Cinro6oaHa poranuja. Topyc. Koca nupamujga

PoTanyja oKo npousBo/bHE OCe KOja P0Jia3yu KpOo3 NIPOU3BO/bHY TAYKY
MoTpebHo je KpenpaTtu maTpuLy poTalmje 3a yrao (¢ OKO NPOU3BOJ/bHE OCe Koja MPoaasn Kpos

Tauky P(XP, yP,ZP) “ MMa npaBgal, BeKTopa \7(XV, Y,,Z,) (Crnxa 1).
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Cnuka 1: Pomayuja oKo npou3sosbHe oce

[a 6y ce M3BplIMAA OBaKBa poTauMja NOTPe6HO je AOBECTM MOAEN KOjU ce poTUpa y Takas
MOJIOXKaj @ Ce MOMKEe WM3BPLUMTM poTalMja OKO HeKe 04, KOOPAMHATHUX OcCa, a MOTOM W3BPLIMTU
poTauujy 3a yrao & okKo Te oce. [pBO ce MOAeN TPaHC/IMPA Y KOOPAMHATHU KOOPAMHATHU NoYeTak,

OAHOCHO 3a BekTop —P (Tpancnaumja T (—Xp,—Yp,—2Zp ))- Ha cimun 2 je cana Tauka P(XP, Ye:Zp)

TPaHCAUPaH Yy KOOPAMHATHU NoYeTaK.

V4
CnuKa 2: Bekmop mpaHcAupaH y KoopOUHAMHU no4emakx
Capa ce mofen poTupa 3a yrao —@ OKO Y Oce TaKo fla Ce HaKoH poTtauuje Hahe y paBHU

yOz . Yrao @ jepHak je 6 =arctg (ﬁ] YKOJIMKO Ce BEKTOP He Hanasu y pasHU xOy, a YKOJINKO je

Z

v
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z,=0 Tapaje 025 3a X, >0 nnm 0:—5 3a X, <0.Akojeu X, =0 Tagaje #=0.Tamartpuua

poTaumje ce MmoxKe obenexknTn ca Ry_axisy_g .
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Cnuka 3:. Bekmop y pasHu

BekTop V ce HakoH oBe poTauumje Hanasu y pasHn YOZ kao Ha camum 3. fame, aa 6u ce

BEKTOP V MoK/aonno ca Z ocom NOTpebHO je jol poTMpaT ra oko X Oce 3a yrao @ rae je

arctg ({j—vj d=0

Q= %, d=0Ay>0

VA
-—, d=0 <0
2 nY

d=x2+22.

MaTpuua Tako geduHucaHe poTauumje MoXe ce o3Haumtn ca R . Capa ce BekTOp V

X_axis,p
rnoknanaca Z oCom Kao Ha cangun 4, Nna ce moXe n3BpunTn pOTaLI,VIja mojena 3a yrao ¢ OKo Z oce.

TakBa poTauuja ce moxe osHaunTn ca R, i -
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Cnuka 4: BeKmop rnoknornsbeH ca ocom

Kapga ce M3BpLK poTaumja 3a yrao o, NoTPe6HO je NpUMeHNTU TakBe TpaHchopmMaumje Aa ce mogen

BpaTW Y NoOYeTHM nosoxaj. MotpebHo je npso n3BpwWKUTK poTaumje R n R a notom u

X_axis,—¢ y_axis,f’

TpaHcnaumjy T(XP, yp,zp). TaKo ce KOHayHa maTpuua poTauuje Aobuja MHOXKeHemM HaBedeHMUX

ceflam maTpuua TpaHchopmaumje U To

R

s R ‘R R T

y_axis,—60 ’ —Xp,—Yp,—Zp °

R =T, .. R

Va  Xp.Yp.Zp y_axis,0 Z_axis,a X_axis,p

dPyHKUKja 32 Kpenpatrbe 0BaKo AedpuHUCaHE poTalMje MOXKE ce BUAETU Y A0AATKY Ha KPajy AOKYMEHTa.

Onuc npoo6Jsiema
1. Hanpasutn pyHKUMjy 3a UupTare Topyca ca cnegehmm KapaktepucTukama:

e lleHTap Topyca Tpeba Aa ce Hahe y KOOpAMHATHOM NOYETKY
e LleHTpM CBUX KPYXKHMLLA KOjUMa ce omBMYaBa Topyc Tpeba aa nexe y pasHm XOz.

e 3agatn cy u cnegehun napametpu: I} - yHyTpalbKn NonynpeyHuk topyca, I, - cnosatltbm

noaynpeyYHuK Topyca, N - 6poj KpyKHMLUA Kojuma he BuTK onBUYeH Topyc 1 M - 6poj Tayaka
Nno Kpy»HULAMa Kojuma je Topyc omBuyeH (Cnuka 6).

