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<BECTHUK KOMITBROTEPHbBIX N MHO®POPMALMOHHDBIX

TEXHOJIOI W >
BT vl B XypHane ocCBewarwTCs COBPEMEHHble TeHAEHUUU pPa3BUTUS
:‘:“.:,:,:m:::.:f KOMMbIOTEPHbLIX U MHAOOPMALNOHHbBIX TEXHONOMMN: MHPOPMALMOHHO-
Yexwonorwit | YMNpPaBAAloLINE KOMMIEKChbl MOABUXHbLIX OOBEKTOB, KOMMbIOTEPHOE

3peHue. BupTyanbHasd peanbHOCTb, KOMMblOTEpHasas rpadpuka wu

ﬁ FEOMETpUYEecKoe MoaennpoBaHue, reomHdopMaTUKa, TEXHOMOMMNN

= ANCTAHLUMOHHOIO 30HAMPOBAHUA W MOHUTOPWUHI, aBTOMaTU3aLU4d

4 i MPOEKTUPOBaHUA, KOHCTPYMPOBAHMS N TEXHOIOrM4Yeckon NoAroToBKU

'.";J" NPOU3BOACTBaA, WHMOPMaUMOHHAS noAdepXKa >XWU3HEHHOro uuknia
BECTION. TEXHUYECKUX CUCTEM, UHTENNIeKTyasibHble CUCTEM, pacnpefefieHHble
v BbIUMCTUTENIbHbIE U MHPOPMALMOHHO-YNpPaBAsSoLWmMe  CUCTEMBI,

- y CeTeBble TEXHOJ/I0rM, UHMOPMALMOHHbIE TEXHOJIOrMN B COLMASIbHO-

- E e | DKOHOMMYECKMX cuctemax wu obpasoBaHuu, WHGPOPMALMOHHAS
; .\:m{; 6e3onacHOCTb, NporpaMMHoOe M annapaTtHoe obecnevyeHue NpPoLECCOB
) MW CUCTEM, WHPOPMALMOHHbLIE TexHonormm B  6e30nacHOCTU
e 0 XKN3HEAEeATENbHOCTY.
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http://www.vkit.ru/index.php/archive-rus/905-032-038

Caxkynuu C. A., AndpbmmMues A. H., NokTes []. A., KoBanenko A. D.,_ﬂesnnmﬂ B.VB. 3

SALNTA M30BEPAXXEHMA YENOBEKA OT PACNO3HABAHMA HEMPOCETEBOW CUCTEMOW HA OCHOBE
COCTA3ATENBHBLIX NMPUMEPOB

(c. 32-38)

AHHOTaUMA. peanoeH MeTod KOHCTPYWPOBaHWMA HaHOCHMOTO Ha Ofexay kamydnaxa cneyransHo nogotpanHore THNa, KOTopLIA
3alMLLAET YENOBEeKa KaK 0T pacno3HaBaHMA YenoBeKoM-HabnwoaaTenem, Tak u oT rmyDoKoR HERPOCETEBON CMCTEMEl PAcNo3HaBaHKuA.
Takoi TUN Kamypnaxa cKOHCTPYWPOBaH HA OCHOBE COCTA3ATENbHLIX NPUMEPOB, KOTOPLIE TEHEDUPYHOITCA C NOMOLLLHY TMYDOKOH HEAPOCETH.
[aHo onUcaHWe 3KCNepUMEHTOE No 33WKMTe YeNoBeKa oT pacno3Hasadna cucTemamu Faster-RCNN (Regional Convolution Neural
Networks) Inception W2 1 Faster-RCNN ResMNet101. PeayneraTtel nokazany BeICOKYH 30 EKTUBHOCTE NPeANoKeHHoro MeToaa B
BMpPTYansHOM MWUpE, KO3 MMEETCH A0CTYN K KEB#O0oMy NMKCENY NOAaBaEMOro Ha BX0o[ cUcTeMbl M3obpakeHua. B peansHom mupe
PEsyNLTATEl MeHee BHYLUMTENEHBIE, YTO MOXeT DbiTe 00bACHEHO MCKEKEHMAMKM LUBETCE NPK NEY3TH Ha TKaHKW, a TAKHe HeJoCcTaTo4HbIM
NPOCTPaHCTEEHHBIM pPa3pelueHen TaKon neqaru.

Knrw4yebeble cnosa: pacnosHaBaHWe YenoBeka; F.I'I')l'EDKDE': 05‘_',1"-IEHI-IE; COCTASaTENRBHBIE NPHUMEPREL, rn'_-,rﬁor{ue HEI:-"IpGCETM. I

Sakulin 5. A, Alfimtsev A. N., Loktev D. A., Kovalenko A. O, Devyatkov V. V.

