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Curvatures Estimation and The Improvement of Taubin’s Method on
Triangular Mesh

Abstract

Curvature is an important invariant of surface and the important foundation of
differential geometry. At the same time,diserete curvature on triangular mesh is the
foundation of many applications such as characteristic detecting on a polyhedral surface,
smoothing, simplification, distortion and region decomposition.But the triangular mesh is
defined by points cloud and topologic relation among the points,lack of definite analytic
expression of surfaces, so the curvature formulas in differential geometry are not suitable for
the discrete forms.So many diserete curvature estimation methods on triangular mesh appear.

So far, there are about 10 diserete curvature estimation methods on triangular. The paper
presents a systematic of various kinds of diserete curvature estimation methods on triangular
mesh. Then wo introduce the theoretical background,the signification of formulas and the
applied fields of several main methods in detail.Taubin’s diserete curvature estimation
methods plays an important role,which is linear in time and space. They described a method
to estimate the tensor of curvature of a surface at the vertices of a triangular mesh. Principal
curvatures and principal directions are obtained by computing in closed form the eigenvalues
and eigenvectors of certain 3 X3 symmetric matrices defined by integral formulas, and
closely related to the matrix representation of the tensor of curvature.

Taubin’s diserete curvature estimation methods uses two intermediate quantities: weight
and normal vectors.Taubin estimated normal vectors with area weights, which neglected the
effects of triangular shape. Sheng-Gwo Chen presented the method of normal vectors and
curvatures with centroid weights. We adopt area,centroid and angle weighted triangle normal
vectors calculation formula and triangle centroid weights to improve Taubin's diserete
curvature estimation methods,which more exactly reflect the effects of triangular shape.

The paper provides particular comparison results of error on an parametric surface.lt
prove our method’s advantage on the ellipsiod and torus. Compared with old Taubin's method,
Gaussian and mean curvatures has its obvious advantage in exactitude.At last, we make an
assay of errors. Our conclusions are curvature errors have much to do with points density and
bend level of surface at the point.

Key Words: Triangular mesh; Curvature; Mean curvature; Guassian curvature; Principal

curvature
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& P
A L
A 2.1
Fig.2.1
R ARTUHTEHRH AR K,
1
n-(v,-v,) ‘2"”/ ‘Vi" (2.1)
=¢0sa= ’ .
v, vl r
xh, oo uT¥) (2.2)

’ (Vj_vi)'(vj-vi)



=A% B A4 7T Taubin AiEus

W a,,a, WP T L 0 BERY)FE_ LR —AE, B0, W&, KT £a,,q,

Jx2%jy

HIMHR, e,.e, HETHH e XTHERLIR. ARAERE, F
k, =("‘] K- Lt"] (2.3)
’ t.l)' tjy
e, ¢ |(k o e, e,
H K= [-ey e,][o kz)/(_ey exjo

i, j=1, 2, 3, --mm A pHE, EEHNAFAUREHGELA=b.

-\
tlxtlx tlxtl y tl ytl y Iil xo ex2 k] + ey2 k2
t,.t L.t Lt
fop, a=| 22wy Wl byl (2| e, (K —k,)
) X 2 2
bttty Loty ) 2) \e 'k +e 'k,
k, )

BT x+x,=¢’k+e 'k +e 'k, +e 'k =k +ky,2x,%, —-Jgi =kk, » FTUUBATLLE L
T ) 75 72 40 SR 2 - 34 it S8 00 o 4 o R ) B

2
Xy +X X
XX, A
k, = kg =2x,%, °

FriL, MM RRE N TRBHRE Ax=b, TMERA R/ D ZRIEH HERKE,

x=)/A,A-Ab (2.4)

2.2 Chen #0 Schmitt By A%

Chen 1 Schmitt FidBKIw 4K, Ll T —MtHEE. MINFEBERERT
DFPE LEFSERLFER (R} . BRLAXTE

ky, =k cos® (0 +6,)+k, sin’* (6 +6,) (2.5
6, RIEFRMMIFRETTHMRA, EATETA:
ky, = C, cos® (8)+C, cos(6)sin(8) + C, sin? (6) (2.6)

