OPEN CASCADE 23 %212
il

Z: Roman Lygin

#¥: George Feng

. T B i ¥ ff OPEN CASCADE W # M |
ROMAN LYGIN J OPEN CASCADE ) o £ I JF A 0t A 5i H & 2,
MeydirE X T & FERMHETF LA M ENLE, o LLEMDP M

% (HTTP://OPENCASCADE.BLOGSPOT.COM) I 1fn 4k % 1Xx #& 3 i

¥

fEOpenCascade FIRIZ EAIE T Roman Lygin ZEKNEELET
Open CASCADE notes R¥|3FE, HEHNEEWAMBIEE, £
TE RSB SR T Topology and Geometry Rl Surface
Modeling FRXHE, FEZFRERD . MPBRFRIAXHBEFHE
REARZAE, BAFGE, WLIRBIRAERHE

fenghongkui@sina.com.cn, +4 i .

=]

2012 4E 6 A28 HE#HN

S5 1YY g T SRR (LS T

fi i B AT B K A LA i B A 0 A FF ' . Open CASCADE(OCC) 2 {it
U AR i . fEf. BRINSE), Bezier Al B-FF A&k i, =l i .
{RURI (Wi B2 i 11 (offset surfaces). KF 2407 [ JEC 2 i T B sk v] ARG 31 8 3k il 1

(trimmed surface).

Open CASCADE SEHL | STEP [/~ 7 8(1S0 #5ifk 10303, 5542 1), %1 4EH]
PR LR A, AR 1SO bk 10303 R A).



iy o S B E A B LR s, i HANEE AT o] OG- i S o fe] A B 1S
B XAERFE M T A CAD Bl 2 B AR, in ACIS ] -—FhAEH
F M ELAE i (procedural surface), Hrp AMEALT AR A EAR, A7 A
EFE i 24a I (an optional final approximation) i ffi. i, %207 dlifi(a skin
surface) tH—4H Ak h 2k (section curves) 1k, AN #:41iL(skinned), M2
FGE T NURBS (1) i o X SR d B S5 0 20 () 9228 7, 3 7 S i it
B B ARG A . IX AT IRAGIAE AT CAD Exchanger 1155 1 &5
(tran slatur)Wﬁﬁi?fﬂﬁ—#*%%ﬂ{i’%?ﬁmﬁ H{]izt't%i’EW{Vﬂfiﬂt}’}s P e AT 1 e 5
OCC . FHLL¥F OCC 3 1Y SAT XA H B S A F| OCC Hr, {HAEFIH Ay
AAEEASGE L FFIT AT SAT 287U, JBEGE— T, WRATEXT ACIS JEH A%,
HAT LA OCC H1 ACIS AR HEAT O EDe il 15 .

OCC KM LA, £ OCCHr, @BIRLESBIRIAL R0, fillnde
OCAF 7 J&{F H e UK ) (function drivers). B-Rep F5E8Y b ({40 75 25 P A1 i
MG E, i AEFF iz B B H AT S AT e 7R

P A R EE RN L, OCC #2405 1 JL{T 2 i (geometry level) (1 5% ( F A Ak B
Geom_Surface 1 Geom_Curve XJ %), &L #4211 (TopoDS_Shape f
RMIFE . bz M SEE N Re2 R 21U JZ i e 50, (B AU JZ T
SR A —E AR INZ T FES, RZIMR . —Le 50k H A L 2T
OB, iR ENE IR A B R R AN RS, BBGE—F
IX AR RLS fi 55 ) 5% T-#h F M LT 1) JR 51 SR

ik IATIAKAE B FIR OCC #ERERSAE AT A BBLECAR . X TR A il ifi 4= s BRI
AP A8 0FR, OB A SRRSO UL 9 T . Rk OCC v ¥ i 24 i) 15 ..

