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AHHOTaAIUA

B paboTe aHaIU3UPYIOTCS COBPEMEHHBIE METO/IBI UACHTH(HKAIIN
9K3EMILISIPOB Mycopa Ha (P POBBIX H300PAKEHUSX C UCTIONH30Ba-
HHEM TeXHOJIOTHIA UICKYCCTBEHHOTO MHTEJUIeKTa. PaccMoTpeHb moj-
XOJIbl KOMITBIOTEPHOTO 3pEeHUs, TITyOOKOTO 0OYUEHHS 1 THOPUIHBIE
CHCTEMBI, a TAaKXKe MX IMPUMEHEHHE IS KJIaCCU(UKAIHY, JeTEKIINN
1 CerMeHTalun OTXOJOB. BI)I)]@J'[CH])I KJIIOUYEBBIC HpO6J’[CMbIZ Bapu-
ATHUBHOCTh OOBEKTOB, AUCOATAHC JaHHBIX U TpeOOBaHUA K MHGpa-

CTPYKTYpE.

BBenenne

Poct 06beMOB OTXOIOB U yKeCTOUYEHHE IKOJIOTMUECKUX CTaHIAPTOB TpeOy-
10T NPUHIMIIMAIBLHO HOBBIX METOJOB 00paboTku mycopa. KioueBbiM 3tarnoM B
LeroYKe nepepaboTKu SABIISETCS TOUHAs MASHTH(DUKALMSA KaXI0r0 SK3eMILIpa
OTXOJOB — OT IIACTUKOBOW OYTBUIKM JI0 JEKTPOHHOTO JIoMa. ABTOMAaTH3aLUs
COPTHPOBKHM OTXOJIOB CTAHOBUTCS] KDUTHUYECKN BaXKHO# 3a1a4eil B KOHTEKCTE IJ10-
OaJIbHBIX SKOJIOTMYECKUX BBI3OBOB. PocT 00BbeMOB Mycopa, OrpaHMYEHHOCTD pe-
CYPCOB M HEOOXOIMMOCTh COKpAILEHHsI TIOJMIOHHBIX OTXOZOB TpeOyIoT BHeape-
HMSI MTHHOBAIIMOHHBIX TeXHoJoruii. CoBpeMeHHbIe IOX0/bl Ha 0a3e MCKYCCTBEH-
HOTO MHTEJUIEKTA, B YACTHOCTH METO/Ibl KOMIIBIOTEPHOTO 3PEHHs, O3BOJISIOT He
TOJILKO TOUHO Paclio3HABaTh U KJIACCU(UIMPOBATH SK3EMIUISIPbl BTOPUYHOTO ChI-
pbs Ha IUQPOBHIX N300paKEHHUAX, HO M ONpEeeNsATh UX TPAHHLBI, MaTepHall 1
CTEIEHb 3arpsA3HEHUs, YTO KPUTUYHO ISl aBTOMATH3alud COPTUPOBKU. DTO HE
TOJIBKO NOBbIIIAET 3((PEKTUBHOCTD NMepepaboTKU, HO M CHIKAET 3aTpaThl, 3aMe-
HAS TPYAOEMKYIO PyUHYIO COPTUPOBKY aBTOMATU3UPOBAHHBIMU CUCTEMaMU. DKO-
HOMMYECKHIA aCTEKT 3/1eCh OUEBHIEH: aBTOMATH3aLHsI COKPaIlaeT OlepalioHHbIe
pacxozibl ¥ MUHUMHU3HpPYET YeoBedeckue oMok KpoMe Toro, ctpemuresibHOe
pa3BUTHE ITyOOKOro OOYUEHHs U yBEJIMYCHUE BBIUYMCIIUTENBHBIX MOIIHOCTEH OT-
KPBIBAIOT HOBBIE TOPU3OHTHI IS CO3/IaHMS QANITUBHBIX U BBICOKOTOYHBIX MOJE-
JIEH.