USAGE OF ADVERSARIAL EKAMPLES TO F‘ROTECTA HUMAN IMAGE FROM BEING DETECTED BY RECOGNITION
SYSTEMS BASED ON DEEP NEURAL NETWORKS

(pp. 32-38)

Abstract. Recently, human recognition systems based on deep machine learning, in particular, on the basis of deep neural networks, have
become widespread. In this regard, research has become relevant in the field of protection against recognition by such systems. In this
article a method of designing a specially selected type of camouflage applied to clothing, which will protect a person both from recognition
by a human ocbserver and from a deep neural network recognition system is proposed. This type of camouflage is constructed on the basis g
of competitive examples that are generated by a deep neural network. The article describes experiments on human protection from
recognition by Faster-RCNN (Regional Convolution Neural Networks) Inception V2 and Faster-RCHN ResNet101 systems. However, the
implementation of camouflage is considered on a macro level, which assesses the combination of the camouflage and background, and the
micro level which analyzes the relationship between the properties of individual regions of the camouflage properties of the adjacent
regions, with constraints on their continuity, smoothness, closure, asymmetry. The dependence of camouflage characteristics on the
conditions of observation of the object and the environment is also considered: the transparency of the atmosphere, the intensity of pixels of
the sky horizon and the background, the level of contrast of the background and the camouflaged object, the distance to the object. As an
example of a possible attack, a "black box" attack, which involves preliminary testing of generated adversarial examples on a target
recognition system without knowledge of the internal structure of this system, is considered. Results of these experiments showed the high
efficiency of the proposed method in the virtual world, when there is access to each pixel of the image supplied to the input systems. In the
real world, results are less impressive, which can be explained by the distortion of colors when printing on the fabric, as well as the lack of
spatial resolution of this print
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XypHan npeaHa3sHayeH Ans Beaywux CrneuuannuctoB  HayyHo-
NCCNEenoBaTENBLCKUX U  OMbITHO-KOHCTPYKTOPCKUX  OpraHusauumn
W NpeanpusaTui  OoTpacner MNPOMbIWNEHHOCTN,  BbIMNYCKaOLWMX
NpoAYyKLUUIO n NpeaoCcTaBAAOLWNX ycnyrum B obnacTtu
TENIEKOMMYHUKALUWM, 3allnTbl, KOAUPOBAHUS, XpPaHEHUs, nepenayu
n obpabotkn wuHDOpMaLMM, CUCTEM YrNpasB/eHUs, BCTPauBaeMbIX
WHMOPMALIMOHHO-YNPaBASOLWNX CUCTEM pPa3/IMYHOIO0 Ha3HaAYEHUN.
Takke XypHan MoOXeT OblTb nofe3eH HayyHbIM COTpyAHUKaM,
AOKTOpaHTaM, acnupaHTaM W  CTydeHTaMm  MHAOPMaLMOHHbIX
W BbIYUCUTENBHBIX cCrneunanbHoCTen BYy30B. XypHan BXOAUT B
NMepeueHb BAK, B SCOPUS, Russian Science Citation Index
(RSCI) Ha nnaTtdopMe Web of Science.
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YK 621.396.969° HayuHble cTaTby
doi:10.31799/1684-8853-2020-2-37-45 Articles

MeTop noBbilUeHUs pa3peLuaiolen cnocobHOCTU U TOYHOCTH
PafVONIOKALMOHHbIX YITIOBbIX U3MEepeHU! Ha OCHOBEe
nocnefoBaTesNibHOM NPOCTPaAHCTBEHHO-BpeMeHHOU 00paboTku
NPUHUMAEMbIX CUIFHaNOB

A. . AnéwkmnH®, JOKTOp TexH. Hayk, npodheccop, orcid.org/0000-0002-0532-1378, a_aleshkin@mail.ru

B. B. BnagummnpoB?, Hay4Hbii cOTPpyAHUK, orcid.org/0000-0003-2984-9692

B. U. HeB30poB?3, KaHf. TeXH. HAyK, aoueHT, orcid.org/0000-0002-7676-1530

1. B. CaBoyKMH®, KaHA. TexH. HayK, goyeHrT, orcid.org/0000-0003-1766-501X

aBoeHHO-KOCMMYecKas akagemms um. A. @. Moxaiickoro, XgaHosckas Hab., 13, CaukT-INerepbypr, 197198, P®