BH& Mifi(Ruled surfaces)

P20 o T A 0 sk I 4% it e ) 28 3 ke oK A Rl (9 B i B 3K 1 Ak i 2k L (1)
B, (RS R h Harh i Al A R Lk L Rz s R ) . P
[A1 A EL AU i 4] CF i a] EALE P 5 AT L2 i Bt atli Ll ok 1 2 3 A ) -
IR AT S EAT B L0 i AL Rk ke, T LA AR Rl 53] 1 a5 4 1

1SR O F FLECth k1



1 : AXON - Zoom 181.409464 =]

{t thf {1V Bt '/1' Jj 1) ',_'. I
LT | CARREEL R T), R EHIBMLIEL RIS 2,
J 717N Antoni fii!llkii f‘J* (A IGNEES S FIEEA . i H o
1) *L: e FLECE, frn] B 3R SR i B _'-Liz J‘i-i--';: i A2 A (Gaudi

and CAD) "] W15

arcelona)ll') Sagrada Familia 2% (14

A LA B A A B — 1~ JLAe] )z Tl (geometry level) F.2L ] [ :
Handle(Geom_Curve) aCrvl = ...;

Handle(Geom_Curve) aCrv2 = .._;

Handle(Geom_ Surface) aSurf = GeomFill::Surface (aCrvl, aCrv2):
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TopoDS_Edge anEdgel = ...;
TopoDS_Edge anEdge2 = ...;
TopoDS_Face aFace = BRepFill::Face (anEdgel, anEdge2);

TopoDS_Wire 11’\-"»-"iI'L‘] B

TopoDS_Wire aWire2 = ..
TopoDS_ Face q.lSI]L“ = B[{Lp] 11l::Shell (aWirel, aWire2

T Hao b HA i face) B e 44 (shell)



r [ = 2
~ 1 : AXON - Zoom 129.444013 ._'_hE'..ﬁ]

g .

g2 4T recdhm ey BAA M A i it s

14 H BRepFill::Shell()if, HMv(wires) @204 75 4H [ 2 st )i (ed ges) » fFz WA~

3, W] HE oy B aE i A4 RN (re-approximate) X 22 il o ), w] L AL H
ShapeAlgo_Container::HomoWires() ul ¥ 1L i A 8L 09 5734, ol & 17 H
BRepAdaptor_CompCurve ¥ #t#5fll Approx_Curve3d HUdri@i EkE . i
] LURF 22 B — 5% B-tE Sk Ith2k(B-Spline), JXH 500 PAEH GeomFill 4= b F£X
~ 14 Mg A4 A

T

dh i, 2 a] BUES 28 (curve) 5% 4% 4 TopoDS_Edge 25 %Y 1) # 4
BRepFill = B% P4 i i .

=
-
T

Mg HifI(Sweep surfaces )
105 it i al i BE2R (a profile) W AT — M 5% 262 51 4 Bk
P 3 g™ S 7R () - e ()

Lac



r

“ 11 : AXOM - Zoom 16.970563 M[=1 <

4

) P
3 |~ B8 () 5 S

11 i (i a8 2L {4 H GeomFill_Pipe £ k. (B 1THE F(pipe)iX ™74 7 e M BEZE ¢ [4]

o R I )

FI R, NS AR M R

GeomFill_Pipe Pipe;:

GeomFill_Pipe aPipe (aPath, aProfile, GeomFill_IsFixed);
aPipe.GenerateParticularCase(Standard_True):

aPipe.Perform(aTol, Standard_False, GeomAbs_CIl, BSpICLib::MaxDegree().
1000 ):

const Handle(Geom _ Surface)& aSurface = aPipe.Surface();
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GeomFill_Pipe aTube (thePath, theRadius);
aTube.Perform (aTol, Standard_False, (GeomAbs_Shape)Min (GeomAbs_Cl.
thePath->Continuity()), aMaxDeg, aMaxSeg);
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/ *! Set radius evolution function with SetEvol() before calling this method.

[f \a thelsPolynomial is true tries to create polynomial B-Spline, otherwise -
rational.

\sa Surface(), Error().

