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class CSquare2D; // késébb jelenik meg a leirésa

class CMesh2D;

class CVector2D

{

private:

public:

friend CSqu
friend CMes

friend CVector2D operator *
friend CVector2D operator *

float x, y;

// mdédositd
void
void
void

// néhany operator tulterhelése

CVector2D
CVector2D&
CVector2D
CVector2D&
float
CVector2D&

// vektort
void

// vektort
void

// lekérdez
float
float
float

are2D;
h2D;

// késébb jelenik meg a leiréasa

CVector2D(float x=0.0f, float

metddusok

setX (float x);
setY (float vy);
updateAll (float x,

operator +
operator +
operator -
operator -
operator *
operator *

skalaz

scale (float lambdax,

(const
(const
(const
(const
(const
(float

float vy);

CVector2D
CVector2D
CVector2D
CVector2D

(const CVector2D &v,
(float lambda,

y=0.0f) ;

&V) ;
&V) ;
&v) ;
&Vv) ;

CVector2D& V) ;

lambda) ;

egységnyi hosszlsaglira alakit

normalize () ;

6 metddusok

getX () comnst;
getY () comnst;
norm() const;

float lambday) ;

float lambda) ;
const CVector2D &v) ;



vectors3D.h

class CSquare3D;
class CMesh3D;

// késbébb jelenik meg a leirésa
// késbébb jelenik meg a leirésa

class CVector3D

{

private:

public:

friend CSquare3D;

friend CMesh3D;

friend CVector3D operator *
friend CVector3D operator *

(const CVector3D &v, float lambda);
(float lambda, const CVector3D &v);

float x, vy, z;
CVector3D (float x=0.0f,

float y=0.0f, float z=0.0f)

’

merdleges vetités
perspektivikus vetités

void setX (float x);

void setY (float vy);

void setZ (float z);

void updateAll (float x, float y, float z);

CVector3D operator + (const CVector3D &v);

CVector3D& operator += (const CVector3D &v);

CVector3D operator - (const CVector3D &v);

float operator * (const CVector3D &vl, const CVector3D &v2);
CVector3D& operator *= (float lambda);

CVector3D& operator -= (const CVector3D &v);

CVector3D operator % (const CVector3D &v); // vektoridlis szorzat
CVector3D& operator %= (const CVector3D &v); // vektoridlis szorzat
void scale (float lambdax, float lambday, float lambdaz);

void normalize () ;

float getX () const;

float getY () const;

float getZ () const;

float norm() const;

CVector2D orthoProjection (const CVector3D &lightDir); //

CVector2D perspProjection (float eyeDistance) ; //

void rotateleft (float alfa); // forgatéasi
void rotateRight (float alfa); // forgatési
bool rotateUp (float alfa); // forgatési
bool rotateDown (£float alfa); // forgatési

transzformacid
transzformacid
transzformacid
transzformacid
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I Meroleges vetitées

Egységnyi vetitd vektor, mely merdleges az Origdén atmend képsikra
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I Parametrikus feluletek. Négyszogu halé

""""

F:[a,b]x[c,d] > R® |
F(u,v)=(fx(u,v), fy(u,v), fz(u,v)), (u,v) [a,b]x[c,d] ¥,

e értelmezés tartomamybeli osztdpontok:

du :b__a,dvzﬂ
m n

u,=a+k-du,k=0%1...,m
v,=Cc+l-dv,1=01,...,n

e 2D-os racshdlét alkotd negyszdgek:
[(uk’vl )1 (uk+1'V| )’ (Uk+1’V|+1)1 (Uk1V| )] Yl
k=01..m-1
1=01...,n-1

e 3D-0s racshalot alkotd negyszdgek:

[F (U V) F U Vi) F Uy Vi) F U, v )]
k=01..m-1
1=01...,n-1







class CSquare3D;
class CMesh2D;

class CSquare2D

{

private:

public:

friend CMesh2D;
friend CSquare3D;

CVector2D *corner;

bool visible;
bool transparent;
TColor transparentColor;

