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3D Mesh Segmentation Based on Energy Optimization

Gong Sijie, He Jiongzhen, and Chen Xiaodiao

(College of Computer, Hangzhou Dianzi University, Hangzhou 310018)

Abstract: In order to improve the problems of over-segmentation, obvious zigzag segmentation lines, and too
much human intervention in existing 3D mesh model segmentation methods, a segmentation method based on
energy optimization and distinction was proposed. Firstly, it used two more robust features, i.e., energy and
distinction, to improve the accuracy of the segmentation boundaries. Secondly, based on the energy, distinction,
and concavity, the segmentation points were found; by using the adjacency of the points, the segmentation points
sets were obtained; and the segmentation lines were obtained by refining the segmentation points sets based on
the corrosion algorithm. Finally, closed segmentation lines were constructed based on the breadth-first search al-
gorithm and the minimum energy principle. In addition, a Dijkstra type optimization method was provided to op-
timize the shape and position of the segmentation lines. Experiments on the Princeton segmentation benchmark
were carried out, and comparisons with seven general segmentation methods under the Princeton Shape Bench-
mark were done. The most important index, called the Rand index, is 0.21 higher than the seven other methods in

average, shows that the proposed method can effectively get more meaningful segmentation results.

Key words: mesh segmentation; energy optimization; distinction; concavity; segmentation points set

WA H 391 2020-04-02; & Bl H #1: 2020-10-28. B & T H: EEKAARFES W EIH (61972120); EH K & &6k it %)
(2019YFB1405703, TC190A4DA/3); E %857 F .0 IFHUEBI(BNR2020KF02005). 2B 55 (1995—), %, Wi-ELAI5EA:, BT 10N
TTEALETE 2%, BMmER(1995—), F, B-LaseA, EEORT mATHREVEE %, BROBE1976—), B, Wit #d, WAL,
CCF &5, FEZEMZTT W B Bt . 35 oL B LT 3T



12 TRV B BT 5 B 2244 %33 %

AR, BEE H AN & = AR R 1
PRI A e, —HERBIR ] B AR, BT
N F = 4EEE . B LESE | =2 A0 S i A AR
A Hod, ¥ RO = YRR T R R 43
By, 1T =2k A& A E B A R 2 A R PR i H bR
Z—. PR = G A o3 B R R £ (] B SR A,
AL At SR =Rt e RN
=Y R TINEE, H B e AT = AR )]

BT 43 E R FE $ R — 5 B LA sl 3R FNRRAE, K
YRR R M — B R EIRRE X, HA%
4 38 T ANAHAZS B IR B B 3R 4 B
KRECGT LIS N 3 25 55 1 2R R a4 R LA
TR AR R 3 T A AR 405 9 R ) — X, W iX.
e R STRAMSIE o058 T S I & < b N |
JUITHFAESZ M e e, 430 238 Sk LA 00, 18 18 A7 7E
s R RIS, o s BRI AR T —A
AR H bR R A3y, KoarEg Hir
KB EEAE. B 2 BRI TR/ IME RN, e
YRR I A6 dre/ME R U 9 4R 2, 3 3 i o
OrENLNGASIR 3 B R Ty, XS Bk 4 E 2
BASRZANELTRRE R 2. 55 3 2R5| APLEs 2~
2757k, 4N Benhabiles 251N i £l . HSRANIE
AR AR PRBUY SRR N bR2E, i Adasboost 57
XN T B B 1 7o o A I 2k, LLBLAE
REEARHIEAF B 4y B2, BRI Tk pefli H 2
JURHIEAE R 25 B R AE, (R 7R BEAE RSO = 1
LIS, AERTFIER RN ®.

TR = A XA AR TR A B R Y R A
ORI R, A SCHEE — R I T REE LA
X BBk, HhES BMa M b g
PRELHIE X, MR ENEVEN RS, K22
B AT RN R G LR B EE&; $2 4 —Fp
AE 5 PRAICE ORHIAR 2 RSP TS Z [ 22 5, LA
BN A3 AN [R) DX 3 i T . ol 1 ik — 2B A Rl o3
R TS 2ERAALT o H B b, B8 X 53 B pR AR
SFeERAS B T S Al 2 A X Z [R5, 5
B S A A . BE B eRRCS X 0 R
gh A, BEAA R = dERE TR 4 B A L pY i
Je oy BN B HER .

