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AHHOTauun

B craree uccienyercs BONPOC HCIOJIB30BAaHUS T'€OMETPUIECKHX
MPUMHUTHBOB — JKAPHBIX JIMHUN JIJIsI IOCTPOCHUST MEPhI CXOJCTBA
¢dopmbl  00BeKkTOB. PaccmartpuBaercst 3amaua NpeACTaBICHHS
pacTpoBoro OWHAPHOTO W300paKEHHUs B BHIC OOBCIMHCHHS
KUPHBIX JIUHUN (UPKYJSPHOE Pa3IOKEHHUE) U CPaBHEHHE JIBYX
OMHAPHBIX 00Pa30B uepe3 CPABHEHUE ITUPKYIIPHBIX PA3IOKCHHUH.

Knroueswie cnosa: scupnas b-cnaaiinosas Kpusas, yupKyasapHoe
pasnodcenue obpasa, cpasHenue GUHAPHLIX 00PA308,
pacnosnaganue Gopmsl 06veKma.

1. BBEAEHUE

Krnaccuueckue crocoObl onucaHus (OPMBI T'€OMETPUYECKHX
00BEKTOB B BUe 00bEANHEHHs TUIOLIAHBIX IPUMHUTHBOB JIHOO B
BUJIE 3aJaHVs I'PaHULBI OOBEKTa HE MPEJOCTABIIIOT JOCTATOYHO
MPOCTBIX METOAOB Uil IpeoOpa3oBaHWsl M aHanu3a (GOpMEI
oObekTa. 3agaya cpaBHEHUs (OPMBI HM300PaKCHUH SIBISETCS
OJIHOM U3 PyHIaMEHTAIBHBIX B KOMIIBIOTEPHOIT rpaduke, aHan3e
U pacro3HaBaHuM nu300paxeHuid. CyTh €€ COCTOUT B CIEIYIOIIEM.
Jlanel J11Ba pacTpoBBIX OHMHApHBIX 00pa3a, ONMCHIBAIOIINX
CHIIY?Thl OOBEKTOB M TpeOyercs OIpeNelMTh CTeleHb WX
cxoncTBa. I3BeCTHBI IMOJXOABI, OCHOBAaHHBIE Ha CPaBHEHUH
IpaHUYHBIX KOHTYPOB U cpaBHEHUHU ckeleToB [1]. IlepBblit u3 HUX
XOpOIIo paboTaeT MpH HEOOIBINIUX PA3TUUUIX 00BEKTOB. BTopoit
OLICHNBAET OJHM30CTh CTPYKTYp OOBEKTOB B TOIIOJOIMYECKOM
CMBICIC W BBIYHCIUTENBHO TPYyAOeMOK. [Ipemnaraembiii Hamu
MOAXO/J OCHOBAaH Ha IIPEACTABICHUU HWCXOMHBIX OMHApHBIX
00pa3oB B BU/IE COBOKYITHOCTH MPUMHUTHBOB OIPEJIEJICHHOTO BHIa
U CpaBHEHHMHM MX Ha OCHOBE CXOJCTBAa NPHMHTHBOB. B kauectBe
TAaKUX  HPUMUTHUBOB  HUCIOJB3YIOTCS  JKUpPHbIE  JIMHHUHA -
0o0beMHEHHsI  OJHOIIAPAMETPUYECKOrO0  CEeMEHCTBAa  KPyroB
MIEPEMEHHOI0 paJiyca Ha HEeNpepbIBHBIX KpuBbIX [2,3]. JlaHHbIH
HHCTPYMEHT  IIO3BOJISIET ~ OCYLIECTBIATH  IIMPOKHH  Kiacc
TOMOJIOTHYECKUX  TpeoOpa3oBaHuii Hajx 00BEKTOM  (W3rHO,
Kpy4eHHE, BEITSATMBAHUE, N3MEHEHNE IIMPHUHBI OTJEIbHBIX YacTei
wi GUrypsl B II€JIOM) IOBOJIBHO HPOCTBIM U 3P QeKTHBHBIM
Cr0co0OM — MepeMeIeHHeM KOHTPOJIBHBIX KPYTOB U H3MEHEHHEM
ux pamuyca. B mpenpyiymux pabortax [2-5] SKHpHBIC JIMHHA
HCIIOJIb30BAJIMCh B KauyecTBE Ipad)uueckoro HMHCTpyMEHTa IS
npeoOpa3oBaHuil U cuHTe3a M300paxkeHnil. CleKTp NMPUMEHEHUs
MaTeMaTHYEeCKOTO anmnapara XMUPHBIX JHHHUK JOBOJIBHO IIMPOK B
CHIIy CBOEH HPOCTOTHI M YHHMBEpCaJbHOCTH. B nmaHHO# pabote
HCCIIEAYETCsl BOIPOC MX HMCHOJIB30BAHMS [UISI MOCTPOCHUS MEpEHI
cxojicTBa (HopMBbI OOBEKTOB.

