Modelagem Geométrica |

Rogers & Adams — Secdes 4.1-4.4,5.1-5.2,5.8-
5.8,6.1,6.11-6.12

Apostila — Capitulo 3

Representacdo Implicita

(X=%)*+(y=ye)* =R* =4
Possiveis inferéncias geomeétricas:
Perimetro: ZIR
Area: 7R2

Pertinéncia/Continéncia de um ponto:

e X,
(X=X%)?+(y-Yc)?<4
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Funcbes Conicas

Ax*+Bxy+Cy*+Dx+Ey+F =0
A B/2 D/2|x

[x vy B2 C E/Z2|y|=0
D/2 E/2 1 |1

4 Agplications of a Linear Transformation

P'MP =0

. o MV = AV

/4 ﬁ 0.4 Ué‘ 0nsg » (M _/“)\7 :0

' det(M -A1)=0
\

Equacédo Caracteristica

Paracada A determina-se V

IA725 — 152011
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Representacao Explicita
(X=%) +(y-¥)'=R*=4
Obtencéo explicita de pares ordenados
| X=X R = (y=Yc)’
Ye x‘ Possiveis inferéncias geométricas:
yl "
* 4/ / R Perimetro: 27R
X Xe

Area; 7R2
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Representacdo Param étrica

(X=x%)+(y-y.)’=R*=4

Pontos com coordenadas x ou y
igualmente espacados nao
implicam em distribuicdo uniforme
(mesma variagdo angular) de
amostras sobre a circunferéncia!

. y

Parametrizar as coordenadas em
termos do angulo @ de cada arco

X = Rcosé
y = Rsend

Coordenadas Polares

IA725 — 152011
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Representacao Implicita

Intersecao (b)
B ——

Yo T Y, -v.=0
V)

2

Inclinacao (a)

y—-ax-b=0
X, X1 X3V
Ys— V% - ”
y- (X=x)-y; =0 -
X3 =X . ' y_M(X_Xz)_yzzo
X =X
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Representacdo Paramétrica

P=a,R +a,P, +a;h
=(1-a,-a;)R +a,P, +a,R
=R +a,(F,-R)+a,;(R-R)

=a,(P,-R)+a,(R—-R)

DQH ol

B . ARl
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Representacao Implicita
Intersecao (b)
¥ VD Zi LY VIR -
R G 2
Inclinacao (a)
y—-ax-b=0
_y3_y1 X — :O ’ _
Y oy KT y-57%e (x-x) -y,
X =X
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Representacao Discreta

Sequéncia de pontos em coordenadas cartesianas

(%5 Y1) (%5, Y3), (X ¥2)

Yaf ] Possiveis inferéncias geometricas:
T | [&-&J%&-&j
Comprimento do lado:
Y3~ Y Ys= Y1
Yo Orientagéo no plano: Base:(x2 _le; Alturaz( "%
; 1 R Y=Y = (%, =%)
X X%
Pertinéncia/Continéncia de um ponto:
s~V Y1~ Yo Yo~ Ys
—=—=(X-x)-y,<0 ———=(X=X,)-Y,£0 y- X=X3)—Y; =0
y xa—xl( )~ Vi y xl—xz( )~ Ys y Xz_xa( X3) = Y3
IA725 — 152011
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Sintese

Distintas formas para representar pontos no espago
*Coordenadas cartesianas
*Coordenadas polares, esféricas, cilindricas
*Coordenadas afins, baricéntricas, convexas

Distintas formas para especificar os pontos de um lugar
geomeétrico
*Sequéncia orientada de vértices
*Funcdes
sParamétricas
eImplicitas
*Explicitas

«Distintos algoritmos de inferéncia geométrica
*Propriedades de interesse para Computacéo Graéfica:

vetores-posicdo e vetores normais.
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Representacfes de um triangulo

Alternativas de Representacao:

1. Sequéncia orientada:

Normal Vector PO’ I:)11 Pz

(R-R)*(R-R)

Front Face § n=
|P0_P2 "Pl_POI
Element 2. Implicita
Yafox / f =R[(P—P,) =0 e dominio de xy,z
0 n=0f
Back Face
3. Paramétrica
P(a,B)=aR + R +(1-a-p)R
oP oP
ﬁ: P0a*%ap
o %50 1%a5]

Curvas de Bézier

Conceito Original: curvas

fixas num paralelepipedo /\
gue controla a sua forma
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Curva de Bézier
P(t) = _i RJn,i (t) ‘]n,i ®= (?Jti (1_t)n—i t D[O,l]

z J.i(t)=1J,,(t) =0 == Combinagéo convexa de P,

Poligono de controle
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Curvas de Bézier Quadraticas
P(t) = Z RJ()  J()= @t @-1*
B, o(t) = (1-)?

