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Pedepar. IlpeiokeH 3BPHCTHYCCKUI AITOPUTM pELICHUS 33aJadyd aBTOMAaTHYECKOTO OOHApYKEHHS ¥ BBIICICHUS W300paXkeHUs
JMHAMHYECKHX OOBEKTOB B IIOCIICIOBATEIBHOCTH TEJIEBH3HOHHBIX KaapoB. OCHOBHBIMH JTalaMH alIrOPHTMA SIBISIOTCSA: OLIGHKAa ¥ aHaIu3
H3MCHEHHIT (POHOBOW M ILIYMOBOIl COCTABISIONINX CIICHBI, MOPOroBas oOpaboTKa, OLEHKA MapaMETPOB BBIJCICHHBIX CETMEHTOB Ha OHHAPHOM
n300paxkeHnH. [IpUBOIATCS pe3yabTaThl HCCIENOBAaHUH d(DPEKTUBHOCTH PabOTHI ATOPHTMA U Ka4eCTBa IOTyIEHHBIX CETMEHTOB B 3aBHCUMOCTH OT
pa3MepoB 00BEKTa U OTHOLICHHS CUTHAJI/IIIYM.

VmMeercss MHOXECTBO MPAKTUYECKH BAXKHBIX CHUTYallMil, B KOTOPBIX BO3HUKAeT 3ajaya aBTOMAaTHYECKOTO
0oOHapyXeHHs, JIOKAIM3ANA U KiIacCU()UKAIMKA ITHHAMUYECKHX W3MEHEHWH, UMEIONMX MeCTO B 00padaThIBaeMOM
MOCJIEI0BATEILHOCTH KaapoB. [Ipu 3ToM pelieHre HEOOXOIUMO NMPUHUMATh B PEAIbHOM MacllTa0e BpeMeHH, T.€. B
TEMITe TIOCTYIUICHHUS KaJpoB U300paxkeHus. B kauecTBe 0OBEKTOB MOTYT BBICTYIATH JIFOIM, aBTOMAIIMHEI, BCIIBIIIKY,
OJIMKY OTITUKH, ICTaH Ha KOHBEWepe U T.11.

B nanHOW paboTe 3amaya OOHApPYXKCHUS W BBIACICHUS IBIDKYIIETOCS (parMEHTa pEIIacTCs Ha OCHOBE
aHaJ3a M3MCHEHHI (DOHOBOW W IIyMOBOW COCTABIISIOIIMX HAOIIOMaEMOW CIICHBI B IOCIECIOBATEIBHOCTH KaupoB [1,
2]. TlpenmomaraeTcs, d4YTO CHCTEMa MPEICTABISACT COOOH HEMOJBIDKHYIO BHICOKaMEpy, MOAKIIOYCHHYIO K
KOMITBIOTEPY, U, CIIEIOBATEIIHLHO, CIABUT H300pPa)KSHUs B 11€JIOM OTCYTCTBYET.

CuutaeMm, 4TO IUCKPETHOE H300paKeHHE OOBEKTa TMPEACTABISAET COOOW CBA3HOE MHOXKECTBO TOYEK C
HEHM3BECTHBIMHU SIPKOCTAMH. [l0J CBSI3HOCTBIO 3[leCh M jAajiee OyAeM MOHHMAaTh pACIOJIOKEHHE TOYeK O00beKTa B
COCEeITHHX sUeiKax TUCKPETHOTO pacTpa.

IIpu HaGmromeHUM 32 OOBEKTOM, IMEepEeMENIaomeMcss Ha CI0XHOM (oHe, Hanboyiee XapaKTepHOU SBISETCS
cutyanusi, koraa (GoHOBOE H300pakeHHE PACIONIOKEHO B MPOCTPAHCTBE Aajblie, yeM 00beKT. B 3ToM ciydae Ha
HAOIIOTaeMOM H300pakKeHUH O0BEKT CIICKCHUS, TIEPEMEIasiCh, 3aKphIBaeT cO0O0M yUacTOK (pOHA, pACTIONOKEHHEIH 3a
HUM.

