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1. BuHapHble pacTpoBblie N3obpaxxeHus
Digital Binary Images (Binary Bitmaps)
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* bunapnoe pacmposoe uzobpadicerue - MaTpUILa U3 YEPHBIX
1 O€NBbIX TOUEK, B KOTOPOM OOBEKT 3a4acTCs YSPHLIMU
TOUYKaMHM pacTpa, a (PoH - OCILIMU TOUKAMH.

* The Binary Bitmap 1s the matrix consisting of black and
white points (black objects at the white background)
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2. CkeneT buHapHOro pacTpoBOro n3obpaxxeHus
Binary Bitmap’s Skeleton

* OTCyTCTBYET MAaTEMATUYECKHU
KOPPEKTHOE onpeoeieHue

e OTCYTCTBYIOT YHUBEpPCAJIbHBIC
3(phEKTUBHBIC acopummol

 The correct mathematical
definition doesn’t exist

« Correct and efficient algorithms
don’t exist
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3. [NpegnaraemMbin Nnoaxod K peLleHunto
The proposed approach to the solution

OnpeneneHue Henpepovl8HO20 CKENETa sl OUCKPEMHO20
HU300paKeHMUS.

AMnmpokcuMaIiys pacTpoBOro OMHaApHOr0 U300paKEHUS
NOJIUCOHAIbHOU 00]IaCMbl0 C HEMPEPBIBHOM I'paHUllel (3a7a4a
OKOHMYPUBAHUSL)

IlocTpoenue nenpepwviérnoco ckeiema MOIUTOHATBLHOM 00J1aCTH
(3agaua ckeremuzayuiu)

To define the continuous skeleton for the binary bitmap

To approximate the binary bitmap by the polygonal region with the
continuous boundary (the contourization problem)

To compute the continuous skeleton for the polygonal region (the
skeletonization problem)

International Conference Graphicon 1998,
Moscow, Russia, http://www.graphicon.ru/



4. AnnpokcmmMmauus rnosiroHanbHom obnacTbro
The approximation by the polygonal region

» [lonueonanvroti 061acmvro Ha3bIBAETCA OTPAHUYCHHAS
00J1aCcTh, TpaHuIla KOTOPOH OMUCHIBAETCS KOHEYHBIM
YUCJIOM HEMEPECEKAIIMNXCS MPOCTHIX MOJUTOHOB.

* IlonuroHanbHas 00JIaCTh ANNPOKCUMUPYEM PACTPOBOE
OuHapHOE U300pakeHue, el MPU HAJIOKEHUH BCE

YepHbIE TOYKH pacTpa He Jie)KaT BHE 00JIacTH, a BCE
OeJible TOUKHU pacTpa HE JekKaT BHYTPH 00JIaCTH.

* CymiecTByeT eduncmeentas anmpoKCUMHUPYIOIIas

00J1aCTh, UMEIOIIas MUHUMAaJIbHBIA CYMMapHbIN
nepumemp TPAHUYHBIX ITOJUTOHOB.

» The polygonal region 1s a region with the polygonal
boundary

» The polygonal region approximates the binary bitmap
if black bitmap’s points don’t belong to the region’s

exterior and white points don’t belong to the region’s
interior

* The polygonal region with minimum perimeter exists
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5. CMeXHOCTb TOYEK pacTpa
Adjacent points of the binary bitmap

“Mapst (p.q), (9.5), (5.7), (p.1),
(p,s) - cMexHbIe, a mapa (g,7)

- HCCMCKHAasi.

Couples (p,q), (¢.5), (s.1),
(p,r), (p,s) are adjacent, but

the couple (g,7) 1sn’t adjacent.

Ha MHOXk€eCTBE TOUEK pacTpa BBOJAUTCA ““HECUMMETPUYHOE” OTHOIIIEHUE
CMEKHOCTH:

JUIS YePHOM TOYKHM COCEISIMM SIBIISIFOTCSI BCE 8-CMEKHbBIE TOUKH,
1151 O€JIOM TOYKH COCEISIMU SIBJISIFOTCS BCE 4-CMEXKHBIEC TOUKH.
Introduce the asymmetrical adjacent relation:

The black point has 8-adjacent neighbors

The white point has 4-adjacent neighbors
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6. l'Nonck rpaHunubl GBUHaAPHOro PacTpoBOro N30DpaXxeHus
The search of the binary image’s boundary

['paHrYHOM TOYKOM HA pacTpe HA3bIBACTCA TOUYKA, UMEIOIIAsi CMEKHYIO TOUKY
IPYyTOro LBETA.

