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ABTOMATHUYECKOE OBHAPY KEHUE U UIEHTUO®PUKALMSA BOJIE3HEU NIIEHULbI
C UCITIOJIB30BAHUEM METOAOB I''1YBOKOI'O OBYUYEHUSI U IPUMEHEHUEM
JAPOHOB B PEKUME PEAJIBHOI'O BPEMEHU
C.T. Myaapucos, U.P. Mugraxon

Pedepar. VccnenoBanue nMpoBOAMIN C IIETBI0 pa3pabOTKH METOIMKH PAaHHETO PacloO3HaBaHUS 3a-
00JIeBaHUI MIIICHAIIBI C UCIIOIB30BaHNEM Mo puimpoBanHoi Bepcuu moxenn Y OLOv8n, HanpaBieH-
HOW Ha JIOCTHIKCHHE ONTHMAJIBHOTO COOTHOLIEHUS CKOPOCTH M TOYHOCTH OOHApyKEHHs B YCIIOBHSX
peanpHOTO BpeMeHH. [|J1s TOBBIICHNSI TOYHOCTH PErPECCHOHHOTO 0JI0Ka paclo3HaBaHUs TaKuX 3a0oJie-
BaHMH, Kak Oypas pKaB4UMHa, )KeNTas PXKaBYMHA, INIECEHb U CENTOPHO3, BBEAeHA (DYHKIHS ITOTEPU pe-
rpeccun GloU bounding box. IIpeanoxena ynpouienHas cereBast ctpykrypa Y OLOv8n, agantupoBas-
Hasl [UIs1 ICTIOJIb30BAHUS B KAUECTBE MArHCTPAILHOM CETHU € [ENbI0 00JIErYeHNUs TPAHCILIIIUK HA MOOHITB-
HBIE TepMUHANBL. [[ppuMeHeHre MEeTOI0B IIpeIBapUTENbHON OATOTOBKH, O0BEMHIIOMNX CMEIIaHHOE 1
MIEPEHOCHOE 00y4YeHNE, CIIOCOOCTBYET YIYUIICHNIO CHOCOOHOCTH MOAEH K 0000menuto. st anannza
UCTIONIb30BANIN JIaHHBIE, COOpAaHHBIE B XOJE YETHIPEX ITOJICBBIX 3KCIICPUMEHTOB Ha TEPPUTOPHU Y HUM-
ckoro u Kapmackanuackoro paitonoB PecniyOnuku bamrkoptoctan. Beero B mepuos moyieBoro skcnepu-
MeHTa ObUTO coOpaHo Oonee 10 000 wu3oOpaxkeHWi, W3 HUX JUIs OOydYeHHsS Mojeneldl 0TOOpaHo
1890 n3obpaxkeHu# JUCThEB MineHUIBI. OOpaboTKa JaHHBIX BKJIIOYAla CTATUCTUUECKHN aHAIN3 M300-
PaKEHHH, MOJYYCHHBIX B Pa3IMYHBIX YCIOBHSIX OCBEIICHU. Pacmo3HaBanue U OEeHKY 3 PEeKTUBHOCTH
MOJENY NPOBOJIWIM C UCHOJb30BaHueEM mokaszatened F1 u AP. Fl-ouenka npu TeCTUpOBaHUM MOJENIU
Ha U300pakeHMAX, CACTAHHBIX HA (DOHE TOCTATOYHOTO OCBEIICHUS M 0€3 YKPBITHS JIUCTBIMH, HAXOIH-
nack Ha ypoBHe 54%, n AP-3Hauenue — 51,2%, npu cpennem 3HadeHun 10U 50%. TouHOCTH HOECHTH-
¢uKanuy 00JIC3HH NIICHUIIBI HAa H300pakeHHAX oOydwaromiero Habopa JaHHBIX pocturana 60%, Tecrto-
Boro Habopa — 70%. Pa3paborannas mozxens YOLOV8n s oOHapykeHHs 3a00JieBaHUI MIIEHULIBI B
TIOJICBBIX YCJIOBUAX NEMOHCTPUPYCT CIOCOOHOCTh I/I)leHTI/I(i)I/IHI/IpOBaTL 00JIC3HH B pCaJIbHOM BpPCMCHU
¢ TOYHOCTBIO 67,53%, 4TO CYIIECTBEHHO MPEBOCXOJAUT BEIMYHHY JTOTO IMOKa3aTess y APYTHX Cylle-
cTByoIMX Mozeinel. B gactHocTH, TouHOCTE YOLOVSn B 3 pasa Beime, yem y mogenun YOLOv4, uto
CBUJICTENLCTBYET O 3HAYUTENFHOM IIporpecce B OO0JACTHM aBTOMATHYECKOTO  OOHApYKEHHMs
0oJie3HEeH pacTeHUIA.

KnioueBnble ciioBa: 3epHOBBIC KYJIBTYpHI, OOJE€3HN pacTeHUi, NCKYCCTBEHHBIN WHTEIIEKT, MAIlINH-
Hoe o0y4yeHHe, OECTIMIIOTHBIH JIETaTeIbHBIN anmapar, MOAEb IITyO0Koro 00yueHHs.