1 tHxXIME
SR SCT AR ) = 4E A% 43 B B R AL 45 4

HRIrik:
(1) FEF X A0 43 F 7 ik, H S n) A

T s 8 B 12 SOt T 2045 3 1 43 1 DX 38
JIN DR 3 A A B . ek Y 3 T DX K Y
P At 1) 9 OV St ket Al i B ) v A R AT
B, ARG R BN GO R BURIE L, Z )5 #E1T IX
B T X K ) =4 05 s AR 43 k)
EERIE PN b e S AN iDL
SR W HANAT X 338 4K 25 3R Khaloo 28N 10 A5 74
] VR Sy DSl < AR A, 32 i — R T il s
T AT RSP Bl R Oy XSO IRAICR
B, DL S o EA R, B TR
WGP s A BE L, 35 AN [ o - 5075 3] 19 43 351
AR RS A AR KA [].

(2) BETRESI TR, BhfesT
Ry, AR5 AR i R R AR DL B R /) B e D)
XS AT RS, Hu PR A 1l 9 LA R AE,
XF 2 A~ WA T 22 [] A AR R BE 2R A 7 SRy, 38 o AH B R
XFF243 [l T R 2 Tiao AU Se AR 4l LA HLE
B4 B /N R DU A o DX B T X35, AR S 2 B A B
A R AE R, AR A I R A ) iR
BEHL. Jiao FMHEH AL F IR L
B, B RARBURE IR R s AR, SRS A Hausdorff
PRBGE or AR, i R A ok e R A AR
BRSNS, X IR IO OB TR A Y
WY, AW TR E RIS TS 5
RO LR R, BT DARCREAR.

(3) FET MR 4RI 7 . 30 1o 4548 X 45
RIEAT A0 T, — M0 FH T30 SRR Il A A7
KB 25048 S AR R F R AR R R0 I 4 1
PR . 38 2 R AR B A RO B AR R AE,
I X TR B 2 = 2 X s A R S R T I
M43 AT X5 AR EE L 1 B B AR X AR AR R
SPX 3N R WAL T AR R, 15 3] —Fh
R AT I G & Sy B e Sl OE /RN
TR RS AE , (HXS TS5 M RRAEAS B 0 p R 2 5 Y R
R AT ENRE, B DL H S T 25 R R AE B o R A A

(4) FET 30 FHRGI Y 438005 . M TS s T
B JLAR] R AE 58 AV 43 81 DX 38 A 3 5L, i AN S 43 1 X
WA, RARFRENESASEER 2
M TR AR AE 22 (8] A s L. 38 A SR A S i O
SR — il U BB AU R BOE AR M {5
FEA MR AR AR, I T 00 B AR R
PRl B, X 07k A] LIS BB 6T 19 4
HNL, (RS s A5E 78 3R T A0 15 AR AE B S 5O B
973 0 DB, H G b LA 4R E Y 1153 X0 M P AUk,
AT IR 10, 5 M 7 P A5 AR g S 28R 2l — ik



513 SRR, A BT RERL A A =2 AR Y 2351 07 0k 13

2 RAXTE

B Xy 250 5 TLART R X W 75 L BT UR A L
AR SCHR G RE B PR EOE R Xy RS, R L2
PR EERRAE, 258 MY PR 0 ) A, e o
AR R A, Al e R R R IR
Oy RISIEAFRILAL, M58 BT A 53 8. ASSCET
X LA S 2 75 2R A = A AR AR A
T, MM AR RS, A
JIE R A TR Dl S
R TR S L AR I, 08l R 3 4 v s i S 4 3
S LG S AR A L OT R . HI T R AR
a1 TR,

LA Tu Svinga Iy
3
Ptk srEIZ
A H R iy AR
v
HE AT EIZ s

Bl Ak

2.1 RiE5E S BIEE
2.1.1 BEEITE L

X — A~ = 2 D R AR B 3 £ 4y, G b T AT
Ay 20 25, — 202 [ — 43351 DX 3 ) PR3 IX 3
CATZ B LT REAE AL ELAR S8 M #3; o5 —
IR HEI R Eryss, HEA & s, 5AFM
LR DX 35k A3 22 T] 8 TLART R iR SR O T M i 25 5
PSR, ARSCH LR —FPRE R EE X, BB
PRI SN F5 71 BB e pR 4R A o5 B B PR