BBegeHue: B03pacTaHne TDEDOBaHMM K TOUYHOCTHLIM XapaKTepuCTHKaM ONpEegenceHnss MecTonooxeHns oObexToB ¢ no-
MOLLLIO PaAHONOKALMOHHLIX CTAHLMH C YHETOM MUHHMMIALUHN MX KOHCTPYKTHEHbBIX H3MEHEHHA NPHBOAUT K HEoBXOauMOCTH
MPHMEHEHATE CNeYManbHbIe MaTeMaTHYECKKE anropuTMel UbpoBon obpaboTku curHanos. NpumMeHeHne Takmux anropuTMoB
11038019€T 06eCneynTs YBETMYeHNEe Paspeluaioles cnocobHOCTH paguosioKayHOHHOR CTaHUMK, T. €. CBepxpaspelueHne, npe-
BOCXOgALYee peneesckoe, 683 KOHCTPYKTHBHOIND H3MEHEHHSA GHTEHHbIX CUCTEM. CylecTsyroLMe anropuTMel CBEDXPA3PeLLIeHHUs
TPebyIOT BONBILLUNX BoIYMCAUTENBHBIX 3aTPaT WU ANUTENbHOIO BPEMEHH HaKoMIeHus curkana. Ljens: nonyyexune ceepxpaspelie-
HMA MO YINOBbIM KOOPANHATAM NIMHERHON GHTEHHON PELUeTKM 33 CYET CHHTE3HMPOBaHMA UNPOBLIMM METOZaMM MPOLOABHOM
MIOCKOW anepTypb! B peansHoM maciutabe Bpemenn. Metogei: chopMuposaHne aMnauTygHo-ghasoBoro pacnpegeneqms Ha
SNEMEHTaX NUHEHHON PELIETKH MACcCHBa aHHbIX, M3 OCHOBE KOTOPOIro MPOM3BOANTCSA CHHTE3 NPOLOMBHON NIIOCKOM anepTypsl
3a CYeT anropuTMos UHpOBOro MO4ENMDOBEHKA NPOLECCOB «BHPTYANbHOIo NEPEH3NYYEeHHS» MDUHATBIX CHrHanos. Pesynsb-
Tarbi: Ha OCHOBE NPELNOXEHHOr0 METO[a CHHTE3MPOBAHMA aNePTYPbl IMHENHON aHTEHHOH PeLeTKHM B MPOJOoNBHON MIOCKO-
cTH pa3paboTaH anropMTM, NO3BOAIOLMIA NPOUSBECTH OLEHKY YBEIHYEHUS YTIOBOW Paspelualoues criocobHOCTH TMHERHOH
SHTEHHOM PeLETKH. BoiMONHeHO KOMNBIOTEPHOE MOQENHPOBAHNE MONYYEHHOH PELETKH M MOCTPOeHa ee AWarpaMmMa Hanpas-
nesHocTH. MpoaHanu3upoBaHbl 3aBUCHMOCTH YINIOBOIo PaspeLuenns OT HanpaBneHnsa (ha3npoBaHnsa M OT MHTEPBasna CHHTe3u-
POBaHMA NPH NPHUMEHEeHUK [aHHOM0 MeTo4a. KonMUuecTBeHHEIE OLEHKH NPOBEREHLI MYTEeM CPaBHeHUs NOoSyYeHHOro yrnosoro
paspewennsa C NOTEHUHaTBHO BOSMOXHbLIM, ONpegeneHHbiM Mo KpuTepuio Penes. Paspewaiowas crnocobHOCTs No YriosbiM
KOOPAMHATaM MPH KCRONB3OBaHMKM 4aHHON0 METOL4a yBennynBaeTca 8 1,5 pasa. Takum o0pasoM, MPeioXeHHbln MeTo  no-
3B0/INET MOBLICHTE YITIOBYIO DaspEeLIAIoWYIO CNOCOOHOCTE PafNOIOKaLMOHHON CTaHyMK Bes CyLecTBeHHbIX KOHCTPYKTHBHBIX
MIMEHEHMIH HTEHHON DELUETKH C HCMOML308aHHEM HETPYAOEMKUX 2NropuTMoB. MpaKTHYECKan 3HAYHMOCTD: IDUMEHERNE AaH-

HAYIHAR 3nETROMIAA | HOFO METOAA B PaAHONOKSUMOHHLIX CTaHUHAX, paboTaiolnxX 8 KOPOTKOBONHOBOM QHANAasOHE, TAE YBENHYEHHE PASMEPOB aH-
LIBRARY.RU | TEHHOI peLIeTKH ABNAETCA [OCTATOYHO TPYROCMKOH 334a4eH, NO3BOIUT NOBLICHTE TOYHOCTE PaAHONOKALMOHHbIX H3MEDEHMHA.




<VMHOPOPMALWMOHHBIE TEXHOJIOT WU »

HHOOPMALIMOKHET: . EXXEMECAYHbIA  TEOPETUYECKUIA U MPUKNAAHOM  HAY4HO-
EXHOTOMY e & rexHpuecknii KypHan usgaeTtca ¢ Hosbpa 1995 r. u sasnsertcs
OAHUM W3 OCHOBHbIX OTEYECTBEHHbIX MNEPUOANYECKMX HAY4YHO-
TEXHUYECKMX U3aaHnIN B 06nactn MHPOPMALMOHHBLIX TEXHONOIUN,
aBTOMAaTU3NPOBaHHbIX CUCTEM U WUCMONIb30BaHUA MHMOPMATUKN B
Pa3/INYHbIX NPUNOXEHUSAX.

B >XypHane OCBEeLlalTCs COCTOSSHME W TEHAEHUMM pa3BUTUS
OCHOBHbIX HanpaefeHun B obnactn paspaboTkn, co3gaHus W
NPaKTUYECKOro0 MCMOJIb30BaHNA COBPEMEHHbIX MHMOPMaLMOHHbIX

W'~ TEXHONOruii B TEXHUKE, SKOHOMUKE, MEAMLIMHE U 06Pa30oBaHuM.
/ o '/‘ \_/‘ \ . MAYMNO TEANHNMMECENN N HAYYIHO NIPONINO LCTRENNLIN D rPasa
Y & NHOOPMANHOHHBIE TEXHOAOTHN
:’)‘“—‘H’ S aPs | ‘ [l l '
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http://novtex.ru/IT/it2020/number_05_annot.html#4

YK 004.4'24:681.51
DOI: 10.17587/it.26.274-282

T. M. BonocaTtoBa, KaHa. TexH. Hayk, gou., tamaravol@gmail.com, MITY uM. H. 3. BaymaHa, r. Mockea, A. B.
Ko3oB, nHxeHep, alexey.kozov@gmail.com, A. A. TAYKOB, KaHA. TEXH. HAYK, Hay. 0TAena "ABTOMATU3UPOBAHHbIE
TpaHcnopTHele cuctemsl”, tachkov@bmstu.ru, HYL "PoboToTexHunka", MITY uM. H. 3. Baymana, r. Mocksa

Cucrema rPynnoeoro ynpasineHna MobunbHBIMK pDﬁDTEHH C NO3ULMHA dBETOMaTU3UPOBAHHOIO ';’ ;‘_,