BBC}IEHI/IC. 3epHOBBI€ KYJIbTYpbl 3aHUMArOT MOJABCPIKEHHOCTBIO Cy6"beKTI/IBHOMy MHCHHUIO H

BaKHOE MECTO B CEIbCKOXO3SMCTBEHHOM IIPOM3-  BBICOKOH TPYIOEMKOCTBIO, UTO 3aTPYIHSCT IpaK-
BojictBe Poccuiickoit denepaunu u ciayxkar oc- TH4Yeckoe ux nmpumenenue [2, 3]. [losBienue ma-
HOBHBIM JKCIOPTHBIM TNPOAYKTOM, IMO3BOJIAIO-  IIMHHOTO 3peHusi, nutepHera Bemien (IoT) u Tex-
MM 00eCIeYuBaTh MPOJOBOJLCTBCHHYIO 0€3-  HOJIOTHI APOHOB IPHUBEIIO K 3HAYUTEIHHOMY pac-
onacHOCTb. OCHOBHBIE (DaKTOPHI, OTPAaHUYMBAIO-  IUPEHHUIO MCTIOIH30BAHMS MHCTPYMEHTOB HCKYC-
e WX YPOXKAaWHOCTh W CHIDKAIOIIHE KadecTBO CTBCHHOTO HHTEIUIEKTa B CEIILCKOM XO3SHCTBE
MPOAYKIIUH, HAPSAAY C BPEOUTEISIMH W COpHsAKa-  MaImMHHOE 3peHHe — TEXHOJIOTHS, TO3BOJISIOMIAs
MU, — OOJIC3HU PaCTCHUIA. KOMIIBIOTEPaM aHAIH3HPOBATh H300pakeHUs Oe3

Bonesnn pacteHnil NpeACTaBISIIOT CEPbE3HYI0  Y4acTHs YeJIoBEeKa. DTO aBTOMATH3UPYET OOHapy-
YIpo3y HPOJOBOIBGCTBEHHON O€30IMacHOCTH TO  JKEHHE M KJIaCCH()HKAINI0 0OBEKTOB, OCOOCHHO B
HECKOJIbKUM NpUYUHaM. Bo-mepBbIX, H3MEHEHHE  CeNbCKOM Xo3siicTBe. [Ipoliecc BKiIOYaeT 3axBat

KJIUMaTa CO3/IaeT HOBBIE YCIIOBHUS I Pacmpo- M300pakeHni, UX 00pabOTKy C MOMOIILI0 COOT-
CTpaHeHHs M Pa3BUTHs IATOTCHOB. BO-BTOpPBIX,  BETCTBYIOLIMX aJrOPHUTMOB W HICHTH(UKAIHIO
MOBBIIIEHHE MHUPOBOM TOPIOBIM MNPOAYKTaMU 00bekTOB [4].

MIUTAHUS CIOCOOCTBYET IEpEeMENIeHHI0 HWH(EK- B cucremax pacnosHaBaHUsI BpeauTeNeH U
LA U3 OJJHUX PETHOHOB B JIPYTHE, YTO YBENMYH-  OOJe3HEH Ha OCHOBE JPOHOB, MAIIMHHOE 3pEHHE

BAaeT PHUCK 3apPAKEHUSI HOBBIX TEPPUTOPUA M UrpaeT BaXXHYIO POJb, TaK KaK OHO MO3BOJISET
KyJIbTYp. B COBOKYMHOCTH 3T (haKTOPHI MOTYT 00pabaTbIBaTh H3BJICUEHHBIC W300paKECHHS IS
MIPUBECTH K CHUKCHHUIO YPOXKAWHOCTH, YXYAIIE-  ONPEACNiCHUS TaKhX XapaKTepUCTHK OOBEKTOB,
HHUIO Ka4ecTBa MPOIYKIMU M TIOTEPEe YCTOMUMBO-  Kak TEKCTypa, Gopma | IBET, HA OCHOBE KOTOPBIX
CTH CEITbCKOXO3AMCTBEHHBIX CHCTEM. [10 MTaHHBIM  HCTONB3YIOTCS pa3IUYHbIC alTOPUTMBI JIJIS Kiiac-
MPOJOBOIBCTBEHHOW W CEIBCKOXO3SIMCTBEHHON — cu(UKAIH 00BEKTOB.

opranmzaiun OOH (FAO), Bpeaurenu u 60yie3HA B [IPOILJIOM s KiaccupuKauu
pacTeHuil TPHUBOAAT HAHOCAT YIIEPO, KOTOPbIH ~ OOBEKTOB  TpeOOBalIOCH  Py4YHOE  CO3JaHUE
npuBoaMT K rorepe ot 20 10 40% MUPOBOTO IPO-  XapaKTEPUCTUK BpeAuTeNed U Oosie3Hed, a
H3BOJICTBA TPOIOBOJILCTBHA [1]. TaKkkKe KiacCUpuKaTopoB [5]. DTo BKIIOYAIO B

Jlis apdexTnBHON 60pHOBI ¢ OONE3HIMHU pac- ce0s MpUMEHeHNe TaKuX MOAXO0JI0B, KaK MOpPOTo-
TeHHH HeoOXOMUMO paHHee OOHApy)XKeHHe WX  Basg cerMeHTamus (pasieleHue H300pakeHUs
CHMIITOMOB. TpaJMIIMOHHBIE METOJIBI OTpeaese- Ha o0yiacTn), 0OHApy)KEeHUE KPaeB C UCIOJIbh30Ba-
HUsI, OCHOBAHHBIC Ha OIBITE CIIEUAINCTOB, Xa-  HueM MerogoB tuma CoGensi, PoGeprea,
pakrepusyrorcst  Hu3kod  addexruBHocTRIO,  [IpeButra, U3BJICUCHHC MIPHU3HAKOB,
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BKJIIOYasi MaclTabo-nHBapHaHTHOE Ipeodpa3oBa-
Hue (SIFT), rucrorpaMMbl OpPHUEHTHUPOBAHHBIX
rpagueaToB (HOG), a Taxke aHamm3 (OpPMBEL,
I[BETA M TEKCTYPHI OOBEKTOB.

