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—. 5|5 Introduction

H15 387~ (Boundary Representation) 87y BRep o, ‘Bl JUMiE A i izl 6=
XIS o SEAR I G W 2 B R ARk 3, TR 1 S ER e B £ 147 o T ) SO b
HiAFRREIR, AR LR IFEE, Wil X H AR E R

WRERE— AN EBERE R R A RE B ILAEE (Geometry) FlHHFME B
(Topology) BN/ TH . $HAME SRR LTS, 1. WREELR, CIXRIIERL SR
FoRM) CEEET. TRARRUAE BRI AR RS EMULA. filhn, TEARRREAN AT
S b, o SOX — il FE R R SR LS R BhA, SRR TR AE = 4 )
AL E GRRARER) EE2JUAER, —BeRUl, JUTE BRHIRTEAAR N ]RF A&
AFEAREE o

OpenCascade H' JLff] (Geometry) 544 (Topology) MI9¢ &M &% LA T XA L.
B U {5 B AE BRep WA BMAELENT,  M2AK M T HANMAAER . 18 4k 7K TopoDS
A R FRAN ST T %78 (BRep) AL, 41 N EFTR:

‘ TopoDS_TCompound ‘

‘ TopoDS_TCompSolid ‘

‘ TopoDS_TEdge
‘ TopoDS_TVertex

Figure 1.1 Topology data structure in OpenCascade
M BT IR EAT BUE tHRA =R ahbxt G L 8dE: TR (vertex) 34 (edge). i
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—. 7R Example Code
£ OpenCascade $2 /1) 3C#4 (BRep Format Description White Paper) X} BRep SCF%

HEHEAT T UM BRep STIFIJLITES B T 28l ARIE SO rh SR (i Bt R A 82
PRI SRR BB E AT, AR AR R M L SE B Z- IR P 2 R s«













T FEF¥ (BRep Format Description White Paper) H11] JLfA[3# 7 (Geometry Section)
Iz Hth i (Surfaces) 79154 7377 8 FH 25 GeomTools 75 2 b £ 3] e e A1 ST A
11§ Fl GeomTools::Write() B i th ] N 28 5 BRep XA+ — 3, 41# F GeomTools::Dump()
A B 5 SR A R A T TN LB, R R R S B SO geometrySurface. txt Y,

it B 0 s |










=. #2FF¥i# Example Description
3.1 “FA Plane
ZNE
// Surface record 1 — Plane.
// Example: 100300110-0-010
Handle Geom Plane thePlane = new Geom Plane(gp Pnt(0, 0, 3), gp Dir(0, 0, 1));
GeomTools: :Write(thePlane, dumpFile);
GeomTools: :Dump (thePlane, dumpFile) ;
<surface record 1>5€ X 7 V. “FHEHES S =45 P A =4k 1E5 4R R N, Du, Dv.
PriniE s P, HHEE M EN N HSHOTEW PR

S&Lv)=}3+u-£%-+v-ﬁh,ﬁgv)ef—mgmﬂx(—u;aﬂ.

B R I OB S P= (0, 0, 3), ¥EHEIEN= (0, 0, 1), HSHGTEWT T

7N

S(u,v)=1(0,0,3)+u-(1,0,0)+v-(0,1,0).
7t Draw Test Harness H 1] % - S 7~ ~F 10 W1 K B :

-

=# Draw Test Harness | = [ [E] |-'EE-]

Drawl2]1> plane aPlane B @ 3 B 8 1 -
Drawldl> axo
Drawl4]> Fit

DrawlS1>

=

1: AXON - Zoom 0.584882 e




3.2 M@ Cylinder
NE
// Surface record 2 — Cylinder.
// Example: 2 1230011000104
Handle Geom CylindricalSurface theCylinder = new Geom CylindricalSurface (axis,
4.0);
GeomTools: :Write(theCylinder, dumpFile);
GeomTools: :Dump (theCylinder, dumpFile) ;
<surface record 2>5€ X T [RIA:H . BT AFIEIEE S =45 P, =48 IEXXAkFr & Dv,
Dx, Dy fl—AdEfscsl ro R HE S P, J5 08 Dy, [BEFEHPEE A, KBS
TR Fs

S(u,v)=P+r-(cos(u)-D, +sin(u)-D, )+v-D,, (u,v)e [0,2 -7t )x(—o0,00).

