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Pe3stome: Hayunvie ucciedosanus, npedcmaegiennvie 6 HACMosel pabome, s6IsIIOMCsL Pe3yIbmamom O0N20IeNHUX
VCUnutl agmopos u npedcmasisiiom coboi HempaouyuoOHHbll HOOX00 AHAIU3A U CEEPMKU OUHAMUYECKUX BU3YATbHBIX
cyen. J{ns pewenuss CORymcmeylowux npoonem peanru308ambl HOGble NOOX00bl Osl: OOHAPYICUBAHUSL OBUIICEHUS,
NPOCNENHCUBAHUAL OBUNCYUXC 00BEKMO8 U C8epmKU nociedosamenvHocmell uszobpasxcenuti. Ilpeonazaemvlii Hamu
Cmamucmuyeckas U QYHKYUOHATbHASL MOOelb OCHOBAHA HA aHAu3e mpexmepHulx (3D) nopmuposannwix eucmozpamm
noc1ed068amenbHOCmell U300paNCeHull U 6bIHUCTICHHbIX HA 3Motl ocHoge kpumepusix. Ceepmka uzo06pasicenuti oocmuea-
emcst nymem Gul3yucienusi u anaiuza 3D sumponutinblx ynKyuti omoenbHulX U300padicerHull U ux nociedo8amenbHo-

cmeti 80 8peMeHU.

Kniouesvie crosa: ananuz ounamuyeckux CYEH, 3D OHMPONUs, NPOCIeNHCUBAHUS 0bexmos

1. BBEAEHUE

OO6Hapy>KuBaHHE U MPOCIEKUBAHNUE TBUKYIIHMX-
csi 00BEKOB sBIsETCS (YHIAMEHTAIBHOW MpoodIie-
MO aHaNM3a TWHAMHYECKUX BU3yallbHBIX clieH. Ha-
XOXKJICHUE MOAXOMISIIECTO PEIICHUS dTOU TPOOIIEMEI
MPUBEICT K YJIYYIICHUIO MMAPaMETPOB M IIOBBIIIC-
HUIO WHTEJUTMTEHTHOCTH aBTOMAaTH3HPOBAHHBIX CHC-
TEM BHICO HaOMIOACHWS W OXpaHbl. Pa3paboTka
IoaAXOo X 00BEKTHBIX AJITOPUTMOB JIA IIpOrpec-
CUBHOU CBEPTKH (C epeMeHHON CKOPOCTBIO) ITOCIIe-
JIOBATEIIBHOCTEH M300pakeHUN OyIeT IOJIE3HBIM
JUIS TEJIOTO psAZa KOMMEPUYECKUX W CICLUATH3HPO-
BaHHBIX TPUIOKCHUN, TAKMX KaK BUJCO- KOJIEKCHI,
aHallu3 IMPOW3BOJIBHOTO BUAA BH3YaJIbHOTO COJEP-
JKEHUSI, CBEPTKA MOJO00HBIX H300paKeHHH B 00J1aCTH
MEJIMIIMHEI, OMOJIOTHH U JIp.

HeobOxoammo momguepKHyTh, YTO 3TOT IMPOIECC
JOCTATOYHO CJIOXKEH M TMOJTOMY CYIIECTBYET MHO-
JKECTBO Pa3MUHBIX PEIICHUM: MOKAJAPOBOE CpaBHE-
HUE, CEKTOPHOE IIOKAJPOBOE CpaBHCHHE, CIICK-
TpPaJIbHBI aHaJIN3, CTaTUCTUYECKUU aHaIu3 ¢ IOo-
motipio 2D rucrorpamm. CyIecTBEHHO HOBBIM, YTO
MPEIJIOKECHO U PEaIn30BaHO HAMHU, SIBJISCTCS pelie-
HHUE paccMaTpHUBAaEMOI TIPOOIEMBI C IIOMOIIHI0 MHO-
romepHoro asamusza 3D HOPMHUPOBAHHBIX THUCTO-

rpaMM M WX SHTPONUIHBIX (DyHKIWH, HaWACHHBIX
JUTS OTAETBHBIX N300paKeHUH 1 MX MTOCIIEA0BATENb-
HocTel BO BpeMmeHH. [IpeanokeHHblid moaXo ] penia-
€T OJHOBPEMEHHO BONPOCHI, CBS3aHHBIE KakK C
dbunpTpanmeid — TOMOTCHH3WPOBAHHEM H300paxe-
HUH U MOCIEAYIOUINM 0oJiee MPOCTHIM BbIIEICHUEM
00BEKTOB, TaK M C TOCIEAYIOMIECH CBEPTKOH OTACIb-
HBIX N300pKEHUH U UX MOCTIeIOBATEILHOCTEH.

