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Pe3rome: [[envio smoti pabomei a6isiemcs co30anue yHKYUOHATbHOU U CIMAMUCIMUYECKO MOOenu 051 0OHAPYHCUBAHUS
OBUINCCHUSA, NPOCTEHCUBAHUSA OBUNCYUUXCS 0OBEIMO8 U CEEPMKU NOCICO08AMENbHOCEN U300PANCCHUT NYMeM AHAIU3A
cmamucmuyeckux xapakmepucmux mpexmepruix (3D) nocredosamenvrnocmeii cucmozpamm uzobpaxcenuit u ux 3D
Gyuryuil sumponuu. Texnuueckas cucmema NOCMPOEHA HA OCHOBE U3NONb306AHUSL OOHOU UIU HECKObKUX KOHBEHYUO-
HanbHbIX Kamep. AHATU3UPOBAHbL PA3IUYHBIE NOCIECO08AMENbHOCIU U300PANCEHUT, 6KIIOUAS U MAKUe, 8 KOMOPbIX 00%b-
eKmM U (hOH OBUICYMCIL HE3ABUCUMO OpY2e OM OpYea U NO OMHOWEHUIO K Kamepe.

KiaroueBble ciioBa: Ananuz OuHamuyeckux CYEH, 3D cucmozepammsl U IHmponust, cmamucmu4deckas MoOeib.

1. BBEAEHUE

JIBroKeHHME SBIISISTCS OCHOBOM >KM3HHU. Her xu3-
HU, €CJIM HET IBWKeHUs. Mmes B Buay QyHIameH-
TaJbHYIO POJb ABMXKCHUS AJISl KU3HU Ha 3eMJie U B
Hamel [ajgakThke, OBIDKEHHE SABIAETCS OOBEKTOM
aHaiu3a B MPOJOJDKEHUE ThicauuneTui. [Ipu cospe-
MEHHOM TE€XHUYECKOM Pa3BUTUU YEIOBEUCCKOHN IU-
BWJIM3AIMK aHAJIN3 ABWKCHHUSA W , B YaCTHOCTH, 00-
Hapy>KHBaHHE W MPOCIICKUBAHUE ABIKYITUXCS 00b-
€KTOB HaXOIATCS HENPEPBIBHO B II0JIE 3PEHUS HAyY-
HBIX MCCICAOBAHMH B MHOTOYHMCICHHBIX 00JIACTAX
YeJIOBEUECKOT0 TI03HaHM. BIoIHe MOHATHO, 9TO UX
NEpEUCHb CBA3aH C COBOKYHHOﬁ ACATCIIBbHOCTBIO YC-
JIOBEKa ¥ BCEMH MPUPOAHBIMU SIBICHUSIMHU, KOTOPHIE
comyTcTBYtoT Hac. CpencTBa, KOTOpBIE NPH ATOM
HCIIONIB3YIOTCS, TOKE MHOTOUYHCIICHHBIC ¥ BapbUPY-
IOT OT JIEKTPOTEXHUYECKUX, TaKUX KakK panap, pas-
JUYHBIE NTATYMKH Ha ocHoBe 3ddexrta lommepa,
nH(ppakpacHbIC TaTIYNKH, ONTHYCCKHUEC W KOHYAS HC-
II0JIb30BAHUEM NAapPAHOPMAJIBHBIX SIBICHUU U psiaa
np. KoneuHo, Henb3s 3a0bIBaTh BU3yalbHBIC CUCTE-
MBI, TaK KaK OHHM Hamboyee OJM3KH K CHCTEME BOC-
MPHUATHS OKPYKAIOIIETO HAC MHUPA, UCIIOIH3yEeMOTO
YeJIOBEKOM M )KHBOTHBIMHU.

Urak, mpobnema mocTaBieHa W HEOOXOAMMO
HalTH ee pelIeHrue C TIOMOIIBIO CPEICTB COBPEMEH-
HbIX KOMIIBIOTEPOB M WHTEIUIEKTYaJIbHOW Cpelbl

MOJXOIAIIEr0 NporpaMMHOro obecneueHus. OOHa-
PY’KUBaHHE HAIWYMS JBUKCHUS TIOCPEICTBOM BHU3Y-
aJBLHOW CHCTEMBI HAOTIONCHUS KaXXETCs, Ha TTePBhIi
B3IJISII, JIETKO pa3pemuMon mpoOiaeMoi myTeM Hc-
MOJTE30BAHUS MEXKIYKaJIPOBOH Ppa3HUIBI, UHTETPH-
pyromero ¢GuUIbTpa U Mopora cpaBHeHHA. Takas cuc-
TeMa BO MHOTHX CITy4asX JacT OOJIbIIOE KOJTHMYECTBO
JIOHBIX BKIOUeHUH. CyIIecTBYIOT U JpyTUe pele-
HUS, KaKk HalpuMep HUCIOJb30BaHHE TpaHchopma-
i Oypee u ap. [1, 2].

