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Automatic NURBS Surface Generation from Unorganized Point Cloud Data

Dong-Jin Yoo

ABSTRACT

In this paper a new approach which combines implicit surface scheme and NURBS surface interpolation method is
proposed in order to generate a complete surface model from unorganized point cloud data. In the method a base surface
was generated by creating smooth implicit surface from the input point cloud data through which the actual surface
would pass. The implicit surface was defined by a combination of shape functions including quadratic polynomial
function, cubic polynomial functions and radial basis function using adaptive domain decomposition method. In this
paper voxel data which can be extracted easily from the base implicit surface were used in order to generate rectangular
net with good quality using the normal projection and smoothing scheme. After generating the interior points and
tangential vectors in each rectangular region considering the required accuracy, the NURBS surface were constructed by
interpolating the rectangular array of points using boundary tangential vectors which assure C' continuity between
rectangular patches. The validity and effectiveness of this new approach was demonstrated by performing numerical
experiments for the various types of point cloud data.

Key Words : NURBS surface(¥] 79 2 B-2Z¢2}¢) 3 9), Unorganized point cloud data( 21 2] & T ©lo]E])
Implicit surface(= 4+ IFH)

1. M8 58 7 dE 71ed £ F AT 2914 A

8o olste] Pojl H ¥ dlo|E{EZFE CAD,

g9 4 ¢ dolHZFE ZHE A= £ CAE, CAM 39 ¥ A& H3 Fddolgg ¢
Ae o9 F(reverse engineering), T FEYE2A A38l7] Y5t dAYojel gL APy ol @
(computer aided design), 3 ¥ 22 2(computer TFHI & Ro] FAo|th ole} FAFHAN B2
graphics) 59 wokoll JojA v F2e FAA} BE&RTEo] MEEH AMEHIE oy THY
gol7le s AF7AE ol td AAHA Aol Alg-zte] B 2ol MUH ok 3l A
TR FART. E3] 3D 270 (scanner)} Ad I 40 g AR E Foz Al
2o ¥ AZH FAAAY L2 vy He o] AlRAdol B2 A o] o sith B Ao
Alzbol] o 1 Do ol2& A dojgE F ME F T HOlEEREH o Rokd HA A&

o A5Y:200637918Y; AAFUL: 2006 3Y 8
# ZAAA: AdEgn AFEHFE NALAF
E-mail djvoo@daejin.ac.kr Tel. (031) 539-2031

200



#32: #ZALITU%ERA] A3 W A9E

b5 ZadolgE 7] st & ¥ F37]
Y3 NURBS T HUHE ol&dtes M=z W

& Agstnz o & FF JFAsg L3
Y TR EAEE T4 A F £ od
olHZRE YA AFA st YHFT FU=
A AR NYPAF A B E Bt iy Fe
2do & dg 5o H4FHo=z FHEE °
olg| g & T FUMYE o)L g A
¢ Foye gygIgos EFHPsE Aol s5E
Bao ohlel HEG Z R 59 Aol £
37] WEo] NURBS fHOoZo W Al A
Abo] A0 EE AlZFE dEAY QU B =
dre e ¥ ¥ dolHg Frss I
S 5 FPoer TIF F & ¢ IEE M
3 st FANA AA28A FEYE F U &
A(voxel) tlolE{E NURBS ZWH9| | X|(patch)E
Hsls BEE ANsn o2 2l g A4F
2 53 A¥t ¢ueEFe B3N E S @

o,

2

o

> N{O

2 ZE9 4 EH

g Jel AN FH

qHE deole H & dHlolelE e
UL s fEL & g5 IHeE
g AMgEY =28 & 4 3™
9] B3l 9 NURBS SHoze WEtd 4AQ8FHE
AE GEA 7] Y3t g FAEgFE A
gRog AMgstE HEA JAETY P& o83
ot HeH JHREYLE F Fol K3 A
=349 3¢e BESNY ddez U ¥ 7
douitt M2 & FAFFE AHSste e
2N B =EdME Am3 @Y He)H e
2 2 ggda 3 2 ogka g odeldd sy
(radial basis function)S A}-§-3F% .

fX)=w-(a, +au+ay+ay’ +auw+ay’) (1)
2 2
fX=w-(a,+au+ay+au +auv+ay
3 2 2 3
+au +auv+au +ayv) )]

100 = E48(x-c,) + P(X) ®

o714,
$(x) = x| log( x|)

P(x)=P,+Px+Py+Pz
ojt}.

e AARA BE AAT FHAYS AR
o Ay o AM3 7lEH oz 2
RN E AFIEE vt Jo9 A F do
BHE vy A2d & 4 FHoz Foivs
AL NURBS THo 2o ¥gg 9% 7|2THol
grdvs AL v, T3 NURBS SHoE
o] Wg A =) gag X9 FAHHY HE
& 2 AAFHGAMY AAEY, YAHH F9
Aitol RE#E 7|2FHAGNA o|FojAEE £
Fg YT A5 7IdE 5 Aok

2.2 NURBS 33| =4|X F§#

NURBS = Non-Uniform Rational B-Spline ] <=}
24 B AFoA AFEF NURBS 2H 212 24)
9} Zro] AHodr}?

