Geodeticka krivka na MESH ploSe pomoci C#

Eduard Sojka

Geodeticka krivka na plose je takova ktivka, kterd spojuje 2 body na této plose nejkratsi moznou
cestou. Takova krivka ma zajimavou vlastnost: pokud jeji “matefskou” plochu narovndme do roviny,
pak tato kfivka se rozvine na primku. V praxi to znamen4, Zze miZzeme pomoci zohybanych lati
vytvofrit sit, kterd vytvari poZzadovany tvar. Na nasledujicich obrazcich vidime nékolik pfiklad( vyuZiti
v architekture.

V Rhinu miZeme pomoci ptikazu ShortPath vytvofrit geodetickou kfivku na NURBS plochach. V praxi
je ale nékdy vyhodné pracovat s MESH plochami, nebot to je format, ktery byva vysledkem
fyzikalnich simulaci pfi hledani optimalniho tvaru. Jako pfiklad takovych simulaci miZeme uvést
metodu zavésovanych fetéz(i pouzivanou Frei Ottem a Antoni Gaudim.






Pro tvorbu geodetickych kfivek na plose pouZijeme metodu blizké metodé konecnych prvka. Vstupni

instance programu jsou MESH plocha, pocatecni bod kfivky a Uhel pod kterym ma kfivka na plose
“vybihat”.

Bod A je bod zadany uzivatelem. Od néj budeme geodetickou kfivku dale pocitat. Pokud Bod A
umistime do uzlového bodu(bude se nachazet v priseciku tvoricich=Cervenych Usecek) program
nebude pracovat.

Dale zaddame uhel Q, ktery ma kfivka svirat s hranou plochy.

Dale pro tvorbu kfivky podminka:

a=p



Pro tvorbu geodetickych kfivek na plose pouZijeme metodu blizké metodé konecnych prvka. Vstupni
instance programu jsou MESH plocha, pocatecni bod kfivky a Uhel pod kterym ma kfivka na plose
“vybihat”.

Nastifime nyni, jak algorytmus pracuje:

private OnPolyline DrawGeodesic (OmMesh inflesh, Cm3dPoint point, double angle)

{

int face index = 0;
int linelndex = 0;
On3dPointdrray arr = new On3dPointirray(): err.Insert(0, point):

for fint i =0 ; i < 100 ; i++)

{
OnLine linel = new Online{GetFaceContaingPoint [inMesh, point, face index) [1], GetFaceContaingPoint(inMesh, point, face_index)[2]):
____-—-' OnLine linel = new Online (GetFaceContaingPoint (inMesh, point, face_index) [0], GetFaceContaingPoint (inMesh, point, face_index) [2]):

T OnLine linez = new OnLine (GetFacecontaingPoint (inMesh, point, face index) [0], GevFaceContaingFoint{inMesh, point, face index) [1]):
____" OnFPlane plane = new OnPlane (point, GetFaceContaingPointiinMesh, point, face index) [0], GetFaceContaingPoint{inMesh, point, face_index) [2]);
/_' OnLine line = Constructline(plane, angle]:
/> On3dPoint intPoint = GetIntersectPoint2(line, line0, linel, ref lineIndex);

if (linelIndex == 0) {angle = GetlAngleSimpled(line, lined):}

if (lineIndex == 1) {angle = GetingleSimplel(line, linel];})

face_index = GetFacelIndexContaingPoint(inMesh, point, face_index) [0];

point = intPoint;
arr.Insert(i + 1, point);:

if (GetFaceIndexContaingPoint (inMesh, point, face index).Count == 0 & i » 0] hreak;
'

CnPolyline pLins = new OnPolyline (arr):

return pline;

Line0, linel a line2 jsou tfi Usecky, z nichZ kazdd reprezentuje jednu stranu meshFacu, ve kterém se
nachazi zadany bod (MeshFace je nazev oznacujici dil¢i plochu celé Mesh plochy, dalé budu pouZivat
termin “ploska ” kvuli prehlednéjsimu sklofiovani). Zde je tfeba upozornit, Ze algorytmus umi
pracovat s MESH plochami s pouze trojuhelnikovymi ploskami. Pokud mame k dispozici plochu s
jinymi neZ jen trojuhelnikovymi ploskami pouzijeme pfikaz Rhina TriangulateMesh.

Vytvofime object typu plane. Pocatek je zadany bod a plane je uréen rovinou plosky. Osa x je jedna ze
stran plosky.

ConstructLine je pfimka, kterd zacina v zadaném bodé a svira zadany Uhel s osou x vytvoreného
plane.

Najdeme prusecik ConstructLine s jednou se dvou zbyvajicich Usecek. Metoda GetlntersectPoint2
nam vrati index této Gsecky a tak pozname, se kterou se ConstructLine protala .

Pomoci metody GetAngle zjistime Uhel, ktery nase usecky sviraji.
Tento proces se opakuje dlouho dokud nedojdeme k hranicni plosce a je ukonéen metodou break.