CoBpeMeHHBIE ~ METOIBl  KJIACCHU(pUKAINH
BKIIOYAIOT HCIIOJb30BAaHWE TAKUX aJTrOPHUTMOB
MaIIMHHOTO OOYy4YeHHs, KaKk MallhHa OIIOPHBIX
BekTopoB (SVM), obOpatHoe pacnpocTpaHeHHe
omnoku (BP), OaliecoBckuil aHanm3 W JIpyrue.
OHH TO3BOJIAIOT aBTOMaTHYECKH KIIacCU(PHUIIPO-
BaTh OOBEKTHl HA OCHOBE M3BICUCHHBIX XapaKTe-
PHUCTHK, 9TO yIy4IIaeT TOYHOCTh W IPQPEKTHUB-
HOCTh Mpolecca OOHAapyKCHUS BpeauTencii u
0oJIe3HEH B CENTBCKOM XO3SHCTBE.

Y nosneTBopenue TpeboBaHUI K N300paskeHU-
SIM ISl OOHapy)KEHUSI OOBEKTOB B CHCTEMax Ma-
LIMHHOTO 3pEHHs — CJIO0XHAas 3aj1a4a, TpeOyromas
YETKOTO pa3uuusi MeXIy 3a00JeBaHUSIMHU W
okpyxatouiet cpemoit [6, 7]. CyliecTBeHHbIE
MIPEISITCTBHS CO3AAI0T pa3sHOOOpas3ye THIIOB 3a00-
JIeBaHUH, MX MOpP(OJIOTHYECKNE W3MEHEHUs Ha
Pa3HBIX CTaJusIX POCTA, a TAKKE BO3MOXKHOCTB
0TOOpaKEHHsI CXOXKUX XapaKTEPUCTHK pa3HBIMU
3a00JIEBaHUSIMM Ha Pa3HBIX CTAAMAX. DTH CIIOXK-
HOCTH JIOTIOJTHSIOTCS U3MEHUHUBOCTBIO €CTECTBEH-
HOTO CBETa M CXOJCTBOM ()OHA B peajlbHBIX Clie-
HapusiX OOHapyXEHHs, 9TO MOXET IMOBIHATH HA
HaJIe)KHOCTh M 3(P(PEKTUBHOCTh TPAJUIUOHHBIX
JITOPUTMOB PACIIO3HABAHMS C HCIIOJIb30BAHHEM
MAaIIMHHOTO 3PEHHSI.

B nocnennue roasl 61aronaps yHUBEpCaIbHO-
CTH M THOKOCTH B 00pabOTKE CIIOKHBIX U OTPOM-
HBIX HAa0OpPOB JIaHHBIX BO MHOXECTBE Hay4YHBIX
JUCHUIUIMH IIUPOKOE PACIPOCTPaHEHUE MOIy4H-
T TIayOokue HeHpoHHble ceTn. CBepTOYHBIE
ueiiponnsie cetu (CHC), pexyppeHTHBIE HEHPOH-
uweie cetrn (PHC), rmyOokue HelipoHHBIE CETH C
npsiMbiM  pacnpoctpaneHueM (I'HC) u npyrue
BIIepBbIe mpuBJekiIn BHUMaHue B 2012 roay [8],
KOTJIa C MX HCIIOJIF30BaHUEM yJaJIOCh CTE€HEPHUPO-
BaTh COZAEP)KaTeNIbHBIC BBIBO/IBI HA OCHOBE ayIHO-
CHUTHAJIOB W BH3YaJbHBIX n300paxkeHnd. boiee
MO3/THAE JIOCTHIKEHHS, NMPUBEANINE K CO3/1aHHIO
Oosiee HaJEXKHBIX M 3(PHEKTUBHBIX HEHPOHHBIX
ceTel, clenand 3TH ajJrOpUTMbl MPUMEHUMbBIMU
JUIL PEIIeHHs CIIeKTpa TaKWX peajibHBIX 3ajad,
Kak HaOJIIoJIeHue 3a TpaHcmopToM [9], MOHHTO-
PUHT MaccOBBIX CKOIUteHud mosnei [10], anamm3
O6nomeTUIMHCKUX M300paxenuit [11], oOHapyxe-
Hue OosiesHed pacreHwi [12], HaOmoneHus 3a
peabwnurarmeii mamueHToB [13].  Anroputmsl
rIIyOOKOro 00y4eHHs NPUMEHSIOT MPU M3Y4YEeHHH
JMKOM TIPUPOABI Ul OOHApyXXEHUs 1103 U WJICH-
TH(HUKAIMY BUIOB )KUBOTHBIX [14].

B wactHOCTH, OBUTa TPOJEMOHCTPHPOBAHA
BO3MOXKHOCTh KJaccubukaruu 14  Oonesneit
KyJIBTYPHBIX PACTCHHI C HUCIIOJIb30BAaHHEM OOIIE-
JOCTYIHOTro Habopa paHHBIX U3 54306 u300paxe-
HUH, BKJIIOYAIOIINXO 3/I0POBbIE M OOJILHBIE pacTe-
HUs, ¢ TOYHOCTBIO 99,35% [15], unentudukanuu
8 pa3nnMYHBIX BUIOB MOTBUIBKOB C HCIOJIb30BaHHU-
€M  pacIIMpeHHOro  Habopa  [TaHHBIX U3
57600 n300pakeHN ¥ MaKCUMaJIbHBIM TTOKa3aTe-
nem F1=0,93 [16]. Kpome Toro, mocie o0ydeHus
cereii VGG-16 m ResNet Ha Habope maHHBIX
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u3 111467 nuzo0pakeHuii, ObUTH UACHTHUPHUIUPO-
BaHbl 20 BHIOB MJIEKOIMTAIOMIUX C TOYHOCTHIO
87,5 % [17].

Hemnp mccnemoBanmnii — pa3pabOTKa MHTETPH-
POBaHHOW CHCTEMBI paclo3HaBaHHA Ooie3Hel
KyJAbTYPHBIX PAaCTEHUM AJISl CENbCKOXO3SIMCTBEH-
HeIX BIIJIA ¢ ucnosnb3oBaHHEM TEXHOJIOTHUH TiTy-
Ookoro oOydeHHMs W CBEPTOYHBIX HEHPOHHBIX
ceTei.

