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Abstract

Benefited from the development of 3D range scanning and related techniques,
triangular mesh models have been recently becoming an emerging type of digital
medium. Digital Geometry Processing based on triangular mesh models has achieved
great progress. Features - Sharp edges, corners, ridges, valleys and prongs - has
become crucial part in mesh researches and applications. In this thesis, we introduce a
feature sensitive framework for mesh processing, including its theory basis and
practical problems. As examples, we demonstrate the benefits of feature sensitivity
for parameterization, geometry image, surface fitting and remeshing. Further more,
we use our framework to solve some model comprehension problems, such as feature
extraction, feature editing and segmentation.

Keywords: feature sensitive, mesh processing, parameterization, remeshing, feature
extraction, segmentation.
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7 T A A 0 A B A T A5 ) 14 P38 217 P 1k e
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X5 1T ) AR RS A UCHC S R AR 000 . RS 0 0, 2 BB A A .

HEARAFERE I e &, (FUE o T RoR G2, PRI 2148 s
FEARE] LR H & 2% 2 Stanford K241 M. Levoy F-£5 (1) Digital Michelangelo
Project ([Levoy2000]), 1%l H d ik — 484 — Y F Al AF F — g s it
SERL T —EE RIS ) S AR JR UG E PR (BLHE David £4)BFE 100 12
ANZ L 40,000 HRE A EE, HdEsii®] 7 250GB. L David & (B
1-3), ®iALHE 20 1242 L TEH 7,000 MR 04
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1.1.2 MgEEp R iR R AR X8t E

HAMTE, 21078 WA AR T R I 4 B e E e i, X S8 v s
ARG WS E — . 210 T8 MRS BE AL m] DU B2 RPN I 2 43 %
(2D-manifold in R®). —iMi 5, ZIAMMERILIH S =M, XEL
TG A% R = AT PR AR CBRARRAIREI], DU IR R BB 0 = 1 B M
R,

=AIE RSB M n] U X6 1) 7R = Jc 4 (V, K, P)  ([Hoppel993;
Hoppe1996]) . L, V ={v,,v,, -, },v; € R®, FaR R I3 AN TR A 1K = 48 LA
ArpR (FE[Hoppel993]H, i JU[sEH, geometric realization). K J& & /¥
R 3. THIER R R 4T (simplicial complex), B HELL N =
ANy s AR 2N 1,2, -, m} (O-simplices), HIAHARTH 4 {i, j} 4
ki (1-simplices), H1=ANT4 i, j, k) M (2-simplices). & 1-4 WoR
T =AM B e PRI S B 23 [ A4 BR LLAMW SR RS BINEE S, X EfF
A BB (diffuse color). 7% J5 1A (normals) . SUEEAR AR (texture
coordinates) 2534 4@ (scalar attributes), WAL FEEEANTHIIAF 2RI . 1YLy
A& HUBME (discrete attributes) . — ki P A& P IR & #1218 AR K )4

AT B ) R A
]

K 1-4 — =SB R ) Jo) T

LIS, = IRAL(V, K, P) M AR IR I 46 1 220 T — AR (R, v
BT RBT AT ILTES B, K HER T R A I s B, P e %
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FEARTR SCIFFT I R

T AR AL B A B 07 ik S
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1-5 ZHEACHITAE T Q)R — Ay R A BRAE Y R A T 2 40 1

(b)7E— NGRS Z A 45 R EAR AR (1 80

(1) S8k PO BR AT LU A R 25 (A (K 4R TE , DLl 255 16 A B o
(1077 T2 5 P R PR — A S5O0 A R ARt B AL 7 T,
BEAT NI B M BIZ 500 (6 < R®) 194 B o B8R, Ak
THOL FAAE AN | RE A SR L) LTE R (Ui s, Wi
FHARIL A, IR /NS ) A Jgtda s LK LS B o8 el <5 . A,
RIS HA TR R R b PR L5 R Tt AR E AR A fE
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1ES B8 ERILE JRUAE A AR — B0 S8 A AN R L 2 — A
Mo HEE ZAME AR S EI A R S M 7 4% (genus) A G: i A
B 5R KT 0, WITGVEGR L H 5 P BRI —— XY, DA A B 2
DA o) 75 B0 X A AT V) 43 OBl T AE W [Erickson2002] . [Gu2002]%5),
Ty I7 1T, RS- T s K T [R]VR 0 RA%, 04T V) o0 th Re AT 4G Z 300
RORARGE (HLEHAR N o RTS8 T SEAIK RSB, — B PR 24
R AALTI 7 — e RS B dh . SO (S B S H N 45 L BoR
IS EUE (AN 1-5(a)), 53— Fho7 ik 5 — 5k B8 AR R A A TR 208
FIRSHA I 25 R R B CanE] 1-5(b)) .

JUATES: LT G E—FidE TR IS AL IS [Gu2002] . K5 Mk EIR1E
B CSRIARR VER . Bt QSR WL S Bk (1 7 VAW E— ki
SRR s b AT IX 380D, I AN DX 355 P 1 39 B SR A A7 145 B
15 ZN AL UG 1) — e B ARRAE LR %o LA 1 5 RS R U7 158 F LGk AT
it BAL R = AR A%, ARSI (E 1-6).

Original (500K faces: genus 1)

Reconstruction (PSNR=66.8) Normal-mapped reconstruction

K 1-6 JUTESR, 7Ze: pREREEHAL, bk ABREJLTE S, ke RIEJLTE S
PRI A URTRERY A b RIS AR SRa BN B A LT A

(3) HHEBAE: RIS [ 17 TFE (reverse engineering) H i HE - [Varady2002] ,

o PR A% IR B AR AL AOAT 2 o — FEOR U AU B30 SRAE 46 o 181 60 44
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A6 2 THT PR A T LART 2 22 CELAn 350 I A 8% AN TR A 45 2 THDGT Y. R IR R 15~ 07
D /o W BGART PG 73 AT DL R =P BR: BB 2 i
T EW R B WA BAESEdl, WU B AR X L,
RRETRF PRI SRAE SO I 1) 2 BBt e i s AR 45 il T (R i (W TE 02 2
oD EXN IS U— R R AL, AR A il SRR S Mk
BRI BT AL S . — 26y REIEYE (Wi[Pottmann2003]) 5 T 55 0
S HA T, AR — kA2 G R i SR RAE f BIPLAE i () Bt
NS EAEANE D H S5, i slE re 7 e 1-7.

