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An Efficient Triangulation Algorithm for Trimmed NURBS Surfaces

Jung. J. H* and Park, J. Y.**

ABSTRACT

We propose an algorithm for obtaining a triangular approximation of a timmed NURBS surface. Tri-
angular approximation is used in the pre-processing step of many applications such as RP(Rapid Pro-
totyping), NC(Numerical Control) and FEA(Finite Element Analysis), etc. The algonthm minimizes the
number of trianguiar elements within olerance and generates a valid triangular mesh for STU tile and
NC tool path generation. In the algorithm, a subdivision method is used. Since a patch is a basic element
of triangular mesh creation, boundary curves of a patch are divided into line segments and the division
of curves is applied for the interior of the surface. That is, boundary curves are subdivided into line seg-
ments and two end points of each line segment are propagated to the interior of the surface. For the case
of a trimmed surface, triangulation is carried out using a model space information. The algorithm is
superior because the number of elements can be controlled as the curvature of the surface varies and it
generates the triangular mesh in a trimmed region efficiently. To verify the etficiency. the algorithm was
implemented and tested for several 31} objects bounded by NURBS surfaces.
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Fig. 1. Surface patch in a model and parametric space.
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Fig. 2. Triangulation algorithm on a 4-sided surface patch.

HAEE 44 CAD A29g olgshe dsiem),
Foln vl Wpghe o) f3le] Fmgel HEE 7
she Tel e Mib7F AFE I

'NIibNURBS geometry library(Geomware*} ): NURBSZ% o]
a4 3o 24, 24, A 52 39S 4T library.

FSCAD/CAME 3] +F3 A5 A2 2000 69

3.1 AR RN DiRI0IMe] A2t oY MY

AR A= 2] A FHOE o) Feix]
o, WAAFZ M HARRYE ol F Ty X
£ gnigict, o] "olAle Akt I six|el] Y45
T deEe] A9 Aele EY Il HLH:
gre)E o AN o Fe A el o2 A}
7t 22 #=)9] del4 QA GarelE2 Fig 29}
Zo] M = Qo)

3.1.1 BAIFAS ARz Z4}

£ A7l Ak w4l A QxElEe 34
52 7 FHE AR TR A Jg
H2] o] A3 Soldl FHE d¥ez A}
S A2 s 4 glok B Ao A2 A4
THE A822 TARRl= HAL 49| = Ak

A (patch)®] AAZA-LE Fig. HarlM Y oj7)
T u v BN AN 2L} s
2 AAFAANAM FS] o BHE = HAB2E F
33, AA A Re] 2 AR HoHE HE 7
sl wiAF7HFe) AA AR 14, 214, 34 §)
Ao eli= 335 Bal WEk v FhAe] REZF F3)
chFig. 3(b)). o|e}zke| 8 HET} 342 HBE
o] &3led B F7H}e] AA T HEe] o)F=
A AR)E FECHFig. (). ol A¥e) 7ke-5)
AHollA vl FHte] AHelF 51 Fig. 49} o]
217E A& o] Fe{ R3] ke A7t 284 9
o} &, AAFTAAY u=1/22] HAAN Sw=e] 437
AHele F2pg2] ovlel] EXsle = o o)Ak AAS-
o) Fghe] o] FoixA] oA €} 0|8l 75l
= 2o} Fygt A AL 2957) 8 u=14,
31490 A& Al 7 o2 NE Juie] 424
AR)E AiAbgkct, A4k Zlo] Folz) FAR A
2w o] o4 2 MEEE VA 43, 19} Hi
2 3] A7t F2Ee} F e, 2A1ME AAFA
ol Fxple) B4 3l7] fslA i3t Q= oispd
= T2k AR g HE AYEFig. 3@, ©)
S A& FAE UEY @7hR) v,

o]zt el Fwe) AAFMEL Fig. 3(e)elA
AP HEER 2% 2y} o] 9, v} R A
FEAM M) sler) vh2m Sl FAL 44
T gl Abz; o $8] moko] FYUSHA| A ol
AR 22 Atz & 2alste] A= Azl
o] R¥= s o E=7) wFel P 9 x)et
o] ZA o] Y134 3. Fig. 5= Fig. 3(e)wl
A eEERE AAFANe] M g A )
st A fFA Al A u=1/2 3 u=3/42) Y|l 2




v
)
B3
B |4
4
* B4 B2
y Y U
Bt

{a) Boundary in a model and parametric space

/ﬂ—?’“‘\“ v
AARANN )

