AHANMN3 HEWPOCETEBOIO PACMO3HABAHUA W3OBPAXEHMA B YCIIOBUSAX LWYMA W
HEONPEOENEHHOCTU PAKYPCA

CocynuH KO.I"., ®am YyHr 3yHr
MockoBCKUI aBNALMOHHBIA UHCTUTYT

WccnenoBaHbl HeIZpOCGTeBbIe npouenypbl pacno3HaBaHUA M3o6pa>|<eH|/u71 C uncnoJjib3oBaHnem
Pa3HbIX MPU3HAKOB: «MNPAMOro» |/|306pa>|<eHM;|, MOMEHTOB 3epH|/||<e N MOMEHTOB nceBp,o-3epH|/|Ke.
I'IpoaHanwsprBaHo BInaHMEe Wyma, Heonpe,u,enéHHocm paKypca I/I306pa)KeHMIZ n 4ymncna Hel71pOHOB
CKPbITOro CrioAa Ha Ka4eCcTtBoO pacrno3HaBaHUA.

BeeneHue

B [1] nokasaHo, YTO HEMpPOCETEBOE pacno3HaBaHMEe M300paeHnn NMeeT BonbLLoe NPENMYLLECTBO
MO CPaBHEHWUIO C TPaAMLUMOHHBLIM pacrno3HaBaHMeM Mo npasuny «brnvkanwero cocega». OHO MO3BOMMIO
3HAYUTENbHO MOBBLICUTH BEPOATHOCTb MPAaBUIIBHOrO pacrno3HaBaHWs, CMNOCOBHOCTL paboTbl MpU AEWCTBUU
WwyMa W yMeHbWWUTb Bpemsi pacnosHaBaHus. OpHako psiq BOMPOCOB aHanu3a HenpoceTeBoro
pacno3HaBaHus U300paKeHnn B YCIOBUSIX BO3AENCTBMS LLYMOB, HEONPEAENeHHOCTM pakypca U U3MeHeHus
KonmyectBa HEWPOHOB CKPbLITOTO Cros OCTanuUCb HEeAOCTaTOMHO WM3ydeHHbIMWU. WccnegoBaHuio  aTux
BOMPOCOB M NOCBsILLleHa faHHaga paboTa.

MpeaBapuTenbHaa obpaboTka
BbluMcnnTenbHble 3KCNEPMMEHTbI MO pacrno3HaBaHUI0 M300paXkeHWUin NPOBOAUITUCE Ha KOMMNbOTEpPEe
Celeron - 733 ¢ 128 Mbytes RAM. B kayecTBe MCXOOHbIX OAHHbLIX MCMONb30BaNMCh n3obpaxeHus 5 TMnos
camonétoB (B1, F117A, VF22A, MIG29, RAFAL), nokasaHHbIX Ha puc.1.:

F117A VF22A MIG29 RAFAL
Puc. 1. U306paxxeHnsa camonéTos.

