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Svarbi informacija

Geguzés 5 d. paskaita skirta iSnagrinéti 3D modeliy kdrimo
metodus.
Geguzés 12 d. paskaita skirta kursui uzbaigti.

Geguzés 19 d. paskaita dedikuota Jlsy pasirinkty temy
pristatymams.

Geguzés 26 d. paskaita dedikuota Jlsy 3D modeliy
pristatymui ir 5 graziausiy iSrinkimui (+0,25 balo premija 5
ISrinktiesiems modeliy autoriams).

Atsiskaityti praktines uzduotis galima iki geguzeés galo.
Egzaminas birzelio 14 d. 12 val. nuotoliniu budu
Egzamino trukme — 2 val.




12 paskaitos tikslas

« Placiau susipazinti su kidrybine uzduotimi ir naudinga
medziaga 3D modelio klrimui:
— Parametrinés kreives:
« Apskritimas;
 Elipsé;
» Bezjé kreivés.
— Parametriniai pavirsiai:
 Sfera, cilindras, toras, sukinys ir kt.
» Bezjé pavirsiai.
— Pavirsiy dalijimo algoritmai:
« Catmullo ir Clarko pavirsSiy dalijimo algoritmas.
« Apzvelgti modulio add.py modulio funkcijas (1.2b versija)

Pt




3D modelio kurimas

UZDUOTIS:
e Sukurti 3D modelj naudojant tik pirminj programos teksts.
« Modelio failo formatas — ,OFF".

* Modelj galima kurti grupéje iki 3 studenty.

REIKALAVIMAL:

« Gautas 3D modelis turi bati sudarytas bent iS 1000
daugiakampiu.

« Sukurtame algoritme privalo bati bent 1 parametras, nuo kurio
priklausyty 3D modelio forma.

« Negalima naudoti 3D modeliavimui skirty programy.

« KeiCiant parametrus sukurtas 3D modelis negali sutapti su
kursioky modeliais arba paskaity metu nagrinéjamais
pavyzdziais.



https://www.raštija.lt/?act=search&word=http://www.lexinfo.net/lmf#ai%C5%A1kinamasis-norminis-kompiuterijos-%C5%BEodynas/pirminis-programos-tekstas-age0g32ha8b6ac18b85a2a5c9-lexicalentry
https://www.raštija.lt/?act=search&word=http://www.lexinfo.net/lmf#ai%C5%A1kinamasis-norminis-kompiuterijos-%C5%BEodynas/formatas-0-37c5504b555fbh461fh49a8fe-lexicalentry
http://shape.cs.princeton.edu/benchmark/documentation/off_format.html

Vertinimo strategija

« Jel sukurtas 3D modelis tenkins reikalavimus, uz j|
bus skirta po 1 balg kiekvienam Sio modelio
autoriui (atsiskaitymas pratyby metu). Taip pat bus
suteikta galimybé dalyvauti graziausio 3D modelio
konkurse.

« Sukurty 3D modeliy pristatymas, graziausio
modelio rinkimas — geguzés 26 d. (per teorijos
paskaitg).

« Jasy paciy isrinkti 5 geriausi modelial atskirai bus
jvertinti 0.25 premija. Jei keli autoriai, premija
dalinama lygiomis dalimis.
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Naudosime sj Dekarto koordinaciy
asiy isdestyma

YA

>< ¥

Pagal susitarimg X asis visada zymima raudona spalva,
Y asis — zalia ir Z aSis — mélyna spalva.




Asiy sukeitimas Geogebra
programoje

Options — Advanced — Preferences - 3D Graphics — Basic

€F Preferences b 6 ‘
"THIADEE :® 2
| Basic xAxis yAxis zAxis Grid Projection
Axes ~ 4
1 Show Axes

y-axis is vertical @

Label Style [1Serif [1Bold U ltalic 24

| | Navigation Bar for Construction Steps
1 Shaw

Play button

Button to open construction protocol

| | Miscellaneous

Background Color:
Use Lighting

| | Clipping 41
O Use clipping




Skaitmeniniy modeliy formatai

*.ply, *.stl, *.Obj, *.gobj, *.Off, *.ptx, *.vmi, *.bre, *.dae,

* ctm, *.pts, *.apts, *.XyZ, * pcl, *.gts, *.pdb, *.tri, *.asc,
- *.x3d, *.x3dv, *.wrl, *.bw.

File Edit Format View Help

OFF
o B 6 0]-— (8 virslnes, 6 sienos)
0 0 0]
— g g é virduniy koordinatés
- 011
100
— 101
110 )
— 111]
4013200 205
— 4 2 37 6 255 127 36 " K .
44675110 139 61 eturkampiy
— 4 0451139 10 80 RGB spalvos
41 57 3 255 185 15
— 4 026 4,205 140 149
— keturkampiy viréinés
- (tasky numeriai pradedant nuo 0)

daugiakampiy kampy skaicius
(keturkampiai, nes 4)




Kubo sudarymas off formatu

3 etapas: sukuriamas
OFF failas, j kurj jraSomos
virsuniy koordinates ir

1 etapas: apskai¢iuojamos 2 etapas: virsinés  vijrganiy indeksy sekos.
kubo viraniy koordinatés. indeksuojamos .
pradedant O. e v
OFF
Y A 86 0
5 000
6 001
010
011
7 100
101
0 = 110
4y 111
40451
. 40132
40264
41573
42376
44675




Vidineé ir isorineé siena

|Soriné keturkampio siena Vidiné keturkampio siena

3 2 3 2

40123 43210

2velgiantj 3D modelj is iSorés, virsuniy indeksus reikia iSdéstyti pries laikrodzio rodykle.
Zvelgiant | 3D modelj iS vidaus, virSaniy indeksus reikia iSdéstyti pagal laikrodzio rodykle.
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l

Trianguliarusis ir
kvadrianguliarusis pavirsius

/
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Rekomenduojami 3D modelio
kurimo etapai

3D eskizo sudarymas;

Tasky debesies generavimas (*.xyz formatas);
Tasky susiejimas sienomis (*.off formatas);
Sieny nuspalvinimas (*.off formatas).