I'moGanbHBIA 00BEM TBEPABIX OTXOJOB MPEBbIIIAET 2 MJIPA. TOHH B TOJ, TPH
3TOoM 3(pHEeKTUBHOCTD UX TIepepabOTKH ocTaeTcs KpaitHe Hu3Koil [|I]]. OcHOBHBIM


mailto:a.a.makarov@spbu.ru
mailto:sdrobot@mail.ru
mailto:shandr52@gmail.com

O noaxonax K UAeHTU(DHUKALNK SK3EMIUIIPOB Mycopa Ha IIU(POBBIX N300pakeHUsIX 93

6apbepoM SIBJISIETCSI HECOBEPILIEHCTBO METOJJOB COPTUPOBKHU: PYYHOM TPY[ AEMOH-
ctpupyeT 10 30% ommOOoK HelpaBUIbHOI Ki1accudukanyi. BaxHoii 3agaveit pis
Halleil CTpaHsbl sIBJsIETCsI oOecrieueHne nepexoa K CO3JaHti0 3aMKHYTOTO IHK-
JIa BTOPUYHOI NepepaGoTKU OTXOIOB, B TOM YHCJIE Yepe3 BHEeJPEHUE TEXHOIOT Uil
MCKYCCTBEHHOTO MHTEJUIEKTa M Pa3BUTHE NepepabaThIBAOIIMX MOIIHOCTEH, [Jis
BO3BpAaTa PECYpCoB B MIPOM3BOACTBO. Kak MMOKa3bIBaeT ONBIT BHEAPEHUS CUCTEMBI
AMP Robotics, aBromaruzanys Ha 6a3e TEXHOJIOTHIA HCKYCCTBEHHOTO MHTEIJIEK-
Ta, BKJIIOYasi KOMITBIOTEPHOE 3peHHe U ITyOoKoe 00ydeHHe, CHIKAET OllepalioH-
HbIE PACXOMBI M YBEJIMINBAET KaK CKOPOCTb 0OPaOOTKH, TaK Ml TOUHOCTh COPTUPOB-
ku [2, 3]. Pa3BuTie HelipoceTeBBIX apXUTEKTYp (TpaHC(OPMEpPH], CBEPTOUHBIE Ce-
TH) U IOsIBJIeHKE crienuanu3upoBanHbix gatacetoB (TACO, WasteNet, TrashCan u
T.I1.) C/IEJIJIA BO3MOKHOM MICHTH(DUKALMIO Jaske MEJIKMX WK J1e(hOPMHUPOBAHHBIX
00BEKTOB. AKTYaJbHOCTh pabOTHI 0OYCJIOBJIEHA SKOJIOTMYECKHMH (COKpaleHue
MOJIMTOHHBIX OTXO/I0B) M SKOHOMUYECKUMH (ONTUMM3ALMA NepepaboTKu) hakTo-
pamu.

Llenb paboThl — CHUCTEMATH3MPOBATh COBPEMEHHBIE MOIXOMbl, OLEHUTb WX
3(ppeKTUBHOCTh U OIpeAeUTh HarpaBieHusl pa3BuTHs. B paGorte aHammzupy-
I0TCS1 COBPEMEHHBIE METO/bl MACHTU(DUKALIMK SK3EMIUIIPOB Mycopa Ha Lugpo-
BBIX M300paKEHHUSIX C UCIIOIb30BAHIEM TEXHOJIOTHII ICKYCCTBEHHOTO MHTEJLICKTA.
PaccmoTpeHs! HOOXO0/B! KOMITBIOTEPHOTO 3pEHHSL, IIyOOKOro 00y4eHUs U THOpH -
HbIE CHCTEMBI, a TAKXKE UX IIPUMEHEHHUE TS KJIacCU(pUKaIUK, IETEKLIUH U CErMeH-
Tauuu 0Txo0B. [IpuBeieHs! IprMepbl BHEPEHUS B TPOMBIILIEHHOCTH ¥ ObITOBOM
cekTope. O603HAUECHBI IEPCIIEKTUBBI MHTETPAIMH C MYJIbTUMOJAIBHBIMU CEHCOpa-
MU 1 OTKPBITHIMU cTaHgapTamu. [IpoBesieHHOE rcciieloBaHre IOATBEPXKJAaeT, 9TO
aBTOMAaTH3aLMs NASHTU(UKALINA Mycopa SBJISETCS KPUTHIECKUM JIEMEHTOM Ile-
pexoa K HUPKYJISPHONH SKOHOMUKE.

