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Abstract: The skeleton is an effective representation of object shapes. Methods based on distance transformation
can generate skeletons with accurate position, but connectivity of the skeleton branches must be carefully checked.
It is difficult to check the connectivity when the structures of the skeleton are very complicated. In this paper, a
dynamic skeleton algorithm for binary images is presented by combining with thinning method and Snake model
technique. First, compute the initial skeleton based on thinning technology in which the connectivity and the
topology of the skeleton can be kept well. Then the initial skeleton can be led to its accurate locations in distance
field based on Snake model technique. The skeletons generated by this method are not only locating at accurate
positions, but also with correct connectivity and topology.
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FRAE. H T8 V2 R 7202 B 405, e R TR R T i i . e 3R 72— B 7 N R 1 4% e Ak,
W GRS IR TN B R R ARG R = AR A B DU B A8 v B H BB 2= TR AR T
TEEEHLAE B JUAT e v i S5 BE il 28 28 e S W 90 9T B 4 (skeleton), A g FH 5 T T DR 3% 20 R0 90 b 45 4 AH —
B A0 it 2 A BRAR TR 1) — RO B RO . — PO 2 T E A B 2R 2 Blum 2 HH ), S AR RR B 4R
“rFil”(medial axis), )5 KHR A <K RN (symmetric axis)!'L G A D 0 4L SR TR IR TSR
F b BT G AN ), M B SCHR P - 28 B L RE T O PR 28— R R T S LA AR AR v Bl A o I R
A FRAT 3 B850 ORI B TR X R 2 i 2 I AR AL . NURBS“£ U FE B (4 AL 4 5 NURBS B4k, h T4
MR LL . Jan, PR X 2 S v] Re TE 5 H RS A P B SRR X S SRR I A B B LR R, R 2 B T
BRFMEER NG, CAD; by —JEAb BEXT G R 3 AE B2 2 i K38 2 i AR E IR 4 E B AT )
RF AN AT 2R B T o R — > M (] P ) R B ST S A S ) R e A S 2 B 1 2D B i A I i AR A
e 2

0B B 1) R B S 0 AR 0k 3 A Y . 2 T I 1 404K (thinning) i 756 75 i AL 4 $h AN A8 L Ao
LY AT 0 S R S A S A B — AN AR AE R 42, H R R RS RS CRAIE AT B 1) B SR AL,
FLARERR SR G 1) 32 TR b 5060 97 B — AN AR, R BRI 2 ) A B B BRI — AN L. O — R R TR
A 4 (distance transform) 7 i — 4 2% 1) o AR B 1) 26 125 il T 0 110 8 2 R g v i U0 A 1 2 SR a2 A
B LR, AN B 5 A0 T 75 5 S0 20 75 10T, ELME DA AR IE B 48 1038 2 k0L it Ak, DA B 135 25 8 (R Mg 2 5| ot
H T T 3778 0 1 Sk U O T B S A SR IS R BRI % S B A A 3 A A T A LA A
[l ¥ — R B A A R T A — s FE A L) T 30 S e 75 (5 1

T P 25 AR 3 /792 5 Thinning /7 V5 R0 ER s IE 47 BN, A SC 456 Thinning ¥55 BB AR 38 T — /N Fm)
B A A8 el Thinning 72343 26 G — AN 146 B 42,1 X FEAS B A0 46 B 42 0] DU B s 4
A R T B 0 45 W B B AN HERA 5, AT Active contour A5 JEAR A I SA SR AR B B8 AR 37 v R
L, 1M 7 SR B0 R B BRI % A R 4 b 45 ) BN 52 5% W X RE B A AR AR R T R R AR BB R
AN AVE T VA T L 8 ) P R 4 0 R R 15 B RAIE.

551 1R EL A4 Snake AR ZF 2 Y5 HUBEVRAE AL 2 3 W E SR WA I A Snake J7 VW46 B SR 22 2
HERfA B RS 4 WL I SERe 25 L 28 5 R g,