B ocHOBy anropurMa aBTOMATHYECKOTO OOHAPYKCHHS W BBIACICHUSA JUHAMHYCCKHX W3MCHCHHH,
BO3HUKAIOIIUX B IOCICAOBATEIBHOCTA KAJPOB, JieTda WAes OLCHKH W IOCICAYIONEr0 aHalh3a JHHAMHYCCKUX
M3MCHCHHH, BOSHUKAIOIINX B KAXKIOU TOUKE U300paKeHHS BO BPEMCHHU.

Habnronast 3a M3MCHCHUSIMHU, UMCIOIIMMH MECTO Ha M300paKCHHU BO BPEMEHH, MBI MMEEM BO3MOXKHOCTH
OLICHUTh KaK caM (OH, TaK W HCKAXKAIOUIYI0 ero moMexy. Takum o0Opa3oM, MOSBISETCS pealbHas BO3MOMXHOCTh
OTACNUTH TOJE3HBI CHTHAN, CO3/aBAEMblil TUHAMHYECKAM OOBEKTOM, OT ILIyMa W OTHOCHTEIbHO CTaOWIIBHOTO
¢onoBoro ypoBHs. [losTomMy, B pa3pabOTaHHOM alTOPUTME NPHUMEHSETCS MapajuieIbHOEe BBIYHCICHHE OIEHOK
YPOBHEi IPKOCTH TOYEK (hOHA U OIL[CHOK BEIMYUHBI U3MEHEHHUS YPOBHEH SPKOCTH TOYEK (OHA.

OIneHKH ypOBHEH SIPKOCTH To4eK (hoHa Q(i, j,n) dbopMupyeM MyTeM PEKYPCHBHOTO MEXKAaJPOBOTO
YCpeIHEHMsI OMHOMMEHHBIX TOUeK. T.e. moydaeM CrilakeHHOe («ITATOHHOe») n3o0paxenue GhoHa [2]:
§G, i,n)= B 06G, j,n-21)+ Q- B)ag, j,n), )
rae |(i, j,n) - YpOBCHb SIPKOCTH TOYKH (i, J) B N-oM kaape HaOIOIAaEeMON CIICHBI, Bl - mapamerp
SKCIIOHEHIHAILHOTO PEKYPCUBHOTO (PHIBTPa, BEIOUpaeMslii B quanazone 0+ 1.

Jis BEISICHEHHS XapaKTepa BO3MOXHBIX U3MEHEHHH YPOBHEH SAPKOCTH TOUYEK (DOHA BO BPEMEHH, BBIUHCIIIEM

OLICHKM BEJTMYMHBI M3MEHEHHUs yPOBHEH ApKocTH Todek (ona A :

Al 5,n)=(§G, §,n)-1G, §,n)f. @
A, j.,n)= BA(, j,n-1)+@-B)AG, j.n), 3

rae 3 - mapameTp SKCHOHEHIHANBHOIO PEKypCHBHOIrO (uIbTpa, Bbibupaembii B auanazone 0+ 1. Ipu B =1 s

Ka4yecTBE OIICHKU BEJIMYMHBI M3MCHEHHS YPOBHEH SPKOCTH TOUEK (DOHA BHIOMpAETCS BEMUYMHA M3MEHEHHS YpOBHEH
APKOCTH ToueK (oHa B3ATas 3 mepporo Kaapa, mpu [3 =0 ocymecTBiseTcs MOKaIpOBas CMEHa OLEHOK BETHUHHBI

HU3MCHCHUA ypOBHeﬁ SAPKOCTU TOUCK (I)OHa, a npu 0 < B < 1 OLCHKHU BCIMYMHBI U3MCHCHUA ypOBHeﬁ SAPKOCTU TOYCK

(dhoHa hopMHUpYIOTCS TTyTeM MEXKaapoBOro ycpeaneHus. [Ipu mpoBeaeHIH BIYHCICHAN [3 BBIOUMpaics paBHbIM 0.9,

T.K. TIPH 3TOM YyJaeTCsl ONTUMAIILHO COYETaTh BO3MOXKHOCTh OOHOBJICHUS ATAJIOHA C TOIABICHUEM IMOMEX, UMCIOIIIX
MECTO Ha 00pabaThiBaeMOM U300paKCHHU.

