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Animation character model segmentation and labeling
approach under the guidance of hierarchical structures

Li Lin, Tao Tao, Liu Xiaoping
School of Computer and Information, Hefei University of Technology, Hefei 230009, China

Abstract: Objective The precondition of a 3D model retrieval and synthesis with semantics is accurate segmentation and
labeling. For the 3D character model widely used in games and movies, we propose a method of character parts segmenta-
tion and labeling for animation based on a priori knowledge of the structure. Method After the structure rules of the anima-
tion character model are generalized, the rules are formalized with a hierarchical knowledge expression that can instruct seg-
mentation. The regional growth method is used to detach the model parts layer by layer when the extremity detection and the
boundary judgment can be guided by the rules. Simultaneously the parts are labeled a semantic name. Result Our method
is tested on the biped / quadruped character model through the structure rules description. The segmentation results are
character components that are suitable for synthesis. Conclusion Compared to other methods of character model segmenta-
tion with labeling, the result of our tests indicate that our method has more obvious parts, which can support model synthe-
sis and has good extensibility to animation character.

Key words: animation character; hierarchical structure; 3D model segmentation; 3D model labeling

W Fs B EA.2013-09-22 ;& [6] H#F :2013-12-13
EEWA : {E ARPEERIUH (61070124) 5 228 HARBL 2 E 4T H (1208085MF107)
E—EFEN BW977— ) P, AR TAE R A AL AR Ll i AIF T A, SRR 9 o MBI SE 5 A ML

E-mail : lilin_julia@ 163. com

© [ K G BT AR AU A



0956

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.19,No.6,Jun. 2014

0 35

T

R, Sl el & SR, 3 AE Sl A Tz b
AT shm Ak, anfrF e A/ 3 4EM
S0 e A T 04 A R R il B (B T A T
BT SCHEE (MR, X C A 3 imi A 40 A A6 R AR
AR R R AT g DR T7 58, T 1 2 R
LB ORI SARC Y SRS . A SR BT
Sl 3 G f X — X R RR — Rl R A
B H et AN BRAY S A B S hRIE DT

B3 R T S AL IR 2 LA i 48 A 5
BURRBD T rp i — AN JE R AR 52 [n) 8, 5 6 5 1
L o R R 0| A L 0 K 7 e R R
JELHE R AR B 19 A B4 25 b JLART R AL il 23 2K e T
U RIS MR OTIE S Ok Sk E
Fto JroKIE TJ5 vk 42 Ry WL 2% , AR MEAS B A LY
FRAE I 2 R s BRI T 5 1 17 4 J&y , HLH A e 20AR
MESE S, EE PE AR, 2 5 Bl 7 LA 5 Golov-
inskiy % A T RKCR KM T 8RR
HE T 30— o) 85 5 7 45 A Laplace 3% i A
FHAIE, i 1] Mean Shift 677 258 T — Bk 4>
5 AR 4 Jag ) W 08 A5 3 o ) 45 2R A g D
ANBET R o DTS SCH B KT X
AL, AT LR 22 JRy LT 4 i JRy 3 B0 48 R 4R
Lavoué ™ & T il 524 Ay A AL K Aot ; 1 i 262
N gt SR ) A = 5 LEVY A A
X A SR A A A G of A e o BB e T, S
BT 2B K Bk 48 AU e W A% 1A
H2E Voronoi [ 73 FI Bk, I JH 2 I8 IX 38k A= 4 3 5K 73
RIS o AEAL B B A R A T, — A
% T A TR LA AR BT A

LA G o FI T I 25 R P B R F 231
SRR S, AR R KT AL T3 28R A 2 Y
AR AR SCTAR (4 H b 2 287 A A AR e 1 A 6
TESCEE . P AR A T8 SOPR I i 45 R
FHE T RZ Tk ARG THT I EE
I, 4R TS B4 2 S A EI L5 R, Fan 2 N1 R
T T AR R RGE, 7 AE AR b g A2
AT A BB 40 F 50 A Au S5 i AR A
B 122 S — i, G5 R R HE A R
BT AR R MR S, AR B T A B
SR IR . N T A RIS RS ol LIRS P 75

