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AHHOoTauus. lNpeactaBneHbl HOBble MOAXOAbl K aBTOMatu3auuMn paclndpoBkM UM aHanusa
n3obpaxeHun ONA naHopamHbIX ONTUYECKMX MeTodoB. B ocHoBe noaoxoOoB NeEXUT MeToq
nocnefoBaTeNbHOrO  OKpalMBaHUSA  OTAENbHbIX  YacTen  M3obpaxeHuss U Ucnonb3oBaHue
NCKYCCTBEHHbIX HeNMpOHHbIX ceTen (MHC). [daHHble noaxodbl MOryT MCMONb30BaTbCHA B Hay4HbIX U
NPUKNagHbIX MCCNeAOoBaHUSX B PasfNYHbIX 0OMacTsaX HAYKU U TEXHUKK.

1. BBEOEHUE

MaHopamHble onTtudeckme Mmetoabl (MOM), KoTOpble MO3BONAT McCrenoBaTb OOBLEKT cpasy BO
BCEM OObeMe B Te4YeHMe HEeOorpaHW4YeHHOro nepuoda BpeMeHW, MpeacTaBnsloT ocobbli MHTEpec cpeau
OMNTMYECKNUX MeTodoB AuarHocTMkn. OHWM MOTryT WCMONb30BaTbCA ANs onpegeneHus pasHoobpasHbIX
WHTerpanbHblX (NpsiMas 3agaya) M nokanbHbiX (OBpaTHas 3agadva) xapakTtepuctuk obbekta. K atum
MeToaM OTHOCSATCS: MeToAbl BuAEeOperncTpauum Mu3nydeHust U MnorfoLleHns B pasnuyHbix 06nacTtsx
CreKkTpa, TeHeBble U WHTep(EepeHUNOHHbIE MeTOAbl, Chekn-uHTepdepoMeTpus, MeTodbl ManoyrroBoro
pacceaHus, aAndpakLMOHHbIE METOAbl, HEKOTOPbIE METOAbI CNEKTPOCKOMUM.

Ona onpepeneHnss uHTerpanbHblX Xapaktepuctuk obbekta [1OM  TpebyloT wuHTEerpupoBaHus
pacnpegeneHus MHTEHCUBHOCTM B MITOCKOCTM M300pakeHus, Ans onpedeneHns NokanbHbIX XapakTepUCTUK -
peweHns obpaTHbIX 3agady onTuku. Pewenne obewx 3agay HauyMHaeTcs C  dTama  paclumMdpOBKM
n3o00paxeHus: MnonyyYyeHust OMCKPETHOro Habopa 3HayeHun yHKUMKM pacnpefeneHns WMHTEHCUBHOCTU B
nnockocTn nsobpaxeHus. MNMpoBegeHne pacwumpoBKK, €CNN OHa BLIMOJTHAETCA BPYYHYHO, SABMASETCA OYeHb
Tpygoemkon npouenypon. Kpome Toro, pesynbTathl paclumdpoBKM YacTO UMEIOT CyObEKTUBHbIN XapakTep U
CUIMbHO 3aBMCAT OT OMnbiTa onepaTtopa B paclumMdpoBke n3obpaxeHus. Bcem aTo orpaHnymBaeT ypoBeHb
npumeHeHus NMOM B KONMMYECTBEHHbIX UccneaoBaHusax. [loaToMy AnNs NOMHOW peanu3auun LLIUPOKMX
BosmoxHocTten [MOM Heobxoamma aBTOMaTM3aLMs 3TanoB paclimMdpoBku M300paxeHus U aHanusa
nony4YeHHbIX AaHHbIX. ABToMaTm3aumsa obasartensHa, ecnv NOM ucnonb3yoTca B cMCTEMAXx yrnpaBeHus.