BRBRBEBEBB'EB BB BB EBEBWE
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3D eskizo sudarymas (Geogebra)

Surface(u, u2-v2,v,u,-1,1,v, -1, 1)



Tasky debesies generavimas
(*.xyz formatas)

" balnas123.yz - Motepad - [m} x

File Edit Format View Help

-1.000000

; -1.000000
S A -1.000000
LI 3 -1.000000

.000000 -1.000000 °
.061523 -0.968750
.121094 -0.937500
.178711 -0.906250

- -1.000000 0.234375 -0.875000
— -1.000000 0.288086 -0.843750
— -1.000000 0.339844 -0.812500
— - R I b -1.000000 0.389648 -0.781250

A -1.000000 0.437500 -0.750000

T -1.000000 0.483398 -0.718750

- Lo gy e YT -1.000000 0.527344 -0.687500
— S L Ly el : -1.000000 0.569336 -0.656250
— L) -1.000000 0.609375 -0.625000
— YL e -1.000000 0.647461 -0.593750
B T L L ol M M M -1.000000 0.683594 -0.562500
R e S o M M -1.000000 0.717773 -0.531250

". -1.000000 0.750000 -0.500000
- -1.000000 0.780273 -0.468750
= -1.000000 0.808594 -0.437500
- -1.000000 0.834961 -0.406250
- B et L -1.000000 0.859375 -0.375000

T -1.000000
-1.000000

.881836 -0.343750
.902344 -0.312500

OO0 PP OODDOOOO®O




Tasky susiejimas sienomis

(*.off formatas)

File Edit Format View Help
OFF

4225 4096 12288
-1.000000 0.000000
-1.000000 0.061523
-1.000000 0.121094
-1.000000 0.178711
-1.000000 @.234375

’ 1 < sse >
’.’W**‘ 1.000000 0.234375 O
OGO 1.000000 0.178711 ©
“.’#Q’## 1.000000 0.121094 O
”“’Q.w 1.000000 0.061523 ©

..’Q. (O 1.000000 0.000000 1

-1.006000
-0.968750
-0.937500
-0.906250
-0.875000

.875000
.906250
.937560
.968750
.000000




Sieny nuspalvinimas

(*.off formatas)

File Edit Format View Help

OFF

4225 4096 12288

-1.000000 ©.000006 -1.060000
-1.000000 ©.061523 -0.968750
-1.000000 ©.121094 -0.937500
-1.000000 ©.178711 -0.906250
-1.000000 ©.234375 -0.875000

$ \ .
W A OV 'y <.>

=N ‘.”” “ﬁ’#& 5 o 1 1.000000 0.234375 0.875000
= R e M o

OO
"”.’ ’.#Q’W 7 1.000000 ©.061523 0.968750
’.’. W Vi 1.600000 0.000000 1.000000

- 401666506080

41267660800
3 68 67 0
69 68
70 69

4
5
6 71 7@
7
8
9

!

[OIE RN GRO]

72 71
73 72 @
74 73 255 255 255

00
00
e 0
Q0
00
00

P S R S ST S

2
3
4
5
6
7
8

<...”>

rettrreed




Tasky paryskinimas MeshLab
programoje

Alt + Mouse Wheel Up,
Alt + Mouse Wheel Down.







3D modeliy pavyzdziai

Arzrarrf
77
F /71




Parametrines kreives sgvoka

» 2D parametrinés kreives uzrasymas:
X = X(1),

y = y(D).
» 3D parametrinés kreives uzrasymas:
X = X(1),
y = y(1),
Z = 2(1).

t — parametras, priklausantis intervalui [t .., t._.].

e
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Apskritimo lygtis XY plokstumoje

X = r*cos(t),
y = r*sin(t),
t €[0, 2m).

o
W,

Geogebra (r=1)7
Curve(cos(t), sin(t), t, 0, 21)

X = r*cos(t),
y = r*sin(t),
z =0,

t €[0, 2m).
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Elipses lygtis XY plokstumoje

4

X = a*cos(t),
y = b*sin(t),
t €[0, 2m).

|b

T x = 2*cos(t),
Ty =3*sin(t),
z=0,

Geogebra (a=2, b=3):
Curve(2 cos(t), 3 sin(t), t, 0, 21) t €[0, 2m).




Apskritimo lygtis erdveje

http://demonstrations.wolfram.com/
ParametricEquationOfACircleln3D/

B!yB!ZB)

Apskritimo (kurio spindulys r ir centrinis taskas B), A( )
ortogonalaus vektoriui AB, parametriné lygtis: XA YarZa

r cos(t)(yp — YA)\/(XB —x4)% + (yp —ya)? + (zg — z4)* +rsin(t) (xp — x4) (25 — 24)

x(t) =xg —
\[((XB —x4)%+ g — ya)* + (2 — ZA)Z)((XB — x4)%* + (¥5 _YA)Z)
e rcos(t) (xp — x4)y/ (xg — X4)2 + (Vg — Ya)? + (25 — 20)% — 7sin(t) (zg — 24) (V5 — Ya)
= VB
\[((XB —x2)%+ (g —ya)* + (25 — ZA)Z)((XB —x4)%+ (yp — YA)Z)
2(6) = 2, + rsin(t)\/(xg —x4)% + (g — ya)? ’ ¢ €[0,2m) 1x<0
V(g —x4)% + (yp — Ya)? + (25 — 24)° sen(x) ={ 0,x =0
1,x>1
x(t) = xg — % (sgn(zg — z4)sin(t) + cos(t))
Jeix, = xgiry, = yg, tai y(t) = yg — g(sgn(zﬁ, — z,)sin(t) — cos(t))

z(t) = zp, t €[0,2m)



http://demonstrations.wolfram.com/ParametricEquationOfACircleIn3D/

Kity parameftriniy kreiviy
pavyzdziai

Geogebra:
Curve(t cos(t), t sin(t), t, 0, 20)




