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OmnepatuBHOEe OOHAapY)KCHWE M TOYHAs OLEHKAa IapaMETPOB pa3IMBOB HE(PTENPOAYKTOB Ha BOJHOM
TIOBEPXHOCTH TO3BOJISIIOT CBOEBPEMEHHO IIPHHATH MEpHI [0 MUHMMH3ALUK yIepOa, HaHECEHHBI UM TpHupoae. ITo
TpeOyeT pa3paboTKH COOTBETCTBYIOLIMX TEXHUYECKHX CPEACTB M CHCTEM, MTO3BOJISIOIINX PelaTh CIEAYIONIe 3a/1a4u:
- OOHapY’>KUTH IATHO pa3iiiBa ¥ BEIJATh CUTHAJ TPEBOTH,

- OTIPEJIEIIMTH TUIONIA (b 3arPSI3HEHUSI M 00BEM BBUINTHIX HE(PTENPOIYKTOB,
- OTIPE/ICIUTH CKOPOCTH W HAIIPaBJICHNE IBIKEHIS HE(TSHOTO IIATHA,
- MOJITOTOBUTH JOKYMEHTHI, HEOOXOAUMBIE IS TIPEIBSIBICHUS IITPA(QHBIX CAHKITHIHA.

[IpuMeHeHNEe TENEeBU3MOHHBIX METOJOB ITO3BOJISET HE TOJBKO OOHApYKUTh HE(TIHON pasziavB HAa BOTHON
MTOBEPXHOCTH, HO W PEIIUTh BCIO OCTAIHFHYIO COBOKYITHOCTBH 33aJad SKOJIOTHUYECKOTO MOHHTOPHHTA. Y CTAHOBJICHHBIE
Ha OOpTy JieTaTelbHOTO ammapata TB cucreMbl, cocTosmue u3 mudpoBoil BHIeo kamepbl © DBM, mo3BOJISIOT
MIPOBECTH OTIEPATHBHBIA M MIMPOKUH (IT0 0XBAaTy TEPPHUTOPHH) KOHTPOJb, 3apETUCTPUPOBATH BHI HE()TSHOTO ITHA,
OTIpPENIeNIUTh €r0 MapaMeTpsl U MIPOBECTU JOKYMEHTUPOBAHHUE Ouara 3arpsi3HeHHUS.

VcxoaueIMu JTaHHBIMHM JUTSL OLIEHKH TTapaMeTpoB 3arpsizHeHust B TB-cucreme siBsieTcst BUAeO Kaap (LBETHAs
mudposas ¢pororpadus) ydacTka akBaTopud. HedTsHOe IITHO BBENAIOT 10 COBOKYIHOCTH IIPU3HAKOB.
IIpennoskeHO KCHONB30BaTh PA3IUUUE TUCTOIPAaMM YPOBHEH paclpeleNieHHs CUTHAIOB SIPKOCTH U I[BETHOCTU B
cucrtemMe Lab nns unctoi Boabl M He(TsHOW TuieHKH (puc. 1). JlOMOJHHUTENBHBIM INPHU3HAKOM CETMEHTHPOBAHUS
He(TSIHOTO TATHA SIBJISIETCS €r0 IBET, 3aJaHHBI HOpMUPOBaHHBIME RGB koopauHatamu. Ha uX oCHOBE OpMHPYIOT
JOITyCK Ha IIBETHOCTh M Ha W300paKCHWH BBIACNAIOT O0NACTh C I[BETHOCTSAMH, IONAJAIOIIAMH BOBHYTPH 30HBI
JIOITyCKa.

ITocTpoeHHBIH Ha OCHOBE JBYX ONFCAHHBIX MMPU3HAKOB AITOPHTM CETMEHTHPOBAHMS COCTOUT M3 CIIEITYFOITIX
OCHOBHBIX 3TaIlOB:

e pasduenue TB kamgpa Ha ¢pparMeHTH paBHOMN TUTOIIIATH;
®  [OJyYCHHE TMCTOTPAMM paclipeeIeHHs YPOBHEH CUTHAJIOB L[BETOJICJICHHBIX KaHAJIOB B KAXXIOM (pparMeHTe;
e  BhIJETICHUE ()PArMEHTOB, YIOBJICTBOPSIIONIMX NPUHATHIM ITPU3HAKAM;
e  ompejeneHre LIBETHOCTH U JOMyCKa Ha IBETHOCTH IO PE3YyNbTaTaM aHali3a TUCTOrPAMM;
KaHanbl  Apkoctn L LisetHoctna  LiBeTHOCTM b ®  CCIMCHTALNA NATHA.
OCHOBHBIMUI napaMeTpamu
1 3arps3HEHUS] SBIAIOTCS €ro IUIOmAAb U
Bopa JT% 00BEM. Cermenranus IsITHA Ha
n300pakeHNH Jaet BO3MOKHOCTb
-127 127 -127 127 -127 127 OIpEIACIUTh YUCIO MPUXOIAIIMXCSI Ha HETO
3JIEMEHTOB TB pa3BEPTKH. Honst
A A oTIpeJIeNIeHUs] pa3MepoB TSATHA HEOOXOIMMO
Hedranas | 3HaTh IUIOLIA/b JIEMEHTa, NEPECUUTAHHYIO
nreHka | ] 10 OTHONICHHIO K BOJHOH IIOBEPXHOCTH.
127 127 127 -127 127 CoOTBETCTBUE OIHOTO 3JIEMEHTa eIMHULE
IUIOINAAM, OIpeneNnseTcs  BBICOTOH, ¢
KOTOpPOH  HpOM3BOAMIACH  CbEMKa, U
opueHTalmel (oToKamMepbl OTHOCHUTEIHHO
TIOBEPXHOCTH BOJBL. B mpocteiiem cinyuae,
Korma (oToKaMmepa HaIpaBiIeHA CTPOTO

Puc. 1. T'ucrorpaMmsl pacnpenencHus ypoBHeH
SIPKOCTH | I[BETHOCTH JUIsl YUCTOW BOABI M HEPTSHOM
IJIEHKU

NEPICHAUKYIIAPHO K BO,I[HOﬁ IMOBEPXHOCTH, IIIOIIAAb OAHOTO 3JICMCHTA
2
PP =|25%(d/ f)*D/N1+ Formar *> | |,

rne f -poxycHoe paccrosHue B MM, d -BbICOTa CheMKH B M., D -muaronans I13C matpuusl B moiivax, Format -
¢dopmar Kazpa.

Ha mnpakTuke mnonoxkeHue (GOTOKAMEPHl OTHOCUTENHHO BOJHOH TOBEPXHOCTH OTIMYHO OT CTPOTO
BEPTUKAILHOTO U OINpeAeNseTcs AByMs YIJAMU: TAHTAKOM M KPEHOM JIETaTeNbHOTO anmaparta. B aToMm ciydae
IUIOIIA/b FeIEMEHTA CTAHOBUTCS TIEPEMEHHOM U 3aBUCHUT OT €0 MOI0KEHHs (KOOPAMHAT) HA M300paKeHHUHU:

PP, = F(XP_,YP,),i=1.hh, j=1.Il,

ij?

TJZIe I, j —"HOMEp MHUKCEJIS 0 CTPOKE U 10 CTOJNONY, [/ — pa3peleHne o TOPU30HTaNH, k- pa3peleHre 0 BEPTUKAIIH.
Js onpenenenus Buga Gpyukuun F' HalileHO cOOTBETCTBUE MEXKIY KOOPIMHATAMH TOYKH HA M300paXKEHUH

U Ha OO0BEKTe HAOIIONCHHS, T. €. CBSI3b MEXIy ABYMS CHCTEMaMHU KOOPIHMHAT: Kamepbl U 00bekTa. C IMOMOIIEI0
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Puc. 2. Bun na(opMaIimoHHOTO Kaapa

MeTOJ]a OJHOPOAHBIX KoopawHat[2, 3] modydeHa MaTpuma NpeoOpa3oBaHUs, CBA3BIBAIONIAS CHCTEMY KOOPIUHAT
KaMepbl 1 00beKTa

M=T* RiP * Ry % RY .