EX 1. B e fl e, HINILE 250 e 1Y 2
AT mg Fom, S3530K 2 4 U U 1)
%w%WﬁWazémﬁ%mﬁ%mﬁE.m%i

PRECH

n e,

n, -n,
_ i j
E, (e, )= arccos| " | -

n, || n.,

BN 2. BB O WP fBIE LL O 1R
A WS A 0 s AT IUTHES, - p, o H i — A48
SR, piy N p TEFLAR U B LAY R — D T
Pin A p EFABBOT A E 5 — DT, AR
PRECH

Ey ()= Ee(piapi)+ Ee(Pipin) =

arccos {—np” el ]+arccos[—np’ o J
[, 1l | [, - .,

Horp, S RE & ek B A I — SR 2 TR 2 1)
M2E 5, MREEEBYNETOFR 2 DT AL TR
— TR DI AT BEME AR (B/DN); R B R Al 1A
— L A AR R S HARAR YRGS 2 SRz )
22 Sk 2 R, R Re R R TR0 5 L HT S AE 4B 2 A4 Ti
SUTH] Y S RE R 22 R R RE (AR KR I AR N
EHARSBATG 2 AT 22 A] — DY AT BEME 4L
R, BVHALTor#14 il gerERe R, R a i
REfRORY 2 AR SCRHZ AR FIS 2 A
Bl 2 Fras B s R 2 ANERA RS O, o,
O L A R (0 i 23 B AR Y R et ds K
2 BRI LRI R ={p, 1, p1y s Pim >
m g DIk o B s 4 € A L X B R, =
{le’Pzz""’Pzn} o n R IR T R R

AVA
VA

K2 AR HEIR R

2.1.2 XABER Ik

1 50 S 5 4 X
B 24, IROE R AR 2 /4 B
SV, TN REAERM I 2.1 b AR
SIRIBLIN 2 A6 B2 [ 022 S, TR 5
0Dy P R JUATREAE, 0 FG WA R, FL)
SR EHE AN AR A3 3045 MO 2045 R R
FRY R 7 180 51 43 0 255 5 T B 22 BB K. O T 4R
1 A 57 M, SR AR D R
MR IME D, T FRABEBA R 2 AT IK
B2 1192 S 4.

EX 3. B E,(0,, )(Ee (0, )) M FR
04,0 4RI, R (R,) 0. () 2 DY
Wit 3 F,(0,,) HECHL R, iy E

i=1

i




14 TRV B BT 5 B 2244 %33 %

=

O 52 11 BE

I |~

E.(0,, ) N X R, iy

BA B PO AT AR X R R EC

1 & 1&
D:ggag%d+zgag%ﬁ.
AR R, Fon 2 ARz R 22 R RCK,
Sy RIGBIERY 2 AR EIL BRI RETEROR,
Z, FoR 2 A B0 28 SRS, o3 RIRR Y
2 A AR 2 B AT REPER)N.

W R U H IR, SHRER
18 30 AW 1) T 2 e/ T AR A M X L AR
SCHR A /N iR AE DN, FEIX 43 BE A A B, 45548
Sl 5 e ) T o M R I RBARY 2 AN TR A
AT DA 10 A 40 2 43 10 a5 T P S B v R T
Extended Convexity Criterion F#£12% HI

P~y P-r)m,
7 — arccos

]
1

P, ~F, B, P,
Hb, B, () Fim, (m,) 5B KB R, (R,) o
5 00 B M3 05 c, <0 B AR BLEA H) o
M, ¢, > 0 FRLABIRE K.