Pabora BemonHeHa mpu moanepkke Poccuiickoro ¢oHzma
(¢yHIaMeHTaNbHBIX HccnenoBanuii (mpoekt 02-01-00667).

2. XXUPHbIE JINHUN n LIMPKYNAPHOE
PA3NOXEHUE BUHAPHOIO U3OBPAXEHUA

Kupnast nuaug cormacHo [2,3] mpezacrtaBiseT coboil cien oT
HepeMeIeHUs OKPY)KHOCTH IIEPEMEHHOro  pajauyca BJOJb

HenpepblBHOW  kpuBoil. JKupHOW nuHuen C  naseBacres
MHOECTBO TOUYCK, 00pa3oBaHHBIX 00beHEHHEM

C = U Ct OJHOIIapaMETPUIYECKOI'0 CEMEUCTBA KPYTOB

tela,b]
C, ={(x,y) € R* :(x —u(0))* + (y —v(1))* <r(t)*}
Ha EBKJINJIOBOM TIOCKOCTH R 2 . Kpusas
P(t) = (u(t),v(t)) nassisactest ockro kupHoOii  mEHMH, a

I”(l‘)— ee wmupuHoW. JKupHas nsnemeHtapHas b-crutaitHoBast

KpuBasg [5] 3amaercs CIEAYIOIIMM BEKTOPHBIM YpaBHEHHEM
1 3
cm=gZQUVHpm
i=0

t €[0,1] - napamerp,
H, = {H_,H. H ir} - CEMECTBO KOHTPOJIBHBIX KPYTOB C

ix? iy?

uentpavu B (H B, (¢) - 6azosbie

dyHKUAK KyGHueckoro b-cruiaiiHa, HMEIOIHe CIIeayIOUMH BI:
B,(t)=(1-1)’

B,(t)=3t -6t +4

B,(t)=-3t +3t> +3t+1

B3 (t)

ix? ir°

H iy) v paguycamu H

Il
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Puc. 1: ZKupnas b-ciuiaiinoBasi kpusasi.
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IIpumep osnemeHTapHOH >kupHOW b-crnmaiiHOBOH kpuBoi ¢
CeMEUCTBOM KOHTPOJIBHBIX KPYTOB {H 050ees H 3 } IIPEeCTaBICH

Ha puc. 1. Ha mnpaktuke, Kak IpaBWIO, [JEIO0 HMEHOT C
COCTaBHBIMU KPUBBIMH, NPEACTABIIOIUMA COOOH 00BeJUHEHUE
HECKOJIBKMX  DJIEMCHTapHBIX  KpHUBHIX.  JKupHas  JHHUS
MIPE/CTaBIsIeT cO000I BEKTOPHBIH HMHCTPYMEHT, IO3BOJIIOMINIT
JIOBOJBHO TPOCTO  ONHKCHIBATH TI'EOMETPHUYECKHE  OOBEKTHI
IIPOU3BOJIBHOMN (HPOPMBL

[IycTs umeeTcst NpoU3BONIEHBIN OMHAPHBII 00pa3, OMUCHIBAIOLINN
cunyaT obbekTa. IlpencraBieHue IaHHOTO OOBEKTa B BHIC
KOHEYHOT0 OOBCAMHEHUS J>KUPHBIX JIMHUH OyneM Ha3bIBaTh
LUPKYJIAPHBIM pa3iokeHHeM OuHapHoOro uzobpaxkenus. [lanHoe
pasioXKeHHe  MONy4alT  ciegyrommm  obpasoM.  Jlud
MPOM3BOJIBHOTO PAacTPOBOro OMHAPHOrO 00pa3a CTPOUTCS TaK
Ha3bIBaeMbIil ckeneT [6], 3aTeM KaXIyr OTAENbHYI0 BETBb
CKeleTa amnmnpoKCUMUPYIOT *KHUpHbIMH JuHusMmu [5]. Ha puc. 2
npezcTaBieH OMHAPHBIN 00BEKT U €ro HUPKYJIAPHOE Pa3IokeHHe,
COCTOSILEE U3 MISTH KUPHBIX JIMHUH.

Puc. 2: bunapublii o00pa3, ero ckejer M IUPKYJSIPHOe
pa3ioKeHue.