// alapértelmezett konstruktor
CSquare2D() ;

// masold konstruktor
CSquare2D (const CSquare2D &s) ;

// hozzarendeld operator
CSquare2D& operator = (const CSquare2D &s) ;

//médositd metddusok
void updateCorner (int iCorner, float x, float y);
void updateCorner (int iCorner, const CVector2D& V) ;

//destruktor
~CSquare2D () ;



class CMesh3D;

class CSquare3D

{

friend CMesh3D;

private:
CVector3D
CVector3D
float
bool
TColor
public:

CSquare3D&

float

void
void

void
void

CSquare2D

*corner;

*normal ;

d;

transparent;
transparentColor;

CSquare3D() ;
CSquarel3D (const CSquare3D &s) ;
operator = (const CSquare3D &s);

getDistance () const;

updateCorner (int iCorner, float
updateCorner (int iCorner, const

updateNormal (int iCorner, float
updateNormal (int iCorner, const

orthoProjection (const CVector3D

~CSquare3D () ;

}i

//a gsort flggvényhez szlkséges egy &sszehasonlitd fuggvény (a d alapjan rendezzlk a szemeket ndvekvsd sorrendbe)

int compare3DSquares (const void * sl, const void * g2);

x, float y, float z);
CVector3D& V) ;

x, float y, float z);
CVector3D& n) ;

&lightDir) ;



class CMesh3D;

class CMesh2D

{

friend CMesh3D;

private:
int nrMesh;

public:

CMesh2D&

void
void

void
void

void

CSquare2D *mesh;

CMesh2D (int nrMesh=0) ;
CMesh2D (const CMesh2D &m2D) ;
operator = (const CMesh2D &m2D) ;

updateCorner (int iMesh, int jCorner, float x, float Vy);
updateCorner (int iMesh, int jCorner, const CVector2D& V) ;

setVisibility (int iMesh, bool visible);
setTransparency (int iMesh, bool transparent) ;

Draw (TCanvas *canvas, int x0, int y0, £float zoom,
const TColor &backColorl, const TColor &backColor2,
const TColor &frontColorl, const TColor &frontColor2) ;



I mesh2D.cpp — részlet

void CMesh2D: :Draw(TCanvas *canvas, int x0, int y0, float zoom,
const TColor &backColorl, const TColor &backColor2,
const TColor &frontColorl, const TColor &frontColor2)

int brl=GetRValue (backColorl) , h bgl=GetGValue (backColorl) ,h bbl=GetBValue (backColorl),
br2=GetRValue (backColor2) ,bg2=GetGValue (backColor2) ,h bb2=GetBValue (backColor2),
frl=GetRValue (frontColorl) ,h £fgl=GetGValue (frontColorl) ,b fbl=GetBValue (frontColorl),
fr2=GetRValue (frontColor2) , £fg2=GetGValue (frontColor2) , fb2=GetBValue (frontColor2) ;
float dbr=(float) (br2-brl)/ (float) (nrMesh-1),
(
(
(
(
(

dbg= (float) (bg2-bgl) / (float) (nrMesh-1),

dbb=(float) (bb2-bbl)/(float) (nrMesh-1),

dfr=(float) (fr2-fri1)/ (float) (nrMesh-1),

dfg=(float) (fg2-£fgl)/ (float) (nrMesh-1),

dfb=(float) (fb2-fbl)/ (float) (nrMesh-1) ;
TPoint *p;

p= new TPoint [4];
for (int i1=0;i<nrMesh;i++)
{
for (int j=0;7j<4;j++)
{
plj]l .x=floor ((float)x0+ (float) zoom*mesh [i] .corner[j] .x) ;
plj]l .y=floor((float)y0- (float) zoom*mesh[i] .corner[]].Vy) ;

if (mesh[i] .visible)

{

if (mesh[i].transparent)
canvas->Pen->Style=psDashDot;
canvas->Pen->Color=mesh[i] .transparentColor;
canvas->Brush->Style=bsClear;

