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Contour Figure Segmentation Using Multi-resolution Skeletons

We propose a contour figure splitting method. The purpose is to split the given figure into
shape components, and to represent the split components hierarchically. Most of conventional
methods fail to split off some protrude components which have not two contour curvature neg-
ative minimal points at their necks. In this paper, we propose to split the given figure at the
ligature and the semi-ligature parts of skeletons. At the same time of the splitting, in order
to represent the split components hierarchically, a technique of the multi-resolution analysis
is introduced. The given figure is observed at various resolutions. At every resolution the
given figure is split by lines into components. As the resolution becomes lower, the num-
ber of the components decreases. The splitting lines which exist at the lower resolutions are
considered stronger. We make a hierarchical representation of split components based on
the strength of the splitting lines. To measure the strength, we must make correspondences
between splitting lines obtained at different resolutions. We developed a method to make
these correspondences by the scale-space analysis. Some experimental results show that the
proposed method is applicable for many types of figure analyses.
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Fig.2 The maximal disk and the skeleton generating
point. The skeleton is a set of center points of the
maximal disks.
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Fig.5 The change of the figure and skeleton. The contour
length of the original figure is 188, and the scale
t = 0, 100, 200, and 400, from left to right.
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Fig.6 The curvature positive maximal points plotted in
the scale-space.
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Fig.8 The contour splitting points, and segments. Left:

The figures at t = 0 and tg. Every segment num-

ber is shown in a circle. Right: The scale-space
with the trails of the contour splitting points, and
with line segments corresponding to the segments
of figures at each scales.

B9 RFr—NVAR—RALTORT AY OGS, £t =0,
to KB AW, £ Ar—NAR—X ETORBIE LD
B E, €7 A2 OSSO

Fig.9 Matching of skeletons between ¢t = 0 and ¢g in scale-

space. Left: The change of the figure. Right: The
plotted contour splitting points and the correspon-
dence of skeletons at each scale in scale-space.
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Fig. 15 Examples of the split figures.

4.3 SEHROEEEL

3.1 HiCHRARAERIC LY, KBERAR AT =V
TERALT B, AT —NS5 A—% t 2 0D AREL
T2, S EENLHEI TV, B2 -V
ZBWTEBOSEEE RO B L, fDRBE~DS
HRNINE R A7 —VIZBWTHRERL, KEREEN
DFEFIIKER AT —VETHFELET S, 22T
BEHEFHEBT 2 A r — VDK X S % BAEROBE
ER%T.

AT —=Nd0 LW KEL LB L, WHHEOMNE
BTSRRI 572 0REE % BER T OB
BIHEEL B b, FITERTRETHRICE-T
o WERECEET 2MME Ly €Y, Ly LVEL
WKHBATNVE VERRER—THEERRLA. R
FVOBEKIZE DR VEMBBRREIHEL 2T i
BRI SN TWBH, FEROBFHZOVCEILICHFE
HEshTwiw, LALERTIE, BEALYOERBIC
BOWTRAT— VORI L b % Wiz RS EBSEL
AT It or:.

BEBAWERST B A7 — V%KD B72DIIE, B
BAT =N X )R SN HEHRL OGO %
THOVERSH L. FIFFTICREBY, o5
ATV MY EORICHIELTWE, L Z2AT33E
THRARZFHEICEY, BEDATF—VIZBIT D ATV
b Y ALOMEDT AT S, SERRIIET B R
TV RAT- VORI L TBITE 5729,
Bl B A7 — B} B5ERRE ORI b HE
th 5,

RISRTFMEC LY, THBORBHZSE%Z1TS.



Vol. 40 No. 7

(1) TEBEEDPL, A7 VB 2 HEH

KD 5.
(2) E22A7—NEY)RO7GERELOMIED
FEAT.

(3) FTERBLVELNZ5EEE, SHOBEI
VIEI BTV

(4) HECBOTESRAT VY ORBEREE

BRL,

(a) FERIHIETBATIVE U35, HEE
hAREEREEOLDTHIUE, 5E
2479, BESESNANEEYE, T
DELBRORETH 5.

(b) FEHEFHHIET 2 A7)V b 25, FES
NAREFOR MDD D TR RVIEES,
Z D5 EIRRD KITTHEE D BTG EIRR
Efficdha e &, L EZF05EEAT
FESNDREHCTHRBODDTH 55
& s FOREFICH 5@\%‘[;@&3—’\‘('( 5]
BICoET 5, CoEfichbine &
121E, EBIZDEL v,

5. ERER

16 23 BTHRNRFHEICL S, FEBMEEAS
VY ORBERBLERT. BICHRT LAV
*root &£ LT, MEOKESICHETIRBREL L -
TWABI LD H 5

X 16 ISR T 2HBD, Ar—VEE{bsgzL
EOFEROEMER LT IIRT. FLE18 i,
EFEC L W BoR - TEBROBBRIALRT. F
Bk a0%8 L, FHO0E L OBICREES KB

Parent

al\

Root

«”’;;577\§§::‘\‘
e

Root

t=350 t=175 t=175 t=175 t=75 t=60
Al A2 A3 A4 A5 A6 child
Coarse Resolution Fine

16 ZLEMEEAT IV OKMEERE
Fig. 16 The hierarchical representation of
the multi-resolution skeletons.

SEREEA TV F Y & BT RITR RO S EFik

2975

L7-RBEEI RO TS,

R 19 icHoflEiRT. RITHOBHE RIS
L L, FNENITES TN ORI FE SR T WS,
HEOKESERBL TRBILIN TV Z PS5
A

¥ & 8

6
x%&mﬁw#“z/rn rlckh, AN

o BTITIZRNIC SN N Y

S % FE e
v ZREIED

kéé%%ka@%%k%@ﬁ?%%&%%ﬁtt.
S5z, BELEnzA7 Vv ERIBLC, THE

ik 9

17 BEEr i I
L 2RI C 26 1L T LI\,(__eVJ PAR:IE

Fig. 17 The change of the splitting lin
the resolution change.