SRR B 4% AR o B T 2 T
i, ANE A A

3 2 2 Z2 A TR AR 1 43 B S T A )
RIS 3 8] SARIC T . Hu 2 A0 IR 0
SRS FH BB 3510 - A 5 43 1 0 24 R S B A
RIGEST IR R, X 2 BIZ R R B RA &
YAy EI 45 H . Evangelos 45 A i i 25 1] 2 3
YRR T A3 BIbRiC 5 64727 20, w] LAAR G Hh 4331
B 2R 2T B A TR AR, 3 Sl 3R sl i 5 12 )
FHRTIA A 35 T A >R 5235 ) S A5 0 P 7 A A0, 42
o AL SRR 18] B T [R) SRR AR B 0 4R e
HERTHE ) , (LR

Ui k55 5 A0 A st A 8 A R LR, 4
FAEAR A BB — PR 5 22 3 4R 2 o) Bds , R A
FA €0 G2 10 45 R R AR H A, 0 0T S A i it U
Xif ) 286 45 44 Ff (0 R 4T 1E B 20 0 0F ARl . SCRk %
B, Nk R85 1) 56 56 R TR 43 BRI A 5 b s mT
KRB, U R L4, Xue 2 A
il T B 2B A S 00 0 e SOBOME 42, X I 24 MR
MRI 3474 253 5 5 45 1 ; Hassan 26 A T i £
S HARE AL 7E K-means 528 JLA] 23 1 09 2L Al 1,
B A2 8 MR JE 47 bR e, 48 5 55 A E
Voronoi [ BEATIEAL 5 F A8 45 A7 5 7 2 0
HbBE S AT o SN AR 4 B 5 R F AR L A9 1)
SERG R EA TR

[RIIL , FEI%% 3 4 8l i £ €0 1Y) S 50 1 i—— 2 IR
SRR RS 5K IFan e ) 2 R AR A XA K
Oy EI AT T — eI TAE . M IR 1 7R 2B
B R AT R 2 1) 2R S5 R T8 T R S A U 1) 1 SCH
SE A XA R AR A5 2 ) SR AR X i S it o
THE X BAE R LRI iG55 3) Zhim /8514 2 A
X e 0 AT R R HE AR B A AT, R DX R A K i
(28 1k A

1 HERBHNERGHRERIE

1.1 HERBHEREN

W LB Sl (030 R AR/ DO R A A
Yy, BARTE G UL WA VE 2B H B, (R AR 2
VE—Rh 5 Ae - Sk VKT R LR Bl F2 A, s e i
5% A TCF SRR BT, B — BCRAT AR,
B RS o X SERI A 7 Fd R ok A M ER 29
RS

© i [H IR I T AR T A



$F19%5 /$E6H/2014F6 B

ZFith, 185, XRE / BXEMSR THMERBERESE SR

(1] [ere] - [mern]

Dr2] [mera] - (vl
P 1 Shim £ — B g5

Fig. 1 The general structure of animation character

R LE TR P -

D)6 SR TR SRR S iz 28 A Wy Ay
AN PR, AR 2r ) BT 25
FSEHa A] BEAN TR, Uy B A5 2 0 AT A
AL R BED) 70— A -5, X Bl A HI W i
FARCEE LA A 3l 73 B AS 0] REW 19 .

HRPE IR R T 25 T AE— R B X i T 4 i
FRAEIR U AR TGS 201 B LR 7 A — E ) 45 =
TR A @R R R — BT 25 R A A Y JR A
RS R AEAR I S, 47 A B 2 Sk T s 30 e s Ak )
KEAE I BNZRI— AR

UnTEL 2 7 Je /INBE S B Sk TR 1 gt , JC R
RO TR )=
B level=1
level=2
level=3

level=4

level=5

|
|

level=6

Remaining

B2 PR ERE
Fig. 2 The level definition of quadruped character

2)RFFE, KRFMRG TR BRI
KEF I —Le L5k, A X 2845 Rt AT 70 H1)=
IR Pes P B R AU P Al TR S SR IR IR A BEE SN
A TN R IR

KA LATR A FRAR A 3] 30 12 U
73— WA E, QY 2 A Sk SR S R, 20N BE A
RAESr IR, TR A HAB TR R RS B T 1 AR
HERE S, AEU NS ST 4 B AR (19 70 F A 5, Sk 4
REZH =R T T R E S T
T o XA AR AN A, AN [ A5 21 Y
Sy FZUCATREF AR, (H R RERE S . P 2 X
2T 2 A O e R B — N2 UCE X