B paHHoi paboTe mpeacTaBreHbl aBTOMATU3MPOBaAHHbIE MpoLeaypbl paclluMdpoBKU N300paKeHuin
MOM wn onpepeneHus xapakTepucTuk 0bbekTa, OCHOBaHHbIE Ha NpeacTaBneHun n3obpaxeHns obbekTa Kak
COBOKYMHOCTU 4epHbiX U 6enbix MuKcenen, a Takke npouenypbl, MCNOMb3yllne HenpoceTeBble
TexHonoruu. Bce npouenypbl npeacTaBneHbl Ha NpuMepe NHTepepoMeTpun.

2. OCHOBHBbIE PE3YJIbTATDI

2.1. UnTtepdepometpus. OCHOBHbIE 3aa4U U BO3MOXHOCTM.

OcHoOBHble MapamMeTpbl N300paxeHusl, KOTopble OObIYHO OMpeaensaTCa B Npouecce paclumdpoBKM
WHTepdeporpammbl crnegytowmne [1]: 3HadeHUss YHKUMKM pacnpegeneHns pasHocTu a3 B MMOCKOCTU
nHTepdeporpammsbl, S(X,y); nMHTErpan oT S(X,y); KOOpAMHAaTbl reoMeTpUYEcKUX rpaHul, obbekta u ero
yacten. NogobHble faHHblE nonyyatTcsi 0ObIYHO M B MpoLecce paclunMpoBKU M30OpaKeHUn ans apyrux
MOM.

OTW [paHHble B COBOKYMHOCTM MO3BOMSIOT MOMyyYaTb CaMble pas3HooOpasHble U BaXHble
XapakTepucTMkn obbekta B criydae wHTepdepoMeTpuun. [eTanbHble onucaHusi  BO3MOXHOCTEW
nHTEepepoMeTpun AN NCcrnenoBaHns NMPOLECCOB rOPEeHNsi, ra3oguHaMukn 1 TennoobmeHa npeacTaBreHbl
B[1, 2].

2.2. ABTOMaTuM3auua pacwndpoBKM U aHanumsa M3obpaxeHUsi Ha OCHOBe MNpeacTaBneHun
M306paxeHnsi Kak COBOKYNMHOCTU YepPHbIX U Genbix NUKcenemn.

B paHHOM pasgene npvBedeHO KpaTKoe OnMcaHue KOMMbIOTEPHbIX MporpaMM Afd aBTomMaTtm3aumm
pacwmndpoBKM N aHanM3a uHTepgeporpaMmm, paspaboTaHHbIx aBTopamu B nepuog ¢ 1998 no 2000 roa.

Mporpamma 1. OnpepgeneHne uHTerpana ot S(X, y) MeToAOM nocrnefoBaTenbHOro OKpalluBaHus
NHTEepEepPEHLIMOHHBIX NOMOC.

N306paxeHne nHtepdeporpaMmmbl pacCcMaTpuBaeTCs Kak COBOKYMHOCTb YepPHbIX 1 Benbix NMKCenen.
WHTerpan npeactaBnsieTcs kak cymma nrollagen (B nukcensix) MHTepdepeHLUMOHHBLIX NMOMoc, YMHOXEHHbIX
Ha cpeaHee 3HayeHue S(x, y) («Bec» MOmMockbl), KOTOPOEe COOTBETCTBYET Kaxaow nonoce. Pacluudposka
ocylLLecTBNsSeTCa crnegylowmum obpasom. OnepaTop OOHUM «LLEMYKOM» KOMMbIOTEPHOW MbIlM OTMeYaeT
noboe MecTo NepBo WHTEPEEPEHLIMOHHOW MOSOCHI, NMporpaMma OKpallMBaeT BCH 00MacTb MONoChI
3€reHbIM LIBETOM M BbIYUCISET YMCNO OKpaleHHbIX nukcenen. WHTerpan ot S(x, y) B obractu gaHHON
Monocbl MPOMopuUMoHaneH 3ToMmy 4uchny. [Monyd4eHHOe 4MCIo YMHOXAaeTCs Ha «Bec» MOfoChbl, KOTOPbIN
yKasblBaeTcs onepaTtopomM. Bce nHTepdepeHUMoHHbIe NONoCkl 06pabaTbiBalOTCA TakuM NyTeM, NomnyYyeHHbIe
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pe3ynbTaThl CYMMUPYKOTCS, U NOfydyaeTcs MHTerpan ot S(x,y) no Bcen obnactu msobpaxeHnsi o0bekTa Ha
MHTepgeporpaMmme. Yncno LWenykoB Mbilwn 00blMHO paBHsAeTcss 10 ... 20, B 3aBUCUMMOCTM OT CIIOXHOCTMU
nHTepgeporpammel. Micnonbaytotcs nsobpaxeHns bmp-gopmara. Noka nporpaMmma MOXET UCMOSb30BaTbCA
TONbko And obpaboTkum uHTepdeporpamm, MOMyYEHHbIX MPU HACTPOWKe MHTepdepomMeTpa Ha nornocy
0ECKOHEYHON LLUMPUHBI.