/lh

18 HEMBBEAT L+ VIZHET K HHER

Fig. 18 An example of experimental results. The hierar-

ne corresponding to

chical representation of the split figures.



2976 (S HALE ERFR O July 1999

. * small parts
4

19 SEMRBERAT NV VI X B5HER
Fig. 19 Anothre example of experimental results. The
hierarchical representation of the split figures.

% BB EIT B FRIT DN T b IRz,

BENIC ATV Y OSERGRERN 21T 72012
3, B BBEICBVTHB SN 2ZF V| v EE
DIFIEDT AT IVEND B, ATr—VANR—R|IZH
2R EOMERX OB AHEL T, Zoxt
B & HEMCAT ) FEEREL, EBICERL .
FEEROFER, HEWNICAT VY ORBEREZEBLZ
EHBTE. ELLERBEAINV VERALT,
xR HET L e TEL.

AT — NV EEKIE L ZLCRBETHWREOS
SIREDSH 72T 2 VT & DRI SR Tz »was,
ZLDORBICHT L TERL - E 25, oo oS
HEUBZERIEBLAE o7, ATF—NIZX T 55
HROBE NI OVWTIE, SO ICHEBIHREET 54
ENd 5.

2 £ X M|

1) Pizer, S., Oliver, W.R. and Bloomberg, S.H.:
Hierarchical Shape Description Via the Mul-
tiresolution Symmetric Axis Transform, IEEE
Trans. Pattern Analysis and Machine Intelli-
gence, Vol.9, No.4, pp.505-511 (1987).

2) Kimmel, R., Shaked, D. and Kiryati, N.: Skel-
tonization via distance maps and level sets,

Compuiter Vision and Image Understanding,
Vol.62, No.3, pp.382-391 (1995).

3) Gage, M. and Hamilton, R.S.: The Heat Equa-
tion Shrinking Convex Plane Curves, J. Differ-
ential Geometry, Vol.23, pp.69-96 (1986).

4) Grayson, M.A.: The Heat Equation Shrinks
Embedded Plane Curves To Round Points,
J. Differential Geometry, Vol.26, pp.285-314
(1987).

5} Sethian, J.A.: Level Set Methods, Cambridge
(1996).

6) Mokhtarian, F. and Mackworth, A.K.: A The-
ory of Multiscale, Curvature-Based Shape Rep-
resentation for Planar Curves, IEEE Trans.
Pattern Analysis and Machine Intelligence,
Vol.14, No.8, pp.789-805 (1992).

7) Hoffman, D.D. and Richards, W.A.: Parts
of Recognition, Cognition, Vol.18, pp.65-96
(1985). :

8) Hoffman, D.D.: Codon constraints on closed
2D shapes, CVGIP, Vol.31, pp.156-177 (1985).

9) Siddigi, K. and Kimia, B.B.: Parts of Visual
Form: Computational Aspects, IEEE Trans.
Pattern Analysis and Machine Intelligence,
Vol.i7, No.3, pp.235-251 (1995).

10) Kimia, B.B., Tannenbaum, A.R. and Zucker,
S.W.: Shapes, Shocks, and Deformations I:
The Components of Two-Dimensional Shape
and the Reaction-Diffusion Space, Interna-
tional Journal of Computer Vision, Vol.15,
pp.189-224 (1995).

(FB 104 10 B 14 B%A)
(CFEL 114 4 A 1 BHR$)

8 FB (E&H)

1993 R FEKF K F b L% RHF
R B TFERBELRBEET. H
# (BR) HEAH. RAHFERERE
¥ ¥ —ICTHEBLE - Bk AT A
DFFFERARICHEE. 1996 £ X ) /T

KETHIMENF. WIRERE, FRBT ORI HEE.

HE % (E&R)

1997 ERFERFRF BT LF R
HEtBIEERUELERET. FE
BLE (k) A, BECES. [
wHF 7 7uVKRPIC Ty HO
%% - BASSICHESE.



Vol. 40 No. 7 BEMEEATVE VRO HBEEREOSEFE

HOX—ER (IE&E)

1976 ERFEKFERFRE IS
BRBLERET. FELYEREKR
S T2HBFE. FARFHMLET,
1984 B K T ERLFR
B, 1988 ERFKETFIE
BTHERBEIE. 1998 £FRILKFERZRFMRBL AT
RS, BRI RFFARSUEE, BECE
. ZOM, 1991~1992 4, KET VY b v KEE
WeHiE. avVYa—y¥yay, EfgEl, $51a
¥a— ¥ OERICRE. FHllEEREES, BFE
AEEE, Wokes, [EEE%4R (T#HEt).

AN S

=

2977