NBIEAE R R AT A @ s P= (1, 2, 3D, BRI Dv= (0, 0, 1), Ji[A Dx=
(1’ 07 _0)7 Dy: (_0’ 17 0)7 ilé'/fér:“" ;H\:%%i&jjﬁgﬁu?ﬁﬁi—\‘:

S(u,v)=(1,2,3)+4-(cos(u)- D, +sin(u)-D, )+v-D, .
7t Draw Test Harness H @il i 5 27 [EAS: [T 40 F Fros «
i “# Draw Test Harness | = | =] |&]‘

Drawld1> cylinder ¢ 1 2 3 4

Drawl4]> #trim the cylinder in vi-18, 181
Drawl51> trimv ¢ ¢ —18 1A

Drawl6 1>




3.3 [E4EME Cone

ZNE

// Surface record 3 — Cone.

// Example: 31 230011000104

// 0. 75

Handle Geom ConicalSurface theCone = new Geom ConicalSurface(axis, 0.75, 4.0);
GeomTools: :Write (theCone, dumpFile);

GeomTools: :Dump (theCone, dumpFile) ;

<surface record 3> X T [RIHET - [FHET OB L& =4k 5 P, IEAZMHR R Dz, Dx,
Dy, dEfsE#r AsEE 0 GuEREA (-nm/2, m/2)). [RHEm@E &S P HAp /7 mN Dz. i
® P HY57J7m Dx, Dy “FATHIF1H A B HET 2% (referenced plane). 27 [ #[7
HEm N —NEL, B RN o HSHOTRW T s

S(u,v)= P+ (r+v-sin(g))-(cos(u)- D, +sin(u)- D, )+v-cos(e)-D,, (u,v)e [0,2 - 7t)x(=00,00).

A 2 7 B [ A T A @ S P= (1, 2, 3), 5T Dz= (0, 0, 1). B4R
HAtEIEZ Dx= (1, 0, —0), Dy= (—0, 1, 0), ¥ r=4, fAFE V=0.75. HKSHKJr
TN AR :

| S(u,v)=(1,2.3)+(4+v-5in(0.75))- (cos(u)- (1,0.-0) + sin(u ) (- 0,10))+ v- cos(0.75)-(0,0,1) |

7t Draw Test Harness 81 3 3 & 7 [ 4 [ 40 R i :
= Draw Test Harness | =L |—Ehl

Drawli11>* cone aGCone 1 2 3 B.75 4
Drawli21> fit

Drawl13 1> _

1: AXON - Zoom 0.875855 e [ B i




3.4 BRME Sphere
NE
// Surface record 4 — Sphere.
// Example: 4123 00110-0-0104
Handle Geom SphericalSurface theSphere = new Geom SphericalSurface (axis, 4);
GeomTools: :Write (theSphere, dumpFile) ;
GeomTools: :Dump (theSphere, dumpFile);
<surface record 4>7E X T BRI BREMEIE G S =45 P, =48 IExS %5 & Dz, Dx,
Dy FIAEF SR ro BPERIETHIEROA S P, RN r, HSEOTRRW iR

S(u,v)= P+r-cos(v)-(cos(u)- D, +sin(u)- D, )+ r-sin(v)-D,, (u,v)e [0,2 7% [— fr_/Z.:r_/Z].

AN R R I ERTE N ER O 5 P= (1, 2, 3D, 45N Dz= (0, 0, 1), Dx=
(1’ 07 _0)7 Dy: (_0’ 17 0)7 ilé'/tl:rzél'o ;H\:%%i&jjﬁgﬁu?ﬁﬁi—\‘:

S(u,v)=(1,2,3)+4-cos(v)- (cos(u)- (1,0,0) +sin(u)- (= 0,1,0))+ 4 -sin(v)- (0,0,1).

1£ Draw Test Harness 7761 & JF B/~ BRIA 40K Fios:
=# Draw Test Harness | = (=] |—Ehl

Drawl131> sphere aSphere 1 2 3 4
Drawli4]1> _

1: AXON - Zoom 40.368203 =S




3.5 [E* M Torus

NE

// Surface record 5 — Torus.