Kity parameftriniy kreiviy
pavyzdziai

X = cos(t),
y=1/5,

Z = sin(t),

t €[-20, 20].

OO0

Geogebra:
Curve(cos(t), t/ 5, sin(t), t, -20, 20)




= Elipsines parametrines 2D kreives

-

1
re [0,10m]

x(1) =si11(sl I) b, cos(vl I) + cos(sl I) a, sin(vl I) + sin(sz r) b, cos(v2 I) + cos(s2 r) a, sin(vz t) + sin(s3 t) b, cos(v3 I) + cos(s3 t) a, sin(v3 I)

v(t)=-a sin(vl z‘) sin(sl t) + b, cos(vl 1‘) cos(sl 1‘) —a, sin(vz 1‘) 51'11(52 t) + 0, cos(v2 z‘) cos(s2 t) —ay sin(v3 t) sin(s3 1‘) + b, cos(v3 z‘) cos.(s3 1‘)

€7 trecios._eiles_vizualizacija_T9.ggb
File Edit View Options Tools Window Help

g BB (O] () A NS S S

AC~

rotational speeds ofthe ellipse a and paint A Pmm Em“e Trajectory of pointA
onal speeds ofthe ellipse b and point B Poin{ | Elipsel | Tractoryorpoins

i ceds ofthe ellipse ¢ and point C
PointC EHmse Trajectory of point C

.S=2 |:| Animation . S‘a End

t=3142

a3=-12.36

b3=-14.04

https://www.geogebra.org/m/j6déws6ée



https://www.geogebra.org/m/j6d6ws6e

= Elipsines parametrines

3D kreives

- x(z) = :sin(s3 ry b cos.(v3 f) + cos(s a. sin(v3 f) —a, sin(vz f) sin(sz f) + b, cos(vz f) cos(sz I)
v(1) :sin(sl r) b cos(vl r) + cos(sl r) a sin(vl r) — a, sin(v3 r) sin(s3 I) + b cos(v3 r) cos(s_3 z‘)
z(1) =si11(,5'2 ry b cos(v2 r) + cos(s2 r) a si11(v2 r) —a sin(vl r) sin(sl I) + b, cos(vl r) cos(sl r)
- € [0,10m]
— €7 naujas_variantase.ggb - ] X
File Edit View Options Tools Window Help
—_— .Au / } I’\. @ @ é N ABC) EL, Q’ ;:'genrse\eaomen
— T Grﬂph:sc:- nC~ .
- D Auto-re
-— o
ey 7 ‘:.31 a2
51-.4]”
D — b1=-2376
s1=04
P— o
v1.:-l12
- a2=38
.
— uz:ga
- .
VZ'ZVIZ
3'323
— ::D 6
- .
2:—13

https://www.geogebra.org/m/bemyhdzw



https://www.geogebra.org/m/bemyhdzw

Bezje kreives

B(t) = i (‘:) (1— )" P,

i=0

P, — kontroliniai taskai, n — kreiveés eilé.

t=0 of, P t=0

oP,
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2 elles Bezje kreiviy kontaras

P= (B+C)/2
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3 eiles Bezje kreiviy kontaras

P,=2/3*A+1/3*B,
P,=1/3*A+2/3*B,
POZ(Q+P1)/2’
P.=(P,+R)/2.
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4 eiles Bezje kreiviy kontiras

Uzduotis: pagal brézinj
iSvesti 4 eilés Bezjé
kreiviy lygtis, kai

A=G, G=D, D=H,

H=B, D=P, P=M,

U=V, V=Pirt.t.
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Parametriniai pavirsiai

« Parametrinio pavirSiaus uzrasymas:

X = x(u,v),
y =y(u,v),
Z =2z(u,v).

u — parametras, priklausantis intervalui [U ., Uay],
v — parametras, priklausantis intervalui [V i\, Vinaxl-
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Parametrinis sferos
pavirsius:
X=r*cos(u)*sin(v),
y=r*cos(v),
z=r*sin(u)*sin(v),
ugo, 2m), vgo, m).

Geogebra (r=1):
Surface(cos(u) sin(v), cos(v),
sin(u) sin(v), u, 0, 21, v, 0, )

Sfera
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Cilindras

Parametrinis

cilindro pavirsius:

X=r*cos(u),

y=V,
z=r*sin(u),

u€el0,2m),velhy,h,).

Geogebra (r=1, h,=-1, h,=1):
Surface(cos(u), v, sin(u), u, O,
2m, v, -1, 1)



AR EEEER RN

Toras

Parametrinis toro pavirsius:
Xx=(a+b*cos(u))*cos(v),
y=b*sin(u),
z=(a+b*cos(u))*sin(v),
uego, 2m), veo, 2m).