L
1 Y

{h) 3~point in a model and parametric space

Pr P2 P3
DIASP) @IPy0ISP;

P4

(<} Distance between the {ine segment and
boundary

P4

P2
{d) Node addition

£

(2} Resudt of the approximation

Fig. 3. Approximanon of the houndary cune

EYxl NURBS Fag] Eg4je] Azbs) ozl

3
| 1
U

147
U=0
U=1
/2 U=1
Fig. 4. Distance between the line segment and bowndary
Lanve,

—

Fig. 5. Boundary with aade modification,

HE Frialel 2238 Ahg Bedpal gl
g7l AA Fdell digk Zapahg PR
ARl AR TR ol gRel BFe] mA GF
et R mate] Baslah o] HYL Fig 6
# Zhol A AL gl Ay A2 Bge] o}
i FEol & A9 dF So] yrdsiria gk
o] ool H2 TUL ANYHoZ L¥shs R
Beaix] At Fe] Yol Bajshi= T4 S
A= P02 Fgshe 2o W) et 2
AR vy gvb 94, ek Q1543 uigel] 95}
of A Aol Mg =9} ARslel YR HG
AArsel gho)l MR ol AlRlel YRR WS
£ Fig. 63} 3o} alizf Fababel A 14, 172, 3/49)
Aol ¥l Uie] F45 dsiaE QoA

L5

Fig, 6. Surface with large corve difference.

FECAD A CAMESL w273 353 2 2.2 200008 6%



BAE, #HEed

Fig, 7. Modification of nodes number and position.
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Fig. 19, Trimmed surface with a hole.

41, BelwlerA g ARER MRl S Al
A EE Fged o] DAV YA Auig
Abzh 3 Aol ok vbyal Fodsie Fig. i)
2} L HAg 92 4 gleh A} FAe] s}
§ A4 Wbl wE 18 a7l okl A
7ht S#o] ggol 8757 9| 8ol w]AEHolrt, 8

Ak 2 E S FASe] A¥ER s AR
E7e] mAE Ak Aol H7) Al AdH
2 3R A s} ofgl el Jaeld Exy
B RS wAshs AR ES 42 K Balen)
W AR A4S % B2 e} Azt a4E Y
et of %*éoii vigk B3 Fig. 1i(bell vieht
aiot.

322 953 5

o Befjrie= ie% 4}

F4sh A b ool

(a) Approximation of a surtace with a
trimming curve

(b} Triangulation of ne wimming Cusve region
Fig. 11 Intersection identification and the tiangulation.

<G>
Edy S8 alde N2RN R A

7
Step 1 |

EYY3MAUNSIRD, |
Stepd | i NU¥YDETNORERBG. |

Step3 | %347 HAE K20 BUE 2L, |

Wit €EY SBE RIS U, DGR
tep :

Sy 2 NTYY
g anyg v¢
i NIY

L\" <§2> i
L ERERI
Al M

Fig. 12. Algorithm for finding exterior poiats of 4 trimming
curve,

Step §

s A 84F Yagion] & HelMe 34
o] Sz}t wajshe of ol A AzbetE dale)7)
2 g} Akt oiaie] AgAle] BB YL o, vertex
7lElgl M2 s olok 3R vertex to vertex 2%
o] WhEEA 2w ¥ AR FRE WY
Ef(normal vectory] Wekol Wk upH = HAL
PG 4= ek 2 BAd) Y717 4E5E 5o
HsfiM Abzhe] HAH G o] Sl w4 E YA
ot o S AR Wi Ealu) BAo) 9l¥ey 9]
1= A Lrbo} o] 847 "H'+"°1¥ A&l 4P E F