2. NpocnexnBaHne ABUXYLLUXCA OOBbEK-
TOB M CBEpPTKa nocrnenoBaTeribHOCTEN
n3o06paxeHun

2.A lNpocnexusaHne OBMXYLLUNXCA
06beKToB

IIpennaraemsplii MOAX0J CBA3aH C BEPOSATHOCTHO-
CTaTUCTHYECKUMHU  XapaKTePUCTUKaMU  IOCIea0-
BaTenbHOCTEH 3D rucrorpamm M300pakeHU U KOH-
KpPETHO C aHAJIM30M X 3D SHTPONHMIHBIX (YHKIIHH.
Nmenno B aHanmuze 3D »HTpONUHUHBIX (YHKIMN T10-
CIIeIOBaTEIbHOCTH M300paKeHUH KpoeTcsl TaiiHa
YCIHEIMHOro peleHNs 3aJa4l IMPOCIIeKUBAHNS IBH-
KyIuxcad OOBEKTOB, NMPHUYEM IO CHX IOP MBI HE
BCTpEYaI MOJOOHBIN CIIOCO0 pemeHust 3TOH 3aaa-
gyy. JlomyckaeTcs, 4To 3HTPONHUS B KadecTBE WH-
(opMaLMOHHON XapaKTEPUCTUKU COACPXKUT BCE He-
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00X0MMBIE JaHHBIE JUISI TOTO, YTOOBI CIIPAaBUTHCS C
peuieHueM 3Toi TpyHOH 3anaun. IIpuuem mpenmno-
Jaraercsi, 4To IpH pa3paboTKe 3Toi mpoOsieMBbl BO3-
HUKAIOT PAI COMyTCTBYIOLIMX Npobiem, Oe3 pere-
HUS KOTOPBIX MPEII0KEHHBIN MOIX04 00€CCMBICIIN-
BaeTrcs. Peub uaer o TOM, 4TO OCYLIECTBIASA aHAIIU3
3D mocrnemoBaTenbHOCTEH SHTPONMMUHBIX (PYHKINH
M300paKeHNH, HEOOXOANMO YCTAaHOBHUTH CBS3h Me-
XAy TOCJIeN0BaTeIbHOCTRI0 M300pakeHuit, ux 3D
[I0CJIEOBATENBbHOCTSIMA THCTOTPaMM UM BBITEKAIO-
muMu U3 HUX 3D mocnenoBaTeNnbHOCTSMH 3HTPO-
nuiHeIX  QyHKIui. [Ipome roBops, HEOOXOaUMO
OCYIIECTBUTh NPSAMYI0O M 00paTHyH TpaHchopma-
LU0, KOTOpasi OyIeT OCHOBOW Ui OCYLIECTBIICHHS
IIPOCIICKUBAHUA JIBIDKYIIUXCS OOBEKTOB M CBEPTKH
MOCJIEA0BATENIEHOCTH M300paKEHUsI JUHAMUYECKON
CILICHBI.

OcHoBHasg uzaes NPEUIOKEHHOIO METoJa Ipo-
CIIeKUBAHUS JBIKYIIUXCA OOBEKTOB OCHOBBIBAETCS
Ha KOMIUIEKCHOM OOBEMHEHNH psiaa mpoueayp o0-
paboTKN M300paKEHUH, C TMTOMOIILI0 YEro CO3MaHa
HOBasi MOJIENIb MPOCIEKUBAHUS JBHKYIIUXCA 00b-
€KTOB M B TO K€ CaMoe BpeMs MOXET OBITh OCyIle-
CTBJICHa CBEPTKa IIOCJICAOBATEIbHOCTH H300paxe-
Huid. Kak ObITO y’ke€ OTMEYEHO, IIPH PEUICHUH IIPO-
6J1eMBI TIPOCIIEKUBAHUS JBIKYIIUXCS OOBEKTOB HC-
MoJb3yeTcsl mpsiMasi U oOpaTHas TpaHchopMaLus,
Onmaromapss 4eMy OCYIIECTBISETCS IIPOCIE)KUBAaHHUE
JIBHKYIIMXCS OOBEKTOB M CBEPTKA ITOCIIEOBATENb-
HocTH n3o0paxenuil. [Ipsmas TpaHchopmanus npe-
o0Opa3yer mocliefioBaTeNbHOCTH H300pakeHuit B 3D
MOCTIeI0OBATEIbHOCTH MX TUCTOTPAaMM M COOTBETCT-
Bytomux 3D sHTponmiiHeix ¢yHKuuil. OOpaTHas
TpaHcOpMaIKsl IPOUCXOAUT B HANpaBiIeHUH oT 3D
SHTPONUUHBIX (QYHKIUH kK 3D mociemoBaTeIbHO-
CTSIM TUCTOTPaMM H OTTYJa K TOCIeI0BaTeIbHOCTIM
n3o0pakennid. Ha puc. 2 a, b mokazansr npsimas (a)
u obparnas (b) Tpanchopmanus MOCIeIOBATEIHHO-
CTH U300paKeHUH.

Hdns peanuzanmu npsMod u oOpaTHOM TpaHC-
(dbopmMaLuy MOCIEI0BATEIbHOCTH M300pakeHUN He-
00X0IMMO COONIOACHHE psfa YCIOBHHA, KOTOpHIE
CO3JAI0T HEOOXOAMMBIE MPEINOCTaBKH AJIS €€ OCy-
mectBieHus. OIHUM W3 3TUX YCIOBHM SIBISETCS
BBIOOP MOIXOAIICH (QUITBTPAIHK, KOTOpast OBl pH-
Bela K TOMOTEHH3allMi 00JacTell SPKOCTH B M30-
Opaxxenusax. Llenpro romoreHusanuu oOiactedt Ap-
KOCTH B HM300paKEHUSIX SBISAETCS HEOOXOIMMOCTDH
YMEHBIICHUSI KOJMYECTBA HE3HAUUTENBHBIX IIO
IO 30H SPKOCTH, YTO MPUBOJIUT U K YMEHb-
LICHUIO 4YHCJIa BEKTOPOB, KOTOPHIC ONPEIEIISIOTCS
UL KaXAod M3 HuX. B gaHHOM cioydae B LeNAx
GUIbTpaMK MOJXOISAIIAM SIBISIETCS BBEIOOp (UIIBT-
pa MOJIBL, TaK KaK 3Ta (QUIbTPALUsl OCHOBBIBACTCS Ha
pacrpeneneHun BEPOSITHOCTU YPOBHEH SPKOCTH U
JNEHCTBUTENBHO MPHUBOJUT K TOMOTEHH3ALUU 30H
SIPKOCTH B N300paKECHUSX.

CrnenyiommM 53TaroM OCYIIECTBICHUS TPSIMOM
TpaHcpopManny SIBISETCS OMpeesIeHHe B TOCeI0-
BaTENbHOCTH  (DMIBTPUPOBAHHBIX  M300paKECHUN
HEHTPOB THKECTH KKION 00JIaCTH SPKOCTH.