// Example: 512300110-0-01084

Handle Geom ToroidalSurface theTorus = new Geom ToroidalSurface(axis, 8, 4);
GeomTools: :Write (theTorus, dumpFile);

GeomTools: :Dump (theTorus, dumpFile) ;

<surface record 5>7€ X T [F A o [RIRTH A EHE (& =485 P, =4 IEAC 4445 R Dz, Dx,
Dy FIHEASEE r1, 120 B AHNES & P, J7RN Dz, rl & MIEIRTH F E R0 2 65 P
HIPE S, R E PN 2. BAESEITREN TR

S(u,v)= P+ (r, +r,-cos(v))-(cos(u)- D, +sin(u)-D, )+r,-sin(v)-D, , (u,v)e [0,2 7% [0,2 -7).

TN B s B R PR T ) fE T S P= (1, 2, 3), ®if5 A Dz= (0, 0, 1), H
EHIE N Dx= (1, 0, —0), Dy= (0, 1, 0), r1=8, r2=4, HSBH W T iRs:

S(z,v)=(1,2,3)+ (8 +4-cos(v))- (cos(u)- (1,0,-0)+ sin(u)- (= 0,1,0))+ 4 -sin(v)- (0,0,1).

7f Draw Test Harness H 1) & - 7R [E PR TH 20 R s :
=# Draw Test Harness | = (=] |—Ehl

Drawl131> sphere aSphere
Drawli4]1> torus aTorus 1

=




3.6 LR1EHI{HTE Linear Extrusion

NE

// Surface record 6 — Linear Extrusion.
// Example: 6 0 0.6 0.8

// 212300110-0-01014
Handle Geom Circle baseCurve = new Geom Circle(axis, 4.0);
Handle Geom SurfaceOfLinearExtrusion theExtrusion

Geom SurfaceOfLinearExtrusion(baseCurve, gp Dir(0, 0.6, 0.8));

GeomTools: :Write (theExtrusion, dumpFile);
GeomTools: :Dump (theExtrusion, dumpFile) ;

new

<surface record 6> X T R PERIARTH o 2Pk Fr AT OB B 5 = 4E 77 17) Dv Fl = 4E il 28

<3D curve record>. HSETFEU T iR

S(u,v)=C(u)+v-D,, (u,v)e domain(C)x (- o0,).

AN BRI R AR T AR )7 1) Dv= (0, 0.6, 0.8), HrfiihZe AR . Ho

SRR FroR

S(u,v)=(1,2,3)+4-(cos(x)-(1,0,-0)+sin(u)- (- 0,1,0))+v-(0,0.6,0.8), (u,v)e [0,2 -r)x (=00,0).

7f Draw Test Harness H 81 - 2 7 26 14 AH T 40 BT s

=# Draw Test Harness | = (=] |&]

Drawli51> circle ¢ 1 2 3 4
Drawli6l> extzurf ez c @ B.6 B.8
Drawli?]1> trimv ez ez B 18
Drawli181>

=




3.7 Jie#TE Revolution Surface
NE
// Surface record 7 — Revolution Surface.
// Example: 7 403010
// 212300110-0-0104
Handle Geom SurfaceOfRevolution theRevolution = new
Geom SurfaceOfRevolution(baseCurve, gp::0Y());
theRevolution—>SetLocation(gp Pnt(-4, 0, 3));
GeomTools: :Write(theRevolution, dumpFile);
GeomTools: :Dump (theRevolution, dumpFile);

<surface record 7>7E X | i1 e 1 B8 5 =465 P, =477 10 D Al =4EHh 4.
Jie e i e phoE s P BT RN D, iR 4o C Sl It . e i ) 2805 R o
THR:

S(u,v)=P+V,(v)+cos(u)-(V(v)-V,(v))+sin(u )[DV(»)] (u,v)e[O,Z;r)xdomain(C)

where V(v) = C(v)— P,V, (v) (D, (v))

T B E 2o 1 e % ol T i e s Al 5 P= (—4, 0, 3), JFm D= (0, 1, 0), Jig
Hhs e — A . HSEOr R s

S(u,v)=(=4,0,3)+V,(v)+cos(u)-(V(v)=V,(v))+sin(u) [(U 1,0)V v]] (u.v)e [0,2 -7T)x [0,2 .x) where
V(v)=1(5,2,0)+4-(cos(v)-(1,0,-0)+sin(v)- (= 0,1,0)), ¥,,(v)=((0,1,0)./(v))-(0,1,0).