%/

void ACISGGeom_ Pipe::Perform (const Standard_Real theTol,
const Standard_ Boolean thelsPolynomial,

const GeomAbs_Shape theContinuity,

const Standard_ Integer theMaxDegree,

const Standard_ Integer theMaxSegment)

{

mySurface.Nullify();

myError = -1.;



if (myEvol.IsNull())
return;

//circular profile
Handle(Geom_Circle) aCirc = new Geom_ Circle (gp::XOY(), 1.);
aCirc->Rotate (gp::OZ(), P17/ 2.);

//code inspired by GeomFile_Pipe when using for constant radius and
corrected

//trihedron orientation

//perpendicular section

Handle(GeomFill SectionLaw) aSec = new GeomFill EvolvedSection (aCirc,
myEvol):

Handle(GeomFill_LocationLaw) aLoc = new GeomFill_CurveAndTrihedron (
new GeomFill_CorrectedFrenet);

aloc->SetCurve (myPath);

GeomFill_Sweep Sweep (aloc, mylsElem);

Sweep.SetTolerance (theTol);

Sweep.Build (aSec, GeomFill_Location, theContinuity, theMaxDegree,
theMaxSegment);

if (Sweep.IsDone()) {

mySurface = Sweep.Surface();

myError = Sweep.ErrorOnSurface():

}
!

{E1Z0fh, myEvol &% %) Handle_Law_BSpFunc 0%, i 4k B ¥
R, %R RIA TR .

/*! Creates an internal Law_BSpFunc object which represents an evolution
function. Uses X
coordinates of the \a theEvol B-Spline curve.

\a theFirst and \a theLast are boundaries of the path curve.

*/

static Handle(Law_BSpFunc) CreateBsFunction (const
Handle(Geom2d_BSplineCurve)& theEvol.,

const Standard _Real theFirst,

const Standard_Real theLast)

{

//knots are recalculated from theEvol prorate to [theFirst, theLast] range
Standard_ Integer i;



const Standard_Integer aNbP = theEvol->NbPoles();
TColgp_ArraylOfPnt2d aPArrE (1, aNbP);
theEvol->Poles (aPArrE):

TColStd_ ArraylOfReal aPArr (1, aNbP);

for (1= 1;1 <= aNbP: i++)

aPArr(i) = aPArrE(i).X();

const Standard_Integer aNbK = theEvol->NbKnots();
TColStd_ ArraylOfReal aKArrE (1, aNbK), aKArr (1, aNbK);
theEvol->Knots (aKArrE);

TColStd_ ArraylOfInteger aMArr (1, aNbK);
theEvol->Multiplicities (aMArr);

const Standard_Real aKF = aKArrE(1), aKL = aKArrE (aNbK);
const Standard_Real aKRatio = (theLast - theFirst) / (aKL - aKF);
for (i=1;1<=aNbK; i++) |{

aKArr(i) = theFirst + (aKArrE(1) - aKF) * aKRatio;

}

Handle(Law_BSpline) aBs;

if (theEvol->1sRational()) {

TColStd_ ArraylOfReal aWArrE (1, aNbP);

theEvol->Weights (aWArrE);

aBs = new Law_BSpline (aPArr, aWArrE, aKArr, aMArr, theEvol->Degree(),
theEvol->1sPeriodic()):

}else |

aBs = new Law_BSpline (aPArr, aKArr, aMArr, theEvol->Degree(),
theEvol->IsPeriodic());

l

Handle(Law_BSpFunc) aFunc = new Law_BSpFunc (aBs, theFirst, theLast);
return aFunc;

}

/*! Uses X coordinates of the \a theEvol B-Spline curve to set evolution
function.

