are the coordinate systems we need to transform between?

In incremental rendering, we can think of the virtual world as a collection of triangles. Triangles form objects. Several objects may be identical, but placed at different positions and orientations. We say that these objects share the same geometric model. The most typical virtual world setups can be composed of instances of such models, instead of independent triangles.

Models are typically pre-made, and they do not change in runtime, even when rendering long sequences of images for an animation. They are authored using modeling software. The modeler artist can place triangle mesh vertices in a reference coordinate system called the model space. The triangle mesh is of course often obtain by tessellating analytic or free-form surfaces.

When we load the definition of a model from a file (e.g. the *.obj file format), the coordinates used in there are model coordinates. When we specify some geometry to be drawn for OpenGL, the coordinates we give in glVertex are also model coordinates. Coordinates of points in other spaces must be found using these.


Koordinatarendszerek: vilagter i



Presenter
Presentation Notes
As said before, the virtual world is a collection of model instances. Where they are located and how they are oriented is given in world space. This is one single absolute coordinate system, in which everything in the virtual world can be given, including light sources, camera parameters, etc. It is safe to perform computation for illumination using world coordinates. Recall that these computations include finding the distance between a light source and a shaded point, the incoming light angle, etc. For these all parameters have to be expressed in the same coordinate system, of course.

In ray tracing, everything was given in this world space, and we even found the ray direction from the pixel coordinates using world space logic.
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Presenter
Presentation Notes
Remember the camera model of ray tracing? In incremental rendering, we use the very same camera model, with some additional conventions to be discussed later. With the origin at the eye, the ahead, right and up vectors form a frame of reference known as the camera space. Expressing a point with camera coordinates tells us where it is located relative to the camera.
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Presenter
Presentation Notes
Remember the normalized device space? NDC coordinates tell us where a point appears in the viewport.


Koordinatarendszerek: nézetablak- |
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Presenter
Presentation Notes
Pixel coordinates are the integer row and column indices of a pixel.  To draw something, we eventually have to able to tell which pixels are to be colored for that.


~ Transzformacio — egy m(ivelet, két
egyenertékd ertelmezés
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 Ha adott egy térbeli pont az egyik viszonyitasi
rendszerben érvényes koordinataival, mik a
koordinatai egy masik viszonyitasi
rendszerben?
— statikus interpretacio

 Milyen m(veletet (pl. eltolas, elforgatas,
skalazs) végezzek a ponton, hogy a masik
koordinatarendszerbeli pontot kapjam?

— dinamikus interpretacio

\
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Presenter
Presentation Notes
Transformations are operations points. The point is expressed by a set of coordinates. A transformation will yield a new set of coordinates. This can simultaneously be seen to:
a, calculate coordinates for the same point in a different space (this I will call the static interpretation)
b, change the coordinates of the point, moving it (the dynamic interpretation).

Both interpretations are valid. The static one tells us what the purpose of the computation is, the dynamic often helps us in its construction.

Transformations are a way to compute answers to questions we will be encountering in graphics, and incremental image synthesis in particular. Questions like:
If the modeler has drawn this vertex here, and the object is standing here, where in the world is the vertex?
 If the triangle was modeled here, where should we draw it on screen?



A feladat a pipelineban i
e Adott a 3D modell

— haromszogek csucspontjai [modellezési
koordinatak]

e Haromszogkitoltd algoritmus
— pixeleket szinez be [viewport koordinatak]
e A feladat:

— szamitsuk ki a csucspont modellezési
koordinataibdl, melyik pixelre kerdul



Mi befolyasolja ezt?
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 Hova, hogyan helyezzlik el a modellt a virtualis
vilagban
— modellezési trafd, model, world

e Hol van, merre néz a kamera

— kamera trafo, view

e Mekkora a latdszog (és képméretarany)
— perspektiv projekcio

 Hanyszor hany pixel az ablak és hol van

— viewport trafo



Bonusz feladat: takaras ||
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e takarasi probléma
— a 2D pixel koordinatak mellett kell egy
meélységérteket is szamolni
* fix pontos z-buffer
— [0, 1]-beli értékeket tud 0sszehasonlitani
— a tavolsag, amihez a O-t rendeljuk: els6 vagosik
— amihez az 1-et: hatso vagosik
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e Fellleti pont, fények koordinatai, szempozicio,
feluleti normalisok...

— ugyanabban a 3D koordinata rendszerben
legyenek

— logikusan a modellezési transzformacio utan
— de a kamera trafo szog és tavolsagtarto



Kamera modell |
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A transzformacios csovezetéek
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Koordinata-rendszerek |
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e Egy pont valamilyen viszonyitasi ponthoz
képest (origd) adhatd meg kitluntetett
vektorok linearis kombinacidjaként
(bazisvektorok, koordinatatengely-iranyok)

e Mas origoval és iranyokkal ugyanannak a
pontnak masok a koordinatai

e Mas szamitasokhoz mas bazisok el6nyosek
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Modell- és vilagkoordinatak
(statikus interpretacio)
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Presenter
Presentation Notes
Recall that the virtual world contains model instances in different poses. The model transformation computes the world space coordinates of a model vertex for an object in a certain pose.

This interpretation tells us what we want to compute, but how the pose should be specified is not intuitive.