L, HAEIIKA R T —E R, FL
I, DU 5 1R 2 4TI BRI R 2 43
TR A T 22 22 VO S T 1 40 58
DR AP AL 40 80 A B WRRIT, AR IE
VK7 B,

22 SEEEWER

SHAEIY, B ITH: 0 4 A T
1 ) FLIE 401 T G0 0 M7 5 4 8 3,
o AT A A, B B0 1 A A
TR LI I RS A R, SR B, MR H
b ) 55 43 A A B B0, ELR ST UCBOR R
B0 BT T2 W7 A P X R A T A 2
BB TG, K E RN, FLARIC IR
b, KA BRI T 1K, L, AR A
HEHR H LS.

HSRAS R CUROR S T 2 R IR 4 A 1
SRR HI, TR TR SR S R A,
0 A TR PV 0 (e R B 2 51
SR ARG 50 0 A B 77 A
L WA ICRRIT R DA 5 O
RSV, ARSI FLAR BRI O 5 A o 3
AL EEL AT 4R A 0 1B 5
FRIZAAMELA, FRICHI 05 B A B AR, T

¢, = arccos

n,

3R T CHUB LA/ AR AR B A 20 ) 2.

% f

. ) ¥ \ /

4 S / ﬁ’ \\

a. ML b. /NREARHY
B3 Al El s SR

23 HEILRER
231 R

i b B R R AL B AP R B TS 2 A HE
— R T B X G il A R LR Rl B
PEBI s, LAIKEI YR AE R, B 4 iR
PR, Hr, B hE X — D EE T &,
A DURAERIE AR AN, B R 33 [ AR H 1]
X hEMG. AR B FHEE X PR — MR E
x, ARF x XFRAEAR B By TR A% B
T ARG R, B DR E x E N AL T
BE PR ER/AME; X, BN EG X 25 250 E B
Mz S AR, LA RS AN 5 SR R

1 (1|1
HERE X
O[O0 1] 0] O0]0T1]O
{1 |1
0|0 |O]O0O|O|O
v [l
olof[1f{ofo]o|=
O[O0 }|O0O ]| 1 |]01]O
O[1 (1| 1({1]0
ol1l1l1l11lo0 OO0 ([0 O0OT]O0|O
O[O0 1[1[1]0 ololololol]o
0]0]10[0]0]O0

Bl 4 JE ik e R

232 SrEIEER gL

X5 2.2 71 TR AR B0 43 B S AT A AR DA AR B
Sy HEILRE. AR S TS A R, SR T
I8 3 245 4 A T) 10 285 ) 00 3 58 BRI TR 1. AT
B 11 200 £k 3k i ok DA P 1 4 S AR AR SR AR 1A
Bk, BB R A B 1 o BT R AE £
AR A B o EI2R, BRI AR X 3 2 P
EAT RN, (H R TR AR, A AT L 7
O 3 JRARIRNHEAT. TR R T R A
RN, R B AE A E A Y R A By



513 SRR, A BT RERL A A =2 AR Y 2351 07 0k 15

HIZe. AERAEp BACD IR T

B L rE R A k.

B WG E AR

iy, wikhorEIL.

Stepl. AE—A>15 T ni AR EE H AR ] B9 450 0 R,
P LA R TE R A

Step2. i JJj 4% H4 7T 3 e w5 DX AT A5 0 4 1 U BObR
i, TR E IR R IC i e/ IME

Step3. WIS e/ ME TR E 245 PO TS, SRR (19 5
T A3 B A S AR A, A P A 20 R R
AR, DR B PO TR R 75 K R/ ME R E 25
HL TR, T ol 58 A

&5 Jan 10 RAUBIRSFI /SRR AU (14 73 1 i 4R
MR LSO, 5 aTLUEH, difbs
RN R EAFAEVF 20030, SN A ) 7y
HURARIEA LR, SR A S RIZ 0 i i
AR /NP Sl KA SR T B, /N SE
RIEANRT 08 i f T 58—, It/
TESEFILAR . AR IR, R0 R A
B 2 R B U AR R IC A L,
IR RBRITA K EE/NT L5 95332, i 21A
TSI EIZ. T 6 JEAR T R AN AR AR
TR R A 7> BB 0573 SR B A 2R

2RO
??7 | /ﬁi.{ ﬁ\

a. KHLBER b. /MBI

K5 Anfeor sl AR i o FIZk
/| \ / "
’/ ()