Jnsg ee INOCTIDKEHMS pelland Cleayolue
3aJaun:

pa3paboTka TIayOoKoro obydaromero ¢peim-
BOpKa, BKJIFOYAIOIIETO TAKHE KPUTUIECKUE MOAY-
7Y, KaK CheMKa M300paXEeHUH, Iepeada JaHHBIX
U uneHTH(UKanus O0oe3Hel, NIt UX ObICTPOH U
TOYHOM KiaccuuKaimy;

UCCieJ0BaHUE TEXHOJIOTHI IITyOoKoro o0yyve-
HUS, BKIIOYAs MOJIENH, aJTOPUTMBI U METPHUKHU
OLICHKH, MPUMEHSIEMBIX B CHCTEMaX pacHo3HaBa-
HU OONIe3HEH TMIIEHUIBI OIS CEeNCKOXO3SIH-
ctBeHHBIX BITJIA;

TECTUPOBAHHE CHCTEMBI Ha PA3INYHBIX HA00-
pax JaHHBIX JJIS OLIEHKH ee COCOOHOCTH K O0Ha-
PYKEHHIO 3a00JICBaHUI1 MIIEHHUIIBI U TIOPTATHBHO-
CTH B PeabHbIX MOJIEBHIX YCIOBUSIX;

OIpe/e/IEHHEe OrPAaHUYEHUM, CBSA3aHHBIX C
HEJIOCTaTOYHBIM HA0OpOM JTaHHBIX, U pa3paboTka
peKoMeHAauui Uil JaJlbHEHIINX HCCIIEI0BaHUM,
BKJIOYasl pacllMpeHHe W YiydlleHHe HaOopoB
JIAHHBIX JUISl TIOBBINICHUS] CTAOMIBHOCTH U ajal-
TUBHOCTH aJITOPUTMOB.

YcaoBus, MmaTepuajbl 1 MeTOAbl. B Hamem
UCCIICIOBAaHUK B KauyeCTBE MOJENIH TIyOOKOTo
o0yueHMs Uil CHCTEMBl PacHo3HaBaHUS Oojes-
Hel CeNbCKOXO3IHCTBEHHBIX KYyJIbTYp, @ UMEHHO
MIICHXIBI, aJanTHPOBAHHOW UIS MCIIOJIb30BaHMS
B COYETaHUH C APOHAMH, OblIa BEIOpaHa CBEPTOY-
Has HeiiponHas cetb (CHC) CSPDarknet53 mo-
nenb YOLOvS. CHC, pa3paboTaHHas ¢ y4eToM
IIPOCTPAHCTBEHHOH CTPYKTYPBI U JIOKAIBbHOU KOp-
persiiuy M300paXkeHHi, 4To TMOBBILAET 3 dek-
TUBHOCTH UX 00pabotku [18, 19, 20].

Cucrema pacro3HaBaHUs Gose3HeH,
paspaboTaHHast Uil CEJIbCKOXO3SMCTBEHHBIX
JPOHOB, CTPYKTYpHUpOBaHa IO TPEXypOBHEBOU
apxutektype [21]. OHa BKJIIOYAET CHCTEMY pac-
MTO3HABAHUS, CUCTEMY IIepe/ladul JAHHBIX U CHUCTe-
My 00paboTKM JaHHBIX (pHC. 1).

B COCTaB CUCTEMBI pacno3HaBaHUs
BXOJAT OCCHIJIOTHAs aBHAIIMOHHAs CHUCTEMY
(PAC), HazeMHast cTaHUHMSI YNPABICHUS W MO-
OubHBIN KiMeHT. [lepBbIii ypoBEHb 3TOH apxu-
TEKTYpPBI NMOCBSILEH yIOBIETBOPEHUIO TUHAMUYE-
CKHX TpeOOBaHMI K paclO3HaBaHUIO 3aboieBa-
HUW CEJIbCKOXO3IUCTBEHHBIX KYJIBTYP C HCIOJb-
3oBanueM BAC.

beciunotnast aBuarmmonnas cuctema (BAC)
OTCJEXKUBAECT U 3aIyCKAaeT OCHOBHOE IPUIIOXKE-
HHE, OTBeyarolee 3a cOOp AaHHBIX O COCTOSHHU
CEJIbCKOXO3SIIICTBEHHBIX KyIbTYpP M PacHoO3HaBa-
HHe 3a0oyieBaHuWi, 0e3 ydacTHs dYenoBeKa. JTO
JOCTHTaeTcs Onmarofapst aBTOMAaTHYECKHM aliro-
pUTMaM yIOpaBICHUs M IPEAYyCTAaHOBJICHHBIM
MapIIpyTaM I10JIeTa, KOTOPBIE MO3BOJISIIOT APOHY
BBITIOJTHATH CBOY 33/1a49¥ aBTOHOMHO.
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Cucrembl pacnosHaBaHus Cucrema nepegaum AaHHbIX Cucrema 06paboTkmn gaHHbIX

Mogynb NnasuposaHue
mapupyTa nonera

BecnunoTHbIin
nerarenbHbIi annapar
Moaynb c60p AaHHbIX

HasemHas craHuus | bBecnposogHasn nepegaya | Mogyns xpaHeHus
ynpasnexus AaHHBIX

Mogaynb pacno3HoBaHus

MOGHNbHBIA KNUEHT

Mopayns knaccucukayus

Puc. 1 — CtpykTypHasi OCHOBa CHCTeMa pacrio3HaBaHus OoJe3Hei

Hazemnas CTaHLUS OCYIICCTBILIET  COXPaHACT W aHANHM3HWPYET ATH JaHHBIE, obecre-
00pabOTKy MaHHBIX, T[IONYyYCHHBIX JPOHOM  YHBasg WX HWHTCPIPETANNI0 U JajbHeHIIee
BO BpEMs ToJjeTa. Ona IMPpUHUMACT, HCIIOJIb30BAaHUC.
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Puc. 2 — ApxurtekTypa CUCTEMBI paclio3HaBaHKUE 3a00I€BAHNH MIIICHHUIIBI

