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Ocobylo aKTyanbHocTb npo6neMa o6HapyeHUsA aHOManui Ha ob6pabaTbiBaeMbIX M306paXkeHUAX, MONTyHaeMbIX C annaparypbl
BU3yaNlbHOTO KOHTpoOnsA, npuobperaer B Xofile 3KONOrMYECKOrO MOHMUTOPMHIA aKBaTOPUA MUPOBOrO OKeaHa NpuU Moucke
pesynbTatoB pasnueoB Hedrenpoayktoe. Moa aHoManuaAMM B NpejcTaBNEHHOM WMCCNEAOBaHWM onpejeneHbl parMeHTb
n3o6paxkeHUs, XapaKkTepusylolme MocneAcTBuA pasnueos HedTenpoAykToe. B KauecTBe HayuyHoOro annapara uccriefoBaHus
onpepeneHbl 3MeMeHTbl TEOPUM pacrnosHaBaHUA o6Gpa3oB, B COOTBETCTBMM C KOTOpPbIMM oGpabatbiBaeMble M306pakeHus
NpeACTaBNAIOTCA B BU/Jie BEKTOPOB Npu3HaKoB. Llenk pa6oTkl — paccMoTpeTh BO3MOXKHbIE NOAXOABI K BeHBNeT-NpeobpasoBaHnam
NepBUYHbIX BEKTOPOB MNPU3HAKOB MpU MOMOWM AeKoppenupylouwen o6pabotku ana BeiGopa BeiiBnerta, nossonAuiero
obecneyuTb HaMMeHbLUKME PAa3NNUuNA MeX/ly BEKTOpaMu NpU3HaKOB 06pabaTbiBaeMbiX M306paXkeHUI, XapaKTepuUsyIoLMX OAUH 1
ToT e Knacc. MpoaHansupoBaHbl U3BECTHbIE AGKOpPENUpYIOLLUE NPeo6pa3oBaHNUA ANA CHUKEHUA BapUATUBHOCTN TMCTOrPaMM
o6pabatbiBaeMbix u3oGparkeHun. PaccMoTpeHbl ux pAocTouMHcTBa M Hepoctatkn. O6GocHoBaH BbiGop BedBnera lMaycca I-ro
nopsagKa, No3BonuBLIEro obecneyuTb HaMMeHbLLNE PasnUYUA MEXAY BEKTOpaMMu NMpU3HaKoB o6pabatbiBaeMbIX M306paXkeHMid,
XapaKTepu3yloLMX OAUH 1 ToT e Knacc. MpeanoxeHn noaxoa k popMMpPOBaHMIO BTOPUYHBIX MPU3HAKOB PacMo3HABaHUA NyTeM
yCpeAHEHUA KOMMOHEHTOB MaTpUL, KpaTHoMacluTabHoro npeo6pasoBaHna rMcTorpaMMm pacnpepeneHua ApKOCTU U3o6parkeHui
BAONb OcM MX napaMerpa casura. O6GocHoBaH BbIGOp rUCTOrpaMM, XapaKTepusylOLWUX pacnpepeneHus GUTOB ApKocTH
o6pabatbiBaeMbiX M306paXkeHUit, B KauecTBe NepBUYHbIX BEKTOPOB NMpu3HakoB. O6ocHOBaH nepexop K BbIGOpy U36bITOUHOrO
4yucna MacwTaboB AeKOMMO3MLMKM B BelBner-npeobpasoBaHMAX Npu (OPMUPOBAHWUM BTOPUUHLIX BEKTOPOB MPU3HAKOB.
MpaBoMepHOCTb MpeAnoXeHHOro NoAxoAa NOATBEPXAEHAa pesynbTataMu MogenupoBaHua. OGocHoBaH BbIGOp rucrorpamm,
XapaKTepu3ylolMX pacnpefieneHua GUTOB ApKocTM oGpabGatbiBaeMbIX M3006pa)keHuii, B KauecTBe MNEPBUYHLIX BEKTOPOB
npusHakoB. PaccMoTpeHbl BuABI BelBReT-npeo6pasoBaHus U pasnuyHblie TUMbl (POPMUPYIOLLUX PYHKLMA.
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BBenenune

Bce Bo3pacrarommii  OTOK HMH(GOPMAalHM  CYIIECTBEHHO
YCIIOXKHSIET Tporenypy ee oopaborku [1-3]. OcolOyro akTyaib-
HOCTP JTaHHAA MMpoOIeMa MprodpeTaeT IpH HOUCKe a0CTPaKTHBIX
00BeKTOB B 0a3ax JaHHBIX 00padaTeiBaeMBIX H300paxeHuit [4, 5].
[IprmepoM Takux OOBEKTOB SIBISIFOTCS PE3YIBTaThl Pa3INBOB
He(TEePOLYKTOB B aKBATOPHUIX MOPEH U OKEaHOB, TIOCKOJIBKY OHH
HE UMEIOT YETKOH CTPYKTYpBbI, MO3BOJAOIIEH OCYIIECTBUTh HX
eIMHYI0 (hOopMAITU3ALIHMIO, IS MOCIeAyIoled 00paboTKu Ha OcC-
HOBE METOJIOB MAIlIMHHOTO 00yueHwus [6, 7]. Kpome Toro, ciox-
HOCTb CBOEBPEMEHHOTO OOHApY)XEHHUSI Pe3yJIbTaToB TaKoro poja
TEXHOTEHHBIX KaTacTpod ycyryonsieTcsi HeOOXOIMMOCTHIO MOHHTO-
pUHTa OTPOMHBIX IUIOMIAfel KOHTPOIUPYEMBIX akBaTopuii [, 9].

VIMEeHHO M03TOMY aKTyaJIbHBIM BUNTCS OMCK HAay4YHBIX IO~
XOJIOB, O3BOJIIONINX PEIaTh 3a/1adu 00pabOTKN N300pakeHNnit B
HMHTEpecax CBOEBPEMEHHOTO OOHAPY)KEHHUS MOCIECTBUI TEXHO-
TeHHBIX KaracTpog, B TOM YHCJIE Pa3IMBOB HEPTENPOIYKTOB,
HETIOCPEICTBEHHO 10 MEPE MX MOCTYIUIEHHS C armnaparypsl Goro
1 BHAEO (UKCAIMM, YCTAaHABIMBAEMOW Ha JIETHO-NIOABEMHBIX
mIatopMax.

BMmecte ¢ TeM ymajgeHHOCTD JICTHO-MIOIBEMHBIX TUIATPOPM OT
ITYHKTOB 3KOJIOTMYECKOT'O KOHTPOJIA C TCICKOMMYHHWKAITUOHHBIM
000pyI0BaHUEM ITPEAIIOIaraeT He0OOXOMUMOCTh OPTaHU3AI[IH BhI-
COKOIPOM3BOJUTENFHBIX KaHAIOB mepenadn mHdpopmanuu [10,
11]. Ho 3To He Bcera BO3MOKHO B CHITY Pa3IMYHBIX OOCTOSITEIb-
cTB. [To3TOMY pannoHaIBHBIM PEIIEHHEM B TaKOH CUTYyallUuu sB-
JSIeTCsl TIpe/lBapUTENbHAas CeNIeKInsT HHPOPMAaMOHHBIX JaHHBIX
HETOCPE/ICTBEHHO Ha OOPTY JIETHO-HOIBEMHBIX IUIATGOPM, YTO
TI03BOJIMIIO OBl CYIECTBEHHO CHU3UTH 00bEM IepeaBaeMoro Ka-
HAJIBHOTO Tpa(uKa, IPeICTABIIEMOr0 OIepaTopam AJIsl HPUHATHS
pemIeHns o pe3ynsrarax 00HapyKeHHUs pa3nnuBa HEPTEIPOTYKTOB
B KOHTPOJMHUPYeMBIX akBaTopusx [12]. Peanmmsammsa Takoro moa-
XOJ]a BUJUTCS BO3MOXXHOM TOIBKO IPH YCIOBUHU HAIMYHS BBICOKO-
3¢ (eKTUBHBIX aNrOpUTMOB 00pabOTKN M300paxeHuii, obecneyn-
BAIOIMX aBTOMaTH4YeCcKoe OOHapy)KEHHE ITOCIIEICTBUN Pa3MBOB
HedrenpoaykToB. OHAKO MPOBEICHHBII aHAIN3 TOIXO0/I0B K Op-
TaHU3alluH SKOJIOTHYCCKOTO MOHHUTOPUHTA IMOKa3all, YTO MPEUMYy-
IIECTBEHHO, UCIIOIB3yeTCsl 00paboTka N300paKeHUH B OTIIOKEH-
HOM pEXHMe Ha OCHOBE METOIOB MAIIMHHOTO O0yYEHHUS.