3. CPABHEHME XXWPHbIX IMHUIA

HyCTB HUMECTCA NMPOU3BOJIbHAsA COCTaBHas KUPHas Bb-crnaiinoBas

KpHUBast C,  sagammas B Buge  BekTOp-GYHKIHH
C@) =[x(®), y(0),r(0)]. rae P(t) =[x(1), y(1)] sanaer
0OChb JKMPHOW JIMHHMH, a }"(t) - ee IIMPHHY, tG[O,T].
Onpeienim HaTypatbHyio napamerpusanuio s dyuximuu 7(1)
[8]. OO6o3naumm uepe3 /= f (l‘) (YHKOUIO JIMHBI OCEBOU
JMHHY, 3aBUCAILYI0 OT mapamerpa [, rtorma [ = f _l(l).

-1
Paccmorpum  dynknuro V(l ) = l”( f (l )) - 3aBHCHMOCTH
LIMPHUHBl XKUPHOH KPHUBOW OT IUIMHBI OceBoW nuHUH. [Ipumep
JKUPHOW JIMHUM M COOTBETCTBYIOIINH e rpaduk GyHKIMU r(l )

IpeJCTaBIeH Ha puUC. 3, IZie N0 OcH abCLUCC OTIOXKEHA JUIMHA
OCEBOM JIMHUM, a [10 OCU OPJUHAT — IIUPHHA )KUPHOU KPUBOH.

REEEEER]

1 m m am ;0 o

Puc. 3: JKupnas bB-cnuaiiHoBass kpuBas u rpaduk
3aBHCHMOCTH IIMPHHBI 5KUPHOl KPHUBOH OT JJIMHBI 0CeBOM
JIMHHH.

PaccmoTpuM Teneps aBe MPOM3BOJIBHEIC JKHPHBIE JIMHUH Cl (t)
u C2 (l ) IoctponM B o0miel cucTeMe KOOPAMHAT TpaduKH
Gynkuuit 7| (/) n r, (1) . O6o3Hauum sepes L1 - AJIMHY OCEBOM
JIMHUYU KUPHOH KpHBOH Cl (t) , a uepe3 L2' JUIUHY OCEeBOH
JIMHUY KUPHOHU KpUBOU Cz (t ) Hycrs L = max(Ll,Lz) U
JoonpeznenuM QyHKIUK rl(l) Ha [O,L] Kak rl(l)=0 pu
[ > Ll. , ecid Ll. < L. Tycrs D] - MHOXECTBO TOYCK
IUIOCKOCTH, OTPaHMYEHHOM TrpadukoM QyHKIMU 7 (l ) U OCBIO
abcuuce, a D2 - OrpaHu4eHHOE rpapuxoM 7, (l ) U OCBIO
S(D1 UDz) - IIowaip
00BbEIMHEHNs] MHOXKECTB DII/I D2= a uepes S(D1 ﬂDz)-

abcice.  O0603HauMM — uepes

mwIomanp ux nepecedeHus. Ilog Mepoit cXoncTBa ABYX >KHUPHBIX

mmmii C,(¢) u C,(f) 6ynem nounmats

s(D,ND,) _ f min(r; (7). (1)dl

BEJIMYNHY A =

D),y (1)dl |

L
s(D,UD,)
max(r,
0
Ilockonpky miomanp mepecedeHUs OBYX MHOXKECTB HE
MPEBBILIAET TUTOLLAN uXx 00beIUHEHHS, HMEEM

S(D1 U DZ) > S(l)1 N Dz) u Bemmunna A < 1. Ouesnmno,

4TO YeM O0O0JIbIle 3HAYCHHE A , TEM JB€ JKUPHBIC JINHUN bosee
TOXO0XKH. CneuyeT TaKXK€ 3aMETUTb, UYTO Yy a0COJIFOTHO
HUICHTUYHBIX XUPHBIX .]'IHHI/IfI, BCJIMYHMHA CXOJICTBA 6y,ueT paBHa
CAUHUILIC. Tem CaMbIM, HaXOXJICHHUC MEPLI 0JIN30CTH JABYX
JKUPHBIX JIMHUAN CBOJIUTCA K HaXOXIACHUIO OTHOLICHHSA IBYX
ONPEACIICHHBIX HWHTErpajioB. Ha puc. 4 NpeaCTaBJICHbl IBE
JKUPHBIC  JIMHUU, FOpPI3OHTa.]'ILHOI71 I.LITpPIXOBKOﬁ IIOKa3aHO
06’I>eILI/IHeHI/IC MHOXKECCTB, BepTPIKaJ'[LHOﬁ HX NEPECECUYCHUEC.

Hj’ T
2
D) A

° 1 \‘
L

T s

Puc. 4: I'padukn 3aBHCHMOCTH HMIMPHHBI KUPHOI KPHUBOii OT
JJIHHBI 0CeBOM JTMHHUH.

