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AMPOKCUMALI1 KOHTYPY OB’EKTA
Y 306PAXEHHI I3 3ACTOCYBAHHAM
BEKTOPHUX ONEPALLIN

Beryn. IlapanenbsHo 3 pO3BUTKOM TEOPETUYHUX OCHOB,
METOAIB Ta aJIrOpUTMiYHOI 0azu 0OpoOKM HUPPOBUX
300pakeHb WIe BIOCKOHAJICHHS 3acO0iB CHPHHHSITTS M
00pobnenHs Bigeoganux. ToOTO BiAOYBa€TbCsl B3a€MHUI
BIUTUB: 3 OJHOTO OOKY, TEXHIKa Ha/Ja€ HOBI MOXKIHUBOCTI
JUIS ajanTaiii icHyrouux abo po3poOKHM HOBHX METO/IIB
i anropuT™MiB 18 €(hEeKTUBHINIOTO BUKOPUCTAHHS armapar-
HUX 3ac00iB, a 3 IHIIOTO — HOBI iH(oOpMaIliiiHi oTpedU
NpeJMETHUX 00JacTel BKa3ylOTh HANpPSIMKHA Ta CTUMY-
JIFOIOTh PO3BUTOK TEXHIYHHX 3aCO0IB.

OnarM 3 HampsMKiB, TIOB’S3aHUX 3 ifeHTH(IKAIli€r,
aHamizoM ¢opMH O00’€KTiB, iX po3Mipy, OpieHTaii,
MapKyBaHHS Ta IHIIMX T€OMETPHYHHUX XapaKTEPHCTHK,
€ KOHTYpHHUii anami3 [1, 2].

Y nitepatypi ommcaHO pi3HI METOIU AampOKCUMAIIi]
KOHTYpIB mpssMuMHu JiiHismu. Hanpukian, y [3] HaBeaeHO
BiJIOMOCTI PO MOAM(IKOBAaHMI METOJ HAMEHIITNX KBa/I-
pariB, a y [4] npo meron Popcena. Kputepiii anmpokcu-
Marlii: Bi/ICTaHb BiJl KOXKHOI TOYKHU NIJITHKA KOHTYPY, IO
aNPOKCHMYETBCSI, JI0 aNpOKCHUMYBAJIBHOTO Bifpi3Ka He
MOBMHHA ITIEPEBUILYBAaTH MOXMOKY ampokcuMmarii. Y po-
0oti [5] mpomoHyeThCsi METO/T, 3aCHOBAaHHIA HA OOYHCIICH-
Hi pacTpa Ui KOXKHOTO IOYaTKOBOTO BY3Ja arpoKCHMa-
1ii, y MeXaX SIKOT'0 3HaXOJUThCsI allPOKCUMYBAJIbHA JIiHisl,
JIOKU BiH HE cTaHe MOpoXHiM. OOYHUCIIEHHS TPOBOJATH
MOCTIIOBHO ISl BCIX TOYOK KOHTYpY, HE MOBEPTAIOYHChH
JUTSL QHAII3Y JI0 MOTIEPEeIHIX TOYOK, TOMY OOYHCITIOBAJIbHA
CKJIaHICTh JITOPUTMY HPOMOPIiiiHa KiJIbKOCTI TOYOK Y
KOHTYpi. 3a moxuOKy ampokcuMmauii oO0paHO MiXKIIK-
CeJIbHY BiJICTaHb. J[J1s 3aCTOCOBYBaHHS JOBUILHOI MOXUO-
KM anmpoKcHuMalii 3a IIMM METOJOM BBEJIEHO 0JaTKOBI
yMoBH [6], 11100 KOPEKTHO MPUITHATH PIllICHHS PO KiHIle-
BY TOYKY alpOKCHMYBAIILHOTO BiJIpi3Ka, IO BiIOMBAETHCS
Ha MPaKTHYHIHA peani3aiii MeToay.

Meta poOOTH — YIOOCKOHAJCHHS METOLY KYyCKOBO-
JHIHHOT anpokcuMarii KOHTYpiB 00’€KTIB y 300pakeH-
HSX, IO JIO3BOJMTH 3aCTOCOBYBaTH Ha BCIX eTamax
00poOKM TmapanenbHi OOYHCICHHS 3 BHUKOPUCTAHHSIM
BEKTOPHHX OIEpallii.