ApXHUTEKTypa CHCTEMBI paclio3HaBaHUS 00- BAC 6b11a cobpaH ¢ MCIOIb30BaHHEM KOMITO-
JIe3HEH C MCTOJIb30BaHNEM OECIMIIOTHOM aBHAI- HeHTOB 13 Habopa NXP KIT-HGDRONEKG66
onnoi cucrembl (BAC) m HazeMHOH CTaHIMH (puc. 3). Ha He#t ycTaHOBIICHBI Ba KOMIIBIOTEPA:
ynpasienus. BAC Bxmogaer kamepy (Google  NXP RDDRONE-FMUK66 FMU (Flight Man-
Coral), mogyns SMPNAVQ ¢ Ubuntu 20.04 LTS, agement Unit) u NavQPlus.

koHTpoutep RDDRONE-FMUK66 ¢ I10 PX4, NXP RDDRONE-FMUK66 FMU (Flight
monymu cBsizu RC Rx um HGD-TELEMA433.  Management Unit) — ycranaBiauBaercst Ha Oecriu-
HaszemHast craHius ynpasieHUs BKIIOYaeT nepe-  JIOTHOM JietarensHoM ammapare (BITJIA) u BbI-
narauk RC Tx, monyns HGD-TELEM433 1 koM-  mosiHseT  (GYHKOMHM  yIpaBiIeHHS  IOJETOM.
nstotep ¢ [10 QGroundControl (puc. 2). OH wucmonb3yercs JUiss 3alycka aBTOIHIIOTA
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PX4 — nporpammHOro obecreueHus! ynpaBJiIeHHs
TI0JIETOM JPOHa, 00eCTIeYNBAIOLIET0 MITHOBEHHBIN
OTKIMK Ha BBOJBl M HAaBUTALMIO, a TaKXKe
U B3aMMOACUCTBHS C pa3IMIHBIMU Iepudepuii-
HBIMH ycTpoiicTBamu, Hampumep, GPS u Ttene-
MeTpudeckuM  paguo. llo  cpaBHeHHMIO C
NavQPlus, y Hero orpaHM4eHHBIE pecypchl H
MO3TOMY OH HE TaK IOJIXOJIUT JUIsl BBIIIOJHEHHS
CJIO’KHBIX OIeparyi.

NavQPlus 3t0 AI/ML  kommbroTep-
TIOMOIIHUK, KOTOPBIA NMpeJHA3HAuCH [UIs 3aITycKa
OCHOBHOTO TpwiiokeHus Ha Python na Oecrmmot-
HBIX aBHAIMOHHBIX cucTteMax. OH oOecrednBaeT
BBIYHCIIUTENbHBIE BO3MOXKHOCTH [UIS BBITIOJIHE-
HUSI TakMX 3aJiay, KaKk peajlusalys ajJropuTMOB
KOMITBIOTEPHOTO 3peHus, 00paboTka NaHHBIX WU
Jpyrue BBICOKOYypoBHeBbIe onepauuu. NavQPlus
OOBIYHO OCHAIIIEH CIEIHATN3UPOBAHHBIM arla-
paTHBIM OOECIICUCHHEM C BBICOKOH IPOW3BOIH-
TEeNBHOCTEIO W 3(deKkTuBHOCTBIO  pabOTHI
ITOPUTMOB MAIIMHHOTO OOY4YeHHS M HCKYyC-
CTBEHHOTO MHTEJIJICKTA.

VYnpasnenue paspadorannoit BAC ocyiiecTs-
nsercst yepe3 mpotokon MAVLINK, kotopsiit
UCTIONB3YeTCs Uil Tepeiayd  JaHHBIX MEXIY
BAC u ero ynpaisitomuM yCTPOHCTBOM, HaIpH-
mep, FMUKG66 (Flight Management Unit).
IIporokomn MAVLINK o6ecrieurnBaeT HaJeKHYIO
nepenady uHpopManuu o cocrosHun BAC, ko-
MaH] YNpaBlCHUS, TEIeMETPUH U  JIPYTUX

> L

e

JAHHBIX MEXJYy pPa3IU4YHbIMU yCTpOIicTBaMu
B cucreme. Taxum obpasoM, qepes
npotokos MAVLINK ympasmstomiee ycTpoicTBO

FMUK66  B3amMmopmeiicTByeT ¢  Ha3eMHOH
CTAaHIHUEH IUIS yIpaBJICHUS MOJETOM H BBIIOJIHE-
HUS IPYTUX hyHKIHIA, HEOOXOIUMBIX
Juist pabotsl BAC.

HaszemHast cTaHUMSI COCTOMT W3 CIEAYIOLIMX
KOMITOHEHTOB:

HOYTOYK ¢ ycraHoBieHHOW QGroundControl,
KOTOpEIi cBs3bIBaeTcs ¢ BAC depes kaHan Tene-
metpun  HGD-TELEM433 (Tenemerpudeckoe
panuno);

MyJIbT TUCTAaHIMOHHOTO yrpaBieHus FS-i6S
Juid yraneHHoro ynpasienus BAC.