B CHUIIy TOI'O, YTO BBIYHCIIUTH aHAJIUTHYCCKU (1)yHKHI/IIO I”(l) HE

MIPEACTABIACTCS BO3MOXHBIM, ST MHPAaKTHIECKHX PACUeTOB
MOXXHO HOCTPOUTb KYCOYHO-TMHEMHYIO aNMpOKCHUMALIUIO STOU

dyHkmmn.  Pa3obbeM OCEBYIO JHHHIO SKMPHOH KpuBoit [N

TOYKaMHU (PO ,...,PN_1 yua IV —1 mocratouno menkux yacreit.
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O06o03HaunM uepe3 ti =[0,T ,22’ ,...,T ] - BEKTOp 3HAYCHUH

napamerpa [ ,tne T = ———

N-1
Tiyers P =[x(¢,),y(¢,)],i =0,..., N —1. O6o3naunm
L,=0

i—1
L= d(P, Py )i=le N

rne d (P/.,P/. +1)- €BKJIMJIOBO PACCTOSHUE MEXIYy JABYMs
Toukamu. Torma (Ll.,l"(ll. )) - IOCIEN0BATENbHOCT TOYEK

KyCOYHO-TMHEHHON anmpoKcUManuy (yHKINH V(I ) 3HayeHHe

WHTETPAJIOB B  JAWUCKPETHOM CIy4ae MOXKHO BBIYHCIIHTH,
HampuMep, MeToAoM  Tpamenuil. JIng  SKUpHBIX — JTMHMH,
MPEACTAaBICHHBIX Ha pHUC. 4 HMEeM CIEOyIOUHe pPe3yIbTaThl

s(D,UD,)=15559.18,  s(D,ND,)=8613.14,
A=0.55.

[lpu mOAyYEHUH NHUPKYJISIPHOTO PA3JIOKEHHUS KaKOTO-THOO
OuHapHOro 00pa3a, YacTh >KUPHBIX JHHHH MOXET COJICpXKATh
SIPKO  BBIPQKCHHBIC YTOJIICHUAS KPYTOB, KOIJIa OTHOCHTEIBHO
KOPOTKasi 4acTh KUPHOW JIMHUU MMEET 3HAYMTEIBHO OOJBIIYIO
[IMPUHY IO CPAaBHEHHUIO C OCTAILHON 4acThio KpUBOW. OOBIYHO
Takue YTOJIICHHUS B JKUPHOW JIMHWHU, TOJNYYCHHOW Ha I3Tare
anmpoOKCUMalMK  KPYrOB U3  CKEJICTHOTO  MPECTaBJICHHS,
COZIePIKATCSI B MECTaX €€ «COSIUHEHUs» ¢ 00JIe IMMPOKON JIMHUEH.
Ha puc. 5 npencrasieH 00BbEKT, COCTABICHHBIA U3 12 KHPHBIX
JUHAN, W TIOKa3aHbl JBC >KUPHBIC JIMHUM, HMCIOLIHE SPKO
BBIPKCHHBIC YTOJIICHHS.

Puc. 5: O0bekT, cocTraBiaeHHbId U3 12 KUPHBIX JMHUH, U
MOKA3aHbI SIPKO BbIPaKeHHbIE YTOJIIEHUs] Y IBYX KPHBBIX.

ITpu cpaBHEHNHN ABYX XKUPHBIX KPUBBIX, TAKHE YTONIIEHUS OYIyT
OKa3bIBaTh CYIIECTBEHHOE IIIyMOBOE BIMSHUE Ha Mepy OIU30CTH.
W36aBnenne >KUPHOW JTUHAU OT SPKO BBIPAKEHHBIX YTOJIICHHN
OyzmeM Ha3bIBaTh OUHCTKOH. [Iporiecc ounCTKY Mpeanonaraer, o
CKOPOCTh M3MEHEHUS Pajilyca B XHUPHBIX JHHUSX, IOIYIEHHBIX
U3 CKeJleTa, OTHOCHTENbHO HeOompmas. Hamwdme «urymMoBBIX
JJIEMEHTOBY» B JKUPHOHM KPHBOHU IpeajiaraeTcs HCCIEeNoBaTh 110

MOBEJICHUIO MPOU3BOJHON (HYyHKIHUU I’(l ) Byznem monarats, uTo

B KakoOH-TO TOuKke (YHKIHMH I”(l) MPUCYTCTBYET «ILIyMOBOI

r (1)
Eciu 3HaueHue mpou3BOAHONW IIPEBBIACT 3HAYECHHE & , TO MBI
MOXEM TOBOPUTH, B 3TOH TOUKE IPUCYTCTBYET SIPKO BBIPAXKEHHOE

SJIEMEHTY, €CIIN > & ,rne & - Hanepes 3a1aHHbIH TOPOT.