Metoab! naeHTH(OUKAIN

Kaaccuueckue anzopummbl KOMRbIOMEPHOZ20 3PEeHU

PanHME MeTOIBI OCHOBBIBAIMCH HA aHAJIM3€ HI3KOYPOBHEBHIX MpU3HAKOB. Ha-
IIpUMeEp, MOPOroBble METOIbI, onMpasch Ha 1BeToBble Moneau (RGB, HSV), uc-
MOJB30BAIUCH [JIs1 OTJENICHUs CTeKJa (BBICOKasi PKOCTh) OT IutacTuka. OpHa-
KO Takue MEeTOJbl JEMOHCTPUPOBAIM HU3KYI0 TOUHOCTb IMPU CJIOKHOM OCBelle-
Huu [4]. dpyro# noaxos 3akioyaics B aHaIM3e TEKCTYPhI M (POPMBI — IETEKIIMS Ha
ocHoBe HOG (Histogram of Oriented Gradients) u SIFT (Scale-Invariant Feature
Transform) — 1 TO3BOJIST BRISABIIATH KJIIOUEBbIE TOUKH TSI UACHTH(DUKAIMN (op-
MbI OOBEKTOB, HO YCTYIaJl HEHPOCETEBBIM METOJAM B CKOPOCTH U TOUYHOCTH [S5].
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I'ayookoe ooyuenue

¢ Jlerexnus 06'bekToB. COBpeMEHHbIE apXUTEKTYphL, Takue kak YOLO (You
Only Look Once), 06pabaThiBaloT H300pakeHHsl B peabHOM BpeMeHHU (J10
150 FPS) ¢ Tounocteio mAP 70% nnst nataceta TACO [f]. Moaens Faster
R-CNN, ucnonb3yioias IporHo3 peruoHoB kanaugaToB (Region Proposal
Network), nocturaer mAP 85%, HO TpeOyeT 3HAUMTEJILHBIX BBIYUCIIUTEb-
HBIX pecypcos [[7].

* CermenTtanmsi. [I1s1 cermMeHTanun oObEKTOB MPUMEHSIOTCS apXUTEKTypa
U-Net, n3HavaIbHO pa3paboTaHHas 1JIsl MEAULIUHCKHUX M300paxXeHHil, mo3-
BOJISIOIIAS BBIAEIIATH KOHTYPBI Mycopa Ha CJIOKHOM ¢oHe [8], n apxurek-
Typa Mask R-CNN, coBmeniaomnas IeTeKIMIO U BbIIeJIeHIHEe KOHTYPOB, (-
(exkTuBHAs Ui pabOTHl C MEPEKPHIBAIOIIMMUCS OObEKTAMHU, TAKUMU KaK
CMsTasl yIakoBKa, cMsTast 6yTeuika [9].

* Tpancdopmepsl. Tpanchopmepsl, Takue kak Vision Transformers (ViT),
AQHAJM3UPYIOT II00ATbHBIE 3aBUCMOCTH B M300paKEHUSIX, yiIydlnas uaeH-
TU(UKAIMIO (DparMEeHTUPOBAHHBIX OOBEKTOB (OCKONKM cTekia) [10].
HNepapxuueckas cTpykTypa Tpacgopmepa Swin Transformer cHixaeT BbI-
YUCJITENIbHBIE 3aTPaThI PH paboTe ¢ BHICOKUM pasperieHuem [[11]].

T'uépuonvie nooxoowvt

KomOuHaIms cBEpTOYHBIX HEMPOHHBIX CeTell C JaHHBIMM OT JIMJAPOB /M
cnekTpoMeTpoB (multispectral imaging) MOBBIIIAET TOYHOCTb PACIO3HABAHUS
(cMm., Hanpumep, [[12, [13]). [Ipumenenue teroBuzopos (thermal imaging) mo-
KET MCTIONIb30BaThCS AJIs HACHTU(UKAIINK OPTaHUIECKUX OTXOJIOB IO TETVIOBOMY
crieny.

