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PaguonokaTtopbl nognoBepxHOCTHOro 3oHAaupoBaHus (PJIMN3) ncnonb3yoTca nNpy pelueHun MHOrmx
npakTudeckux 3agadv [1, 2], npyyem obnacTtb Ux NPUMEHEHNSI MOCTOSIHHO paclumpsieTcs [3, 4]. B HacToswwee
Bpemsi Hambornbllee pacnpocTpaHeHue nonyuunu umnynscHble PJIN3. OgHa M3 nocneaHux ycnewwHbIX
pa3paboToK B 3TOM HanpaefeHun — pagap cybHaHocekyHaHOro avanasoHa "[edektockon” [5, 6].

[oknag nocesileH Bonpocam LMdpoBon 06paboTkM CUTHANoOB U U300PaXKEHUA B UMMYSbCHBLIX
PIM3. PaccmoTpeHbl OCHOBHblE 3Tanbl M npoueaypbl 06paboTkM, NpUyYeM rnaBHOE BHMMaHue yOeneHo
0COBEHHOCTAM MPOEKTUPOBAHUSA U 3KCMEPUMEHTANbHOM OLEHKe 3EKTUBHOCTU 3TUX Mpouenyp. AHanms
uccriegyembix npouenyp OcCyLlecTBnAncsa nyrem obpaboTku gaHHbIX, MONyYeHHbIX ¢ Bbixoga AL pagapa
"OedekTockon" npu 30HOMPOBaAHMM pPas3nu4YHbLIX cpen (necok, OeToH, kupnu4). PaccmatpuBaloTcs
pe3ynbTaThl 3KCNEePUMEHTarbHbIX UCCNefoBaHNA AN TPEX TUMNOB OOBHEKTOB: METaNfIMYECKMIA LWTbIPb, Nonas
nnactmaccoBas Tpyba, MeTannuyeckas nrnactuHa.

Cbop wu TpexmepHoe npeAcTaBNeHUWe pPaavoOSIOKALUMOHHBIX AaHHbIX  MOANOBEPXHOCTHOMO
30HOVNPOBaAHUS  SABMSILOTCA  NOArOTOBMTENbHBIM — 3Tanom o06paboTkn. Mcnonb3oBaHne TpexmMepHOro
npeacrtasneHus (puc.1) nossondetr opMUpoBaTb MNPOCTPAHCTBO BCEX MNPUHMMAEMbIX CUrHanoB W
oTobpaxaTb UCXOAHblE AaHHbIE U pe3ynbTaTbl UX 00paboTkn B BUAE OTAENbHbIX BPEMEHHBIX CUrHAMNoOB U KX

COBOKYMHOCTEN (M306paXkeHnin) ¢ "NpmnBA3Kon" K CUCTEME KOOpAUHAT.
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MNpeaBaputensHaa oGpaGoTka BkM4aeT B cebs onpeaeneHne CKOPOCTU pacnpoCcTpaHeHus
CUrHana B cpefe W BblIOOp HavyanbHOrO YpPOBHSA, OT KOTOPOrO BeAETCA OTCYET BpEMEHM 3adepKKu
OTPaXeHHoro curHana (oTcyeT rnybuHbl). Yalle Bcero HadamnbHbI YPOBEHb OMpPEAenseTcs no curHany
npsiMoro npoxoxaeHusi (puc.1a). CKopoCTb pacnpoCTpaHeHMs1 CuUrHama MOXHO pacCuYUTbiBaTb PasHbIMU
MeTo4amu, B YaCTHOCTW, MO PaguonokaunoHHOMY Npoduniio Lenu, KOTopbIn A4S MaropasMepHbIX 0O bEKTOB
npencrtaesnset cobon runepbony. Nocne onpegeneHns CKOPOCTU curHama M HavarbHOrO YPOBHS OObIYHO
NPOBOAMTCSA oOnepauusi BbluMTaHUsA cpedHero (puc 16), noseonsowasi yCTpaHUTb OTPaXEHHbIA OT
MOBEPXHOCTU CUrHaI, a TaKkKe CUrHarmn NpsiMoro NPOXOXAEHUSI.