VYka3aHHBIE 00CTOATENBCTBA ONPECIISIOT HEOOXOIUMOCTB I10-
HCKa U pa3pabOTKH HOBBIX METOJIOB M CIIOCOOOB, IMO3BOJISIOIINX
YCIICIITHO Pa3peIinTh PACCMOTPEHHBIE TPOOIEMBI.

Tak, B NpeACTaBICHHON CTaTbe IEMOHCTPHUPYIOTCS PE3Yib-
TaThl MCCIICNOBAHMA IO pa3pabOTKE AHAIUTHYECKOTO armapara
IUIE METOZa BEPOATHOCTHOW OIGHKH pEe3yJbTaToB 00paboTKH
n300pakeHUH B IpoIIecce MOMCKA ITOCTIEICTBUI TEXHOT€HHbIX Ka-
TacTpod, B CIEACTBHU Pa3IMBOB HE(TEIPOAYKTOB B aKBATOPHAX
MOpEH 1 OKEaHOB. A TaK)Ke NPUBOIATCS AaHHbBIE SKCIIEPHMEHTOB,
HOJTBEPXKAIOIINE MPABOMEPHOCTh Pa3pabOTaHHOTO IOAXOAA.
JKCHUAX.

O0ocHOBaHHE MOAX0/1a K BEPOATHOCTHOI OLlCHKE
Pe3yJIbTATOB 00HAPYKEHUSI AHOMAJINI B 00padaTbIBaeMbIX
H300paKeHUAX

OcHoBomnonaraomuM ($HakTopoM, ONPEIEIIONM J0CTOBEP-
HOCTh OOHapykeHHs 00BEKTOB Ha 00pabaThiBaeMbIX H300paKe-
HUSX, SIBIsIETCS (popMa MPEACTABICHHS HCXOIHBIX TAHHBIX.
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B uwactHOCTH, B [8, 13] 000CHOBaHA 11€J1€CO00PA3HOCTH MPE-
CTaBJICHUS] JAaHHBIX KaJapOB 00pabaThIBAEMBIX H300paKeHUIl B
BHUJI€ TUCTOTPAMM PACIIPEICIICHUS UX IPKOCTH.

Takoii BEIOOp, TpeXke BCETo, OOYCIOBICH HE TOIBKO KOM-
MAKTHOCTBIO TPE/ICTABICHUSI UCXOAHBIX MAaHHBIX, HO M JIOCTa-
TOYHO BBICOKOM MX 4yBCTBUTEIHLHOCTHIO K BOSHUKHOBEHHUIO aHO-
Mammii [14, 15]. Tlog aHOManusMu, B paMKax MPOBEICHHOTO HC-
ciefioBaHus, OyieM MOHUMATh U300paxkeHue pasinBa HeTernpo-
JIYKTOB B KOHTPOJIUPYEMO akBaTOpHH [8].

B kadectBe mpuMepa Ha puc. | TpeacTaBICHbI H300paKEHUS
¢dopmara * jpeg c paspemienuem 640 x480 dpparmeHTa akBaTopun
Yeproro mMopsi, 6e3 pa3nuBoB HeTenpoaykToB (puc. 1a) u ¢ mo-
CIEICTBUSMHU TEXHOT€HHOM KaTacTpodsl (puc. 10).

Puc. 1a. TectoBoe n300pakeHIe
TH-1

Puc. 16. TectoBoe n300pakeHue
TH-2

Ha puc. 2 otoOpaskeHbl, COOTBETCTBEHHO, MATPHUIIBI aMILIH-
TyIHBIX 3HAUEHUH TECTOBBIX M300paXKEHUI, IPE/ICTABICHHBIX HA
puc. 1. Takoli ¢opmat n300paXKeHHs JOCTATOUYHO HEYTOOHBIN U
TPOMO3IIKUH 1UIsi ero 00paboTKU U TpeOyeT CYIIECTBEHHBIX BbI-
YHUCIIUTETBHBIX PECYPCOB NPH (POPMHUPOBAHUN BEKTOPOB ITPU3HA-
koB, uMmeromux 307 200 anemenToB. Ilepexox k BEKTOpHOMY
MIPEACTABICHUIO, 32 CYET YCPEIHEHUS aMIUIMTYJHBIX 3HaYeHUH
MAaTpHI] BIOJb OJHON M3 OCeH BeleT K CHIDKCHUIO HH(DOPMATHB-
HOCTH TaKoro npencrasieHus [16, 17].

Bwmecre ¢ Tem B [18] o6ocHOBaHO mpencTaBieHe H300paxke-
HUI IS UX MOCNEAYIolIel 00padoTKH B BUJE BEKTOPOB pacIpe-
JIeIeHUS SIPKOCTH.

Puc. 26. Marpriia aMIsiTy IHbIX
3Hadyenni TH-2

Puc. 2a. Marpuiia aMImiTy JHbIX
3HaueHuit TH-1

YuuteiBas, 4T0 MpU §-OGUTOBOM KOAMPOBAHUH SIPKOCTH TPE-
CTaBIIIETCS BCETO JINIIB 256 3HAUE€HUAMH, TO COOTBETCTBEHHO, U
BEKTOp Oy/IET UMETh TaKylo )K€ Pa3MEepPHOCTb.

Ha puc. 3 mpeacraBieHs! THCTOTPaMMBbI pacipeieIeHUs SpKo-
cTH 115 TecToBbIX n3oopaxenuit TU-1 u TU-2 (nanee no Tekery
— FECTOTPaMMBI) B OJTMHAKOBOM MacuiTaoe.

CornacHo pe3ynbTaTaM MCCIEJOBaHUS, NPEACTABICHHBIM B
[6, 8, 17], BekTOpBI IpHU3HAKOB, C(HOPMHUPOBAHHBIE HA OCHOBE THCTO-
rpamMM, 00ECTIEINBAIOT HATYYIIYI0 KOHTPACTHOCTh IO OTHOIICHHIO
K ApyruM (popMaTam MpeACTaBIeHNS aMIUTUTYAHBIX 3HAUCHHIH Mat-
PpHILBI 06pabaTHIBaeMBIX H300PaKESHHH.
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Puc. 3a. ['ucrorpamMma TecToBOro
m3o0paxenms TU-1

Puc. 30. [ ucTorpamma TecToBOro
m3o0pakenwst TH-2

OnHaKo BBICOKAsl BApHAaTUBHOCTH BOIHOW MOBEPXHOCTH JIaXKE B
YCIIOBUSIX OTCYTCTBHS PA3JIMBOB HE(TETIPOIYKTOB IIPUBOTUT K TOMY,
YTO XapaKTePU3YIOIIHE NX H300pKEHHUSI BEKTOPHI IIPH3HAKOB Ha OC-
HOBE TMCTOTPaMM PACTIPEIEIICHUS SPKOCTH HIMEIOT BECbMa BBICOKYIO
JICTICPCHUIO, CYILIECTBEHHO YCIIOMKHSOLIYTO MOy YEHHNS BBICOKHX pe-
3yJIBTaTOB IOCTOBEPHOCTH BBIABJICHIS aHOMANHH [6]. B wactHOCTH,
JUTS 3TaloHHOTO M300paxenus TH-1, puc. 1a, ¢ BOgHOI MOBEpXHO-
CTBIO HE 3arpsi3HEHHON pasiMBaMy HE(GTENPOIyKTOB, OBUIH MOATO-
TOBJICHBI KaZIpbl C PA3IMYHOIN OCBEILEHHOCTHIO, IPY HE3HAUHUTEb-
HOM W3MEHEHHH XapakTepa BOJHEHHS, cM. u3oOpaxenus TU-11,
TH-12, TU-13 u TU-14 na puc. 4. 1 cooTBETCTBYIOLIIE UM BEKTOPEI
npu3HakoB Hry.11, Hru-12 , Hri13, Hrwois, (pUC. 5).

