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Abstract: In extracting the skeleton from the 3D complex model, the existing methods may produce errors that
some branches are away from the center positions and some branches are redundant. As for this, a rectification
method is proposed in this paper to correct these errors. After a coarse skeleton is extracted based on the distance
field of the 3D model, the method investigates every joint to see whether it is away from its local center position.
The investigation work by omitting radial rays evenly with the joint as the starting point to intersect the model’s
surfaces and studying the length distribution of the segments from the joint to the intersection points along the rays.
For the joints away from the center positions, they are moved to the center and their related branches are also
modified. Thus, the skeleton can be rectified automatically. Experimental results show the new method can
efficiently rectify the skeleton and run fast, and generally the time for rectification takes up less than 2% of the time
for extracting the skeleton.
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2B R EA AT ERAT T OE R LT EH P, Q083 9L 81885 A A e LB M KB 5%t
HERBEREGOAAE I E LD ERFTATF PR TREP SEEGAT EREEF L TR0 4K
AE RS IR ERLF R A HFE. XA F kRIS EZ TR, BSERERR,—BTRL
B R IIR BT 1) &9 2%.

F R HE, R SEE G, = A

BRREMNBARTIRRON — ST NATETURERREES 55 S EH ATAKRD TS
FF,AIT B B FEETRAALS, IR, HEHsE TSGR, B 60, B R EUR B ks E BB K— A5

BARRE A ERBAAH 4 238 1 %R Voronoi Bl 5 CLE R HEHEA ) Voronoi BRABIERE 2K
2 % B ¥ (Thinning,Erosion)' ", WK H & WA R ok R A ERBEEZHHBHE R EENT —ENER,
8§ 3 RHERETIERGIHES B4R T BRI 535, T R IUE B 3%+ R SR E LR 5%
BoX s 5 HE— S LB R AR T BB 4 R RE T R ERR 7 11 UUSTRLA 57 0 W0, R 4 B
S ER BT 135, T RZSBHRE N EFELRERERT ROASXREEZILTFHIBRFT
B SRR, X T AR BT A AR B R AR M R BRR R R LT MR AE B T =
£, Voronoi Bl 7 R GRUE B & — 40, i HAREE 3 X E—REREI - ENFR AN IXNE3
T R R . R (48 — A P B B, B B R R ARV 9 2 WK BT DA S5 B B T TR AR B E R R B

B LU M 0, W AR RV K BE 7 TR B B ERO) WP L X P E SRR KRBT S EE ES
ABRELBR—AN R P AR S BRREREIESRITRAHNBRN=ZRBFRAE “FRAMLE X —HSR
FRAE I B B B AR LA R LR R B R X LM RIALE, mE 1@ R REE F MER R EX T W
1O)FT R AR R, LA O RE AN R BER AL NZERFR LN RFN =2 FRRNAER
B I X AN B X 3R B HH K - 48 48 77 75 S B 9 81 Voronoi B F 4K B 1(a) 1B ER BT i B S RVEFE AR
RE R, ZE— A RE ERBEANFRAFERROTRSA A FARRBE, I BEELKE 100)F HE S
BN E 3 T A BUA M BE B35 B e S R A LR BT S, B R AR RIERE 1)+ HER A
REUH RN B R ARSI RS 10)FHEARERASRRERENERIZHSIEERLA
RS XRMBEBERG P RLE,WE 20). B 2)f RHER. BR,XFR I F RN RMRT TR
5 50, S0 7E 1O F 6 4 B 6 B, B 0 5 B R B VR 445 SR R A X B R AT T IE.

&3 =0

(2) TEMREE () SARREHE
B1 pofrEREER
BT T AR RECE B R — BB, A XN TERRAERS T ERE - MIHERRERA
35T 22 07 B SRR IE W 2 B 42 o M9 5 A BT SR 1 0k oL DU FR 3 S0 R R T 4 R SR SR 4 5 Y
LRI R B 46 BE 9 43 A0, AR BX 2263 AR T 7E P (A1 G0, 36 3 0 28 o 1) 6L B B X ¥ mUEAT B IE..
AR BN B RN T R S BRI M R BRI A JUAT . IR 4MIFAE. S5 SR ER B SR B e (AL AR b, 05 VA REAT
195 IE BT 16 B B0 B T AR 2>, — AT B SR SR AU 2%, AW B R IR A .