Modell- és vilagkoordinatak
(dinamikus interpretacio)
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Presenter
Presentation Notes
We can see this computation to move the model from its original reference position and orientation to its proper world pose. The transformation can be constructed a rotation for the orientation, and a translation for the position.

So, performing a rotation and a translation will compute world space coordinates from model space coordinates. The transformation can be said to take the model from model space to world space. This interpretation is useful for the construction of the model transform. 
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Modellezési: ebben adottak a
koordinatak
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Ezekkel adjuk meg
az objektum
elhelyezkedését

M, = 3/25 W, - 4/25 W,
M, = 4/25 W, +3/25 W,

P=0,+3M, +4M,
P=0,#$3W,+3W, +3 (3/25 W, —-4/25 W, )+

W
Y 4(4/25W, +3/25W,) =
O, 0,#3W,+3W, +(9+16)/25W, +(12-12) W, =
origo O, *+4W, +3W,
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Ez a szamitas matrix formaban
(modellezési transzformacio)
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P=3W,+3W,+3(3/25W,—4/25 W, )+

4(4/25 W, +3/25W,)

[4 3] = [3+3*3/25+4*4/25 3-3*4/25+4*3/25]
mindig fix
> |V|x

[431]=[341] » M

mindig fix
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V'
X arnyalt fellleti pont
X X
V = (E-X)/ | E-X|
L megvilagitas iranya

S fényforras pozicidja




Hova kell ezt rajzolni a képernyon? |
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nszformacio ennek a

kiszamolasara megy

— kamera transzformacio

— holvana pontak
— vetitési transzformac
— hova vetll ez az a

amerahoz képest
P [11]

To

blak téglalapjara

— viewport transzformacio [-1-1]

— melyik pixel
[oo]

] \I\ [345 234]
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kamera koordinatak
[4 3]

[4 3] = E + x*C, +2.*C,

egyenletrendszer x,z-re ['1 '1]

4=6+x:*(-1) +z.*(-1)
3 =3 +x.*(-1) + z.*(1)
X=1, z.=1




Kamerakoordinata-egyenlet matrix |

~ formaban (NEM a view matrix!) i
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[43]=E+x.*C, +2z.*C,
[43] =E + x.*[-1-1] + z.*[-1 1]

mindig fix
» C,
[431]=[111] » C,
mindig fix % » E
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[431]=[111]

[431] | 1

Kamera trafd matrix
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hova vetil a képernyén

milyen messze
(takarashoz kell)

v ablak a virtualis vilagra

4
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hasonlé haromszogek

— t 3
Xc=X; ™ Z¢

X, =X/ 2z

—

ablak a virtualis vilagra



Ha a l1atoszog nem 90 fok i
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hasonlé haromszogek

— %k
Xc=X; ™ Z¢

X, =X/ 2z

J, az egység
Osztani kell az ablakunk fél szélességével

X, = (xc./ z¢) / tan(FOV/2)

[

Ha FOV = 90 fok
akkor ez 1

ablak a virtualis vilagra

FOV
|latészog




Perspektiv transzformacio
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A vetités is homogeén linearis transzformacio:
ezt is lehet matrixszorzassal

DE nem affin: utolsé oszlop nem [0 0 1]

homogen koordinatakban kapjuk meg az
eredmeényt, és h altalaban nem 1

utana osztani kell h-val hogy rendes Descartes
koodinatakat kapjunk

thomo/ thomo = (XC/ ZC) / tan(FOV/Z)
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Perspektiv trafdo matrix i

—

thomo/ thomo = (XC/ ZC) / tan(FOV/Z)

ez a képerny6-pozicid szempontjabdl nem érdekes

l

/]-./tan(FOV/Z) ? -0\

v

[thomo ? thomo:I = [XC zC 1] 0 ? 1

h \0 ?0/

x./ tan(FOV/2)




Mi legyen a Z? ‘|‘|
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e A takarashoz kell

e Tartsa meg a kamerakoordinatarendszer-beli
sorrendet (legyen monoton a lathato
Objektu mOk réSZén) kell valamit ide is irni

e Ha [0 A O] lenne a matrixban:

/]-./tan(FOV/Z) 0 0

[thomo ? thomo] = [XC zC 1] 0 A

= A \ 0 0 0

mindig A: elveszne a mélység info




fo<Z-<Db !
" 1/(tg(fov/2)) 0 0
0 (fp+bp)/(bp-fp) 1
0 -2fp*bp/(bp-fp) O D

&

3D ben, asp a képernyd magassaga a szélességhez képest
(a fUgg6bleges és vizszintes FOV nem ugyanakkora )

" 1i(tg(fovi2)*asp) 0 0 0 )
0 1(tg(fov/2)) 0 0
0 0 (fp+bp)/(bp-fp) 1

0 2fp*bp/(bp-fp) O Y

\0



Mieért jOo, hogy minden szamitas
matrix-szorzas?

=
——
T e e T— — — — — — — — — — — — — — — — — — — —

e e — — —— — — — T — — — — —— — — — — — — T— — —

(((r M) M,) M;) =r (M; M, M,)

tobb |épést is lehet egyetlen
matrixszorzassal,
ha a szorzatmatrixot hasznaljuk
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LINEARIS:
haromszoghdl haromszog lesz
3Dben érintkez6 haromszogekbdl 2Dben illeszkedd hszek

nemlinearisnal a hszbdl valami mas lesz, mi meg csak hszet tudunk
hatékonyan rajzolni pixelekbdl
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