ISSN 2707-4501. Cybernetics and Computer Technologies. 2020, No.3 85


https://doi.org/10.34229/2707-451X.20.3.8

I1.10. CABEJIbHIKOB

YaockoHajiennii MeTol KYCKOBO-JIiHiHHOI ampokcuMauii KOHTYPY 3aCHOBaHO Ha BiOMOMY
Mmertoni [5] 3 momrykoM By3JIiB arpoKcHMallii, sSiKi HaJexkaTh KOHTYpY. 32 MOXUOKY arnpoKCUMAIlii npuitma-
€TbCs TOBIIbHA TOXUOKa €. [Ipu IbOMY KiJIBKICTH BY3J1iB anpoKcUMallii Mae OyTH SKOMOTa MEHILOHO.

CyTb MeTony, 110 MPOMOHYETHCS, MOJISITAE Y MOCIiZOBHOMY HOLIYKY MOXIJIMBUX HAaIlpsIMKIB 1 KiHIIe-
BUX TOYOK alpOKCHMYBaJbHOTO Bi[pi3Ka MPsAMOI JiHii, [0 BUXOJUTH 3 YEProBoi MOYaTKOBOI TOUKH Ag
(pucynok). Oneparlii MPOBOJATHCS HaJ BEKTOPaMH, KUTbKICTh KOMIOHEHTIB SKHX IOPIBHIOE KiTBKOCTI
00pOOIIOBAIEHIX MPUCTPOIB Y BEKTOPHOMY ITPOLIECOPI.

a2
r

-2

PUCYHOK. ITpukian KycKOBO-TiHIHHOI anpoKcuMarii

Merton nepenbayae TaKy HOCHiJOBHICTD Jil.

1. JloBinbHO BUOHMpPAETHCS MOYATKOBA TOUKA Ag TIepIoi ampOKCUMYBaIBHOT JTiHii.

2. uxn 1. IToyaTkoBa TOYKa 4eproBoi alpoOKCUMYBaIbHOI JMiHii Ao MIPUHMAETHCS 32 TOYATOK KOOP-
nuHaT. [IpoMiHb, 10 MPOXOANUTE Yepe3 TOUYKH Ag i A; mepiioi rpynu TOYOK, OOMpaeThCs 3a Bich X. A; — 11e
HaiibmK4a 10 Ao TOUKa, B OPAIKY 00XO/Ly KOHTYpY, Ha BiacTaui 6inbin Hik €. Tomy (o) —o;) <T.

3. Hwka 2. I ueproBoi Ipyny TOUOK AUISTHKH KOHTYPY Bix A; 10 A; y HOBili CHCTEMi KOOpJIUHAT 3
BUKOPUCTAHHSIM BEKTOPHHX OMepaliii 00YHCIIOI0THCS BEKTOPH KYTiB MIPOMEHIB, SIKi BUXOJISATH 3 TOUKH Ao:

Va=(a,,....,a;), Vo' =(o;,...a;), Vo~ =(a,,..,0).

BxigHUME JaHUMU € BEKTOPU KOOPJMHAT TOUOK KOHTYpY. [lepen o0unciIeHHsIM iHTETpaTbHUX BEKTO-
PiB €KCTpEeMYMIB JUIsl TPYI TOYOK, IOYMHAIOYH 3 JPYToi, 3a MepIlli KOMIIOHEHTH Ye€ProBUX BEKTOPIB KYTiB
HpPOMEHIB OepyThCs MiHIMalIbHI 3HAaUCHHA BiA o, 1 o Ta MakCUMalbHI Big o, 1 ray , Ae rog, ro; —
KOMIIOHEHTH 1HTETPaIbHUX BEKTOPIB, O0UMCIIEH] TS MONIEPEHBOT IPYIIH.