}

else

{
canvas->Pen->Style=psSolid;
canvas->Pen->Color=RGB (floor (frl+i*dfr)-75, floor (fgl+i*dfg) -75, floor (fbl+i*dfb) -75) ;
canvas->Brush->Color=RGB (floor (frl+i*dfr) , floor (fgl+i*dfg) , floor (fbl+i*dfb)) ;

}

canvas->Polygon (p, 3) ;

}



else //if (!mesh[i] .visible)

{

if (mesh[i].transparent)

{
canvas->Pen->Style=psDashDot;
canvas->Pen->Color=mesh[i] .transparentColor;
canvas->Brush->Style=bsClear;

}

else
{
canvas->Pen->Style=psSolid;
canvas->Pen->Color=RGB (floor (i*100.0f/ (nrMesh-1)),
floor (1i*100.0f/ (nrMesh-1)),
floor (1i*100.0f/ (nrMesh-1))) ;
canvas->Brush->Color=RGB (floor (brl+i*dbr) , floor (bgl+i*dbg) , floor (bbl+i*dbb)) ;
}
canvas->Polygon (p, 3) ;
}
}

delete[] p;
}//for



class CMesh3D

{

private:

public:

T O EMNESRESS sy virtualis leayen, mert szarmastatni fogunk ebbSl az osztalybsl

Vi

int nrMesh;

CSquare3D *mesh;

CMesh3D&

CMesh3D

void

void

void

void

void

CMesh2D

CMesh3D (int nrMesh=0) ;
CMesh3D (const CMesh3D &m3D) ;
operator = (const CMesh3D &m3D) ;

operator + (const CMesh3D &m3D) ;
updateCorner (int iMesh, int jCorner,
float x, float y, float z);
updateCorner (int iMesh, int jCorner, const CVector3D& V) ;
updateNormal (int iMesh, int jCorner,
float x, float y, float z);
updateNormal (int iMesh, int jCorner, const CVector3D& n) ;

makeTransparent (TColor transparentColor) ;

orthoProjection (const CVector3D &lightDir) ;



CMesh2D CMesh3D::orthoProjection(const CVector3D &lightDir)

{

CMesh2D result (nrMesh) ;
CVector3D G,N;

// stlypontok tavolsdga a képsiktdl

for (int i=0;i<nrMesh;i++)

{
G.updateAll (0.0£,0.0£,0.0£f) ;
for (int j=0;j<4;j++) G+=meshl[i] .corner[j];
mesh[i] .d=G*1ightDir;

}

// szemek ndvekvd sorrendbe rendezése a kapott tavolsdgértékek alapjan
gsort (mesh,nrMesh, sizeof (CSquare3D) , compare3DSquares) ;

// szemek vetitése
for (int i=0;i<nrMesh;i++)
{
N.updateAll (0.0£f,0.0£,0.0f);
for (int j=0;j<4;j++)
N+=mesh[i] .normal [j];
result.mesh[i]l=mesh[i] .orthoProjection (lightDir) ;

// lathatdésag elddntése
// a szemek rendezése nélklul, a lathatdsidg elddntése nem ad helyes eredményt
if (N*lightDir>0.0f)

result.setVisibility (i, true) ;

else

result.setVisibility (i, false) ;
// 'attetszdség’ bedllitésa
result.setTransparency (i,mesh[i] .transparent) ;

}

return result;



typedef float (*fptr) (float, float);

class CParametricSurface3D: public CMesh3D

{

private:
float a, b, ¢, d; // értelmezési tartomany
fptr f£fx, fy, fz; // koordinadtafiggvények
int m, n; // (m-1)x(n-1)-es racshald
public:
CParametricSurface3D(float a, float b, float c,
fptr fx, fptr fy, fptr fz,

int m, in

t n);

float d,



parametricsurfaces.cpp

CVector3D diffu(fptr fx,fptr fy, fptr fz, float u, float v)