Ve

I

a. KL b. /NAERERY

Bl 6 B85 HI 2k
233 mEILAE

%232 TR RILAFAERM G RO,
Tk R 3 o B AR B B H Y. WA, KM

(473 IAIE W & o B2 R kb — Nk gy, Ry
LB RER M B BbRiC, BA s AL AT —
FOorRI&. N THIEM G R, MORMIG 74
{14 3 s T, P ) A S A R A A [
RN TR R 53 b — A R, IF
o — % AR 0y 50 8 4 A B A ARG RE A A/
PRI, R IX Ak Bt AR T T A 3000 31 AR i 2 R B
N, IR IZES AR BB IT A TSR IC O 2 R A
ZARAE, R ISR S A A Rl
R, TR AR I T 2 M T AR 2R L
ARS8 AT, AR R B A T B D Y T S T A
EAFAERY > TIRA B, s 5 70 R AA 5y (4
RN, M ZmE AR, B 7 R T AL AL
AN PRy B P 2 ) A S

a. KHLEER
3 BB VOB e e i = T A

b. /NREAETY

24 HEIZBMHIL
2.4.1 Dijkstra 5.7

Dijkstra 5.7k 025 H 09 SRR 0 AR vk, O
T EIL S, AR B b — > T 21 A iy
AT P B AR, B EHR R — RIS A, RJE U
ARG S L SN2 R, R R B SR
1B BERGSA s, SIA 2 MEG SHU,; Hi,
BA SICR ORI R AL, F£E6 U Id®
AR AR e JE B AR TS . W1 LR AT S o HA R
Tha s, % EE AR B 1Y ORI U
FI T I AE] S, B3 S A 2T e
242 SrEIZ-E

Kl 7 BRI BRI, 5 2.3 TR RIM A A
IEVRAFAELLR 3 /R Ay EIZA e, HRihfk
Ry i 2l 1 1570 i o DS A o7 A 2 8
BNIE, ZBASTILEG h—5KknEIL. h T
R A E ISR A AN R FEWEIR, oHIg R E
TR, T X B L HE AT OG0 HA B AT
/NE . CYETECh W T = iR A
Iy EVLR BT ¥k R F Bh AR BR AR R Y A g
27 R PR BT AR R, T E AR T 43 I R
BRI IR B, H o FI 27 B R 3 i RS Bl R 502



16 TRV B BT 5 B 2244 %33 %

R, A SCHR Y —FhoBE T Dijkstra 53725 RUE Y 431
SR LA RS

X T — 4RI, RSO & L BRI BT A
A, %ﬁﬁﬁﬁﬂﬁ It H A TS AEA [
A *ﬁﬁﬁ%ﬂﬁ T A5 ) AL 1 35 5 0%
TS AAR ARG 2 2RI R, S, %
T B BUE R, — 4520 12 A9 SR H B 4%
I LT DU A AUEZ . [ 8 7R T — T
MIEAR 7> FIZ B BA AR RBUER DL, Hrb, i
ORBRZR AL B R 280d i — TR Y 2 2570
2, AHER I, RIZARTEUD, 7 BIZGHOR
IR RO, 232 A Sl 147 1o ) sl 7= o

B8 [l —ThA A AN [ 2 2 1 AR 0

PRSIk 1 e w5 Z AT L Ae X 4, B
Or R A AR B R B 2 B, 1 o A fEL R
KRBT G SE B PR 2R 73 2 2 18] (19 FE AR 45 AN A
A, BUEER ICE— DG — I BUER T E, 7
XA [A] 23 T A B AN ) Y B AR S S 0 K,
ARICINNy, 5 — 25 o TR b R AU 3 2%
I A TS A AUE R 0.30, BEiE TAUE
PR AT, K28 M o 2k B TR E AL R 2 B
LR R, A E A AE B T AT AR 2L
P TR B, (BRI AL Z BOT REIF AN e
N TSR NS B R fr UL e B, B R
{6, B AE SR R T B (B A Tt 9 2 0 AL A
XFGE, AR XS AN [ 2 B0 AN [R] A A AE i (B
Xt Fa BN ZRBE, R 2 A3 s 70 WS 5 2
AR, AR A 48 1] TR — A% R A B Y
RRCBVERAR. R, X R A RO R
ANE R AR, TR 5 T Ak 23 2k B AT
DAY 2 B AU M B 122 3 O B AR, P I 2% o B A
KA T A& B R, AR /) E R
W), R B, RS B RIZR AT RE M i
AR A B /N G AR A, BT 20 S5 45 2R B A
A NRALGE T, 23R (Lt Xk AN ] 20 5 2 i
Tﬂ%@ﬁ.@9%rT%Mﬁﬂﬂmmﬁm%%
BAE R AT ML, DUAL)R B RIZE LI 7 i
SRR, B T 2 Ak R A R —
A0 BN TR)