4. 3a opUriHaJILHUM METOJIOM OOUYMCITIOIOTHCS IHTETpaIbHi BEKTOPU MaKCUMYMIB i MiHIMyMiB KyTiB
MPOMEHIB (METOJI BEKTOPHOTO 00YHCIICHHS HAJaHO Jali):

+ + + - - -
Ra™ =(ray,...ra;),Ra ={ra,,...,ro; },
+ m + - m - :
ae oy, =min(aj), ro, =max(aj), m=z...i.
j=2 j=
5. OOumcmoeThCs pe3ynbTyrounii BeKTop R:
R=(Ro~ <Ra™)A((Va<<l)>Ro ) a(Va<<l)<Ra'),

ne <, > — omeparii MOPiBHIHHS KOMITOHEHTIB, SIKi 3HAXOASTHCS B OJHAKOBIiH MO3UIlT BEKTOpiB, <<1 —
oreparisi 3CyBy KOMIIOHEHTIB BEKTOpa Ha OJHY MO3HULiI0 JiBopyd. Ilounnatoum Big Touku Ag mepmioi
anpoOKCHMYBAJIBHOI JIiHii, y 3MiHHIl K 30epiraeTbcs r100anbHUil HOMEp TOUKU KOHTYPY, KUl BiIIOBiIa€e

Mo3uLii OCTaHHBOI OAMHULI MpaBopyY B R, sKmIo Taka oguHuULs icHye. Lleit HoMep Bkazye Ha HMOBIpHY
MO3MLII0 HAWJanbImIol KiHOEBOI TOYKHM, JJs SIKOi BHKOHYETHCS Jpyra yMOBa ampoKCHMalii

(ro g >oy >roy q).
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6. IlepeBipsieThCs Meplia yMOBa iCHYBaHHsI allpOKCUMYBaJILHOT JIiHii:
(Ro™ <Ra")=(@11,...,1).

Sxmo Tak, OepeTbcs HACTYIHA TPyIa TOYOK KOHTYPY, MOUYMHAIOYHM 3 OCTAHHBOI TOUYKH HOMEPEAHbOT
TPYIH, SIKa BBAKAETHCS TIOYATKOBOIO TOUKOIO TpynH A, . BUKOHYIOTECS i, MOYMHAIOUH 3 M. 3, K 1 LIS
MOTNEPEIHBOT IPYIH TOUOK.

Skmo Hi, HoMep K BinmoBimae mo3uiii HalmanblIol KiHIEBOI TOYKH YE€ProBOi anmpoOKCHUMYBaJIbHOI
ninii. BignoigHo, 115 Touka OyAe NOYaTKOBOIO TOUYKOIO Ag HACTYMHOI alPOKCHUMYBAaJILHOT JIiHii.

7. Jii mOBTOPIOIOTBCA 3 1. 2 70 MOBEPHEHHS B TOUKY Ag MEpUIOro ampOKCHMYBaJbHOTO BiJpi3Ka
IpsMoT JIiHii.

Jns cnpomieHHsT 004MCIieHb, 11100 YHHKHYTH OIEpalliii arcsin, arccos, 3amicTh BEKTOpIB 3HA4YCHb
KYTiB BUKOPHUCTOBYIOTHCSI BEKTOPHU 3HaUCHb CHHYCIB Ta KOCHHYCIB IIUX KYTiB.

O04YHuCc/IeHHs iIHTerpajJbHUX BEKTOPIB eKCTPeMAaJIbHUX 3HAYEHDb MOCTiTOBHOCTI Ynce

Ha erami 4 BHUKOPHCTOBYETHCS 3alpOIIOHOBAHWN METOJI MapalieIbHOTO OOYHCIICHHS iHTErpalbHUX

BEKTOpiB eKCTpeMalbHUX 3HaYeHb MociifoBHOCTI yncen Ro", Ro™, ki 0GUMCIIOIOTHCS 3a JJOMOMOTOM
BEKTOPHHX OIEpallii, [0 MPHUIIBHIIIYE OOUUCITIOBAILHUE Tpoiiec. BiH nojsrae y Takomy.