B, 1 (t) = 2t(1-t)
B Bz,z(t) =t
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Curvas de Bézier Cubicas

P(t) = i F?‘J&i (t) ‘]3,i (t) = (?jti (1_t)3—i

D; Bezier Blending
ot \Bys Functions B,
B3,O(t) = (1-t)3 06
B3,1(t) = 3t(1't)2 05 BS,l Bs,z
lez(t) = 3t2(1't) 0.4
Bss(t) = t3 03
IA725 — 152011 :D o
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QOutras Funcobes de Bernstein
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Propriedades

*E polinomial. Se a quantidade de pontos de controle é
(n+1), o grau do polindmio é n.

*Acompanha a forma do poligono de controle. Esta no
fecho convexo dos pontos de controle.

Influéncia global de cada ponto de controle.

*Pontos extremos da curva e do poligono coincidem.
*Tangente nos pontos extremos coincidem com 0s
segmentos extremos do poligono de controle.

*A curva ndo oscila mais que o poligono de controle.
*S&o0 invariantes sob transformagdes afins.
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Poligono de Controle e Fecho Convexo

http://i33www.ira.uka.de/applets/mocca/html/noplugin/RenderBezierC/AppRenderBezier

Clindex.html
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Algoritmo de DeCasteljau

http://www.cs.technion.ac.il/~cs234325/Applets/applets/bezier/GermanApplet.html
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Notac&o Matricial

Curva de Bézier Cubica

P3
P(t) = B3 o(t) Py + B3 ()P, + B3 ,(t) P, + Bga(t) Ps

= (1-3t+3t2-t3)P, + (3t-6t2+3t3%) P, + (3t2-3t3) P, + 3P,

XOX1X2X31-33-1 1

0O 3 6 3|t
=[Yo Y1 Y2 Ys| |5 o 3 3l|p
IA725 — 152011 %o 21 %2 %3 O 00 1|t
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Superficies de Bezier

Pso Bm,j (V) = (r_nJVj (1_V)m—J'

P(u,v) = = B,,,(v) (Z B, (u) P;) onde :]
IA725 — 152011 B, (u)= ( i Jui (1- u)"—i
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Funcdes de Bernstein Bi-dimensionais




Superficies de Beézier Bicubicas

http://www.nbb.cornell.edu/neurobio/land/OldStudentProjects/cs490-

96t097/anson/BezierPatchApplet/
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Superficies de Bézier Bicubicas

Pontos de controle na borda:
p.ex.: POO, Pol, Plo

Vetores-tangente na borda
p.ex.: 3(P1— Pogo), 3(Po1— Poo)

Vetores-torsao (derivada mista)
. . na borda
p.ex.: 9(Pgoo— Py — P1o— P11)

Se 9(Py— Pos— Pyo—Pyy) =0
Poo— Po1— P10= P11
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Superficies de Bezier
Bule de Utah

Patch edges

http://www.holmes3d.net/graphics/teapot/
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Curvas de Bézier “Complexas”

Eezier Curves  Interpolation  B-Spline  Help
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Splines de Curvas de Bézier
Concatenacdo de curvas Se R

Two curve segments,
R, with only (? continuity
®

S, S, Two curve segments,
\ with tangent vector (C') continuity

S, R,
\\\ . ——@’,
S
- - R R,
Note collinearity 1
IA725 — 152011
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Continuidade

Diferenciabilidade:

C% S3=R

C!: primeiras derivadas sao iguais

C?: primeiras e segundas derivadas séo iguais
Cn: as primeiras n derivadas séo iguais

Continuidade Geométrica (Representacdo Paramétrica):

G% S3(1)=R(0)

G 0S(1)/ot, = k,0R(0)/0t,

G2 0S(1)/ot, = k,0R(0)/0t,. 02S(1)/0%t; = k,0°R(0)/9°t,
G": as primeiras n derivadas sdo iguais

IA725 — 152011
Profa. Ting




Continuidade

Geowetr/c Qn{r‘nu/'/y ’ y(t) - (t,tz),t D[O,l]

E° N ameded ()= (2U+LE +4t+1),t0[0]]
¢’ k_ij Same lw’ué V() =1(0)