Bl 1-7 WA 1. 2 R, 40 B REARIUL G IS R

(4) PIMEMEERM: RSN PSBREA A AR R b, s 4k
FNEGHANIERA, e T RES A AE /D IRIBEN s AFAE BT AR 22 10 = A1 Fr
C— iR WS Ak B 7 3 18 K 40 B R OE = MR by, i T
BRI/ BT < 0.0L IR BB =AM BT Fr, 237 S RE M S I 45 2,
WATIROX R =AM R ZE M =AM D), SRR S, Eil R
1 A RIS SR B, MiE T SR AR AR, AR NI
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BRI, B, — Ry St P S AL E . SR R I LT P AT VR
P35 R I A 22 ) AR /M B R JL AT BT IR A 3K — S BRRR AT I A%
AL H A e I PR AL A 32250 & )[R PR R LAY Cisotropic
remeshing) 145 1) S5k (K1 A% B4 (anisotropic remeshing); [ & B K153
=M RERBIT IE=MIE, Ja sk kg iy 2 —Fh g th 4
/N7 T B R CanEl 1-8) o [FIFERY, FH 15 201 i 2= B0 A 2
(R TR R, TR Rz B8 R R 28 U)ol kg of 1 2 PR B SR A

Kl 1-8 M E MR K, ALY David sk, Ac: #1n) [P 9 ks T AL

e HAAOG R 1 LA PR EE R s A e &Il SR RS FRY . (B3

(5) RFAESRERSHFAE RSB £EXT WA I B AR R rh, — TR S B A A2 A
B PRI R AE M T, X ELFRE (ridge, PR AT 380D
(valley, PHILE KA ) ™ Cprong, DY R R T8] 643D 25
XPREAE PP ORI R AR BT Ao b i H X BER A Fr B, T IEAf 0 R0 &
TR, —28420 () T 48 W.[Ohtake2004], K 1-9 Bon T H A& R,

(6) BEALAMEY: BB AL — AN PORS FRAR RS o BREFRRE RO AR M 23 il L
A N M, M, M, HIFAM o 0TI A —d, w2 A
P Lo B 25 8 S0 AR 3 B ) 5 BRI L R R T 70 1 5 — IR D B2 B
F R E RS AE . B 1-10 SR 7 — SR o) (1 4 1
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B 1-9 MRSRAESRIBOR MG 7, O R, ANt

Kl 1-10 R RG] T, AR AR MR b AN [ R Bk

1.2 JUAHHERIEX R E B KBS

— RSBk, BAARRIE R LG S TR, AR — AR,
THEARAIE, A3 HA G 205 0E BBz mb . MR ANR) L,
AP KT BRIAE R THADGH R B T B A S PR AR, A3 A
AEFE 2R IR BB R RA L. 52, EXTMRS I L, AT N
LA LLAZA I ZL ) T, ) I L R 2 A SRR AR T AR B H 1R T LART A R R ik
AT Mk AR S, 7 H AT B AR5 ) Ee — AN . AR Z 7, i
(registration). F M4 (surface fitting). MA%FE ) (remeshing) 2551, 5
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B O &R O RR ey e At i U5 S . WIER Dy insk, ks
J#& (feature sensitive) XA T]VI kA 22 (1 H ILAE [ s — Ui 18 SC A A it L

AT, R DR i AR AT il RO R s e (E R KRN R
e AR IO, R, SRR IR R AR I, iR B ol . R
FRAEE — AN N i — 2 RS, X5 DB B Pt — 2 1Al
24k AELHZETXE, AR IR T 2 18R )5,
SWAFIZA R (i 1-11).

FEE oL O, AT Y

REAETE o i e

4 1-11 HAE: 2 U IS

A UTAE R (R AR AL B A, AT LCRERFAE 20 9 PR CAD BRI 3 7 A
PRI S S B8 PR R AR AT AR PP A2 A (P T RRFAE

(a) (b)
(4 1-12 JRBUOIAMRBLIA A AL, Q)P GERER TRBUNIL: (0) ALl A2 A A

14



‘$4Ej?ui$

TR R B RAIE, SRR E & 2 /D REEMTBOR, R IETR 2R
LT RRAE, AT R A o o X REFAE EZALE: R A e T A
TSGR RBIIL (sharp edge), #l 1-12(a); Al = F UA G thigAHAs 73
BB 5 (corner), T 1-12(b). 3X HLRIAHAZ AL 25 wh TR A8 IR 00 o

T B RRE, — AR TR G rp . XS PR R AR
S o T S0 e TR AR B 0 ALL, TR AR W 48 IR S i il B RRAE, 31X
BEREAE AL 1) i 20 A R S, X — R IE B dE: F (ridge), PILAE
(BB S22 (valley), PRI m A I B S MIBA 2R ™ Cprong), DY FME
AN W SR X e 8] 1-13 Fios .

1-13 %} Asian Dragon R FH FRATT AR AR S HN A R B il &5 1
FELL R, WO, Larm
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1.3 ERFRfIRE=

1.1.1 IHFERIHR

BERLRFALE, 45 0l 2 20 b e I 2k ﬁ?%ﬁMw > JLfA] Cdifferential
geometry) [ K E fF[Porteous1994]. [AIt, JH X JLAR AR 70 2 1 1l 434 L 1)
I FTRIRIBCRAIE S, 2 [FIZRRIEFE 6 IR o T FH %) I A B o s 7Y
A B HOh i R, JE—B s AT, ISR 5 3 1 0] 2 Al Y
HEAT JR 0 (R B 4 SR () b TR, 8 A — 5k o' i () 6 =Xt T el 2 4t 1k
SKAENT B ECBAY 2 JE A I I e AR TR b ) SRS A A AT R T R g3
M E— 20 I R R IR

I TAE s i B B AT AR ML T/E Wi[Ohtake2004] . 75K UL, &7
ERINT —FRRZ A RBF (R4 )R 2 ]ORE () B =X T 4805 777 7% [Ohtake2003,
Ohtake2004], # BSfik i (FEABATSCE L, dER1H M M X)) A —
k2 ROBE BRI F o 4k o Je i 2 e i b1 R py i il i sk $e se 14
BB o MV AN B A p, AR T AN fi R X B 1) B R T T
DA% 1% i A8 7 1) 1 S 5

i “"> Do o) ) il ) ()

B, W AW 4l bR AR BN R AR A G iR A
Aﬂ)%ﬂﬁﬁ$ﬁiﬁﬁﬁ?%ﬁmﬁoW%ﬁﬁﬁﬁ%ﬁ?%ﬁ%ﬁuﬁ,
PR R AT I T IR S R ok . 45 RIEIS LK 1-9.