Hexaii Bxinuuii Bektop A = (o, @1, ..., @n—1) 3 KUJIbKICTIO KOMIIOHEHTIB N 3aHOCHTBCS B PE3yJIbTYIO-
yuit Bektop T. [TochaigoBHO, KPOK 3a KPOKOM, 3JIIHCHIOETHCS OIepallis BUOOPY €KCTpEeMalIbHUX 3HAUYCHB
MK KOMIIOHEHTaMH, sKi 3HaXOJAThCA B OJHAKOBIM mo3umii BekTopa T 1 IBOro ’ BEKTOPA, 3CYHYTOIO
npasopyd Ha 2'~ ! mosuiii. Pesynbrar 3anucyerses y Bekrop T (T = extrem(T,(T>>2'"1))), ne extrem ue
min a6o max, i — HoMep KpOKy, 110 3MiHI€eThes B Aianasoni Bin 1 go Ceil(logzn), dynxuis Ceil(C) nosep-
Tae HaiiOmwkye 1o C uine yncno, sike € He MermwmM C (> C), >>2'" ! — onepauist 3cyBy KOMIIOHCHTIB
BekTopa mpasopyd Ha 2'~ ! mosuwiii. Ilpu 3cyBi npaBopyd 3BilbHEHI MO3MILI 3aMOBHIOIOTHCS 3HAYEHHAMU
KpaiHiX JIiBUX KOMIIOHEHTIB IIbOTO BEKTOPA.

OOrpyHTyBaHHSI KOPEKTHOCTI MeTOAy OO4YMCJIEHHSI IHTerpaJIbHOr0 BEKTOPAa eKCTpPeMAaJbHUX
3Ha4YeHb MOCJTiJ0BHOCTI Yuces

[lepeBipka KOPEKTHOCTI METOY 3MIMCHIOETHCS 32 PaXyHOK JOCHIIPKEHHS HOMEPIB KOMIIOHCHTIB BEK-
TOpa, 3HAUCHHS SKUX KPOK 32 KPOKOM OOYHMCITIOIOTHCS B JIOBLIBHIN Mo3wuilii Bekropa T. PosrisiHemo Bapi-
aHT OOYMCIICHHS IHTETPaJbHOTO BEKTOpA MiHIMAIBHUX 3HA4€Hb MOCHIIIOBHOCTI uncen A = (Qo, a, ..., a7).

[Ticnst 3aHEeCceHHs MOCHiIOBHOCTI uncen A y BekTop T B no3uiii tj Oyae kommnoneHT aj. Ha koxxHOMY
HACTYITHOMY KpOIli, 3TiJJHO 3 METOJOM, Y Liif MO3MILlii MATUMEMO MiHIMalbHE 3HAaU€HHs Pe3yJIbTaTy Iore-
PE/IHBOTO KPOKY 1 TAKOTO %K pe3yJIbTary 3 MO3MILii, IHAeKC sKoi Ha 2' 1 MeHIIHii, 1110 BiANOBifae onepalii 3cyBy
BekTopa Ha 2' ! moswmiit mpaBopyu:

0) tj =g,

1) tj = min(aj, aj_1),

2) tj = min(min(a, aj-1), min(aj-2, a-3)),

3) tj = min(min(min(a;, aj-1), min(a; -2, aj-3)), MN(MIn(a; -4, a;-s), Min(a;_s, aj-7))).

OckinbKy omepallisi OOYUCICHHS eKCTPEeMyMy acolliaTHBHA, JYKKH MOXKHA PO3KPHUTH. 3a j MOXKHA
B3SITH HOMED JIOBUILHOTO €JIEMEHTa, pe3yJIbTaToM Oy/ie EKCTPEMYM BiJl 3HAUYEHB YCiX MOMEPEHIX eeMEH-
TiB, BKJIOYAIOYH 1IeH €JIEMEHT (eJIEMEHTH 3 BiJl'EMHUM 1HJIEKCOM JIOPIBHIOKOTH dp). I1lo 1 moTpibHO OyI10
noBecTr. Metoa Moke OyTH peai3oBaHWil Ha CIeMiaTi30BaHOMY BEKTOpHOMY mporiecopi [7], abo mpo-
IpaMHO 3 BUKOPUCTAHHSM BEKTOPHUX KOMAaH] YHiBEPCATbHHUX MIPOIECOPIB.