Puc. 46. TectoBoe H300paKeHHE
TU-12

Puc. 4a. TectoBoe H300paKeHHE
THU-11

Puc. 4r. TecroBoe n300pakeHre
TU-14

Puc. 4B. TectoBOE M300pakeHIE
TH-13
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Puc. 5a. ['ucrorpamMma T€CTOBOrO
m3o0paxkenust TU-11

Puc. 56. ['ucrorpamMma TecToBOrO
m3o0pakenus TH-12
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Puc. 56. ['ucrorpamMma TecToBOro
m3o0pakenms TU-14

Puc. 5a. I'ucrorpamMma TecTOBOrO
m3o0paxkenws TU-13

ComocTaBUTENIBHBIN aHATN3 U300paKeHUH M COOTBETCTBYIO-
[IMX UM TUCTOrPaMM MO3BOJISET CHENIaTh CIEAyIoLIee 3aKIove-
Hue. PopMHUpOBaHHE YCTOWYMBBIX BEKTOPOB NPH3HAKOB, Xapak-
TEPU3YIOLIMX OJMH M TOT XK€ KJIacC Paclio3HABAeMBIX OOBEKTOB

(BOIHYIO aKBaTOpHIO O€3 pa3MBOB HE(TENPOAYKTOB), 3-3a 3HA-
YUTENBHOM JWCIIEPCHH aMIUIMTYAHBIX 3HAYEHUH THUCTOTPaMM,
OyZeT MPONCXOANTD C ONPENEICHHBIMH CIIOKHOCTSMH.

st olleHKH BapuaTUBHOCTU ructorpamm Hruy.i1, Hru-12, Hru-
13, Hri-14, PaKTHYECKN XapaKTEPU3YIOIUINX TECTOBOE H300pake-
aue TU-1 B nIpyrux ycioBUsAX, MOCTPOUM (DYHKIHIO pa3iINddil B
COOTBETCTBUH C BBIPAXKCHUEM:

ArO,N(k)=|HTM-1(k)_HTM-N(k)| (1)

rae N — TeKyluid HoMep THCTOrpaMMbl 00padaThIBAEMOTr0 H300-
paxeHusi, CpaBHUBAEMBI ¢ TUCTOTpamMMoit nzoopaxenust TU-1.

Ha puc. 6 mnpencrasnens! rpaguku (yHKUui pazanyuii
Aron(k) TucTorpamm TtectoBbIX M300paxkenmid THU-11, TU-12,
TU-13 u TU-14.
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Puc. 6. I'paduxu Gpynxnuii pasmuauii rucrorpamm THU-11, TU-12,
TU-13 u TH-14 o oTHOIIEHUIO K 3TaJIOHHOMY onucanuio TH-1:
Aro,1(k) — byukiwst pasnuuuii Mmexay usoopaxenuem TU-1 u TU-11;
Arop(k) — dyukimst pasnuuuii Mmexay usoopaxenuem TU-1 u TU-12;
Aros(k) — dyukiust pasnuuuii Mmexay usoopaxenuem TU-1 u TU-13;
Aroa(k) — dynkumst paznununit mexny uzobpaxerunem TU-1 u TU-14;
Aroo(k) — ycpeaHeHHast GYHKIHS PA3THIHA.

Bce paccuutaHHble (YHKIMH Pa3IHyMii paBHBI HYJIO B TeX
MECTax, TJIe 3JI€MEHTHl TUCTOTPaMM, KaK 3TAJIOHHOTO OIHCaHWUS,
TaK ¥ TEKYyILIero paBHBI HYJIO, a TAKKE B MO3UIIMU UX MAaKCUMAJIb-
HBIX 3HAYEHUH.

Ha puc. 6 mpencrapieHa u ycpeaqHeHHas (GYHKIHS pa3Tuanit
Aroo(k), ee TostoKeHne Kak pa3 1 MO3BOJISIET OLIEHUTH MTapaMeTPhI
BapUaTHBHOCTH.

Jnst oneHKM pazMaxa AUCIEPCHUH yCPEIHEHHOH (DYHKIMH pa3-
JUYUH, JOTOJTHATENEHO OBLTH pacCYUTAaHBI (PYHKINH, XapaKTepu-
3YIOIIKE €€ TPAHUIIBI CBEpXY U CHH3Y (pHc. 7).
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Puc. 7. I'padux ycpenHeHHOH QYHKIUH PA3IHYNi, C HAHECCHHBIMU
TPaHUIIAMH €€ AUCIICPCHU

B tabmune 1 npuBeneHsI pe3yiabTaThl OIEHKHA Pa3IMdAi TH-
CTOTpaMM TECTOBBIX M300paKEHHUS, TIOYICHHBIX HA OCHOBE BEI-
paxeHuit
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Ar =|HTI/I»1 _HTI/I-N | (2)
u
AF (%] = Hyppy = Hypy 1% [ zf Hy, J x100% (3)
k=0
Tabmuna 1

Ounenka pa3au4mii FTHCTOTPAMM TeCTOBBIX H300paXkeHUIH

Hrua— i | Hru — Hue | Hru — Hrwas | Hrnel — Hruag
Ar 1,187 2,031 0,815 0,782
Ar,% 2.5 43 1,7 1,6

Pasnuna Hry.1 — Hru2, XapakTepusytomas pa3iudus MexXIy
STaJIOHHBIM H300pakeHreM TU-1 u n300paskeHHUEM C pa3TUBAMH
HedTenpoaykro THU-2, paccuuTaHHas B COOTBETCTBHH C BBIpa-
xenueM (3) cocrasiser 7,6%.

OtMmeTuM, 9TO HAMOONBIIMN WHTEPBAJT TEKYIICH BEITHMYHHEI
JqUctiepcud y QYHKIUW Pa3InIuil CPeTHUX 3HAYCHUH COTIIACHO
Tabn. 1 ams 0OpabaThIBaeMBIX THCTOTPAMM TECTOBBIX M300pake-
HUH gocturaet mopsaka 4% Mo OTHOIIEHHIO K 3TaJIOHHOMY OITH-
caamro. OYeBHUIHO, 9TO B 3TOM CiIydYae, COTIAcHO [6], maxe mo-
TEHIMaJIbHAas BEPOATHOCTH MPABHIBHOIO OOHApy)KEHHUS HeE TIpe-
BbIicUT 3HaueHus 0,96. Bmecte ¢ TeM [uis ycpeAHEHHON (YHKIMN
pasnuyuii TUCTOrpaMM cpeanee 3HaueHue Ar pasHo 1,204. A 06-
1as BeJIMYMHa Aucriepcun qocturaet 3Hauenus 0,338.

Torna, ecnu st knaccuUKAIUKM pe3ysibTata 0OHAPYKECHUS
pa3IuBOB HE(PTEMPOAYKTOB HCIOJIB30BATh PAHTOBBIA aJTOPUTM
BUIA

) 0>4,e4,;
Slgn(dm_doz)_ OSAOEAI, (4)
rae
1 X
dm(oz) ZEZ|HTI/I—I,C _HTI/I—NA, [ ©)
k=1

3neck doi — abCcoNMrOTHAS Pa3HOCTH MEXTy BEKTOPOM ATaJIOH-
Horo onmcaHust Hry. Kiacca A1, COOTBETCTBYIOIIET0 H300pasKe-
HUIO C OTCYTCTBHEM Pa3/IMBOB HE(PTEIPOOYKTOB U OIHOTO U3 00-
pabarbiBaeMbIX M300pakeHUH Hy.y STOTO Ke Kiacca; do, — pas-
HOCTh MEXJy BEKTOPOM STaJIOHHOTO onucanus Hry.; kKiacca A, u
OIIHOTO M3 00padaThIBaeMBIX M300paxeHui Hry.y Kiacca 4,, co-
OTBETCTBYIOIIETO M300paXEHHUIO C pa3IvBaMU HE(TETPOILYKTOB.
[Tockonbky B anroputMe NpUHATHS pemeHus (4) NICKOMOH Belu-
YMHOW BBICTYIIAeT ajreOpanyecKkas pa3HHIA MEXIY BEKTOpaMH
MIPU3HAKOB, TO MOXKHO 3aKJIIOYHTB, YTO HEIOCPEICTBEHHOE HC-
MOJIE30BAaHUE TUCTOTPAMM DPACIIPEICNICHUS IPKOCTH B KadecTBe
KOHEYHBIX BEKTOPOB IPH3HAKOB PACIIO3HABAHMS HE ITO3BOJIHT I10-
Jy4UTh BBICOKYIO JOCTOBEPHOCTE pe3yssTaToB. [loaToMy HE0OXO0-
JHMM HOMCK K CHIDKEHHIO TUCIEPCUH MEPBUYHBIX BEKTOPOB IPH-
3HAKOB M300paKEHUI, XapaKTepH3yOINX OIUH M TOT )K€ KJIacc
pacrio3HaBaeMbIX NW300paKEHHUH.