XA TEMTAEH 7 2 )] G 75k, s 3017 2 % 1%y
ARSI o A BEGRFALE T o TR A LS T — A R I B it 4
GO, TR R AR 2208 i HL el T8 T 0T it 2 04k oF R 56 0%
TF, S EEMELLEFE Crobust), [A] I 7545 B T-R8UEk (sensitive to noise).

Sehr b, 0T Z2BURHIEA OGS, HE B DR T iR S, AT
HA BRI A9 m. B, A — 8ot ie s 7R R AL &
Cintegral invariants) &A1 {4875 [Clarenz2004a] 18 o 5 H 1% L AR 43 A AR
0] DU S — SRR O S, EARAER R an ) LTS B R T3 m Sk
k=g = e
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1.1.2 PSSR LA IR R

A H A B T2 00 A AR R AR T LRI 5, — R BROAIE S AR 0 T R S 1)
il ERER— LA GE R SR I — SO IR BB K SRR S B o X B T AT
ARERNER) TAFAT

(1) MAEEdE (volume data) HrdhHURFAEBBUSE I M 4% [Kobbelt2001; Ju2002]. LA
[Kobbelt2001] () 77 v A ), & 1-14. 7E4L 48 Marching Cubes Jj i
[Lorensen1987] &4l f, A —ANHh Al v 5%, X T i Ky, A
H R IEAR SR X5, 76X 6 X ol 1ol % Jin— L6 SR8 1 1 0 A sk SIZ B I A%
FRAE i o XN BENG B 0 R i vk CAD A58 3044 Bt 3] W A% e 4 Ak e
FEAES R IR R) @, [Ju2002)48 B T BE LR I A5 TP B, R b Bk
Bl — MR, R T2 AR I B R 22 1)

K] 1-14 [Kobbelt2001] 1 H iR 45 1iE U 1) I A B2 HU %, 22 Marching Cubes 7514 145 R 5
Hoe PR R OIS I AT g s A G, SOOI INIIARBUAL T, el s

(2) #5 fE 80K 1 W OA% F M 5 vk [Vorsatz2001;  Alliez2002;  Alliez2003a;
Alliez2003b] . X L6 % 4 J ik () SE [FARF AR A Tt FH ) P s A
Jiide, AHZRAEET 0 HA H AR AT U0 IR IR 12 DI i 24 F Ak H A
A7 b Can S LK e b 20040 B w30 BLZ Ak e 0 il R 749 21 ek, 1
NEEARAL B AR, IXFEHAE A BT —— i R AR 1 X SR RS R, R fE—
— 2R g 1 X3 I A R 5 TR AR o B AN [ 11 il 2 A kg 5 ) [R] 1 3 RS 19 31
ANTR] PR PR A% FEAL) SO L U i 456 v 0 o 5 D00 R A5 380 oy A DG 19 % o [ 42 Y
% (I 1-8 1), TR U7 i (4 il 28 I R4 2145 1) S v AR (&1 1-8 43D
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(3)

5 A AU (1) I s 8 e RO T 7 1< [Bajaj2003;  Hildebrandt2004; Polthier2004;
Jones2003]. X8 AR s sR 70 R RBE AR BE A IR AR, T 7E /N ROBE |
=B LR B 5E o XA L SUR R I B X 43 T R AE R 75, 3 5 i
() TAE KB I T 20 M E e . B 1-14 o 77 TAER—4
il

S a8

(4)

original noise removal sinooth small features smooth large features
narrow spatial, narrow influencenarrow spatial, wide influence wide spatial, wide influence
(or=2,0,=02) (op=2,0,=4) (o =4, 0,=4)

1-15 'RPAIERBURR KT RS DB S RS DB, 7 RS 5
A =B AR RGBS IS BT 2 A R RE EE RIS, 2R

e TRAE ALY 7 F 55 [Katz2003; Liu2004]. — ki, B 7B mT
A3 A 5 T DRI ) 43 NS T2 5 (1) 73 1l o e T2 45 1R 40 1) 7 ik R R H
G HREAE h 2R, VR 2 X RE REAE I 2R A R o B R 2 AR s T
JPEMEVI AR B A, H AT bR BRI SCER I Z W 5 —Fh 72
BT DRI 43 80 7, X Bh 7 V2 B R E R e SRR s OB 2
(IEEES, Z JaRt s b Ak PR s v S TR (R R R CRl T S 2 S AL
(1), 3 L B BB R 8 CATHL o d S P ), PRI — A k- AR SRR 5
%, & IR B IIEAAT B A 1)y P o X I i o B I AP IR A T X
O PRE R S ERIRE R, H AT 2R Ak LR B A A R] (0 b PR 2
(geodesic distance) 3¢, I HIX Pl b PR 25 1 e SN %2 R IR S,
BT 072 (500 st 2 2 DI R AE X 4k, P 1-10 B T H v EBs b Hop 5k
(1 —Le gt B X BCRATARAEAE — L ). AR 22 S0 FH AR AR T 7 1) T
FAVE R MG EE R, A A EFE; T2 AR RPN I 2 18]
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RIBHES A, AEAFI A B H ANBER 2, Xl A 20 S i MRS BEAT i 4k, 2%
I3 v B G AR 11 v AL S, Rl i, el mi i AL R, B
INIRPRFAE RS HE LA DR AT, AL A A0 LASRATAR 40 1) 7 1 45

1.1.3 XMFEEFMFHEZ B X RHFR

AT V8 SCH A I BB ME SR 5 SRS 1 ey [l v S ok S L R it
20 S A — LE AR AN R AL B AL () (1 — L8 F- B DIk, A7 2 AEIX
A — NI T I RVRFAE 18] DG AR BT LA

[Cohen-Steiner2004]#1 T Gnfa] 5 4 (1) ALk 2 1 119 1) A0 CGRABL- T v fj Ak 5
e, FARAD BT @ B AR LR . X SeRa P Al T A2 401 Llody (1958
P, ARG LR ZE (A E RS B, FEESIN T ik mfE oy —
AN JE R ARHE o