Geogebra (a=5, b=2):
Surface((5 + 2cos(u)) cos(v),
2sin(u), (5 + 2cos(u)) sin(v),
u, 0, 2, v, 0, 21m)



Sukinys

U21

Parametrinis sukinio
pavirsius:
X=X(u)*cos(v),
y=y(u),
z=x(u)*sin(v),

uefuy, U,), veo, 2m). Ul

x(u), y(u)

Geogebra (x(u)=sqrt(1 - u?) (1 - u) / (3 /2 sqrt(3)), y(u)=u, u,=-1, u,=1):
Surface(sqrt(1 - u?) (1 - u) / (3 /2 sgrt(3)) cos(v), u, sqrt(L -u?) (1-u)/(3/2
sqrt(3)) sin(v), u, -1, 1, v, 0, 21), Curve(sgrt(1 - u?) (1 - u)/ (3/ 2 sqrt(3)), u, u, -1, 1)




Bezje pavirsiai

Pavyzdys, kai n=m=3.

Raudona spalva pazymeti
kontroliniai taskai.

- Melyna spalva pazymétas
— kontrolinis tinklas.

= Juoda spalva pazymeéta Bezjé
- pavirSiaus aproksimacija.
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Trecios eiles Bezje pavirsius

Tegu B(u, v) — trecios eilés Bezjé pavirsius, kurio parametriné forma

e B(u,v) = 23:23: (?) ut(1—u)™ (j) v/ (1—v)" K, ;.

i=0 j=0

=4 Apskaiciavus binominius koeficientus, pavirSiaus parametring lygt; galima suvesti ; matricine forma:

— - 1 0 0 0 Ko,o KO,l Ko,z K0,3 1 -3 3 -1 1

— -3 3 0 0 Kio Kix K12 Ki3 0 3 —6 3 v
— 2 ..3 ’ ’ ’ ’

- Bwv) =1 u v v?) 3 -6 3 0[\Ky Koq1 Kop K310 O 3 =3[\ v?

prmy _1 3 _3 1 K3’0 K3’1 K312 K3’3 0 0 0 1 vB

K; ; — kontroliniai taSkai, pagal kuriy iSsidéstymg suformuojamas Bezj¢ pavirSius (arba C2 pavirSiaus

=4 fragmentas).

| -6 -B-€

Catmull-Clark algoritmo 3 iteracijy vizualizacija.




Catmullo ir Clarko algoritmas
(1978 m.)

The Catmull-Clark smooth subdivision rules for face, edge, and .
vertex points, are defined as: Pavyde|a|:

—Faces rule: f**! is the centroid of the vertices surrounding the
— face.
- C AL 1 i pitl | pitl

Edgerule: e} = J(v" +¢ + fiI + f;7),

— —Vertex rule: v' "t = =20t 4 on Y el 4+ o5 Y i
j j

Subdivision Rules

S — s ~ 7 — —=_€3
eo o= A €3 N
n, .- ~
—— ?,/f/fj \\ fé N
N\
n /. ~
e _
— l s/ \Or__.-
| - leg
— ob( /
ej ~ /

—

o —
The following sharp rules are used for both boundaries and
sharp edges (crease rules):

- —c =1 +e)

?:+1 . 1 . . .
—v; " = g(e; +6v" +ep)
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C2 pavirsius

Glodus pavirSius, sudarytas is
atskiry mazesniy pavirsiy, kuriy
sanduroje sutampa antros eilés
iSvestinés (kreivumas k) kiekvieno
tokio pavirsiaus atzvilgiu:

|:rfyﬂ _yrmu|
K = .

3
2

(mrﬂ ue yﬂ)

C2 pavirsSiaus konstravimo metodai:

Catmullo ir Clarko algoritmas Aproksimavimo Bezje pavirsiais metodas




C2 pavirsiaus konstravimas is
Bezje pavirsiy (1)

TrecCios eilés Bezjé kreiviy tenzorinés sandaugos koeficientai (kaukes):

- S T

—— 36 9 36 1 2 1
LALXLAL_LiL 1 2 1 2 18 9 18
— 6’3" 6 6>3°6] — | 9 9 9 [;»;]X[??] = | { 4 1
— 111 9 9 9
— § i 36 9 36

- 1 2 ' '

— 9 9 _[LAL]X[LAI

- 2 4|~ 6> 36 3’3

— 9 9

== Pagal sias kaukes apskaiCiuojami Bezjé
=2 pavirSiaus kontroliniai taskai.




= Kontroliniy Bezje pavirsiaus tasky
apskaiciavimas

AO,B

Pop = 3_161‘10,0 + ;_6140.2 + %Az.o + iﬂz,z + éf‘lo,l + éAl,O + éAJ.,Z + éAz,l +gA1,1=
Pyy = T;Ao,z + 1]_3142,2 + %Am + éf‘lu + 2141,2 + EAM,
Py, = 1_];31‘10,1 + 11_3142.1 + %An,z + éf‘lz,z + 2141,1 + gi‘ll,zh
Poz = 3_161‘10,1 + ;_6140.3 + iﬂm + iﬂzs + éfqo,z + %Am + %AJ.,E + éi‘lz,z +‘—;A1J2,

1 1 1 1 2 4
Pio= ﬁAz,o + Efqz,z + 31‘11,0 + ;fll,z + ;Azl +;1‘11,1s

Py = é—"‘lz,z +§A1,2 + %1‘12,1 +gAl,1,

Pi; = éfqm +§A1,1 + Sflz,z +SA1,2=

Pz = %Az,l + 1_18142,3 + éAl,l + éi‘lm + %fqz,z +i;!41,2=

Prp = ﬁi‘lm + 1_181"'11.2 + %Az,o + éAz,z +§A1,1 +i;,42_1,

Py = éfql,z +§A1,1 + Sflz,z +SA2_1,

Prp = éfqm +§A1,2 + §A2,1 +SA2.2=

Py3 = ﬁi‘lm + 1_181"'11.3 + %Au + éflz,a +§A1,2 +i;142.2a|

Pyp = 3_161‘11,0 + ﬁfqm + i"ls,o + 3_16143,2 + 31‘11,1 + %Az,u + %Az.z + §‘43,1 + gfqus
Py, = ﬁAl,Z + 1_18143,2 + 31‘11,1 + éAS,l +§A2.2 + §A2,1~