NPoeKTUPOBaHUA fs y 0

NcecnenoBaHbl 0COBEHHOCTU NPOLECCa NPOEKTUPOBAHNSA CUCTEMbl YNPEBAEGHWUSA rPyNnoi MoBUbHBIX
POBOTOTEXHUYECKNX KOMMNEKCOB, AENCTBYOWMX B HEAETEPMUHUPOBAHHOW U3MeHAKLENCA cpeae. PaccMoTpeH
NpUMEp UCNONb30BaHUA rpynnbl poBOTOR ANA TywWeHWA noxapa Ha obbekTe HedTerasosoro KoMnaekca. MpoeeaeH
aHanu3 CBOMCTB CUCTeMbl FTPYNNOBOro YNpPaBNeHUs, NOKasaHo, YTo NogobHyK cHcTeMy HeobXxoAMMO paccMaTpuBaTh
KaK AMHaMUYeCKM PEKOHQUIYPUPYEMYHK MepapXMYECcKyo AUCKPETHO-COBBITUIIHYK CUCTEMY, pacnpeleneHHY B
npocTpaHcTee. OTMeYeHHble CBOICTBA PACCMOTPEHbI C TOUKM 3peHUsA 3a4auu NPOeKTUPOBAHWUS U peanu3aumm
CMCTEMBI FPYNMNOBOro YNpaBneHus. YkasaHbl 0cOBeHHOCTH CUCTEMbI FPYNNOBOrO YNPABNEHWA Kak 06bekTa
NPOEKTUPOBAHWA, OTMEYEHa BO3MOXHOCTb BEPTUKANBHON M FOPU30HTaNBHOI AEKOMNO3MLWK 33434
NPOEKTUPOBAHWNA, NPeACTaBNEHbl METOAbl CMHTE3a W CYLLECTBYIOWME NPOrpaMMHble MHCTPYMeHTbI. MpoBeAeHHbIN
aHanu3 BbifBMN He06X0AWMOCTb aBTOMATU3aLMKM NPOLECCa NPOSKTUPOBAHWA NPOrpaMMHO-anropUTMUYECKOro
obecneyeHns CUCTeM rpynnoBoOro ynpaeneHna. OnucaHbl NPoeKTHbIe NPoLeaypbl CMHTE3a U BO3MOXHOCTM WX
YNPOLLEHMA C NOMOLLBK TAaKUX METOAOB NPOrpaMMHON MHXEHepHUU, Kak hopManbHas BepudUKaLmnsa NporpaMMHOro
obecneyeHns U NpeaMeTHO-OpUeHTUPOBaHHbIE A3blKM. CHOPMYAMPOBaHLI 334a4M CNeLnann3MpoBaHHoW CUCTeMbI
3BTOMaTH3MPOBAHHOMO NPOEKTUPOBAHMA NPOrpaMMHO-aNrOPUTMUYECKOro oBecneyYeHns CUCTeMbl MPYMNMNOBOrO
ynpasneHus MobunbHbIMW poBOTOTEXHUYECKUMI KOMMNAEKCAMW, YKa3aHbl HanpaBneHns paseBuTUA AaHHOK paboTsl.
KntoueBble CNoBa: cucTeMa YNpaeneHusa, rpynnoBoe ynpaeneHue, pacnpeseneHHan cucTeMa, AMCKpeTHo-
cobbITUIHasA cucTeMa, AMHAMUYECKan peKoHbUrypaunsa, NporpaMMHo-anropuTMnyeckoe obecneyenne, MoBUMbHbIN
poboT, aBTOMATM3aUNA NPOEKTUPOBAHMUA
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<UVHOOPMALMNOHHBIE TEXHOJIOT U
MOOEJINPOBAHWA U YITPABJIEHWUA »

Llenb MeXXAyHapoAHOro Hay4HO-TEXHMYECKOro >XYypHana - obMeH
T S — OMbITOM BeAyWwWUX crneunannuctoB B obiacth  nNpUMeHeHUs

RO MHMOOPMALIMOHHBIX TEXHOSIOMMN B Pas3/fiMdHbIX 061acTax HayKwm,
HYTIPARTENIS TEXHUKM n obpa3zoBaHus. OCHOBHblE HanpaB/ieHUs:
TE/IEKOMMYHMKaunMn B 06pasoBaHuUM, aHanM3 U CUHTE3 C/IOXHbIX
CUCTEM, MOAENNPOBAHUE CNIOXHbLIX CUCTEM U TEXHOJIOrMYEeCKnXx
A MpoLLeccos, MHPOPMALIMOHHbIE  TEXHOJIOMNN B 3KOHOMMKE,
TeJIEKOMMYHUKALNOHHbIE CUCTEMbI 7 MPUIOXeHns,

MHpopMaTU3auns B ropucnpyaeHumnn, MH(MOPMALIMOHHbIE
TEXHOMOrMNU B MeguLMHEe, aBTOMaAaTUYeCKOe M aBTOMaTU3UPOBAHHOE
NPOEKTUPOBAHNE  3SHEPreTuyecKmx, 3JIeEKTPOMEXAHUYECKUX U

TEXHOJZIOTMYECKNX CNCTEM.