lMporpamma, OOQHOBPEMEHHO C TMOSIHbIM WMHTErpanomM oOT S(X, y), onpeaensier Tawkke MOJHY0
nnowaab u3obpaxeHns obbekTa, ero obbem M nnowans GOKOBOM MOBEPXHOCTU (ecrnv OBbekT umeet
LUINTMHOPUYECKYIO CUMMETPUIO), a Takke nepumeTp n3obpaxxeHns o6bekTa.

Mpumepbl NpPUMEHEeHMs NporpaMmbl Onsl ONPeAEneHnst MHTerparnbHbIX XapakTePUCTUK Mpolecca
3aXuraHus TonnuBa nasepHbiM U3nyyeHnem npuseaeHsl B [3,4].

Mporpamma 2. OnpegeneHne «nonHoro Habopay 3HavyeHnn PyHKUMM S(X,Y).

Mporpamma obpabaTtbiBaeT aBTOMATMYECKM BCE BO3MOXHbIE CeYeHUss Ha u30bpaxeHun
nHTepgeporpammbl. OB6bIYHO, Yncno ceyeHmit - okoro 300 ... 400 M 4ncno oTAenbHbIX 3HAYeHUn S(X,y)
okono 3000 .. 4000. 3ta nporpamma, kak u nporpamma N1, mcnonb3yeT MNpuMHUMN OKpallnMBaHUs
MHTepdEPEHUNOHHbIX nofoc. B oTnuumne ot nporpammbl N1, nporpamma N2 onpegendet KoopauHaTbl
rpaHvL, M cepefuH BCEX WHTEpPdEPEHLMOHHbIX MOfIoc Mo Bce obnactn wmHtepdeporpammbl. PaboTta
oneparopa 3akI4aeTcs TONbKO B onpegenenns «secay nonockl (nopsgka 10 ...20 undp).

Mporpamma TpebyeT npeaBapuUTENBHOINO peaakTMpoBaHMe u3obpaxeHus uHTepdeporpammbl. B
npowecce pefakTMpoBaHUa HeOb6XOAMMO yaanuTb HEHyXHble obnacTu nukcenen unu oTaenbHble NUKCENU
(ym).

Mo nonyyeHHbIM 3HaYeHUsIM S(X,y) C MOMOLLBLI0 CTaHOAPTHLIX MeTOAOB peLleHns obpaTHbIX 3agad
ONTWKK NporpaMma onpeaenseT none TemnepaTypbl B nnamexun [3,4].

2.3. ABTOMaTM3auma pacwmdpoBKU M aHanu3a U300paXeHUs C MOMOLLbI MCKYCCTBEHHbIX
HenpoHHbIX ceTten (UHC).

2.3.1. Npamaa 3apgavya uHTepchepomMeTpumn: onpepeneHne MWHTerpanbHbIX XapaKTepUcTUK
obbekTa.

Mporpamma 1. 3agadva onpegeneHnst UHTerparnbHbIX XapakTepUCTUK MITaMeHN Ha OCHOBE HEMOMHbIX
AaHHbIX 06 UHTEepdheporpamme nnameHw.