P35 = ﬁi‘lm + 1_181"'13,1 + %fll,z + éflg,z +§Az,1 + gAz,zu

1 1 1 1 1 1 1 1 4
P35 = gi‘lm + gﬂm + 51‘13,1 + gﬂa,z + 31‘11,2 + 34‘12,1 + ;Az,a + ;n‘la,z + gf'lz,z-

S —




C2 pavirsiaus konstravimas is
Bezje pavirsiy. Pavyzdziai

e

—
—
-
-
—
-
-
C—
-—
.
-
-
C—_—
—
-
-
C—
—




Bezje pavirsiy konstravimas
ypatingyjy tasky aplinkoje

Naudojamos Sios kaukés pavirsiy dalinimui.
Naujo tasko koordinates virsanes vietoje:

B e

-l:-"—- -h-"—t

Naujo tasko koordinatés briaunos vietoje:
.
16
.
16

oo|w oo|w

Naujo tasko koordinates sienos vietoje:

64

64

- n—+2 n(n+35) =
= _64

Bl

14 14
~ - - n 4 n 1 3 9
contras = AF 2.8, n(n+5) A% 316 32
FUNEI
32 6




K. Karciauskas, J. Peters (2007)
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Programa vizualizavimui: BezierView,
failo formatas: .bw.




Matthias Niel3ner, Charles Loop, Microsoft
Research, Mark Meyer and Tony DeRose (2012)

i
i
i
i
i
;
|
|
|




Begalinio proceso keitimas baigtiniu (1
n=8 n=9
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_— 0.000000, 0.250000, 0.500000, 0.750000, 1.000000, @ ® ® ® ® ©
0.500000, 1.000000,
1.000000,
p— 0.000000, 0.222222, 0.444444, 0.666667, 0.B888889,
0.250000, 0.500000, 0.750000, 1.000000, 0.222222, 0.666667,
0.500000, 1.000000, 0.222222,
— 1.000000, 0.222222,
0.111111, 0.333333, 0.555556, 0.777778, 1.000000,
— - 0.111111, 0.555556, 1.000000,
0.111111, 1.000000,
1.000000,

= Iteracijy skaicius: logz(n — 1)] + 1




Tinklas(n)
1. d = [log;(n—1)]+1

2. m, — [n+2]

¢ ¢ © g 3. my—=n+1—-—my

4. fori— 1ltoddo

5. p—:»zxmz_l

n
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i
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= ¢ o—O—0
? ? ? ? 6. forj — 1tom, do
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: @ @ @ O O O 8. for k — 1tom,do |

y 9. Tolilm, — k +1] - 1 - 22
mz

— 10.  my - [ 2]

= ¢ % T 7 | 1. my—my—my

— 12.returnT,, T;
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C2 pavirsiaus formavimas
ypatingyjy tasky srityse




Bendroji algoritmo ideja

C2 pavirsiusin)

1. Inicializacija,

2. Tinklas(n),

3. Realizuok [log,(n — 1)] + 1 karty Catmull-Clark algoritma keturkampiams, kuriy viriinés -
ypatingieji taskai,

Apskaitiuok visy Bezjé pavirdiy lygtis,
| Sias lygtis isistatyk atitinkamas u,v € [0,1] parametry reikSmes ir apskaifiuok C2
pavirdiaus taskus,

6. Susiedamas 3iuos taskus po 4 iSsaugok rezultata, kuris atitinka C2 pavirsiaus aproksimacija.
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Algoritmo taikymas

- Si Bezjé pavirsiy aproksimavimo metodika gali bti
taikoma optimizavimo uzdaviniuose, kuriuose
pagrindinis tikslas maksimizuoti C2 pavirSiaus
detaluma, kai:

— kompiuterio pastovioji atmintis, skirta
C2_pavirsius(n) algoritmo rezultato iSsaugojimui,
turi tam tikrus apribojimus;

— yra zinoma pertekliné informacijos riba,
pavyzdziui, naudojant 3D spausdintuvg trimaciams
objektams suformuoti, papildomas C2 pavirSiaus
tasky skaicCius neturi jtakos rezultato kokybei.




,Neijmanomas* trikampis




Loop-Schaefer algoritmas (2008)
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(57} ABSTRACT

Surface modeling svstems and techniques are described
which approximate Catmull-Clark subdivision surfaces, A
quadrilateral mesh is analyzed by applving shape and tan-
gent masks to faces on the quad-mesh. Through application
of the shape masks, a shape patch is created which approsi-
mates the subdivision limit surface. This shape patch can be
used for rendering surface shape. Through application of
tangent masks, tangent patches are created which comprise
Tangent vectors which give mse W comtinuous normal vector
fields, which can be vsed for shading of the surface,
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Masks for approximating shape
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Norint kazka sukonstruoti, reikia...

tureti detaliy.
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12 paskaitos tikslas

« Susipazinti su python modulio add.py 1.2 versija.
« Sukurti skaitmeninj modelj naudojantis Siuo moduliu:

 Jkelti sukurtg 3D modelj | https://sketchfab.com svetaine.



https://sketchfab.com/

python modulis add.py

* Modulis kiekvienais metais atnaujinamas!