[Ipouienypa ompeneneHusi IEHTPOB TIKECTH —
cleayromas:

[lyctp nanHas mocienoBaTeNbHOCTh H300pake-
HUU TIpecTaBiieHa Kak MHOXKECTBO H300pakeHHIA

I={1,1,d, I, T =12,..,L (1)

I7Ie Kaxaoe H300pakeHWe MPEeICTaBIeHO Kak
Matpua ¢ (m X n) 3JIeMEHTaMU, TPUYEM KaKIbId
AJIEMEHT MPUHUMAET OJHWH W3 I-THIX YPOBHEH SIPKO-
ctur=0,1,2,...,k.

JlaHHO# TOCIeI0BATEILHOCTH M300paXKeHUN CO-
OTBETCTBYET MHOXECTBO (PUIBTPUPOBAHHBIX H30-
OpaxeHui

F={F,F,,...,F,,.,F I=12,..L (2

Kaxmoe ¢umpTpupoBanHoe wu3o0paxkenne FI
MPEJICTaBJIEHO KaK MaTpHIa ¢ (m X n) 3JIeMEHTaMH,
a KaXIbI JJIEMEHT TPHHUMAET OJMH W3 I-ThIX
ypoBHeit spkoctu r = 0, 1, 2, . . ., k. Kpome Toro
Kaxmoe GUIsTpupoBaHHOE M300pakeHne Fl moxer
OBITb PACCMOTPEHO Kak MHOXECTBO, cojiepikariee Bj
obmacre#t sipkocty, tae j = 1, 2, . . . u 1.0. Kaxxnas
0071aCTh APKOCTH OYyIET OMPEHeATHCS CBOCH COOCT-
BEHHOH SIPKOCTBIO T U IEHTPOM TsbkecTd Wj ¢ Koop-
JTMHATAMU

(xj,yj),lcbdemo xe [1,2,...,m],a ye [1,2,...,n] 3)

s onpeneneHus IEHTpa TSHKECTH W IMTOATOTOB-
KH OCYIIECTBJICHHUS CBEPTKH IMOCIEI0BATEILHOCTH
M300paKeHUH HEOOXOIUMO OCYIIECTBUTH B3aWMO-
JCHCTBHE C CHCTEMOW OOHApY>KUBAaHUS JBUKCHUS,
TaK KakK OMpefelieHHe IEeHTPa THKECTH KaXKIou 00-
JACTH SPKOCTH W CBEpPTKAa IMOCIEI0BATEIFHOCTH
M300pakKeHUH MMEET CMBICI OCYIIECTBISATH TOJIBKO
B TOM Clly4ae, KOTJla B HaOJ0JaeMOH CIICHE CYIIe-
CTBYET IBWXKYIIUHCA 0O0BEeKT. TakuMm oOpa3oM B
cllyyae, KOTJa OTCYTCTBYET IBIDKEHHE, Halnojae-
Masi CIICHA 3aIlUChIBACTCS B MaMSATH KOMITIOTEPA OJI-
HOKPAaTHO Yepe3 ONpeAeNIeHHBI HHTEpBall, JOCTa-
TOYHBIN JJIs1 TOCTUXKEHUSI TTOPOTOBBIX YPOBHEU CO-
OTBETCTBYIOHIUX CTATUCTUYCCKUX KPUTCPUECB, HC-
MONIB3YEMBIX NIl OOHapyKWBaHUS JABIDKEHUS. B
3TOM HMHTEpBaJie MOKET OBITH OCYIIECTBIIEHA U JO-
MIOJIHUTEJIbHASL KOPPEKLUS CPENHEN SIPKOCTU U JIUC-
MEPCUU, YTO TMPEAOCTABISAET BO3MOXKHOCTH OoJiee
PEATMCTHUYECKOTO  BOCIIPOM3BENIEHUS  TOCJEIOBa-
TCJIBHOCTU CBCPTKH .
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Bce ocranpHBIE poIieAypHl HAJ MTOCIEA0BATENb-
HOCTBIO M300paKeHHI OCYIECTBISIFOTCSI HEeTIPEePhIB-
HO, HE3aBHCHMO OT TOTO CYIIECTBYET MJIH OTCYTCT-
ByeT JIBIDKEHHE B HaOmromaeMoil cueHe. Eciam tem
BpeMEHEM B HaOII0aeMOW CIleHe BO3ZHHKACT JBH-
KCHUE, B MaMSATH KOMIIBIOTEpa HAUWHAETCS HEmpe-
PBIBHAS 3aIHCh MOCIIEA0BATENBHOCTH H300paXKeHHH
¥ MOXET CTapTHPOBAThH MPOIETypa MPOCIS)KUBAHUS
JBIDKYIIUXCST 0OBEKTOB.

s ompeneneHus NEHTpa THKECTH KaxkIOu 00-
JIACTU SIPKOCTH, HA3BIBAEMOW OOBEKTOM, HEOOXOH-
MO OIPENeNUTh TPAHUIIBI 00JacTel SPKOCTU LIS
KaXIO0T0 HM300pakeHUs] MOCIeN0BAaTeIbHOCTH H30-
OpakeHHH, B KOTOPOM CYIIECTBYET ABIKEHHE, ITy-
TEM CKaHHPOBAHHA C TIOMOIIBIO OIEpaTopa TOMO-
reaHoctd (3x3 aneMenta). Ecnu neHTpanbHbIN Hie-
MEHT OIlepaTopa MoMajaeT B TPaHUIbI MEXIy TBYMS
nim 6oree o0MacTIMHU IPKOCTH, €T0 3HAYCHHE B I10-
JIOKCHUH, B KOTOPOM OH HaXOJUTCS, U3MEHSETCS Ha
Ha 3HadyeHue apkoctu 0. J{as Bcex OCTambHBIX MO-
JIOKEHUH OTepaTopa 3alMCHIBAIOTCA 3HAYCHHS SIp-
kocti k. Taxum oOpazom co3nmaeTcst MOCienoBa-
TENILHOCTh KOHTYPHBIX H300pakKeHUH, KoTopas 3a-
MMMCHIBACTCSl B TAMSATH KOMIIBIOTEpPA, M TIOCIYKHT
IIPH OTIPENIEIICHUN IIEHTPOB THKECTH M OCYIIECTBIIe-
HUHM 00paTHOM TpaHCOpMalUU TOCNe CBEPTKH IIO-
CJIEIOBATEIHHOCTH H300paKESHUH.