Lenpio 3T0i paboTHI sBAsETCS co3aHue (QyHK-
[IMOHAJIPHON M CTaTUCTUYECKOH MOJENH 151 OOHApY-
KUBAHUS JBIKEHUS, TIPOCIE)KUBAHNS JTBUKYITIXCS
O0BEKTOB M CBEPTKH IMOCJIEIOBATEIBHOCTEH  M30-
OpaskeHMi MyTeM aHajM3a CTATHCTHUYECKUX Xapak-
TEPUCTUK TpexMepHbIX (3D) mociemoBaTeTbHOCTEH
rucTorpaMMm mu3oOpakeHuil u ux 3D ¢QyHKIUA 3H-
Tponuu. DTa paboTa OCHOBBIBAETCS Ha HEKOTOPBIX
Hammx myOnmkanusx [3, 4] u sBisercs 0000IIeHN-
€M W TIPOJOJDKEHHEM MPOBEIACHHBIX B HUX HAYYHBIX
HCCIENOBAaHUN.

TexHuveckasi cucTemMa MOCTPOCHA Ha OCHOBE M3-
MOJTE30BAaHUS OJHOM WJIM HECKOIBKHX KOHBEHITHO-
HAJILHBIX Kamep, OJTHa U3 KOTOPBIX MOXKET paboTaTh
B MH(PaKPaCHOM CIIEKTPE, KOMIIbIOTEPa C OOIBIINM
00BEMOM TaMATH W C OOJBIION CKOPOCTBIO 00pa-
OOTKM JaHHBIX, M CO3[JaHHOT'O HAMH CHEIHAIN3UPO-
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BaHHOTO TMporpamMmHoro obecmeueHus. [lpm sTom
IpU CO37aHUU (PYHKIIMOHATIBHON U CTaTHCTUYECKOH
MOJIENIA CUCTEMBI MBI CTPEMUIIUCH TPUOIU3UTD MPO-
mecc OOHApYXKWBaHUS W TPOCICKUBAHUS JIBHXKY-
LIUXCS 0OBEKTOB K MEXaHU3MY, KOTOPBIil UCTIOIb3Y-
€T 4YeJOBEK M JKUBOTHBIE. DTO JOCTUTAeTCs IMyTeM
HCIIONb30BAaHUSl CO3IaHHOM HaMH CTaTUCTUYECKOH
MOJEIH, KOTOpasi B HEKOTOPOW CTENEHU UMUTUPYET
Ipoliecc OOHApPYKUBAHUS W MPOCIECKUBAHUS JIBU-
KYIUXCS 00BEKTOB, TaK KaK 3TO JAENAIOT YEIIOBEK U
)kuBoTHBIe. Ilo »9TOl mpmumHe paspaboTaHHAsS
(byHKIIMOHANbHAS MOJENb YUUTHIBAET BBIIIE CKa3aH-
HOE€ M CJEAYyeT IICUXO-BU3yaJbHBIM IpOLEAypam,
MNPUCYIIUM JIOASM U KUBOTHBIM. MoOJENIb COCTOUT
W3 TPeX YacTel: MpOIeAyphl MpeaBapuTEIHLHON 00-
paboTKH mocnefoBaTelbHOCTEHl N300paKeHUH, oIl-
peleneHre W BBIUMCIEHUE CTaTUCTHUYECKUX Iapa-
METPOB C IENbI0 OOHApY)KWBaHUS IBMXKEHUS, IPO-
CIIeKUBAHHE JBUKYIINXCS O0BEKTOB U OIpe/IeNeHne
MpaBWI CBEPTKH MOCJIENOBAaTENLHOCTEH H300pake-
HUH.

2. ®YHKUMNOHAJIbHAA U
CTATUCTUYECKAA MOAEJb
OBHAPYXWNBAHWUA ABUXEHUA

2.A. ®YHKUMOHAIIbHAA MOAEJb

Wnest cozmanmst cuctembl OOHApY)KMBAaHUS U
MPOCIICKUBAHKS  JBMKYIIUXCS OOBEKTOB IyTEM
WCIIONIb30BaHMs BU3YAIBHON CHUCTEMBl HAOIOICHUS
OCHOBBIBA€TCS Ha JOMYLICHUH, YTO BCE U3MEHEHUS B
HAOJII0aeMON TMHAMHYECKOM CIleHE MOTYT OBITh
OTIpe/ICICHBI c MIOMOIIBIO aHanu3a
mocIeIoBaTeNIbHOCTe n300paxenuil. bonee Toro,
9TH W3MEHEHHS MOTYT OBITh OIEHEHBl IyTeM
WCIIOJIb30BaHUA 3D MIOCJIEJOBATEIBHOCTEN
TUCTOTPAaMM  HM300paKeHWid Ha  OCHOBE WX
CTaTUCTHUYECKUX XapaKTEPUCTUK.

HauanpHble yCcnoBUs, MIPH KOTOPBIX CTapTHPYET
MOJEIIb, CIeyIOIIHE: 2D MIOJIyTOHOBAS
MOCIIEIOBATENIEHOCTh  M300pakeHuit, 3D  rwmcro-
rpaMMBbI MTOCIIe0BaTeIbHOCTENH N300paskeHuil U O11-
peneneHne psfa UX CTAaTUCTUYCCKUX XapaKTepH-
CTHUK, IIPaBUJIA MPUHATUS PEIICHUS O HAJIUYUU JABU-
keuus, 3D GYHKIINW SHTPONHH, BBIYHCICHHBIC C
nomomeio 3D THCTOTpaMM, OIpeaeieHrue OITH-
MaJIbHOTO NOpOTa KBAaHTOBaHUS Ha ocHOBe 3D sH-
TPONMHHBIX QYHKIIUN U CO3TaHNE MACOK TIPOCIIEKHU-
BaHUS ABMKYIIUXCSI 0OBEKTOB, ONPEACIICHNE BEKTO-
pa ABMXKYIIErocs OOBEKTa U W €ro IMapaMeTpoB
JBUKEHUSL.