« Modulis pritaikytas kurti 3D skaitmeninius
modelius OFF formatu.

« Bltina Python 3 versija!
Modelio klirimas vyksta konstravimo principu:




=3
%
=
=
3=
=
<

Pagrindine ideja

] sgrasg vertices jrasomos virStniy koordinatés string pavidalu, | sgrasg
faces jrasoma informacija apie kiekvieng 3D modelio sieng irgi string pavidalu.
Sios informacijos uztenka norint sugeneruoti 3D modelj OFF formatu.

vertices []
faces []

def off(mesh):
vertices, faces

file = open(mesh, 'w')
file.write('%s\n%d %d %d\n' ('OFF',len(vertices),len(faces),9))
i range (len(vertices)):
file.write('%s\n' vertices[i])
j range (len(faces)):
file.write('%s\n' faces[j])
file.close()
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Modulio add.py funkcijos

def cube(c,e,RGB): # ¢ = center, e = edge width

def cube2(c,e,b,RGB): # c = center, b = border width, e = edge width
def parametric(S,min_u,max_u,grid_u,min_v,max_v,grid_v,RGB):
# S - parametric uv surface, grid - detail, RGB - color

def sphere(c,r,k,RGB): # c - center, r - radius, k - detail, RGB - color
def cylinder(A,B,r,k,RGB): # A - start point, B - end point, r - radius,
k - detail, RGB - color

def cylinder2(A,B,r,k,RGB): # A - start point, B - end point, r - radius,
k - detail, RGB - color

def cylinder3(A,B,r,k,RGB): # A - start point, B - end point, r - radius,
k - detail, RGB - color

def cone(A,B,r,k,RGB): # A - start point, B - end point, r - radius, k -
detail, RGB - color

def cone2(A,B,r,k,RGB): # A - start point, B - end point, r - radius, k -
detail, RGB - color

def off(mesh): # mesh — off file




Modulio add.py 1.1 versija

def newface(A,RGB): # A = set of 3D points

def pyramid(c,e,h,RGB): # c - center, e - edge width, h - high

def rectangle3D(c,e,RGB): # c - center, e - width of edges

def circle(A,B,r,k,RGB): # A - start point, B - end point, r - radius, k - detail

def spin3D(A,B,S,min_t,max_t,grid_t,k,RGB): # A - start point, B - end
point, r - radius, k - detail, RGB - color, S — parametric function
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Modulio add.py 1.2 versija

def axes(C): # adds 3D axes to default layer, C - center

def layer(): # returns 3D mesh from default layer and deletes default layer

def mesh(M): # adds 3D mesh to default layer, M — selected layer

def center(M): # returns 3D center from selected layer M

def rotateX(M,angle,P): # rotates selected layer M around X-axis,
angle — rotation angle, P — point of rotation center

def rotateY(M,angle,P): # rotates selected layer M around Y-axis

def rotateZ(M,angle,P): # rotates selected layer M around Z-axis

def move(M,V): # moves selected layer M according to vector V

def zoom(M,s): # zooms selected layer M by scale s

def merge(M): # merges selected layers M=[M[0],M[1], ...]

def load(mesh): # loads mesh from off file

def color(M,RGB): # sets RGB color to layer M




def cube(c, e, RGB)

def cube(c,e,RGB):
vertices, faces
[[gJiJSJl]J[EJ-JEJz]J[@JzJEJi]J[1J51?J3]J[2131?16]?[£?61??5]]

[[0,0,0],[©,0,e],[0,e,0],[0,e,e],[e,0,0],[e,9,e],[e,e,@],[e,e,e]]
i range (0,6):

faces ['4 "+str(F[i][@]+1len(vertices))+" '

F
V

str(F[i][1]+1len(vertices))
"+str(F[i][2]+len(vertices))+"' '+str(F[i][3]+1len(vertices))

"+str(RGB[©])+" "+str(RGB[1])+' '+str(RGB[2])]
j range (0,8):
vertices [str(c[@]+V[j][©@]-e/2)+"

str(c[1]+V[j][1]-e/2)
"istr(c[2]+V[j1[2]-e/2)]

c — centro 3D koordinatés, e — briaunos ilgis,
RGB - kubo spalva.

cube.py generuoja cube.off fail3:

add
add.cube([1,0,0],1,[255,0,255])

add.off('cube.off")

Fet T e e




def cube?(c, e, b, RGB)

c — centro 3D koordinatés,
e — briaunos ilgis,

b — briaunos storis,

RGB - kubo spalva.

cube2.py generuoja cube2.off fail3g:

add
add.cube2([1,0,0],1 ,,+_,[;ZI,*,2])
add.cube2([2,0,0],0.8,0.1,[255,2

add.off('cube2.off")




def parametric(S, min_u, max_u,
grid _u, min_v, max_v, grid_v, RGB)

S — parametrinio uv pavirSiaus f-ja,
min_u — parametro u maziausia reikSme,
max_u — parametro u didziausia reikSme,
grid_u — pavirSiaus detalumas u atzvilgiu,
min_v — parametro v maziausia reikSmé,
max_v — parametro v didziausia reikSmé,
grid_v — pavirSiaus detalumas v atzvilgiu,
RGB — pavirSiaus spalva.
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Parametriniy pavirsiy pavyzdziai

add
def saddle(u,v):
X = u
y = viv - ufu

z v

([x y, z1)
add.parametric(saddle,-1,1,20,-1,1,20,[0,255,0])
add.off('saddle.off")

def torus(u,v):
x = (a+b'math.cos(u))‘math.cos(v)
y = b*math.sin(u)
z (a+b*math.cos(u)) *math.sin(v)
([x, ¥y, z])
add.parametric(torus,8,2*math.pi 2*math.pi,80,[255,0,0])
add.off( 'torus.off")




def sphere(c, r, k, RGB)

c — centro 3D koordinatés,
r — spindulio ilgis,

k — sferos detalumas,
RGB - sferos spalva.