1 Snake #&Z!(Active Contour &%)

Snake J7 ¥ & M.Kass 25 N4 sk (1002 — 4% Snake w2 — 4% B AR BEE Y B4 A% . W) A8 T 1 il &
WAL ERER . F BEE SO IE Snake JE— 4B HHILL: r(s) = (x(5), ¥(5)) , s €[0,11; 24 1(0) = r(1) B, & 3 P [1).0X
% Snake T PIRMEAR 77, B04N SR ST IVER, N D148 Snake fR¥FIGHT A T4 Snake [MIRFAE H 5 A2 48
J¥.Snake PRI AR 1k 75, 70 2 H e 1k 1) BRI R 8 T A S AR b LR AIE R 1k de (1K, 18 3 F B8 E,, F1 E,,, Kk Hi& Snake 1)
KA SR E,, = [ (alor/as| + BloPn/os?|Jas SR B 2ot o 250 Snake (992,115 5 55kl 2t
“HIE AN VR BB B X E,,, =I;7P(r(s))ds Xy AN R, P(x,p) A — AN i 3R 2, T DR 48 T

SER AR (9 7 3, Mty e o S DU A FC A I el O A It /N, B BE . T, F A ™ 32 11 Snake fig
AR MR, BN I AR KL E = E,, + B, B2 I/ MA.

2 HMTEBRE

A H 4 (dynamic skeleton) I HE & 5 442 1 F.Leymarie 25 A\ T 1992 4E 42 3 () (H 3 32 H ) S /T 4T 1)
J1%:.P.Golland 25 AU ik — W& AR T 7, I F) H 31 Fh A48 48 (fixed topology skeletons),{H sk 45y A T
R B 58 0 R T 2 i D) A4 TR 1) 26 38 0 VRIS, L 40 1 45 A AN Rk T B 2%, 3K g Aef 19 L B FH Y L 2 31 T AR K
PR

TR AR5 0 LA 52 2% HLTE W) GA B i 7 S DA B I 0 At AR 43 52 2% T, A 20U W R i 22 4% 40 5 2 TB) R 4
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7. 56N Thinning SR WIAG1 5L S, RN M3 BL B FARETRATRE S B F NS %0 BfE F AR R 851
1) 1 2 11 THI 71D A 2 5 (Smake AR280), T A Jl I B 42 S

2.1 Thinning

Al a] LU 2 FBAR 5 AR B A B X

Binary image | GBI 1 5 M I 2 I 50K, K ) 6 52, o 0

Thinning (Distance mapping 5] J( ﬁﬁ éf & A0 ijl o W 2 ':F' $EE VX EE o Hh R J(

v v (grassfire)BUA )5 Y. Thinning 32 F5 42 Grassfire f4&
Preliminary skeleton S Distance field F H‘]*/I\lﬁfu,ﬁﬁkiﬁéiﬂﬂu B o 52 I 5 A ,E@J TN ek

b AR RS BR 2R 2 L FR P Grassfire ¥ &5 E 3 5 7F
BHUE Z mi S5AYT M FEAEAR R I, B Thinning 45 3
) B 4R — AT g 12 L M AR 6 T 1 A P — A B
{H Thinning A2 B 1) B B4 70 % S0 F0 90 b 45 44 75 T REA5 21
Fig.1 A dynamic approach to skeletonization AR T A A5 i U560 77 5 T 35 4 MR 2 F 1 2 A i B I
. <y e AL Jii 9
A1 SERRE 7 PR 5 AR (R, T B 7 0
[ 4 5 R A5 B2 2% IR Ik, 400 75 A 2R 06 T o] 6z 36 &5 SR 1 A3 R0k AN & — AN B AR 19 13 8. Thinning 25 & 48
.2 IR 5% 1) B G 4 A A O ot BT DR SR T A 2 X LS BRI
2.2 BREKEETHEDT)
BT R~ T AL X3 s 1 0 — /M, B QR 50 11,0020 Hoady S4E 0.0 R/ — /N Il 1 4L 4R 2 B
inf p(P,0), PeQ . .
WX@T%M%&&%&%M%%ﬂH=%%M Ok T SR AP. QR PO MK
BB AR 4 2 MR AL 1 — A28 3 ) 38, W] DA 23 DL SR [14].
2.3 BEMTR
B 1 R BN E IR S EAIEE I F NXFE MR YE Snake #7Y, S 7 F EH T x4 & (A EDT ¥
FCHIBABE AT Snake 152 -5 38 5 AR5 ¥ v A AR R R AN [, g B St PR 461 gt 0 RSl B R e e TR AR 4 b TR IR
T H 1 Snake fig ST XIS S AR IE AT E 1, BRAE S 540 B0 (Snake) & V5 7F F INSEE A 28 11X Je i
R 5 L DR, 3R AT TAS R 58 4 384G 48 77 90 % Snake 3EAT SR A, X I — i) BB JATTEAE R — 5 I LA T