CuHTe3aMpoBaHMe anepTypbl WCMOMb3yeTcd Afs MOBbIWEHMS paspellarllenn cnocobHoctn B
rOPM30OHTaNbHOM HamnpaeneHun. ANroputM CBOAUTCS K CYMMWPOBAHWUIO AaHHbLIX MO pagnonoKauMoHHOMY
npodunto uenu. PaccmoTpeHsbl criegylowme Bonpockl: BANSHME pa3HOca NPUEMHON 1 nepeaatoLlen aHTeHH
Ha BWA PaAMONIOKALMOHHOIO MNPOMUIs M TOYHOCTb oOnpefeneHvst rnybuHbl; BblIOOp LUMPWHBLI OKHa B
3aBMCMMOCTU OT rMyOuWHbI 3aneraHvs 06beKTa; 3aBUCUMOCTb kayecTBa paboTbl anroputMa CUHTE3NPOBaHUSA
anepTypbl OT TOYHOCTW oOMpedeneHus CKOPOCTU pacnpoCTpPaHeHWs 30HOMPYIOLWEro curHamna B Cpeje;
BNIUSIHWE MPOCTPAHCTBEHHOW OpUeHTaLUMM NPOTSXKEHHbIX Lenen Ha oopMy UX pagmornoKaumoHHOro npoguns
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N Ka4yecTBO OOpabOTKM METOAOM CMHTE3UPOBAHWUA anepTypbl. Puc.2 unmocTpupyeT pesynbTaTbl CUHTE3a
anepTypbl B cryyae HabnogeHus ABYX MeTaniuyeckux wrbiper. Kak Buaum, paspeluatowiasi cnocobHOCTb
3HauuTenbHO Bo3pocra. Kpome Toro, ycTpaHeHa 5oXHash MeTka, BO3HMKaloWwas Ha nepecevyeHun
paamosioKauMOHHbIX Mpodunen nccregyeMbix 06 bEKTOB.
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cnocobHocTn Mo rnybuHe. lMapameTpbl MHBEPCHOro unbTpa PacCYUTHIBAOTCA MO OMOPHOMY CUrHamy,
OTpaXeHHOMy OT BblOpaHHOro obbekTa. ViccrnegoBaHo BnusgHME BbIGOpa OMOPHOMO curHana v napameTpoB
dunbTpa Ha KayecTBO ero paboTbl.

ApanTuBHasi noporoBas o6paboTka wucnonb3yeTcs Afs YCTPaAHEHUS JIOXKHbIX OTMETOK U
ynydleHns HabngaemocTn n3obpaxeHHbIX 06bekToB. MccnenoBaHbl OAHOMOPOroBbIE U ABYXMOPOroBble
npouenypbl. AganTuBHas AByxnoporoBas obpaboTka He TOMbKO YYMTbIBAET 3aTyxaHWe B Cpede, Kak U
opHonoporoeasi 06paboTka, HO WM COXpaHsieT 3HaK CuUrHana, a Takke [AOMOSIHWUTENbHO MNOoAYEpPKUBaET
Hambonee cunbHble OTpaxeHust. PesynbTaTel Tako 06pabOTKM MNpU  pasHbIX 3HAYEHWUSIX MOPOroB
npegcrasneHbl Ha puc.3.
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MoanemMeHTHas o6paboTka M Maco4vyHas (punbTpauMAa U30O6PaXKEHUN MO3BOSIAIOT YNYYLWNTb UX
CyObEKTMBHOE BOCMpUATME OMNEpaTopoM MPU COXPaHEeHWM MHMOPMATMBHOW LEHHOCTU MCXOOHbIX AaHHbIX.
PaccmoTpeHO HECKONbKO BMAOB NO3NIEMEHTHOM 06paboTku 1 Maco4vHbIX PUnbTPOB (punbTpbl CriaXxuBaHus,
pes3kocTu, MeauaHHblh). [poBeAeHO CpaBHEHME OBYX- U TPeXmepHbiX unbTpoB. Puc.4a unnctpupyet
pe3ynbTaT NPUMMEHEHUS MeanaHHOro unbTpa A8 YCTpaHEeHUsT UMIMYIbCHOM nomexu, a puc.46 — dmnbTpa
CrMaXKuBaHWsi, yMEHbLLAIOLWEro M3pe3aHHOCTb M300paXkeHus.

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 40 20 30 40
] X, o i} ., ch 0 b4 i}

H, Ch

a)
Pwuc.4.