YTOJIIICHUE. HpI/I BBIYMCIICHUN MEPLI 0JIN30CTH A HC 6yz[eM
YUYUTBIBATh YTOJIICHUA B JKUPHBIX JIMHUAX. Ha puc. 6
MpeacTaBjicHa KUpHasd JIMHUA, MOJIYUYCHHAsE U3 allpoOKCUMalluu
KpyroB CKe€j€Ta ¢ YTOJICHHUEM B KOHL[eBOﬁ YaCTH U IIOKa3aH

rpaduk GyHKIHA I’(Z) .

[

ot T T T
o 20 40 B0 g0 100 120

Puc. 6: ’Kupnas b-cnnaiiHoBasi KpuBasi M COOTBETCTBYIOLIUIA
eil rpaduK QyHKIHH l"(l) .

Ha rpaguke OT4eTIHBO BHAHO, uTo, HaunHas ¢ Toukn | = 80,
3HaYeHUe (YHKUUH 7’(1 ) ObicTpo yBenuumBaThca. llporece
OYMCTKH II03BOJIUT BBIJEINUTH B )KUPHBIX JIMHUSIX 3HAUYMMBIE YaCTH

¥l YUHTHIBATH TONKO MX TPH BBMMCICHMH Mepsl Ommsoctd A
Tax, ouncTKa >XUPHOU KPUBOH, MOKa3aHHON Ha pUC. 6 yAaIUT U3
Mepbl OJM30CTH BEJIMYMHY PaBHYIO IUIOLIAAN 3aIITPUXOBAHHOM
obacTu Ha rpaduke.

4. CPABHEHME LUUPKYNAPHbIX PA3NIOXEHUA

IlycTh y HAC MMeeTcst ABa GUHApHBIX oOpaza [ 1 v 5 W M3BECTHBI
UX IMPKYJSIpHBIE pasiokeHus. [Ipennosiokum, 9TO HEpBBIHA
o6pa3 cocrour u3 N , a Bropoit — u3 M KHPHBIX KpHBBIX.

Toctpoum matpuity €7, j] pasmepom N *M . Drement
MaTpHLb Q j TOKasbIBaeT Mepy 6nusocTH I - OF KpuBOH M3

TIEPBOTO PA3JIOKEHUS C ] - oM KpuBOI1 U3 BTOpOrO. MaTpuity Q

OyzneM Ha3plBaTb  MAaTpuIell CXOACTBA [BYX LHUPKYIAPHBIX

pasyiokeHuil 00pas3oB 1 1,[ 5. Ha puc. 7 mpencraenens 1sa

LUPKYJIPHBIX PA3JIOKEHUs U IOKAa3aHa HUX MaTpUlLa CXOJCTBA.
Janee no 3Toil MaTpulle Hy’KHO HalWTH Haulydllee COOTBETCTBHE
3JIEMEHTOB-IIPUMHUTUBOB. VIHBIMH ClIOBaMU AJIsl KOXKIOH KUPHOU
JIMHUM U3 TEPBOT0 LMPKYJSIPHOTO PA3NoXKeHHs TpeOyeTcs: HailTh
TaKyl0 JKHPHYIO KPHUBYIO M3 BTOPOTO pas3jIOXEHHs, 4ToObl Mepa
CXOJICTBA ITUX >KUPHBIX JMHUN ObUIA KAaK MOXKHO OOJBIIE.
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Puc. 7: LupkyasipHoe pasjiokeHHe [ABYX o00pa3oB u
COOTBETCTBYIOIAsI MaTpHIa CXO0/ICTBA (cTonden
COOTBETCTBYeT 00pa3y cijieBa, CTPOKa — 00pa3y cnpasa).

Takum 00pa3oM, BBIYMCICHHE MEPHI CXOACTBA ABYX OMHAPHBIX
n300paKeHNH CBeleTCs K CPaBHEHMIO UX LUPKYISPHBIX
paznoxenuit. [Ipennaraercst ciemyroumuil alroput™M cpaBHEHUS
JIBYX LIMPKYJISPHBIX Pa3I0KECHUH.

Ilycts €,...,€, u fl,...,fm - JKUPHBIC JIMHUH, BXOJISIIHE
COOTBETCTBEHHO B IIEpBOE M BO BTOPOE LMPKYJIApHbIE

paznoxenus. Ilycts Qij - 6nM30CTH JIEMEHTOB €; W f I

Bsenem matpuny

1, eciu e; cmasumcsa 6 coomeemcmeue ]Fj

;=
0, unaue

Ha mnoctpoenHoii Marpuue cxoncTBa Q pemaeM 3amaudy
Ha3HaveHus [7], T.e.

%
ZQU Xl.j —>max

i,j

m
ZXH. <Li=1,..,n
j=1

Zn:Xij <l j=1..m

i=1

Xiij unu 1

Pe3yHLTaTOM 3ala4yd  Ha3HA4YCHUSA  SABJIACTCA CIIUCOK TIap

k=1,..,min(N,M).