B ocHOBY mpocneXnBaHUS IBUKYIINXCS OOBEK-
TOB B HaOJIOJAaeMOH ClieHE 3aJI0KEHO OTpe/ieieHue
0000IIIEHHOT0 BEKTOPa Ka)XI0T0 JBIKYIIET0Cs 00b-
eKkTa Ha 0ase IEeHTPOB THKECTH O0NacTell SpPKOCTH,
NpUHAUICKAIINX JBMKYIIUMCS oObekTaM. LleHTp
TSDKECTH KaKIOH 00J1acTH SPKOCTH B Ka)KIOM H30-
OpaXKeHHH TIOCJIEeOBATEIbHOCTH H300paKeHHu, B
KOTOpPOM CYIIECTBYET JBIKEHHE, ONpeAessieTcs Imy-
TEeM JIOKaJIBHOTO CKaHMPOBaHUs KaXH0H o0xacTH
SIPKOCTU ¢ moMoulbio oneparopa 3 X 3 3IeMEHTOB.
[lepememenne omeparopa B KaXKAoe Clemyromiee
MOJIOKCHUE OCYIIECTBISIETCSI HA OCHOBE KpPUTEPHSI
CBSIB3HOCTH MYTEM MNPOBEPKH 3HAUYCHUS LEHTPAJIb-
HOTO DIIEMEHTa C SIPKOCTHIO BCEX BEPTUKAIBHBIX,
TOPU3OHTAIBHBIX W IHATOHAJBHBIX COCEIHUX dJe-
MEHTOB B JOKanbHOW obnactu 3 X 3 B rpaHuuax
KOHTypa KaXK[[0i 00JacTh SPKOCTH TPU YCIOBHH,
YTO OTepaTop He BBIXOIUT U3 Hee, A0 TeX Iop, IMoKa
He OyayT 0OXOKeHBI BCE 3JIEMEHTHI, MpHUHAIIeka-
mme 3Toi obnactu apkoctH. st onpeneneHus ueH-
Tpa TSHKECTH HEOOXOIUMO 3allOMHUTE Bce ( Xj, Vj )
KOOPJIMHATHI TOJIOKEHUH HEHTPAJIbHOTO 3JIeMEHTA
orepartopa B Ipoliecce JOKaJbHOTO 00X0Ja JTaHHOM
obmactu spkoctu. llpomecc iokampHOrO 00x01a
MIpeyCTaHaBIMBAeTCa TOT/a, KOT/Ia OYepeaHas orpe-
JIeTICHHAs] KOOp/WHATA TOCIie CPaBHEHHS C YXKe 3a-
MMMCaHHBIMH, TIOBTOpsieTcs. Temeph yxke MOXET
OBITh, BBIYUCIICH IIEHTP TSKECTH ITOW 00JacTH sIp-
KOCTH U MOXET OBITh CO3/IaH €€ BEKTOp. JTOT BEK-
TOp MOCIYXUT HaM MapKepoM TOr0, 4TO MpPOLEcC

JIOKaJBHOTO CKAaHWPOBAHHS 3TOW 0OJIACTH 3aBEpIlIcH
U €CITU CYIIECTBYIOT APYTHE 00JIacTH SIPKOCTU C TEM
e YPOBHEM SPKOCTH B HM300paKCHHH, TO OHU BO
BCEX CIyYasX UMCIOT Pa3InYHbIA IEHTP TAKECTH.
Ecnu nannast 00acThb SIPKOCTH yXKE UMEET OIpeie-
JICHHBIN IICHTP TSDKECTH MPU TOBTOPHOM M KaKIOM
CIIEYIOIIEM HAYaThbHOM CTAPTUPOBAHUH TOYKOBOI'O
omeparopa u3 moyoxkenus ( X,y ) = ( 0, 0 ), omepa-
TOp TPOJOIDKAET CBOE IBIDKCHHE A0 OOHApyKHBa-
HUS HOBOWM coceqHel 0o0nacTdu SPKOCTH C pasiiuy-
HBIM 3HAYEHHEM SPKOCTH, IPHYEM ]IS Hee He OIpe-
ACJICH HU BCKTOP, HU HEHTP TAKECTU.
dopmar KaKa0ro BEKTOpa CIICTYIOIIHIA:

v,=lo, (0, k0, } 4)

rae bj — ypoBeHb SIPKOCTH j-TOH 00JIaCTH SIPKO-
cr, Wj( X, y ) - ee LIEHTp TSDKECTH, a Pj - BEPOSIT-
HOCTb, C KOTOPOii 3Ta 00JacTh NPUCYTCTBYET B 2D 1
3D rucrorpamMmmax sipkocTH u3oOpaxkeHus. Crenu-
¢dbraeckuMm tst 3D TECTOTpaMM SBIISIETCS TO, UTO Pj
pacroyioXeH MO AWaroHajdd THCTOTPaMMBl. JTO
YTOYHEHHE HEOOXOIMMO, IOTOMY YTO BITOCIIE/ICTBUE
IIpH TIpsAMOH TpaHc(OpMaITl BCE pj, KOTOPHIE MPH-
HaJJIe)KaT HEMOABIKHBIM O0JNacTAM SIPKOCTH C
YPOBHEM SIpPKOCTH bj , OyayT ycTpaHsaTbes u3 2D u
3D rmcrorpaMMm TMOCIENOBATENLHOCTH H300pake-
Huii. Kpome TOro Bce 3allOMHEHHBIE KOOPIHMHATHI
(xj, yj ) uentpa tsxectd Wj mpu oOpaTHOM mpeod-
pa3oBaHHH OYAYT WMCIOIB30BAHBI IS 3aMEHBI BCEX
AJIEMEHTOB 00JIACTH APKOCTH bj ypOBHEM SPKOCTH -
6enblii. CMBICIIOM 3TOM 3aMEHBI SIBISETCS TO, YTOOBI
B Ha0momaeMol CIigHe, B KOTOPOH CYIIECTBYIOT
IBIDKYIIHECS OOBEKTHI, OCTAIHNCH TOJNBKO Te oliac-
TH SPKOCTH, KOTOpBIE MPHUHAIIEKAT IBUKYIIUMCS
o0BeKTaM puc.1, Tak 4TOOBI B HalbHEUIIEM 00JIaCTH
SIPKOCTH JIBIKYIIIUXCS OOBEKTOB HAKIIAIBIBAINACH Ha
3allMCaHHbIA KaJp HEMOABUYKHOM CLIEHBI C ULEJbIO
yCTpaHEeHHs MPOOJIEMBI OTKPBHITUSI M 3aKpHITUS 00-
JacTel SIPKOCTH MPH NepeABIKEHUN 00BEKTOB B Ha-
00 1aeMOii ClieHe.