7t Draw Test Harness 81 3 J 5o 7 i@ % T 40 K s :
=# Draw Test Harness l | (=] |i3-] |

circle ¢ 1 2 3 4
extsurf ez c @ A.6 B.8
trimv ez es @ 1A

-

revsurf = c 4 8 3 818




-

i 1:AXON - Zoom 19.409191 E=E )




3.8 Bezier HiTH Bezier Surface
7~

<surface record 8>7E X | Bezier HiTfi. M %R E o G EFREA ru, v A EIREAL
rv, BERE mu, mv, F1 weight poles. u,v FIKEERAGE KT 25.

M rutrv=0 I, weight poles & (mu+1) (mv+1) =4 Bij (G, j) €10, ..,
mu}x{0,..mv}), hij=1 (i, j) €{0, .., mu}x{0,..mv});

2 rutrv#0 B, weight poles 7& (mu+1) (mv+1) ANFFEEH] A%} Bi,j, hij. Bij 2=
YEri, hij 2RA T, IESEE.

Bezier 11 ZH07 #2401 K

"- l'l' !
>3 B -k, CLout(1—u) T CL o (1=v)
Slu)= 22 w)<loalfo]
ZZ‘&-‘_J'CL. -u'-(l-u}"'"-Cj_ v -(l-w)""“F
=0 j=0
INEIEE R 7R ) Bezier BHTEIN: uw B FAREAS. ru=1, v HEFREL rv=1, XE mu=2,
mv=1, weight poles : B0,0= (0, 0, 1), h0,0=7, B0,1= (1, 0, —4), h0,1=10,
B1,0= (0, 1, —2), hl1,0=8, Bl,1= (1, 1, 5), hl,1=11, B2,0= (0, 2, 3), h2,0=9,
B2,1= (1, 2, 6), h2,1=12. HiEAISEITFEN:




S(ue,v)= [(U.U,]]- 7-(1=u) -(1=v)+(1,0,-4)- 10-(]—:1): v+
(0,,-2)-8-2-u-(1=2)-(1=v)+ (LLS)-11-2-2-(1=u)- v +
(0,2,3)-9-2* -(1-v)+(1,2,6)-12-° ‘L]
[ 7-(1-u) -(1 L)+10 (l—u) v+
(l-u) ( ) (l—u)vv+

9-u”-(1 -1]+]2 u’

-V

7t Draw Test Harness ' 1] %# 3 &7~ Bezier M1 W1 F frs:

~¢ Draw Test Harness | =B -

Drawli? 1> heziersurf hezievsurface 3 2 A B 1 7168 418681 28115411 8 2 3

(57 1: AXON - Zoom 28504969 ==




3.9 B # 4T B-spline Surface
EN/B

<surface record 9> X | B-Spline M. B &M MEE G S o HFEAFEN ru, v AH
FREDL 1v, u B mu<=25; v KB mv<=25, u #EHSE nu>=2, v IEH]SE nv>=2, u B
¥ ku, v ETSH kn, weight poles, u T, v EI A




e

M rutrv=0 B}, weight poles & (mu+1) (mv+1) =4 Bi,j (G, j) €0,

mu}x{0,...mv}), hij=1 ((, j) €{0, .., mu}x{0,.mv});
M rutrv#0 B, weight poles 72 (mu+1) (mv+1) AN AUE ] S Biyj, hij. Bij /&=