[Sander2002] A\ 55 — AN %% T3 ) FARFAE IR DG 2R o IR SCROKEV: 1) ik
JEAE MAG R THNX — e IE b U —AMEIAE R® WIS 5 - & AT 434,
A REAF RN RIBRAT TR IE UV LTI % (5 3 %) AHALI &5

[Pottmann2004] 45— A H T K WA i 1) R® 2 1] g JEAR, (E SR S w
H e XA A M BRI, O H A T SRR, TR
F 7 T (R I DT RRAR /o

1.4 R ZEHIHEA

AR SO A2 PRRFAE RBUR ) A A AL A2 o

B TSR R BRI A SEAT OO R, R 7RSI s O
A Tz 1R H AT E e BRI SR

5 T 23 O B AR R AR U AR AR B A BB AR, EEHE TR
B Sy MESLN U B R LR BT AR SRS ek v 2 38 3] 1 i ORI
IR TT o

B TRERBUR I MR S B S, KSR ] S LA ]
%\ RIMAUAE,
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BEXRFEEIENNE

F_E HEPEZHIAR
21 FSEE

X FARNTE R AT —AN C, 3L 4B @, X FARf[—sixed,
B A7 A 1 n(x),n(x)| =1, AR X — A e — i S B RS A% ) o
X, = (X wn(x)), XHEwRE—ANIEGURHE R WX © A A — AR (e
S, WA @ E— IR R® AE M R B @ o I HEE R O IR
7E RO A (M) N (W i T BE &, FRAAG B —FP . FRA o LSRN FS BE

(fs-metric), HF A R® 25 [AFR A —A> FS 23]

HRAE FS R P HIL T Bw, —BeRUE, w1 VAR L
5 B RE R, Rel i), ME w=0H, WI5E4ZmikmmER, - FS
AR AL N = e (a) A R T, FS AR R N = 4ERR G AS R, FIRFAE (1)
X, w2 N2 JUEMEE, AR R SO NAZ AN R RE . 75
2.3 71T w R HRUAEL A A IS 1 325 S B FLAR IR 2347

2.2 FS E=8) L4
fEIX—7, WAVFLATHE FS B FS ZMLLEL &, LA ET. J0A] R
INBESY TUART IR 6 BE RS AT TR 0, XS FRATT DA AN 5 45 R A A

T, BT E R A 2 DA 4 JLART 2% &R [Do - Carmo1976] F
[Pottmann2004] 1 1] — 2L gf B, AT H L% e — /Nl @ e R* S LKk
X(U,V) o DU TR b b (o )5 S AT A | = () W

O =X, 01 = Uz =%, "X,, G =X, €
Hrpx, . x, AR xFu. vi—H S35,
DAE AR 10 5 LR HER, B2 D AE FS 2] A IS @ -
X (u,v) =(x(u,v),wn(u,v)) (2)
ZIEFNERME N 1, O BWAETE FS FRINIEFE: x,°+ %7+ %" =w?
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BEXRFEEIENNE

gl o L Mg. c(t)=x(u(t),v(t)), HESEPFI KRR,
u(t)=(u(t),v(t)), XM, HAEFS 2= [a Py i i &, Lk
¢ (t)=[x(u(t).v(t)).wn(u(t).v(1))] 3)
SEIE Pl & ¢ v BLH R U
(¢ )2 = (Gy + Wy JU? +2( gy + WPy UV +( gy + WP, )V 4)
o
I11=nu21|12 =l =n,-n,.1, =nV2 )
s T @ 2 = FEASTE AR R (20 s 7y DL i o A I 5 A 2 — %
AT
M = 1+w Il =(g; +wly) (6)
WAERATH% 18 FS Bt rp —SE R B it, Pz —J2 FS A
it Cdistortion). 2% L& i i 2 [F) ARy ARF, AN T o 380 gt TET @ YIRS A i SO -
a:x(u,v) X, (uv), HA(o) GEE, MllZEETrma=(0,v)E M) &
XN
AP(u)=¢,% /¢ (7
A LUE B M2 AE FS 23] 5 = 4ERR [ [a] P i) 0 H . AR (@)X, ATEA
CEIF
A% (0)=1-w’K +2w*H«, (1) (8)
Hr KA H 43900 @ 7R (W = i i #8 (Gaussian curvature) F1--J3 il 2
(mean curvature), «, (U) 2&#& 77 a G 177 n] il #% (normal curvature).
S R ZERE, X AN R B L S S
WA o 1B i o3 B Da 72— R > RO LY . X T @ E—six(u,v),
F B S )P B LA RO O R BT B K, 2Rl S D, K BT FS 2% 18]
o BT X (u,v) PITREBA X (u,v) S i — I K o R
N Ay W BATE K il REgRE. H (=12):
A7 (0)=1-wK +2W*H k, =1+ W'k, 9)
XA A @ b x(u,v) A T2 AR S AN T . K a3
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BEXRFEEIENNE

AR TR

Rk, Mo, B O KB o AA R M S ABE S . SR [FRE T LU
ik Do WS R = ZE 2 TA] AR I | o AR [ AT R il A 1 A, 1=1,2 0 XSG
] A A o /S i 2R R 0 1), R DU PR O il 3R ) 32 1), FRAT 1A FH X S A
[ 5 5 X LEA R 2R AL FS 2 Ta) vp I Ze >k nT AL FS 23 (Rl — 284728 . 38
SERTRAI S5 R, BB B FS 2% 8] R A5 BE 28 A1 ) AR AL R 2 ) 7 [n) B E A
Ho WK 2-1,

] 2-1 FS 7 [m] R Lk, m DU 3155 B2 Xk DL 0 1) AR AR 2 3t X

e, WAV FS 2 P I 78 FS R R o MRy

A =I det(l +W2III)dudv (10)
AT EEE

A = [ w (2 +12) + WK 2dA (11)

Hordr dA 2 © 75 =4S A P AT TG 2 w R RAE A%, A, IR KRR BE bk

A, =W |K|dA . 352, @, LMD, ITTEUT I & 1 X B D

At (K=0) M ERERVIMC. Bk, B2 w AR KA R
fo, @ bRXEE D BT, HAE FS BT A E ) .
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BEXRFEEIENNE