Jlnst cOopa BXOJHBIX JAHHBIX B BHAE M300pa-
JKEHUH WM BHJIEO Hcnosb3yercs kamepa Google
Coral, monkirouennas k NavQPlus (cum. puc. 2).
Iocne momy4eHWs AaHHBIX O COCTOSHHU pacTe-
HHH, KOMIIBIOTEp HCIONB3yeT OOYYCHHYIO MO-
JeTIb JUTS MX aHalli3a M BBIITOJHCHHUS JOTHYECKO-
r0 BBIBOJA OTHOCHTEIBHO HAIIMYHMSA WA OTCYT-
cTBUs 3abosieBanus [22, 23]. Kpome Toro, Ha
komIistoTep mnepenatorcs GPS-xoopanHatel Me-
CTOTIOJIOKCHHUSI TOPAKEHHBIX pacTeHuit. OHu
MOTYT OBITh HCIIOJIb30BaHBI JUI AajbHEHIIero
aHAIM3a WM NPUHATHS PEIICHUH, HampuMmep, o
MIPOBEICHUN LEJIEBEIX O0paOOTOK WM MOHHTO-
pHHra W3MEHEHHWH COCTOSHHUS pacTeHHd B Tede-
HHE BPEMCHHU.

Puc. 3 — Cobpannsiiit BAC

[epBbIM mIarom mpu pazpaboTKe MPUKIATHO-
T'O MPOrpaMMHOT0 obecriedeHust Oblila HacTpOHKa
koMIbtoTepa-kommanboHa NXP NavQPlus. Tlpu
BKIIFOUCHUH NHWTaHHUS OH aBTOMATHUYECKH 3arpy-
JKaeTCsl ¢ TOCTaBJIeHHON SD-kapThl, HA KOTOPOM
yCTaHOBJIEHa OOHOBJIEHHAsh BEPCHUs OIEPAL[MOH-
HoH cuctemsl Linux - Ubuntu 20.04.5 LTS.

Ha kommelotep-komnanbon NavQPlus ycra-
HaBiuBatoTcst Ondmmorexkn PyTorch, NumPy n
OpenCV. TIlepen wHawamom pabor  uyepe3
MAVLINK ycranaBiuBaeTcs CBSI3b C aBTOIHJIIO-
toM PX4, 3arem BAC B3neraer u depe3 xamepy
(Google Coral) mpou3BOAMTCsI 3aXBaT H300paxe-
HUH PAacTEHUH C BBICOKUM DPA3pELICHUEM, IIPENO-
CTaBJsIsI BXOJHBIC JIaHHBIE i 0OpaboOTKM W
aHaimmza (puc. 4). Jlanee npowmsBoguTcs 3amyck
MOJIENIM TIIyOOKOro OOydeHHs AJisl paclo3HaBa-
HUSL ¥ Ki1accu(uKaluu 3a00JIeBaHUN PACTCHUH.
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IIporpamma cama B aBTOMAaTHYECKOM pEKUMeE
OyzneT NMpou3BOAMTH OOHapyKeHHe 3aboeBaHUN
pacTeHWii Ha OCHOBE aHaIM3a H300paKEeHUH,
BKJIFOUasl KJIaCCU(HKALHUIO U OIPEEICHNE CTEeIe-
HU TSDKECTH. A TaKkKe MporpaMma IPOU3BOIUT
HoJIy4eHHe reorpaduueckux KOOpOWHAT MECTO-
TIOJIOKEHHMS JUIsl TIPUBS3KM PE3YNIbTaTOB aHaIn3a
K KOHKPETHBIM MecTaM Ha moiie. 3ateM o0pabo-
TaHHAs MHPOPMAIHS TOCTYNAET MOJIB30BATEIIO, a
TaKKe STH JaHHblE coxpaHsiorcs Ha SD-kapte
JUTS TIOCTIEAYIOIIETO JOCTYTIa ¥ aHAJIH3a.

IIporpammuoe obecnieuenne (I10) 3amyckaer-
Csl C HA3€MHOM CTaHIMM, UCII0JIb30BaHNE KOTOPOH
JaeT BO3MOXHOCTh KOHTPOJIMPOBATH OIEPALNN
(3amyckaTth, OCTaHaBJIWBATh M 1p.). YTpaBJICHHE
BAC ocymecTBasiercss BpyuHy0, BCE OCTalIbHOE
paboTaeT aBTOHOMHO, ©0€3 BMEIIATEIbCTBA
TMIOJIb30BATEIs.

Becmnuuk Kasanckoeo I'AY Ne 2(74) 2024



TEXHUYECKHUE HAYKHU

Kamepa
(Google Coral)

NoaxnoueHue

Pexum cbemkm
BAC e Cb!
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uHdopmaummn
8 SD kapre

Ouenka
COCTORHMA
pacreHuin

Onpeaenexnsa
KOOpAUHAT

O6HapyxeHua
3abonesaHui

Puc. 4 — ApxurekTypa mporpaMMHOTO 00ECIICUCHUS

CrnenyeT OTMETUTh, UTO OCHOBHOM CIIeHapuit
MPOrpaMMHOT0 KOJa mMain.py IOJDKEH HaXOIUTh-
cs Ha TOM K€ ypoBHE, uTo 1 KaTasor YOLOv8n ¢
00y4eHHON MOJIENBIO, Ui TOTO YTOOBI €ro BbI-
MTOJTHEHUE TIPOXOIIIIO €3 OIHUOOK.