SN, @N, (v)w, P

i=0/=0 i

ZE N, @N,,0m,

i=0j=0

M=

S(u,v) = @

o] 7] A,

P;: ZTHE FAEE 2AH HH
p,q:u, v HHFY aF

n:u ¥ 2P F -1

m:v FEFY 2FHF F -1

Nip(u), Njg() :u, v #8ke] B-2Eekel £d3 &
wi: 234 Py 9 7HEA

ol

A4} Zol thEdAe HE(ratio) FEIE TEH
I H 7Y (non-uniform)3+ = E gk(knot value)}t B-
2Fe] Ed9 F5E VL= 3] "ol
NURBS F®olgt E2et} 7z £dY e =
Ege 4AEH oM g3y g G35 9



B A:

3

ALFHHA] AW A9

Fol FH i 35 FHo] Loldtn =HHY
Mot Fa48HA 248 AFE 5+ A 53] 7}
A wy; 9 AHELoE Af-3FT(free form surface)
S EE 7, 4¥Y, €94 Fo 4FITHL o
ol 3] vetd = Ju HL T 2HYFL
2 EXRY o THAAMo] Lol T
CAD tlojHe] EFXQl IGES, STEP F229
Agol Hgstn £olstAl wEol Bl CAD Al&
Hloju} CAE, CAM Al 28 39] o A (interface)o] A
3 A gltes FAE 23 Aot A@)dlA
Niy(u) & Nj(v) = B-2E&¢ £33 #+2A
g3 22 AAgsE Jogdo

u-u; Yirps T Y
(u) = N; p-1 () + Ni+l,p—1 () (5)
Yip T Y Yivpa1 T Yin
v-v . -
;+q+l
) = Njga)+ Nisga® (6)
jrg Vitgst T Vi

25)%t 26)2 u;, vj £ =EE](knot vector)2] &
224 g1 2Ly v 3o EYEE T4
g}

U={a, v u by, b} )

p+f’. n

La,u

V={C,"',C,Vq”,"',vm,d,"',d} (8)

€ AFoME 4@ BEHSE NURBS A4
349 He AHEg £ AHdy 5& 7 9
8t Cox de Boor ¢ &L o] &3t} ?

HOZHEE{ NURBS &3l MA

w
mjo

843

T HolHEZRE dAHoz doj & F4

HE o] 83l NURBS ZHEL AAIsly] 94
2 d7dxe & 5 JdUE vidFEengdE
(marching cube algorithm)oll &J3te] 7}A13} &t= 3}
FAA FE8d Edoxel) UHloEE o] &=
WS ARstuz ok e gdHo Ax &
Aste HA wig WEL HIE IFdHd 53
FE¢ ¥ 259 AAHE AXE NURBS ZHEL

T AR AAYRYY TH B2 7 5

2.
._1

202

Atk el A1Z4d S NURBS 99 3 iz
TAsHA Hed AMLE oA HELXE 1Y
gt u, v MYoZ FHHEL WA AL F o
TARETD ZAAZHEY FEAAMY HAHEE
o]-§3to] NURBS FH2 2 H7Ht} Fig 1 oA
BE ulol go] u Woz S+ ), v oz
T+1 719 HEo] FoIHE o o] HEL Av:
NURBS S¥L g3 & uy v F ¥gozo)
-2F el B ot E 4 ddf u W
gozo] B-2EEQ BHIHe 299 Zo] s+1 74

9 FH4RE A TH A TUE FoIE 24
2 gt}
S+2
Q,=IN,@R,
S T ©)
0<k<S5,0<;<T)
o714
7, =07, =1
Qk,j—Qk—l,j
7, =i, + (1sksS-1)
d
S
d=k§=:1\/ Q.,-Q.,
o},
2 AFNME 3 A B-2Zg BEE o435
tﬂ o] A% AME A0} TL HegzE B
F Adt?
Vir Vsk{
\/y \ X QsL,UST
Qor Uor . .
0,T-1 USTl
—» ©
U51
Voo;; X X X Qsom
Qoo Uop Vip Vs.10

Fig. 1 NURBS surface interpolation
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Fig. 2 Flow chart showing the generation of an NURBS
surface
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Fig. 5(b) Rectangular net of Igea model

Fig. 4 Generated implicit surface Fig. 5(c) Generated interior points to be interpolated

Fig. 5(a) Yoxel data of Igea mode! Fig. 5(d) NURBS surface of Igea model
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Fig. 7 Generated implicit surface
Fig. 8(c) Generated interior points to be interpolated
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Fig. 8(d) NURBS surface of Bunny model

Table 1 Computational time measurements (i rs 43 140 wrs)

Number Time(sec)

Model of of Implicit surface Extraction NURBS surface

points patches interpolation of voxels generation

Bunny 70,368 3,642 60 80 Hs

Igea 372,563 1,442 320 76 534
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