UHIEKCOB BHAA (ik,jk), rne

X, . =1

i Jr o003HavaeT, 4To Hanboee OIM3KUMH MO Mepe

CXO/ICTBA SIBISIFOTCS JKUPHBIC JIMHUHU eik " f Jr - Tem

CaMBbIM, €CJIM KOJINYECTBO XHUPHBIX JIHHHUN B 000X HUPKYIIPHBIX
pa3IOKCHUAX OAUHAKOBO, TO KaXKAOM JKUPHOHM KpHUBOH U3
TIEPBOTO Pa3JIOKEHHs OyAeT MOCTaBIeHa EANHCTBEHHBIM 00pa3oM
JKHPHAsI KPUBasi U3 BTOPOTO0 pazioxkeHus. O603HaIMM depes

min( N, M)

I Jk
k=1

min( N, M )~

Bennuuny A OyzeM Ha3pIBaTh OTHOCHTEIIFHOH MEPOH CXOICTBa
IBYX IMPKYJSpHBIX  pasnoxkenuil. Jlamnas wmepa Oyner
MOKa3bIBaTh, HACKOJIBKO MOXOXKAMU SIBIISIOTCS JABA MIPOU3BOIBHBIX
OmHapHBIX 00pa3a. SIcHO, YTO WeM OoibIle 3TO 3HAYCHHE, TEM
Oomee  TMOXOXUMH  SBIAOTCS  oOpa3pl.  [ns  oOpasos,
NpEJICTAaBICHHBIX HA pUC. 7, alrOpuTM CpaBHEHHSA JBYX
IUPKYJISAPHBIX PA3JIOXKEHHH BBIJACT CIEAYIONIME PE3yNbTaTHI.
Crmucok map wmHAekcoB: (4:6), (5:5), (6:4), (1:1), (3:3), (2:2).
OTHOCHTENbHAS BEIUYUHA CXOJACTBA IUPKYISPHBIX PA3TI0KEHUIL:
0,58. [lamHBIi pe3ynpTaT mNONy4YeH Oe3 mpolecca OYHCTKU
JKUPHBIX JTUHUH. OTHOCUTENbHAS BEIMYHUHA CXOJCTBA 3aBUCUT OT
KadyecTBa OYHCTKM (BBIOOpa & ) XHUPHOM JmHMHA. MexaHusm
YAQICHUS] «IIYMOBBIX DJIEMEHTOB» W3 JKMPHBIX JIMHHH JacT
CIIEIyIOLINE PE3YIIbTATHL

& OTHOCHTENIbHAS BEJIMUUHA CXOJCTBA
0.2 0.42
0.3 0.65
0.4 0.66
0.5 0.67
0.6 0.64

OueBUHO, YTO IPH TaKOM KOMOMHATOPHOM Iepedope MKUPHBIX
JMHHI W3 JBYX LMPKYJSAPHBIX DPa3JIOKEHUH Mbl CMOXEM He
YUYECTh Ba)KHbIE JETaIU CKEJIETHOTO CTpOeHHUs oOpa3a. V30exarsb
3TOr0 MOXHO IIyTEM JIOIOJHUTEIBHOTO Yy4eTa TOIOJIOTUH
ckenera. Hampumep, Ha puc.7 pyka (kupHas nuHHi Ne3) u3
JeBoro oOpaza MOXeT ObITh IIOCTaBIE€Ha B COOTBETCTBUE
TynoBuuly (kupHas quHus Ne 5) u3 npaBoro obpasza. Paccmotpum
NPOU3BOJIBHBIA OMHAPHBIA 00pa3 M ero CKeNleT, MOKa3aHHBIA Ha
puc. 8. B ckenmere MMEIOTCS TOYKH, B KOTOPBIX CXOISATCSA TPH
pebpa. Ha puc. 8 onn ob6o3nauensl 6ykBamu A,B,C,D. Nmerorcst
TaKXKe TaK Ha3bIBaeMble TEPMHUHAIbHbIC BEPIIMHBI, 0003HAYEHHbBIE
oyksamu E,F,G. Touku A,B,C,D nmn1 mnpocroTel wuHOrzAa
Ha3bIBAlOT TPOMHUKAaMM CKejieTa. IlpumumieM  BeplIMHAM-
TpoilHHKaM MeTKy 3, a TepMHHAJIbHBIM BepIIMHaM MeTKy 1. U3
HPEICTABICHHOTO PUCYHKa BHAHO, YTO Kakioe pebpo ckenera
COENIMHSCT JBE BEPUIMHBI ¢ MeTKaMu Jubo 3:3, mubo 1:3.
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Puc. 8: PacTpoBblii 00pa3 U ero ckejeTHOe NpeacTaBIeHUe.