*/

void ACISGGeom_Pipe::SetEvol (const Handle(Geom2d_BSplineCurve)&
theEvol)

{

myEvol = :CreateBsFunction (theEvol, myPath->FirstParameter().
myPath->LastParameter()):

}



P4 12 AP 13 212 eR B OX L2 —4E B FESR dh2R) A plifry
1] :

=12 .2D- - Toom 41.333333 M =) |

5 g A = AR ey £
4 12 2141 R 2 28

— 17 AXON - Zoom 9,636837 = ,_:'_""' .]

| A 2Eb e, dhifnfl 2
(W4T - (tubes) {1 U J;




%4V EEARSHTE

Gl A E S i T

(| ST e ) Geom Fill 5LiZA4E N H] |- Approx_SweepFunction [1)-f
Ky GRMER TR R EAH SR .

n] LU R A O 2ok dtRy ek mg dhifn, {542 Approx_SweepFunction 17
ILANalifE e AL, fE PR sc . $id CAD Exchanger [1) ACIS-SAT
Federh, JRAEH Approx_SweepFunction #4212l . (& ACIS 1, IXFf
(1) pHE i i 20 A B o A B i (AR, BT INER, AR IR R AL, B
mRACE . W Fm ) SEELE . B 14 rp o SR i ) (O TR B A T 53R
), HAMPIERE, i Aat s, MR 2ELAan.

[y T okl

14 ACIS 2 e 15 it i
;i v S BR AR 10 25 48 2 B0 B A IR R Ak i 1 ik

Standard_ Boolean ACISAlgo_VarBlendSweepFunction::D0 (const
Standard_Real theParam,

const Standard_Real,

const Standard_ Real,

TColgp_ArraylOfPnt& thePoles,



TColgp_ ArraylOfPnt2d &,

TColStd_ ArraylOfReal& theWeights)
{

gp_Pnt2d aLRad, aRRad;

// left radius

aLRad = myLRad->Value(theParam):
// right radius

if (myRRad == myLRad) {

aRRad = aLRad:

}else |

aRRad = myRRad->Value(R2Param);
}

gp_Pnt aPathPnt;
gp_Vec aNormal;
myPath->D1 (theParam, aPathPnt, aNormal);

const gp_ Ax2 Axis (aPathPnt, aNormal);

const gp_Pln aSecPln (Axis);
Handle(Geom_Plane) aGSecPIn = new Geom_Plane(Axis);

//intersection of a section plan with support surfaces

Handle(TColGeom2d_H ArraylOfCurve) aLCArr, aRCArr;
if (!::Intersect (aGSecPIn, aSecPIn, myLSurf, aLCArr) Il !::Intersect (aGSecPlIn,
aSecPIn, myRSurf, aRCArr))

return Standard_False:

//compute a section in 2D and restore it into 3D

const Standard_ Integer n = thePoles.Upper():

TColgp_ ArraylOfPnt2d aPArr (1, n);

if ('mySec->ComputeSection (Axis, aLCArr, aLRad, aRCArr, aRRad, aPArr,
theWeights))

return Standard_False;

for (Standard_Integeri= 1;i<=n;i++) |
thePoles.SetValue (i, EICLib::To3d (Axis, aPArr (1))):
}

return Standard_True;

i
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Handle(ACISAlgo_VarBlendSweepFunction) aSweep = new
ACISAlgo_VarBlendSweepFunction (...);

Approx_SweepApproximation anApprox (aSweep);

const Standard_Real aTol = le-4;

anApprox.Perform (aHPath->FirstParameter()., aHPath->LastParameter().
aTol, aTol,

Precision::Parametric (aTol), 1-3.