Omna npescraBiseT co0oi NPON3BEICHNE YETHIPEX MaTPHIL:
T - coBMeleHne IEHTPa CUCTEMBI KOOPIUHAT KaMephl C ICHTPOM CHCTEMBI KOOPANHAT O0OBEKTa,

e R, coBmelIeHre 0CH Z CHCTEMbI KOOPJMHAT KAMEPhI C 0ChbIO Z CHUCTEMbI KOOPJAUHAT 00BEKTa TOBOPOTOM Ha yroJ
() OTHOCUTENIBHO OCH X,

¢ R, - nepexon u3 1€BOCTOPOHHEN B IPAaBOCTOPOHHIOI CUCTEMY KOOPIUHAT,
e Ry - coBmemenne ocu x cUCTEMBl  KOOPAMHAT KaMephI C OChI0 X CHCTEMBI KOOPIUHAT 0OBEKTa MOBOPOTOM Ha
Yroil Y OTHOCUTENBHO OCH Y.

[Tnomans 3meMeHTa ONPENEISIOT TI0 €0 MECTOIOJIOKCHHIO Ha KajApe, MCHONb3ys IOJIydeHHbIE (HOPMYIIbI
nepecuera. J{1g oneHKH oO0beMa BBUIMTHIX HE(TENPOAYKTOB Ha IIITHE BBIACIAIOT OOJNACTH Pa3IMYHOTO IBETa M
OLIEHMBAIOT MX Iomaau. CyImiecTBYIOT CTaHIapTHHIE AAHHBIC, YCTAaHABJIUBAIOUINE COOTBETCTBHE MEXKIY IBETOM
HeTAHON IJIEHKH M €€ TOJIIMHOM. DTO MO3BOJISIOT Ipy0O OLCHUTH 0OBEM BBUIMTHIX HE(TENPOIYKTOB (HAIpHUMeEp,
cepeOpucTO-Oenecas OKpacKa IISITHA 3arPA3HEHUs COOTBETCTBYET TOJNIIUHE IUIeHKU (.76 MKM U yJAeIbHOMY 00beMy
88 1./ kB. KM, TeMHas okpacka ToiumHe 2.032 MKM 1 ynesnsHoMy 00beMy 2310 i1./KB. KM).

Brinenenne oOmacteil  OCYHIECTBIISIIOT B HMHTEPaKTUBHOM pexnme. OrmepaTop yKasbslBaeT (parMeHT
n300pakeHnsl, UMEIOINIT ATANIOHHBIM 1BeT. Bemmunny ¢parmenta (pa3sMep KHCTH) BBIOMPAlOT B WHTEPAKTHBHOM
pexxume. [IpoBoAsST cuuThIBaHME IBETa MUKCeJeHd BBIOpaHHOTO (parmMeHTa M300pakeHHs M paccuuTeiBaloT RGB
KOOPJMHATHI 3TAJOHHOTO IBeTa. [IpoBepsIOT momajaHue KOOPAWHAT NMUKCENeH, HaXOMAIIUXCS BHYTPH KOHTYpa, B
chopMUpPOBaHHBI 1[BeTOBOW HHTepBas. [lo wYmCily THKCeneld aBTOMATHYECKH OINPENeISIOT IUIOMAAN o0JacTe
3arpsi3HEHUs, WUMEIOMINX 3afaHHbli 1Ber. Jlamee (opMHUPYIOT HHPOPMAIMOHHBIN KaJp, BKIIOYAIOIINI B ceds
TEKCTOBBIE M IpaUdecKue JaHHBIC, XapaKTEPU3YIOIIUE 3arpsi3HeHue. [l HarIAJHOCTH CENeKTHPOBaHHBIC 00IACTH
3aJMBAIOT MCKYCCTBEHHBIMH I[BeTaMH. Pa3palOoraHHas pabodas BepcHs CHCTEMBI HCHONB3yeTcs ['ocyqapcTBEHHBIM
KoMuTeTOM Poccnnm mo oxpaHe NPHPOIHBIX PECYPCOB KakK HEMOCPEACTBCHHO JUIS MOHMUTOPWHTa, TakK JUIsi
(opMHpOBaHUS TaKeTa JJOKYMEHTOB, HEOOXOIAWMBIX NPH HAIOKECHHUM IITPAaQHBIX CaHKIMH Ha TPEINpHsATHS,
SIBJISIIOINMECS] BAHOBHUKAMU 3arpsI3HEHUS aKBaTOPUU.
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Quick detecting and exact estimating parameters of petroleum floods on a water surface allow to take
measures for minimization nature damage put by them in time. It demands development of appropriate means and
systems allowing to decide following task:

e To detect a stain of flood and to give alarm signal,

e To determine a pollution stain square and volume of petroleum, which was run out,
e To determine a petroleum stain speed and direction of movement,

e To prepare documents, which are necessary for fines.