Cr G CREH, ORUINET, S5F—UHaEBrHRMA. RE, BI1EE
n=I,, BEBR/PZFFTEGTERC, G, C,,

_14_



KEETRERTHARI

minZ‘Cl cos’ (8, )+C, cos(6; )sin(6, )+ C,sin* (6, ) —k,].l2
j

Heb, 0, Rr 5T %A,
Mk, kTLEEHC, C,. CMTAXRKE

k, cos® (8, ) +k, sin’ (6,) =C,

2(k, —k, )cos(6, )sin(6,) =C,

k, cos*(8,) +k, sin?(6,) =C;
FHRATLARTIIA X E KRB

T, =cos(—8,)r, +sin(-6,)r,

{Tz =sin(—6, ), +cos(-6,)r,

K, {nn) BESHALER.

2.3 Taubin EME T HERIA X

Taubin 3= fh13 3 77 [ B 75 67 F 3k B AT RO 4E REASAE 1) B AR T i . XA FiE—A
KU AR ER AT E L. BRITEET —EMEENBEE RN 4.
2.4 Desbrun EH%

AT IR RS LT P R AR R B,
v4
24
Hef, AXKp REM I-SUSMER, VAXRT R p B8FR(x,»,2) IBREET.

BERER=fAR pp'p™, EXApp"=p"-p, A, R=FAkK pp"p™ KER, W
A=Y A4, ZAFHER 4, =§”pp” x pp™'|, & Einstein RFIAR, H

=Hno

4 =igykpp7 PP € 1PP! PP - 2.7
Kb, e, HHFIRFS, R Kronecker 55, &m%{lj:a,q, V=£:, BT
e
%f- =24, %4‘ = ?1{8 4E 01 PP PP PPy ~8,, PP} - PP] -py”
: :

n+1 n+l

~8,p0} - oo - pon 6,0} - Oy PP

-15 -



=R BB EE Ak TR Taubin Tt

M e-6 AN, e,¢,,=6,6,-6,6, BE

oA’ 2w
o, 2

__1_ n+l
= 2[(pp P

BJE, WUARH
.a_Al__l_ n+l _n+l _n n noon_ntl nel
ap—Mi[(pp PP )pp +(pp" - p" P )pp™] (2.8)
HBEETFREN, TTLmE
e Ryd R (2.9)

#0424
BRuE 22 XkEXa,, B, FHHEBEREWTURTRN

n+l n+l n+l n+l

2 n+l n n
pp +(pp™ - pp")pPP"],

“pp"+(op" - " pp™ | pp”

n+l __n n_ n+l n+l

p)pp"+(pp"-p"p")pP™],

k,,-n:z{zz (cota, +cot B,)pp” (2100
»;
P
Pia
pj
e 2.2
Fig.2.2

2.5 Dyn #A Hormann BYF:E

E=AEMNET, EXRKRSAp, p,Wle=p-p, Fille, e, MEANH
a,=Llepe.,) BAp p;» p, P, IKAAL, Billp p.,, p,p.HIKAHY,, B
iLille,, e BB =AKp, p,» pu AT, HEMEHBA N =¢ Xe,, /e X
el BRXHITHEBEAT,,, THERNBZABRANB, =Ln,_,n).

_16_
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SMEF XKD e NBRNZART,, T E—TAMK/MMEER, ZHEEN=AMNE
Bt B — RSB IR B SRIT VR, BT BB LA EE L
REESETENEAEYHRATEAR
27r—2aj

. 1 n
k=—— li= L 5els) @

R, 4=3.S S WE23(p HEA)E24 (p RA) Fix.
UT, AH A=A,

S, ={||p,p,+1 “coth, +]p,p,. cot 7,} - (2.12)
Yo, bR,
1 1
s, =3lp.p,. “tanA, S, . =§[lp,~p,||2tany, : (2.13)
S =8 -5 -S . (2.14)