[Ipennoxennas QyHKOHOHATBFHAS MOJEIH CO-
CTOUT M3 IENIOTO psaa MpoUenyp A NpeaBapH-
TENBHON 00paboTKH MOcienoBaTeIbHOCTeN n300pa-
>)kenuil. Bce aTu mpoiienypsl NpeaHa3HaudyeHbl IS

CO3/IaHUs TOIXOASAIINX YCIOBHUA IJISI PEHIeHHs IO-

CTaBJICHHOW TPYIAHOU MPOOIEMBI, KaKOU SBISICTCS

00Hapy>XKMBaHUE ABMXKCHUSI U MPOCICKUBAHUE JBU-

Kymuxcss 00beKToB. s penieHns 3Tod mpooIemMbl

n o0ecrieueHUs] BBICOKOM HAAEKHOCTH U TOYHOCTHU

HEOOXOJMMO BBECTH HEKOTOpBIE OrpaHuveHus. B

MEPBYI0 OYepellb HEOOXOAMMO BBISICHUTH BBIpaXke-

HUC “B HAOIIOTAEMOM CIICHE MMEETCS IBIDKYIIHICS

00beKT”. byziem cuuTaTh, 9YTO 3TO HMEET MECTO, KO-

rua:

e HaOMIOAAIOTCI MHOTO W3MEHEHHH B OJHOU
JUTMHHOMU TTOCJICIOBATEIIFHOCTH U300payKeHHUH,

® OTH M3MEHEHHUS KacaloTCs OOJBIIOTO KOIUIECT-
Ba DJIEMEHTOB N300pakeHNUH,

® OCYTCTBYIOT MEPUOANYECKHE U3MEHEHHs B H30-
OpaxxeHHSIX.

[Iponiecc oOHapyKUBaHUS BUXKEHHUS W TIPOCIIe-
JKUBAaHUE JBIKYIIUXCA OOBEKTOB BKIIOYAET Clie-
Iylolllie TMpoUenyphbl A HACTPOHMKU CHCTEMBI U
pa3paboTKy NOAXOAAIINX AalTOPUTMOB IIpeIBapH-
TETBLHOW 00pabOTKH  TOCIICIOBATEIBHOCTEH H30-
OpaxxeHHii:

e CO3/aHUE NMPOCTPAHCTBA B MaMATH KOMIIbIOTEpa
JUISL 3alldCU  JUIMHHBIX TOCIEAO0BAaTEeIbHOCTEH
n3o0pakennit, ux 2D u 3D rucrorpamm, a Tak-
xe ¥ ux 3D QyHKIMH SHTpONHH,

e BBIOOp MOAXOIAIIEro (UILTPA, MpeIHa3HAYCH-
HOTO A7l QUIbTpauun n300paxxeHui,

e omnpeneneHue u HopmupoBanue 2D u 3D mo-
CJIeIOBATEILHOCTEH THCTOTPaMM H300paKeHHH,
BBIUMCIICHNE CPEJHEr0 3HAYEHHUs, TUCTIEPCUH U
OIpeeNIeHNE 30Hbl PEKYPCUBHOCTH.

2.6. oUJIbTP “MOAbI” 1 30HbI
PEKYPCMBHOCTHU

XopoIIo U3BECTHO, UYTO (prIbTparus m3o0paxe-
HUS UTPaeT BaXHYIO POJIb B Mporiecce 00padboTKu U
aHanm3a u3o0paxeHui. Bpibop  momxopsiien
GUIBTpaUuK SBISICTCST TapaHITUEH ITOCIEAYIOIICH
yCHelmHoW 00pabOTKM M aHajgu3a H300PaKSHUM.
[Moywemy wmbl BbIOpanm QuiabTp “mMoan’? Bwidoop
3TOr0 (DMUIBTpa OOBACHSAETCS OIPEISICHHBIMH €r0
MPEeUMYIIeCTBAMH [0 CPaBHEHHWIO C JPYTHMHU
¢unbpTpamu. Bo-miepBhIX, 3TOT QHILTP OCHOBBIBACT-
cs Ha MOJe, KOTopas MPEeICTaBIsIeT cOOOH BEeposT-
HOCTHYIO XapakTEepHUCTHKy (HamOojee BEPOATHOE
3HAYEHUE) M OIpEeeIsieTcs Uil KaKJ0r0 JIOKaIbHO-
TO omeparopa B Ipolecce CKaHUPOBaHHsI H300pake-
Huil. OUIBTp MOZBI CIIOCOOCTBYET TOMY, YTO H30-
OpaskeHHsl TMOJTy4YaroTcsi 0oiee TOMOTeHHBIMH, B pe-
3yJbTaTe€ YEro TUCTOIPaMMbI CTaHOBATCSA OoJee
MOIXOJSAIIAMHU JUII BBIYHCICHUS W CPaBHEHHS HX
CTaTHCTUYECKHNX XapakTepucTuk. [Ipomecc obHapy-
JKUBAHUS HaJIMuUs JIBIKCHHs OOJierdaercs M pac-
CTOSIHAE MEX]y BEKTOpaMH CTaTHCTUYECKHX Mapa-
METPOB MEXIy NByMs COCETHHMH THCTOTPaMMaMHU
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yBeIuuuBaeTcsi. BBereHue 30HBI  PEKYPCHBHOCTH
NPUBOANT K YTIIyOJEHHIO Mpolecca M300pakeHuH.
OUIBTP MOKET BKIIIOYATHCS KaK PEeKypCHBHBIH WIIH
HEPEKypPCHUBHBIM, YTO 3aBUCHT OT TOTO IMONAAACT JIH
MOJ]a Ka)XJIOTO JIOKAJILHOTO OIepaTopa IMpH CKaHH-
pOBaHUM HM300paKeHUH B 30HY PEKYPCHBHOCTH HIIH
HaXOIUTCS BHE ee. 30Ha PEKypCHUBHOCTHU OIpeess-
eTcsi W3 TIoOabHOH 2D THUCTOTpaMMBI KaXKIoTO
U300pakeHus] U3 TMOCIEeN0BaTeIbHOCTH HU300pae-
HUH.