KOMIBIOTEPHAR TEXHOTOUHA « MOTETHPOBAHNE
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«OTKPbITbIE CUCTEMBbI. CYB/ >

&l OCHOBHasa TemMaTtuka XypHana - UHPOPMALMOHHbIE TEXHOMIOMNN, B
YaCTHOCTH, BblAeNEeHbI cnepywwmne TEeMbI: NOCTpOEHMe
FreTeporeHHbIX MHMOPMALMOHHbIX CUCTEM, apxXuTeKkTypa
AporpaMMHoro obecnedyeHnss, MMKpPOMNpPOLLECCOpPbl, OnepaunoHHbIE
CUCTEMbI, XpaHUNMLa AaHHbIX, BeO-TexHOMOrnmn, ynpasneHme UT-
ycniyramu, obnayHble BblUMCNEeHUq, MH(OPMALMOHHAas
6e30nacHOCTb, MHXeHepus nporpaMMHoro obecnedeHus. XypHan
BXoAnUT B CnNMCOK Hay4dHbIX XypHanoB BAK MuHob6pHayku Poccum ¢
2010 roaa.
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Koa Pazpen pybpwaropa IPHTH
50.00.00 Aeromamika, BeHMCIMTENEHSR TEXHIKS
50,4121 Cwcremsl ynpaanekms Bazami gasmex (CYE[)

HypHan «Orkpemeie Cucremsl, CYBIY

Tupax: 10.000 axzeunnapoe
Bazoesiit ofwent: 36 nonoc
Mepitoanur<ocTs: 4 HoMepa s rag
®opwmar; 202 x 257

Noanucksie Haskce: 72773 OSvaaiHensen katanor «Mpacca Pocants AMNP; 93482 - «Movra
Pocomn» MATN; 56849 - Karanor. M3nasia opraHoe Hay=HO-TEXHHHECKoit wadopmatm, Wrpiskoa:
9771028745004,

JypHan 23pErvcTPHPOEEH B MUHICTERCTES PO No AEnaM NEYETH, TENEPSAMOSSLUAHIA | CPEACTS
Maccoebix KoMMyHIKawt 03.07,2015, Canaeranectso M NS ©C77-62328

JKypHan uza3eTcs ¢ 1993 roaa 1 CErOAKA AENRETCR OHUM 2 C3MBIX 3ETOPUTETHEX & Poccim

nep KA MZA3HI, NOC (X NOCTPOBKHIO TETEPONERHLX HHPOPMBLNOHHSIX CHETEM
KOPNOPATHEKOND YPOBHR; SPXMTEKTYPEM COBPEMEHHEX KOMMSHOTERHBI CHCTEM W MUKPONPOUECCOPOS;
onapaunorHEs ccTenay; CYBL » xpaknmwan iHdopMali, 3 Takke Web-Taxsanoniem. Bonbuwos
EHIMEHINE Ha CTPAHILEX JKYDHANE YASNAETCH CCBELIEHING NPAKTHHECKOrD ONeITa pazpadorkn it
BHEADEHIMA KOKKPETHIX PELUEHI Ha MPOMEILLNEHHEN NDSANDUATHAY, B K3Y4HbIX M FOCYAZDCTBRHKEX
YHPEXASHIRX, K3 TPEHINOPTE, B MEAMUMHE 1 & y 3
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OTKpbiThie,

https://www.osp.ru/os/2020/02/13055463/

Kak 6opoTtbca ¢ penkamu B CeTu

DeikoBsle OHNaNH-
nybnukauyy — HacylwHaa
npcbnema obiecTea. B 4em
NpULMHa BEPb! B DaNLLLUNBKN
11 KaK C MOMOLL:0
MaLLMHHOTO 0ByHeHNa 1
CEMEHTUYECKIX TEXRoNOrNA
BopoTLCA ¢
DACMPOCTREHERKENM
Le3nHbopMaLmnn B
WrTeprete?

AT AC
(8]

5.2020 | KorctantuHoc Jemectuxac, KoHCTaHTHHa Penynay, Earexuna Agamvonyn

eywords

c) BeaonacHocTb | Safety | sesundopmauus | Disinformation |
MalumHHoe oyyenue | Machine learning | deiik | fake

(eitkoBble HOBOCTHM HAHOCAT YL ep6 NPeAnpUATUAM — NOJA NPULIENOM
KaMnaHuil no ae3uHdopMaLIMK MOryT 0Ka3aTbCa NHo6blie OTPachM.
CoBpeMeHHble TEXHONOrUM KnaccuukaLmmu TeKCTOB, OCHOBaHHbIE Ha
MaLLMHHOM 06Y4YeHNM, NO3BONSAIOT YCKOPUTL U YaCTUYHO
aBTOMaTM3MPOBaTh NPOLIECC OTCEBA (EKOB.




EMPOKOMIMBHOTEPKI: PASPABOTKA, MPUMEHEHMWE »

MeXxxayHapoAHbIN HAaYYHO-TEXHUYECKMIN XYPHaN, NOCBSLWEHHbIN
aKTyanbHbIM BOMNpocam pa3paboTku n NpUMEHEHUS
UHTEeNNeKTYanbHbIX MHMOPMALUOHHBIX CUCTEM U TEXHOIOIMMN,
NPUNOXKEHNSAM TEOPUN UCKYCCTBEHHbIX HEMPOHHbIX CceTen u
HEMPOKOMMNbIOTUHIA, HEWPOHAyKe W WHTENNIEKTY B LENOM.
BkntoyeH B [lepeyeHb BAK, Bbixoant ¢ 1999 r.

PAAVOTEXHMUKA
Yro Takoe HenpokoMnbiloTep?