R s ) WD amy =)

s o - 0

&" implies all Lowe, &' and Gl an(0)
7 =(23(0°+4)=(2,4

Forcmetne Continuity : ot (23(0) ) =(24)

B i - il Yt) = (t2 -2+ 2,6 - 22 +1),t 0[0]
& i o o velsily vl (1) = (2 +11%),40[0]]

Ct— Sowre vdoc_r'ly awnd y(l) = ,7(0)
accelevation vector
u agiil) =(2(D-2,3D)* - 41 +1) =(0,0)

C" imphies ;ll lower C' 2n(0)
n\u) _ 2\ _
IA725 — 152011 at - (2(0)’3(0) ) - (0,0)
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Continuidade

Continuidade Geomeétrica:

G% S3(1,v,)= R(0,v,)
G 0S(1, vy)/ov, = k,0R(0, v,)/0v,

callingar contral paints
along common edge
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Splines de Base (B- Splines)

»pontos de controle: m
»ordem: k (grau:n=k-1)
»vetor de nos: {ty, t;, t, ...t 1.0}
»(m-n+1) “segmentos de curvas”

PO=3NOR -

LEIN

Bot) My Ny N N

1, se tO[t,t,,)

N, () = . .
0, em outros intervalos i : 5 s 5 8 =
n=2
N (t) = (=8N (t) + (6 ~ONig 4 (1) 3 segmentos
I'k (ti+k—1 _ti) (ti+k _ti+1)
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FuncOes de Base Constantes e Lineares

»vetor de nos: {0,1,2,3,4,5,6}

N,.(t) =1t 0[0) N,(t) =t,t 0[0])

N, (1) =1t0[12) Noo(t) = @=1), Ny, (t) = (t-1),t D[12)
N, (t) =1t0[2,3) N,,(t) = (3-1), N, (t) = (t—2),t 0[2.3)
N, (1) =1t0[3,4) N,(1) = (4-1), Ny, (1) = (t-3),tU[34)
N, (t) =1t0[4,5) N, (t) = (5-1),N, ,(t) = (t - 4),t 0[4,5)
N, (t) =1t 0[5,6) N,,(t) = (6-1),t O[5,6)
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Funcdes de Base Quadraticas

»vetor de nés: {0,1,2,3,4,5,6}
N, (t) =t%,t0[0,1)

Nos(®) =2 4-) +3—;(t )N, =8 '21)2 tO[L2)

Np.(t) = (3- t) No(t) = (t- 1)2(3 t) (4 t)2(t 2) 23(t)—u
N, () = (4 t) 2,3(t):(t_2)2(4_t)+(5_t)2(t 3) N, (1) = (t 3)
N,,(t) = (5- t) N, (1) = (t- 3)2(5 t) (6 t)(t 4) tO[45)
N,a() = & t) t0[56)

brofa T.iZm

t0[2,3)

t0[34)

Exemplos de Funcoes de Base

http://i33www.ira.uka.de/applets/mocca/html/noplugin/BSplineBasis/AppBSplineBasis/in

dex.html
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Influéncia Local de Pontos de Controle

Rl No’(.(f) N1;.{ﬂ Nn,ll/ﬂ Nz;-(f) N.;,(.l(?}

om | ‘ : ‘

o4 i

oz |

1 i 5 4 5 & v

PO Pl P2
Pl P2 P3
P, P, P,

IA725 — 152011
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Multiplicidade de Pontos

Interpolagé&o da Curva: multiplicidade = n+1

LN Nonltd Npgt) N M N0
es|
0.4-_
92
: P R PR
P,=P,=P;
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Influéncia de Vetor de Nos

Spline de base uniforme

/ Basla Functlons
¢ 1 2 3a 4 5 & 7 8 9 10
Knot Sequence 0,1,2,3,4,5,6,7,8,9,10
- - - -
/v\ Exampile of a Curve
_ (t _ti)Ni k- 1(t) (ti+k+1 _t)Ni+1k—1(t) -
I\Ii,k (t) - t
( i+k |+k+1 |+l)
/ P/, |\ -
1] 1 2 a 4 5 -3 7 8
0/0=0
Knot Sequence 4,1,2,34,44,5,6,7.8
Spline de base ndo-uniforme o u = =
Example of & Curve
IA725 — 152011 -
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Propriedades de Splines de Base

*E polinomial. O grau do polinémio n&o depende da
guantidade de pontos de controle.

*Acompanha a forma do poligono de controle. Esta no
fecho convexo dos pontos de controle de cada segmento
de curva.