KERFRB S —ME R0 B g e b 4
B8R BEFNZE 125G B ARS8 H AR ek 5L
1.2 EBREHHRIE

el AR 25 55 28 PN i 4P >Fe 2 1y sy i £ 2 1 S22
S50 AT FE R R AT, AT 3 R ER A

1)< target > </ target > : F /N %= wb1F 47 #)
S

2)<start > </start > : LI AR IE R AR FLIN 5

3)<end > </end > : LB KL RYZ LRI

RT3 MR AL S Ja P LA B I
7, H, level . num, symmetry FlI weight 2 %§ {8 2%
JB1E, name 2 F 45 H & P, distance | direction Fil con-
nect fff FHAEZS [V 1 09 SCPR BT A
SHAFAEZS ) F BT 25 1, Xof BT A7 592 36y 1) ) €0 455 BT 3
17 PAL SR, R I A (040 A 25 25 HE S 7 )
9 Y IR 1], R DY R A, RS G ST O Y Bl R
T3 18] KT 18 2 X AT 1)

F1 HWEREREE
Table 1 The tag attributes of rules

FRE JE M 9
level S ENZ R/
B num ZJE T
target R
symmelry ZZ BRI FRIC R AR
name T AR
distance R S 00 S S G AR
st fREE VRIZ A 0 5 FOA 2 A S
1rection N
KR
weight TR ER 4 300 SR AE X3k
. ¢ APEBLBE B A
- connect RZ R A TR 4
T ¥ 1puS

2 HEBLTHEERER

2.1 i

PO . T 5 00 b B 53 3 05 A 4 b 2 1 A< 0 10045
(R, B £ €2 0 R 1 45 b T 52 Btk A5 R
SR L X MR T Viitaly ™) 630 01 00 Mo 5 2 3t
T R A S T A AR
)25 (437, T T R € 07 (37 A A % 8 9 B — 3,
T LA A5 Y S 0 L A 0 B 5 3 S

© [ K G BT AR AU A

0957



0958

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.19,No.6,Jun. 2014

F R

JE R ZE AR R A BB 5 S O 3 i AT T
(R, —FBEA D0 T 2 R 38 A Jt 9 2K 3 4 A 4 i R AR
B R B, AN [R] Sl A RO i 2 e Al A
FRATE A Sy AN — JE 2 24 BT B2 B R AR, X
T ) PR B X R S e A R A )2 Y T G
FOR G BRI o SR SCHR [ 17 ] Y 75 46 A0 de Rl
b B R v T+ 22 U (40 43 DN b R
FAT RN LR, W) 4R B D de ORI M BE B, 42k
SRy, SRR 58 43 32, OB %8 43 S AR TR

BRI 3B P € LY distance Fl1 direction J& 7,

LA target FRZE AT symmetry Fl num JE . ), £
YBUI%E 0 7 S Jr 8 AR 5 N b B B e R TR, AR Sy A
3] 1) A S AR I AL

nEl 3 g RS E 1 RIS /R o3 21
S ETESE 1 JZ R0 53 I I 0 3 00 K o a5, R R
HWHZ% 8, distance J& 7y MAX (head ) %75 Y4
T2 B 3k 0 i O (9 R4, num 2 2, H. symmetry
S Yes, TEZWSENI G, & LM% 53 32 X 4l
Ty 1o} 5 3k T A dzs , W R 32 2 K o 8 2 43 S
B, H 5 5 R Y 25 5 R 90 A B H R BRI L
%2 25 KBB4 #) direction J& 145 CON (levell ) ,
Wt AR A 12, IS 2 J2 M A i
55 1 Rt . A A AR Y 3% i ST
FHIERE R J5 ¥ 53 B, LAAE S B — )2 301 75 v i 4
R B DX A KR R R

CD
PR3 0 I B A S G ( (5 VR R 1k )