Pacyer olleHOK W3MCHEHHs BEIMYUHBI YPOBHS SIPKOCTH HApsIy C OICHKAMH YPOBHS SPKOCTH, BEICTCS
HE3aBUCHMO ISl KaKIOW TOYKH HaOIr0qaeMoro m3o0paxkeHus. TakuM 00pa3oM, Ha OCHOBE IMOJIYYECHHBIX OIICHOK
YPOBHSI SIPKOCTH M OIICHOK BEJIHYMHBI M3MCHCHHUS YPOBHS SPKOCTH, B KaXIOH TOYKE NPUHUMACTCS PEIICHHE O
MIPUHAIJICKHOCTH €€ K (POHY HIIH, IPEANOIOKUTEIBHO, 00BEKTY. T.¢. MOYKHO 3aIMCaTh

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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|(i,j’n):%(i,j,n), ccu (8, J.n=1)-1(, j.n)<kQ/A(, j.n-1) @
H h(i, j,n),  unaue
rae h(i, j,n) - YpOBEeHb APKOCTH TOYKH, NpUHAIIEKAIIe H300pakeHno o0bekTa; K - HEKOTOPHI MOPOroBbIit

KOS(I)(l)I/IHI/IeHT. Tak kak A , IO CYHICCTBY, MPECACTABIIACT coboit OLICHKY OJUCTICPCUHN BCIIMYUHBI U3MCHCHHS YPOBHA

APKOCTH, TO 3HAUCHHE K 11e71ec000pa3sHO NPUMHUMATh HA YPOBHE 3.

TakuMm 00pa3oMm, OCHOBHBIE 3Tamlbl AIBPHCTHYECKOIO aJrOpUTMa aBTOMATHYECKOTO OOHApyXeHHS W
BBIJICJICHUSI JJUHAMWYECKUX WM3MEHEHHUH, BO3HUKAIOUIMX B IIOCJEIOBATEIbHOCTH KaJpOB, BKIIOYAIOT B ceds
CJIeTyIOIINE OTICPALHH:

1. dopmupoBaHHE OLEHOK YPOBHEW SIPKOCTH B KaXkKIOW TOYKE (pOHA ITyTEM IIPEIBAPUTEILHOIN MEXKaIpOBOH
(GUIBTpALNHK SIPKOCTEH OJJHOMMEHHBIX TOYEK B ITOCIIEAOBATEIILHOCTH H300pakeHHH.

2. AxanornuHeIM 00pa3oM, apaulesIbHO C BBIITOJHEHHEM IIEPBOTO JTara auropurMa, GOpMHUPYIOTCS OLIEHKH
BEJIMYMHBI N3MEHEHHS YPOBHS SIPKOCTH B KaXK10W Touke (oHa.

3. TlosnemMeHTHOE CpaBHEHHE CTIIAKEHHOTO («ATATIOHHOTO») M300pakeHHsT (JOHA C TEKYITUM H300paKeHUEM
C YYeTOM IIOJNyYCHHBIX OIICHOK BEIWYHHBI W3MEHEHHS YpPOBHS SPKOCTH B OJHOWMEHHBIX TOUYKax. [ Hmmoresa o
MIPUHAATIC)KHOCTH TOYKH K OOBEKTY NPHHAMAETCS B COOTBETCTBHH ¢ MpaBWwioM (4). B ocTaimbHBIX TOYKax OIEHKH
YpOBHEW SIPKOCTH M OIICHKHM BEIMYMHBI M3MEHEHHUS YPOBHS SPKOCTH PEKypcHMBHO yTouHsgtoTcs. [lo pesymbraTam
cpaBHeHHA (hopmupyeTcss OMHapHOe H300pakeHHe c dnemeHTaMd 0 u 1, B KOTOpOM 3HaYeHHE | COOTBETCTBYET
THIIOTE3€ O MPUHAIIICKHOCTH TOYKH OOBEKTY.