Ui, hij AR T, IESEL

u BT R HEHCA kX ur,qi,...,Uku,Jkuo XH w2 EHCN g>=1 [RIP=E
u, <u,, (1<i<k, -1),
'kl.r
g <m,+1, g, <m,+1,q,<m, (2<i<k, —1), Zqi =m,+n, +1.
=l
v BT L HEHA kX U, qi,...,Ukv,Jkveo XH vi2EECN g>=1 [RIP=E
v, <V, (1<j<k, —1),
k,
t<m,+1,t <m,+1,t,<m, (2<j<k,—1), D t,=m, +n, +1.
j=1
B-Spline M1 [f (2807 F40 T o
ZZ Be’.j ’ he‘,j ’ Nf,mn +1 (u) Mj.ml.+l (V)
i=l j=I1
S(H, V) = n, n, ! (H’V) € I.ul ’u"f... JX |.v| ’vﬁ'.- J
Zzhf,j ) N:'.my+l (H) Mj,m..+l (V)
i=l j=1
FERRH Nij A1 Mi,j A W R i I 5E e
My T = ), N o
' O=u<u;viu,<u | Uy s —U; Ui j Uiy
M”(u): {1 =V £E< V_m M, ’_(v): (V__"J)'Ma:j—l(")_l_ ("n_;’ __UJ'MEH,;—l(") (2<j<m, +1);
’ Oe=v<y vy, <v b Viejo — Y Viej = Vil
-l g
P = (1£j<k,, g,+l£:‘£2q‘, ),
I=l1 I=1

NI EE R R 1) B-Spline T A: w HEARES ru=1, v FEFRES rv=1, u ZE mu
=1, v mv=1, uEH G5 nu=3, v#EH LS av=2, o FEEENH S ku=5, v
HEE Y A kv=4, TREH] S B1,1= (0, 0, 1), hl,1=7, B12= (1, 0, —4),
h1,2=10, B2,1= (0, 1, —2), h2,1=8, B22= (1, 1, 5), h22=11, B3,1= (0, 2, 3),
h3,1=9, B3,2= (1, 2, 6), h3,2=12, u HFEEEF fiul=0, ql=1, u2=0.25, q2=1,



u3=0.5, @3=1, u4=0.75, q4=1, u5=1, q5=1, v HEEHEIT L v1=0, r1=1, v2=0.3,
=1, v3=0.7, r3=1, v4=1, r4=1. B-Spline #HTf {IZH5 LU Fion:

Sv)= 001)-7-N,,(u)- M, (v)+(1.0,-4)-10- N, (u)- M, , (v)+
(0,,-2)-8-N,, (u)-M, ,(v)+(1,1,5)-11- N, , (u)-
(0.2,3)-9- N, o (u)- M, o (v) + (12,6)-12- N, o u)- M, , ()]

[7‘N1,2(”)'M12(V)+10 le( ) Mz,z("")"'
S'Nz.z(“)‘M ( )+“ ( )Mz.z("")+
9'N3_2(”)'M1_2(V)+12 N}.z( )Mz_z(v)

7F Draw Test Harness 1) & 787~ B FECHITHI U0 T BTz

= Draw Test Harness | =N x|

Drawl24]1> bsplinesurf hs 1 5 81 8.25 1 8.518.75111148168.218.711 1

ABE1718-41881 -2811511 8239126612
Drawl251>

[ %7 1: AXON - Zoom 47.081750 E=REE"™)




3.10 55X EYHITE Rectangular Trim Surface

ZNE

// Surface record 10 - Rectangular Trim Surface.
// Example: 10 -1 2 -3 4

// 112300110-0-010
Handle Geom Plane baseSurface = new Geom Plane (axis);
Handle Geom RectangularTrimmedSurface theTrimmedSurface

Geom RectangularTrimmedSurface (baseSurface, —1.0, 2.0, —3.0, 4.0);

GeomTools: :Write (theTrimmedSurface, dumpFile) ;
GeomTools: :Dump (theTrimmedSurface, dumpFile);

new

<surface record 10>7€ 3 [ AT BT i THI . % BT il 171 ) 28008 60 5 S84 umin,  umax,
vmin, vmax F1—A B T o %5 FE 38 5 i T 2 i T PR #1726 56 72 X 3% [umin, umax]x[vmin, vmax]

WAS IR i . fih T S EOT R PR

S{H L] lr] = B(“ L] F) ! {“" lr] = [“ min ? Hmu.*. ]X [lrmin L] 1l;‘m;!.*. ] -

KRR (R T T AR RGBT X EON[-1, 2x[—3, 4], #EBTHIE B (u,

v) = (1, 2, 3) +u (1, 0, 0) +v (0, 1, 0). HZBHITHEWTHR:

Blu,v)=(1,23)+u-(1,0,0)+v-(0.1.0), (u,v)e[-1.2]x[-3.4].