Beime  onucaHHBIE NIPEOIOCBUIKH  SIBJISIOTCS
rapaHiyeil TMOBBIICHNsT HAJeKHOCTH Tporecca 00-
Hapy>KMBaHMS JABWKCHUS M TPOCICKUBAHUS JIBU-
KYIIUXCS OOBEKTOB.

QunpTp MOABI paboTaeT TaKKe KaK U APYyrHe
(GUIBTPHL, KaK HapUMep MeIuaHHbIl, GuibTp Jlan-
naca, Cobona u ap. IlpuHOuUn ckaHUPOBaHUS H30-
OpaskeHHs CIEIYIOIIMI: ClieBa - HAIIPaBO U CBEPXY -
BHHU3 IIOCPEACTBOM OIEpaTopa, COCTOSIIEro u3 3 X
3, 5 x 5 wim Gonee 3MEMEHTOB, TPUYEM BCETa TIPH-
HUMAETCsl pelIeHue 00 U3MEHEHUH WM COXPaHEHUH
[IEHTPAIBHOTO 3JIEMEeHTa onepaTopa. B Hamem ciy-
4yae GUIBTP GYHKIUOHUPYET CIAECTYIOMIM 00pa3oM:
e ompeneneHUEe U HOPMUPOBAHUE JIOKAJIBHOM THC-

TOIpaMMBbl OIlepaTropa B J000H MO3UIMU €ro

JIBYDKCHHS,

e omnpeneneHue MOJbI JIOKAJTbHON THCTOTPaMMBI U

MIPOBEpKa TOTO, NOMAJAET JIM €€ 3HaueHHe B 30-

HY PEKYPCUBHOCTH;
® ¢eCIM 3TO Hem, TO 3HAUYCHHE CEPOr0 YpPOBHI,

MIPUHAAJICKAILETO MOJE, 3alMChIBAETCS HEIO-

CPEACTBEHHO B MO3UIIMIO, T1IE B TaHHBI MOMEHT

HaXOIUTCA LIEHTPaJIbHBIN 3JEMEHT OIepaTopa,

IIpUYEeM 3TO ocyuiecTBiseTcs B (ailne, rae co-

XpaHsiercsi  QUIBTPUPOBAHHOE H300paKeHHE,

KOTOPOE COOTBETCTBYET OPHUTHHAJIBHOMY H30-

Opa’keHHIO HEPEKYPCUBHBIN (QMIIBTP MOJBI;

®  €CIU 3TO Ja , TO 3HAYCHUE CEPOro YPOBHS, IIPU-
Ha/JIe)Xallee MOJe, 3allMChIBAETCS OJHOBpE-
MEHHO B TO3WIUH LEHTPAIBLHOTO BJIEMEHTa B
000MX H300paXKECHUAX (opurnHaIEHOM |
(GDUTBTPUPOBAHHOM) — PEKYPCUBHBIN (GUIBTP
MOJIBI.

[Ipouenypa ompezneneHusi 30Hbl PEKYPCUBHOCTH
ClIeAyIOIIas:

1. Ilyctes kakas-HUOYIh TOCIEIOBATEILHOCTH
n300paKeHUH TpPENCTaBlIeHa KaK MHOXKECTBO H30-
OpaxeHui
I={L,L,....,L,...,I.},1=1,2,...,L, (1)
rre Kaxiaoe M300pakeHHe MPEeNCTAaBICHO KaK MaT-
puna c (m X n) a1eMeHTaM U k 3HadeHHsMHU cepbIxX
YPOBHEH 3JI€MEHTOB.