2.3 —LELEAEXRMETRITIE

PA_ BT iR A S FS B SC X C, FELL G #h i M B it ier o B 45 Al
JERH)EEN G -

(1) 78 FS JERRSCN, S EE I E A7 ) fi 285 PIAHOG: HJ7 [n) il 26 KT b
I3 KL R AT B s W57 170 N3t 7, S e 5 R R

(2) £ FS BERERISCN, XS T AR AR M vy A0 Y s DI AR OG- A g 0 o 4 K1 3
J7 s TR S SRAR RO A T /N s, TR A5 RATR AN

EREAESC e, BATT AL B BTN AT C, BB R . R 2 X A A
R, HREDRAE Cy HE LML . 5 FE B TRATAL BE ALY 2 0 JE SR () B O AL, A
PEBATI 75 EE A — LB R AE FS S MR IO A, BATieie T
ST HE B w AL (1) ]

2.3.1 FS T EIAREHEE

WNFALE 2.2 TPRERI—HE, 28] C, L 6T i @ n LA s o s
3 FS A3 E] I BAERT %, + % + %2 = w? e

g O =(V, K, P) TLLE BUEXN @ (5r Bl Bk, 71 FS 23]
A, BATTIREH 23 B PEE B @ " AR R ©77E FS AR . O L~

L SCELIF
(1) O FRIREEEY , NP o, 58] FS AR AERV, ;

Q REFOHWHPXRKMARBEEP, WAV, BV, 143
@, =(V,,K,P), Mk 7EFS ZMMNIHE.

VE R MR AN 2R B B rU O o RS B RAE A L, i
SR RE— AT RS B RIFE R b AESCrh, TR B2 RifE FS A
B RE R IXAN I = AN TURAE FS 22 A IR IR RSB AR OR SE 8. FER, 15
YK FS 22 18] A R AR AR e = LI FAMUER I i A = G228 A R T, B
BT AL o TR TR AN R R AR FS S ) Y AR B AR AN R EE 2, R
PRI B AR JUAT AR BE b AN 22 5 A ] 1) 7L
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B RFLEEIE)

Zx

2.3.2 RERAFRBFRAR

£ 2.3.1 o, A7 — A EERETEEAAE, Bl R AR R A FS
23 [A] ARG AR BN RIS o 3X B AETE B CAD B R RFAT IR AR B IR A AR B
(RIAA RO I B T BE 2 RIS PR AR B DI, VR T A TR, 72 FS 5 1H]
A, XS T BRI FA TR 7RI 8 I Ak Hi s
25, R ISR (blow up)e ZEREIXAE ERAT, ARBE AL AR B I 1 A AE
FS ZE[AI N BRI 2SIl SO It I T kb o BB, SRS L m] ATy
IEH IR RRAR 7o “K R BRI i 2-2 B

2-2 R TRBUFLAMRBLI A i TR AR 84, 22 by b RBUMILAIR B
s ZE Ry R “REOR” ZJRZM T AL REFIME: 4F: 247 “K
Hok” BfE R BOEAES AU L, T DERIZROE D (Bl SRR T KA XK

CRHDR T AR AR LT

(1) HIRGNIZLRIRGLATA 7 X T CAD B8, Ll 1 i AHACAE
SN I D29 NG St BV G RN 7 b SRS ST D DN e S e s S R A ey
AR R, DR E TG BAIEA LU LD 5 (@) PRI
e — il e, BTATHEHKINET HRRAET BEN My . XT3
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BEXRFEEIENNE

ARG BLAF . TERREIGE S . J R BUURORI (kUM CAD B et
SKEH P R TR AT SRR A, A S 5K R 77 75 S ) 2B 01
B, BB SO B T e 4 R T . 76
HIRE 2ottt AL e (kA m . K A m FL e T ELAT T 5
He SRR, SRR T AMEMT O B e R AR BRBO s B
m A, S TR AW BB 4 m A LA v A (B
i: 5 [Jones2003 14 22 Ak ). (D) PRI 3, ALY > 8 I S
e ORI = 4Bl LRI T AL, MR R . (@)
AR AR WA I 2-2 s B, A IR 0
SRR = ST A 7,0 TS24I Y, 7, /(27) < cos(B/2) I
I A0 i 2

(2) XTHr 1 w7 26 P BT TR o) B T2 ——(a) — 45 B a2 P IR T s 0k ok Y
1155 Cin-path vertex); (b)—2% i1 (1) s F% R 1213 3 (path-end vertex); (c)
G B SRR LA S (boundary point); (d)ff £ (corner), 7E(1)H C.4:45
BT ROE; ()AL A, oM A Cordinary vertex). XX TiZs s, (b). (C)-
@) IABATATA A, X (@) AN (d)HEAT (3)F1(4)  Hiak IR A

() “KHIAK” HF X)W HER @A) AT, BA LR, BIFEIX L N
b VIR TR R AR . A (@) DS A BT, fEAE FS &*I‘EUV\](x,wn’)iﬂ(x,wn*)ﬁ@ﬂj’(
iE, ARV AN @) 5T AR AR AR [ AN TR T KA 05

X' :(x,%(in +(k—1—i)n*)j
Hi=0,12,--k-1. 7E(d)2E 3T, 38 v 55(d) 2 o) [ o A 16138032 1)
KAt TF (d) 28 R TR RV v, IR () 2R AR L) — 2B 18 v [n) (d) 28 A T0E
H R AR AR (x, win ) 38 (x, wn ), AP B Ak B () 2 A AR i Vo i —
AN A KA R

(8) FFR AN RELAA: ST AR ()R RO, R Ok e T
B, Ho—dm i @R, 1 0N (0)BR(C) 2R, MPKRE ()R s K Hiok g k
AN R A5 i AT s T SRR AT RS s AL () 2R, PR H ok
IR B AR RS, JER—METERS (grid), =Ml 34iR, 2K
2-3(a)fE 2-2 Zc EAZE Ko X FEA )AL, Jok (d)Imailii(c)3s
SRR, ARJEAEMGE LD )5, IRE(d)RAE &, TR R R A
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BEARFEAIRE

R DMRPURGHY, SR =4k, 20K 2-3(b) A 2-3 b LA
o

E,
Ar P
A,
A
B,
(@) (b)

2-3 WIRREBLIAANE A AR, B DK,
R = G I, T bR AT 2 5 BER 2 W P I

()44 B, A ALAB, 1% k = 3K Hisk: (b)44 4 21 D, ik = 4 K ik,

233 BEFRE

H T PR B AS B S e e T AR R B LA, AN R B, B
ERATAEN, W 2-4(a). 48R, R R il LUE I A0 SECRS A (14 P A% & I B
HAE I S 1 B WU SRR A . BRIEZ AN, EAFAE— PR il T s
RS BEAN , AEAS48 tH  45 R B AR e YERI e 7=, B0 i T4 SR T-Pepe
TR BATIE S, W] 2-4(b)o ANEEME PR, X R AR B AR 2 AR
WA, B [ B EATAR 2 2238 AR REA T OC T A 25 N gl T D' IS5 T
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BEAZEALK