7t Draw Test Harness 1) 3t J I 7 0 3 B9 i 1 20 °F fr s

=~ Draw Test Harness | = | =] |ﬂh]

Drawlid]l> clear

Drawll5]1> plane trimSurface 1 2 3

Drawllt]l> trim trimfSurface trimSurface -1 2 3 —4
Drawli?1> _




-

3

1: AXOM - Zoom 0.577286

=

o B

3

1: AXON - Zoom 53.740115

=)




3.11 R HHE Offset Surface

INGE
// Surface record
// Example: 11 -2

11 - Offset Surface.

// 112300110-0-010
Handle Geom OffsetSurface theOffsetSurface = new Geom OffsetSurface (baseSurface,

-2.0);

GeomTools: :Write (theOffsetSurface, dumpFile);
GeomTools: :Dump (theOffsetSurface, dumpFile);

<surface record 11>7€ S 1 i H 1 o fhi ¥ i 10 A58 60 35 A2 PR s d AN H I o i B2 HA T
DA o o TED B VA B T FR03k 1) N (RS PERS d A3 2R i T o i 1 T 2 O R G R i

7N

S(u,v)=Blu,v)+d-N(u,v), (u,v)e domain(B).

N(uv) =[5 (e.v). 8. )]

if [S” (u,v).S! (u,v)] % 0.

TREHE o RS B T A2 EE S d=—2, FEuEdE B (u, v) = (1, 2, 3) +u (1,
0, 0) +v (0, 1, 0). ESH TR FIR:

S(u,v)=(1,2,3)+u-(1,0,0)+v-(0,1,0)-2-(0,0,1).
f£ Draw Test Harness "' - i 7 % 1 0 40T s
[ ESEEESCT)

Drawl3 1>
Drawl4]1>
Drawl5 1>
Drawl6 1>

Drawl’? 1>
Drawl8 1>
Drawl? 1>

= Draw Test Harness

plane aPlane 1 2 3

offzet offzetSurface aFPFlane -2
color 1 “'ped"

offzet offzetSurface aPFlane -2
fit

offzet offzetSurface aPlane —28




-

i 1:AXON - Zoom 0.577286 E=REE™)

L

T AW —2 1, BORAYIEIR, FrlRS ©—20, XFEE _EE LR




m. 4 T Refactoring the Code

‘ Geom_BezierSurface |

Geom_BSplineSurface ‘

Geom_BoundedSurface

Geom_RectangularTrimmedSurface |

‘ Geom_ConicalSurface |

‘ Geom_CylindricalSurface |

Geom_Plane
Geom_ElementarySurface —

‘QG eom_SphericalSurface ‘
Geom_0OffsetSurface |

| Geom_ToroidalSurface ‘

Geom_SweptSurface
Geom_SurfaceOfLinearExtrusion |
‘ GeomPlate Surface |

| Geom_SurfaceOfRevolution |

| ShapeExtend CompositeSurface |

Figure 4.1 Class diagram of Geom_Surface
F 4t AR it T A S mT s, JUART il A AN SR [ RS Geom: Surface. 1M 7EXT J LA £ 45
BEATH SN, ) TARZ SRR b R AR A0 R R




BB R AR A R s -










1IEUW {Refactoring-Improving the Design of Existing Code) 5 LA % & HUAR & 1F R 1k 50
(Replace Conditional with Polymorphism) Ffriit, fETf A AT GRAREF, W b2 85 m ot 11 3E
“ERT BJE. BRI AL U0 FAR T ZEARYE X G AN [F) R TR AN [F] 14T

ZRMERA LGS B RREN. ERRNA 728, IR “ KM F switch
EA)” DA “IET R FRI if-then-else 15H)” TETH [ X% R A2 7R BB,

ZHRREWEMRZ L. WRFE—HEMREXERTF 2T HI, BAEHZE
(W i A B R o A FH 2 AR R 3B, G SRARARTS I — P 288, gl 0 0 4% - BE B A 2%
A AR ZES, RREIFN TR, e P RAEE LR BolAT 1. 2K
P AGRE [ RXAT2E, X KBEIK T RS K, ERAETTRERS.

OpenCascade [ LT 4 — 298 Geom Surface T, Tlf 4 MO8 B R 2L, W
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