1 HXTITE

KBRS R, RIUR SR A0 EE B I% 0] 2 b P28 BIR A M PE B 35,78 DFS(distance field from source),
—REBRER EER AN EARG I EERRE FRABKITE AR FANER BRNERGNA
DFS; Bl 81 R #5852 % DFB(distance field from boundary), % FHE N #HHKE— R, HZRBRTY
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TR 10 5% 46 BE 85,78 B I BE B 35 B0 b DFB.EE T X B A B B 35 I B SRR 4 HIFK A DFS J5 A1 DFB Jiik. B
B 357 7 1 — A R B S AR B O ML B9 5 4 R RS, FdAT B AR IR AR () T AE.

w

(a) Roman (b) Wade’s skeleton (c) Bitter’s skeleton
Bl 2 Roman BRI B4 H kKB AR R IKE A DMS, & A FE.
B A 10 K 2 TU 4R 23 S 1) R, 56 T i B9 2 i 5 o s 1) R

7E3X 2 v b K 24§ B Dijkstra Bk by i BE B 35 Bl AT B 4899 A9 & Dijkstra HEHAMER
4 S A R B B vh B AR K BE ARG N T B R 4 R TR A HE R K 8 B A K P 33 B TR R AR B BT A HAR TR
AL RBERZ TR ECEMRTLZURNFTE LN AEE A EEEEZAHRLRKEKEER
2 AU M, BB 438 A Dijkstra 3550 AT LAZEAS RS R 1 L8 7 DFS. 31 DFB {55 1F & & B8 & /) DFB St 2 —
AN B B AL TR R B BR 43 SR R i AL R G LU B R M R FE BR A WU 1 2 B DFB (R BE(E) B B o, TR 412
i Dijkstra B8 B B0 Y A A ) B AL B 2, 30 B IX A SR B 407 X B B T — R B RS RBTE
PR S R AT R B R R e B 2R

7E DFS 751 %, Lazarus!' M By Dijkstra Sk 7E 88 £ 14 R 12 7 DFS,H & T DFS R BV R8T 14
R LN FEF AbFRZTF R LSD(level set diagram), EREIXE LA JLAFOBRNEFR.BR, X IEELE
FARCR AR T I A e 78 3 IE #1842 55 . ZhouP SR A 1-2-3 BEES WL ZE #E R p 3R #93 DFS(SS-coding), 532 F 718
) BS-Coding 3k 3k BURE R AR T P 0 2,3 E 800X 26 2 3k B & 42. i T BS-Coding S£Fr_E#JiE T DFB,E N REMFRTE
DR 88 TR 1 1) . 3 L7 R by o A K ) X3, B 4R A ) X338, X P b O 9 18 B K AR e U 2 4R A T i R AR Y
HEALE.

DFB Hi: i — 5 B2 1 S R 37 2 57 DFB, F F B K 5038 & W 76— N BR800 S BR AR RY L A 3R
HMGAE 0 A AR, BT FR b 1t TH DM S(discrete medial surface),#R i #4335 —/~5 DFB EMHXMUE, FiZH
Dijkstra 1= 7E DMS b 32 B — 4k (5 22 .DMS — i B = MR i) — 4 Wk Rk, h R H BUK DFB A AR,
HAEEHE KK FEER KA EHE XA LA KH D Dijkstra HEREUE KA 8. AR K DFB HE#E
#3& DMS # Dijkstra EEAUE R 5 H & A AR .E Mal'VE—ABISh bk A RBF(radial basis function)vt
DFB, % RBF Xk $78 %] DFB HIK: 35,08 G #5 7 F s iE 86 BE 3 05 190 B 3 BB BE 0 T AL B, BRI 0 T mUAE 4R
FARERIX A BH B E L.

Bitter 1 Sato % A 7E CEASARP) TEASARM! Penalized-distance®®iX 3 & &P KA Saitol )42 H K B
8 DFB A5 5 T 0 HA6 BE 3% 0 247 R BUR S AR A A, 8 i 3 00X S AR {F 4578 ) DMS.IX /> DMS RS {RIE R
TS A AR B Dijkstra B IEBE %A %8 T DFB (B R A8 46 44 3 8] BE 19 % wa, B B 18 (9
Penalized-distance AU{H.SCHR[3])E 8% 78 3 i LR (centerline)fE 4 Colon HIE 48, 3C#R[4]i — B A &F NS
37,093 T AN ELE BB 42, T SCHR[S] B F P 48 i BB R 2 1 2 IR AR .