OCHOBHBIE 33J]a4ll B PaMKaxX BBIYHCIUTEIHHO-
ro KOHBeHepa NpH aHanu3e 3a0ojeBaHUN pacTte-
HUI — X oOHapyxeHue u oTciexupanue. Cyie-
CTBYIOIIUE aJTOPUTMBI OOHApyKeHHs OOBIYHO
pa3fensioT Ha JBE KAaTErOpUH: IBYX JTAIlHBIE,
KOTOpBIE BBIAEISIOT 00JIaCTH MHTEpeca Ha M300-
PaKEHUH M 3aTeM KJIACCU(PHULIHUPYIOT HX, HAIPH-
mep, Faster-RCNN, u oaHO 3TanHble, TaKHe Kak
YOLO, SSD u DeepSort, koTOpbl€ HCIONBb3YIOT
METO/Ibl PETPECCUU JIIsi MUHUMHU3AIMK (YHKIHIA
omuOOK KiaccubuKaluu W Jiokamusauu. I1o-
crnennue paboraror Obictpee u Gosee 3ddexTrB-
HO, TIOCKOJIBKY OJIHOBPEMEHHO BBITIONHSAIOT 3a/1a-
Y1 OOHAPYKCHHSI OOBEKTOB M MX OTCIEKHBAHHUS.
OpHako ans 3pQpeKTHBHOTO 0OHApYKeHHs 3a00-
JIeBaHUH PAaCTEeHWH B peaJbHOM BPEMEHH TaKHe
MouduIMpoBaHHbIe anropuT™el, kak YOLO,
SSD u DeepSort, TpeOYIOT BBICOKOTPOU3BOIH-
TENBHBIX TpaduuecKux mporeccopos. [Ipu rectu-
pOBaHMM  Ha  BCTPOEHHBIX  MuiaTdopmax,

UCIIONIb3YEMBIX B MOOWJIBHBIX POOOTaX, CKOPOCTh
OOHapyXeHHsI 00BEKTOB 3HAYMTEIILHO CHUXKAECT-
csi. B OCHOBHOM 3TO CBSI3aHO C ITPOM3BOAUTEIb-
HOCTBIO  Tpaduieckoro mpomeccopa  Ha
BCTPOSHHOW IUTaT(opMe, KOTOpasi HIDKE, YeM Y
pabodell cTaHIMK, YTO MPUBOJUT K YBEJINUCHHIO
BpEMEHU 00pPa0OTKH.

KayectBeHHbIll HaOOp maHHBIX — (yHIaMEH-
TaJIbHOE TPeOOBaHUE IPU CO3JAHUHM MOJEIH TIIy-
6okoro oOyueHus. IloaToMy mnepBbIi M pelaro-
muit 3tan rryOOKoro oOydeHMs HauyMHAeTCs C
MOJTy4eHHS] N300paKeHNUH.

B HameMm wuccienoBaHMM — MCHOJB3YIOTCS
JIaHHBIC, COOpaHHBIE B XOJE YETHIPEX IOJIEBBIX
OKCIEPUMEHTOB B  BETETAlMOHHBIM  IEepHOJ
2023 ronma Ha Teppuropun Ydumckoro n Kap-
MacCKaJIMHCKOT'O paiioHOB PecrryGnukn
Bamkoprocran (tabn. 1). Coop wuz00pakeHuit
OCYIIECTBIISUIN B TeUCHUE 9 HENENb C HCII0JIB30-
BaHUEM KBagpoxonTtepa Phantom 4 Pro ¢ Beicoko-
kauecTtBeHHOW RGB-kamepoil. 3aremM ux Bpyd-
HYIO QaHHOTHUPOBAJIM W HCIIOJIb30BAIM B KauecTBE
obyuaromero Habopa. Kpome Toro, B 00y4aromimii
Habop ObUIM 1OOaBIEHBI NaHHBIE, COOpPaHHBIC B
OTKPBITBIX HCTOYHUKAX HHTEPHET-PECYPCOB.

Tabnmma 1 — Obuiee konnyecTBO COOPAHHBIX JaHHBIX B IIEPHOJ MOJIEBOTO SKCIIEPUMEHTA

JlaTa cheMkn Uwncno n300paXkeHuit, mT. Pa3mep ¢aiina
11.07.2023 1. 2158 4316
26.07.2023 1. 2043 4,716
17.08.2023 . 2314 4,416
30.08.2023 r. 2453 4,6T6
09.09.2023 r. 2012 4,1T6

Jis pa3paboTKU alropuTMa pacrlo3HABaHHUS
Obuta cosfaHa oOmmpHast 0aza HM300paKeHHH,
OXBaThIBaIOIIas pazHOoOOpa3re CUMITOMOB 3200-
seBaHui. VX 3anucelBajid B 9KCIIEPUMEHTAIbHBIX
KOHTPOJHMPYEMBIX M TIOJEBBIX YCIOBUAX C HC-
M0JIb30BaHUEM OoJiee 4eM 3 COPTOB | JIBYX yPOB-
Heit ynoopenus (0 u 180 kxr N/ra), B pa3Iu4HbIX
¢da3zax pocra MIICHHIBI W dTanax 3a00JicBaHHS
JIUCTBEB, B PA3JIMYHBIX YCJIOBUSAX OCBCINCHUS, C
Pa3HBIMH PACCTOSIHUSIMH MEXIy OOBEKTOM U
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O00BEKTHBOM KaMephbl (TO €CTh MPOCTPAaHCTBEH-
HBIM pa3penieHueM). M300pakeHuss COXpaHsITH
B IBeTOBOM TipocTpancTBe RGB B dopmare
JPG m PNG. Jlns obecriedeHus] JOCTOBEPHOCTH
HHPOPMAINH O KaXKIOM ISTHE Ha JIUCTHAX, HC-
MOJIE3yEMOM U OOYYEHHUS alropuTMa MO Jallb-
Helimeit 00paboTKu.