Bri0op nexoppeupyouero npeodpasoBanus
JJISl CHUKEHUSI BADHATHBHOCTH FT'HCTOrPaMM
00paldaThIBaeMBbIX H300pakeHHIT

OpnHol M3 MPUYMH BBICOKOW BAPHATHBHOCTH THCTOTPAMM SIB-
JsleTCsl M3HaJdalbHAs HM30BITOYHOCTh TECTOBBIX H300paKCHHUH,
00yCIIOBNIEHHAs TOCTATOYHO CHIIBHOM MPOCTPAaHCTBEHHOM KOppe-
nsueit ux amemeHTos [15, 19].
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TOMY ObLIa BBLIIBHHYTA THIIOTE3a, YTO IPUMEHEHHE IeKOp-
PeNUpYIOMINX MpeoOpa3oBaHUil K TUCTOTpaMMaM pacripeeIeHus
SIPKOCTH, COOTBETCTBYIOLINM Pa3IMYHBIM N300PKESHUSAM OTHOTO
u T(gg)me KJlacca, TI03BOJIUT CHU3UTD X BaAPUATUBHOCTD.

onmacHo [20], OCHOBHOH 3aadeil eKoppeNMpyIonMX npeodpa-

30BaHMH SIBJISIETCSl CHIDKEHHE O00beMa IpEACTaBIsIEMBIX sl 0Opa-
OOTKM JAHHBIX NP COXPaHEHNH NX MH(POPMALMOHHOTO HAIOJIHEHHSI.

Cpenn IeKOppenupyromux IpeoOpa3oBaHUi ITUPOKOE pac-
NPOCTPaHEHHE MOJIYYHIIN CIIEIYIOIIHe:

CHHTYJISIpHOE TIpeoOpa3zoBanme [21];

nucKpetHoe npeobpaszosanue Kapynena-Jlossa (JIITKJT) [22];

JMUCKPETHOE KocuHycHoe mpeodpaszosanue (JIKIT) [23];

U TUCKpETHOE BelBieT-mpeodpasosanue (IBIT) [24].

Cunrynsipasle npeoOpazoBanus (aHri. Singular Value Decom-
position — SVD) otHocsaTcst K crocobaM (akTOPH3aLUH KOM-
IUICKCHBIX MAaTpHL, C MOCIEAYIOIUM HX MaclITabUpOBaHHEM H
MOBOPOTOM. AHAIUTUYECKH OTIepanio paKTOPH3aHU KOMILIEKC-
HBIX Marpull M 10 CHHTYJSIPHBIM 3HAYEHHSIM 1 X 1 MOYXKHO TIPeJi-
CTaBUThH B CIICAYIOIIEM BHIE:

M=UzZV"’. (6)

rae U — KoMIUIeKCHast yHUTapHast MaTpHLA Pa3MEPHOCTBIO 71 X 11
X — AWaroHaNbHAas MPSIMOYTOJIbHAS MaTpHIa (MacIITa0NpyIOmas
MaTpHula) pasMepoM m X n, y KOTOpOH JHaroHajgbHbIE 3HAYECHUS
HEOTpUIATeNbHbl; V7 — KOMIUIEKCHO CONPSKEHHAs! TPAHCTIOHH-
pOBaHHAsE MaTpULa KOMIUIEKCHOM YHMTAapHOW Marpuusl V, pas-
MEPHOCTb KOTOPOH 7 X A.

OCO0EHHOCTD CHHTYJISIPHOTO Pa3JIOKEHUsI COCTOUT B TOM, 4TO
JIMaroHaJbHBIE SJIEMEHTHI G; = X;; MaTPHUIbI X IPEJICTABISIOT CO-
0oi1 cuHrynsipusle 3HaueHust Marpuisl M. [IpuMenuTensHo K 00-
paboTke M300paXKeHUH B KauecTBe MaTpHIsl M BBICTYMalOT OUTO-
BbIE€ 3HAUYEHUS], OMPEEIIIONNEe HHTEHCUBHOCTh SIPKOCTH. 3aMe-
THM, YTO TOYHOE Pa3JIOKEHHE 110 CHHTYISIPHBIM 3HAYCHUSIM ITIPH-
MEHHMO JIMIIb K KBAZPATHBIM JUArOHAJIM3yeMbIM MaTphIiaMm. OTo
CBSI3aHO C T€M, YTO aJITOPUTMOB PacueTa AJIsd JPYTUX CTPYKTYp Mart-
pu1 He cymiecTByeT. Ha mpakTuke mis pacyera cOOCTBEHHBIX 3Ha-
YeHUH MaTpull HanboJee MUPOKOe NPUMEHEHNE OIyYrl UTepa-
LIMOHHBIN anroputM Slkobu [15]. Bmecte ¢ TeM CylecTBEeHHBIM
OrpaHUYECHUEM MPAKTUYECKOTO MPUMEHEHHS CHHTYJISIPHOTO TIPe00-
Ppa3oBaHMs SBIISIETCSI 3HAYUTEIBHOE KOJIMYECTBO HEHYJIEBBIX CUHTY-
JSIPHBIX 3HAYEHWH, YTO JeNlaeT WX BBIUMCICHNS HENPaKTHYHBIMHU
[25]. TTosToMy mpHMEHEHWE CHHTYISIPHBIX IPeoOpasoBaHUN IS
00pabOTKM THCTOTpaMM M300payKeHUH HELeIeco00pas3Ho.

HuckperHoe npeobpasoBanue KapyHena-JIooBa OTHOCHUTCS K
ONTHUMAJIbHBIM NTPE00Pa30BaHIsIM HaOOpa TaHHBIX, IPEIICTABIICH-
HBIX BEKTOPOM X, B 6a31cCe OpPTOTOHAJIBHBIX (DYHKINH, OTIpenes-
eMbIX KOBapHallMOHHOW (yHKIuMe# npouecca. To ecth mpeodpa-
3oBanne Kapynena-JlosBa X; kak Obl agantupyercst K XapakTepy
W3MEHEHHsI BEKTOpa 00padaThIBaeMbIX JTAaHHBIX X.

X, = gxkek(t). (7)

rae ex(t) — BelleCTBEHHbIE HENPEphIBHBIE (YHKIIMKM HA MHTEpBaje
[a, b], xoTOpble SBISAIOTCS NOMApHO OPTOTOHAIBHBIMH, T.€.
L*([a, b]).

Ocobernnocts JTTKJI cocTOUT B TOM, YTO HUCIIONB3YEMbIC B HEM
OazucHere pyHKIMN opToHOpMEpOoBaHHEIE. [Tpu sToM JTTKJT Musu-
MIBBHPYET OOIIYIO CpemHEeKBAIPAaTHIHYIO OIHOKY TIpeoOpa3oBaHus
[0 OTHOIICHWIO K JFOOBIM JpYyrHuM IpeoOpazoBaHmsM [26].




SNEKTPOHUKA. PAODMOTEXHMKA

A nucniepcusi GpopMHpPYeMOTro pesynbrara X; sBISETCS CyMMOM
Jaucnepcuil ero cocrasisomux. Kpome roro, pasnoxenue Kapy-
HeHa-JIosBa oOnasaeT cBOWCTBOM MUHHMMaNIbHOM 3HTpormu. Ho
OCHOBHBIE CIOXKHOCTU Ipaktudeckoi peammsanuu JAIIKJI cBs-
3aHBI C BEIYMCIEHHEM COOCTBEHHBIX BEKTOPOB JIMHEHHOTO Olepa-
TOpa, 0 9eM yKa3aHo B [27].

JuckpeTrHoe KOCHHYCHOE TmpeoOpa3oBanue (aHmn Discrete
Cosine Transform, DCT) — nuHeiHOE OpTOroHaJIbHOE peodpa3o-
BaHUe, SBJIAIOIIEECS TOMOMOP(HI3MOM BEKTOPHOTO IIPOCTPAHCTBA
npeobpazoBanusi dypre. B HacTosiiee BpeMsi M3BECTHO YEThIPE
Buaa JIKII [28], cpenut KOTOpBIX HanOOJIbIIEE TPAKTUUECKOE TIPH-
noxenne nomyumno JKII, oGecrieunBatomiee npeoOpasoBaHue
Habopa JaHHBIX Xo, ..., XN—1, B HA0OD:

X, = gxn cos[k(n+0,5)m/n)], 8)

n=0

mak=0,...,N-1.

Peanuzauma JKII npenmonaraer, 4To X, YETHO IJs
n=-05un=N-0,5;aX;,qerHo mi1 k= 0 1 He4eTHO U1 k= N.