Fig. 3 Geodesic distance and end detection

(the distance farther as the color darker)

o FH i (002 R 4 TP i SR ki A B —
JZ I I B, DT 5 DX 3882 K 12 R S s 7R S

M2 1 ASBH A
2.2 4y E)iH FAFE X EA
e T R R AR 3 HEARR U™ ) SRR AR,
SR B FIR NS TR . AR 2 RS T a5 S T
it F A3 7 X LR Meyer B Voronoi J7
oo FRATT 2 B e Hr SRR A 7 5 Ja o3 A A 380
TR W A 2, R AR AN B35, TCi B i
WS P DX, B DA T — b X v 30 ity 232
BOTL, B TR0 HORRAS 20 545 0 B (A R A R,
N
NGi)
Zl (k(;(Pj) - k(}(pi) )Z
keonc (pi) =+ N (1)

P NG 2 py BB, p; 25 p MABEAR ke (p,) 2
pi BRITT R A AT 4 40 HE A T AR TR A g S0 T SR
R o5 0 3R B R 20 4 2R

(a) reHl Hh =t 3 5 2R

(b) HF s 7 ih AR ) 20 45 2R
(NN HE SR pagade

Fig.4 The comparison chart of curvature division

1 {6 HOCR RG34 B AR e
AT AR R 0 ph SR A S A, LT AL R T X
BHNT—E M AARE . FARES R w0 51 &
B ARG, i 508, Rl Tk M EE 1 ~2
R 73 T DU bR AR 2 1 5

BEX it =3 9 AE R O3 S5 AR 455 T 2 )
PRI FE P8, 2R 545 B BT A R T 12 B {EL B9 T
Ea

N
Uy = U RiF (2)
i=0

A, Ry g3 — FUA 38 R AE (R X, Uy Ry
JIT AT B AL 300 SR AR DI S, N O U S
N

AR /IS A8 3 SR ARG e 3 5 X del A
AL AT 70 T 5, n] IR 2 B4 A 1 B g A
FHRASCHIE 2 A BIH R

© [ K G BT AR AU A



$19%& /5648 /2014F6 8

ZFith, 185, XRE / BXEMSR THMERBERESE SR

3 ZESE

3.1 KiEEKE

DI AR A A S s A D AR R A 7 TR
P iy ok, HRW 2 F A AR ESR . AT
JZ I B AR NEREEAR g 3 sk AL, AR SO 2 H Y
e P 1 £ €5 14 2 RS R RN ORI 5 DU VR Y
oA r

1) MR 45 start FrZE 0 A€ XY distance 1 direc-
tion }E@,%U\ target ﬁ(% EI’»J symmetry ﬂel] num }E‘@,
SR 2.1 7 v 0 e s 1 {10 3 -6 2 SR Y
AR TR R b1 T

2) JAFEN ) num AP T 53 1) B - 4R
4 CLi=1, num,

3) R AR B A CL b E R LS C,,,
Cionz 3Pi‘ EIPj(PjECi_’<Pi’Pj>) /\P”{Ci% (P,
PY#TR P, 5 P, 2 A

4) R I JZ IR EE A A T Y symmetry J&1E, 2747
XFFRICER , WUR XS BREC 1R 2648, 75 U, S It <7 2%
12510 s 2Rl R 2R 2500 6 €, A 0R8) CLrp B
W3 kA, PR 2R JR R 3.2 i h AT
Tk

5) AR RSB 1R FE G B R T2 K
o3 A5 ) A BB, fl %02 B name AT
Fric.

3.2 ARZIEFH

£ 00 0 3 Y — i LB R, U AR B 4
BOL SR B b, RIVEER AR & i ith 2%, IR e AR
WFRE X, B T TR R . 1k A X
FAEA )33k SR 1R 11 B IS AR, 0 R Y
BT o LA
3.2. 1 XMFREIESAF

IR S 48] v T B, 3 €008 R JBCAAR 18 0 B (5
L ) 3 AT R AR AR DS A A R T At T
PRIR AT TCIRr I, U HIRTE AR U BT ARSI
XX PR, AR R T W — 2 0, PR, # g 22
AR PR IR [ AR T 46 A= 4G, AT el 2 AR A
PR AFALE DI, A [ f 452 1, 75 D0 S gl aod b X dm gk 5
A, DURPRAIBERT T KR SR K 5 1
B, AR XRS5