Lentp TspkecTH ompenensiercs, MPHHUAMAs BO
BHUMaHHUE LeNYI0 YUCICHHYIO 9acTbh, U3 CIEAYyIoIle-
TO BBIPAKCHHUSA:

)] ®

e[l

(x, J1/N.

seens]

W (x,»,)=|1/N,. :

rae Nj - o01ee 9nuciio KOOpAUHAT, MPUHAIICKAIINX
AJIEMEHTaM j-TOW OOJIACTH SPKOCTH B M300paKECHUU.
BeposTHOCTB, ¢ KOTOpO# 00JIacTh SIPKOCTH bj Tpu-
cyrctByeT B 2D u 3D ructorpammax m3oOpaskeHus,
pj = Nj /(m x n). ITocne omnpenenenns Bcex BEKTOPOB
KaXIO0T0 H300pa’keHHs B  II0CIEIOBATEILHOCTH
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(bUITBETPOBAHHBIX M300pPAKCHW OHW 3aIHCHIBAIOTCS
B [IaMATH KOMIIbIOTepa. [lyTeM cpaBHEHUSI BEKTOPOB
KQXKIO0TO M3 JBYX COCETHUX M300PaKCHHIA, BEKTOPHI
pa3IensioTcs Ha JIBa Kilacca: Takue, B KOTOPBIX HET
U3MEHEHMS 3HAYCHHUS IIEHTPA TKECTH WIIH, €CIIU
BCE TaKH CYIIECTBYET HE3HAUUTEILHOEC W3MCHEHHE,
TO OHO MEHbIIIE (haKTOopa € KOTOPBIA OMpPEALIIACT
MUHUMAIIbHOE PACCTOSHUE MEXIY LIEHTPaMHU TskKe-
CTH O0JlacTeil SIPKOCTH MEXIYy IBYMsI COCETHUMHU
U300paKeHUSIMU U IpYTod Kjacc, TaKoM, Ui KOTO-
pOT0 MMEETCsI PETUCTPUPOBAHHOE HAIMYHUE JIBUMKE-
HUS W B CHUIe YCIOBWs, Ne(UHUPOBAHHBIE HUKE.
[Iporiexypa mpocieXUBaHUS IBMKYIIMXCS OOBEK-
TOB, B TOM YHCJIE U JUISI OTIPEICICHIS 0000IICHHBIX
BEKTOPOB Ka)XJIOTO IBIXKYIIETOCS OObeKTa B Ha-
OmojaeMOi  CIieHe, HadWHAaeTcs IMOociie TOTo, Kak
cucTeMa oOHapy)KMBaHUsS CUTHAJA MOJACT CUTHA O
TOM, YTO B HAOJIFOJIaEMOM CIICHE CYIICCTBYET IBH-
xeHne. EfBa TOMBKO MOCIE 3TOTO MOXKET HA4aThCs
mporecc 00paTHOTro Mpeodpa3oBaHus, IENbI0 KOTO-
poro sIBIsIeTCS OOHAPYKUBAHUE M TPOCIICKHBAHUC
TONILKO JBIDKYIIUXCS 00beKTOB. OOOOIICHHBINH BEK-
Top V* momydaeTcst myTeM CyMMHPOBAHHS KOOPIIH-
HAT BCEX BEKTOPOB, ONPECICHHBIX LIEHTPaMU TSHKE-
CTH W JETeHHs] Ha YHCIIO BEKTOPOB, U KOTOPBIX
[ocIie CPaBHEHHUS IIEHTPOB TSDKECTH 00acTeit IpKo-
CTH COCEIHUX H300PAKEHUMA, PACCTOSHHE MEXKIY
HHAMH OKaxkeTcst 0ombIie (€ + A) u meHbIe (€ + kA ).
®opmMmar BekTopa V* ciemnyonuii:

Vo=l ()] 5)

rae b*j npexacrasnser coboil MHOKECTBOTO BCeX 00-
JacTel SIPKOCTH, MPHHAISKAIINX KaXKIOMY OIHO-

A),ak u A, Ha 5TOM 3Tare, onpeaesIeTCs KCIe-
PUMEHTAJIBHO B 3aBUCUMOCTH OT 0XKHIAEMOMN CKOPO-
CTH, C KOTOpPO# mpenmnoiaraeTcs OyAeT MPOUCXO-
JIUTh JIBIDKCHHE OOBEKTOB B HAONIOMACMOM CIiCHE.
3TI/I BCJIMYUHBI MOXXHO OIIPECACINTL U aBTOMAaTHU4C-
CKUM CIIOCOOOM, HO JJIsl 3TOU LENH HeOOXOIUMO HUC-
CIIE/IOBATh CEPHI0 TOCIeN0BaTeIbHOCTEH H300pa-
JKeHu#d, dYro Oyaer OOBEKTOM  CICAYIOIIUX
HCCIIeIOBaHUN U pa3paboToK.