{
float h=1e-5;
return CVector3D( (fx (u+h,v) -£fx( )/h, (fy (u+h,v) -fy(u,v)) /h, (fz (u+h,v) -fz( ) /h) ;
!
CVector3D diffv (fptr fx, fptr fy, fptr fz, float u, float v)
{

float h=1le-5;
return CVector3D((fx(u,v+h)-fx(u,v))/h, (fy(u,v+h)-fy(u,v))/h, (fz(u,v+h)-£fz( ) /h) ;

}

CParametricSurface3D: :CParametricSurface3D(float a, float b, float ¢, float d,
fptr fx,fptr fy,fptr fz,
int m,int n):

a(a),b(b),c(c),d(d), fx(fx),fy(fy) ,fz(fz),m(m),n(n)
{
float du=(b-a)/m, dv=(d-c)/n
float ul4],vI[4];
int act=0;
for (unsigned int i=0;i<m;i++)
{
ul[0]l=ul3]=a+i*du;
ulll=ul2]=ul0]+du;
for (unsigned int j=0;j<n;j++)

{
v[0]=v[1l]=c+j*dv;
v[2]=vI[3]=v[0]+dv;
for (unsigned int k=0;k<4;k++)
{
updateCorner (act, k, fx(ulk],v(k]), fy(ulk]l,v[k]),6 fz(ulk],vIk]));
updateNormal (act,k,diffu(fx, fy,fz,ulk],v[k])%diffv(fx,fy,fz,ulk]l,v(ikl));
1
act++;
1
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I Domborzatjellegi (Euler-Monge eloallitasu) feluletek

e felillet paraméterezése matematikailag:

{z:[a,b]><[c,d]—>R
z=12(u,v)

e programban:

float EulerMongeX (float u, float v)

{
}

float EulerMongeY (float u, float v)

{
}

float EulerMongeZ(float u, float v) Z: [—3.2,3.2]><[- 2_4,2_4]_) R

return z(u,v) ;

) = e

VERE

CVector3D lightDir(sqrt(1.0/3.0), sqgrt(1.0/3.0), sqgrt(1.0,3.0)); // egységnyi vetitésugar
float a,b,c,d; // értelmezési tartomany

unsigned int m=30, n=30; // osztdpontok szama u- illetve v-iradnyban

CParametricSurface3D EulerMonge(a, b, ¢, d, EulerMongeX, EulerMongeY, EulerMongeZ, m, n);
CMesh2D m2D=EulerMonge.orthoProjection (lightDir) ;

//. ..

m2D.Draw(...) ;

return u;

return v;

—udv?



I Forgasfeluletek

e felillet paraméterezése matematikailag:

F :[a,b]x[0,27] - R® g:[ab]>R

F(u,v)=(f(u)cosv, f(u)sinv,g(u))

e programban:

float fx(float u, float.v)

{ A

return f (u)*cos(v);
J ,
float fy(float u, float v)
{ L

return f (u)*sin(v); - - S

- e
H ¥

float fz(float u, float v) )
{ (f (U rdgzitett)cosv1 f (U rogzitett )Sin v, g(U rogzitett )) (fX, fy) ) [0127Z-] —R

return g(u) ; : £ ( )_ f( )
} X urcgzitett W)= urcgzitett -COSvV
/) fy(U rogzitett ’V) = f (U rogzitett ) sinv
CVector3D lightDir(sgrt(1.0/3.0), sgrt(1.0/3.0), sqgrt(1.0/3.0)); // egységnyi vetitdsugar

float a,b,c=0.0,d=2*pi; // értelmezési tartomany

unsigned int m=30, n=30; // osztdpontok szama u- illetve v-irédnyban
CParametricSurface3D Forgasfelulet(a, b, ¢, d, fx, fy, fz, m, n);
CMesh2D m2D=Forgasfelulet.orthoProjection (lightDir) ;

Il oo
m2D.Draw(...) ;



e GOmb

F:[0,z]x[0,27] > R®

F
F(u,v)=(f(u)cosv, f(u)sinv,g(u)) A
. ;pfﬁ"\,‘h .d'f’ﬂ"-‘\
f(u)=rsinu . - o
- M\- d “"x. - = %
g(u)=rcosu AL L T L
- = ) \
r”“““\ r!’f ‘.\‘“-‘ ‘f“h\
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exe
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e Torusz