/

add

.sphere([0,0,0],0.5,5,[90,153,5
sphere([0,-1,0],0.7,7,[255,0,0

.sphEPe([E,E,?E,E],E.3,3,[255,?55,3])

off('LTsenis.off")




def cylinder(A, B, r, k, RGB) — uzdaras cilindras
def cylinder2(A, B, r, k, RGB) — atviras cilindras
def cylinder3(A, B, r, k, RGB) — pusiau atviras cilindras

A — cilindro centro pradzios taskas,
B — cilindro centro pabaigos taskas,
r — cilindro spindulio ilgis,

k — cilindro detalumas,

RGB - cilindro spalva.

uzdaras cilindras
atviras cilindras —”'—"'

pusiau atviras cilindras \

add

cylinder([@,-©.5,0],[0,0.5,0],0.5,20,[@,255,255])
cylinder2([@,-0.5,1],[9,0.5,1],0.5,20,[@,255,255])
.cylinder3([@,-0.5,2],[0,0.5,2],0.5,20, [0, 255,255])

.off('cylinders.off")
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def cone(A, B, r, k, RGB) — uzdaras kugis
def cone2(A, B, r, k, RGB) — kuigio Soninis pavirsius

A — klgio pagrindo centras,

B — kdigio virsune,

r — kaigio pagrindo spindulio ilgis,
k — kligio detalumas,

RGB - kugio spalva.

add
add.cone([9,-0.5,0],[9,0.5,0],0.5,20,[255,0,0])

add.cone2([90,-0.5,1],[90,0.5,1],0.5,20,[0,0,255])
add.off( 'cones.off’




def newface(A,RGB)

A — 3D tasky seka,
RGB - sienos spalva.

add

add.newface([[1,0,0],[9,1,0],[©,0,1]],[255,0,0])
add.off('trikampis.off')

Pastaba: gali bati nebdtinai trikampis.
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def pyramid(c,e,h,RGB)

c — kvadrato centro 3D koordinatés,
e — pagrindo (kvadrato) briaunos ilgis,
h — piramidés aukstis,

RGB — piramidés spalva.

add

add.pyramid([©,0,0],1, [0,
add.off('pyramid.off")




def rectangle3D(c,e,RGB)

c — centro 3D koordinates,
e — staCiakampio gretasienio briauny ilgiy seka
(atitinkamai X, Y ir Z aSiy atzvilgiu),

RGB - staCiakampio gretasienio spalva.

add

add.rectangle3D([©,0,0],[1,2,3],[9,255,255])

add.off('plyta.off")




def circle(A,B,r,k,RGB)

A — vektoriaus AB pradzios taskas,
B — vektoriaus AB pabaigos taskas,
r — apskritimo spindulys,

k — detalumo parametras,

RGB — apskritimo spalva.

/

add

add.circle([0,0,0]1,[1,1,1],1,20,[255,255,0])

add.off('apskritimas.off")

Pastaba: vektorius AB statmenas apskritimui, kur A — apskritimo centras.

B




def spin3D(A,B,S,min_t,max_t,grid_t,k,RGB)

A — vektoriaus AB pradzios taskas,

B — vektoriaus AB pabaigos taskas,

S — parametriné kreive,

min_t, max_t — parametrinés kreivés t parametro intervalas,
grid_t — t parametro detalumas,

k — sukinio detalumas,

RGB — sukinio spalva.

add
math
def curve(t):
X t
y = math.cos(t)
([x, y1)
add°5pin3D([ 29 ].1[ 2+ ]JCUPVEJ J math°pi J 2 .1[ J J ])
add.off("'sukinys.off")

Pastaba: kreivé sukama apie vektoriy AB, kur A — naujos koordinaciy pradzios taskas.
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add.py 1.2 versija

/ Layer O
Default

layer \ Layer 1

/ Layer 2

Off file r

\ Layer 3

g

e

— Default

/ layer

Off file

Sluoksniuose galimi 3D modelio sukimai, apjungimai,

perstimimai, mastelio keitimas, spalvy keitimas ir t. t.




def axes(C):

Yi

C — koordinaciy centras,

axes(C) prideda pagalbines 3D
koordinates.

m

add
axes([0,0,0])
.cube([1,2,2],1,[255,0,255])
cube2([3,3,1],1.5,0.3,[0,255,255])

sphere([2,-1,2],1.2,10,[255,255,0])
.off("outputd.off")




1.2 modulio off.py funkcijos, grazinancios
rezultata sluoksniuose (1)

def layer(): # grgzinamas pagrindinio sluoksnio 3D modelis ir iStrinamas iS
pagrindinio sluoksnio.

def center(M): # grgzinamos pasirinkto 3D modelio M centro koordinatés.
def move(M,V): # grgzinamas pastumtas 3D modelis M vektoriumi V.

def zoom(M,s): # grgzinamas pakeisto dydzio 3D modelis M masteliu s.
def merge([M[O],M[1], ...]): # sujungiami keli 3D modeliai j viena.

def load(mesh): # grgzinamas 3D modelis iS OFF failo.

def color(M,RGB): # 3D modelis M perdazomas spalva RGB=[R,G,B].

|Simtis:
def mesh(M): # 3D modelis M pridedamas prie pagrindinio sluoksnio.