Hanpumep, pebpo DF coenunsieT nBe BepiuHbl ¢ MEeTKaMu 3 U 1,
pebpo AD — cootBerctBenHO 3 1 3. [Ipu anmpokcumanuy BeTBei
CKeJIETa JKUPHBIMH JIMHUSAMHM KaKIOMY TEPMUHAIBHOMY KpyTy
KUPHOI KpUBOH (HAYaIbHOMY M KOHCYHOMY) MPHITUILEM METKY,
COOTBETCTBYIOLIYI0 METKE BEpIIMHBI cKesieTHoro rpada. Tewm
caMbIM, K IpuMepy, u3 pedpa AE ckernera MBI MOJIy4nM >KHPHYIO
b-crumaiiHOByr0 KpHBYIO, Y KOTOpOH HaudaibHBIH Kpyr Oyner
MMETh METKY 3, a KOHeuHbIi — MeTKy 1. W3 pebpa sxe BD mocie
aIrmpoKCUMAIIMM  TIOJIyYUTCSl JKUPHAs JIMHUS, KOHLEBbIE KpYyru
KoTOpoit OynmyT ¢ Merkamu 3. Temepp NIpH CpaBHEHUM IBYX
KUPHBIX JIMHUWA W3 PasHbIX IHUPKYJSPHBIX Pa3IoXKCHUH Oyaem
PYKOBOJICTBOBATbCS CIEAYIOIIMM IIPOCTBIM IpaBUIOM. bynem
CpPaBHHMBATh TOJILKO TE€ MKHPHBIC JIMHUU, Y KOTOPBIX COBHANAIOT
METKH B KOHIEBBIX Kpyrax. TeMm cambIM CpaBHEHHE >XUPHBIX
muHui ¢ metkamu 3:1 u 3:3 Hegonmyctumo. Ciyuall, Kkorna jaBe
JKUpHBbIE KpuBble MMe0T MeTku Buja 1:3 u 3:1, npuBoautcs K
Buay 1:3, 1:3 npocroit nepeHyMepanyeil KOHTPOJIbHBIX KPYIOB Y
OJIHOM M3 UPHBIX JIMHUH. JlaHHas ues 103BOJISET CYIIECTBEHHO
[OHU3UTh KOJMYECTBO CPAaBHEHHH, YBEIMUUTh BBIUUCIUTEIBHYIO
3G PEKTUBHOCTh aNrOPUTMA CPABHEHUSI [JBYX IIMPKYJSIPHBIX
pa3okeHUH U IOBBICUTh TOIOJOIMYECKYH) KOPPEKTHOCTb
CpaBHEHHUS.

5. MPUMEP U30BPAXEHUA

NAOOHEN

CPABHEHUA

JlaHHBI TOAXOJ B CPaBHEHHHM JBYX IMPOU3BOJBHBIX 00pa3oB
yepe3 CpaBHEHHE )KUPHBIX JIMHUI NIPEOCTaBIsIET BO3MOXHOCTD B
Ka4yecTBE MPUMCHCHHS WCCIE0BaTh 3a1ady HACHTH()UKAIMN
yenoBeka 1o Qopme ero yamoHu. CucrteMmbl MOJOOHOTO pona
3aHUMAIOT TPEThe MECTO IIOCI€ PAaclO3HABAHUS OTIEYaTKOB
NajbleB ¥ YepT JIMIA M COCTaBJSIIOT mopsiaka 13 mpoueHToB OT
BCEX  OHMOMETPHYCCKMX  YCTPOMCTB,  NPHUMECHIEMBIX B
coppemenHoM wmupe [9]. Kak yTBepkmaer OuomeTpus -
MpUKIagHas o00NacTh 3HAHWM, YYHUTHIBAIONIAS yHHUKAJIbHBIC
XapaKTepUCTUKHU YEJOBEYECKOro Tejla, B MHpPE HEeT JBYyX
OJIMHAKOBBIX WHIUBHYYMOB C HJCHTUUHBIMH OMOMETPUYUCCKHUMU
nanHbiMHA.  Croco6  ayreHTH(UKanMd 10  (GopMe  JIaJOHH
MPUMEHSETCS. HE Tak JaBHO. Wpes, 3ajoXeHHass B JIaHHOM

noaxoac, COCTOMT B TOM, 4YTO J000ro 4ejaoBeKa MOXKHO
I/IZ[CHTI/I(l)I/IIII/IpOBaTL o Q)opMe €ro MnaJblueB Ha JIaIOHU.