Pi ApipiPjn pj Pjn

24
Fig.2.4

-17 -



=i PUAR B A4 Taubin J7EASUS

2.6 Watanabe F Belyaev B 5%
ZR—AERME, REHGRLK, FTUHETH:
51— 'k, (0)d0 = (k, +k,)/2 = k, (2.15)
T

1 ope 2 3., 1
- ==kl _= 16
2nfk,,(9)d9 ks 2k (2.16)

Hep, k, BPHHE, Tk, BEHME, IHMISTAORERANTUE=A M
B BT BT R R, EE=AMRHELNE—Sp, BRSSP
A =M AR BRI, FAARA.16)T LM S p LHERE. RAAR1.17)
LK 1SR E— £ UE p SYIFEBRZFAMERE. TH, RIREHLRS
AH(2.15).

2nky = [k, (6)d6 ~ k, (91—“;—9&)+k2 (9;;93)+...+km (—9——';—9)

A (2. 16) MUKEBOTE, T HRETR. e, EmRTUELARK
(1.7) F(1.8)itEABH.

2.7 Mayer A% |
ZEHA¥ESIANT Laplace-Beltrami HF A = Hn MIHIE R ERFEFE, FAKBSL,
5 L #) Green A8 H]:
jD/y(x)dx= LD@”(s)ds. (2.17)
BiEX/MFESMWL, EHPH _‘;M(x)dx, A (s), ds BRIHATEELS:

f)-£p)  |pa-p|*
p,-p| 2

Pin~P; ”

A (p)A(p) »

BE f(x)=x e A8 Z|

(2.18)

p@-_1 ﬂpf-rpf||+ Pj+1'1’f" P;-p
< 2 [, -2

._18_



KER TREFLHMIRI

+2.8 Taubin A%

BT EWATIAT Laplace-Beltrami HF A = Hn MHE I FIHBRAFE, RENE
FABRTEAN, WNEHE LS, K 1-SE0EE{p,.je NG}, LAEEEE

R T B A,
A= Z w,(p;-p,)- (2.19)

JeN(i)

Heh, MEFw, HEXE Y w, =1, ABEHFEESH, BEANTULERTYS

JeN (i)

i, BAEMR,
s HPING| A p I
lN()I EPI (l)l D; E.
AR A p ARENERLERE R KBRS A, BREFAH
t(p»p;)

a ZkeN(l}r(p"p"
7(p;, p,)"ILJEJZl iy E‘?ZEB’W/I‘_ﬁaE)#E@Eﬁﬁ%ﬂ WATLRE pp, FKERFEATE

., Zlﬂt(p,.,pj)="p,—pj" AT B w, ——(cota +cotf;), cota,,cotf, . A 2.2
FimR.

2.9 Meyer =B Voronoi /3%

XA EREAR BRI MEE MR — RPN 8T, =AW
BEAN TR K E RN REMEXANZ AP EL R — N E P ER.
RAVERM PR, BHD/LARFIMERE, TH,

Zan = lim E ’
om0 A

Kb, A %8 p EEME LM~ TSI, diom(4) HEER, V NET S p bk
EETF, —MWRT, BTLHEK(p)=2k, (p)n(p), KFNHES S p EA

Laplace-Beltrami #F .
DFERE R 4 B, —BT S p AEE 1-488. BEERAUBEAR. =

R a%itie, WERR, NTHRAZAR, R=ARMNILEREFLNTL, BE

-19 -



= PURE BB FA5 A Taubin J7¥AS0#

FHEBIEN 4, NTHAZAR, LHANRLLKFONASHELH R OHEE,
BIERRRH 4, HTEBN=ARNE, WERALUEHHTERIEIMNREER 4,

K 2.5
Fig.2.5

BB 4, LTt R R MRS, IL“ Kd4, B} Laplace-Beltrami & F 5]

DUEERNERHE TN FRZ @B RN —RL. BEFTEERSEY, v ZEMH
YHHET, FUTURAREHERRERESEZERITE, e, XFRg LNE
M=ZRAR, ZARFSGEXT RFHEER, MXFE—%F5EE, Laplace-Beltrami
BT UEEH U NN EIGE T A, P = Py + P