7 {6 BB SRR EN (945 B, Wade 73Rt} T Exposure #% & : Exposure(i)=min {DFB(i)+dis(i,i)~DFB(i))} , ¥
i RAKE i 8 j A8, j=1,2,...,26,dis(i,i) R 5 i,i; X PSR K I [ BE. Wade 2 i — iU DFB #4936 J7 A 8 3L
DFB,7E LB At F#9i% Exposure 3,38 i3 FH /7 #8 % ) Exposure BI{E# 2 DMS. F &, 7 7] LLEHIX 4 DMS [
KON ULV B RO BE B X TS E I E 1) P AT AL A AR IENTA B 42 S #7E DMS L. Wade A
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Dijkstra 5 ¥: I3 FIAUE 2 DFB {1 = K7 815 A% B A4 F R BE R .

Wan!'13 K Saito B9 ¥ER i+ DFB, M B FE B 5500 DMS, R 5 it S B/ s R J5 e e 3
fill_E3REX P £% . Wan & Dijkstra 854 FAUE R 2 DFB #1313

K Fl DFB 75 B8 B kb 2 1(b) R4 LR BiE, B B &b i DFB B/ T4E 78 M AL ) DFB B, /8 %8
A ERS NG RRERME A,T B DFB Hikth B RIEE B RAN LB ERXNTE 1K ERRE
i, A A Ab i DFB K T4 7% A AL i DFB {H,3X {78 & #F DFB J7 i &84 RE IE #f HuR 46 TE s SR B SRAE A &
a1 R IS H I E 3(b)(c)FT K iE B Bitter [ Penalized-distance HU{EHZE& %8 T DFB EMMH4E A EA
BEREmEENTEA X LSEETELHN 6-MEARXBE—CEE LZNERNREIR X LE 3(b)fE
3(c)BIAAE b 5 B84 1B 4843 3 BT LA Y, Bitter 75 155 A B 280 5 7P OV B A BE S /b — 22 Mal" AR A Dijkstra
B SR AR 4 8 At B 7 2k TR B B AR R A T A T ) R

St F BE B 5 HhEU B 28 B R 5 ¥ DFS #1 DFB,DFS J5 b A% £ AR S Dijkstra H % LLRIERTE 3
S AR B4 1 5T A2 o, T 4 ¢ f 1] Y 82 57 DFB B i B2 A, DFB /%8 % — Mtk DFS HEEH. A
I, AR DFB A i RAE RV B4R,

2 ZHBRBBFRMFIE

2.1 EAXER

WHFERPHEAATAWBREHERN LKL AR MRENER 2,UREN — M ERSWRE
IR 2, MFRE A — AT AL B 3 iR, B 438 — K B &5 # Sl 72 i, 3 LA — AN U R RAR 35 AR AR K
WA Z A EE — AN AR AR AR A R B R R A BRI,

22 EESH

%F DFB 77T &, 0 R RS BUA 19 Dijkstra BLbk, B A8 B3 5 g B
KB # 5 %t DFB {HJR AR A M0 4, B A ST R T A B B X A B A2 -
R 55 A o [ B B . B TR AT LAE IR B R B — AR R X IA - 5\ b
DFB J7 45 2 6 %A (1B DFB {8 % Wm0 % F = MR & AL LR/ FrR
[ 0 5 & A ARIEK) DFB 8,15 Dijkstra SA7E K SIS R BT AM,2 g’ "'
& A SR ER, FLIX e 2 T R AR TR S 0 B A A B R |
R 1 AR — S BB N B A AT LA R R R 0 1) B T3 M3 B

B S AUE /N T4 A, DFB SR A SEBRREAMERERA.

St F 10 B 2(a)f7 7 () Roman A4 6 0 B AOARTE FE AR AL 38, B AT A Wade F Bitter FS V4R EUE 420
S HBLEE A S, E 200)F B 2(c)FT7R.
23 EFEFEBIE

TS BB R A, R A B R RE RIS X, AR T ERY & E AR SENKX
BTN DMS HEE A AW R Dijkstra HkHERER, BT R EMARERE R/ H S 0L E. H i,
EAERVIEERUS, RER B SR XY ASF E S EMALE, 518 A& LYBUER Dijkstra BYEEH £ BAAXK
BB AT LS B BR TLAR O XM E-B Lm0/ B 1.