K. B TIRZ .

")

K 2-4 P LR, (@): A CAD BB (1) BEA RN By Hk %

CT) e 7B HLSE5 (b) S Feliime 7 ) 3 i 7

MR SC SR, e s thm] DUA Bt /D R IR IR . JEHOEAE HAR <311
X358 A ) A DA S RO PR AR A K8 1S AT T 7 B

LEFRATEJUATAE BEHESE T, FRAT AL w kAR IR ST R AE RS, — Bkt
AT AR ) wAE AN 75 o 9% T w M RIS R, FA IHERT i 1 749 &
LM T WER O LTTVAN T p o h T IRFF @ HIBORIFEIRERIRDN, A1
T wR b o, BMEHT pw RATA5HT ) wE

FERAT SR R, BRI R AR i T A5 AR L BEEN PR 1E T 1,
AR5 A TR R AL (0 75 SRR RE wRIEL . FRATTFESL IR TP AL, X T — M
(RIS TR e HO0E I PR R AR 988 15, w B AE 0.01 A 0.1 22 Ji] I & K 73 A R B R
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BEXRFEEIENNE

I, i dragon HEAYH HAEH 0.05 8% 0.07 I wi. 7Ef5HIMER T, FRABL
T A wAE .
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BEXRFEEIENNE

FZE FEMBNSHBUAERETSHU—LENA

3.1 FHESRRSHUTAZE

AR ZEANITERE AR BRI RCR . —BekUE, S TTES A RE
BRMWANHAR: JLJE (conformality) FILREFEIF (area preservation). i $& 1)
ST JRIRVIE B AR W 2B S HCF T 2 5 Re8 DR E FIAE I KD TR 3R I A2 IR

BB B TR AE RS 2 S50 11 2 5 Re 8 DR FF [RIFE IR R/ e —BOR UL, 1X M
A HFS AT REF N SEHL, PRI — B I B8 7 VR S X A H bR 2 8] 55K —
MV (tradeoff) [ Clarenz2004b ],

BATME I 51258 T [Sander2001] H 34 1) Stretch Minimization 7574, {H
SETAME FS FERmAUE = 4E S RR GRS fe . LR W

TS SHN=MIET , H =T RSO ARR p,, p,. P, A Py =(S 1) »
I HEAAE FS A3 a0 AR R 43 3002 0y, 9, O » T _ESCEARR A p = (s,t) 10— 5
XTIV FS ARBRAE A7 5 AR $e i SO VAN -

S(P)=({P.P:Ps) 0 +(P,Ps,P:) A, + (P, P1 P2 ) U5 ) /(PP Ps )

o (a,b,c) 7R =M ¥ abe TR — sy

Ss (p) = (ql (tz _t3)+q2 (ts _t1)+q3 (tl _tZ))/(ZA)
Sc(P) = (0 (52 =)+ (8= 8,) + s (5, -5, ))/(2A)
A=(pyP,P;) = ((32 =) (t—t) = (s =5))(t; _tl))/z

YIS HOE A K 1) S R AT BE1S B AR FS B R Bk

Mg N AR E AR ED « yo RIS
r :\/1/2((a+c)+ (a-c)’ +4b2)
7 :\/1/2((a+c)— (a-c)’ +4b2)

Hrpa=S,-S,, b=S,-S,, ¢=S,-S,, Xn LUl 15 Jacobian HFE[S,, S,

(W) e Kb /N AT S AE A 3 o ARFEIXANME, Bl € XT 1 Stretch JE:

L2(T):J(F2+y2)/2 =/(a+c)/2

L*(T)=T
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BERFHEARS

XTEAMIEM , &L
()= 35 () () /3 A

T,eM

L*(M)= nme(T)

Horb A(Ty) FoR T 76 FS BEaE N IMTHAR . FATH L2 (M) 8 L7 (M) figffk,
&N, 53152 stretch minimization [45 5. % 2L 45 R ICHEE
AT FRAS 2] o DRI L FRATI A DL R 2D R
(1) XA — PRI a5 25 1 .

(2) W= v A [ AR T, XTI vIERE— AN REAL T 25
B ERTTE (s,t), 2 vIISEEAEITT I EREE), iGS v =M TE R
stretch {ELJ/IN  CANITT A (11 stretch E Bl 2 J8078 )

() EHE(2), HALWZ L, B stretch {E /N2 H—ANE M,

AT EE R 3-1 s

K 3-1 Wor T Maxplanck AU FH FRATIRFE BBUB R S804k T 1445 21 18 25
B, WA HEZSEWEL0,0.2,0.4 N ZEAL IS5 5, IR E4T H A
MAEE R LLEH, SH g RuE iR K7 g KA g T . XS b
RIMBLET . HLAERHEX AR T RS0, KIS — LR e A ¢ 1
Je A E AR IE USRI

41 3-1 Maxplanck #28 EAFIERUR IS EALET R, A4 w735 0,0.2,0.4
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HEXFEFIE0NE
32 AHEMELTER

JUT B 52 [Gu2002] F H gt Rdiriliad o vy S ESE T i0oks M R A
RIS BB 280 L, TSR 10 05 0Re ) LT £ 6 B AL 2

TR LRI ) LT B S AE T T 55 [Gu2002]—FEI 5%, HE SRR
LU

% 3-1 UM S i Sk Oy A

function Cut_and_parametrize(mesh M)

Remove seed triangle.

while there remains an edge e adjacent to only one triangle ¢
Remove e and £.

while there remains a vertex v adjacent to only one edge e
Remove v and e,

Cut p := remaining edges and vertices.

if only a smgle vertex remains in p then
Add back two adjacent edges to p.

Straighten each cut-path in p.

Param ¢ := geometric-stretch parametrization using p.
repeat
[ := Floater parametrization using p.
t := triangle with maximal stretch under f.
s ;= shortest path on M from ¢ to p.
pﬁ=p+&
¢’ := geometric-stretch parametrization using p'.
if stretch(¢') > stretch(o) break.
p=p o=d.
Report cut p and parametrization ¢.