Influéncia local de cada ponto de controle.

*A curva nao oscila mais que o poligono de controle.
*Sa0 invariantes sob transformacoes afins.
*Multiplicidade m de um ponto “puxa” a curva para ele.
Para m=k, curva interpola o ponto. Diferenciabilidade C™1.
*Multiplicidade m de nés altera a diferenciabilidade Ck™.
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Exemplos

http://i33www.ira.uka.de/applets/mocca/html/noplugin/IntBSpline/AppSubdivision/index.

html

IA725 — 152011
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Representacdo de Superficies
Superficies de Base
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Interface do OpenGL — Curvas de Bézier

void init(void)

{
glClearColor(0.0, 0.0, 0.0, 0.0);
glShadeModel(GL_FLAT);

gMap1f(GL_MAP1_VERTEX_3,
0.0, 1.0, 3, 4, &ctrlpoints[0][0]);

glEnable(GL_MAP1_VERTEX_3);

glMapGrid1f(20,0.0,1.0);

void display(void)

inti;

glClear(GL_COLOR_BUFFER_BIT);
glColor3f(1.0, 1.0, 1.0);
glBegin(GL_LINE_STRIP);
for (i=0; i <= 30; i++)
glEvalCoord1f((GLfloat) i/30.0);
glEnd();

/* The following code displays the control
points as dots. */

glPointSize(5.0);
glColor3f(1.0, 1.0, 0.0);
glBegin(GL_POINTS);
for (i=0;i<4,i+t)
glVertex3fv(&ctrlpointsl[i][0]);

glEnd();
glFlush();
IA725 — 152011
Profa. Ting
Exemplo

< £\Users\Ting\My Projects\V52005\codes\debugh bezcurve exe

GLfloat ctrlpoints[4][3] = {
{-4.5,-4.0, 0.0},
{-2.0, 4.5, 0.0},
{2.0, 4.0, 0.0},
{4.5, -2.0, 0.0}};

Q¥@rgolfBAté: hitp://www.opengl.org/resources/code/samples/redbook/bezcurve.c
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Interface do OpenGL — Superficies de Bézier

void init(void)

glClearColor (0.0, 0.0, 0.0, 0.0);
glMap2f(GL_MAP2_VERTEX_3, 0, 1,

3,4, 0,1,12,4
&ctrlpoints[0][0][0]);
glEnable(GL_MAP2_VERTEX_3);
glMapGrid2f(20, 0.0, 1.0, 20, 0.0, 1.0);
glEnable(GL_DEPTH_TEST);
glShadeModel(GL_FLAT);

IA725 — 152011
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void display(void)
{
inti, j;

glClear(GL_COLOR_BUFFER_BIT |
GL_DEPTH_BUFFER_BIT);

glColor3f(1.0, 1.0, 1.0);
glPushMatrix ();
glRotatef(85.0, 1.0, 1.0, 1.0);
for (j=0;j<=8;j++) {
glBegin(GL_LINE_STRIP);
for (i=0;i<=30; i++)
glEvalCoord2f((GLfloat)i/30.0,
(GLfloat)j/8.0);
glEnd();
glBegin(GL_LINE_STRIP);
for (i = 0; i <= 30; i++)
glEvalCoord2f((GLfloat)j/8.0,
(GLfloat)i/30.0);
glEnd();

}
glPopMatrix ();
glFlush();

}

Exemplo

&= F\Users\Ting\ My Projects\VS2005\codes\debug\bezsurf.exe

IATSdiderddhte: http://www.opengl.org/resources/code/samples/redbook/bezsurf.c

GLfloat ctrlpoints[4][4][3] = {
{{-1.5,-1.5, 4.0},

{-0.5, -1.5, 2.0},

{0.5,-1.5, -1.0},

{1.5,-1.5, 2.0}},
{{-1.5,-0.5, 1.0},

{-0.5, -0.5, 3.0},

{0.5, -0.5, 0.0},

{1.5,-0.5, -1.0}},
{{-1.5,0.5, 4.0},

{-0.5, 0.5, 0.0},

{0.5, 0.5, 3.0},

{1.5, 0.5, 4.0}},
{{-1.5,15,-2.0},

{-0.5, 1.5, -2.0},

{0.5, 1.5, 0.0},

{1.5,15, -1.0%}
3
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Interface do OpenGL — Curvas B- Splines

void init(void)