Il k(p)ia= [[ A,,pdudv, 2.20)
B Gauss B, 7 LHEKE ERRSBBRBAT LSBT,
I Acopdudv=[[ V,.pn.dl. 2.21)

BTERHNE=AK, BSBREHN, WV, xEBI=AFLBR—AFH. &
FRXNERYREBBITRE, FTUANETMMTE 4, , HRRENEREERUF SHBE
RR—BN,WE 26 TEEEE 2.7 FH=ZAHT =(x,x,.x, ) » TUHELZES

L, Ve =0 Lot =5V Lo -5, 2.22)

u,v 2
Hep, L AIRE T ieds 90 .
HTRExEEM=ARK LBELNEN, A=ARNELUFEAERY, BE
p=p,B(,v)+p,B,(u,v)+ p,B,(u,v) » (223)

v,.p=pV, B@uv)+p jV”B L (u,v)+p,V, B (u,v) (2.24)

_20_



K TR AR

HTFEF=AME L= ERBAIHEZNN 0, TTLUEE

VHP=Z4T—[(1), plp, p] Hpe- p,)[p p] ] (2.25)
R R AR 2 7T AR R A
L,y VeoP Py -7[([1),—10,][p,—p,])u,v(pk—pi)+([p,—p,][p,-p,])u,v(pk-p,)}

BFNAEEREREN, BT LCKERE
JI, Ve dl= %[cotu,vé (2)(#-2,)* ot £(p,) (P =P)] (2.26)
% 5 B.11178 2| Laplace-Beltrami H F 15
) K(p)dA=%ZjeN(i)(cota,j+cot/3,.j)(pj— p) (2.27)
K, cotay,cot B, W 2.2 Fi7R.
AU R p, LHFHHER, B

ky,(p:) =:'31— Z (cota,.j +cot[)‘,.j)<pj —p,,n)

M JeN())

(a)

& 2.6
Fig.2.6

-2l -



= HIFE B ARG THA Taubin F¥ECUH

(b)

A 2.7
Fig.2.7

SFEATME, TUEENSE LMD /LA E Gauss-Bonnet &3,
[, kaa=22-39,
HF, 0, R7App,5pp., WFA, MNRFH#ATEEL, TLUBRR R
1§75 W

ks (p,-)=—1—(27r- >.6) 2.28)
AM JeN()
XFEMEB, BB AL R T i 3R B U T 1 Rk R R
k(p) = ky(p) + Yk () ~ko(P) (229)
k2(pi) = kH (pi) = k}f{ (pi)—kG(pi) (230)

2.10 Cohen-Steiner A Morvan BY 5 3%

Xt LTI p,, BUS p AR — N W4T B, KBUEAFTEHEE A p &)
PFERE PN TETEEMER 08, EEENAGRES, HERUIA p HBRL, ¥
RArRBERAFEN A, THEHXREERERAN SR,

SEX T HE KR

T
iz/}(e)uenB”é e (2.31)

‘ |eeB

Ep.-(B) B

__22_



KEE T RFEFL2AC

$e, |B| % B HIER e} BRI, ¢ %e A LABAER, |enB|HenB
KB, 70| 2, ple) RLle WAL AR AMES.
%18 LEERREERSERR, £ (5) W MEEEHEN T LU T

p, A U BT RO P R RO 2, M RO AT 4 BME 20 2 B ke k, B 15
PR, TR TR AT T 3 T B 2 e TR L AT B 1 R
ky =k -k k, =1‘!i2—"1°
AENS
MEBSRE, EXEHED, Meyer B8 Voronoi HEMH HMELBAEMN. T
Taubin 3 3 35 5 BB 75 5E A2 TR AR, ZERE IR0 25, BLAAECMEBETR 40 Meyer

%) Voronoi J7i%, EMBRN THTHMRMEE, THE—MERFNEE, £ F
EEM AT, RAUEIN RS, REXTEEERTITH.