FIEAS RN, oAl 148 FH 47 1E RUEK ) stretch minimization 22854k 520k B4R 5
SR geometric-stretch S A1k H 1.

AT — A e BB B HE BT 65%65 Zp R i LT %, 2> WA FI AR &
AR BB RN B A R AR U I SR ARG TRATIANGS BLIE JRU s A, 2l th ok ik
xRt P 3-3 fior. [ 3-3 2] AN 45 E OB SRV 45 20 1 J L A]
BI%, T T H T IR A REAE S A FBOR, ) DA R PR I R A 2R

32



BEXFHEEIRNE

T SRR CE 2 T IRRIRIL CRIGERILRED. 1 33 £
9 TR BOR SEA BI JUTR B, R IR A LR ALK, 7T LA 51
24 P B JLAT S 5 S B 0 RRE 6 8B 40 i R 0
R TR I0LAT R 2098, (R S 2 A DRI i LR AT (R B 113
R0 BRI (LRGN, BRI T RAT 0 R 2 RIL T
FERTRN, AR, HEAEDCIRS BRI 2 SR IR 025 VAR IR L
PRI

Kl 3-3 FHAEBURI LIS, /. 65x65 SRAL A HIRHE BUR K LA %,

Ai: 65x65 [MIFFILRBUR M ILITIE S, T LUA BIL AP R 15 Ak D4k

3.3 HEHBRMEREIES

KINFUAA T7IEFR 02 FFESC i THI——0 5 2 B #£4% Nurbs FE4< I THIZE S 40
it Q(u,v) KIS KD . — L Varady2002] 55 4 AT JLAN 4R
(1) ABERR AT SEA, A A RS M 225X 35 D [
(2) 25 H UGG 2 Bl e 2 4 T A H 428 5 T00 A (ci'j)i‘éﬁiﬂ 1) 1 o1 4
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=E b A -2

Bl RFEE1E%
Qu,v) o BB, B FEAS. Nurbs FEZC SRR 4% i THE 3 BAT nxem AN
TR, IR B il T s 45 i) AR S5 MR TR R TR o FRATT I T 1 220 BBl o o) A
H ARARA IX Le43 13 T A R

(3) FEMIHEM EREMLIH— SO RAE i (R 2 Ik B4 25 Tl sl SR AE A R 8D,

M CKAE P =(p;), HXW NS EIEAMESQ=(q;), VLN "k
(least square) H Fre& %L

Err(Q)=)(2(a)-p,)
(4) ERTF R A BRI (o, ;) AR E S, LA EAEQR) T D2,
A m] DI S AR ) T i A B /N 1R 2 Err o FRATIAE FH ) 02 iy i 2R g
AR

TEFRA VR AE UK PR LA 7k, AR — D Al T R AR U )
stretch minimization J7VA1E A S TE, @A T, HQ(q,) Meip, 1t FS
2% 0] R PR IR PG B B SRR R 28 ) N (A B, BRARAL H bR A«

Err, (Q)=2(< (a)-p,)

Kl 3-4 FRILBURIRI G, fo: ARGIEME SR, Th: RHEBUR & 45 R
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BEXRFEEILNE
B 3-4 Bom T HAD T AR AT R A S5 R, A1 H AR 30x 20
PEBINE B FEAC I 1. 2B AL SIS THAR B G 45 0L, W LLE
BUEE . IRIGSFRFIEX S, S RORARR 02, A ma R B AR k. +
B A PR AR BRI A S AT B G R, W] DU RIRIS W L AR il X A
B TARGFIOORRE AL T RS 45 R A2 i T

AVEFIERBUR R LT B, IR RO (1 28 5 vk, AR IE X
AT TARKIISEX, XRS5 2 P h T g i 2 7
XD, A AU 0 A R R AR BURF AR X S A T o RIS, AR A
AL 73 I B DI IR P I A /b, (XS T2 A0t ok U, R 2R D
R TR B 8 A 6 2 I RLE 1 B X e A SR B T LR, JRATTI S00on
T DX 5 i T LA
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BEXRFEEIENNE

FNE $FIERRMEERE X

4.1 FHEERRINBEWE L

FH TR 22 I 210 N FH AR T TR R g X A% R0 1, BRAT 8 o 2 — e
7E FS 25 [a) N & 1 [E) PE R A% o Tl TUA FS B i KA itk Hbr. BT FS
21 TR PR SEARE R (V0 O, A A3 TGV A FS AR R 2 [ P (1) KK G 3 i
MGG MR IE ik . GIbils, FRATEm AL R T 2 TR 718 30 1) W % A 77
%, HRBRARW R
(1) WILatk, FEMIRE LR BEALIT o> AL A
(2) WFIXEL SR BN T, PR Z e R B AR ORI R ), R, HE

WSHB— AP AL R AR P2 S R 12978 0D,

(3) WFIXLLTH fUIE B IEMH 40 M X R

NP TR A AL R0, JRTE RS 4 R e R R 1 — e
%, Eath g R
4.1.1 REYE (Error Diffusion) 9% HiES

PAI 18 FH i 229 §e s (Error Diffusion) [Alliez2003b]2K 2 A 414G & . F ]

A AE TR T B4 I BAS — AN A 0 oA, FRAT M8 A 45 2= 9 WU v R BORFE

T

(1) HEEMARAE FS 25 a1 (K R THIARL S, X MURS A ALy S, 116 T TR A9 4 W o3 A
p,=nS;/S, HrnRRERFEN AE, BEALI—ANTH T, /BN FFURTH ;

(2) MIHT JF4d. R T, WBENLE p ] A0 FFH p NEG 2 A py o B
NBENLEr, FHr<p, WAEX—AHN LI —A T, AR 2= E
Err=1-p,; #r>p,, WIANXAHHNFWBERA ST, RN 4R ZENE
Err=p, .

(3) iR ZEAH I BB 5 T AHAR I R A R E L TR . B X IX L,
S AAEAEATT IR AE En E Err/d , i d Ron— A UMK . Wi
4-1 oo

36



BEXRFEEIENNE

(4) FRICTH T, C R T, A T AR SR LA AR 0 i e H — A
JUBTAT, . e 2. BUARM E BT IR g AR

0@

trifluent (seed) difluent confluent cap (end)

| 4-1 Error Diffusion 7~ 7 &

FH T 55 5 T DR A SV AN S T R BB AR RE A, DRI A R X R e A
AR ZEY HURVERI AT o R BT B R R RS A, ) FH e P A A ) ik
ZY WA, B4R L[Alliez2003b].