-
| —
Hewp O Mo Tt - "o g

COUTORT wa CONMUre YHCAS NaPIA AR
PAOOTMOUMY TPOCTME  BRIROANTEAN. —— - -

e Inevenra CENMSIM
| Hevposomnsiotep  —  yOTPORCTNG  NepepadoTkM wemly COBON. CEQAIYE MERDOMYIC CoTh b e
MMDOPN MM MA 0OMONE  NPMMMNOE  palorm SnaAvaor 00058 N =
SCTECTRSISMIX HEAPOMHEIX CHETOM, JTH NPWHLIANM accocupimanccdlomenggy Sallontd oo ead
Gainvt POPMANVIOEAIN . NTO NOMMONKMAD rOBOPMTE O NP ANASARHO Pob 0T SELBAE Bl 1HCAMT NS b K
TOOPMM  MCKYCCTHOMMBX  HAADOMMMX  CHTON 1 - .
MNPoSnemaTice X HERPOKOMIIHIOT SPOR J0K NICHASTOR
B NOCTPOSMMM DERMbMMX MBMMECKAX yeTPOMCTE,
NTO  NOMOANT M8 NPOCTO  MOASAMPOS AT
MOKYCCTHOIMBIE  HORDOMMMIS®  COTH  Ha OB MO
KOMIMWIOTOPS, MO THK MIMMMTE NPMMUNW pator
KOMMBIOTEDA, NTO CTAMET BOMMONMMIM (OS0PHTL \ :
TOM, V1O OMM PASOTIIOT B COOTRATOTEMM C YOOP . > > ?
MOKYCOTHEHMLIX HERDOMMLI X CoTen, ) o
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CraTbhA B HOMEpe:

MeToouka onpeaeneHua BbicoTbl Noneta bJ1A gna
Koppekuuu becnnatdpopMeHHOW UHEepUHWaANbHOM

HaBMIaUMOHHOW CUCTEMbI C MCNOJIb30BaHNEM
MHTEeNNeKTyaNnbHOW CUCTEMbI FeonpoCTPaHCTBEHHOMN
MHdopmMaumm

DOI 10.18127/j199985534-202001-02

B.M. NoHY3pOB — 3BHOHKT,

Boernan akagemun PBCH um. Metpa Bemnkoro (Mocksa)
E-mail: viadimir-goncharov.1986@mail.ru

B.10. flynanuyx — K.T.H., NpenggasaTens,

Boerdan axkagemus PBCH uM. Metpa Bemnkoro (Mocksa)
E-mail: raketofflu@mail.ru

MocTaHoeka NpobneMel. ABTOHOMHDE NO3WLMOHMPOBaHWE OECNMNOTHOND NETATENLHOND annaparta
(BNA) ¢ orpaHUUeHHLIMK MaccorabapMTHLIMKM NOK32aTENAMK B NPOCTPaHCTEE TpelyaT npoBeqeHUA
koppekuvu becnnatthopMeHHOW WHEPLWaNbHOH HaBUraUMOHHOM crcTemMbl (BMHC). KoppekuwoHHbie
NonpaBKy ONPEAENAKTCA METO0M BU3YanbHOH HABMIALMK Mo 0Co0LIM TOYKaM NOACTMNAILEH
noeepxHocTH. [ns atheTMBHOrO NPMMEHEHWA METOAE BM3YankHOW HAaBMIaLMK HeoDXoauMo,
ytobbl BMA OCYWEeCTBNAN NONET Ha AOCTATOYHOW BLICOTE, MO3BONSIOWER MABHTWDHUMPOBATL
Tpebyemoe uncno 0cobbiX TOYEK.

Llenb. OnpeaeniTs C NOMOLLLH METOAMKK AOCTaTOUHYK) BLICOTY NONETa NeTaTensHoro annapara
{NA) ana koppekumK becnnatdopMeHHOW WHEPUMANEHOW HABMIALMOHHON CUCTEME! B YCNOBUAX
OTCYTCTEWA CMYTHWUKOBLIX CUTHANOE C NPUMEHEHWEM MHTENNEKTYaNLHOW CUCTEMLI
recnpocTpaHCTBeHHOW WHbopMaLmKn (WCTA).

PezynuTatel. NpegcTaeneda METOAMKE, NOZBONAKWAA PACCUMTATE AOCTATOUHYH BLICOTY NONETa
BMNA Haf obnacTbi KOPPEKLWMK NYyTEM NPUMEHEHWA aNMOpMTMOB: OpMMpoBaHMA obnacrei
Koppekumn MCIMY, pacueta TpaekTopuk BI1A K TOUKe CTapTa, pacyeTa BeICOTH noneta BIA,
KoppekuvMy BUHC. 2HaynMoCTe MCCneaoBaHWi obycnoeneda opHMMpoBaHKEM KO3DDHUMEHTOR,
¥2DAKTEPHIYHOLLMY PA3PEXEHHOCTE AECKPUNTOPOE NOACTMNAILEA NOBEIXHOCTA W JONKD
3TANOHHOMD W30DpaXeHkA B TekylleM M300paXeHd, NO3BONAWMWY ONPEASNMTL KOPPEKLIWOHHLIE
NoNpaBKW HaBUIALWOHHOW cucTeMel BIA.