(Geom Abs_ Shape)Min (GeomAbs_Cl, aHPath->Continuity()),
BSplICLib::MaxDegree(). aMaxSeg);

Handle(Geom_ Surface) aRes;

if (anApprox.IsDone()) {

aRes = new Geom_BSplineSurface(anApprox.SurfPoles().
anApprox.SurfWeights(), anApprox.SurfUKnots(), anApprox.SurfVKnots(),
anApprox.SurfUMults(), anApprox.SurfVMults(),

anApprox.UDegree(), anApprox.VDegree());
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Handle(Geom_Surface) ACISAlgo::MakeSkinSurface (
const NCollection_List<Handle(Geom_Curve)>& theSections)



{

// populate section generator

GeomFill_SectionGenerator aSecGenerator;

for (NCollection_List<Handle(Geom_Curve)>::Iterator anlt (theSections);
anlt.More():

anlt.Next()) {

const Handle(Geom_ Curve)& aCurve = anlt.Value();
aSecGenerator.AddCurve (aCurve);

I

aSecGenerator.Perform (Precision::PConfusion());
Handle(GeomFill_Line) aLine = new GeomFill_Line (theSections.Size());

//parameters

const Standard_Integer aMinDeg = 1, aMaxDeg = BSplCLib::MaxDegree(),
aNblt = 0;

Standard Real aTol3d = le-4, aTol2d = Precision::Parametric (aTol3d):

//algorithm
GeomFill_AppSurfanAlgo (aMinDeg, aMaxDeg, aTol3d, aTol2d, aNblt);
anAlgo.Perform (aLine, aSecGenerator);

Handle(Geom_ Surface) aRes;
if ('lanAlgo.IsDone()) {
return aRes:

}

aRes = new Geom_BSplineSurface(anAlgo.SurfPoles(), anAlgo.SurfWeights(),
anAlgo.SurfUKnots(), anAlgo.SurfVKnots(), anAlgo.SurfUMults(),
anAlgo.SurfVMults().

anAlgo.UDegree(), anAlgo.VDegree());

M2k Zi A7 5t Hi%k 48— ¥ Z ¥ fb(consistently parameterized)( LA{E Z 5/ —
Jital B3Iy . B A i) B BRI S EUL A A [Umin, Umax; 0., 1], {EEZ4
U Kl T iih& Z23e. 28U inaaimihsk, 23 v %7l ih4k. (Final B-Spline
will be parameterized [Umin, Umax:; 0., 1.]. where U parametrization is
calculated depending on the curves parametrization. parameter goes along the
section curves, and V parameter goes across the curves.)

S A 2 T T UG P 6 £

Standard Boolean anlsSolid = Standard _False:



Standard _Boolean anlsRuled = Standard_False:

BRepOffset API_ThruSections aGenerator (anlsSolid,anIsRuled);

//add constraints
for (...) |
aGenerator. AddWire (TopoDS::Wire (aConstraint));

I

Standard_Boolean anlsCheck = ...;
aGenerator.CheckCompatibility (anIsCheck);

aGenerator.Build();
const TopoDS_Shape& aResult = Generator.Shape():
Bl R R Fil, wFTETRSIZRER AN HA%EA. (The

topological algorithm may attempt to create a closed solid if the boundary
constraints are planar.)
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/*!" The objects in \a theBoundaries must be of the type
Adaptor3d_HCurveOnSurface or

Geom Adaptor_HCurve indicating type of a constraint. Otherwise an exception
Standard_TypeMismatch is thrown.

[f the \a theBoundaries list is empty then Standard_ConstructionError is
thrown.

[f the algorithm fails returns a null surface.

*/

Handle(Geom_Surface) ACISAlgo::MakeSurtace (const
TColStd ListOfTransient& theBoundaries,

const Standard_Real theTol,

const Standard_Integer theNbPnts,

const Standard_Integer theNblter,

const Standard_Integer theMaxDeg)

//constants for algorithm
const Standard_Integer aNblter = theNblter; //number of algorithm

iterations

const Standard_Integer aNbPnts = theNbPnts; //sample points per each
constraint

const Standard_Integer aDeg = 3; //requested surface degree ?

const Standard_Integer aMaxDeg = theMaxDeg;



const Standard_Integer aMaxSeg = 10000;

const Standard_Real aTol3d = l.e-04;

const Standard_Real aTol2d = l.e-05;

const Standard_Real anAngTol = l.e-02; //angular
const Standard_Real aCurvTol = l.e-01; //curvature