3 BRER
AP U4 P4 S HEAT Snake 2TE.
31 BRERMTER

H TR SR G5 R ) SR PR K A1 A D — 2 ““Snake™ REAT B AT R SR AN T AT O, I B FRATT AR ¥ AR 55 2
S I3 9 5 ARSI Snake. A 5 18 {8 G M T A, BATEAR S I T iR 1) — LI A

| Snake
3 o
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Target skeleton §”

K SHBH— K G (EARBURERIHEN T, S5 GIAA o N
R, H G AN E$(valence) Ay 2 HITH A& MR Thinning it B Al . \
A1, G A /MDA AT {4 Snake LB, JCER R R T2 K:?f/
FA14] Snake, AN JE G ER 112068 BV AN 35 A1 1) Snake. 2 T3 48 82 WL, AT TAR . -

o . . . . o . (a) Ring (b) Simple edge
ASRIN A A L RO 1 TR AR A i R XA R S H A (a) ¥ (b) il

B Sy HE A TG 33 P T ST B VR ¥ Snake, [ 2(a) FIE] 2(b)h Ry Fig2 rimaﬁ;/L ;ljements of slfeletons
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Mﬂ—h if I s E R b
- yfg}vi(flx)(D(y)) +L else N(x)ExfrI4R T 4E
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Hobu v b P TOS ARSEA W RS A2 10 B s B LR .
32 BEMASSET
EDT JE (6 2 3% 5 2K T2 B 15 P (66 2 3% 5 Snakee 14956 W0 75 1R DK (99 AN [). bl B0 285 0 T o 56 S 45321 119
A b % R AR 3% GE 3 1Y) Snake BES, F IR Snake 228U B0 T Wi B — A A 5 — U7 T, S B AR
J& AR 4% Snake RESUSZHUIEAT AR (2 S 1E A — AN AR, B AT Z AR — 8 B 240 08 R A G, AT 2 HE %
Snake Hi41 3 4 4325 8 T8 H 45 34N 1 LB A DT bk 1n) H FRAL
BATCOENTKIDUE T R W AR AR5 8T8 (PR SE B R (14 % 7 AT 320 AR FE @ Sl 4,
TR AR BT 2 4 8 S AN i Ah 1) I D SRR T D S AR E = E, + B, X SRR I R A2 2R bk
FATKI T =K B #£4 Snake HMIL & a4 T Snake AIVEHT ML .
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Bf kSR AR LR TR, AN 3 5 RR WUAR S FBE B vH 5, g (x, v) = (8f /ox,0f [y) .
3.2.1 AP

AL AL S AL W 5 SCRT S B0 Je o e A0 o b .

Bl 3(a) S IIRBIEL S RIRIE ¢ 4 ¢ 78 F BOEE JIVE RN 1) e 21 ¢ 18, BL w4y TR fr) LAtk 48 32 B
Z 1) PIEAR 2 w4 3(b) ;2 e AN IR B ¢ LWL 3(e) BT, 1 B SR, BA w Zh TR AR 4R Bt 2 )
HMEAR B w4 1R A7 A A AN T B CHy b S 4R T8 58 ), R AUIRAIE ¢ P& AEIEE A S e S (4R
A AR AT
322 RIARETE

F L BR TR AR G A IR I T ] A AN, AT 58 A2 AT LAKE S P IR ER AN RE T A A AT 4y Sk B AR
B AL B R S BRATT A I R AR T

H 220 (R0 S AL s SCRT 460, T PR I S e AR B 3 K b W 0 R e, v ey it R b AR F O ARSI S
FAt A SZ 5, A TFRAE S AR E 22,384 S =S\bU fu} . T IRATIHE b £E F iz 50 il 2 o il 51,

(1) ¥ s B3

XFFH A v, () 3 ).
1R /N I 7E 0 B NS

3T, v R G
b i 28 B 00 B c
AR K ) T i )

(a) Original graph

A EERIE A (a) J5iH (b) c i (© ¥ ik
R, PR A R B 96 &R, H Fig.3 Evolution of the ring Fig.4 Movement of the end points
Thinning 77543 2] v I 3 HIAIE Bl 4 i 112 5)

BRURZEA 2 KK T CAAE R EB 500 v 1A B 2 ME A 10, 20 AR vp — B ] 2 AN AR S 55 & E W] 5 ) 56
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X T AH OO e & 4 TR, F AR u BRS¢, S TR u Kok i k1 Hih g 5