Mpouecc npepBapuTenbHOM 06paboTkn COCTOsIN U3 nNpeobpasoBaHMs MCXOOHOTO U300paxeHus B
MaTpuuy 4Ymcen pasmepoMm 65x65, dunbTpaumu, GuHapmsaumMmM M Hopmanusauuun. B kauvectBe cunbTpa
nucnonb3oBancs MeguaHHbli unbTp. BuHapusaums — KBaHTOBaHME  U300paxeHWst Ha [Ba YPOBHS.
Hopmanusauus um3obpaxeHus obecneumBaeT MHBapuaHTHOCTb Kk MacwTaby u casury. B pesynbrate
HopManusaumn pasmep M3obpakeHusi CTaHOBUTCS 3a4aHHbIM, a ero LIeHTp COBMNadeT C LLEeHTPOM «MaccChbi»
camonérta. [ns npoBedeHUs 3KCNEPUMEHTOB co3faHbl BbIGOpkM 0b6yveHus n TecTtupoBaHus. Boibopka
06y4yeHus (By) coctosina n3 185 unctbix (6e3 wyma) n3obpaxeHui NATM caMonéTtoB. [nanasoH BO3MOXHbIX
n3MeHeHUn pakypca — 180°, npyM 9TOM [AWNCKPETHOCTb PaKypCoB OBYYaloLWMX M306paxeHWin BHavane
cocTasnana 5°. Buibopka TecTuposaHus coctosna u3 185 nsobpaxenunn 6e3 wyma n 570 nsobpakeHun ¢
pa3HbIMW OTHOLLUEHWAMU curHan-wym. [pu aToM pakypC Kakgoro u3 camornéToB MOr npuHumaTb fboe
3HayeHVe M3 yKasaHHOro AuanasoHa. [ns co3gaHus u3obpaXKeHUn C pasHbIMW OTHOLLUEHUSIMU CUTHamM-LyM
CrnyyarHO BbIOUpanMCb NUKCEnbl M300paXeHUsl, U3MEHSINIUCb UX 3HAYEHMS Ha MaKCUMarbHble, eCN OHU
okasblBanucb 6onbluee nopora KBaHTOBaHMS M HAaoboOpOT Ha MUHUMAarbHble. CriyYanHbIn BbIGOP MMKCENoB
OCYLLEeCTBNANCA MO 3aKOHY paBHOMEpPHOro pacnpeaeneHus mexay 1 n 4225.

Knaccudwmkaums

MpsiMble (HOpManu3oBaHHbIE) M30DpaxeHus, NonydYeHHble nocne npeaBapuTensHon obpaboTku,
nogaeanucb NMbo HenocpeaCTBEHHO Ha knaccudukatop, nMbo Ha hopMmpoBaTens MOMEHTOB 3epHUKe nnm
ncesao-3epHuke U nNuMWb 3aTeM Ha knaccudpmkatop. [lpu  asTOoM  npouedypa  knaccudpmkauum
peanu3oBbiBanacb TPEXCMAOMHOM HENPOHHOW CeTblo C MOMHbIMM MOcredoBaTenbHbIMU CBA3sAMU. BHavane
Kaxgoe u3 m3obpaxeHun pasmepom 65x65 npeobpasoBbiBanocb B BekTop 4225 snemeHToB. Yucno
HEMPOHOB BXOOHOrO, CKPbITOTO UM BbIXOQHOTO CFIOEB HEMPOCETEBOro Kraccudukatopa BblIGpaHO
COOTBETCTBEHHO 4225, 50, 5. BbluncneHne MomeHToB 3epHuKe 1 nceBao-3epHuke onucaHo B [1]. MNpu aTom
HENpoOHHaa ceTb uMeeT 47 BXOAOB, 5 CKPbITbIX HEMPOHOB M 5 BbIXxo4oB. [ns NOBbIWEHWS CKOPOCTU
CXOOUMOCTM UCNONb30BaH ObICTpbIN anropuTm obyveHus dnetyepa-Pusca, MOCTPOEHHbIM KOMMMEKCHO-
conpsikeHbiM MeToaoMm [2]. PesynbTaTbl HenmpoceTeBOW KnaccudukaumMm CBUAETENbCTBYIOT, 4YTO C
YMEHbLUEHMEM  OTHOLUEHUSI  CUrHam-wym MpOUEeHTbl  MPaBUMbHOrO  pacno3HaBaHUsl  3HAYUMTENBHO
YMeHbLIAKTCA. 3TO BNUAHME LUYMa MOXHO Obino 6bl YaCTUYHO CHU3UTL M OWKNBKM pacrno3HaBaHWS
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YMEHbLUNTb 3a CYET JarnbHeNLwen onTuMmnsaumm npegeaputenbHon 06paboTkm nsobpaxeHunn. OgHako Takon
NyTb OOBOJSIBHO CMOXEH, W MoKa He SACHO, NPuBEAET N OH K CYLUECTBEHHOMY YIyYllEHWIO pe3yrnbTaToBs.
30ecb Mbl NMPUMEHSIEM OPYron MOAXOA - paclumpeHne obydarolwmx BbIOOpoK. B 3aTmx BbiOOpKax kpome
n3obpaxeHun 6e3 wyma ucnonb3yem u n3obpaxeHns BCeX CaMONETOB C PasHbIMW OTHOLLUEHUSIMW CUrHar-
wym. CosgaHo [ONONHUTENbHO 4eThlpe obyyatowime BbliGopku (Bs, B, B; By). B nepsyio BbIGOpKY
nobaBneHo 210 3awymneHHbIX M306pakeHui: No 7 M300paXeHun kaxpgoro camornéra (C U3MeHeHVMeEM
pakypca Ha 30 rpagycoB) Anst KaXaoro u3 6 BbllleykasaHHbIX OTHOLLIEHWI curHan-wyMm. Bo BTopyto BbIGOpKY
- 240 3allyMneHHbIX 1306paxkeHnin: No 8 n3obpaxkeHnn Kaxaoro camonéta (C MU3MeHeHMeM pakypca Ha 25
rpagycoB) Ans Kaxgoro um3 6 oOTHoweHwh curHan-wym. B TpeTtbio BbiGopky - 300 3awymneHHbIX
nsobpaxenun: no 10 msobpaxeHun kaxgoro camonéra (C M3MeHeHuem pakypca Ha 20 rpagycoB) Ans
Kaxgoro 13 6 OTHOWeEeHWW curHan-wym. A B 4eTBepTylo Bblbopky pobasneHo 390 3allymneHHbIX
nsobpaxeHun: no 13 m3obpaxeHun kaxgoro camonéra (C M3MeHeHueMm pakypca Ha 15 rpagycoB) Ans
Kakgoro m3 6 OTHOWeHWn curHan-wym. B T1abnuue 1 npeacTtaBneHbl pesynbTaTbl SKCMEPUMEHTOB MNpw
00y4YeHNn € 3TUMK pacLLUMpPEHHbIMK 00yYatoLL MK BbiGopkamu.