M BRITRAUTHES XY AFEIERLE BREBFEANE 1()ERRE T+ O E SO EH
ERERAE, XA BENAFRERX HETEHERRA LA O,

W 4 iR REXH A P(REN POHRN AR R H N EEBHE, CMNSERBRARTF E, j=1,2,...,N,i8
RE p? =ﬁjw, ;"_E; ,HA p"_E; REEF AP, EMRE, w, RIESEH TEHSE FEHRNEWAERE

HvHEZE F A S B AR, KB p° 181 %A HBE R LA sl it POV p T M E R B BB KB K T
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RiEX P, BR Pt P BRI LA L.

B4 #ik PiOPil ﬁ%ﬁp,—o

RIE,BU P EXNBANERULEREZE P =P BN P RZX K LT L.
FEXWAUEEFERSEMAXRBERNS X BAFIZRENGCRBETEEHRR N, LRSS
) Dijkstra 5K F MALE 5 BAB AR BBE R M, A FT R R THOME.

SHFBANZEERT S, B R LR S EN AT % R MO B R B F 8 A B 72 iR &8 IE
HEP MERRENME w, A TRBAXM RTINS T ACEBHXTIBTEETENEES5E

ERARRS, E WA BUE K RE, RSB O KX SEFERERME 4 FHRE PE,, KFEXMHEN.5—
FHEXFRBERE T XENEFEEER S EREHEN — MRS TR ETXHE AT HKEEEw,
RIM 3 DL 5 kAT

1. /%"J':P:'TE/T’LE’:P’%EO:%WJ"V/;

J
2. St F AWM vj=l..n R X P K HKEKE max{|vl} M & F mnp}, 3 &
4, =max{||v; ||} - min{||v, [I};
3. ZE—ANSEBOECE B XA [min {|jv]|} max {||v,{|} 1393 %I93 A L, BB L=N/4);
4. HIEHESE Si={v|(k-1) x4 /L < || < kx4 /L}, 38 Ne K S TTE I
_ N Yyl

5. Eﬁﬁwj—N/zx S i Hrhv es,.

v €Sy

MRS XFERXY AER ESBEFEIR B BEFEHENSHIRERW, AW MREEFRTH
HIABK T A IE)S I R BEAR /D, BN B R — AN XKW R 540 AR R B A IR ZZ W, £k K5 EE QL g8
IR 7 S T, A, TR AT T8 T — A AR B R £ 1 TR SRR A 180 5 6 4, — AR 10 BRAT.
—BTEBHEHE N B ERE RN BT HENERRERELR RIR N=36",IELLFLM
77 B ERER 10°% KA 18 BE 35 59 R A% i, BE A A B AR ) v S BT, S B AR 47 fRUE 7 IE SR 2.

T U BT FIERELT:

1 EHHE RN m R KR ER X RIS,

2. SHHTE XN AURATH E, B F— XKW R LB ERFFIEHERE 7 JEH JARL J S,

3. MR IE M KT LR AR K B R SGEATHRIE.

SE R PV 2 MR R AR R IR o )AL BB X, I BRI B R, M BT E AU IE, A bk, ik R P ¥R E S 4L Uk
E R B HATHIE.

3 ZHBERESREMEIN

BT Eitie, ASCRA DFB FEkBMGEE SR AR B#TERFEXRRER:(1) ZS8ETL
¥,(2) THEFER G DFB;3) REFHEmE DMS;4) REIUVESE;(5) SrEEHIFmL.
3.1 FsE

FEREAT B SRR BT, B8 L = AR LN BEE R N, R4S W ICER[T7].
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3.2 EEIZDFB

BRI 2 5 21 E DFB, A LI T Wade!”) Saitol'S) Maurer!! 75X 3 # DFB i+& k.8 1 BiX 3 fh
J7 i 03B 4T i 18] B 8¢, B[] ST R s.
%=1 DFB Wirt At

¥l EE¥H Saito Wade Maurer
Roman 118 363 0.500 0.266 0.096
Horse 373 608 1.219 1.094 0.594

Bull 923 915 3.359 2.985 1.185

5 BR—HBERATSHRNSHAMER TS Bitter®) 574 ) DMS, B+ B 5(a)~E 5(c)H
F i) DFB 4> %% F Wade,Saito,Maurer iX 3 Ff 53k A4 pk. 7] W 3 74 i) DFB % 3 AN K. {H Maurer
FiEM R I B LR 5 B35, BA SCR A Maurer #7155k & 5 DFB.