ITouck rpaHuIlbl - 3a/1a4a OOHAPYKEHHUS OJTHOM Mapbl CMEKHBIX PA3HOLBETHBIX
TOYEK JUIS Ka)KJI0TO TPAHUYHOTO KOHTYpA.

ITouck I'PaHUYHBIX IIAP BBIIOJIHACTCA IIOCTPOYHBIM CKAHUPOBAHHUCM I/I306pa)K€HI/IH.

 The boundary point is a point having

the adjacent point of another color

 The search boundary problem: find couples
of different adjacent points for all contours

* The search of the boundary realizes by row
° scanning
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7. MNpocrnexunBaHne rpaHunLbl U300paxxeHus
Bitmap’s boundary tracing

Cneosauwen napoti Ha3bIBACTCS TEKyIas nmapa
Pa3HOIBETHBIX CMEXKHBIX TOUYEK pacTpa.

JIJ1s1 crieaAIen mapel 3aJ1a€TCA HanpasieHue
nepemeujerus (MPOCICKUBAHUS TPAHUILBI).

Br100p npobroti mouxku npu pazinIHbIX
TTOJIOKECHUSX CIIEISIIECH MMaphl:

(p,q) - cnensmas napa (tracing couple),
p=(p,p,) - depHas Touka (black point),

9=(q,, 4,) - 6enast Touku (white point),

r =(r,r,) - npoOHast TouKa (test point).

1) (p,q) - BepTUKaJbHAS UM TOPHU3OHTATBHAS
(vertical or horizontal)

"=4,TDy 49, 1,79,74, D,

2) (p,q) - nnaronanbHas (diagonal)

r=.tq,tr,9,)2, r=p,tq,p,+q,)/"2.
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8. 'paHM4YHbBIN KOPNOOP PaCcTPOBOro N30dpaxxeHus
The boundary corridor of the binary bitmap

e [lepemenienue ciensieu mapsl NO3BOJISAET BBIACIUTD BCE TPAHUYHBIC
TOYKH, COOTBETCTBYIOIIME OJHOMY I'PAaHUYHOMY KOHTYPY.

L HpOHGCC IMPOCIICIKUBAHUS 3aBCPIIACTCS, KOI'[a CIACasAIaA Imapa
BCPHETCA B HCXOAHOC ITOJIOKCHUC.

e ['paHUYHBIN KOPUIOP 00pa3yeTCs MOCIEI0BATEILHOCTHIO TOJIOKEHUN
TPEYroJbHUKA, “NIEPEKATHIBAIOIIETOCS ~ BJIOJIb TPAHUILIBI.
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9. BeiTarneaHune rpaHuubl BHYTPM Kopugopa
Stretching of the boundary within the corridor
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e CTpOUTCS MOJUTOH MUHUMAJIBHOTO IEPUMETPA, JISKAIIUN BHYTPH
KOPHUAOpA U Pa3ACIAOMINN PA3HOLBETHBIE CTOPOHBI KOPHUAOPA.

e BepmmHbI MOJIUTOHA MUHAMAJIBHOTO EPUMETPA COACPKATCS CPEIU
MHO>KE€CTBA TPAHUYHBIX TOUEK KOpHUA0pa (YIIIOBBIE TOYKH).
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10. NonnroH MmMHMMansLHOro nepumMeTpa
Minimum perimeter polygon

e B HayaiabHOM IOJI0XXEHUH CJICI[HH_[eﬁ IMIapbl BTOPAasdA TOYKA ABJISACTCA YFHOBOﬁ.

e JIBe MOCHENOBATENBHBIE YTIIOBBIE TOUKH B MOJUTOHE MUHUMAJIBHOTO TIEPUMETPA
JOJKHBI COCIMHATHCA OTPE3KOM MPSIMOW JIMHUM, LEITUKOM JICKAIIUM BHYTPHU
Kopuaopa

e QOuepenHas yrioBas TOUYKa JIEKUT “B MPSIMON BUAUMOCTH OT MPEABIAYIIENH BHYTPH
KOpHI0pa
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11. MNpunmepbl pelieHna 3agaym OKOHTYpUBaHUS
Application of the contouring algorithm
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12. CkeneT nonuroHanbHOM obnacTtu
The polygonal region’s skeleton

Ckenemom OJIUTOHAJILHOU 00JIACTH HA3bIBAETCS IreoOMCTPpHUICCKOC
MCCTO TOYCK UMCIOIIINX HC MCHCC JIBYX O KAMUIIINX TOUEK Ha Irpanune

o0JiacTu.
The skeleton is the set of points such that have at least two closest
points at the region’s boundary
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13. MHOXeCTBO CanToOB M OTHOLLUEHME CMEXHOCT!U
The set of sites and the neighborhood