Ta6bnuua 1.
O6yvatoLa Bpemsa [MpoueHTbI NpaBUNBEHOIO pacrno3HaBaHWs
A BbibOpKa 0ByueHus bes OTHowweHue curHan-wym (ab)
(MmH) wyma 50 40 30 20 10 5
By 5.12 100 100 98.6 97.8 90.3 84.3 74.7
B 5.45 100 100 100 99.4 98.2 92.6 88.2
B; 8.15 100 100 100 100 99.5 97.4 90.8
B3 11.12 100 100 100 100 100 98.1 96.2
B, 15.30 100 100 100 100 100 99.4 97.1
M3 cpaBHeHMs1 AaHHbIX NepBon CTpokn (By) ¢ ocTanbHbiMK (By,..., Bs) BUOHO, 4TOo 0by4eHne cetn ¢

paclumMpeHHbIMX  oByyatowmmmn BbiGOpKamMmn CyLLIECTBEHHO YnydllaeT KayecTBO paboTbl HEMpoceTeBOro
knaccudukatopa B ycnosuax wyma. OgHako BpeMsi obydeHus ceTu HeMHoro yeBenuumaetcs. [py aTom
BpEMsi pacno3HaBaHUsi He U3MeHsieTCs.

Ona aHanu3a BnusHUS BblIOOpa WHTEpBana AMCKpeTM3auuM pakypca Ha Bpemsi O0ydeHus U
BEPOSATHOCTb MpaBWUIbHOIO pacrno3HaBaHus cdopmupyeM 9 obyyarolwmx BblGOPOK M3 M30bpaxeHun ¢
pa3HbIMM YPOBHSIMM AWCKpeTU3aumn pakypca. Yucno obyyaromx n3obpaxkeHnii B KaxXgon M3 3Tux BblIOOPOK
pasHoe: oT 185 uzobpaxeHnii npu 5° no 10 npu 180°, nocneaHss Bbibopka (Ys) coctosna us 5
n3obpaxeHuin. Pe3ynbTaTbl 3KCNEpMMEHTa MO HEMPOCETEBOMY pacrno3HaBaHUIO u3obpaxeHun (6e3 yma)
NPy pasHbiX YPOBHAX AMCKpeTusaumm pakypca (5°, 10°% ..., 180° Yo) cBedeHbl B Tabnuuy 2: B CBETIbIX
obrnacTsx - BpeMsi 00y4eHus], a B TEMHbIX — MPOLEHTbI MPaBUITbHOIO pacno3HaBaHus.