AHanm3 pe3ynbTaToB HccienoBaHus [29] mokasan, 9To s
n300pakeHHi ¢ BBICOKOW IuHamuKoW u3MeneHus Qona, JKII
npourpsiBatoT JIBII mo mHorum mnokasarensm. Ilpu stom co-
IJIACHO pe3yibTaTaM HCCleIoBaHuil mpescTaBieHHbx B [30],
JBI1 sBnsercs Haubonee 3()(EKTHBHBIM JIEKOPPETHPYIOIIIM
npeoOpa3oBaHueM, OOECIIEUMBAIONIMM HAWIYYIIyl0 KOHTPACT-
HOCTB MEX/y BEKTOPaMH ITPU3HAKOB, XapaKTEPH3YIOIIHX aJIbTep-
HaTUBHBIE KJIACCHI IPU MUHUMHM3AINH UX Pa3MepHOCTH. J{aHHBIH
aprymeHT onpenenui Beioop JIBIT B kauecTBe HHCTpyMeHTa JUIst
rocIeayiomei 00paboTKu THCTOTPaMM PacIIpeeNICHIs IPKOCTH
TECTUPYEMBIX H300pasKeHHI.

B ob0mem ciy4ae AHMCKpETHOE BeUBIET-TIpeoOpa3OBaHUE
Mpe/ICTaBIsieT COOOM pe3yibTaT AEKOMIIO3MLMK 0OpaldarbiBae-
MoOTo npoliecca B 0azucax Beiipier-pyHkuuii (aHm. wavelef) [31].
CBoiicTBO MacmITaOMpyeMOCTH BeHBIET-QYHKINI OTKpPBHIBAET
BO3MOKHOCTP JIOKQJIN30BaTh pa3jIMuHbIE TI0 XapakTepy HW3MeEHe-
HUSI MCCIIEAYEMOTO Mpolecca B Pa3JIMYHBIX IMPOEKIUSIX Mac-
mrTada, YTo MO3BOJIET PACCMATPUBATh MX TPH OXMHAKOBOM pas-
peLIeHHH, HE3aBUCUMO OT PEabHBIX PasMepOoB.

B ob6mmem ciyuae, peamuzanus JIBIT W(k, n) npencrasiset co-
00i1 CBepTKY BXOAHOW peayin3ainuu oO0pabarsiBaeMoro mporecca
x(f) 1 popmupyIOILIEr0 MaTepUHCKOTO BeliBieTa () [32]

W (k,n) = \/127 j Xy % d. ©)

e 1 — IIepeMeHHast CABHUra; k — mepeMeHHas macmrada.

Takum o6pasoMm, B cootBercTBuu ¢ (9), JIBII mpencraBmset
co00li pe3ynbrar JeKOMIIO3ULMH BXOJHOIO Mpolecca MyTeM ero
nocnenoBarenbHoi BY 1 HU-¢GunbTpanum ¢ BpeMeHHBIM C/IBUTOM
1 ¥ KpaTHOMACIITaOHBIM U3MEHEHUEM aMILIUTYAHO-4acTOTHOH Xa-
paxrepuctuku HU-¢unsrpa g[2n — t] n BU-¢unsrpa A[2n — ).

IIpu 3ToMm pesynsrat BU-dunbrparin #(2n — k) mo3BonseT mo-
JNYYUTH JeTAIM3UPYIONIME 3HA4CHHs, OIpelelsieMble Kak
BeliBieT-kodPpumeHTH ypy(n), a HU-punsrpanus g[2n — t] Be-
JeT K (OPMHPOBAHMIO AMMPOKCUMHPYIOMUX KO3 (UIIMEHTOB
yuuln]:

N-1 N-1

Vi (1) = Y x(0)g(2n—1) » Yy (n) = D x(O)h(2n 1)

t=0 t=0

(10)

OUIBTPHI, OMUCHIBAEMBIC TIOCPEACTBOM BhIpaxkeHuit (10), mo-
JyYWIM Ha3BaHWE KBAJAPATYPHBIX 3€pKaNbHBIX (QHUIBTPOB [33].
[MocnenoBarenbHas peaau3anys IpOLEIyp, B COOTBETCTBHH C BbI-
paxenusimu (10), BeneT kK GOPMUPOBAHHIO TBYMEPHOH MaTpHIIBI
BeHBIIET-KOA(P(PUIINCHTOB, KOTOpasi KaKk pa3 M MPEACTaBISIET CO-
Ooii mucKpeTHOE BelBIeT-Ipeodpa3oBanue [34].

C npencrasneHHbIxX mo3unmii JIBI1 MoxHO paccMaTpuBaTh Kak
pacIpezienieHle 3HEpTuy (B paccMaTpuBacMOM CIIydae aMILIUTY -
HBIX 3HAYeHUH TMCTOrpaMM) B MPOCTPAHCTBE MX MAaCIITaOHBIX
peoOpa3oBaHUil 1 BPEMEHHBIX CIBHUIOB, PEaIM3yeMbIX Ha OC-
HOBe (POPMHPYIOIIUX (TOPOXKAAIOIINX ) MATEPUHCKUX BEHBIETOB.

Bwmecte ¢ Tem, ananu3 Beipaxkenus (9) nokassiBaet, uro JIBII
obecrieunBaeT KpaTHOMACIITAOHBIN CIIBUI, NMPOMOPIHOHAIBHBIN
MHOXHTENO 2, B mpesienax KOTOpPOTO Kak pa3 M MPOUCXOMUT
yCpemHeHHe 00pabaThIBacMbIX 3HAYCHUH BHONL OCH 1. Jljis uc-
KIIFOYEHUSI TIOTePH HHPOPMATHBHOCTH EPBUYHBIX BEKTOPOB IPH-
3HAKOB B PE3YyNbTATEe UX YCPETHEHUS Ha KAKIOM MOCIEAYIOMEM
caure 2%, Ge3 moTepu OGIHOCTH BOCIONB3yeMCS HEMPEPHIBHOM
(hopmoii kparHOMAaCIITaOHOTO BEHBIIET-IPE0OPA30BAHNS, OIIPE/Ie-
JISIEMOTO CIIeTYIONIUM BhIpaxkeHueM [31]

W (k,n) = % [ x(t)\y[t_Tnj d .

KparnomacmrabHoe npeoOpa3oBaHUE, ONUCHIBAEMOE BbIpa-
xerneM (11), Taxke mo3BosgeT (GOpMIPOBATH IByMEPHEIC MaT-
PUIIBI BeHBIeT-K03(PPUIINEHTOB, CTPYKTypa KOTOPBIX Oy/IeT ompe-
JIEIIATHCS TUTIOM (POPMHUpYIOIIEH BeBIeT-QyHKIIUHN Y(*).

)

OobocHoBaHue (popMupyoLIeil BeliBaeT-QyHKIUM
JJISl KPATHOMACIITAOHOTO NPeodpa30BaHusl HAl THCTOIPaMMAMM
o0padaTbIBaeMbIX H300pakeHU

CBoiicTBa BeHBIET-TIpe0Opa3oBaHUii BO MHOTOM OIIPEIEIIsi-
FOTCSI BRIOOPOM HCXOIHOM MTOPOXKIAIOIEH (DYHKITHH.

[pocreitmeii popmupyroeit pyHKIMeH (1aiee mo TeKCTy —
MaTepUHCKUI BEHBIIET), UCTIOIBL3YEMOM JIJIsl KPATHOMACIITA0OHOTO
npeoOpa3oBaHus, SIBJSIETCS] BeWBIeT Xaapa, OMKUCHIBAEMBIN Clie-
JIYIOIIUM BhIpaxkeHueM [35]:

L 0<t<0,5;
vy (@) =3-1, 0,5<t<];
0, te[0, 1).

(12)

A macmrabupyromas GyHKIUS s BeliBinera Xaapa (maiee
IO TEKCTY — OTIIOBCKHI BEHBIIET) ompenenseTcss GopMymoi:

, 0<t<l

Pk =
0, t¢[0, ). (13)
3nech M nanee HWKHUH HMHICKC (x)(f) ONpenersieT MepByIo
OykBy Ha3BaHus (pyHKIUH BeiBIeTa.