(a) Wade DFB (b) Saito DFB (c) Maurer DFB
Bl 5 Horse HRE T AN EE B 37 #) DMS(RR /MR E7R)
3.3 PiEEDMS

Z KA Bitter®V 5 iR 832 DMS.E 2 % T DFB 86 B 3% 747 R 8 32 DMS [, RE%5 (R UE BT B 48 s AR AL
Fi% DMS L HgMES BN T:

o ¥—ASIHEE 3AF R ERPLY] 3 71,83 8 NN E B 8 M TFHERIX 8 MERIES N —
A 23 Cell X RE Y — 5 5 5L B 4 MERA R —A 22 CellBitter 234784~ 23 Cell F 8 MERHIBERE, EX
A2} Cell I FHBBEREBSHPED | MBERERAKT 90°,MARE 23 Cell # 8 MEF N FEIRMA.

o FRKIBBEEE T HER TR CARC A 2° Cell 153 DMS.

7E K % s 0L T, Bitter #5 A8 2 3% @ 1) DMS, (B L fr & HBAERBE M. B 6 RIXFEF K —A 2D FIF.
HF 4 MEESHNBEERESFHREBRAIPT 90°,5T A% 22 Cell §) 4 MERAR LY A R EARA.
BAE 3 M4 BB REEAERR. TR YEFRINCIRIC 2°Cell MEEBRLIT 3 RF 4 1 EEREIRE
Bk 4 FE A, N TTT £ S 30 DMS NI bk, BRATIIE H BUBE B R B HARTR (89 2° Cell 4R34 /R SRAR MEL, B 7T A8 4
XA i L 7 RIX AL ERET S ) DMS Xt b,

4‘.‘13
N

()

(a) Eagle (b) DMS before handling (c) DMS after handling

B 6 o alHFET kbR Kl 7 Eagle #E! ) DMS, & B4R 10 354> A&l

34 RIBR

EF ik DMS, 2 8 Wade (3R EUE B, R A Bitter>)#) Penalized-distance BUE 1525 Dijkstra & 5t #1832
VIsE B %R,

© HIHBREBSAHIGIT  http/ www, jos. org. cn



212 Journal of Sofiware #AHF3IR  2004,15(Suppl.)

3.5 HEHKE

KRB FAREHREURRERETHHE 2.2 WIS EHEEAHIENEERHMHE R, E
EEMHER.

4 LWHER

T AN Visual CH6.0 KLH T ATHSFE N, RECE K Wade'f Bitter® I B ik, 3£ — & Dell
Computer Corporation OptiPlex GX260 #Hl E#4T T izﬁ Bt EHALE T — Pentium4 2.6GHz CPU,512M K
#7,Win2000 Professional SP4 #1E R 4.

%2 RETHRENIREEN L XTAERBEREHARERANAAGENHBEZNE S 2 6 MAAE
BB ERNEE S, E 8a)~B 8(c)NFFER/EHBMBXLLTE 8(d)~H SHRERIEREHLERE
BLITHIE.

*2 BERRHEZETHAERMNW

_ & R SR [A(s) 0\ (h*
i %] ®ERT S 34| Wade Bittor EREE REFER FIERE%)D)
Mouse 0.008 87253 3.287 3.750 3.343 3.307 1.088 6
Roman 0.008 31577 0.877 0.984 0.937 0.921 1.7372
Roman 0.006 70 513 1.753 1.843 1.672 1.653 1.149 4
Roman 0.005 116 784 2.407 3.000 2.296 2.271 1.100 8
Bull 0.01 64 821 0.915 1.266 1.075 1.057 1.702 9
Bull 0.008 122 994 2.528 2.907 2.828 2.799 1.036 1
2’ HFEREEGERBERA LS RS HHARNE R T, R ERAG EDS RIURIE 385 [,
b _BWIE - BHFE
SFIEBE _—EEEE_—IM'
5 & %

SRR 3 EERHEATE M, B AT & R 2 R A B R O AL B RIUR S KRR
R E YW EEMER LA HIMFERE D, ES AR RRRNORE LSRR H T MR
f) B BR45 IE 77 v, B 76 2 F 36 S 45 B 4R DR 3 B P (R R0 R AT Ry B B IEAR 8 MO 71 I ARSI 23
e BRI B S ER R, — R EE B R R BN K 2%.5 B ATEH K FRERTY
EHEFAEAMBERERRRGAIEFE,MAEHER S EMNEESK.
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T
T