4. BrlieneHne U mapaMeTpHU3alys CBSI3HBIX 001acTel OMHApHOTO H300paKEeHHS.

5. BrinonHeHNE JONONHUTENBLHON 00pabOTKH MapaMeTpoB HOIyYEHHOTO CITUCKAa CETMEHTOB, BKJIIOYAIOIICH B
ce0sl Tak e W HaKOIUICHHEe NHPOpPMAIHU O MOBEICHUN CErMEHTa BO BPEMEHH. JTO MO3BOJISIET YAAIUTh CErMEHTHI OH-
HapHOTO W300pakeHWs, HE YJOBJIETBOPSAIOIINE 3aJaHHBIM YCIOBHMSAM (HAalpUMep, TaKMM KaK: OTpaHHYEHHs Ha
IUTOIa b CETMEHTa, OTHOUIEHHE JIMHEHHBIX pa3MepoB, Kod(h¢uuueHT G(opMbl, KOIPQUIMEHT 3arojHEHHs,
MTOBTOPSIEMOCTh ITaPaMETPOB CETMEHTA B MOCIIEIOBATEIBHOCTH KaJIpOB, CMEIICHNE IIEHTPa MAacC CETMEHTa 3a Kalup U
T.IL).

6. Ilpunsarue pemeHus 06 0OHapyKEHUH 00BEKTA B TEKYIIIEM Kape.

IIpu mporpaMMHON peanv3anyy JAaHHOTO AITOPUTMa, 10 CPAaBHEHHUIO C TIOJXOJOM, ONMHCAHHBIM B [2],
HCTIOJB3YIOMKM HEMOCPEICTBCHHOE BBIYHCICHNE allOCTEPHOPHBIX BEPOSTHOCTEH NMPHUHAIIC)KHOCTH TOUYKU K OOBEKTY
WA K (OHY, CHIIKACTCS YHCIIO BBHIMONHACMBIX Ha KaXIYI0 TOYKY 0OpadaThIBACMOTO H300paKCHUS AJIEMEHTAPHBIX
orepanuii (MCKIFOYaeTCsT MHOKECTBCHHOC BBIMIOJHCHUE OINEPAlUil YMHOXCHUS, HCOOXOIUMBIX JUIS BBIYHCICHUS
BEPOSATHOCTEW), 4YTO CYIICCTBEHHO (B HECKOJNBKO pa3) COKpamaeT BpeMs, 3aTpaydBacMOC Ha BBIYUCICHHSA,
MPAKTUYECKA HE CKA3BIBAsICh HA TOYHOCTH OOHAPYKCHUS.

PaboTocmocoOHOCTs aNrOpUTMa MPOBEPSIaCh Ha MHOXECTBE PCANBHBIX M CICIHANBFHO CreHEPUPOBAHHBIX
TTOCJISZIOBATEIBHOCTAX M300paxkeHuid. PazMep oOpabaThiBaeMbIX MCKYCCTBEHHBIX M300paxkeHwmid 200x200 mukcemneid,
peaNbHBIX - 768x576.

Ha omHOpoanblii GoH ¢ spkocThi0 128 ypoBHEW KBaHTOBaHUS HAKJIAJBIBAJIOCH M300pa)KeHHWE KBajpaTta.
[HomydyenHnoe wu300pakeHHE 3aIIyMIBUIOCH HOPMAJIbHBIM IIYMOM C HYJIEBBIM MaTEeMaTHUYECKUM OXHIAHUEM U
3aJaHHOM aucnepcuell. B mporecce HanokeHUsI 00BbEKTa, MOJIOKEHUE €T0 IIEHTPa MacC CMEIIANIOCh OT KaJpa K Kaapy
Ha | 3JIEMEHT MUCKPETHOTO pacTpa MO KaKIOW W3 KOOPAMHATHBIX oceil. OOBEKT MPHUCYTCTBOBAJ Ha M300pa’KEHUH
HAYMHAsI C IEPBOTO KaJpa TEHEPUPYEMOTO CIOXKETA.

IlepBbie 25 KaApoB TIeHEPUPYEMOW IOCICIOBATEIBHOCTH HCIIONB30BANIUCH ISl TONYYCHHS CTapTOBBIX
3HAYCHUH OICHOK YPOBHEH SIPKOCTH ¥ OIICHOK BEIIMYMHBI U3MCHEHHUS YPOBHEH SPKOCTH TOYCK M300pakeHUs. 3aTeM
BKITIOYAJICSI pa3pabOTaHHEBIA adropuTM OOHAPYKCHHS U BBIIACICHHS BO3HHKAIONIMX B TMOCIEIOBATCIFHOCTH KaIpOB
HM3MEHEHUH.