2. IlycTth Kakmoe M300paXKeHUE ITOCIIEIOBATEb-
HOCTH NPCACTABICHO KaK MHOXCCTBO HX coOcTBEH-
HBIX 2D SIPKOCTHBIX TUCTOTPAMM

H(2D)={ HI(2D), H2(2D),...,HI(2D), ...HL(2D) (2)

a TaKke MyCTh JiFo0as THCTOrpaMMa MpeJCcTaBlIeHa
Kak K — MEpHBII BEKTOp UX COOCTBEHHBIX OTCUCTOB
PI(2D) =(plO,pll,...

ple, ., plk)  (3)

rie pir = Ni/(m X n) npencrasuser coboit r™" or-
CYET, IPEACTABICHHBI C MOMOIIBIO €ro BEPOSTHO-
CTH B HOPMHUPAHHOH THCTOrpamMme, a Nj IpeacTas-
JsieT coOOM YMCIIO 3JIEMEHTOB C I' CEPBIMH yPOBHS-
MU B HEHOPMHPOBaHHOM ructorpamme; r =0, 1, . ..,
k sBAsFOTCS 3HAUEHHMAMU CEPBIX YPOBHEH.
3. OnpeneneHne CTaTUCTUIECKUX XapaKTEPUCTUK
Ha Kaxaoi 2D ructorpamme u300pakeHUN U 30HBI
PEKYPCHUBHOCTH:
e craTUCTHYECKast QYHKIUS paclpeneneHus Bepo-
SITHOCTEH SIBIISIETCS ClIeIyIONIeH

0 for x<0
A=Y py forxel0.k] @)
1 for x>k

o CTAaTUCTUYCCKOC CPCAHCC 3HAUCHUC
m/ = z rPlr (5)

L CTaTUCTUYCCKOC OTKIIOHCHUC,

k

D, =Y (r—m)*.p, (6)
r=0

e  30HA PEKYPCHBHOCTH

D
Z,zmliTI (7)

2.B. OMNPELOENEHVE 3D
MOCIENOBATEBLITHOCTEWN
MCTOIPAMIN NSOBPAXEHNA

3D mocnenoBaTenbHOCTH THUCTOTPaMM H300pa-
KEHUH MOTYT OBITH OIIPECIICHBI IIOCPEICTBOM TIPO-
HEeIyphl CKAHUPOBAHUS KaXKIOTO U3 (GUIBTPUPOBAH-
HBIX HM300paXCHHI TMOCIEI0BATEILHOCTH H300pa-
skenuit Fi, F,, ..., F, ..., FL c noMompsto onepa-
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TOpa, IBa COCEIHUX dJIeMeHTa 1o X u y. [Ipornenypa
COCTOUT U3 CJICAYIONINX IIaroB:

1. Co3manue mpoCTpaHCTBA B MAMSITH KOMIIBIO-
Tepa U 3alIOMUHAHUS KXl pa3 +1 coOTBeTCT-
BYIOIICH TEKyIIeH KOMOMHAIMK 3HAYCHUH CEephIX
YPOBHEH B TOPU30HTAIHLHOM HAIPABIICHUU X U B
BEPTHKAILHOM Y TIap OINEepaTopa, M3MOIb3ysl X Kak
azpec, Te 3alOMUHAETCs TeKyllee 3HaueHue hy, '
orcuera = hy, + 1 u3 Hysp) rucrorpammel u3o0pa-
JKeHus1, npeacTaBieHHod B 3D koopauHaTHOM cuc-
teme ( Higpy, X,y ), rae hyy ==hy,+1, r=0,1,..
, k . Ponbro HampaBiieHWid X Wy SBISIETCS CO37a-
HUE OJTHOTO U TOTO K€ croco0a TPEeTUPOBaHHS 3HA-
YeHMIA MMap CephIX YPOBHEW omepaTopa B 00OHMX Ha-
TIpaBJICHUSIX.

2. Ilocne ompeneneHus kaxmod Ttekymed 3D
THCTOrpaMMbl u300paskeHuil, Hispy MoxkeT ObITh
MIPEACTABIICHO B BUIE MATPHIIBI

3. B pesynprare maroB 1 u 2, 3D mocnenosa-
TEIIbHOCTH

h](()O) hl(Ol) hl(Or) hl(Ok)
hl(lO) hl(ll) hl(lr) hl(lk)
Higo) h h h h N
1(r0) TG I () ot 1(rk)
_hl(kO) hl(kl) hl(kr) hl(kk) ]

TUCTOTpaMMBbI 1/1306pa>1<eHm71 MOTyT OBITh npeacraB-
JICHBI KaK MHOKECTBO MaTpHI]

H(3D)={H1(3D),H2(3D),....HI(3D)....,.HL(3D)}, (9)

a TaXke W KaK MHOXECTBO MaTpPHIl HOPMHUPOBAHHBIX
3D mocnenoBaTenbHOCTEH TUCTOTpaMM HU300paxe-
HUU

Pupy={ P1(3D),P2(3D) ,...,PI(3D),...PL(3D)}, (10)

rae Pisp) mpeacrasaser coboii kk — MepHbIil BeKTOp
CBOMX COOCTBEHHBIX 0Tc4eToB (Puc.1)

PI(3D) = ( pl(00) , pl(01) , . ., pl(0k) , pl(10), . .,
pl(rr), . ., pl(tk) , . ., pl(k0) , pl(k0) , . ., pl(kk) ), (11)

TI€ Pigr) = hin/(M X n) ABISETCA IT-TBIM OTCYETOM U
NPEJCTaBIEH CBOEH BEPOATHOCTHIO HA HOPMHPO-
BaHHOU rucrorpamme, a hyy mHpeacTaBiseT coboit
YUCIIO DJIEMEHTOB C IT 3HAYEHUAMM CHBBIX YPOBHEH
Ha HEHOpPMMpPOBaHHOM ructorpamme, r =0, 1, ..., k,
r=0,1,...,k.