Cnuka 5: Topyc
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Cnuka 6: lNapamempu mopyca

2. HaupTtaTun yeTBOpOCTpaHy npasy nupamuay 3agaTy Ha cnegehm HaumH:

e JlyXKMHa CTpaHULE y OCHOBM je a.

e BucuHa nupamuge je h.

e Hopmana paBHU y KOjOj NeXKM OCHOBA NMpamnae je N.

e [IpeceK amjaroHana ocHoBe Tpeba Aa NeXM Yy KOOPANHATHOM MOYETKY.

e [lpojekumje age cTpaHuLe ocHose nupamuae Ha XOz paBaH Tpeba aa 6yay napanenHe ca
X ocom, a npojeKunje apyre Ase CTpaHULLe NapanesiHe ca Z OCOM.
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Pelieme

MomohHe ¢yHKUMje 3a TpaHchopmauumjy jeaHOAUMEH3MOHANIHOT U ABOANMEH3MOHAIHOT
BEKTOpPA YBOPOBA 3a 3a4aTy MaTpuLy TpaHchopmaumje:

void TransformV1 (Matrix4x4 &M, vector<Vector3D> &v)
{
for (unsigned int 1 = 0; 1 < v.size(); 1i++)
v[i] = M.Transform(v[i]);

void TransformV2 (Matrix4x4 &M, vector< vector<Vector3D> > &v)
{
for (unsigned int 1 = 0; 1 < v.size(); 1i++)
TransformVl (M,vI[i]);

1. TMpso je kpeupaHa KpyxHuua y pasin  XOY ca  ueHTpom y  Tayku

C(O.5-(r_inside+r_outside),0,0) M NONYNPEYHUKOM O.5-(r_outside—r_inside). Heka je
T

W =—— rae je m 6poj KpyHuUa Kojuma he Topyc 6uTH omemueH. Casa ce popmupa HKU3 o N
m

KPYXHULA KOMMparem M poTuparbem dobujeHe KpyskHuue pegom 3a yrnose 0, v, 2v , ...,
(n—l)z//. TuMe je KOHCTpyMcaH KOCTyp Topyca cacTaB/beH of N KpysKHuua. Cnajatbem Tauyaka

CYyCeAHUX KpyXKHMLLA CIMYHO OMOTauy Ba/bKa Aobuja ce Topyc.

void CreateTorus (vector< vector<Vector3D> > &torus, double r inside,
double r outside, int n, int m)

double rl = 0.5*(r _inside + r outside);
double r2 = 0.5*(r outside - r inside);

torus.resize (n);
for(int i = 0; i < n; 1i++)

torus[i] .resize (m);

Matrix4x4 MRotatel, MRotate2, MT1, MT2, M;
MRotatel.loadRotateY (2.0*M PI/n);

MT1.loadTranslate(-r1,0.0,0.0);
MRotate2.loadRotateZ (2.0*M PI/m);
MT2.loadTranslate(rl1,0.0,0.0);

M = MT2*MRotate2*MT1;

torus[0][0] = Vector3D(rl+r2, 0.0, -r2);
for(int i = 1; i < m; i++)

torus[0][i] = M.Transform(torus[0] [i-1]);
for(int i = 1; i < n; i++)
{

torus[i] = torus[i-11];
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TransformV1 (MRotatel, torus([i]);

}

void DrawCylinderWrapper (vector< vector<Vector3D> > &cylinder)
{

vector<Vector3D> poly;

poly.resize (4);

int n = cylinder[0].size();
for(int 1 = 0; i < n-1; i++)

{

poly[0] = cylinder[0][1i];
poly[l] = cylinder[0] [1i+1];
poly[2] = cylinder[1][i+1];
poly([3] = cylinder[1][i];

DrawPolygon (poly) ;

poly[0] = cylinder[0] [n-1];
poly[l] = cylinder[0][0];
poly([2] = cylinder[1][0];
poly[3] = cylinder[1l][n-1];

DrawPolygon (poly) ;

vold DrawTorus (vector< vector<Vector3D> > &torus)
{
vector< vector<Vector3D> > t;
t.resize(2);
for (unsigned int i = 0; 1 < torus.size()-1; i++)

{

t[0]
t[l]
DrawCylinderWrapper (t) ;

torus[i];
torus[i+1];

t[0] = torus[torus.size()-1];
t[1l] = torus[O0];
DrawCylinderWrapper (t) ;

2. ObjeKar je HajnaKLWwe KpeupaTu OKO KOOPAMHATHOr MoYyeTKa, a TeK MOTOM MOCTAaBUTU 0b6jeKkaT Ha
oarosapajyhe mecTo Ha 3a4aTv HauMH. 3aTO Cce YBOPOBM NUpPaMUAE NPBO KPenpajy Tako Aa ce npecek
AnjaroHana ocHoBe Hahe y KOOpPAMHATHOM NOYETKY, A CTPaHULEe OCHOBe byay napanenHe ocama X
n Z , 1 Aace Bpx nMpamuae Hahe Ha No3UTMBHOM Aenly Y oce 1 To Ha pactojarby h of KoopauHaTHOr

no4yeTKa.
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Heka je & yrao Koju Hopmana N 3aknana ca Yy ocom M Heka je Bektop | =nNxYy. Takohe

HeKka je npasa K oapeheHa koopamHaTHMM nouveTkom u BekTopom | . Taga, ma 61 ce ocHoBa
nupammae Hawna y paBHU ogpeheHoj Hopmanom N M KOOPAUMHATHMM MOYETKOM, MOTpebHo je
poTUpaTK je 3a yrao & oko npase K.