* Caumom Ha3bIBACTCSI MHOXECTBO TOYEK, COCTOSIIEE TUO0 U3
OJIHOM TOYKH (catim-mouxa), 1100 U3 BHyTPEHHUX TOUEK
OTpe3Ka NpamMoin (caum-ceamenm).

e JIBa canTa Ha3bIBAKOTCI CMEHCHbIMU, ECITU CYIIECTBYET
MyCTOM KPYT, KACAIOLIUICS UX 000UX U HE KaCAIOIIHICA
IPYTUX CAaUTOB B KOJUIEKLIUHU.
* OTHOIIIEHHE CMEKHOCTH Ha MHOKECTBE CAaliTOB 3aJlaeT epaqg
CMEeNHCHOCMU Calimos, Ha3bIBAEMbBIN 0000w eHHou
A mpuaneynayueu /lenoxe.
- » The set of sites consists of polygon’s vertex and open
/ segments
« Two sites are adjacent if the clearance circle touches them
NS and doesn’t touch another sites
* The adjacent relation defines the neighborhood graph called
generalized Delaunay triangulation
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14. CBA3b ckeneTta n 0600LWeHHOW TpuaHrynauum [enoHe
The skeleton and generalized Delaunay triangulation
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e CepeanHHBIC OCU HEUHIIECICHTHBIX Map CMEKHBIX CAaTOB 00pa3yroT
CKEJIET HOJIMTOHAIbHON 00JIacTH.

* BrIBOa: 4151 TOCTPOCHUSA CKEJIETa MOJUTOHAIBLHOM 00JIACTH JJOCTATOYHO
HaNTH BCE Mapbl CMEXKHBIX CalTOB (000OIIEHHYIO TPUAHTYIAIUI0 [[eoHe)

* Medial axes of adjacent sites forms the skeleton of the region

» The skeleton can be constructed using the generalized Delaunay

triangulation , ,
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15. NocTpoeHne 0bobLEeHHON TpuaHrynsauum [enoHe
METOOM MJIOCKOro 3aMmeTaHus
Sweepline method for generalized Delaunay triangulation
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Cmamyc 3amemaroujelt NpsAMOU - YIOPSIJAOUYCHHOE CHU3Y
BBEPX MHOXKECTBO IUPKYJISPHBIX 30H.

YTBep:kaeHnue. /[Ba caiita SBISIOTCS CMEKHBIMM TOT1a U
TOJIKO TOT/1a, KOT/1a CYIIECTBYET MOJI0KEHNE
3aMeTarolIe IpsMOM, TPU KOTOPOM COOTBETCTBYIOIINE
ATUM CalTaM HUPKYJSPHBIE 30HbI SBIISIIOTCSI CMEXHBIMU.
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Cobvimue «BKJIIOUCHHUE LHUPKYJSIPHOW 30HBI B
CTaTyc», MPOUCXOJIUT IMPU MNEPECCUCHUU CalTa-
TOYKHU 3aMETaroIIEeh MIPSIMOM.

Cobbimue «ynaneHue LUPKYJIIPHOM 30HBI U3
CTaTyca» NPOUCXOJWUT, KOIJa  3aMeTarouias
npsiMasi CTAaHOBHUTCSl KacaTelIbHOM K IIyCTOMY
KpYTY, KaCarolEeMyCsl TPEX CalTOB.
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16. IameHeHne cTaTyca 3ameTarLwen NnMHUn
The change of the sweepline’s status
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BxiroueHne U UCKITI0UYECHUE LIUPKYJISIPHON 30HBI B CTATYC C
00pa30BaHUEM HOBBIX MAP CMEKHBIX CANTOB.

Include and delete the circular zone to status and form of new adjacent
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17. MNpumepbl ckeneTmnsaunm nonuroHanbHbIX obriacten
Skeletons of polygonal regions (examples)
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18. Nprmepbl cKkeneTmnsaumm pacTpoBbIX N30bpaxxeHum
Skeletons of binary bitmaps (examples)

Pa3mep m3o0paxenus - 461 x 450
[TonuroHos - 2

Bepmwma nonuronos - 310

PebGep ckenera - 614

Bpewms okortypuBanms - 0.11 cex
Bpewms ckeneruzannu - 0.06 cex

Pasmep m3o6paxenus - 700 x 176
[Tonuronos - 22

Bepmwma monmuroHos - 613

PebGep cxemera - 1199

Bpewms okortypuBanms - 0.10 cex
Bpewms ckenernzannu - 0.17 cex
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