Puc.1 - 3D nopmupoBanHasi rucrorpamma Piap,.

4. BI/I3yaJ'H/I3a]_[I/I$l TPEXMEPHBIX 3D HOpMHUPOBaH-
HBIX ITIOCJIENOBAaTCIbHOCTEH B rucrorpaMmax Hs30-
6pa)I(CHI/Iﬁ P1(3D) , P2(3D) b

. »Pispy 5 ..., Prap).

2. CTATUCTUHECKAA MOJEJIb

CraTucTuyeckas MOMCIL SBISCTCS CaMOH Bax-
HOW YacThIO MPEIOKEHHON MOJEIH aHaIn3a JHA-
MHYECKHUX CIICH. DTO OOBICHSICTCS TEM, YTO IIpa-
BUJIBHBI BBIOOP CTATUCTHYECKUX KPUTEPUEB Mpe-
JIOTIpe/ieTIsieT HaAe)KHOCTh Ipolecca OOHapyKHBa-
HUS W OICHKU IBIDKEHUS W BIIOCIICICTBHE W TIPO-
CIC)KMBAHUS TMOIBUKHBIX 00BEKTOB. [[1s1 ompenene-
HUS CTaTUCTHUYECKUX XapaKTEPUCTUK HCIIONB3YETCS
aHanu3 3D mocneaoBaTeNbHOCTEM TUCTOrpaMM U30-
OpakeHU! U OHH B JCUCTBUTEIHLHOCTH TPECTABIS-
10T cO00# MCKYCCTBEHHBI MHTEIICKT CUCTEMbI aHa-
TU3a JMHAMUYECKHX CIIeH, KOTOPBIH B M3BECTHOU
CTETeHN 3aMeriaeT (YHKIHA M MEXaHW3MBl OOHa-
PYKUBaHUS HAJTUYUS ABMKCHIUS, IPUCYIITUE YEIOBE-
KY ¥ )KUBOTHBIM.

B nepByto ouepear Mbl ompenensem 2D craTu-
CTHYECKYIO (DYHKITUIO pacTpeaesiCHUs BEPOSITHOCTH,
2D cratuctuyeckoe cpeaHee 3HaueHue u 2D cratu-
CTHYECKOE OTKIOHEHHE C TOMOIIBI CIIEAYOLIIX
YpaBHEHMI:

- 2D craructuueckas (QyHKIUS pacrpeieicHHs
BEPOSATHOCTH

0 for  x,y<0
kK
L )=12 > Pror, for xyel0k] (12)
=0 r=0
1 for  x,y>k
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- 2D craTuctuyeckoe cpeaHee 3HaUeHue

k k
, 2 2
ml(ZD)ZZ( rx +ry 'Plrxry)

r=0 r=0

(13)

- 2D cTaTUCTHYECKOE OTKIOHCHUE

k

2 2 2
Dyap) = Z[v ety =myop 1Py ., (14)

k
r=0 r=0

Ilocne yero ompexnensiM CTaTUCTUYECKUE Xapak-
TEPUCTUKN Kaxnodh u3 Bcex 3D HOpMHPOBaHHBIX
THCTOIPaMM  IIOCJICIOBATEIHOCTH  M300pa)KeHUil.
CyIIHOCTBIO TpOLEAYpHl SBISETCS HAXOXACHUE
CBSI3M MEXIY CTAaTUCTHYECKUMHU XapaKTEpPUCTUKAMHU
nocneaoBaTebHOCT! 3D THCTOrpaMM M300paxeHHH
U IIPOIECCOM OOHApyKUBaHWS HANUYMA JIBUIKECHUS.
Uro0Obl yCTAaHOBUTH WU OLEHUTH 3Ty CBSI3b MOXKHO
CPaBHHUTb (DYHKIMU PAaCHpPEAETICHUS BEPOSITHOCTEH,
UCTIONB3YS CIENYIONe KPUTEPUH:

- Kpurepuit Konmoroposa

K = max|fa(x,y) = fb(x. ) (15)

rae fuX,y) U fu(X,y) HIPEACTaBIAIOT CO00H GyHK-
LIMU pacrpeeseHns BeposiTHocTelt P¥yap) U Pbm@D)
JIBYX COCETHHMX (DHUIBTPHPOBAHHBIX H300paKEHHI
FY u F%. , coorerctBenno; 1=1,2,...,L.

- Kpurepuii Ilupcona

e 3 PR

r=0 r=0 pa(rxry)

—ThIX

TA€ Poer) U Pagr) - 3HAUCHUST BEPOSTHOCTEH 1T
CEPBIX YPOBHEM JIBYX COCENHMX (PUIBTPUPOBAHHBIX
mobpaxennii F°i,, u F% , COOTBETCTBEHHO.

- KomMrmnekcHslit kputepwii (TecT Ha 3HAYUMOCTB )

m, —m,

a

Z:\/(Dawb) ’

(17

(m x n)

rIe mep) CTaTUCTHYCCKHUE CpETHUE

3HAYCHHS JBYX COCEIHUX (MIBTPUPOBAHHBIX H30-

6pa)KeHPII>i Fal u Fb1+1 , a Dal(ZD) u Dblﬂ(zD) -

CTaTUCTHYCCKHUC OTKJIOHCHUSI, COOTBETCTBCHHO.