2.6 Onpegenenune 3D aHTPOMUNHBIX

dyHKLUNN
Omnpenenenne nopora KBaHTOBAaHUA C IOMOIIBIO

aHalM3a TUCTOTPaMMBbI H300paKeHHUs WTPAEeT BaxK-

HYIO pOJib AJISl KauecTBa MOCIEAYIOMHX 00paboTKH

u aHanu3a u3o0paxeHud. OnOHAKO, ONpeneneHHe

opora KBaHTOBAHWS 3HAYUTEIBHO 3aTPyIHSIETCS B

cllyyasix, Korna popMa THCTOrpaMMbl U300paKeHuUs

OJHOMOJANbHAs WJIM MHOTOMOAanbHasi. Takum 00-

pa3oM, B IIPUHIINIIE CO3IaHUE aITOPUTMaA Ul OIpe-

JIeNIeHUs] ONTHUMAaJBbHOTO TMOpora KBAaHTOBAaHUS, KO-

TOpPBIA HE 3aBUCUT OT (JOPMBI THCTOTPAMMBI H30-

OpaxeHUs, SIBISICTCSI OYCHD BaYKHOW 3amadeii. Pere-

HHUE 3TOH MpoOIeMbI TOCTUraeTcs C MOMOIIbIO aHa-

m3a 3D sHTponwmiiHol ¢yHKuMH 3D rHcTOrpamMm

nzobpaxenuii. Ilponenypa ompeneneHus ONTH-

MaJIbHOTO TI0POTa KBAaHTOBAHMSI - CIIEAYIOIIAs:

e ananu3 3D rucrorpaMMm KaxkJIoro u300paskeHUs
Mo crojadLuaM M CTPOKaM, IPUYEM YCIOBHO OCY-
LIECTBISAETCS pa3AeicHue Ha ABe 4yacTu A u B, a
IT IpEeACTaBIIseT cOOON TeKyllee 3HAa4YeHUe Ipa-
HUIIBI MEX]Ty HIMH,

e OmpejeseHNe MOJHOM BeposTHOCTH 1 A u B

R‘r = Z ps’I_IDrr = qu (6)

5€[00,...,77] qe(r+1)(r+1),....kk ]
My M3 ABWXKYIIMXCS OOBEKTOB, IJII KOTOPOTO BBbI-
nonHeHo ycnosue (€ + kA ) > WHj(x*j, y*j ) > (e +

R Y Y

Puc. 1. DkcnepuMeHTAIbHBIE PE3YJIbTATHI

e omnpeneneHue 3HTponuu g A, B u nns uenoit
TUCTOTPaMMBI

HW:— Z psln ps’Hr+1,r‘+1:_ quln p‘l
5e]00,..7] gel(r+1)r+1)...k] (7)
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Hy =- Zpuln b,

u€l00,....kk |

®  YCIIOBHOE pa30HMEHHE pacrpeliesieHHsI BEPOSTHO-
CcTH Ha 1Be yactu A u B ¢ yuactuem Prru 1 —
Prr , cooTBeTCTBEHHO

Poo p01 P
P4 = 8
(e B B ®)
pr+1 r+1 pr+2 r+2 pr+k r+k
P(B): Zrrs e Drek, 9
B 1P, 7 1-p, )

e sHTponuu 1A dactedd A u B 3D rucrorpamm
MOCIIEIOBATEILHOCTA ~ U300pakKeHUH,  IOCIe
OCYIIECTBJICHUS apU(PMETHYECKUX W Jorapud-
MHYECKHX OTIepaInii , - CICAYIOIHe:

HAH=- Y %m&:lnp + 2 (10

SE[OO,...,W’] rr rr rr

A, (11)

H(B)=— z Py 1n1pP =In(1-P,)+ Hy—H,

5[(‘ -+ J‘l\] 1 L 1 - Br

CyMmMapHoe BBIpakeHHe s dacteid A u B om-
penensier Gynkumto frr

H,6 H,-H
(D)
1-P,

rr rr

f.,, =H(A)+H(B)=InP,(1-P

rr

Makcumym (yHKITUH - SIBIIICTCSl 3HAUYECHUEM
ONITHMAJIBFHOTO TIOPOTa KBAHTOBAHMSL.

OKCIEPUMEHTANBHBIC PE3yJbTAThl TOKA3bIBAIOT,
YTO ONTUMAIILHBIA TOPOT YyBCTBUTEIBHOCTH B JICH-
CTBUTEIFHOCTH HE 3aBHCHT OT (DOPMBI THCTOTPaAMM.
OTOT MOAXOA U ONpeneieHNs ONTHMAIbHOTO TO-
pora KBaHTOBaHHS 00CCIIEYMBACT MHHUMAJIBHYIO 3a-
Tpary WHGpOpPMAIMH TNPU KBAaHTOBAHUU H300paxe-
HUI Ha JBYX WK 0OJiee YPOBHSX, KOTJA 1O MPEICH-
K€ MOTYT HCIOJb30BaThCA TaK HA3bIBAEMBIC MACKHU
JUTS BBIICTICHUS JBHKYIIAXCSI OOBEKTOB.

2.B dmHanusaums npouecca
npocnexmBaHn4a ABMXYLLNXCA 0OBEKTOB U
CBEPTKHM nocrnenoBaTtesibHOCTU
n3obpaxeHnmn

Kak Op110 y’x€ oTMedeHo, ImpsiMoe mpeoOdpa3oBa-
HUE — 3TO TNpeoOpa3oBaHUE IOCIEAOBATEIBHOCTEN
m3o0pakennii B 3D mocienoBaTeNbHOCTH UX THCTO-
rpamm u ux 3D sHTpOnMitHEIX QyHKUUi. [TyTem 06-