Pt




1.2 modulio off.py funkcijos, grazinancios
rezultata sluoksniuose (2)

def rotateX(M,angle,P): # grgZzinamas pasuktas 3D modelis M apie X
as], angle — posukio kampas, P — postukio atskaitos taskas

def rotateY(M,angle,P): # analogiskas pasukimas apie Y asj
def rotateZ(M,angle,P): # analogiskas pasukimas apie Z asj

rotateY/() _5

rotateZ()

T e
=<
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1.2a modulio off.py funkcijos

def stretch(M,s): # funkcija labai panasi j zoom(M,s), tik Cia s
parametras turi 3 reikSmes s=[a,b,c], pagal kurias atitinkamai
keiClamas mastelis X, Y ir Z asiy kryptimis.

def curve(P,min_t,max_t,grid_t,k,r,RGB,isConnected):
pagrindiniame sluoksnyje funkcija grgzina parametrine kreive, kur
P=P(t) — parametrinés kreiveés lygtis, t € [min_t, max_{],

grid_t — parametrinés kreives detalumas t parametro atzvilgiu,

k — parametrine kreive sudaranciy apskritimy detalumas,

r — parametrine kreive sudaranciy apskritimy spindulys (gali bati ir
Kintantis spindulys r=r(t), RGB — parametrinés kreivés spalva,

IsConnected — parametrui priskiriamos reikSmeés true arba false
atitinkamai jei kreivés galai sutampa ir jei nesutampa.




stretch(M,s) funkcija

add

math
cube([9,0,0],5,[0,255,0])
add add.layer()
add.cube([0,0,0],5,[90,255, add.rotateX(K,math.pi/4,[0,0,0])
add.off('kubas.off") add.stretch(K,[1,2,1])
mesh(K)
off('kubas.off")




curve(P,min_t,max_t,grid_t,k,r,RGB,isConnected) funkcija

al
bl
sl
vl
a2
b2
s2 -
v2 -
def P(t):
x = al*math.cos(sl1*t) “math.sin(vl*t)+bl*math.sin(s1*t)*math.cos(vl‘t)
a2*math.cos(s2*t)*math.sin(v2*t)+b2*math.sin(s2*t) *math.cos(v2*t)
y = 5'math.sin(t)
z al*math.sin(s1*t)*math.sin(v1l*t)+bl*math.cos(s1*t) “math.cos(vl*“t)
a2*math.sin(s2*t) *math.sin(v2*t)+b2*math.cos(s2*t) “math.cos(v2*t)
[x,y,2]
add.curve(P,0,10*math.pi,3000,20,0.25,[255,255,255],True)
add.off('kreivel.off")
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Parametrinés kreivés ir ,Math art”



Pavyzdziai (1)

Y,

add
math
add.cube([2,0,0],1,[255,0,255])
add.cube([3,0,0],1,[0,255,255])
L add.layer()
add.axes([90,0,0])
i range(10):
M = add.rotatez(L,i*math.pi/6,[0,0,0])
add.mesh(M)
add.off('pasukimas.off")




add
math
random
add.cube2([3.2,2.5,0.5],1.2,0.3,[255,0,0])
M1 = add.layer()
M2 = add.load("letters/F.off")
M2 = add.rotateY(M2,math.pi/16,add.center(M2))
M3 = add.load("numbers/1.off")
M3 = add.rotateY(M3, math.pi/10,add.center(M3))
M3 = add.move(M3,[3.6,0,0])
M3 = add.zoom(M3,0.8)
M = add.merge([M1,M2,M3])
i range(100):
M = add.color(M,[random.randint(e,1)*255,random.randint(©,1)*255,random.randint(0,1)*255])
add.mesh(add.move(M, [46*random.random(),40*random.random(),40*random.random()]))
add.off('failas@.off")

§ Pavyzdziai (2)




Modulio add.py 3D modeliy pavyzdziai

examples.py failas:

add

.examplel()
.example2()
.example3()
.example4()
.example5()
.example6()
.example7()

)

.example8(

Mame

B examplel
& example2
& example3
B exampled
& sxamples
& examnplef
B example?

& exampled

Type

OFF File
OFF File
OFF File
OFF File
OFF File
OFF File
OFF File
OFF File

Size
118 KB
970 KB
2732 KB

4723 KE
T21KE
3465KB
354 KE




examplel.off




example2.off
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example3.off




off

example4
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exampleb.off




example6.off




example7.off




example8.off

#—————
=

—
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3D modelio viesinimas

hitps://sketchfab.com svetaineje
 Naudojant MeshLab programg 3D model] reikia
konvertuoti is OFF formato j OBJ formata:

1) File — Export Mesh As...
|

2) Pasirinkti *.obj formata:
A |
File name: |Example?.0hj | I Save I
Files of type: | Alias Wavefront Object { = obj) - Cancel
stl *.obj *._f *.dae *.ctm *.xyz *.json *.u3d *.idtf *.x3d) A

Al known formats { =, 3ds =.ply =,
)

3D-51J_|c| File Format { = 3ds
Stan fodPI\,fg FI Format { *.ply)
(st

E e
Object File Far t(
VRML File For t( )
DIXF File For t( d f)

Collada File Format ( *.dae)

OpenCTM compressed format { *.ctm)

3) ISsaugojus bus gauti 2 failal: *.obj ir *.mtl.
4) Abu Siuos fallus reikia jtraukti j 7z archyva.
5) Archyvag jkeltij sketchfab sistema, susikirus nemokamag

paskyra.



https://sketchfab.com/
https://sketchfab.com/

3D modelio viesinimas
https://sketchfab.com svetainéje

Nustacius rezimg ,,Public”, 3D modelis tampa vieSai prieinamas, juo
galima dalintis nuoroda.
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