= £h PU% B 2R Ah T F Taubin J7 B0

3 Taubin FHMEFH ORI A X R EBU#H

3.1 Taubin FMFEMITHZHNETEBENE
NTHMESERp, R{LL)AREXRTRE, RT hxp LRRALT)EE,
T=4T +1,T,, XEEWTUARRM A p LIET HEKEREY
- e (& K \(1
kp(T)—(tzJ [ki' kffj[tzj' (3.1
=g =0 i, (0,7} HHES S p WEHE, HRHEK,), k2 hEdE,

WMRE LHKNELXETMAZEREN, EﬂWéiﬂT fIRIERE{N,T, T} X
T B ¥ B 2R B T BLROR AR

, (3.2)

Ko, T=nN+tT,+1,T, RIEERE.
BIN-m<0<+m, MEMYIRET, = T,cosf+T,sin0, XFEEMEAURRN
k,(T;) = k,cos’8 +ksin’ 6 , (3.3)
Kb, kb B{T, L} TE EREHE, -REEHET, T,HKA.
5E (30T X FRAE R -
M =$[:kp(z,)m;do (3.4)

p

BT T, BN | BOERE, EMEREN BEREE S 0 X RARE & .
RER M, R

Mp:(z; T2) 1

2n
&T,=(T, T,)dFIMBT T, AR3x25EM, WiTUEE LRER
11 12
Mp=7;2[:; '”;;)7;; (3.6)

P P

1 pe .
» [ ky(T,)cos’ 640 — {7k, (T,)cos0sin6d6 (

T
1] (3.5)

1 o i T
f k,(T;)sin0 cos6d 2—”.[; k,(T;)sin’ 646 2

_24_



REETREMFARX

b, ml=m'=0.
BRTHIEREN 25 M, KPR RBREET T AT, BHAENARI
HEAREME,

3 1
m:,l='8-k;+§k,2, 3.7
1 3
m;z =-8—k:, +§k; (3.8
B EREAEA A, BATT LG E RN TR M, #93F TAFIE(E R %
k}’, =3m;,l -mf,z (3.9)
k, =3m —m)) (3.10)

B, RAVREREM, BIL, (1), ST Lk e M, B4 i RATH IE ERA 2

M EH . HTEAIART MR (T) » RAMTFHEITR.
b ()= i 202(0)=2)
> Ja(s)- £
A, TR EMRTAY, Sy, RAy, —HMREH— &, WEYHFAT,
fhivt 4T By, ZEH T, LR R R

k; =M (3.12)

"vz‘ —v,”

3.2 Taubin MBI+ A ZNITELER
%, BUHSANE ELEANERR. BTFENZAKEA £, 2 X BAKE
MERRN, o HERF TR, X540 Ay, 0EmE N, , Taubin 4 HHERMRAN

HI5E X :

(31D

v, = et (3.13)
LA
BH, BHEREM,  fHEREM, B RS QEERIAR, shRl, BXE
WIS M, BB, T
M, = 3, okTT (3.14)




= fAPIE BB A4 T Taubin THES0H

X FLE Ry, G 14K, EXRAERT RERY v, EUTFE(N,) £
KRR,
(1-N,N, v, v,

’ (3.14)
||1 NN, )| 3.1
<Nv Y, —v)
k, (T,) ft ik, =
Iy, v
BUE o, THRIEEE RN
1
$F=, X EAREMM, , {EHouseholder &#:, & E= 0], WVI=|E1NV,
. 0

LlE-N,|>|E+N, | HEmN, RZASWE.
Bk, 783 Householder %8/ 4 :
Q,=1-20W,,

RERMIEBHE—FIN N, H-N, (R TFHE IR TEE), RRFIIRE T W2 E—
MHFRERE.
EXHAMRT AT, BF N, I M, MEEEN0 WEERE, 1F.