MIEL 9 T LI, AR 420 12 -3,
SERNAF & P WD B Ty 1 23 B R AR IR B A Uy

AR A M Ak, 3 Ud I Tl AR IS Y A Al i AR AT
et — A, R R e M oy B R AR R A
ZINEAY I ML, R e T 3 S 0 e B S AT 32
BPEk, PLk B — e o E ORI H Y.

w N /b”j;

a. KHLEER b. /B
Ko mRgiifen sk

3 LWHERPHR

ARICTTEFIH C++H1 PCL i e seBi, AL
fii ‘& & Intel Core i5 2.7 GHz CPU, 8 GB N f#, OSX
RYL; SCEBEE A ICA ARG . A SOk
e L PR ML DX oy BE B (E, S8 R A N R
MR RE R B BN R 0 X 00 B (Y, MR AR 245,
PL0.0002 A X ] 5E BE 48 1+ BT A7 X 43 BE A 450,
i 22 B AE [0, 1109 DX 40 B A AR 17 B, M AE A
ATHUR 2 AR A S5 A (B Ry DX 43 B 4.

K10 FR IAR SO IR T #F . FEF.
N KA SERI R 4RI 25 . AT AR, AR SOT
AT R0 4 E L A4 A N RS B <o/ IME R,
HBA BB # 4.

Bl 10 A SO B B 43 1 45 2R
BJ2, X TanE 11 FrRBAl b 40 R AR 2



513 RRE, A BETRERUIL A =4k KRR R S FI T ik 17

HONPSeE ) N s o B2 A R A R S
2, I HAAEDVER RIS, Wi 11 AT
TR JC 44 45 1 BOA M T30 T, X L8 R) 5 22
FELUE B TAE P fif .

a. KHLEER
Ko SRk b Ry HI S

b, AR

R T = UEAR SO R A R, R &
FEPEAG AR HE PR PEAG 25 5 5 RandCuts™!, Norm-
Cuts'®*!, ShapeDiam'**!, CoreExtral®!, RandWalks*®),
FitPrim™®”, K-means®7 # 5 B E47 L4

Bl 12 R 8 Ao B 5 e bR i S o T
4 MEARIIRT EESR, i, Benchmark iy A T.43
TSR 4 DV HEAR 73 58 = 7545 4 (Rand index,
RI), AR (Hamming distance, HD), HiJJf 25
(cut discrepancy, CD)Fll — Z ¥4 4 i% (consistency
error, CE). H, B ZMTEHR2E R, BEFRAHA
b RH R A B DX 2 ) AR AP, AR B 43 I 45
EEAR. RIBUNEUR), KR H145 R 0 HEwh 1
B (AR, W 12a AN, ASCTEAUKR T
Benchmark MJ53#I45 58, P HAL 7 Fhoadlnk,
VLA R R M B Ay, X T R AN [RDB AR A 1S 8,
I BERRAFRUT 1 4y FI 45 5. HD J2 B % 25 % (miss
rate of Hamming, RM)HIV BA45 15K (fault rate of
Hamming, RF)(E, HFEEIE AN T 0% ik
RAFH - JNEE R 5 N T R85 R 2 [ ek 22 5
P B 120 HEH, AXHTERN RF UET
RandCuts 77, HD Al RM % T HAb 4> %17 %,
KRS EERN )RRG5 AN K FWEIR L
B B gh Wt L. CD FHFirh /B i, H
A3, UL A F1 30 B0 7 B B HER, Rz, Ui
EIH A EBAER. K 12¢ WTLUE H, A
XITER CD (HRTHAD 7 Fhap¥I 5k, U& T
Benchmark. 3% 3 WA ST 09 43 H130 Bt g AL R
R, T LAN F e — 2 X 43 E) i B A B R R 1
Y. CE fufhi4m—E 1R 2 (global consistency
error, GCE)Fll Ja) # — B 1% 1% 2% (local consistency
error, LCE), 43 %l % F 4 J5) W 4% TR — 01 1% 2=