{
glClearColor (0.0, 0.0, 0.0, 0.0);
theNurb = gluNewNurbsRenderer();

gluNurbsProperty(theNurb,GLU_SAMPLING
_METHOD, GLU_PATH_LENGTH);

gluNurbsProperty(theNurb,

GLU_PARAMETRIC_TOLERANCE, 0.1);

gluNurbsCallback(theNurb, GLU_ERROR,
nurbsError);
}

void CALLBACK nurbsError(GLenum errorCode)

const GLubyte *estring;

void display(void)
{
inti, j;

glClear(GL_COLOR_BUFFER_BIT
GL_DEPTH_BUFFER_BIT);

glLineWidth(3.0);
glColor3f(1.0, 1.0, 1.0);
gluBeginCurve(theNurb);
gluNurbsCurve(theNurb,

8, knots,

3, &ctlpoints[0][0],

4, GL_MAP1_VERTEX_3);
gluEndCurve(theNurb);

if (showPoints) {
draw_control_polygon();

estring = gluErrorString(errorCode); }
fprintf (stderr, "Nurbs Error: %s\n", estring);
exit (0); glFlush();
}  I1A725 - 152011 }
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< fAUsers\Ting\My Projects\V52005\codes\debug\curve.exe =R =

GLfloat ctlpoints[4][3] = {
{-4.0,-4.0, 0.0}, { 1.0, 4.5, 0.0},
{-1.0, 4.5, 0.0}, {4.0, -4.0, 0.0}};

GLfloat knots[8] = {0.0, 0.0, 0.0, 0.0, 1.0,
1.0, 1.0, 1.0};

Gdo-ferfdhitp://www.dca.fee.unicamp.br/courses/IA725/1s2006/program/samples.html
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Interface do OpenGL — Superficies B- Splines

GLUnurbsObj *theNurb;

void init(void)

{
GLfloat mat_diffuse[] = {0.7,0.7,0.7, 1.0 };
GLfloat mat_specular[] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat mat_shininess[] = { 100.0 };

glClearColor (0.0, 0.0, 0.0, 0.0);
glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_diffuse);

glMaterialfv(GL_FRONT, GL_SPECULAR,
mat_specular);

glMaterialfv(GL_FRONT, GL_SHININESS,
mat_shininess);

glEnable(GL_LIGHTING);
glEnable(GL_LIGHTO);
glEnable(GL_DEPTH_TEST);
glEnable(GL_AUTO_NORMAL);
glEnable(GL_NORMALIZE);

init_surface();

theNurb = gluNewNurbsRenderer();

gluNurbsProperty(theNurb,GLU_SAMPLING_TOLERANC
E, 25.0);

gluNurbsProperty(theNurb, GLU_DISPLAY_MODE,
GLU_OUTLINE_POLYGON);

gluNurbsCallback(theNurb, GLU_ERROR,
IA725 — T8ROSErTOr),
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void display(void)
{
inti, j;

gIClear(GL_COLOR_BUFFER_BIT |
GL_DEPTH_BUFFER_BIT);

glPushMatrix();
glRotatef(330.0, 1.,0.,0.);
glScalef (0.5, 0.5, 0.5);

gluBeginSurface(theNurb);
gluNurbsSurface(theNurb,

8, knots, 8, knots,

4 * 3, 3, &ctlpoints[0][0][0],

4,4, GL_MAP2_VERTEX_3);
gluEndSurface(theNurb);

glPopMatrix();
glFlush();
}

void CALLBACK nurbsError(GLenum errorCode)
const GLubyte *estring;
estring = gluErrorString(errorCode);
fprintf (stderr, "Nurbs Error: %s\n", estring);

exit (0);
}

Exemplo

GLfloat knots[8] = {0.0, 0.0, 0.0, 0.0, 1.0, 1.0, 1.0, 1.0};

/*

© f\Users\Ting\My Projects\V52005\codes\debug\surface exe

z
*

{

}

* |nitializes the control points of the surface to a
small hill.
* The control points range from -3 to +3 in X, y, and

void init_surface(void)
intu, v;

for (u=0; u<4; u++) {
for (v=0; v <4; v++) {

ctlpoints[u][v][0] = 2.0*((GLfloat)u - 1.5);
ctlpoints[u][v][1] = 2.0*((GLfloat)v - 1.5);

f(u==1[lu==2)&& (v==1]v==2))
ctlpoints[u][v][2] = 3.0;

else
ctlpoints[u][v][2] = -3.0;

}
Q¥a@rgolfgAté: hitp://www.opengl.org/resources/code/samples/redbook/surface.c
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