0 0 0

0.M,0, =0 my, m |, Ffm,=m,.
~2l ~22
0 m, m,

SIS, R Givens RBMFEE M, M AL, KEBAOMZIEERIFLERER
n~zi,l cosf + ;13] sin@ 0
~12 ~22
0 —my, sin@ + m,, cos@

, €056 +m,, sin@ =0
wrmal™ *’"'f‘“ , LIk Hicosd Fsing , AET LKt
-mv,sm0+mv, cosf=0 -
T, = cos67, —sin60T, (3.15)
T, =sin 07, +cosOT, (3.16)

RAANABREMEM, RERE, WHHE LRy EWETR, THMETH
ky,=3m, -m? , kl=3m?-m Bi.

P
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KEE TRFHHFAR I

3.3 Taubin ¥ g E it ERISLEH:

B Taubin EBRMEH FEMAAT, BATTLUES Taubin F BEME1 HEE LA
EEMTRE, FRXIANTEBMEE, FESGHB L, 7t EER MUK
}-L/l\q]rﬂ—.lio E{I\]E%WEN‘,] ’ ﬂ@a)y °
3.3.1 Zr RS #

ER, ERERUEHERETE ZBET=AKAER, AlE?2 R,
A5MAy, SEOBI=AF £, 5 £, AEERNERME RN, WRAERNGH

S kR, £, 5 5, 0N, BARNER. T AE2TH, 4 57, ORRE
HFRANER.

B30 SvAENERSEAEER. BREANS MK

Fig.3.1 Triangle adjacent to vertex v, with same areas and normal vectors,but different sh

FFEE, MRRERRLRETRRAMMGTTE BARERNRR=HHF
REEM. Frilh TEFERBBRBR=ALAHBRADEREER, FERET —
MFRMARTE, BRRORAN=ARNBTIREEE. 8.

VkaeFi bkl Ifkl ka
”kaeﬁ'i bkl|fk| kal

N, = (3.17)

2

V.
ﬁ*q%zﬁﬁﬁémﬁwﬁ%W%,&=—%?i%5ﬁﬁg%ﬁ®,

N

b.= o
’ ”g,,_vi”
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=FRE B R TR Taubin ikt

3.3.2 RERBGE
BT EARESBNNERBRZAHEROEZE, B A0S mARSUE SO ROUE

Zf‘eq? ngH %
thev 2 £ eFnE) %

(3.18)

Zvjef,,

1

2
“v,-”

JRLEITR v MERAUR L. XETURR=AEFEROERNES N,

Heig = AZRHR LBRD, a,= - B, XEXHENES

_28_



KHEEE TR0

4 K

AT Bt Taubin R E75 [ 7 EMMER, ASCGER A KRR 508
E= BN TN

KU I IERE N[ k|, ok EHER, B NHLEMME, Fiy
EREN[E, k| ok, WEHER, § HITHENE N T EARMRREE

KRR, ACETEGMBMRER. KP, TEEBELRNRF, YRFAIRE
B, HERDIH T RENBAMNE/ME. 5 B THENARMSER, B2AK
KHRZEWAR, PrelAICeaH T Mms =M MEEE,

EEENRE, AOEMLRIREHRT T 4T

4.1 #ETk

2 2

A SCIEERBIAEER N - x?+y7+z?=1 - ER=RAMBETME 4.1 Fir.

4.1 WEREO=MAPIHEHRE
Fig.4.1 The triangular mesh of ellipsoid

THEEMHRNLRIRERGRLRIZERE . NEGHRKT, ATLEHELER
B RE R PR, ¥ Taubin EMBEH M TEMEELRRER TRE, RE
B KAE AR /AME BT o

-29



=R B R THA Taubin J7iASt

03
Taubin's method
our method
025}
2
=
®
5 02 i
5 i
g ll '1
™ AT pU
5 015 | ‘ f.
] It HIHE
0.1 11Uk
Al
005

0 5 100 150 200 260 300 350 400 450 500
index of points

42 HEERAOR T RIRE

Fig.4.2 The error of Gaussian curvature of ellipsoid

F41 WHERORMH#HRIRE

Tab.4.1 The error of Gaussian curvature of ellipsoid

B/ME BAE

Taubin HE R AT MR E 0. 0868 0. 2955
B0 Taubin Bk E TR E 0. 0669 0.2707
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-