JlaHHbIEe U BBIYUCJINTEIbHASI HH(PPACTPYKTYpa

Habopbt oannvlx u ayzmenmauyus

[Ty6mmunbie nartacetsl, Takue kak TACO [[14], WasteNet [[15], TrashCan [[16] u
T.II., MOTYT MPEIOCTABUTh OA30BYI0 OCHOBY Jis1 00yueHus. OJJHAKO OHU HeJI0CTa-
TOYHO NOKPHIBAIOT peJIKUe KJiacchl (OaTapeiku, ek TpoHuKa). [Jis peleHus 3Toi
npo0JIeMbl TIPUMEHSIETCS] TeHepalysi CHHTETHUECKUX TaHHBIX, HallpUMep, depes
GAN (StyleGAN3) wm 3D-pennepunr (Blender), monenupy s nepopMupoBaHHbIE
0OBEKThI, TAKUE KAK CMsAThIE OyTHUIKM C BapHalusiMu ocBeltenus [[17]. Pazmerka
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JAHHBIX BBITIOJIHSIETCS C MIOMOLIBIO MOJTyaBTOMaTHYeCKUX MHCTPyMeHTOB (CVAT,
Supervisely), a ayrMeHTanus BKJIIOYaeT reOMETpHYECKUe Peodpa3oBaHusl (OBO-
POT, MacIITabMpoBaHKe) U HaJlokeHue apTedakToB (OJMKHM, MbLIb, KU BOJIBI)
yepe3 6ubmmoreky Albumentations [[18]. Mukc-ayrmentanus (MixUp) yiydiaer
0060011aI011YI0 CIIOCOOHOCTH MOJIEJIel, 0COOEHHO J1J1s1 HAOOPOB HecOaTaHCUPOBaH-
HBIX JaHHBIX [[19].

Ilpooaemor uoenmudpurxayuu

BapuaTtBHOCTh OOBEKTOB BHYTPU OHOTO Kiacca (Hampumep, [19T OyTsutku
pasHoOro 1BeTa, 00beMa, HEKOTOPbIE U3 KOTOPHIX IUIOXO MepepadaThiBAITC) M MX
InHAMUIecKue nedopManuu (CMATHE, Pa3pPhIBbl) YCIOKHAIT 00yYeHHEe MOJIEIIEN.
DoHOBBII LTy M, BKITIOYAs! HAJIOKEHHE 0OBEKTOB APYT Ha Apyra, OJIMKU 1 OTOJHbIE
ycJoBus1, TpeOyeT NOMOIHUTEbHOI 00pab0TKU N300paKEeHHIA.

Bvtuucaumenvhnsie MouiHOocmu

Mopenu, 00y4YeHHble Ha CHHTETUUECKHX JIaHHBIX, MOTYT HEKOPPEKTHO pado-
TaTh B peajbHbIX ycoBUsX. OOyueHue OONbLIMX Mojeseil TpeOyeT 3HAUMTeIb-
HBIX pecypcoB. [[1st paboThl COBpEMEHHBIX MOJeJiell HeOOXOANMBI POMBIIIIIEH-
ubte cuctembl GPU ¢ nognepxkoit TensorRT. MoGuibHbIe perieHus (C mpumMeHe-
HHEM [POHOB M poOOTOB) MOTYT HMCIIOIb30BaTh KOMIIAKTHBIE apXUTEKTYPHI THIIA
MobileNet [20].

Hpalcmuuecxoe npumeHenue

* PoborusupoBannbie Junnn (AmpRobotics, ZenRobotics). Nuterparust
TEXHOJIOTHIA MCKYCCTBEHHOI'O HHTEJIEKTa C POOOTaMU-MaHHITYISITOPAMHU
MO3BOJISIET TIOBBICUTh CKOPOCTh COPTHPOBKH [2, B].

¢ Mo6uuabHble mnpmiokeHusa. On-device Mopenuw, HampuMep Ha 0ase
TensorFlow Lite, momoraioT uaeHTU(GUIUPOBATb OTXO/bl, UCIIOIB3YSI MO-
OuibHBIe yeTpoticTea [21]].