(global consistency error of faces, GCEF)#lJs)#f M
K% 1A — PR 1% 22 (local  consistency error of faces,
LCEF), JHI T 5 Benchmark 75 2| it 43 %1 45 5 2 ] 1t
BB 2. CEER/INER), VLA #14S
RIIRE R H R A3 2). IWE 12d 7T LLE
ARICTTHER CE E M RART HAL 7 MorE107 ik, L
=T Benchmark, #&BIA SOy ik Bl & 40 2 1S
B, SEA] LU — Stk SR B s 1Y 55t

0.24

o 016
E
3 0.08
0
F F &G S F S
@e? & & Q"‘Q && Sq& < d
RS o P ng ¢
ik
a. RI
0.40
o
1% 0.24
N ]
008 [y i 11 I
S & & & & & & & K
2}&'&0 60&% F Q‘@& &“5& qyy §§§ &Q(& ®
g &' > J
& TS S T
Frik
nHD; mRM; =RF
b. HD
0.48
.32
g
¥0.16
0

= GCEF; s LCEF; *GCE; "LCE
d.CE
B2 TR E7 PG SR AR (X L

4 45 i

ARSCHR T —Fh =M 3 HO 5. Bk



18 AU B BT 5 B

%33 %

BB B X 73 G 2 Ff B DA A (R RFAIE, - 4545 408 JaK
P A% 235 A8 B T P 6 ) 2 B, 23 R T R
CEID S IR SRR LPniE IS R Y EEE i) RS
U SR ) S A BEAT AR B e R L, A
AT BE AR S48 R Bk B i /)N e it D DU Ay i A
#Zk; BJRHET Dijkstra FUE AT 0 HIZ M0
e, R R R AT S NIE. LR L RN
T ARSI R AT AT B A Rt

AR IEWMAFTEAR K B BBk 25 0] 8 5, X
TR A B AR, A RE DR UE 4% 21 H
Mo EA S, MTRESEUR rRIBLGL, R, Ko
ATH R A 2 R Ry, BB A R A 5 ) A i 22,
oy TR R R, b PR LT A RS Y
413 S g N B o 1 V7 2 U 2
BRI ], i 4R i A O A TR,

5 % 3k (References):

[1] Alizadeh F, Sutherland A, Dehghani A. A simple and efficient
approach for 3D model decomposition[C] //Proceedings of the
8th Iranian Conference on Machine Vision and Image Process-
ing. Los Alamitos: IEEE Computer Society Press, 2013: 1-4

[2] Yan Y M, Gao F J, Deng S P, et al. A hierarchical building
segmentation in digital surface models for 3D reconstruc-
tion[J]. Sensors, 2017, 17(2): Article No.222

[3] Tao S Q, Wang S T, Chen A H. 3D CAD solid model retrieval
based on region segmentation[J]. Multimedia Tools and Appli-
cations, 2017, 76(1): 103-121

[4] Rouhani M, Lafarge F, Alliez P. Semantic segmentation of 3D
textured meshes for urban scene analysis[J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 2017, 123: 124-139

[5] Liu Yujie, Song Yang, Li Zongmin, et al. Sketch-based 3D
shape retrieval with representative view and convolutional
neural network[J]. 2018, 39(4):
735-741(in Chinese)

UER, K, 25K, % MEEEMA CNN 1T T
1) SRR R [T]. RIZEEF4R, 2018, 39(4): 735-741)
[6] Yang F, Zhou F, Wang R M, et al. A fast and efficient mesh

segmentation method based on improved region growing[J].