MpaKTWUeCKan 3HaUMMOCTL. MpUMEHEHWE METOAMKK ONPEENEHWA JOCTATOUHOR BLICOTEI NONETa
NO3BOMSET ABTOHOMHD NO3MUMOHWPOBaTL BMA B NPOCTPaHCTEE © COXPaHEHWEM MPUeMNeMoi
TOYHOCTHM ONpPEeAEneHWA KOOPAWHAT MECTONONOXEHMA, YUNTLIEETE MHCTPYMEHTANEHEIE
norpewHocti BUHC W XapakTepucTHiW ONMTHKO-3NeKTPOHHOW CUCTEMbI ANA COKPALEHWA
PECYPCOEMKMY BEIUMCNEHMH NPWA NOCTOAHHOM MOHWTODWHIE NOACTMNAKLUIEA NOBEPXHOCTH M
WASHTUDMKALMK 0CoDLIX TOURK.

http://www.radiotec.ru/article/24450

Article:

The method of determining the flight altitude unmanned
aerial vehicle for the correction of strapdown inertial

navigation systems using intelligent systems geospatial
information

DOI 10.18127/j19958554-202001-02

Keywords:

V.M. Goncharov - Post-graduate Student,

Military Academy of Strategic Missile Forces named after Peter the Great, Moscow
E-mail: viadimir-goncharov. 1086@mail.ru

V.Yu. Lupanchuk - Ph.D. (Eng.), Lecturer,

Military Academy of Strategic Missile Forces named after Peter the Great, Moscow
E-mail: raketofflu@mail.ru

Autonomous positioning of an unmanned aenal vehicle (UAV) with limited weight and size
parameters in space requires correction of the strapdown inertial navigation system (SINS).
Corrective corrections are determined by the method of visual navigation on special points of the
underlying surface. For effective application of the method of visual navigation, it is necessary for
the UAV to fly at a sufficient height to identify the required number of special points.

Determination of sufficient altitude of the aircraft to correct strapdown inertial navigation system
in the absence of satellite signals using intelligent geospatial information system (ISGI).

The article presents a technique that allows to calculate a sufficient height of the UAV flight over
the correction area by applying algorithms: formation of correction areas by an intelligent
geospatial information system, calculation of the UAV trajectory to the start point, calculation of
the UAV flight altitude, correction of sins. The significance of the research is due to the formation
of coefficients characterizing the sparsity of the underlying surface descriptors and the share of
the reference image in the current one, which allow determining the comrection corrections of the
UAV navigation system.

The application of the methodology for determining a sufficient altitude, it allows Autonomous
position of the UAV in space preserving acceptable accuracy of determining location coordinates,
to reduce resource-intensive computations on continuous monitoring of the underlying surface
and identify specific points to take into account the instrumental errors, the sins and
characteristics of optoelectronic systems.
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«MPOrPAMMHASA MHXXEHEPUA »

“'”"“‘""“"*-"-—n---u TeopeTnyeckuin M nNpuKNagaHOM HAYYHO-TEXHUYECKUN XKYPHas
unl,ﬂaMMHﬂﬂ OCBELlaeT COCTOsiHMEe U TeHAeHUMW pas3BUTUS OCHOBHbIX
CHepua HanpaBaeHNN MHAOYCTPUKn nporpaMMHoro  obecneudeHud,
Mk () ) g BA3aHHbIX C NPOEKTUPOBAHMNEM, KOHCTPYUPOBAHUEM,
' apXuUTeKkTypoun, obecrnevyeHmeM KadecTtBa M COMPOBOXAEHUEM
XXMU3HEHHOIo0 UMKNa nporpaMMHOro obecrneyeHusl, a Takxe
paccMaTpuBalTCa AOCTMXeHuss B o06nactm  co3gaHus wn
SKCrlyatauunm npuKIagHblX MNporpamMMHO-MHAPOPMaLMOHHbIX
CUCTEM BO BCeX 06nacTax yenoBeyeckom aessTeNnbHOCTW.
7]
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http://novtex.ru/prin/rus/10.17587/prin.11.14-20.html

COBpeMBHHHE CPEACTBA IMapaJIJIEJIbHOTO ITPOTrPaMMHUPOBAHHUA B MOAE/TA
pacnpeneﬂeﬂﬁoﬁ IIaMATH

M. b. Ky3abMHHCKNI, KaHJ. XUM. HayK, CT. Hay4. coTp., kus@free.net, MTHCTUTYT opraHUecKo XHMHH
uM. H. Jl. 3enurckoro PAH, Mocksa, A. M. UepHenoB, KaH/I. TeXH. HayK, Hay4d. COTD., an@ccas.ru,
BeruncanTenbHBIN eHTP UM. A. A. [lopoaaunsina @UL] 1Y PAH, Mocksa, 11011,
chernetsovam@mpei.ru, HammoHasabHEBIN HeeleloBaTeIbeKUE YHIBepeuTeT MO, MockBa

Jlax 0630p peanusanuii MPI-cpencTs pacnapasienBaHus, OpUeHTHPOBAHHBII B IEPBYIO Ouepe/ib Ha
06s1aCTh BEICOKOTIPON3BOANTENbHBIX BeIUKNCIeHUH. /1714 cpencts MPI npuBenen aHaaus
IPOU3BOANUTEIBHOCTH, KOTOPOH yaeTcss HoOHUThCA Ha OCHOBHBEIX peanusanusax MPI u nmpu
HCTI0/Ib30BAHUH COBPEMEeHHBIX MeKCcOeIMHEeHNUH ¢ yaaJeHHBIM MPAMBIM JOCTYTIOM K mamMsaTd RDMA
(Intel Omni-Path, Infiniband EDR). Boskinoe BHEMaHKe B 0030pe yesleHo oJHOCTOpOoHHHM RMA-
KOMMYHHKAIIUAM, CIIOCOOCTBYIOMINM HOBBINMIEHHIO TIPOH3BOAUTEIBHOCTH U MOAAeP/KKe IePCIeKTHBHBIX
PGAS-Mozesneli pacnapajieTHBaHUA. A paclpocTpaHeHHbIe TecThl Iponu3BoauTebHOCTH SPEC MPI
2007, ucnoabaywoiiie MPI-npiioxkeHNsa, 3aBUCAT OT OOJIBIIOrO YHc/Ia TapaMeTPOB alllapaTHBIX U
IPOTrPaMMHBIX CPeJICTB, ABJIAIOTCA MeHee aKTyaJlbHBIMH /IS 00/1aCTH BEICOKOTIPOH3BOAUTEIbHBIX
BBIUHC/IEHUI U B HaCTOAIIeH paboTe He aHATU3UPYIOTCA.