BriOupas BbIllie yIOMSHYTBIC KPUTEPUH, MBI TapaH-

THpYEM CIIeAYIOIINe MMPEeUMYIIecTBa MOJeIn OOHa-

PYKUBaHUS JIBUKEHHUA C TTOMOIIBI0 aHanu3a 3D mo-

CJIEIOBATEIHOCTEH TUCTOIPpaMM HU300paKCHUI:

® DOSTU KPUTEPUHU SIBISIIOTCS JTOCTATOYHBIMH IS
oOHapyXMBaHUA M3MEHEHUH B IOCIEHOBATENb-
HOCTH H300pakeHHUH,

® BCE KpUTEPUH JIETKO PACUUTHIBAIOTCA U OLEHU-
BaIOTCS B peabHOM BPEMCHH,

o CTaTUCTUYCCKUC KPUTCPUU ABJIAIOTCA HWHBApPU-
aHTHBIMU U 0OJiee HaJIC)KHBIMU IO CPABHEHUIO C
TPaAULIMOHHBIMU METOJIAMHU.

H mMyepy -

2.1. SABEPLWWEHWNE MNMPOLIECCA
OBHAPYXXVBAHWA OBWXEHUA

Pa3zpaboTanHbIil HAMH aITOPUTM OOHAPYKUBAET
30HBI MAKCHMAaJIbHOTO JIBIKEHHSI CJIEIYIOIIUM CITO-
co0OM: WIIYyTCS T€ MECTa, I/Ie CTATUCTHIECKNE KPH-
tepuu K um y Bo3pacraior, a Z yMmeHbIIaeTcsa OTH
KaJpbl MAPKUPYIOTCA KaK TaK Ha3bIBAEMbIE TUKOBBIC
30HBI. TakuM o00pa3oM MONy9aroTCs TpaduKu Ha
Puc. 2, ucrone3ys creayroliee MpaBuio:

(AK & Ay) > 0) & (AZ < 0)

0, Hem  OBUIICEHUS

(18)

rne AK, Ay, AZ mnpencraBusoT coO0OH pa3HOCTH
3HAYEHUM COOTBETCTBYIOIIMX KPUTEPHEB 3a J[Ba IO-
CJIeIOBATeIbHBIX KaJpa. ODTHUM CIOCOOOM MOXHO
MapKHApOBaTh Bce HM300pakeHUs, e OOHapYXKEHO
IBkeHue. Jliis 3aBeplIeHus npouecca u pa3oueHus
BCEro MHTEpBajla Ha BU3yaJIbHBIE CIEHBI BBIYUCIIA-
eTcsl cpefiHee 3HaueHne MR a1 BceX MUKOBBIX 30H,
B TO BpeMsI KaK MapKUPYIOTCS TOJIBKO T€ MO3HLIHUH,
11 Kotopbix Ki - |Zi| > pR. OTo mokazano Ha Puc.2
u Puc.3. IIpoBeneHHble 3KCIEPUMEHTHI MOKa3bIBa-
10T, YTO NIPEIUIOKCHHBIH METOX OOHapyKHUBaeT Ha-
JMYUE JaXe CJIa0d0ro IBHMXKEHHUS C BEPOATHOCTHIO
90-95%. [ 3TO# 11eu aHaTU3UPOBAHBI PA3INIHBIE
MOCIIEeI0BATEIbHOCTH M300pakeHUH, BKIIIOUasi M Ta-
KH€, B KOTOPBIX OOBEKT U (JOH ABMKYTCS HE3aBHUCH-
MO JApPYyr OT Jpyra W IO OTHOUICHHIO K Kamepe.

39



Ianaiiom Unues, [Inamen L{eemxos, 'eopeu Illempog / Komvromune, 2007, Tom 6, Beinyck 1, 35-43

0.2

0.15 4

0.1

0.05 +

>

(A

A

A

0 A e A)NBBA TR AS!VAA ATK AA VA e A A AA T T T RERR
7 13 18 25%% 37 43 49 ﬁA 61 67 73 79 85 91 9?AA1OA3 109 1%5 121 127 133 139 145 151 A'|5
-0.05 =
o
o
-0.1

Puc. 2 - I'paduk craTHCTHYECKHX KPUTEPHEB ABHKCHUS

Ao

il

A
Wi, 1 o= v el ]

ik
PR e

.l“:—

-
- ki s

110

121

122

(et RraeT)

— L

Puc. 3 - IlocsienoBaTe IbHOCTH M300paKeHMii, B KOTOPBIX 00HAPYKEHO ABH:KEHHeE, MOTyTOHOBbIE H300paiKe-
HUSl o0bekTa M X 3D rucTorpaMmsL

3. BbIBOAbI

B 3axmroueHun ciepayeT OTMETUTh, UTO HACTOSA-
mas crarbid oOecrmeunBaeT (GYHOAMEHT Ui Jallb-
HEUIMUX WCCIICIOBAaHUN B OOJACTH pEIICHUS Clie-
nyromei mpoOaeMbl, KOTopasi CBA3aHa € MPOCIIEKH-
BaHUEM ABIKYLIMXCSI OOBEKTOB M CO3/IaHHEM alro-
pUTMa Ul CBEPTKH IIOCIENOBATENBbHOCTEH M300pa-
skeHulil. Ha OCHOBE NOJyYEHHBIX B INPOBEINECHHBIX
Hay4YHBIX HCCJIEJJOBAHUAX PE3YJIbTATOB MOXKHO CHE-