paTHOTO TIpeoOpa3oBaHUs JEHCTBUTEIHHO OCYIIECT-
BJISIETCS] CaM MPOIIECC TPOCICKUBAHUS ABHIKY X CS
O00BEKTOB M CBEPTKM MOCIENOBATEIBHOCTEH H30-
Opaxennii. CMBICIT 00paTHOTO MPeoOpa3oBaHUS CO-
CTOUT B BOCCTAHOBJICHHHN KaXI0I'O I/I306pa)KeHI/I$I, B
KOTOpPOM CYIIECTBYET Halliuue ABWXeHus. B pe-
3yJlbTaTe NPSIMOTO MpeoOpa3oBaHHS BCE JaHHbBIC,
HEOOXOAMMEBIE IUII BOCCTAaHOBIEHHS H300pakeHus
MOCPEJICTBOM 00paTHOTO MpeoOpa3oBaHMs, HAIHUIIE.
Cy1iecTByIOT IBa OCHOBHBIX UCTOYHHKA ISl OCYIIIe-
CTBJICHUSI OOpaTHOTO TMPeoOpa3oBaHUS: ATO 3aIllOM-
HCHHBIC HEHTPHBI TAXKCCTH, IJIA KOTOPLIX CYIIECTBYCT
WHIWKAIMS, YTO OHW NPUHAIJICKAT IBIKYLIEMYCS
00BEKTY , a TaKKe MPUHAIJICKAITIUE UM YPOBHU SIp-
KocTh. BoccranoBienmne mM300paXkeHUH IOCIIEIOBA-
TEJILHOCTH W300pa)KeHUH, I/Ie CYLIECTBYET PErHCT-
pPUpPOBaHHOE JBMKEHUE, MOXKET OBITH OCYIIECTBICHO
U Ha ocHOBe ypoBHS 3D ructorpamm ImocienoBa-
TETFHOCTH H300pakeHmid 0e3 wucmonp3oBaHus 3D
SHTPONHUMHBIX (PYHKIMH, TaK KaK B MOCIEAHEM CIIy-
yae BOZHUKHET PSAJ HOBBIX MPOOJIeM, KOTOpPHIE Tpe-
6YIOT JONOJIHUTCIIBHBIX TCOPETUYCCKUX M IKCIICPU-
MEHTANbHBIX UccenoBaHuil. Ha sToM sTame BrmomHe
JIOCTATOYHO W BO3MOXKHO BOCCTaHOBJICHHE H300pa-
KEHHUS IBIDKYIIUXCS OOBEKTOB OCYIIECTBIATH IIy-
TEM HMCIIOJB30BaHUA OINPCACIICHHLIX IMapaMETpPOB
JMUHAMHYECKOW CIIEHBI TIPH TPSAMOM Mpeobpa3oBa-
HUM a0 ypoBHsA 3D ructorpamm. OrmpeneieHHBIC
ueHTpsl Tspkectd Wj( Xj, yj ), Ui KOTOPBIX CYIIECT-
ByeT WHAWKALMS, YTO OHHU SIBJISIFOTCS LEHTPAMH Tsi-
JKECTH JABIDKYIIUXCS 007acTed SIPKOCTH ABMKYIIAX-
cs1 0OOBEKTOB, BMECTE C MX NMPEIUKATOM bj U 3a1oM-
HEHHBIMH KOHTYPHBIMH H300paXKEHHSIMUA TOCIIE/I0-
BaTENBHOCTH W300pakeHUH, TNe PEruCcTPHUPOBAHO
HaJIA4Yie ABIKEHUS, JOCTATOYHBI IS OCYIIECTBIIE-
HUSL 00paTHOTO MpeoOpa3oBaHUs U BOCCTAHOBIICHUS
TOJIEKO M300paKeHUH IBUKYIIUXCS OOBEKTOB, KO-
TOpbIE HAKJIAAbIBAIOTCS Ha TPEIBAPUTENHHO 3aIH-
CaHHYI0 HENOJBIDKHYIO CIIeHy. BoccraHoBieHue
oOmacTell SPKOCTH IBIIKYIIMXCS OOBEKTOB OCyIIle-
CTBIISIETCSL TIOCPENICTBOM TIporiecca aenutanud. He-
00X0MMO HAIIOMHHTH, YTO B IPOIECCE MPSIMOTO
npeoOpa3oBaHus Bce 00JIACTH SIPKOCTH, Tie HE 3ape-
TECTPUPOBAHO JBW)KCHHE, 3aMEHSIOTCS  OebIM
YpOBHEM sIpkocTH. TakuMm oOpa3om, (QuHAIH3AIUS
nporecca MPOCIEKUBAHHUS OOBEKTOB MOXET CUH-
TaTbecs 3aBepLIeHHOU. [0 ToM ke Jloruke U mpouecc
CBEPTKH IOCIIEOBATENIbHOCTH HW300pakeHUH, TIe
CYHWECCTBYCT HAJIMYNEC IBUIKCHUSA, MOXKCT CUUTATHCA
3aKOHYCHHBIM. [lo KaHady CBS3M NepelaroTcsl He-
MOJIBMKHAST CIIeHa, TOCIeN0BaTeIFHOCTh KOHTYD-
HBIX W300pakeHWH, A KOTOPBIX CYIIECTBYET HH-
JAKAIWS] HATHMYWS IBIDKCHUSI, M BEKTOPHI Vj . Te ke
napaMeTphl THHAMHYECKOH CIIEHBI 3alMCHIBAOTCSA U
B 0a3y MaHHBIX CHCTEMBI I OOHApPYKUBAHUSI H
IMPOCJIC)KUBAHUSA ABUXYIIUXCA 00BEKTOB.
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3. BbIBOAbI