{F :[0,27]x[0,272] > R®

F(u,v)=(f(u)cosyv, f(u)sinv,glu LT
(uv)=(f(u) (u)sinv, g(u)) AR
fu)=R+rsi = - >,
(U)=R+rsinu P A
g(u)=rcosu < o
.-/(’ '>“\
L~ >
= >~
A < >~
< SE
Ry . - - -
- N -’ -'...__'L-L' T .,
5 ';
H - 'r
exe



I Sajatsagos forgasfeluletek

{F :(0,7)x[0,27] > R®
F(u,v)=(f(u)cosv, f(u)sinv,g(u))

1f(u)_rsinu

g(u)= r{ln(tan %)+ cos u}




I S hogy miért nem j6 az egész elképzelés?

Soha ne higyjetek egy hosszthaji huligannak! :)



e Sajatsdgosan, Moebius-féle szalagok
e fellilet paraméterezése matematikailag: IR S _.;'

{F :[01]x[0,27] > R®
F(u,v)=(f(u)cosv, f(u)sinv,g(u))

fu)=R+r(1- 2u)cos(2k2+lvj

g(u)=r(1- 2u)sin[2k2+1vj

k - csavarasok szama

R=2,r=1k=5

exe

exe



I Nem mindig kapunk helyes takarasi sorrendet

e probaljuk meg abrazolni a kovetkezd felliletet kiilénbdzd felbontdsd racshaldkat hasznidlva

{z :[-33]x[-33] > R

z=sin(10-u-v)

m=n=10

Lt

M ‘a“f"M"( 1! 1 1 5I:|i . A

I
h]\TihiT[t‘F i Y . |

:k.. i il 'I‘M 3

hde i
f e ,n,l

m=n=40




I Az elobbi felulet OpenGL alatt




Mire j6 az operator + a CMesh3D osztalyban?

float

{
}

float

float

planeXOYx (float u, float v)

return u;

planeXOYy (float u, float v)

return v;

planeXOYz (float u, float v)

return 0.0f;

Toruslx (float u, float v)

return (5+2*sin(u)) *cos(v) ;

Torusly (float u, float v)

return (5+2*sin(u)) *sin(v) ;

Toruslz (float u, float v)

return -2*cos(u) ;

float

float

Torus2x (float u, float v)

return 5.0f+(3.0f+1.0f*sin(u)) *cos (V) ;

Torus2y (float u, float v)

return 1.0f*cos (u) ;

Torus2z (float u, float v)

return (3.0f+1.0f*sin(u)) *sin(v) ;

Torus3x (float u, float v)

return 1.0f*cos (u) ;

Torus3y (float u, float v)

return 5.0f+(3.0f+1.0f*sin(u)) *cos(v) ;

Torus3z (float u, float v)

return (3.0f+1.0f*sin(u)) *sin(v) ;



Mire j6 az operator + a CMesh3D osztalyban? (folytatas)

CParametricSurface3D Torus3(0.0f,2.0f*pi, 0.0f,2.0f*pi, Torus3x, Torus3y, Torus3z, 8,8) ;

planeXOY.makeTransparent (clGray) ;

/] ...
CVector3D lightDir( sqrt(1.0/3.0), sqrt(1.0/3.0), sqrt(1.0/3.0));

CMesh3D m3D=planeXOY+Torusl+Torus2+Torus3;
CMesh2D m2D=m3D.orthoProjection (lightDir) ;

/] ...

m2D.Draw (.. .) ;

CParametricSurface3D planeXOY(-11.0f,11.0f,-11.0f,11.0f,planeX0¥x,planeX0Yy,planeX0¥z,10,10) ;
CParametricSurface3D Torusl(0.0f,2.0f*pi,0.0f,2.0f*pi, Toruslx, Torusly, Toruslz,30,30);
CParametricSurface3D Torus2(0.0f,2.0f*pi,0.0f,2.0f*pi, Torus2x, Torus2y, Torus2z,20,20) ;