VckomMbIMK MHTerpanbeHbIMM XapaktepuctMkamy Oblnin: macca nnameHu, ApxumegoBa nogbemHas
cvna, OencTBylolwasl Ha nramsl, KONMYecTBO Tenna B nnameHu. B kayecTBe HEMONHbIX MapamMeTpoB
NHTepdeporpamMmmbl NaMeHn paccmaTpuBanucb criegylolme reoMeTpuyeckme napaMeTpbl: MakcumarsbHas
BbICOTa 1 LUMPUHA N306paxkeHus, nnowanbs U NnepumeTp.

Neural Net Wizard 1.7 (NNW) npegcrtasnenHsin BaseGrouplLabs (www.basegroup.ru)
ucnones3oBancsa B paborte. Pabota NNW ocHoBaHa Ha anroputme obpaTHOro pacnpocTpaHeHWUst OLLIMOKN.
NNW 6bin 0by4yeH C MOMOLLbLIO PasfMyHbIX KOMOUHALMA BbILLEOTMEYEHHbIX FrEOMEeTPUYECKNX NMapaMeTpoB
nHtepgeporpammbl. Onm nogaBanuce Ha Bxogd NNW. WHTerpanbHble XapaKTepuUCTUKU MITaMeHW,
onpegeneHHble 3apaHee Ang pasnu4yHbiX BUOOB MHTepdeporpamm, nogasanuce Ha Bbixogq NNW.

[BeHaguaTe pa3nuMyHbIX KOMBUHaALUN reoMeTpUYEeCcKUX NapaMeTpoB UCMOMb30BaNNCh Kak BXOOHbIE
napameTpbl Npyu obydyeHnn NNW. PesynbtaThl nokasanu, 4to NNW MoxeT JoCTaTOYHO TOYHO Onpedensitb
WHTEerparnbHble XapakTePUCTUKM MMaMeHN TOMbKO MO reoMeTpuyeckum napameTpam usobpaxeHuns (6es
onpegenexnns nHterpana ot S(x,y)). OgHako, aHanmM3 pes3ynbTaToB TakkKe MOKa3biBaeT, YTO TOYHOCTb
3aBUCUT OT ucnonbsyemon npu obydyeHnn NNW komOurHauuu BxoAHbIX napameTpoB. Hanpumep, ecnu
NCMNOMNb3YyTCA 3HAaYEHMs BbICOTHI M NepumeTpa m3obpaxeHus, To ownbka MeHbLLe, YeM B criydae, Korga
NCMNOMNb3YyTCA 3HAYEHNS LIMPUHBI U BbICOTbI M300paXeHus NramMeHn Ha nHTepdeporpamme.

MpeunmyectBo obydeHHo NNW no cpaBHeHMIO ¢ nporpammoni 1, npeacTaBreHHOW B MyHKTe 2.2
COCTOUT B 3HauMTemnbHO Gonee npocton paboTe onepaTtopa. OnpegeneHve reoMeTpuYecknx napameTpoB
n3obpaxeHns MoxeT BbiTb MONTHOCTbIO aBTOMATM3NPOBAHO. OTO MOXET No3BoNuUTb ucnonb3osats NNW ans
C034aHu1s MOSTHOCTbI0 aBTOMaTU3MPOBAaHHBIX CUCTEM YNpPaBreHHUs.