B cooTBercTBUHM ¢ aHAMUTHYECKOH (POpMON TpeacTaBICHUS
tdhopmupyromeli dynkiun BeliBiera Xaapa yx(?) (12), anemeHTs
BXOJIHOW peanu3aliil IPyNIupyoTcs o ABa. A 3aTeM Ul Kax-
JIOW TpyMITBl BBIYUCIISIETCA UX CyMMa M Pa3HOCTh. YKa3zaHHas I0-
CJIE/IOBATEIBHOCTD TPOLEAYP peann3yeTcs PeKypcuBHO, ¢ 00pa-
30BaHUEM HOBOTO YPOBHsI MacIITaOHOTO IpeoOpa3oBaHus B IIPO-
CTpPaHCTBE BPEMEHHBIX CABUIOB [32]. B pesynbrare BHIOIHEHUS
YKa3aHHBIX PONERYp noy4darot 2¢~ ! ypoBHeii gekomnosunuii u
OIHY OOIIYI0 CyMMy B BHI€ OIIMOKH (OCTaTKa) aripoOKCHMAITUH.
Ha pucynke 8 noka3zaHo BpeMEHHOE TPECTABICHHE OTIIOBCKOTO
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¢x(n) 1 MaTepuHCKOTO Yx(7) BerBneToB Xaapa. Ha pucynke 9 mo-
Ka3aHO BpEeMEHHOE IIpe/ICTaBlIeHUe BelBieTa Jlobemu.

I '
(P‘X ) on(®)

\ ‘ NS\ !
wx(?) N

L ‘l:a(l‘)
| t

Puc. 8. Bpemennoe npencrasnenne  Puc. 9. BpemenHoe npencrasienue

(opmupyroLIei 1 MacITabupyLo- (hopmupyro1Ieii 1 MacIITabupyro-
el yHKIwi BeliBnera Xaapa el ¢yHxiwii BetiBera Jlobemm

B /IBII akTHBHOE MpUMEHEHHE HaXO#AT BeiiBieTsl Jlobemm.
3TO ceMeNCTBO OPTOrOHAIBHBIX (DYHKINH, HE UMEIOIIUX aHAaJIH-
TUYECKOTO OMHUCAHUS, KOIPPUIUCHTHI KOTOPBIX PACCUUTHIBAIOT
Ha OCHOBE UTEPAIIMOHHBIX aNropuTMOB. [IpeacTaBnsioT ux cie-
IyroIuM oopasom [36]:

v, (1) =2 go@n-1)
=0 : (14)

0, (m) =2 hon—1)
t=0 (15)

Pacuer oTroBckoro BeliBiera @(7) MPOUCXOMUT MPH UCTIONb-
30BaHUM BBIYMCIICHHBIX 3HAYEHUH OPTOTOHAIBHBIX HOPMHUPOBAH-
HBIX KOO(QUIMEHTOB, MONYYUBIIMX Ha3BaHWE KOI(D(PHUIMECHTHI
Jlobemn Hu3kmx mopsinkoB [36]. B wactHOCTH, Ha puc. 9 npen-
CTaBleHbl (OPMHUPYIOIIMI W MacIITaOMPYIOIIMI BeEHBIETHI
Ho6emmn ya(n) u @a(n) 4-ro mopsiaka.

B JajbHelIeM OyneM paccMaTpHuBarh JIMLIb (HOPMHUPYIOLINE
MaTepHHCKUe (DYHKLIUH OCHOBHBIX BHIOB BEIBIETOB.

JU1st TUCKPETHBIX JaHHBIX JOCTATOYHO 4acTO UCTIONB3YIOT, TaK
Ha3bIBacMble, JyalbHble (IBOWHBIEC) BEHBIETHI, CUHTE3UPyEMbIE
Ha OCHOBE IIepelaTOYHbIX XapaKTePHUCTUK HU3KOYaCTOTHBIX U BbI-
COKOYACTOTHBIX (DHIIBTPOB, WM R-(hYHKIMH, CBA3aHHBIX CIIEAYIO-
M ycnosueM [37]:

Wﬂs(n) = (pI[B(n)+Z(p,Z[B(2n) (16)
IJI€ Z — HEKOTOPO€ KOMILIEKCHOE YHCIIO.

®opmupyromas (nopokaaromasi) (QyHKIUS Uit ABOMHOTO
BeiiBnera neMoHcTpupyerces Ha puc. 10. Ha puc. 11 nmokaszana mac-
mTabupoBaHus GyHKIUS OMOPTOTrOHATIBHOTO BeHBieTa, KO3hhu-
LUEHTHI KOTOPO alpOKCUMHPOBAHbI IOCPEACTBOM B-crutaiina.

L4 T TTT
/ \\ W) i W RN
/ by t

i
1 N A
Il

]

I A
[

Puc. 10. Bpemennoe npezcras-
nenue GopMHupyronen GpyHKIH
JIBOMHOTO BelBieTa

Puc. 11. Bpemennoe npejcras-
nenue Gpopmupyromei GyHKImn
OUOPTOrOHAIBHOTO BeHBIICTA
B-spline

B o0pabotke m300paskeHNi MNPOKOE NPUMEHEHHE HaXOIST
OnopTOroHaNbHBIE BEHBNETHl (B-crutaifHoBble (aHTI. B-spline)
BefiBnersr) [38]. ImaBHas 0COOCHHOCTh OHOPTOTOHATBHBIX
BEHBIIETOB 3aKJIFOYAETCS B TOM, YTO (DOPMUPYEMbIil HA MX OCHOBE
KpaTHOMacIITaOHbI 0a3uc He SBISETCS OPTOroHANbHBIM [37].
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OnHako NpHMEHEHHE OMOPTOTOHANBHBIX BEHBIETOB IOIyCKaeT
Oonble BO3MOXXHBIX CTEHEHEH CBOOOIBI A MOCTPOCHUS CHM-
METPUYHBIX BelBIeT-QyHKIMH. B mpeoOpa3oBaHuax Ha OCHOBe
OHOPTOTOHAJIBHBIX BEHBIETOB NPUMEHSIOT ABE (OPMUpYIOIIUE
Vg, Y'5 U JIBE MacIITaOUPYIONIHE QOp, (¢’ QyHKIIUH.
AHAIUTUYECKH 9TO MOXKHO HPEICTaBUTh CISTYIOIM 00pa3oM:

N-1 .
¢5(n) = Z po(2n—1) ¢'y(n) = Z P o'(2n-1)
=0 , =0 (17)

yy (n) = Z 1" p_,0Q2n—1)

B

Vi =3 (=" p 0 2n—1)
=0 . (18)

B (17) u (18) ko3hPHUIUEHTHI p; U p'; SIBISIOTCS PACYCTHBIMH,
3HA4YEHUS KOTOPBIX MpeCTaBiIeHHI B [39].

Bwmecre ¢ Tem Haunbosee mMPOKOe IPIMEHEHUE B KPaTHOMAC-
mTabHOM aHaIM3€ MONYYMIN BeWBIETH ['aycca pa3nuyHBIX IM0-
pankoB [26, 28, 30, 31, 40]. B ananutuueckoM Buje BeHBIET
laycca n-ro mopsiaka MOXKHO NPEACTaBUTh HAa OCHOBE CIEIYIO-
IIETO BBIPAKEHUS:

Y, (0) = (=1)" P (-17/2)
! , (19)

€ 7 — TOPAIOK Hu(PepeHIIPOBAHNS.

CornacHo BeipakeHuto (19), mospimenne nopsiaxa quddepen-
LUPOBAHUS BEJET K YBEIMUCHNIO KOTMYECTBA OCUMIIISIINHN (QyHK-
IIMM Ha JUTUTENBHOCTH ee neMeHTa. [loaToMy yuuTsiBas, 4To ru-
CTOrpaMMBbl IIPEACTABIAIOT COO0I BEKTOpPBI AMCKPETHBIX 3Hade-
HUI, IPUMEHEeHHe BelBiIeT-QyHKIHIA BhIle 2-Tr0 HOpsIKa He 1e-
Jiecoo0pasHo.

C y4eToM Takoro orpaHUueHus], aHATUTHIECKUE BBIPAKEHHS,
onuceIBaronye BeiBieTsl [aycca 1-ro u 2-ro mopsaka, Oymyt
UMETb B

vy, () =—texp (—t2 /2) ’

Wrz(t)Z(l—tz)eXp (_t2/2), (21)

Bpemennoe npencraBnenue BeiiBieroB laycca 1-ro m 2-ro
MOPSIKOB IEMOHCTPUPYETCSI, COOTBETCTBEHHO, Ha puc. 12 u 13.

(20)

3akaouenue

[Momy4eHHbIE pe3yABTaThI MO3BOJISIIOT CACTATh BBIBOA O TOCTH-
JKCHHUH 11eJIeBOI yCTAaHOBKH, HAIIPaBIEHHON Ha pa3pabOTKy aHa-
JUTHYECKOTO amnmapara, MO3BOJISIOLIEr0 HMOMYYUTh BEPOSTHOCT-
HYIO OIICHKY pe3yBTaToB 00paboTKu N300paKeHUH.