JIaTh BBIBOJ, YTO HA JaHHOM JTalle MBI MpeiaraeM
HOBBIM MOAXOA K KOMIUIEKCHOMY pEIICHHUIO IIPO-
0JieMbl OOHApY)KUBAHUS JBIKEHUS, HCIIONB3YS CO-
BEPIIIEHHO Pa3IMYHbIA CIOCO0 MO CPaBHEHHIO C W3-
BECTHBIMH, YTO CO3JACT MPEATIOCHUIKH I  CO37a-
HUSl 3aBEPIICHHONH CHUCTEMBbI OOHApY)KUBAaHUS JIBH-
JKEHUSI M TIPOCIICKUBAHUS IBUKYIIUXCS OOBEKTOB B
JMHAMHYECKHUX CIIEHaX.
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Abstract: This paper presents an unconventional approach for motion detection using 3D image

histogram sequence

analysis. The idea of this approach is to remove the process of motion estimation into the field of 3D image histogram
sequences by analysis of their statistical characteristics. A functional and statistical model of a system for motion
detection has been created. The experimental results prove that the relationship between statistical characteristics of
the 3D image histograms sequences and process of motion estimation is a guarantee for creating a reliable and high
precision motion detection system as well as for image compression using 3D entropy functions analysis. Such a system
can be used for security control of banks, airports, military objects, embassies, shops etc.

Keywords: Motion estimation, detection, modeling.

1. INTRODUCTION

Motion is the fundamental of life. No life if no
motion. How can be the motion discovered? Motion
detection is a very difficult problem for solving. The
purpose of this paper is to create functional and
statistical models for motion detection using 3D
image histogram sequences by analysis of their
statistical characteristics. The technical system is
built using one or more conventional video cameras
and one of them can be infrared, computer with a
large memory and a high speed of data processing
and specialized software. What we mean is to create
functional and statistical model for motion detection,
which is closer to mechanism of motion detection of
human beings using an unconventional approach.

2. MODEL FOR MOTION DETECTION

The idea for creating a functional model of a
system for motion detection is based on the
assumption that all changes in an observed scene can
be defined wusing image sequence analysis.
Moreover, these changes can be estimated using 3D
image histogram sequences analysis by defining
their statistical characteristics. The relationship
between image sequences and their statistical
characteristics has to be established.

The means, which we will use for motion
detection and estimation are: 2D black and white
image sequences, 3D image histogram sequences
and its statistical parameters and rules for decision
whether there is or not motion in an observed scene.

The proposed functional model includes several
procedures for preprocessing image sequences. All
procedures are directed for creating appropriate
conditions for solving this rather difficult problem
namely discovering of motion using a visual
technical system. We have to take account that if we
want to say that our method for motion detection is
reliable and precision we need to introduce some
limitations. First of all we have to explain the
meaning of the phrase “there is a moving object in
an observed scene”. We should consider that “there
is a moving object in an observed scene” when:

e there are a lot of changes in a large image

sequences,

the changes include a large number of image

elements,

there are not periodical changes in the images.

The process of motion detection includes the

following procedures for image sequences

preprocessing:

e creating a computer memory space for saving

e large image sequences,

e choice of an appropriate filter,

e defining and normalizing 2D image histogram
sequences,

e calculating mean value, dispersion and zone of
recursively,

e scanning each image with operator 3x3, 5x5 or
else and controlling the type of the mode filter.

Image filtering plays an important role in the
process of the next image processing and analysis.
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The choice of the right image filtering is the key and
guarantee for the next successful image processing
and analysis. Why do we choose mode filtering? We
chose mode filter ecause it gives some advantages.
Mode filter is a probable filter. The mode filtering
goes deep the process of homogeneity of each image
in result of that image histograms become more
presentable for calculating and comparing of their
statistical characteristics. The process of motion
detection becomes easier because the distance
between vectors of the statistical parameters of two
neighborhoods histograms is increased. Introducing
a zone of recursively in the process of filtering the
homogeneity of the image becomes more and more.
The mode filter can be switched as recursive or non-
recursive, depending on the zone of recursively,
which has been calculated from the global image
histogram. All these prerequisites are a guaranty for
increasing the reliability of the process of motion
detection.

Choosing the above criterion we guarantee the
following advantages of our model for motion
detection using 3D image histograms sequences
analysis:

e these criterions are sufficient to discover the
changes in image sequences,

e casy calculation and estimation of all criterions
in real time,

e statistical criterions do the process of motion
detection more invariant and reliable in
comparison with traditional methods.

It is obvious that for motion detection we need to
compare every one of the chosen criteria with
certain thresholds. So we have to introduce three

different adaptive thresholds for each of the

criterions.

3. CONCLUSION

In conclusion we would like to summarize our
research efforts for creating an unconventional
approach for motion detection using 3D image
histogram sequences analysis. The experimental
results prove our conception that there is a strong
relationship between statistical characteristics of 3D
image histograms sequences and the process of
motion detection for creating a reliable and high
precision motion detection software system. The
advantages of our system are: fast process of motion
detection, elementary logical and arithmetic
operations and high precision of motion detection.
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