R

(a) Roman (Voxel size=0.005)

(b) Mouse (Voxel size=0.007)

(c) Woman (Voxel size=0.005)

b
)

(d) Bull (Voxel size=0.006)

(e) Horse (Voxel size=0.008)

() Octopus (Voxel size=0.005)

K8 LR /NERAE K 8(a)~K 8(c) LHFA AT K IE, T FHERZLHF IE,H 4 bRic & LR
B o ERSNE AR E 8(d)~E 8(OREHFIE, L THRF—FR

References:

[1] Blum H. A transformation for extracting new descriptions of shape. In: Wathen-Dunn W, ed. Models for the Perception of Speech
and Visual Forms. Cambridge: MIT Press, 1967. 362~380.

© PEBREBELDIFUR  hup/www. jos. org. cn



214 Journal of Sofiware A4k 2004,15(Suppl.)

{21 Zhou Y, Toga AW. Efficient skeletonization of volumetric objects. IEEE Trans. on Visualization and Computer Graphics,
1999,5(3):196~209.
[3] Bitter I, Sato M, Bender MA, McDonnell KT, Kaufman AE, Wan M. CEASAR: A smooth, accurate and robust centerline
extraction algorithm. In: Proc. of IEEE Visualization 2000. Los Alamitos: IEEE CS Press, 2000. 45~52.
[4] Sato M, Bitter I, Bender MA, Kaufman AE, Nakajima M. TEASAR: Tree-Structure extraction algorithm for accurate and robust
skeletons. In: Proc. of Pacific Graphics. Washington: IEEE CS Press, 2000. 281~289.
(51 Bitter I, Kaufman AE, Sato M. Penalized-Distance volumetric skeleton algorithm. IEEE Trans. on Visualization and Computer
Graphics, 2001,7(3):195~206.
[6] Hilaga M, Shinagawa Y, Kohmura T, Kunii TL. Topdlogy matching for fully automatic similarity estimation of 3D shapes. In:
Pocock L, ed. SIG(.iRAPH 2001 Proc. New York: ACM Press, 2001. 203~212.
[7] Wade L, Parent RE. Automated generation of control skeletons for use in animation. The Visual Computer, 2002,18(2):97~110.
[8] Mohr A, Gleicher M. Building efficient, accurate character skins from examples. In: SIGGRAPH 2003 Proc. New York: ACM
Press, 2003. 562~568.
[9] Attali D, Lachaud JO. Constructing ISO-surface satisfying the delaunay constraint: Application to the skeleton computation. In:
Proc. of the Image Analysis and Processing. Washington: IEEE CS Press, 1999. 382~387.
[10] Telea A, Vilanova A. A robust level-set algorithm for centerline extraction. In: Proc. of the EG/IEEE VisSym 2003. New York:
ACM Press, 2003. 185~195.
[11] Ma WC, Wu FC, Ouhyoung M. Skeleton extraction of 3d objects with radial basis functions. In: Kim MS, ed. Proc. of Shape
Modeling Int’1 2003. IEEE CS Press, 2003. 207~215.
{121 Wu FC, Ma WC, Liou PC, Liang RH, Ouhyoung M. Skeleton extraction of 3D objects with visible repulsive force. In: Kobbelt L,
Schrder P, Hoppe H, eds. Eurographics Symp. on Geometry Processing. New York: ACM Press, 2003.
[13] Dijkstra EW. A note on two problems in connexion with graphs. Numerishe Mathemetik, 1959,1:269~271.
[14] Lazarus F, Verroust A. Level set diagrams of polyhedral objects. In: Proc. of the ACM Symp. on Solid Modeling and Applications.
New York: ACM Press, 1999. 130~140.
[15] Saito T, Toriwaki J. New algorithms for euclidian distance transformation of an n-dimensional digitized picture with applications.
Pattern Recognition, 1994,27(11):1551~1565.
[16] Wan M, Dachille F, Kaufman AE. Distance-Field based skeletons for virtual navigation. In: Proc. of the 12th IEEE Visualization
Conf. Washington: IEEE CS Press, 2001. 239~246.
[17] Maurer CR, Qi RS, Raghavan V. A linear time algorithm for computing exact Euclidean distance transforms of binary images in
arbitrary dimensions. IEEE/Pattern Analysis and Machine Intelligence, 2003,25(2):265~270.

http:// www. jos. org. cn