Hecmotpst Ha TO, 4TO OOBEKTOM HCCIIEIOBAHHS SIBJISUTUCH pe-
3yJIBTaThl PA3IUBOB HE()TEIIPOLYKTOB B aKBATOPHSIX MOPEH U OKe-
aHOB, pa3paboTaHHbII AHATUTUYECKUH arnapar MOXKET ObITh IIPH-
MCHEH U B JIPYTHX 00NacTsIX HAYKU M TEXHUKH, CBSI3aHHBIX C 00-
paboTKO# KaapoB (HOTO U BUICOM300PAKCHHIA.

B paboTte 000CHOBaHO TOHATHE aHOMAJIHIA, ITOJ] KOTOPBIMH, B
LIMPOKOM aCIMEeKTe, aBTOPBI MIOHUMAIOT JIEMEHTHI (oHa ((ppar-
MEHTHI) Tpaduyeckoro H300paKeHWs, BO3HUKAIONINE B
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pe3yabrare BHEIIHUX (pakTopoB. B uacTHOCTH, ITOCIENCTBUM pa3-
JIMBOB HE(PTETIPOIYKTOB.

B kareropusix TeopuH pacro3HaBaHUS 00pa30B NPEIIOKEH
noAxoJ K ()OPMUPOBAHUIO NMEPBUYHBIX M BTOPHUYHBIX BEKTOPOB
MIPU3HAKOB 00pabaThIBAEMBIX HM300pa)KCHHH HAa OCHOBE THCTO-
rpaMM pacupe/esieHns! IPKOCTH, C MOCIeIyIOe uX KpaTHoMac-
mTabHOW 00PabOTKOM.

Jlokazana memecooOpa3HOCTh BEIOOp BeiiBiera ['aycca 1-ro
TIOpsAKa B JEKOPPETUPYIOIei 00paboTKe BEKTOPOB MPH3HAKOB.

IIpakTrdecKyro HapaBIEHHOCTH MOTYyYEHHBIX PE3YIBTATOB HC-
CJ'[eI[OBaHI/Iﬁ ABTOPBI CBA3BIBAIOT C UX IPUMCEHCHHUEM JJIs TTIOUCKaA 3a-
JaHHBIX (ParMEeHTOB U300pakeHUHT B OONBIINX Oa3aX aHHBIX.
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INCREASING THE CONTRAST OF IMAGE RECOGNITION FEATURES BASED ON
MULTISCALE PROCESSING OF HISTOGRAMS OF THEIR BRIGHTNESS

Sergey V. Dvornikov, Saint-Petersburg State University of Aerospace Instrumentation;
Military Telecommunications Academy, St Petersburg, Russia
Alexander R. Bestugin, Saint-Petersburg State University of Aerospace Instrumentation, St Petersburg, Russia
Irina A. Kirshina, Saint-Petersburg State University of Aerospace Instrumentation, St Petersburg, Russia
Dina V. Vasilieva, Saint-Petersburg State University of Aerospace Instrumentation, St Petersburg, Russia, dolli.dina@mail.ru
Alexander P. Vasiliev, Moscow Technical University of Communications and Informatics, Moscow, Russia

Abstract

The problem of detecting anomalies in processed images obtained from visual monitoring equipment becomes par-ticularly relevant during environmental monitoring of the world's
oceans when searching for the results of oil prod-uct spills. Under the anomalies in the presented study, fragments of the image characterizing the consequences of oil product
spills are identified. As a scientific research tool, the elements of the pattern recognition theory are defined, according to which the processed images are represented as feature
vectors. The purpose of the work — to consider possible approaches to wavelet transformations of primary feature vectors using decorrelating processing to select a wavelet
that allows for the smallest differences between feature vectors of processed images characterizing the same class. An approach to the formation of secondary recognition fea-
tures is proposed by averaging the components of multiscale transformation matrices of histograms of the brightness distribution of images along the axis of their shift parame-
ter. The choice of histograms characterizing the distribution of brightness bits of processed images as primary feature vectors is justified. The transition to the choice of an exces-
sive number of decomposition scales in wavelet transformations during the formation of secondary feature vectors is justified. To consider possible approaches to wavelet trans-
formations of primary feature vectors using decorrelating processing to select a wavelet that allows for the smallest differences between feature vectors of processed images
characterizing the same class.The validity of the proposed approach is confirmed by the simulation results. The choice of histograms characterizing the distribution of brightness
bits of processed images as primary feature vectors is justified. The types of wavelet transformations and various types of generating functions are considered.

Keywords: image anomalies, oil product spills, feature vectors, recognizable image classes, histograms of image brightness distributio

References

[17 A. V. Kozlovsky, "Parallelization of Information Processing in the Generation of Composite Images," Izvestiya SFedU. Engineering Sciences. 2025. No. 1(243), pp. 92-103. DOI
10.18522/2311-3103-2025-1-92-103.

[2] V. A. Ushenkin, "Method for high-precision processing of topographic interferometric images incorporating low-detail stereophotogrammetric information from optoelec-
tronic Earth remote sensing systems," Digital Signal Processing. 2025. No. |, pp. 59-66.

[3] O. O. Khomyakov, V. S. Panishchev, V. S. Titov, E. |. Vatutin, "Mathematical model and parallel algorithm for processing images containing symbolic information," Proceedings
of MAI. 2024. No. 137.

[4] R. E. Kopeikin, A. Yu.Perov, M. A. Solovyev, "Polarization selection algorithms for information processing in synthetic aperture radar images," Scientific and Technical Bulletin
of the Volga Region. 2023. No. 12, pp. 304-308.

[5] I. V. Khomkolov, A. V. Medievsky, A. G. Zotin et al., "Algorithmic support for processing and analyzing medical experiment images," Informatization and Communication. 2023.
No. 3, pp. 35-42. DOI 10.34219/2078-8320-2023-14-3-35-42.

E’;

T-Comm Vol.20. #9-2026




SNEKTPOHUKA. PAODMOTEXHMKA

[6] S. V. Dvornikov, D. V. Vasilyeva, "Improving the reliability of anomaly detection in images through feature vector generation in wavelet bases," Informatics and Automation. 2024.
Vol. 23, No. 6, pp. 1698-1729. DOI 10.15622/ia.23.6.5.

[7] I. B. Abbasov, "Image Recognition in Agriculture and Landscape Protection," International Journal of Science and Research. 2020. Vol. 9, No. 12, pp. 757-763. DOI
10.21275/SR2012 12144831

[8] D. V. Vasilyeva, S. V. Dvornikov, "Structuring of primary image features for environmental monitoring systems," Radiotekhnika. 2024. Vol. 88, No. 8, pp. 5-17. DOI
10.18127/j00338486-202408-01.

[9] I. A. Pakhlyan, M. V. Omelyanyuk, "Development of technical and technological solutions for cleaning water areas following petroleum product spills," Neftyanoe Khozyaystvo
(Oil Industry). 2025. No. 8, pp. 94-97. DOI 10.24887/0028-2448-2025-8-94-97.

[10] S. V. Matsenko, Ya. Yu. Blinovskaya, "Performance indicators for oil and petroleum product spill response operations in marine waters: organizational and technological
aspects,” Environmental Protection in the Oil and Gas Complex. 2023. No. 2(311), pp. 5-11. DOI 10.33285/2411-7013-2023-2(311)-5-11.

[I'1] D. V. Vasilyeva, S. V. Dvornikov, S. Al. Yakushenko, S. S. Dvornikov, "Automation of detection procedures based on the results of processing images from video surveillance
systems," Collection of abstracts of reports of the Il International Forum "Mathematical methods and models in high-tech production”. 08.11.2023 Ch. I. SUAL 2023.

[12] E. G. Petrova, "Emergency situations involving the accidental release of hazardous chemical substances," Ecological Systems and Devices. 2023. No. 5, pp. 47-53. DOI
10.2579 1 /esip.5.2023.1372.

[13] R. V. Podrezov, M. A. Raifeld, "Non-parametric method for determining the number of classes in image segmentation," Avtometriya. 2020. Vol. 56, No. 3, pp. 81-90. DOI
10.15372/AUT20200309.

[14] N. A. Andriyanov, Yu. N. Gavrilina, "Investigation of an algorithm for detecting deterministic anomalies in complex images using a doubly stochastic model," Ural Radio
Engineering Journal. 2020. Vol. 4, No. |, pp. 18-32. DOI 10.15826/urej.2020.4.1.002.