The application of television methods allows to detect petroleum flood on a water surface, and more over to
decide all other tasks of ecological monitoring. TV system, placed on a board of flying device, and consisting of a
digital video camera and a computer, allows to curry out quick and wide (the square of territory is mean) control, to
register a petroleum stain image, to determine it parameters and to prepare documents about pollution.

Input data for pollution parameters estimating in the TV-system is a frame (colour digital image) of water
area. A petroleum stain is selected via the set of features. It is offered to use the difference in histograms of
distribution levels for the luminance and colour signals in the Lab system for clean water and petroleum film (fig. 1).
Additional feature for petroleum stain selecting is it colour given in normalized RGB coordinates. On their base the
interval on colour is formed and the area with colour, which belongs to this interval, is selected on frame.

The algorithm, designed on these two features, consists of the following main steps:

Dividing TV frame on parts with equal square;

Obtaining the histograms of distribution levels for the luminance and colour signals for each part;
Selecting the parts, which satisfy to accepted features;

Determining colour and the colour interval according to the histograms analysis results;

Selecting the stain.

The main pollution parameters are it square and volume. Selecting the stain on the frame gives possibility to
determine quantity of pixels, which are included in the stain image. To determine the stain square it is necessary to
know pixel square calculated in relation to a water surface. The correspondence between one pixel and an unit of
square, is defined by height of photo taking and camera orientation to a water surface. In the elementary case, when
the camera is directed strictly perpendicularly to a water surface, square of one unit is

PP = (25 (d | £ )* D /\J1+ Format Z)Z :
Where [ - focal length in mm; d - height of photo taking in m.; D - diagonal of a CCD-chip in inches;

Format - format of a frame.

In practice the camera orientation to a water surface is not strictly vertical and is determined by two corners
of the flying device orientation. In this case unit square becomes a variable and depends on it coordinates on the
frame:

PP, ;= F(XP,,,YP ) i=1.hh, j=1.1

Where i, j - number of a pixel on row and on column, I/ - resolution on a horizontal, hh- resolution on a
vertical.

To define the function F it is necessary to find the correspondence between pixel coordinates on the frame
and on the object of observation. It is the connection between two coordinate systems: camera system and object
system. According to the method of homogeneous coordinates [2, 3] the transformation matrix, linking the camera
coordinate system and the object coordinate system is obtained

-3-
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M=T# R(p * Rﬂ_ * R‘{
It is the result of four matrixes multiplication:
e T - overlapping the camera coordinate system center with the object coordinate system center,
¢ R, -overlapping the camera coordinate system axis z of with the object coordinate system axis Z by turning on
the corner around the axis X,
e R - transition from left-hand in a right-hand coordinate system,
e Ry - overlapping the camera coordinate systems axis x with the object coordinate systems axis X of by turning
on the corner around the axis Y.

Square of a unit is determined on it location on the frame, using the obtained recalculation formulas. To
value the volume of petroleum it is necessary to select areas with different colour on the stain and evaluate their
squares. There are standard data installing correspondence between the petroleum film colour and its width. It allows
to evaluate roughly the volume of petroleum (for example, the stain colour between light white and silver corresponds
to film with width 0.76 microns and specifics volume of petroleum 88 1./ sq. km, dark colour corresponds to width
2.032 microns and specifics 2310 1./sq. km).

Selection of areas is carried out in an interactive mode. The operator specifies the image part with standard
colour. The part square (size of a paintbrush) is selected in an interactive mode. Reading pixels colour of the selected
image part is carried out and then the RGB coordinates of standard colour are calculated. The coordinates of pixels,
which are inside the spite, are checked on their getting in the generated colour interval. The quantity of pixels
automatically determines squares of pollution areas having given colour. The selected areas are painted with artificial
colours for visualization. Further the information file including text and graphic data, describing pollution, is formed.

The developed working version of the system is used by The Russia State Committee on Natural Resources
Protection as directly for monitoring, so for preparing documents to fine firms, which are fault in water pollution.
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