BucHoBku. 3anpornoHOBaHO YAOCKOHAJIEHWH METOJ] KyCKOBO-JTiHIWHOI ampokcuMalii KOHTYpiB
1 METO OOYUCIICHHSI IHTETPaJbHUX BEKTOPIB €KCTPEMAIbHUX 3HAYEHBb TOCHIJOBHOCTI YHCElN, SIKi peali-
3YIOThCS 13 3aCTOCYBaHHSIM BEKTOPHHX OIepaiiidi Ta HaJAOTh MOXJIHMBICTh NPUCKOPUTH PO3B’S3aHHS
3a]]a4 KOHTYPHOTO aHalli3y, a TAaKOX 1HIIUX MOJMIOHMX 3a/1ad y peXUMi peanbHOro yacy. Burpanr y mBui-
KOCTI 00YHMCIIEHDb MTPONOPIIIHHMIA KITBKOCTI JaHUX, AKI MOX€E OJHOYACHO OOPOOMTH BEKTOPHHIA MTPOLIECOP.
HasiBHICTH pO3BHHYTHX MiJICHCTEM i3 COTHSAMH PI3HOMAaHITHUX BEKTOPHUX KOMaHJ y Tiporecopax (ipm
Intel ta ARM 103B0JIsI€ Ha IPAKTHUIN BUKOPUCTOBYBATH 3aIIPOTIOHOBAHI METOIN OOYHCIICHb.
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BBenenne. OmHUM K3 HalpaBlICHWH, CBS3aHHBIX C WACHTU(HKAIMEH, aHaT30M (GOPMBI OOBEKTOB, MX
pa3mepa, OpUEeHTAIMH, MAPKUPOBKH U JIPYTHX FT€OMETPUUECKUX XapaKTEePUCTHK, SIBISETCS KOHTYPHBIA aHAIN3.

B nuteparype onucansl pa3indHble METO/bI ANIIPOKCHMAIMK KOHTYpoB. IIpemiaraemslii MeTOl OCHOBaH
Ha U3BecTHOM Meroje. Ero cyTp 3akmtoyaercs B MMOCIe0BaTEIILHOM IOMCKE BO3MOXKHBIX HAlpaBJIEeHUH U KO-
HEYHBIX TOYEK alpOKCUMUPYIOIUX OTPE3KOB MPAMBIX JIMHUH, MPUHAATIEKAIMX KOHTYpY. KonmruecTBo y31108
aNMPOKCHMAaIUH JOJDKHO OBITh KaK MOKHO MEHBIIMM. BBIUMCIEHHS TPOBOIAT TOJBKO A OYEPEIHOW TOUKH
KOHTYpa, HE BO3BpAIasiCh I MPOBEPKH KPUTEPHS alIIPOKCUMAIIMU KO BCEM MPEIbIAYIINM ToukaM. Beraucnu-
TeJbHAasl CJI0KHOCTh aJITOPUTMa IPOTIOPIIMOHANIbHA KOJMUECTBY TOYEK B KOHTYpE.

Leap padoThl — IPEUIOKUTE METO]] KYCOUHO-TMHEHHON armpOKCUMAIHd KOHTYPOB 00BEKTOB B M300pa-
JKEHUSIX, KOTOPBIH ITO3BOJIUT NPUMEHATh Ha BCEX ATaNax KOMIBIOTEPHOH 00pabOTKH MapauienbHble BBIYNCIIe-
HUS C MCIIOJIb30BAaHHEM BEKTOPHBIX OIepalyii.

PesyabTaThl. B pabote npennokeH ycoOBEpIIEHCTBOBAHHBIM METO/ KyCOYHO-JIMHEHHON anmpoKCHMaIiu
3aMKHYTOT'O KOHTYpa 00BbeKTa B N300paKeHUH MHOTOYTOJIbHUKOM, BEPIIMHAMH KOTOPOTO SBJISIOTCS HEIOCpeI-
CTBEHHO TOYKH 3TOro KOHTypa. Kpurepuii annpokcuManum: pacCTOSIHUE OT KaXKA0H TOUKU ampoKCUMHPYEMO-
ro y4acTka KOHTYpa O allpOKCUMHPYIOIIEro OTpe3Ka He JOJDKHO HPEBBIIATh IOTPEIIHOCTh alllPOKCHUMAIIHH.
Metox opueHTHPOBaH Ha NapaJlieIbHbIe BEIYUCICHUS C UCIIOIb30BaHNEM BEKTOPHBIX OIEpaIii.