[15] J. Li, X. Li, H. Li et al., "Fabrication of the Cu/AgCuTi/Nb composite for superconducting radio-frequency material under extreme service conditions based on electroplating
additive manufacturing," Materials & Design. 2024. Vol. 244. P. 113220. DOI 10.1016/j.matdes.2024.1 |3220.

[16] A. M. Belov, A. Yu. Denisova, "Classification of Earth remote sensing images using a multi-sensor data fusion algorithm," Computer Optics. 2020. Vol. 44, No. 4, pp. 627-635.
DOl 10.18287/2412-6179-CO-735.

[17] D. V. Vasilieva, S. V. Dvornikov, S. A. Yakushenko, S. S. Dvornikov, "Automation of forest fire detection procedures based on the results of video processing," Bulletin of the
St. Petersburg University of the State Fire Fighting Service of the Ministry of Emergency Situations of Russia. 2023. No. 4, pp. 47-58. DOI 10.61260/2218-130X-2024-2023-4-47-58.
[18] V. A. Surin, "On the processing of noisy high-contrast images," Bulletin of South Ural State University. Series: Mathematics. Mechanics. Physics. 2021. Vol. 13, No. |, pp. 14-21.
DOI 10.14529/mmph210102.EDN WHOFQR.

[19] A. V. Veligosha, N. N. Malyshko, R. I. Strukov, "Application of artificial neural networks to reduce the redundancy of the discrete wavelet transform of images," Theory and
Technique of Radio Communication. 2020. No. 2, pp. 5-12.

[20] V. O. Chebachev, "Signal processing in radio-frequency identification systems using decorrelating transforms," Issues of Radio Electronics. 2016. No. 9, pp. 35-40.

[21] Yu. N. Bulatov, "Theorem on the norm of singular Kipriyanov-Katrakhov J-pseudodifferential operators," Proceedings of Voronezh State University. Series: Physics. Mathematics.
2025. No. 2, pp. 38-48.

[22] V. A. Osanov, "Comparative analysis of network traffic decorrelation methods," Bulletin of Ryazan State Radio Engineering University. 2025. No. 92, pp. 25-38. DOI
10.21667/1995-4565-2025-92-25-38.

[23] V. I. Semenov, "Comparison of a frequency-domain multiscale image analysis algorithm with Mallat's algorithm," Tomsk State University Journal of Control, Computer Science and
Informatics. 2022. No. 59, pp. 73-82. DOI 10.17223/19988605/59/8.

[24] H. R. Sheikh, A. C. Bovik, "Image information and visual quality," IEEE Transactions on Image Processing. 2006. Vol. 15, iss. 2, pp. 430-444. doi: 10.1109/tip.2005.859378

[25] Bisgard James, "Analysis and Linear Algebra: The Singular Value Decomposition and Applications,” Student Mathematical Library (st ed.). AMS. 2021. ISBN 978-1-4704-6332-8.
[26] S. V. Dvornikoyv, S. S. Dvornikov, M. A. Konoplev, "Algorithm of radio communication signals recognition on the basis of symmetric matrices," Information technologies. 2010.
No. 9, pp. 75-77.

[27] Karhunen-Loeve transform (KLT) Archived 2016-11-28 at the Wayback Machine, Computer Image Processing and Analysis (E161) lectures, Harvey Mudd College.URL:
https://pages.hmc.edu/ruye/MachineLearning/lectures/ch8/node4.html (date of access 02.10.2025).

[28] Ahmed Nasir, Natarajan T. Raj, Rao K.R., "Discrete Cosine Transform," IEEE Transactions on Computers. C-23 (1). IEEE Computer Society, 1974, pp. 90-93. doi:10.1109/T-
C.1974.223784.

[29] C. Loeffler, A. Ligtenberg, and G. Moschytz, "Practical Fast |-D DCT Algorithms with | | Multiplications," Proc. Int'l. Conf. on Acoustics, Speech, and Signal Processing 1989 (ICAS-
SP '89), pp. 988-991.

[30] S. V. Dvornikov, D. V. Stepynin, A. S. Dvornikov, A. P. Bukareva, "Formation of signal feature vectors from wavelet coefficients of their frame transformations," Information
Technologies. 2013. No. 5, pp. 46-49.

[31] Soriano M. Flores, "Solar radio bursts impact on the International GNSS Service Network during Solar Cycle 24," Journal of Space Weather and Space Climate. 2024. DOI
10.105 1/swsc/2024034.

[32] D. V. Vasilyeva, "Investigation of the sensitivity of feature vectors generated based on multiscale transforms of processed images," Journal of the Russian Universities.
Radioelectronics. 2024, no. 27(3), pp. 20-29. doi.org/10.32603/1993-8985-2024-27-3-20-29.

[33] U. Singh, A. Dua, N. Kumar, M. Guizani, "QoS Aware Uplink Scheduling for M2M Communication in LTE/LTE-A Network: A Game Theoretic Approach," IEEE Transactions
on Vehicular Technology. 2022. Vol. 71, No. 4, pp. 4156-4170. DOI 10.1109/TVT.2021.3132535.

[34] S. V. Sai, A. V. Zinkevich, E. S. Fomina, "Comparison of discrete cosine and wavelet transforms in RAW image compression systems," Computer Optics. 2022. Vol. 46, No. 6,
pp. 929-938.DOI 10.18287/2412-6179-CO-1094.

[35] A. V. Veligosha, N. N. Malyshko, R. I. Strukov, "Application of artificial neural networks to reduce the redundancy of the discrete wavelet transform of images," Theory and
Technique of Radio Communication. 2020. No. 2, pp. 5-12.

[36] A. Yu. Grishentsev, N. V. Korovkin, D. P. Ostrovsky, "Hermite-Gaussian wavelets: synthesis of discrete forms and investigation of properties," Scientific and Technical Journal
of Information Technologies, Mechanics and Optics. 2025. Vol. 25, No. 4, pp. 789-796. DOI 10.17586/2226-1494-2025-25-4-789-796.

[37] K. Charles, An. Chui, "Introduction to Wavelets (Wavelet Analysis & Its Applications),” 1992, Academic Press, San Diego, ISBN 0-12-174584-8.

[38] V. I. Semenoy, S. G. Chumarov, "From Wavelet Design Based on Gaussian Function Derivatives to FIR Filter Synthesis," Scientific and Technical Journal of Information Technologies,
Mechanics and Optics. 2024. Vol. 24, No. 2, pp. 306-313. DOI 10.17586/2226-1494-2024-24-2-306-3 1 3.

[39] A. A. Belyaev, D. P. Kononov, A. M. Kudrin, "Investigation of mother wavelet function selection for vibration-based diagnostics of diesel locomotive engines," Proceedings of
Petersburg State Transport University. 2025. Vol. 22, No. 2, pp. 290-299. DOI 10.20295/1815-588X-2025-2-290-299.

[40] D. V. Vasilieva, S. S. Dvornikov, Y. E. Tolstukha et al., "Formation of feature vectors for video surveillance systems," Voprosy radioelectroniki. Series: Television Technics. 2023.
No. 4, pp. 62-68.

Information about authors:

Sergey V. Dvornikov, Dr Sci. (Eng.), Professor of the Radio Communication Department of the Military Telecommunications Academy, Professor of the Department of Radioengineering
and Fiberoptic Complexes of the Saint Petersburg State University of Aerospace Instrumentation, St. Petersburg, Russia. https://orcid.org/0000-0002-4889-000 |

Aleksandr R. Bestugin, Director of the Institute of Radio Engineering and Information Communication Technologies at the St. Petersburg State University of Aerospace Instrumentation,
Doctor of Technical Sciences, Professor, St. Petersburg, Russia. http://orcid.org/ 0000-0003-3847-2516

Irina A. Kirshina, associate professor of the Department of Design and Technology of Electronic and Laser Devices at St. Petersburg State University of Aerospace Instrumentation,
Candidate of Economic Sciences, associate professor, St. Petersburg, Russia. http://orcid.org/l0000-0002-3110-2363

Dina V. Vasilieva, St. Petersburg State Technical University (Tl), chemical technology of refractory non-metallic and silicate materials, senior lecturer at the Department of Radio
Engineering Institute of Radio Engineering and Infocommunication Technologies, St. Petersburg, Russia. http://orcid.org/l0009-0009-5343-3356

Aleksandr P. Vasiliev, Moscow Technical University of Communications and Informatics, Moscow, Russia

—

T-Comm Towm 20. #9-2026