[Ipu mpoBeneHNH CTATUCTUYECKUX HCCICIOBAHUM, MCIONB30BAIUCH CICAYIOIINES KPUTECPHH, ITO3BOJISIOIINE
OIICHUTH YPPEKTUBHOCTD BBIICICHHS:

- Kosdpdumument xonmmdgectBa. XapakTepu3yeT 9acTOTy, C KOTOPOH MPOUCXOIMIO 0OHAPYKEHHE 00BEKTA.
PaccunTriBaeTCS KaK OTHOIIGHHE YHCIA KaJAPOB, B KOTOPHIX OBUIM BBIAENICHBI CETMEHTHI, OAXOAIINE TI0 TUIOMIaaN
o 0OHapyXKMBaeMbI OOBEKT, BHYTPH OOJIACTH, COBMANAIONIEH MO KOH(HUTYypamuu C ONMHCAHHBIM BOKPYT OOBEKTa
MPSIMOYTOIBHUKOM, K UHCIy BCeX KaJpoB, B KOTOPHIX 00BEKT ObT BHACH Ha u3oOpaxkenmu. [lox moHsATHEM
«BHIUMOCTH» 00BEKTa TMOAPa3yMeBAETCs, YTO OH HE OBLI IMOJIHOCTBHIO CKPHIT (3aCIIOHEH) KaKUMHU-THO00 (OHOBBIMU
oOpazoBanmsmMu. [Ipendmonaragoce, 4YTOo s TPUHATHAS PEHICHUS O BBIACICHUU OOBEKTa, B OOJBIIMHCTBE

IIPAKTUYECCKUX CIIy4dacB, HEO0OXOAUMO CymI€CTBOBAHHUE CECTMCHTA, IUIOMAAb KOTOPOTO COCTaBIACT HE MEHEC % oT

BI/IﬂI/IMOﬁ omaian 00BeKTa.
- KOS(b(bHHHeHT KadyecTBa. PaccumThIBaeTCS KaK OTHOIICHHUE monagu camMoro 0OJIBIIIOTO CErMcCHTa,
BBIACJICHHOT'O BHYTPHU OIMUCAHHOT'O BOKPYT 00BeKTa IpAMOYTOJIbHUKA, K BI/I,Z[I/IMOﬁ omaian 00BeKTa.
Brruucnaenus MPOBOAWINCH IPU 3HAYCHHUHU TIOPOT'OBOI'0 KOB(l)(l)I/IIII/IeHTa paBHOM 3.
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KoadhpunpmenT kauectra Boigenenust 0.77 mis o0bekToB miomanpio 8-10 mukceneld TOCTHTAeTCs yKe MPH
OTHOIICHWU CUTHAJ IIyM 2.5 mpu Kodpduirente koamdectra He MeHee 0.95. A pu OTHONIEHUSIX CUTHAJ/IIYM OT 3.2
nocturaercs koddduimeHT kadecTna BeiaeneHus 0.98 mpu koddunmente komudectsa He MmeHee dem 0.97.

Jlns Manmopa3MepHBIX OOBEKTOB € IDIOMIAABIO TOpsaKa 4-6 MuKcesel 3amada oOHapyKEHHUS W BBIICIICHHS
YCTOWYIHBO pPENIaeTcs MPH OTHOIIEHUSAX CUTHAJ/TIIYM OT 3.2 U BhIIIEe ¢ KO3PHHUITMSHTOM KadecTBa BBIJCIICHUS HE HIKE
0.96 u xodddurmentom kommdectBa He MeHee 0.9. 'paduueckoe mpeacraBieHHe pe3yabTATOB TPUBEIACHO HA
pucynkax 1 u 2.

\,

>

KoadbcpmumeHT kavecTBa

0,1500
2,005 2,080 2,112 2,205 2,263 2,347 2,437 2,568 2,682 2,854 2,978 3,199 3,458 3,818 4,238

c/w

Pucynoxk 1 3aBucumMocts k03¢ HuIFIeHTa KayecTBa OT IUIOMIa Il 00BEKTa
MPY PA3IIMYHBIX OTHOIICHHUSX CUTHAI/TIIYM.
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KoadhduumeHT konuyectBa