5-a9 MexgyHapogHasi koHepeHuunsa «Ljndposas obpaboTka curHanoB u ee npumeHenne» DSPA-2003

MonapusaunmoHHass cenekuusi OTPaXKEHHbIX CUrHamnoB, Y4YWTbiBaKOLLlas MNONSpPM3auUOHHbIE
XapaKTepUCTUKN NMOAMNOBEPXHOCTHbLIX OOBEKTOB, NMO3BOMSET CYLUECTBEHHO YNy4lWTb X HabmwgaemocTb, B
TOM Yucrie B YCNOBWSX, KOTA4a OAMH OOBEKT 3acnoHseT Apyron, n obecneynTs BO3MOXHOCTb pacrno3HaBaHus
06BbeKTOB.

Ha pwuc.5 npuBegeHbl paguoriokauMOHHbIE W300paXXeHUs MracTMacCoBOW MOMoW  TpyObl M
MEeTannM4eckoro LThIPS MNP OPTOrOHANbHbIX MIOCKOCTSAX MOMASpU3auun  30HAMPYIOLLEro curHana.
PacnonoxeHne 06bEKTOB Noka3aHo Ha puc.5a, pagmonokaunoHHoe n3obpaxeHune ansa X-nonsipusaumm — Ha
pnc.56, ans Y-nonapusauum — Ha puc.5B. DKCNEPUMEHTLI NoKasanu, YTo y4eT Nonspu3aunoHHbIX NPU3HaKoB
Nno3BOMnsieT pacrno3HaBaTb paccMmatpuBaemble 00bekTbl (Tpyba, WThipb, MeTannuyeckass MnacTuHa)
HEe3aBUCMMO OT UX OpPUEHTaLMN.
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Kpome BbILeyNnOMSHYTbIX, CYLLECTBYOT U Apyrme MeTodbl 06paboTkM CUrHamoB, KOTOPbIE MOXHO
npuMeHsiTb B uMnynbcHbix PIM3 [1-4]. Ha npaktuke uenecoobpasHo Mchnonb3oBaTb, OMEBUOHO, HE Bce
BO3MOXHble MeToAbl M anroputMbl 00paboTkM, a nuwb Te, KOTOpble MPUBOOAT K CYyLEeCTBEHHOMY
YNydLLEHWIO KayecTBa pPafMoNOKaLMOHHBIX M30OpaeHUA B KOHKPETHOW cutyauun. HenpaBunbHbii BbIGOp
anropuTmMa uUnm ero napameTpoB MOXET MPUBECTM Aaxe K YXYOLEHWU UCXOZHOro nsobpaxenus. Puc 6, 7
WNIOCTPUPYIOT NMPUMEHEHME HEKOTOPLIX METOOOB B Cly4ae, Korga HeOonbLuoW MeTannmnyeckun obbekT
(MOHeTa) pacnonoXxeH HeMHOro rnybxe MeTannuyeckoro WTbipsi. MoHeTa cKpbiTa CUIbHLIMU OTPAXKEHUSIMU
OoT wTblpsa and Y-nonspusauuun (puc.6), ogHako xopowo BuaHa Ans X-nonspvsauuy, Korga oTpaxeHus oT
LWTLIPS OTCYTCTBYHOT (puc.7).
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lMocnepoBaTenbHbIM NPMMEHEHMEM MPOUeayp ANs KakAon nonspusauuun gobuBaemcs ynydleHus
KayecTBa paaMOrIOKaLNOHHBIX M300paxeHuin. Ha puc.6a n 7a nokasaHbl M300paXXeHUs LUTbIPS U MOHETbI
nocrne npeaBaputenbHon obpaboTku, Ha puc.66 n 76 — nocre cuHTe3a anepTtypbl. Bbibnpas onopHbIv
curHan ansa X- n Y-nonapusauumn, ¢ NOMOLLbIO MHBEPCHOMO (hunbTpa ONOSTHUTENBHO CKUMaeM OTPaXXeHHbIN
nmnynsc (puc.6e n 7B). Ha nocrnegHem atane npoBoAUTCA aganTuBHas noporosasi obpaboTtka (puc. 6r u 7r).