«CUCTEMHbIN AADMUHUCTPATOP »

XypHan «CUCTeMHbI agMWUHUCTpPATOP» — WU3AaHWEe, ueflb KOTOpOoro -
npeaocTaBNeHne MakCUMasibHO MOJIHOM U 06BbEKTUBHOW MHGOpMaUMM O
PELeHNsaX, MnpoAyKTaX W TEexXHoNormsax coBpemMeHHon WT-oTpacnu.
[naBHasa 3ajaya msgaHums — nonynspusaums nydwmx paspabotok UT-
CRELMNaNINCTOB pa3HbiX CTpaH. XXypHan ABNseTca HacTosbHbIM Nocobuem
ana UT-otaena, oTteBevawuwero 3a pas3sButne n pyHKUnMoHnmpoBsaHue UT-
CUCTEMbI B KOMNaHuUn. Ayantopusd «CMCTEMHOro agMUHUCTpaTopa» -
NPpeaAnpuaTUS W  OpraHM3aunMm rMnpakTUYeCcKu BCeX HanpaBleHUmn
AesaATeNnbHOCTU. ABTOPbI, peAaKTopbl M 3KCNepTbl XypHana - Beayluue
cneumannctel B 06nactn ceteBOoro M CUCTEMHOIO aaMUHUCTPUPOBAHUS,
MHMOPMALMOHHOM 6e30nacHOCTU, aAMUHUCTPpUpoBaHMS 6a3 AaHHbIX,
paspaboTkm  nporpamMMHOro obecnevyeHus n Be6-NpunoxeHun,
yrnpasieHus 1 opraHusaumm busHec-npoueccos, obnagatwowme 6oratbiM
NPaKTUYECKUM OMbITOM.
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BU3IUTKA

Muxaun KoHapawwuH,
TEXHWYECKUA OUPEKTOp
Trend Micro B P 1 CHI

MHaycTpmasibHbiN n 6e30nacHbIN:
KaK U OT yero 3awmuathb lloT

WHaycTpuanbHbiii UHTepHeT Bewei (lloT) cTpeMuTenbHO pacnpoCcTPaHAeTcd B MUPOBOM TMPOMBIWIEHHOCTM KakK HeusbexHoe
npogBfieHue 3B MU

BHefpeHWe CeTeBOro B3aWMOAeMCTBUA MexAy MaluHamu, oBopydoBaHWeM, 34aHWSAMU W MHMOPMAELUOHHBIMU CUCTEMAMWU, MOCTOSHHBIA MOHUTOPUHI W aHanus
OKpy:KaroLLel cpenbl, Npolecca NPoM3BOACTEa U COBCTBEHHOIO COCTORHUA ODOPYAOBAHWMSA B PeXUME PeanbHOro BpeMeHH, asToOMAaTU3aUWUsa YNpaBneHus 1 YacTUYHas
nepegada NpUHATIA peLUeHW MHTENNeKTYanbHbIM CUCTEMaM — BCE 3TO NPUBOAWT K CMeHe NapagurMbl TEXHOMOrMHYeCcKoro passuTna. W NpMHOCKT HoBble npobniemsl — Ha
aToT pas B obnacTi kKnbepbezonacHoCTU.

CTouT OTMETUTL. 4TO B nocnegune rogol npoyecc «MMoTusaumn» pasroHseTcs U Ha 3anage v B Poccun. Magarue TAdviser oueHnBano poccuiickuii peiHok [loT B 2017
rogy & 93 mnpg py6., a k 2020-my nporHosnpoeanoe pocT go 270 mnpg py6. «fmaMapkeT» nporHosuposan k 2020 rogy pocT obbema pbiHka go 297.9 mnpg pyGnen npu
ONTUMWUCTHUYHOM Pa3BUTUK coBbITUA. MNecCUMUCTUYHBIA NPOrHO3, BAPOYEM, BRIMNAAEN KyAa CKpoMHee — 174,6 mnpg pyo.

Mpu nobomM packnafe 3TO He TaKk MHOro, ecnv CpaBHUBaTb ¢ 3apybesxHbiMU pbiHkamu. Bonee Toro, sHaqWTEnbHAs YacTb aHANWTUKM W AMCKYCCUIA Mo NoBogy
POCCUICKOre pbiHKA NOCBALLEHbI NePCNEKTUBAM, XOTA NO AaHHbIM YiKe ynoMAHYToro usgaHua TAdviser, elle B nepsoM keapTane 2018 roga okono 60 % pecnoHAEHTOS,
npeAcTaBNAKLWMX pasHble cdepbl NPOMbILLNSHHOCTU, NOATEEPKAAIT MCNONB30BAHWE UMK NUNOTMPOBaHKE NpoekToB I1oT.
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