Journal of Graphics,

Applied Mathematics-A Journal of Chinese Universities, 2014,
29(4): 468-480

[7] Vo AV, Truong-Hong L, Laefer D F, et al. Octree-based region
growing for point cloud segmentation[J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 2015, 104: 88-100

[8] Khaloo A, Lattanzi D. Robust normal estimation and region
growing segmentation of infrastructure 3D point cloud mod-
els[J]. Advanced Engineering Informatics, 2017, 34: 1-16

[91 HuR Z, Fan L B, Liu L G. Co-Segmentation of 3D shapes via
subspace clustering[J]. Computer Graphics Forum, 2012, 31(5):
1703-1713

[10] Jiao X, Wu T R, Qin X Z. Mesh segmentation by combining

mesh saliency with spectral clustering[J]. Journal of Computa-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

tional and Applied Mathematics, 2018, 329: 134-146

Jiao X, Zhang H X, Wu T N. Mesh segmentation guided by
seed points[J]. Journal of Advanced Mechanical Design, Sys-
tems, and Manufacturing, 2015, 9(4): JAMDSMO0051
Hoftfman D D, Richards W A. Parts of recognition[J]. Cogni-
tion, 1984, 18(1-3): 65-96

Benhabiles H, Lavoué G, Vandeborre J P, et al. Learning boun-
dary edges for 3D-mesh segmentation[J]. Computer Graphics
Forum, 2011, 30(8): 2170-2182

Theologou P, Pratikakis I, Theoharis T. A comprehensive over-
view of methodologies and performance evaluation frame-
works in 3D mesh segmentation[J]. Computer Vision and Im-
age Understanding, 2015, 135: 49-82

Liu X P, Zhang J, Liu R S, et al. Low-rank 3D mesh segmenta-
tion and labeling with structure guiding[J]. Computers &
Graphics, 2015, 46: 99-109

Chen H K, He Y D. A novel part-salience-based approach to
fast iterative 3D mesh segmentation[C] //Proceedings of Inter-
national Symposium on Computer, Consumer and Control. Los
Alamitos: IEEE Computer Society Press, 2016: 311-314

Chen H K, Li M W. A novel mesh saliency approximation for
polygonal mesh segmentation[J]. Multimedia Tools and Appli-
cations, 2018, 77(13): 17223-17246

Ng K W, Abdullah J, Ng S L, et al. Snake-based boundary
search for segmentation of 3D polygonal model[M] //Intelligent
and Interactive Computing. Heidelberg: Springer, 2019: 537-546
Au O K, Zheng Y Y, Chen M L, ef al. Mesh segmentation with
concavity-aware fields[J]. IEEE Transactions on Visualization
and Computer Graphics, 2012, 18(7): 1125-1134

Stein S C, Schoeler M, Papon J, et al. Object partitioning using
local convexity[C] //Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition. Los Alamitos: IEEE
Computer Society Press, 2014: 304-311

Jung M, Kim H. Snaking across 3D meshes[C] //Proceedings of
the Computer Graphics and Applications. Los Alamitos: IEEE
Computer Society Press, 2004: 87-93

Chen X B, Golovinskiy A, Funkhouser T A benchmark for 3D
mesh segmentation[J]. ACM Transactions on Graphics, 2009,
28(3): Article No.73

Golovinskiy A, Funkhouser T. Randomized cuts for 3D mesh
analysis[J]. ACM Transactions on Graphics, 2008, 27(5): Arti-
cle No.145

Shapira L, Shamir A, Cohen-Or D. Consistent mesh partition-
ing and skeletonisation using the shape diameter function[J].
The Visual Computer, 2008, 24(4): Article No.249

Katz S, Leifman G, Tal A. Mesh segmentation using feature
point and core extraction[J]. The Visual Computer, 2005,
21(8-10): 649-658

Lai Y K, Hu S M, Martin R R, et al. Fast mesh segmentation using
random walks[C] //Proceedings of the ACM Symposium on Solid
and Physical Modeling. New York: ACM Press, 2008: 183-191
Attene M, Falcidieno B, Spagnuolo M. Hierarchical mesh seg-
mentation based on fitting primitives[J]. The Visual Computer,
2006, 22(3): 181-193

Shlafman S, Tal A, Katz S. Metamorphosis of polyhedral sur-
faces using decomposition[J]. Computer Graphics Forum,
2002, 21(3): 219-228