3ajauy pacno3HaBaHMsA (OPMBI UEIOBEYECKOH JIaJOHH B
TEPMHHAX KUPHBIX JIMHUH Oy/eM peliaTb METOAOM CPaBHEHHS C
STaJOHOM. B KkauecTBe Mepbl cpaBHEHHs AByX 00pa3oB Oyner
BBICTYNIaThb ~ OTHOCUTENIbHAasg  BEJIMYMHA  CXOACTBA  JIBYX
LMPKYJIAPHBIX pasnoxeHuil. Bynem monarats, uto nBa oGpasa
ABJIAIOTCA 0O0JIee MOXOXKHUMH, €CIM Yy HMX OTHOCHTENbHAs Mepa
cXoicTBa Haubonblias. B kauecTBe mNpuMepa pPacCMOTPUM
n300pakeHHsl YeThIpeX JafoHel, Mpe/ACTaBIeHHble Ha puc. 9.
MoxxHO Toyarate, 4Yro [JBa oOpa3a B JIeBOM cCTONOLE,

0003HaYCHHBIC A1 ,Bl , IPE/ICTABISIIOT cO00i 0Opa3bl ITaJIOHOB,

T.K. INpPUHALIEKAT JIBYM pasHbIM JoasM. [IpaBblii cronbery
COIEPXHUT 00pa3bl JAJOHEH TeX JKe JIoJeH, HO C WHBIM

PacmoJIO)KE€HUEM HCKOTOPBIX MNAJIbLCB: AZ’BZ' Oco0eHHOCTh

Z[aHHOﬁ 3aja4d COCTOUT B TOM, HYTO IIpU CpaBHEHHU [BYX
HUPKYJISAPHBIX pa3.]'[0)KeHHﬁ Yy Hac HET HCOGXOZ[I/IMOCTI/I B IIOJTHOM
KOM6I/IHaT0pHOM CpaBHEHHHU BCCX JIMHUT BXOIAOIUX B oba
Pas3IoKCHUA. HpI/I HNOCTPOCHUU CKCIICTHOIO MNPEACTaBICHUSA
I/I306pa)KeHI/I$I JIJaIOHK HaC UWHTEPECYET TOJBKO IISTh BETBEHU
ckejera. OTH TATh BETBEH COOTBCTCTBYIOT IIATH MaJbllaM Ha
JJaJOHU. Ha puc. 6 JaHHBIC BETBU OTYCTINBO IIPOCMATPUBAIOTCA.

Ipu pacnosHaBaHuu (HOPMBI JIAJIOHW UMEET CMbICI CPAaBHUBATDH
TOJIKO COOTBETCTBYIOLIME Majblbl MeXIy coboil. B cuiry storo
cpaBHeHHE JIBYX (OPM JIaJIOHEH CBOIUTCA K CPAaBHEHHIO AECATH
JKMPHBIX JIMHUH, C TOCIEAYIOIHM BBIUHCIEHHEM OTHOCHTEIBHOM
MEpBI CXOJICTBA ABYX LMPKYJISAPHBIX Pa3l0KEHHI.

B, B,

Puc. 9: lIpumep yeTnipex 00pa3oB JaA0Hel.

Ilpu cpaBHeHHHM Mexnay co0ol MaHHBIX OOpPa30B IMOTYYHM
CIEIYIOLIYI0O CHMMETPHYHYIO MaTpPHILY.

Al Bl A2 B2
4, 1 0.72 0.9 0.81
B, 0.72 1 0.65 0.89
4, 0.9 0.65 1 0.75
B, 0.81 0.89 0.75 1
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Kak BugHo w3 Tabmumbl OaHHBIH METOX CpaBHEHHS OTOOpa
obpassl JafoHeH, NpHHAISKANIe OXHOMY dYenoBeKy. OdeHb
BR)XHBIM MOMEHTOM, KaK IIOKa3al0 HCCIIE[OBAaHHME, B JaHHOM
HoAXoze ABIseTcs npenobpadorka pacTpoBoro obpasa. Koneuno
JKe, IIpOBepKa MeToja Ha JBYyX o0pa3ax He JaeT IpaBo JelaTh
BBIBOJIBI 00 yCTOHIMBOCTH TakoBoro. OIHAKO Hes, 3aJ0KeHHAs
B OCHOBY JaHHOTO MOJXOJa, MOXET 3aHiTh CBOK HHUIIY B
00acT pacrio3HaBaHUS (POPMBL.

6. 3AKITIOMEHUE

ITpeanoKeHHBI B CTaThe MOAXOZA K HCIIOJIb30BAHUIO JKUPHBIX
JUHAN U1 TIOCTPOCHHS MEPHI CXOACTBA (HOPMBI M300pakeHUH
MpeAcTaBIsieT co0oil  HOBBIM  WHCTPYMEHT B  00JacTu
pacmio3HaBaHHs (HOPMBI OOBEKTOB.
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Image shape comparison based at
circular decomposition

Leonid Mestetskii, Andrey Semenov
Tver State University
Tver, Russia

Abstract

A new method for shape comparison is considered. The measure
of shape distinction is computed by “circular shape
representation” as a union of fat B-spline curves.
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