Handle(Geom_ Surface) aRes:

GeomPlate_BuildPlateSurface aPlateBuilder (aDeg, aNbPnts, aNblter, aTol2d,
aTol3d,

anAngTlol, aCurvTol);

TColStd_ ListlteratorOfListOfTransient anlt (theBoundaries);

if (anlt.More()) {

inti=1;

for (; anlt.More(); anlt.Next(), i++) {

const Handle(Standard_ Transient)& aCur = anlt.Value();

if (aCur.IsNull()) {

assert (0);

Standard_ConstructionError::Raise ("ACISAlgo::MakeSurface()"):
} else if (aCur->IsKind (STANDARD_TYPE (Adaptor3d_HCurveOnSurface)))
{

/ /Gl constraint

const Handle(Adaptor3d_HCurveOnSurface)& aHCOS =
Handle(Adaptor3d_HCurveOnSurface)::DownCast (aCur):
Handle (GeomPlate_CurveConstraint) aConst =

new GeomPlate_CurveConstraint (aHCOS. 1/*GeomAbs_GI1%¥/,
aNbPnts, aTol3d, anAngTol, aCurvTol);

aPlateBuilder.Add (aConst);

}else if (aCur->1sKind (STANDARD_TYPE (GeomAdaptor_HCurve))) |
/GO constraint

const Handle(Geom Adaptor_HCurve)& aHC =
Handle(GeomAdaptor_HCurve)::DownCast (aCur);

Handle (GeomPlate CurveConstraint) aConst =

new GeomPlate_CurveConstraint (aHC, 0 /*GeomAbs_GO%*/, aNbPnts,
aTol3d);

aPlateBuilder.Add (aConst):

}else |

Standard_TypeMismatch::Raise ("ACISAlgo::MakeSurface()"):

i

|

}else |

Standard_ConstructionError::Raise ("ACISAlgo::MakeSurface()"):
}



/[ construct
aPlateBuilder.Perform():

if (!aPlateBuilder.IsDone()) {
return aRes;

}

const Handle(GeomPlate_Surface)& aPlate = aPlateBuilder.Surface();
/lapproximation (see BRepFill_Filling - when no initial surface was given)
Standard_Real aDMax = aPlateBuilder.GOError();

TColgp_SequenceOfXY aS2d;

TColgp_SequenceOfXYZ aS3d:

aPlateBuilder.Disc2dContour (4, aS2d);

aPlateBuilder.Disc3dContour (4, 0, aS3d);

Standard_Real aMax = Max (aTol3d, 10. * aDMax);
GeomPlate_PlateGOCriterion aCriterion (aS2d, aS3d, aMax);

{

//data races in AdvApp2Var used by Geom Approx_Surface, use global mutex
Standard_Mutex::Sentry aSentry (theBSMutex);

GeomPlate_MakeApprox aMakeApprox (aPlate, aCriterion, aTol3d, aMaxSeg,
aMaxDeg);

aRes = aMakeApprox.Surface();

}

return aRes:

}

b 1 Y 53 L Rl b 28 g 2% ol & B MDD 29 A i i 2R, 4 aT LR W) RE 8 A7 i85 i
JEEAY

SLAE T G AR AL M T, AT BTG B — A il i e i . 3RO Sk 3
hi S PO )46 ] O B, TREAE AR AR DL T, KRS S TR S
Ao BN NBER) 7 IZFOL, R —F AR A AR 1 -

fFaL.. ...
AR Y A O 2 [H P i+ Hillsboro, Oregon M—AMiTH B S 1. XM AR5t

A TR WL ) BB ) . LUJS BEIR B Oregon #SBEUFLFIRBE— ...
POSTED BY ROMAN LYGIN AT 09:33. 2010-03-02 15 COMMENTS



HhE SO R

B-Spline surface B-#£ 4% il [fi
final approximation f#%iE it
offset surface fW#% liiff
procedural surface L #¢ [l fi
trimmed surface BY & Ml fij