2.2 9 AR R 23 AT A5 2 S8 AL FHRAE DX I
s Upo MZIZAEAE num DI FRFBAE C. Tl B

TR, A num A C, B U HTA A
C.. ARSNGB, A C,, BB — MR M4
% C, H € e U I H.C,,NC, =D, 115 % C,
2B S =S(C:,C) AT S T4
B A & I, WA R i SRS DL 2 . MRS Z )
AUARRIFRRE , B AT A 72 I 3 g
FE O ARARA O, TR AR
S(C1,C) = WSy (C1,C,) +
WeeodSead (€15 Cy) +

XY,z
Z wcordscord(cl 7C2) (3)
cord

Numg,
$n(€1.C) =0 T (4)
umcz
5. (C.C.y = AVEGeod, 5)
Geod 1>>2/ — (z‘WE_GeOdCz)
Poscord ¢~ Mincard
Sua (€1, C:) =0 et ()
PO'S cord, Cy - Mlncord
X X-Y
o X) = 7
( Y) X+Y G,
ﬁlﬁ'ﬂ 9Num(t %%i‘%é’ & EF‘E’(J]ﬁ)‘J—iﬁ E 5Posc0r(| € %\%E—\‘
B ¢ TR RIS T Min,, X R ASE T A% 42 [
SRR AR E, AVE _Geod, FmHE5 C 1973
‘Z)ﬂuﬂﬂﬁﬁ% ’wNum \wGeod N w(-unj %%U%%%%Tﬁzﬁﬁ E N

SEE V-S40 b B B8 DL R SR O 3 Bl AR bR AR SR A
AFRURE T3 H B A AL, XA R (E A B TE end FR 28
Hf weight JEPE
3.2.2 Mor&akA

X3k R A BRI Rl b g, LR
FUFH AT oAb B 2 1) I 14 S 50 S SRR T 2 1
545 shimfa ik T K2 A HA Mgt B e
BHIEAT BB R 56 1 23 [ A 7 B AR &
R KA A FZ R PE T AR IS B 22 0 i
BB L ARABITERAE A 5 A, end ARZEHY connect J& 1
RIS T X —RhEE R R fian . vd 2 sk
TS 43 B A 2 B e T R BR ) 23 4b MIN (levelS) ,
FE B 1 43 E) Kb 2 B 2 3 F R R Y 43 E) 4b MIN
(level3) o DT UGB BL IS ER AR AE AL K il 311 B IX
S ST 140 5 LN

X2 ) AP F 2T A K R U BT
BHE C WHESE , WA A A 36 6l 1 3 5 X
B, MBS N C o B E 5 B AR SR
WA EESR R B, B C PETA LGS B, T
AT 0 T N M R R 0 Sk /M gk 2 A

© i [H IR I T AR T A

0959



0960

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.19,No.6,Jun. 2014

0 A I8 B i A X RS B, 08
/IME

P T2 1k 2 R B SR DX I S AT ST R ) 23
FAL | DN IHOZ I e/ ME — e 2 R BB AR /N
B FEATILZ I 73 EI AL, A8 SOT IR 2SR
VIR I B 1% R IER I 73 FIAL , R i (A A2 £k

SRR P AR A 0 5 DX, B A 3% )23 AE A 1 4
ij_j_ﬁo

I S ] £ €05 4 22 ] B 45 4 SR IBC, iE— 25 Z|
1] DX 35l A VR I 26 1 25 A, DT AE T B 1Y) 43 5130 5
5 b A KA SO A 3 A BIHT AT .
3.3 SELFEML

T o DX A K AR Y 43R i S AT BB R IR
VAR o XTI A B BRARFF NG AL, 7 AN 3 sl o) 4% Tt
SRR T, 382 7E L2030 19 XA DX N TR R R
SRR IRB NS ) R AR UE T

KIS g5 T A et B s B, B, !
AROALTT A TS 2 5 ZAH SR AP~ il A8, 3
(] 2H )t 0 O A% X I (— IR 454 ) s R
SR = ST (V1B 0 SN 5 LB o |5 P A
S — I e, DASRc R B B 0 ok 1) 431

WX 8 JEFFERA
=) =)
‘z‘mumnég

PRk 12
— g

K5 s R

Fig. 5 The schematic diagram of boundary optimization
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