* Vmuble konreiineps! (Bin-e). JlaTurky 1 KaMepbl aHATM3UPYIOT HATIOIHE-
HUE KOHTEHHEPOB U ONITUMMU3UPYIOT JIOTUCTUKY BbIBO3a [22].
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HepCIIeKTI/IBHbIe TEXHOJOI'M4eCKHe HAIIPABJICHUA

CoBepIIIeHCTBOBAHHE METOIOB UISHTU(HUKALMKA Mycopa TpeOyeT BHeIpeHuUst
WHHOBAIIMOHHBIX TEXHOJIOTHI ¥ MHTETPALMK CMEKHBIX TI0AX010B. OTHUM W3 MOJ-
xonoB aBnsercsa ucnojb3oBanue NeRF (Neural Radiance Fields) [23], mo3Bons-
IOIIETO CUHTE3UPOBATh 00OBEMHBIE CTPYKTYpPhl OOBEKTOB M3 M300pakeHUN ¢ W3-
BECTHBIMH TIOJIOKCHUSMHI KaMepbl. DTa TEXHOJIOTHUS MIPUMEHAMA I UACHTU(DU-
Kaluu J1e(pOPMHUPOBAHHBIX OOBEKTOB, TAKUX KAK CMSAThie OaHKU W OYTBHUIKH, 32
CYEeT aHajM3a UX OObEeMHOM reoMeTpHu. [JOMOJHSAIOT 3TOT noAxox AU dy3uoH-
Hele Mmoniem (Stable Diffusion, DALL-E), koTopble MOTyT reHepupoBaTh CUHTE-
THUYECKUE U300paXeHHsI Mycopa B CJIOXKHBIX YCJIOBUSIX, HATIPUMEP, C UMHUTAIIUEH
3arpsI3HEHUI WK YaCTIYHOTO TIepeKphITHs. Takue MOfIe i IIOMOTAIOT PacIIUPsITh
HaOOpHI TaHHBIX, KOMIIEHCHPYsI HEXBAaTKY peasbHbIX JaHHBIX. [[JI onmTuMu3anum
npoliecca pasMeTK1 MOKHO UCTIONB30BaTh aKTUBHOE 00yueHue (Active Learning),
TO3BOJISIONIEE COKPATUTH 3aTPaThl HA MOJATOTOBKY JaHHBIX.

KomOunarus MyibTUMOJaIbHBIX ceHCOpoB (RGB-kaMephl, rumepcreKkTpaib-
HbIe JIATYMKHW, TAKTHJIbHBIE CEHCOPHI U T. I1.) MOBBIIIAET TOYHOCTH PACIO3HABA-
HUs. TexHONOTHs OJIOKYEiHA BHENpSIeTCs IS MPO3PAYHOro TPEKMHIa KU3HEH-
HOTO IuKJa oTX0#oB [24]. ITunoTHele mpoekThl, Takue kak IBM Waste Tracker,
yKe IeMOHCTPHUPYIOT 3(pheKTUBHOCTD ITON METOAUKH IJIsI OTCJICKUBAHUS TIepe-
pabOTKM TIACTHKA.

3akaoyeHue

Wpentudukanus 5K3eMIUIIPOB Mycopa Ha IM(POBBIX N300pakeHNsAX — KOM-
IUIKCHAsI 3a/a4a, TpeOyIoIas COYeTaHnsI METOAO0B KOMITBIOTEPHOTO 3pEHHs, [Ty~
6oKoro oOy4eHus1 ¥ MyJIbTUMOZQIBHBIX AaHHBIX. COBpEeMEHHBIE IOOXObI JEMOH-
CTPHUPYIOT BBICOKYIO 3(P(PeKTHBHOCTb, OJJHAKO MX BHEJpeHHe TpeOyeT yueTa Ba-
PUaTHBHOCTH OOBEKTOB, OrpaHUYEHHI IaHHBIX M MHPPACTPYKTYphl. [lepcnekTu-
BBl CBSI3aHBI C THOPUIHBIMA CHCTEMaMH, COUYETAIONMMI KOMIBIOTEPHOE 3pEHHE,
CIIEKTPOCKOITHIO 1 POOOTOTEXHHKY.
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