Taubin's method
our method

o
©
T

o
@

esror of mean curvature
o o
[~2] ~

o
()

l,‘“”“‘ii I ”

o
S

S5 100 150 200 250 300 350 400 450 500
index of points

o

4.3 HEEREFIyhRIRE

Fig.4.3 The error of mean curvature of ellipsiod

RA42 WEEREPHHERRE

Tab.4.2 The error of mean curvature of ellipsoid

/M BAE
Taubin HiE P ERE 0. 4498 0. 9064
B0t Taubin L PR E 0. 4476 0. 8817

4.2 IRE
TEA TSR B RATYHRREN R, FEANSEHENR.

r(u,v) =((rcosu+a)cosv,(rcosu+a)sinv,rsinu), Hdo<u<2r, O<v<2m,

A HERAT M EAEAR, FENESHEET SN BHBEY
¢ —Jﬁi—nywmxw@flp+ cosu }EWE%W%&@@@44%%O

¢ r(rcosu+a) 2\r rcosu+a




= F PR B A A v A Taubin 7kt

B 44 HEM=HPMIEET
Fig.4.4 The triangular mesh of torus

14 L] T L] Ll - L L] Ll T 1
Taubin's method
our method

12t

error of gaussian curv ature

U L 1 1 1 L L 1 1 1
0 5 100 150 200 20 300 30 400 40
index of points

Bl4.5 HENEFTMERE

Fig.4.5 The error of Gaussian curvature of torus

*43 HHPRETHERRE

Tab.4.3 The error of Gaussian curvature of torus

B/ME BAMHE

Taubin BEF AT RIRE 1. 0888 12. 9899
Bt Taubin Bk &t RiRE 0.5177 5. 9878
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KEE T RFEFHER

15 T T T T =T ™ T

Taubin's method
—— our method

emor of mean curvature

D I | 1 1

0 5 100 150 200 250 30 3B 40 40 500
index of points

B 46 FREHMFHRE

Fig.4.6 The error of mean curvature of torus

4.4 HEFFRE

Tab.4.4 The error of mean curvature of torus

B/ME BXE
Taubin B Py KRE 1. 7187 14. 0504
Bt Taubin EE I KR E 1. 1051 9. 8956

FFR—#, NLEMNENERTUEY, SNEEERRERNTMRELET
B R PR RE T HENRE. ANERENRANS/MEEFHEAD. FREETLL
RALWRMEHRTERATERLE RELBEA, MRERKIRELE/D, FTEHAEIHK
A RIRE.
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= FAE BB A TR Taubin JT¥ASuE

4. 3iRESH

) —v, 2N, v.
MRk, = AWy ) 2y oy Ol BTV v, v, AR

T i e
R, FTOE, BN Sy, v, Z AR, v | TR, |, -y, kB
M p Mg 2 FIBET ol B/, TUBNT S 76T A p 4035 T, 003 2 3 T LA
2 s
@—<N >%ﬁum§<k()hm&ﬂﬂll2
v, "" Jee(s) - AIf
ARREATAL FAHE EURSERONERE, 20, FUBETL
B, BR—MARNESEERTANNREASARSET, TABERA, BEt

B AE. MAEERK, AREREEH. SXERBRNZEHTE, X LR HER N
B, EFHEMERE, WE 47, BERIMERKIREN 0.1786.

0.18

[~ ourmatos

017}

0.16

o o
2 92
- (3, ]
—

[=4 b
~

|

]

0 200 400 600 600 1000 1200 1400 1600 1800 2000
index of points

error of gaussian curvature
o
-
{3

o
- y
=y

o
By

o
B

o
2

B 4.7 TWAEREXHIRHEM

Fig.4.7 Influence of vertex density on curvature

Hoh, MR=APBRIMERTHEARR, GrRHEAER, DS X,
HLHBFMA, XHHEREBR. WTHE 48, ARMNMFE, MR ER R
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