Taxoke mpeuIokeH METO]] MapajyIeIbHOIO BBIUMCIICHHUS MHTETPAJIbHBIX BEKTOPOB SKCTPEMAaJIbHBIX 3HaYe-
HHUI TOCJIE0BATEIbHOCTH YHCEIN JUIS pean3aliy NMapajuleNIbHbIX BBIYUCIEHUN C HCIIOJIb30BAaHUEM BEKTOPHBIX
orepaluii Ha BceX dTarax anrpoKCUMaIiH.
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BouiBoasl. [IpeanoxeHsl METOIbI, KOTOPBIE PEAIU3yIOTCS ¢ IPUMEHEHHEM BEKTOPHBIX ONepalui U Mnpejio-
CTaBISIIOT BO3MOKHOCTh YCKOPHTH PELICHHE 3aJad KOHTYPHOTO aHalW3a, a TaKkKe APYTUX MOJOOHBIX 3a1ad
B PEXXHUME PEaNbHOI0 BPEMEHHU. BBIMIPHIII B CKOPOCTH BBIYHMCICHUH NMPOIOPIMOHAJICH KOJIUYECTBY JAAHHBIX,
KOTOPBIE MOXET OJHOBPEMEHHO 00paboTaTh BEKTOPHBIN mponeccop. Hamudme pa3sBUTHIX MOACHCTEM BEKTOD-
HBIX KOMaHJ B mporeccopax kommanuii Intel 1 ARM 103BossleT Ha MPAaKTHKE UCIONB30BATh MPEIOKEHHBIE
METO/bI BEIUHCIICHUH.

KiroueBble cioBa: n3o0pakeHue, KOHTYp 00beKTa, KyCOUHO-IMHEHHAs allpoKCUMalys, apajiebHble
BBIYHCIICHNUS, BEKTOPHBIE OIIEpalllH.

UDC 004.932
P. Sabelnikov

Approximation of the Contour of an Object in an Image Using Vector Operations

V.M. Glushkov Institute of Cybernetics of the NAS of Ukraine, Kyiv
Correspondence: pavelsabel@gmail.com

Introduction. One of the directions associated with identification, analysis of the shape of objects, their
size, orientation, marking and other geometric characteristics is contour analysis.

Various methods for contour approximation are described in the literature. The proposed method is based
on a well-known method. Its essence lies in the sequential search for possible directions and end points of ap-
proximating straight line segments belonging to the contour. The number of approximation nodes should be as
small as possible. The calculation is carried out only for the next point of the contour, without returning to
check the criterion of approximation to all previous points. The computational complexity of the algorithm is
proportional to the number of points in the contour.

The purpose of the paper to propose a method of piecewise linear approximation of the contours of ob-
jects in images, which will allow to use the parallel computations at all stages of computer processing using
vector operations.

Results. The paper proposes an improved method for piecewise linear approximation of a closed contour
of an object in an image by a polygon, the vertices of which are directly the points of this contour. Approxima-
tion criterion: the distance from each point of the approximated section of the contour to the approximating
segment should not exceed the approximation error. The method is focused on parallel computing using vector
operations.

A method for parallel computation of integral vectors of extreme values of a sequence of numbers for the
implementation of parallel computations using vector operations at all stages of approximation is also pro-
posed.

Conclusions. Methods are proposed that are implemented using vector operations and provide an oppor-
tunity to speed up the solution of contour analysis problems, as well as other similar problems in real time.
The gain in computing speed is proportional to the amount of data that a vector processor can simultaneously
process. The presence of developed subsystems of vector instructions in Intel and ARM processors makes it
possible to use the proposed computation methods in practice.

Keywords: image, object contour, piecewise linear approximation, parallel computations, vector
operations.
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