0,40

0,30

0,20
2,005 2,080 2,112 2,205 2,263 2,347 2,437 2,568 2,682 2,854 2,978 3,199 3,458 3,818 4,238

c/w

Pucynok 2 3aBucumMocTs K03 HUIMEHTa KOJIMIECTBA OT IUIOIMAAN 00BEKTa
MPU PA3IIMYHBIX OTHOIICHHUSX CUTHAI/TIIYM.
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ALGORITHM OF AUTOMATIC DETECTION, SELECTION AND ESTIMATION OF DYNAMIC OBJECTS,
ORIGINATING IN A SEQUENCE OF TELEVISION FRAMES
Alpatov B.A., Bokhan K.A.
Ryazan State Radio Academy
390005, Ryazan, Gagarin st., 59/1
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The abstract. The heuristic algorithm for an automatic detection and selection of dynamic objects image within a sequence of television
frames is offered. Milestones of algorithm are: both an estimation and analysis of the background and noise component scene modifications,
threshold handling, estimation of parameters of the chosen segments of the binary image.

There is a set practically of important situations, in which there is a task of automatic detection, localization
and classification of dynamic modifications having a place in a treated sequence of frames. Thus the solution is
necessary for accepting in real time, i.e. in rate of inflow of display frames. As objects the people, motor vehicle,
flashes, dazzles of optics, detail on the pipeline etc. can appear.

In the given operation the task of detection and selection of a moved fragment is decided on the basis of the
analysis of modifications background and noise component of the observable scene in a sequence of frames[1, 2]. Itis
supposed, that the system represents the fixed video camera, hooked up to the computer, and, therefore, the shift of the
image as awhole is absent.

We consider, that the discrete image of object represents a connected point set with unknown brightnesses.
Connectivity hereinafter we shall understand a disposition of points of object in adjacent meshes of a discrete raster.

At observation behind object moved on a complicated hum noise, most typical the situation is, when the
background image is arranged in space further, than object. In this case on the observable image the object of tracing,
being displaced, closes by itself a site of a hum noise arranged behind it.

The basis of agorithm of automatic detection and selection of dynamic modifications originating in a
sequence of frames, is idea of an estimation and subsequent analysis of dynamic modifications originating in each
point of theimage in time.

Watching for modifications having a place on the image in time, we have a possibility to estimate both
background and hum noise distorting it. Thus, there is a real possibility to separate a useful signal created in dynamic
object, from a noise and rather stable background level. Therefore, in designed algorithm the paralel evaluation of
estimations of levels of brightness of points of a hum noise and estimations of magnitude of a modification of levels
of brightness of points of a hum noiseis applied.

Thus, milestones of heuristic algorithm of automatic detection and the selections of dynamic modifications
originating in a sequence of frames, include following operations:

1. Shaping estimations of levels of brightness in each point of a hum noise by preliminary interframe filtering
of brightnesses of the same name points in a sequence of the images.

2. Similarly, in bridge with realization of the first stage of algorithm, the estimations of magnitude of a
modification of alevel of brightness in each point of a hum noise are shaped.

3. Item matching smoothed image of a hum noise with the flowing image in view of the obtained estimations of
magnitude of a modification of a level of brightness in of the same name points. In those points, where the
modifications of a level of brightness have exceeded an estimation of magnitude of a modification of a level of
brightness, the hypothesis about their membership to object starts. In remaining points of an estimation of levels of
brightness and the estimations of magnitude of a modification of a level of brightness recursively are updated. By
results of matching the binary image with units 0 and 1 is shaped, in which the value 1 corresponds to a hypothesis
about a membership of a point to object.

4. Selection and parametrization of connected areas of the binary image.

5. Redlization of additional handling of parameters of the obtained list of segments including as also
accumulation of the information about behaviour of a segment in time. It allows to delete segments of the binary
image which is not satisfying to preset conditions (for example, such as. limitations on square of a segment, ration of
linear sizes, crest factor, space factor, recurrence of parameters of a segment in a sequence of frames, offset of a center
of mass of a segment for aframe etc.).
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6. Decisionmaking about detection of object in aflowing frame.
At program implementation of the given algorithm, as contrasted to approach circumscribed in [2], operating
a direct evaluation of posterior probabilities of a membership of a point to object or to a hum noise, reduces number
fulfilled on each point of the treated image of elementary operations (the multiple realization of operations of
multiplying necessary for an evaluation of probabilities) is eliminated that is essential (in some times) reduces time
expended on evaluations, practically not having an effect on an exactitude of detection.
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