B 3aknroueHnn HEOOXOAUMO OTMETHTD, YTO JCH-
CTBUTENIFHO TpoOiemMa oOHApyXKMBaHHUS M TPOCIe-
JKUBAaHUS IBIKYIIUXCS OOBEKTOB B HabOIOMaeMOit
CIICHE C MOMOIIBIO CPEJCTB BUIEO Kamep SBIIIETCS
TpyIaHOH 3amadedi. Ecnmum HeoOXomuMo BKpartie
0000IINTh TOCTUTHYTHIE PE3yIbTAaThl MPOBEACHHBIX
HAaMU HAYYHBIX UCCIICIOBAHUHN, MOXHO CKa3aTh, UTO
Ha JaHHOM dTale MBI MPETEHAYeM, YTO co3JaHa 3a-
BepIIIeHHAs CUCTeMa Ui OOHAapy>KWBaHUS HATHMIUS
JIBIDKEHUS W TPOCICKUBAHUS ABMKYIIUXCS OO0BEK-
tToB. OCHOBaHHAas Ha aHayM3e U 00paboTKe M300pa-
KEHH TocpeAcTBOM 3D SHTpOMHMUHBIX (YHKITHIA,
OHa TIO3BOJISIET XOPOIIYI0 MHHUMHU3AIUS HH(OpMa-
[IUOHHOTO COJEPKAHUSI OTACIBHBIX H300paKCHUM,
IrpyNnupoBaHue OOBEKTOB JUIS JallbHEHINEH KOH-
TypHO CBepTKH ¢ 3amojiHeHueMm. K HacTosiemy
MOMEHTY IpOrpaMMHOE OO€CTeueHHe I103BOJIAET
00pabOTKy M CBEPTKY IMOJYTOHOBBIX M300paXKCHU.
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6omyuk meduuyuHckol u3me-
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meduyuHckue usmepeHusi, DSP.
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Multi dimensional dynamic scene analysis.
Multidimensional image object segmentation and target tracking
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Abstract: This paper presents an unconventional approach for object racking using image statistical criteria and 3D
image entropy sequence analysis. The experimental results prove that the relationship between statistical
characteristics of the 3D image entropy sequences and process of motion estimation is a guarantee for creating reliable
and high precision target detection and tracking system. Using 2D and 3D multistage entropy functions analysis
provide us a better way to reduce sequence channels for tracking moving and non moving objects. Vector based
approach is used for object searching and detection inside image sequences. This way we provide necessary
information for object based image sequences compression format that is much more efficient than standard MGEG
video stream. Object based compression format is much more acceptable for high demanding security and military

systems.

Keywords: object tracking, video compression.

I. Introduction

Motion detection and object tracking is a very
difficult problem especially if we deal with many
video cameras for different security applications. For
humans it is impossible to track moving objects
coming from hundreds separated video streams. A
new approaches need to be incorporated for future
military and government security systems. Our study
is trying to find a solution for such problems. We
incorporate different statistical analysis procedures
in to a complex video analysis model. We use
multidimensional image sequences processing for
this purpose. The new in our model is that separated
visual scenes are processed using 3D and 4D
histograms at one time. This means that all
procedures concerning one particular video scene
are incorporated in to processing model that treats
all images inside a visual scene as one non
interruptible data stream. This new approach is
mathematically intensive but if it is implemented in
to FPGA system will be ready to use it for many
embedded real time security applications.

II. OBJECT TRACKING

Our motion tracking software implemented
system relays on highly reliable motion detection
model that is based on image sequences statistical
criteria analysis. We use 3D image histograms and 3
statistical criteria for reliable motion detection.

These are: Kolmogorov, Complex and Pirson criteria
plus image sequences mean and standard deviation.
We have tested this multi criteria motion detection
and it shows that is reliable for real time
applications. The purpose to improve this model is
because it use standard MPEG compression format.
When statistical model detects motion it records
several video frames in to separate video files and
recording process stops when motion is no more
detected. This is not very good approach because
slow changes may occur when system do not detect
motion. Furthermore using only motion detection
system without reliable object tracking algorithms
can cause many false alarms because of light
flashing etc.

Many applications like security and military need
to track enemy targets. This can be done if only a
relievable object tacking and recognition system is
used. In many cases such as commercially based
home surveillance systems police may need to
search inside video records for a concrete event.
This is standard done if we search and review all
recorded alarm events. But this is a tremendous
work. In many cases we need to detect only concrete
moving objects, cars, planes, humans or animals.
Thus means that watching all recorded videos as a
time consuming job. So a new model for security
video recording needs to be created. Vector based
video coding is much more convenient for such
applications than standard high quality MPEG
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format. Furthermore vector compression format will
provide uses with fast search capabilities for object
detection, recognition, target classification etc.

We incorporate 3D image entropy analysis for
better image segmentation procedures that are never
used before. Using 3D image histograms and reverse
image reconstruction provide us with new
procedures that can treat image homogeneity zones
(pixel groups that have the same grey level) and
pixel transition (object outlines) on one time. This
process is much more complicated than standard 2D
histogram equalization and entropy based image
segmentation models. 3D approach better calculates
different image areas and pixel gradients. Remember
that 2D histograms treat images pixel by pixel. 3D
image histograms threat images in general, that
results in better object segmentation.

R R

Fig.1 — Example results — object image segmentation
using multistage 3D histogram entropy function.

After multistage grey level object segmentation
we can introduce object detection algorithms.
Different object layers inside video stream can be
process separately using the same object detection
algorithms. After this procedure is completed we can
start object classification procedure based on
multidimensional vector model: object size, object
boundaries, centre of object and other statistical
data. We can make object filtration that will reduce
total number of small non representative objects that
are not necessary for image reconstruction. Having a
database with object motion vectors and still
background images we can start to reconstruct image

sequence. The quality of reconstruction is not well
suited for commercial video production — films and
news. This vector based compression video format is
spesialy build for remote video monitoring
applications where we have stabile background
backplane and moving targets — objects on it. Thus
saving only background information and moving
objects plus motion vectors we can reconstruct
image sequences with data stream much smaller than
standard MPEG, MJPEG IP cameras. Furthermore
having such a system for access control is much
easier because small artificial intelligence module
for object detection can be embedded in to video
camera. So only violator objects — targets will cause
alarm. Another application is for video phone
conversation, where only changes (when speaker is
moving) will be transmuted over data stream
channel. Such multidimensional vector compression
format can be used for video analysis that is not in
vector based format. But in this case it will take
some time before all statistical criteria for entire
video record are calculated before real processing
starts.

Il. Conclusion

In this article we propose a new multidimensional
moving object tracking and video stream
compression model. It is specially build for security
applications and home and business video
surveillance. Our model is software implemented
and concrete investments need to be done before
complete embedded system is created. Our new
model is based on 3D and 4D image histograms and
entropy function analysis. Software solution can be
used for automatic video content analysis and vector
compression.
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