Nasleduje popis jednotlivych metod:




Nasledujici metoda vraci index plosky, ve které se nachazi nas zadany bod. Kazda ploska ma tento
svUj unikatni index, coZ je Cislo od nuly do celkového poctu plosek na plose.

private List<int> GetFacelndexContaingPoint (OnMesh inMesh, On3dPoint point, int face_ index)
{

List<int> indexList = new List<int>(]:
for ( int i = 0 ; i < inMesh.FaceCount(); i++
{

OnMeshFace face = inMesh.m F[i]:

int index = face.get_wvi(0):
OnMeshVertexRef reff = inMesh.VertexRef|index):
COn3dPoint ptd = reff.Point();

index = face.get_wvi(l):
reff = inMesh.VertexBef (index):;
On3dPoint ptl = reff.Point(]:

index = face.get_wvi(Z):
reff = inMesh.VertexRef (index):

Oon3dPoint ptZ = reff.Point():

int j = 0;

if (IsBetweenipoint, pt0, ptl] && i != face index) {Jj++;}
if (IsBetween(point, ptl, ptZ) && 1 != face_index) {j++;}
if (IsBetweenipoint, ptZ, pt0] && i != face index) {Jj++;}
if (j == 1) {indexList.Add(i):}

i

return indexList;

V této metodé je rovnéz pouzita dil¢i metoda, kterou jsem pojmenoval IsBetween. Do metody
vloZime tfi body, z nichZ prvni je bodem testovanym. Metoda zjisti, zda se testovany bod nachazi
mezi zbyvajicimi dvéma body:

private bool IsBetween(On3dPoint testedPoint, On3dPoint ptl, On3dPoint pt2)
{

Onidiector wvecl
Onidiector wvecd

ptl - testedPoint;
testedPoint - ptZ;

vecl.Unitize () :
vecZ.Unitize ()

double d = OnUtil.ON DotProduct(vecl, wveciZ];
hbool werify = false:
if (d » 0.9999 g& d < 1.0001 ) {wverify = true;}

return wverify;




Jednoducha metoda GetFacePoints vrati vrcholu zadané plosky:

private List<On3dFoint> GetFacePoints (OnMesh mesh, OnMeshFace face)
{
List<On3dPoint> points = new List<On3dPoint>():

int index = face.get_wvi(0):
OnMeshVertexRef reff = mesh.VertexBef (index);
points.idd(reff.Pointi));

index = face.get_wi(l):
reff = mesh.VertexBef (index);
points.idd(reff.Pointi));

index = face.get_wvi(Z):
reff = mesh.VertexBef (index);
points.idd(reff.Pointi));

return points;

GetAngleSimple vrati uhel dvou Usecek. PouZzity jsou dvé verze, které se lisi pofadim odectenych

vektord.

private double GetlngleSimpleO (CnLine linel, Cnline lineZ)

{

ConidVector vecl
OnidVector wvecz

lineZ.from - lineZ.to;

vecl.Unitize () :
vecZ.Unitize () ;

double d = OnUtil.CN DotProdust(vecl, wveci):
double angle = Math.hcosid):

return angle;

private double GetlngleSimplel(OnLine linel, OnlLine lineZ2)

{

r L]
On3dVector vecl = [linel.to — linel.from;

OnidVector wveci = lineZ.from - lineZ.tor

wecl.Tnitize () ;
verd, Unitize ()

double d = OnUtil.oN DotProduct (vecl, vecZ):
double angle = Math.lcos(d):

return angle;

ConstructLine vytvofi pfimku na zadaném plane a se zadanym Uhlem, ktery bude svirat s osou x

tohoto plane.

private OnLine ConstructLine (OnPlane hasePlane, double angle)
{

On3dPoint ConPoint = basePlane.Pointhit (Math.Cos(angle), Math.3in(angle)):
OnlLine line = new Online (basePlane.origin, ConPoint)

recurn line;

GetintersectPoint vrati prisecik dvou Usecek:



private On3dPoint GetIntersectPoint (Online conline, OnLine linel, OnLine lineZ, ref int linelIndex)

On3dPoint intersectPoint = new On3dPoint (1, 1, 1):
lineIndex = -11;

double parl = 0;
double pard = 0;

double pard = 0;
double par4 = 0;

OnUtil.ON_ Intersecticonline, linel, ref parl, ref parZ):

if [ pard < 1 £& parZ > 0)

intersectcPoint = conline.Pointlc (parl);
lineIndex = 0:

if [ pard > 1 || parZ < 0)

OnUtil.CN_ Intersect (conline, lineZ, ref par3, ref pard):
intersectPoint = conline.Pointldt (par3):
lineIndex = 1:

return intersectPoint;

GetFaceContainingPoint vrati plosku, ve které se nachdzi hledany bod.

private List<Cn3dPoint> GetFaceContaingPoint (OnMesh inMesh, On3dPoint point, int face index)
{

List<On3dPoint> pointList = new List<On3dPoint=>():

for | int 14 =0 ; 1 < inMesh.FaceCounti); i++)
{

OmMeshFace face = inMesh.m F[i]:

int index = face.get_wvii0):

OnMeshVertexRef reff = inMesh.VertexRef (index):
Cn3idPoint pt0 = reff.Pointi):

index = face.get_wvi(l):
reff = inllesh.VertexRef (index):
OnidPoint ptl = reff.Point():

index = face.get_wvi(2):
reff = inllesh.VertexRef (index):
On3idPoint pt2Z = reff.Pointi():

int 3 = 0O:
int k = 0O;
int 1 = 0O:

if (IsBetween(point, ptl, ptl) && 1
if (IsBetween(point, ptl, pt2) £& i
if (IsBetween(point, pti, pt0) £& i

'= face_index) {Ji++:}
face_index) {(kK++:}
!= face_index) {1l++:}

it (3 == 1)

pointList, add (pto);
pointLi=t. Add(ptl)
pointList, add(ptd);

if (k== 1)

pointList. add({ptl);
pointList. add(ptl);
pointList. add(ptl);

if (1 == 1)

pointList. add(ptl);
pointList. add(ptl);
pointList. add({ptl);

}

return pointList;