412 RFNH

P &AL e m k. LRI B i R . nTRUARS,
e BRIEENZ )5, BAREMIA A dl A2, BN AT
MEF A0 0, BemZ e m RN B i B AR A 1 A

X AR TE [Witkin1994] Hh B A -1 ib B2 AR AE 1) [n] j——1 H e )~ A =
1S —HEIE bR 7 e &K BN A I A (8] oAt o BT SER T 1 2R B s
e

FE SO R T8 (R 5P FE PR 2

Hrbr sy, 5 v, 78 FS B IRKICEE 2, o W — A4 s —Buk
W, 25 0.3\/(surface area)/(number of particles) [Witkin1994].

iz*ill‘é\ ﬁ%%@ i&:
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BEXFEEE

i=1 j=1
N TIACEABE R, B Hi /e AT LISR e T 48— AR 7
(KB H, e LU 2R B e o K1 A% AS 51 PR S

iil2
P'= aizn:r” exp(—‘;—l‘z]
i o)

o AR B AE[Witkin1994] THEUE K 6, {H2 A 1R IAE FS 45
[ XM R, I FRAIL I I o = 3.0, FELE R N

XA ik RBUER P B, 85— 2h, Av, +P By, , Xt
— AT ACIXFEREAT o I —LE (501 50~100 0) Z )1k, m&REW
93] FS 23 [a] N 550 A KL T

4.1.3 HEEEMREINCR

HTO&H T AR A4 P, IUAETRATI 77 Bk + IR A i 4 b %
RIEFK, TTEAERE, BAINEE RN 2GS G MR M AR A 34T
1 ERAR AR

(1) 7ERGRBIIM R — v, , BUE I —M4038 Geod, , i fHIX AN4B3K Py
FTE s 3 v, 10 FS B8 F i 25 (geodesic distance) /NN B
I IR, BRI LA E A A H AR RS K1) 20 £5) . b B DL K 4T
BRSO ERALE 4.1.4 WA B TEA AN

(2) *tGeod, et 3 B 24k ¥y Conformal Z%4k[Gu2003], XHEFRAI4S 2
15 i v, BT —AN iS5k . iX—2h, W Geod, fFEAE 744 0 11
PR, /2 =1, 25 1NFREAME GBS B AR RS K 2-3 %), T
WA v, BEEARINSRMETT, J8GE v, fG B (L).

(3) # Geod, W IKJ T AL TR SIS HCV- o R eI i — L O a7 e 41
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A Brief Survey

Feature detection and classification:

Features, especially feature lines (crest lines) have been discussed from a
differential geometric perspective [Porteous1994]. Feature extraction can then be
performed by estimating differential quantities via local or global surface fitting (see
[Ohtake2004] and the references therein). These works are mostly based on curvature
and curvature differential estimators. They discussed the situation that the curvature
on a single edge comes to an extremum and thus identify these points as feature
points. Their feature lines are detected by flowing through feature points in the
direction orthogonal to the maximum main curvature direction. These works are
pioneer. However, curvature and its differential are usually sensitive to noise on
scanned model. To improve the quality of the differential quantities estimator, implicit
surface fitting is often introduced to calculate these values on the discrete mesh
model.

Some other approach that avoids curvature estimators was studied. Aiming at
higher robustness, feature extraction has also been based on appropriate integral
invariants such as moments of local neighborhoods [Clarenz2004a]. These works
avoid estimating the differential quantities, by calculating the relationship between
integral quantities (positions, normals, etc.).

Other feature sensitive approaches:

In other aspects, feature sensitivity mostly has been investigated in connection
with specific applications.

Feature sensitive surface extraction from volume data was studied in
[Kobbelt2001; Ju2002]. By introducing a feature estimator, these works perform a
feature preserving operation at feature areas, which would preserve more features —
especially sharp features — in original data.

Feature sensitive sampling for remeshing was introduced in [Botsch2001] while
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feature sensitive remeshing was studied in [Vorsatz2001; Alliez2002; Alliez2003a;

Alliez2003b]. These approaches use a curvature estimator, and make connections
between these quantities and traditional sampling or remeshing approaches. These
methods can lead to curvature related isotropic results or anisotropic results. The
curvature related isotropic results would generate large triangles in the flat area and
small triangles in the feature area. The anisotropic remeshing would make triangles
sliver at feature areas, with the long direction of the triangles point to the feature
direction.

[Bajaj2003; Hildebrandt2004; Jones2003] describes a feature filtering and
smoothing approach. Their works concentrate in the curvature in large scale. By

ignoring curvatures in small scale, they get a feature preserving smoothing result.

Feature related works dealing with normals:

Almost any work dealing with features incorporates surface normals, and there is
even some work which does this in a way which is close to ours: [Cohen-Steiner2004]
aim at approximating surfaces with help of Lloyd’s clustering algorithm and a
geometric error metric based on surface normals. Apart from the fact that we do not
base our FS-metric on normals only, this is related to the FS-metric. However, the
authors of [Cohen-Steiner2004] do not exploit the FS-metric and the related image
manifold in the context of a general feature sensitive geometry processing framework.
The image manifold is also related to curvature estimation based on normal cycles
[Cohen-Steiner2003].

[Sander2002] mentions that normals can be considered as 3-dimensional signals.
In this way, they achieve results similar to feature sensitive geometry images
described in our paper.

Overview of segmentation algorithm:

Image segmentation is a key step in image analysis and understanding, and has

received much attention. Its counterpart on 3D surfaces has been studied only much

73



BEXRFEEIENNE

more recently. Segmentation methods generally fall into two classes: region based,

and boundary based. Segmentation methods rely on estimating local properties.

Boundary based approaches use special values of these local properties as
candidate locations for boundaries, and regions are deduced from the located
boundaries. These works often perform feature detection first, and then a depth-first
algorithm is introduced to pick up regions.

On the other hand, region based methods, however, look for areas having similar
properties, which define the regions, and the boundaries are deduced from them. By
defining a distance function, all the pairs of triangles on the mesh can be assigned to a
distance value which is calculated by geodesic algorithm. Various operators have
been used for estimating properties (e.g. defining the distance function). Some
methods use discrete curvature estimators. Other work [Kats2003; Liu2004] uses a
combination of geodesic and angular distances for similarity measurement, angular

distances being a function of dihedral angle between adjacent triangles.
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