Ons co3gaHusa 6a3bl AaHHBIX FEOMETPUYECKUX MapaMeTpoB U30OpaKeHUA U COOTBETCTBYHOLLMX UM
MHTerpanbHblX napameTpoB obbekTa, Heobxoammon pgnst obyveHus WMHC HeobsA3aTenbHO MMETb
aKcrnepvMeHTanbHble AaHHble. ba3da gaHHbIX ans obyyeHus MoxeT BbiTb NofnyyYyeHa C NOMOLLBI AOCTaTOYHO
MPOCTbIX YUCIEHHbIX pacyeToB. [pumep Takoro noaxoda K co3gaHuio 6asbl gaHHbIX Ans obydeHus MHC
NPUBELEH HWKEe AN cryyasi pelleHns obpaTHon 3agayvn nHTepdepoMeTpun.

2.3.2. OO6partHaa 3apgaya UWHTepdepomMeTpuu: onpeneneHne noKarbHbIX XapaKTepUCTUK
obbekTa.

PaccmatpuBanacb 3apjada onpefeneHvsi 3HauYeHu noAblHTerpanbHOro BblpaXEHUS Ha OCHOBE
3Ha4YeHWn WHTerpana. Mcnonb3oBanocb WHTErpanbHoe ypaBHeHWe AbGens (crnyyYah LMIUHAPUYECKOW
cMMMeTpum obbekTa). OcHOBHasi OCODOEHHOCTb - pelleHue oOpaTHOM 3afadyM Ha OCHOBE HEMOJSHOM
nHpopmaumm o S(x,y). PesdynbTaTbl nNokasanu, YTo B OTNIMYME OT MporpaMmmbl 2, NpeacTaBieHHOM B 2.2.
Aaxe OfHO 3HadeHue S(X,y) MO3BOMSET MONy4uTb MOMHOE pacnpedeneHve TemnepaTypbl B CeYeHun
nnaMmeHu.




5-a9 MexpgyHapogHasi koHdepeHums «Lindppoeasa obpaboTka curHanos un ee npumeHeHne» DSPA-2003

PelweHne ocyuwlectBnsnocek crneayowmum obpasom. PasnunyHble yHKuMmM S(X) — pacnpegeneHue
pasHoOCTM a3 B ceyeHnn MHTepdeporpammbl Bbinv NonyveHbl AN pasnuyHbiX BUOOB MOAbIHTErparbHbIX
PYHKLMIA C NMOMOLLIbIO MPSIMOrO YMCIIEHHOIO pelleHnst 6espa3mepHoro ypaBHeHust Abensi. Mcnonb3oBanuch
OecaTb pasnuyHbIX BUAOB NOAbIHTErpanbHbIX YHKUWUA, OTpaXarLwWmx peanbHble yHKLMM pacrnpenenennst
nokasarvensl NPenoMIieHnsa B MflaMeHax WM ra3oguHaMMYEecKuX MOTOKaxX. 3HAYeHUs MOSTyYEeHHbIX (PYHKUUIA
S(x), 3HadeHus1 pagnycoB (aprymMeHTOB MOAbIHTErpanbHbiX (YHKUUA) U NpuUenbHble paccTosHUA (X)
nogasanucek Bxogd NNW Ha atane obyyeHusa. 3HayeHus NoabIHTErpanbHbiX (OYHKLUA NnogaBanucb Ha BbIXOA
NNW.

PesynbTaTtbl 06y4eHusa nokasanu, 4yto NNW moxeT OOCTaToOuHO TOYHO peluatb obpaTHble 3adauyu.
MakcnmanbHas owubka BOCCTAHOBMEHMSI MNOAbIHTErpanbHOM YHKLMU NpU TeCTUpPOBaHUM OBy4eHHOW
nporpammbl He npesbiwana 5 %.

B nepcnektuBe, Tak Kak onpeaeneHne ogHoOro 3HadeHust S(x) (U ero u3mMeHeHus B 3a4aHHON Touke
n3obpaxeHuss B Crlydae HeCTauuoHapHbIX OOBLEKTOB) MOXET ObiTb MONTHOCTHLIO aBTOMaTU3NPOBAHO,
BO3MOXHO npumeHeHne NNW B cuctemax aBToMaTnM4eCcKoro yrnpasneHus.