© HHEREBAAIGUT http:/ www. jos. org. cn



822 Journal of Software #RAFFIR  2003,14(4)

£ ISNBSD. b AL F PIZE, N RFE S WAL FATIE u HAEIA 7 7 AL S L33,
(2) W RLIEE)

XF T b ¥ 38 2, Snake A8 JE L9 LL L B H . 1] 5(a)
. Y B, b R T8I, b b () H AR E B P b I
) //b?f)“ o B BB TEZE B B R F 5 SCAT AL PN
v B ¥ FG 10 b X TR AE b B b BN S O HUBR T b 7E
(a) Separation of b from &' (b) Superposition of band b" % 5 b 11 §1) £k J 7], BT LARE 68 3ok — VOB P 10 B AR, b 5
(@b 500 )b G b ST ARALTE, b 5 b T2 W1 S(b)FTR K b
Fig.5 Movement of the interior points o o
5 NAED AR R EWE B L TT 1R, b TSRS B
RASAE BATAT LA b B4 A Tk e .
Xof 1S P 010 BR300 (i A I ), R A i A A AR I A, T AL R R e S LA R AT A B
33 HHERBAMMEEE

SR 3.2.2 4G K, 78 ARG L S TR B AN T B IE B AR RS Bl (R v 16 £ (V)

LRI B8 SR P JH A PR ok 7 8 AN DR PR 00 4 8 B2 S IRV I DU T e 5 S0 il i s B PR 7 AR S I
AR T 38 B B vE A% 1R S — ORI AR TR 2 A AE e Al i A S il 3R A LR A v (AT

BSR4 — SR P B 25 B AR A R (EK I i i bR B E(r) = ﬁf(P,) T I A0 TR 100, v P AT L
i=0

u

e, 000 0 A7 B AR, v 5 BEARE) . 50, AT 002 B e — A BRI S84 v AE 002 R FOIRSE X, v 1ERE
RTINS Wsh 2] 002 FLIXI, v 38 34 REIE <8 38 002 Wikt 5, AR R M AR B i 5 5 3.2.2
AR I AN PR s B3 J A R I 132 0 — A sl — AN R B I v AN 23 AE 002 1 IX I J AT 34 75 20K
v 38 J B 3T R A0 3 RT LIHE Tod AR F ae FEI I v R AR 2R S R S

4 BIERSKIAMER

MG E AR S MR By F ok 558 BBt R Bk T505,S 04— il o B g s i 4o ir B, H S 1%
%10 b AEAZ T IR L SRR A OO, AT A5 217 R $h A A S8 B AT IR A

6 (@) A B 2 22 4 (1 200 SR P, TR PAD 0 vt 5 S s A i A A £ 8 8, N T R AR 5 ) Uit 20 9 L B AT e
i SRR R AR S W, I AN R T SR8 A, A5 SR A . BRI RAF AR AT 2 K R 1 6(b)
& Thinning H7ARSRAT L 28, 7T DUR 21, A L83t 77 (R 58 0 BT 2 (o7 B AR 24)™ 5,0 S e % 05 i e K
BB 6(c)HH R B AL A SR Y (0 5 A5 2 RS B 1 2T Snake HAKT & 6(b) HH RIRL 1 SEHEAT AL B, fi
AT B LA B ] DU B, IR 1 RS AT B Lo f B — EL

(a) Distance transform (b) Preliminary skeletons (c) Evolution by Snake

(a) BE RS (b) WI4AH 4 (c) Snake JE2

Fig.6  Skeleton of a star shape
Ko RIBIHH
T A XS A WIBE — DT AREAL B W 7 s,
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(a) Distance transform (b) Preliminary skeletons (c) Evolution by Snake
(a) B (b) B4 (c) Snake 725

Fig.7 Skeleton of a shape with a hole
B 7 Pl FL A DX 2

Thinning FA BN AE T RENS CRUE BT 45 2 (07 50 22, 0 OR45 T 22 1) 40 40 6L 100X 12 K S
R AEASCH, B AT145 4 Thinning £ Snake SOA, F I 35 &8 SLHOBES S 0 T — M R0 A2 07 1%,
SRAN T — SRS (R R B[] I AT LIS, W46 7 ZRAE AR B R R P I F AN O 4 TME R B R 2 B TR R T4
2K AR IR A0 A AEL T Bt 52 A, DA A 5 TR 1) 30 9t B 75 PR 3l I, Thinning 75 748 7T fig
SIE AN R R R T S MK SR, FRATT RS AR B Ak K A 7 1 20 B
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