= el F8380e) Fig. 125 2L B8 EiEog
5‘-‘47" Gl ‘3’).":1'
21’4"3 2A)9} mRlsbe FmAke] Abzbid Fol

T2 o) Pof Fafsli- HEL 2Z5 - o VE
.’;?_ g 2ol

Step 1: Eaje] FAde] whikd COWiAl A ubdu)ak)
22 A olu HAde) o] Hwmo] W HF3
of el 977t . Pig. 13 R

Step 2: F2] AAFAN W] v FHS
HALE. TAbSle] g Alzpko e &AIRH3.3.
2 3.3 17(_—}0 “Q“{i*“ o .ﬂ..] E‘:ﬁa{] _h.«i? Ad_g..r
Takghsled Apzbkate] wH S ?3
¥R AMEES S35

u::’,é

2 15 4

BFECAD.CAMEE] &¥3 A s 423 20000 6%



150 AAZ, o

™
N

(a) Orientation of a trimming curve

2

2 1+1

(b) Identification of an exterior node

2 2 2

2 2 2

(c) Result of the algorithm application on a
trimmed surface

to

2 2 2 2 2 2

£ '

(d) Intersection region and the node-value

Fig. 13. Procedure for detecting exicrior nodes of the
rimming curve,

B2 02 22
Step 3: Eﬁ]“& AL Agat A o) WA S
Hakste] 27] AL INIT2R: flapS d9E.
Step 4: 7] FA gk 7)Eo2. IAshe

BCAD,”/CAME S| =53] 53 A23 20004 64

AR AR $EAe et e 22 WA, A
7% ‘H"*W E-‘J“J Faz mAetA] o ARE
HAH2) ghol 27F ebid 1& HF

Step 5: E2|™ Al9] ubefel| wie}l HAdz} Ab2Hy
o) obg ®AAE T3 ZApPgel INITER: flagz}

Qlom ZRFLEL Fleo] 29l BES U5 23X
wod Step 45 ST
Fig. 13(b)3 o]-&&A 29 e

g3 2ok Erp TR @ashe AR o2
& gl Adl 29 YT FP3eh zeln TR

Ao} ghe weol 9t A BCS 22 A<l Bel
1S ggich oS Dol e Abge] 9% A

2 Erjm) TAdate] malv) LAyl ‘fﬂﬂ*ﬂ A2
2% ol Coll 25, 7 ¥y A¥ ABY 2=
Z3a] B 12 &odgict

Fig. 114 Sdel 4 Hes AAS
Fig. 13(c)llM EodFaL et & EP-J J LAlo] &
o] obd AR FAY o dmelES g ol E
Fig. 13(dplM B33 Qiet. Eele] FAle] loopE
HAELA] k= 7 gollx glo] due]Fe] HEH o

912w olo)] gt Hzp= chEAeiX EedAld, o]
Abe} 7oy o2 by S 2-4-A)17] Fofl ol
29) FETHE o]gabe] vlH S HAsA ¥

3.2.3 Atz 4 A4

o) st A 52 A= @0121 =
e 457 Evjn] 244e] S-S dAsh
n] A FHe Aziel4izh A€o 3al o ﬁoil
A 25 P4 o Ao AEL o837 o
Foll Fig. 140412} 7Fe] aped o WAlalA] o=
ojedo] AN FBo|A vertex to vertex® 7S ot
Z7) 5 3lA €4

Fig. 152 Fig. 112 EA)517] ¢]314] A18-€ NURBS
TS voh M2 FREA AbElAE e «dlE

ol 4t

Fig. 14. Triangular mesh generation on a trimmed surface.



EZ® NURBS $ui2] H&3 A3 od3elg 151

Fig. 15. Mesh with a tight tolerance.
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Fig. 19. Loop generation for a tcol path.
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