KoHauyHo, noTpebHo je ga no ABe CTpaHULE OCHOBe Nupamuae byay napanenHe ocama X u
Z . Heka je capa ctpavuua AB 6una napanenHa Z ocu npe npeTxoAHo U3BplueHe poTauuje. Heka je
@ yrao uamehy npojekumje ctpanuue AB Ha pasan XOz n Z oce. Caga ce nupamuaa potmpa 3a

yrao ¢ OKO OcCe Koja Npo/asn Kpo3 KOOPAMHATHU NOoYeTaK a MMa npasal, BekTopa N.

dyHKUMja AngleBetween payyHa yrao usmehy ABa BEKTOPa, U HbeH KOZ, Ce MOKe BULETHU Y
[OJaTKy Ha Kpajy oBe CKpunTe.

void drawPyramidTransform(Vector3D &n, double a, double h)
{
Vector3D H;
H = Vector3D::AxisY * h;

Vector3D A(0.5*%a,0.0,0.5%a);

Vector3D B(0.5*a,0.0,-0.5%a);
Vector3D C(-0.5*a,0.0,-0.5%a);
Vector3D D(-0.5*a,0.0,0.5%*a);

Vector3D yAxis = Vector3D::AxisY;

double alpha = AngleBetween (n, yAxis);
Vector3D axis = n.Cross (Vector3D::AxisY);
Matrix4x4 MT;

Vector3D 0(0,0,0);
LoadRotationMatrix (O, axis, —alpha,MT) ;

= MT.Transform

(H)

= MT.Transform(A)

= MT.Transform(B) ;
(C);
(D)

= MT.Transform

o Q W D

= MT.Transform

Vector3D ab;

ab = B - A;

ab.m y = 0.0;

Vector3D zAxis = Vector3D::AxisZ;
double fi = AngleBetween (ab, zAxis);
LoadRotationMatrix (O, n, £i, MT) ;

’

MT.Transform

’

MT.Transform

’

MT.Transform

’

o Q w >
Il

(A)
(B)
(C)
(D)

MT.Transform

glBegin (GL_QUADS) ;
glColor3f(1.0£f, 1.0f, 0.0f); // Yellow
glvertex3f( A.m x, A.m y, A.m z);
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glvertex3f( B.m x, B.m y, B.m z);

glvertex3f( C.m x, C.m y, C.m z);

glvertex3f( D.m x, D.m_y, D.m z);
glEnd();

glBegin (GL_TRIANGLE FAN) ;

glColor3f(1.0f, 1.0f, 0.0f); // Yellow
glvertex3f( H.m x, H.m y, H.m z);
glvertex3f( A.m x, A.m y, A.m z);
glvertex3f( B.m x, B.m y, B.m z);
glvertex3f( C.m x, C.m y, C.m z);
glvertex3f( D.m x, D.m y, D.m z);
glvertex3f( A.m x, A.m y, A.m z);
glEnd () ;
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Joaarak

void LoadRotationMatrix (Vector3D &p,
{

Vector3D &v,

Matrix4x4 tranP, tranPMinus, rotateFi,

rotateFiMinus,

double alpha)

rotateAlfa,

rotateTeta, rotateTetaMinus;
double teta, fi, d;
d = sqrt(v.X () *v.X() + v.Z()*v.Z());
if(v.X() == 0) teta = 0;
else
{
if (v.Z() '= 0) teta = atan(v.X() / v.Z2(0));
else
{
if (v.X() > 0) teta = M PI / 2;
else teta = -M PI / 2;
}
}
if(v.Y() == 0) fi = 0;
else
{
if (d !'= 0) fi = atan(v.Y() / d);
else
{
if (v.Y() > 0) fi = M PI / 2;
else fi = -M PI / 2;
}
}
tranP.loadTranslate(p.X(), p.Y(), P-Z2());
tranPMinus.loadTranslate (-p.X (), -p.Y(), -p.Z2());

rotateFi.loadRotateX (fi) ;
rotateFiMinus.loadRotateX (-fi) ;

rotateTeta.loadRotateY (teta);
rotateTetaMinus.loadRotateY (-teta);

rotateAlfa.loadRotateZ (alpha);
*this =

rotateTetaMinus * tranPMinus;

}

tranP * rotateTeta * rotateFiMinus * rotateAlfa * rotateFi *
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double AngleBetween (Vector3D &a, Vector3D &b)
{

double kosFi = (a * b) / (a.Norm() * b.Norm()):;
double sinFi = (a.Cross (b)) .Norm() / (a.Norm() * b.Norm());
double fi = atan2 (sinFi, kosFi);

return fi;

Y mecto PpyHKuMje LoadRotationMatrix moryhe je Kopuctutn GLM 6mMbnmoteky m
npegedunHmUcany GyHKLN]Y 3a Kpenpake MaTpuLe poTaLmje OKO NPOM3BO/bHOI BEKTOPA:

detail::tmat4x4<T> glm::rotate( T angle,
detail::tvec3< T > const & v
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