lMocnepoBaTenbHbIM NPMMEHEHMEM MPOUeayp ANs KaKAoW nonspusauuu gobuBaemcs ynydleHus
KayecTBa pafMonoKauMOHHbIX M3obpaxeHnn. Ha puc.6a n 7a nokasaHbl M30OpaKeHUs LITbIPS U MOHETHI
nocne npeasaputensHon obpaboTku, Ha puc.66 n 76 — nocne cuHTe3a anepTtypbl. Bbibrpas onopHbIv
curHan gns X- n Y-nonspusaumm, ¢ NOMOLLbIO MHBEPCHOTO OMnbTpa AOMOMHUTENBHO CKXUMaEM OTPaKEHHbIN
nmnynesc (puc.6s 1 78). Ha nocnegHem atane npoBoauTcs aganTuBHas noporosasi obpaboTka (puc. 6r u 7r).
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OnHamMn4yeckassh npocTpaHCTBEHHAas BU3yanu3auMa C  MCMNOJSIb30BaHWEM, B  YAaCTHOCTMH,
rpacdomyeckorn obonoykn AutoCAD un noporoBasi o06paboTka MNO3BOMAKT HarnsgHo oToOpaxaTb
WHTepecyoLme NOANOBEPXHOCTHbIE OOBLEKTBI MPU pasnuYHbIX pakypcax HabmogeHnus. Ha puc.8 npvseaeH
npuMmep OTODOpaXeHusi pes3ynbTaToB 30HOUPOBAHUSA OGETOHHOM CTeHbl CO CTanbHOW apMaTtypon W
nokanbHbIMM HEOAHOPOAHOCTAMW B BUAE [OBYX MPOCTPAHCTBEHHbIX WM300paxkeHun, Habnogaembix nog
pasHbIMK yrnamu.
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Surface-penetrating radars (SPRs) are used for solution of many problems in practice, moreover, an
area of its application is constantly extending. At present, pulse SPRs have maximum spreading. One of the
latest successful products in given direction is the radar of subnanosecond range «Defectscope».

The paper is devoted to the questions of digital processing of signals and images in pulse SPRs. The
main stages and procedures of processing are considered, primary attention is given to peculiarities of
design and to experimental estimate of efficiency of the procedures. An analysis of investigated procedures
was realized by processing the data received by means of «Defectscope» radar after probing various media
(sand, concrete, brickwork). The results of experimental research for three types of objects, such as metal
wire, hollow plastic pipe and metal plate, are considered.

Collection and 3D representation of surface-penetrating radar data are preparatory stage of
processing. Use of three-dimensional representation allows to form a space of all received signals and to
display initial data and results of its processing as separate time signals and their combinations (images)
attached to coordinate system. Preliminary processing includes determination of velocity of signal
propagation in medium and selection of initial level from which we count out time delay of reflected signal
(depth count). After this usually an operation of subtraction of the mean value is executed that allows to
remove signal reflected from surface and also signal of direct passage. Aperture synthesis is used to
improve resolution in horizontal direction. We consider the next questions: an influence of distance between
receiving and transmitting antennas on type of radar profile and on accuracy of depth determination; a
selection of window width in dependence on depth of object bed; dependence of aperture synthesis
algorithm performance quality on accuracy of determination of signal propagation velocity in the medium; an
influence of space orientation of extended targets on form of their radar profile and quality of processing by
means of synthetic aperture. Inverse filtering is one of the possible methods for increase of resolution on
depth. Parameters of inverse filter are evaluated on base of reference signal reflected from the chosen
object. An influence of selection of reference signal and filter parameters on quality of filter functionality is
investigated. Adaptive threshold processing is used to remove false reflections and to improve supervision
of displayed objects. One-threshold and two-threshold procedures are investigated. Adaptive two-threshold
processing not only takes into account fading in the medium, as one-threshold processing, but also
maintains sign of signal, and in addition it also emphasizes the strongest reflections. Elementwise
processing and mask filtering of images allow improving their subjective perception by operator while
maintaining information value of initial data. Several types of each element processing and mask filters
(smoothing, sharpness and median filters) are considered. A comparison of two- and three-dimensional
filters is executed. Polarization selection of reflected signals that takes into account polarization properties
of subsurface objects allows to increase essentially their supervision, including situations when one object
hides another, and to provide the possibility of object recognition. Dynamic space visualization with the
use, in particular, of AutoCAD graphic interface allows to represent visually subsurface for various views of
observation.

Besides the above-mentioned, there are other methods of signal processing that can be used in
pulse SPRs. Obviously, in practice it is expedient to use not all possible methods and algorithms of
processing, but only those that give essential improvement of radar image quality in real situation. Wrong
choice of the algorithm or its parameters can even result to aggravation of initial image. An example of
sequential application of a number of procedures for improvement of radar image quality is considered.