Tabnuua 2.
MpunsHak Bpemsi 00yyeHuns (cek) u NpoLeHTbI MPaBUIIbHOIO pacrno3HaBaHWs
Knaccudukaumm 5° 10° 15° | 25° 45° 60° 90° 180° Yo
Mpsimoe 325 220 205 195 175 140 95 70 50

n3obpaxeHne

MomeHTbI 3epHuke

MomeHTbI nceeno-
3epHuke

Kak BuOoum, C yBenMYEHMEM WHTEpBana [AUCKPEeTM3auMM Bpemsi oby4eHusi ceTM U MNPOLEHTHI
NPaBuUMbHOIO pacrno3HaBaHWUs YMeHblualTcs. [uckpeTmsauusi pakypca CUITbHO BIUSIET Ha KayecTBO
pacrno3HaBaHusl. [nsi obecneyeHusi Tpebyemon BEPOATHOCTU MPaBUIIBLHOMO PAaCMO3HABaHUS  HYXHO
ncnonb3oBaTb BbIOOPKY 00ydeHMs1, CoOAepKaLLyto N300paxeHUs ¢ HEOONbLUMM MHTEPBANoOM AUCKpeTU3aLuum
pakypca (MeHee 15°). OaHaKo, NpW UCMONb30BaHUM MOMEHTOB 3epHUKE U NceBao-3epHUKe AUCKpeTM3aums
pakypca He3Ha4MTeNnbHO BNUSIET HA BpemsA 00y4yeHnst N BEPOATHOCTb NMPaBWUMbHOIO pacno3HaBaHus. B atom
crnyyae Mbl MOXeM OBy4MTb HEWPOHHYK CeTb u3obpaxeHusMy C OOMnbLIMM MHTEPBAaNoOM AMCKPEeTM3aumm
pakypca (0o 60°), koraa uncno obydarwmx nsobpaxeHnin Mano. COOTBETCTBEHHO YMEHbLLUAETCs BPeMst
0By4eHnsi ceTn (00 HECKOMbKMUX CEKyHA).

[ns uccnepoBaHWsa BNUSIHUS KONMMYECTBA HEMPOHOB B CKPbITOM CIlOe KrnaccudmkaTtopa Ha KadecTBo
pacrno3HaBaHUs Takke MPUMEHSNNCL BbllLEyKa3aHHbleE HEMPOHHbIE CETWU, HO YMCMO HEWPOHOB CKPbLITOrO
cnosi u3MeHsinocb. PesynbTaTbl SKCNepuMMEHTa MNokasanu, YTO €eCfiM YMCII0 HENPOHOB CKPbITOrO CIos
bonbwe 50 (npu pacnosHaBaHWMM NpsAMbIX M306paxeHuin) unu 5 (Npu pacnosHaBaHMM NO MOMEHTaM), TO

—2_
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M3MEHEHME 4YMCNa HEMPOHOB B CKPbITOM CII0OE€ HEMHOrO BMWSiET Ha BpeMs OOy4eHWst U He BrusieT Ha
TOYHOCTb knaccudpukaumm. HaobopoT, ecnm 4YMcno HEWpPOHOB CKPbITOrO crosi MeHbwe 50 (mpw
pacno3HaBaHuM MpsAMbIX M300paxkeHun) nnn 5 (NpyM pacno3HaBaHUM MO MOMEHTaM), TO HEeMpoCceTeBble
knaccudukaTopbl MOryT He 06ecneynTb CXOAMMOCTb K XXernaemMon cpefHeKBagpaTnyeckon ownbke.