HanbHenwmre nepcnektuBbl paboTbl CBA3aHbl C peanusaumernt Bo3moxHocten NNW npu pelueHun
obpaTHbIx 3agady gns gpyrux NOM, n npumeHeHns NNW npu pelieHun peanbHbIX 3agady ynpaereHus
npoLieccamMmu B MPOMbILLSIEHHOCTUW, HAaNpMMep, NpoLieccaMm B ABuUraTensx.
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PANORAMIC OPTICAL METHODS: AUTOMATION OF IMAGE DECODING AND ANALYSIS, USAGE OF
ARTIFICIAL NEURAL NETWORKS
Abrukov V., Abrukova S., Andree |.., Deltsov P.

Physico-Technical Faculty, Chuvash State University, Cheboksary, Russia

1. INTRODUCTION

Panoramic optical methods (POMs), which allow to investigate object at once in a total volume of
object and during the unlimited period, represent the special interest among optical methods of diagnostics.
They can be used for determination both various integral and local characteristics of objects [1]. Among
them, we can mark the following methods: methods of video registration of radiation or absorption in various
spectral bands, shadow methods, interferometric technique, speckle interferometry, methods of small-angle
scattering, diffraction methods, some methods of spectrometry.

For the determination of integral characteristics of object, the POMs are demanding the integration of
intensity distribution in a plane of the image registration. For the determination of local characteristics of
object, the POMs are demanding the solving of inverse problems of optics. Solving of both problems should
be preceded by solving the problem of image decoding: obtaining of the discrete set of function of intensity
distribution in a plane of the image. The results of decoding often have a subjective nature and depend
greatly on the experience of the operator in the image decoding. It limits the level of usage of POMs in the
quantitative analysis.

The automation of image decoding and analysis of received data is necessary for the full realization
of wide possibilities of POMs and this must ensure also the accuracy and reliability of the results. The
automation is obligatory, if panoramic optical methods are planned to use in control systems.

At present paper, the automated procedures of POMs image decoding and object characteristics
calculation based on presentation of object image as a collection of black and white pixels as well as ones
based on artificial neural networks technologies are presented. They are presented on example of
interferometry.

2. THE BASIC RESULTS

2.1. Interferometry. Basic tasks and possibilities.

The main data that are determining during interferogram decoding are the following [1]: the phases
difference distribution on the interferogram, S(x,y); the integral S(x,y)dxdy; co-ordinates of geometric borders
of the object and its parts.

The data like above are obtained usually during image decoding for other POMs.

These data permit to obtain very various and important characteristics of object in the case of
interferometry. Detailed description of possibilities of interferometry for combustion, gas dynamic and heat
transfer research is presented in [1].

2.2. Automation of Image Analysis.

Brief description of computer programs for automation of decoding and analysis of interferograms
developed by authors are presented in this section.

Program N1. The program of the determination of the integral S(x,y)dxdy by means of the painting
of the interference bands.

This method processes an interferogram image as a collection of black and white pixels. The integral
is represented as a sum of the square (in pixels) of black and white interference bands multiplied by the
average value of S(x,y) (weight of band.), which correspond to each band. The decoding is made as follows.
Operator with one mouse click marks any spot of the concrete interference band; the computer paints the
area of that band with the green color and automatically computes the number of painted pixels. This
number is proportional to the integral of the band. The obtained number is multiplies by weight of band,
which is indicating by the operator. All interference bands on the interferogram are processed by above-
mentioned way and the results obtained are summarized. The number of mouse clicks usually equals 10
...20. The interferogram image of the bmp-format (monochrome variant) is used. A calculation needs a little
preliminary image editing. Recently the program could only be used for calculation of interferograms
obtained at customization of an interferometer on a band of infinite width.

The program also allows determination the square of the object image as a whole, the object volume
and the square if its side surface (if an object has a cylindrical symmetry), as well as the object image
perimeter, by one mouse click.