3akno4veHue

BeposiTHOCTb MpaBUNbHOrO pacno3HaBaHUS MOXHO 3HaYUTENbHO MOBLICUTH AaXe B YCMOBUSAX
CUMBbHOrO LymMa, ecnu paspaboTaHHbI HerWpoceTeBOW Knaccudukatop obyvaTb C MCMONb30BaHWEM
3allyMnéHHbIX u3obpaxeHuin. HeonpeoenéHHOCTbL pakypca CaMOMETOB CUMbHO BNUSAET Ha KayeCcTBO
pacrno3HaBaHUsA MNpAMbIX M300paXeHWn, oOHaKo 3TO BIMSIHUE PE3KO CHMKAEeTCs Npu UCMonb3oBaHUM
MOMEHTOB 3epHuke mnun ncesno-3epHuke. MNMpu knaccndumkaumm MaodbpaxeHun no 3TMM MOMEHTaM Bpems
obyyeHns B 8 - 15 pa3 yMeHbLUIMNOCb, CTPYKTypa CETUM CYLLEeCTBEHHO YMpPOCTUNacb MO CPaBHEHUIO C
Knaccudpukaumen npsmbix U300paxeHun. Ho BepoATHOCTb MPaBWUIIBHOTO Pacrno3HaBaHUA HEMHOro
yMeHbLUMMAachb, a BpeMsi pacrno3HaBaHusi (BKMoyaeT B cebsa BpeMsi npegBapuTenbHoi obpaboTku, Bpems
BbIYMCIIEHNS MOMEHTOB U BPEMS Knaccudumkauumn) CyLLieCTBEHHO BO3POCHIO.
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ANALYSIS OF NEURAL NETWORK RECOGNITION OF IMAGE IN A CONDITION OF NOISE AND
UNCERTAINTY OF ASPECT ANGLE

Sosulin Yu., Pham Trung Dung

The recognition system of images must be able to work stably in different conditions. The purpose of
this work is researching and analyzing the efficiency of neural network recognition of image under the
influence of noisy level and uncertainty of aspect angle when using different features- Zernike and pseudo-
Zernike moments, and also the "direct" image, which received after preliminary processing.

As the initial data, the images of 5 types of planes (B1, F117A, VF22A, MIG29, RAFAL) shown on
the following pictures, were used:

F117A VF22A MIG29 RAFAL

Preliminary processing of image consists of creation of the discrete image in the size 65x65,
filtration, binarization and normalization. Median filter was used for filtration. Binarization - quantization of the
image on two levels. Normalization of the image makes sure invariant under translation and scaling [1]. The
direct (normalized) images received after the preliminary processing moves directly on the classifier or on the
block of computation Zernike, pseudo-Zernike moments and then on the classifier. The classification was
realized by three-layer neural network with full connections. To increase training speed, the fast training
algorithm Fletcher-Reeves constructed by complex - conjugated method [2] is used.

The results of experiment are shown that with increase of noise level the probability of correct
recognition decreases. The training by expanded samples, in which have noise and noiseless images with
various noise level, considerably allows to increase the probability of correct recognition and the ability to
work in noise conditions. When neural network recognition carried out by Zernike and pseudo-Zernike
moments, training time reduce 8-15 times, percentage of correct recognition reduce insignificantly. In
addition, the structure of the classifier considerably becomes simpler. However, the recognition time
(including the preliminary processing of the image, calculation of moments and recognition time) increases.
The experiment also shows that: with the increment of sampling interval of aspect angle of training images
training time and percentage of correct recognition decrease. With the direct image classification, sampling
interval of aspect angle remarkably influence to percentage of correct recognition. With classification by
moments, its influence isn’t unremarkable on the contrary.

When the number of hidden layer nodes is more 50 (when the recognition by direct images) or 5
(when recognition by moments), change of number of hidden layer nodes influences insignificantly training
time and does not influence percentage of correct recognition.
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