Program N2. The program of the automatic determination of the full function S(x,y).

The program allows to process automatically all possible cross-sections on the interferogram image.
Usually, the number of cross-sections is near 300 ...400 and number of separate values of the S(x,y) near
3000 ...4000. This program, as program N1, uses the principle of painting the interference bands. Unlike
program N1, program N2 determines no square of band, but co-ordinates the borders and middle of all the

—4-



5-a9 MexpgyHapogHasi koHdepeHums «Lindppoeasa obpaboTka curHanos un ee npumeHeHne» DSPA-2003

interference bands on all its length. The work of an operator consists of indicating the band number (usually
about 10.20 numerals).

The program N2 demands preliminary interferogram image editing. During editing, it is necessary to
remove the unnecessary areas of pixels or separate pixels (noise).

The examples of usage of the programs 1 and 2 are shown in [2].

2.3. Using of Artificial Neural Networks Technologies.

2.3.1. Direct task of interferometry: Determination of integral characteristics of object.

Program N3. One of the problems of the work, which we have now, is learning of the possibilities of
neural networks usage for determining the integrated characteristics of a flame on the basis of incomplete
parameters of flame interferograms. The required integral characteristics of a flame are: the mass of a flame,
the Archimedes lifting force acting on a flame, and quantity of heat in a flame. As incomplete parameters of
the interferometric images, the following geometrical parameters of the interferometric image of a flame are
used: maximal height and width of the image, square and perimeter.

The Neural Network Wizard (NNW) 1.7 of BaseGroup Corporation (www.basegroup.ru) was used in
our work. This program works based on back propagation algorithm. The NNW was trained with the help of
various combinations of the above-stated geometrical parameters of the interferometric image. They were
installed on an input of an NNW. The integral characteristics of a flame were installed on an output of the
NNW. It was necessary to find what combinations of input values give the more precise results.

Twelve various combinations of the geometrical parameters were used as input data at training of
the NNW. The results show that the NNW can determine the integral characteristics of a flame successfully
enough. However, the analysis of results also shows that the result of the NNW operation considerably
depends from the combination of input data that is used at training. For example, if the combination of values
of height and perimeter of the image is used the error is small. The error is higher if the combination of
values of width and height of the image are used at training.

The advantages of NNW consist of considerably more simple operation of the operator and the much
greater speed of operation of the program. Determination of square, perimeter, height and width are the
operations, which can be completely automized. It presumes to use the program at the development of
automatic control systems.

2.3.2. Inverse problem: Determination of distribution of local characteristics of object.

The task of determination of integrand meanings on basis of integral meanings was considered. Abel
integral equation (the case of cylindrical symmetry) was examined. The main feature is the solving of an
inverse problem on the basis of incomplete data about the phase difference distribution function (incomplete
data of integral meanings) in an interferogram plane. It can be used the only meaning of the integral. The
only meaning of integral allows to restore the all meanings of the integrand.

The solving was carried out as follows. The integrals for different kinds of integrands were received
by means of the direct solving of Abel equation. Ten various kinds of integrands, reflecting the real-life kinds
of functions of distribution of thermodynamic parameters in flames and gas dynamic flows were used. The
meanings of integrals, the meanings of the radiuses (the arguments of integrand) and aiming distances were
installed on an input of NNW on a stage of the NNW training. The meanings of integrand were installed on
an output of the NNW.

The results of training show, that NNW can solve the inverse problems for a case of cylindrical
symmetry. The NNW testing shows that the maximum error of restoration of integrands not exceeds 5%.

In the long term, since the determination of one meaning of integral (and their changes in time in
case of the non-stationary objects) can be completely automated, the applying of NNW in automatic control
systems is possible.

The further perspectives of the work are connected with the realization of NNW opportunities while
solving of inverse problems for other panoramic optical methods, and for their application while solving of
practical tasks of industry processes control.
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