Jns  knaccudukamuu OONE3HEH TOCTYITHBI
paznuunbie moaxonsl [23]. Ilocne pa3nuyHBIX
JTANoB MPEIBAPUTEIHLHON 00pabOTKH, HAIIpUMeEp,
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npeoOpa3zoBaHus B Jpyroe L[BETOBOE
MIPOCTPAHCTBO MM YCTAHOBJICHHSI ITOPOTOBOIO
3HAUEHMs, U3 M300pAKCHUH  M3BJICKAIOTCS

ocobeHHocTH [24], HanpuMep, IBeTa, GOPMBI HITH
TEKCTYpHl [25], KOoTOophIe 3aTeM KiaccH(UIUPY-
I0TCSL C HCIIOJIb30BAaHMEM TaKHX HHCTPYMEHTOB
MaIIMHHOTO OOY4YeHHMs, KaK MallHHBl OIOPHBIX
BekTOpoB (SVM) [26] unu HelipOHHBIE CETH.

Jlannble, coOpaHHBIE o  IIIICHHUIIE,
MO3BOJIMJIM  BBIACIHUTH  CIEAYIOMIME  BUJIBI
3aboneBanuii (Tabm. 2, puc. 5):

Oypas p>xkaBumHa (Brown rust) — Bo30yauTens
Puccinia recondita f. sp. tritici, mposiBnsieTcs BU-
Jie KOPHYHEBBIX IITEH C THICSYaMH CHOp Ha JIH-
CTBSIX, CTEOJISX M KOJIOCKaX MIICHUIIBI;

xenrtas pxasynHa (Yellow Rust) — Bo30ynu-
tenb Puccinia striiformis f. sp. tritici, IposiBIsAeT-
csl B BHJE JKENITHIX MOJOC Ha JINCTHAX MIICHULIBL,
KOTOpblE ~ CO  BpeMEHEM  MPEBPAILAOTCS

B XapaKTepHbIE PXKaBbIe IIATHA;

wiecens  mmeHunpl  (Wheat  Mold)
BBI3BIBACTCS PA3IMYHBIMU BUAAMH I'PHOOB, BKIIIO-
yast Fusarium spp., Alternaria spp. u Aspergillus
Spp., CHMIITOMBI BKIIIOYAIOT MOSBJICHUE HA JUCTh-
AX, CTEONSIX MM KOJIOCHSX — XapaKTepHOTO
HaJleTa, KOTOPBIH MOXET OBITH OENbIM, CEphIM,
YEpPHBIM WJIM 3€JICHBIM. DTO MOpaXKEHHE YacTo
CONIPOBOXKIAETCS THHEHWEM U Pas3lioKEHUEM
TKaHel pacTeHHs;

cenropno3  (Septoria Leaf Blotch)
BBI3BIBAaeTCI TIpubaMu poxa Septoria, yaie
Bcero Bumamu Septoria tritici m Septoria no-
dorum, TpoOsBIAETCS B BHAE XapaKTEPHBIX
KPYTJIBIX HJIH OBAIBHBIX OYpBIX MSATEH HA JIUCThIX
MIIEHUIBI, KOTOpblE OOBIYHO MMEIOT CEepPYI0 WIIH
OGemyro OKkaHTOBKY. Ilpu mpomomxuTeIsHOM
3apa)XCHUH JIUCTHS MOTYT JKENTETh, BHICHIXaTh U
omnanark.

Tabmmma 2 — XapakTepuCTHKH 0OJIe3HEH JINCTHEB MIITCHUITBI

CUMITOMBI
3aboneBanue [TaToren
dhopMma marorena JTUAMETP 1BET
Bypas Puccinia recondita paznuyHas Pa3IUIHbIH TIPOSIBIISIETCSI BUIE
p’KaBUMHA f. sp. tritici KOPHWYHEBBIX IISITCH
.. . JKEIIThIE TI0JIOCHL, CO Bpe-
Kentas Puccinia striiform- ’ P
. o OBaJIbHAs 1...5Mm MEHEM INIPEBPAIIAIOTCS
p’KaBUMHA is f. sp. tritici
B pKaBbIe IIATHA
. XapaKTEepHbIH HAJIET, KOTO-
Fusarium spp., o
IInecens . P MOXKET OBITH OEJIbIM,

Alternaria spp. n Kpyrias 2...5MM
TIICHHIIBI . CEepBIM, YEPHBIM HJIH 3eJIe-

Aspergillus spp.

HBIM

Septoria tritici u HPOSIBIIIETCS B BUTIE
Centopro3 pror OBaJIbHAs 2...10 mm P A

Septoria nodorum OypBIX ISITEH

Oypast pxaBUrHA JKeJITasi p>KaBurHa

IIJICCCHB MIICHUIIBI CCIITOPUO3

Puc. 5 — MI300paskeHus TUCTHEB MIIICHUIIBI, ClIeTaHHbIe ¢ ToMOoIbi0 BAC, MOKa3bIBAIOT TUITMYHBIC
MIATHA Ha JIUCTHIX, BEI3BAHHBIC 4 Pa3IMYHBIMU MTATOT€HAMH

Bce m300paxeHus mo Kaxaomy 3a00JIeBaHHIO
ObUTH pacHpeneseHbl MEXIy TPEeHHPOBOYHBIM
(train), BamuaanuoHHEIM (val) U TecToBBIM (test)
nabopamu B cootHomenun 70%, 20% u 10%
COOTBETCTBEHHO (Tabu. 3).

Takoe pacmnpeneneHue JOBOJIBHO YacTO HC-
MONB3YIOT TpH TiIyOoKkoM oO0ydeHnu. Hammens-
mee KoiaudecTBo Qororpaduii ObUIO B Kiacce
«Oypast pKaBIMHA», HANOOJBINEE — CETITOPHO3Y.
HepaBHOMepHOE paclpelielieHie KIacCOB MOXET
MOBJIMATH Ha OOyYeHHE MOJEIH, OCOOCHHO eciu
OoHa OyzmeT Jydmie pacro3HaBaTh  KIIAcChl
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C 60J'II)IHI/IM KOJIMYECTBOM JaHHBIX. KpOMe TOTO,
He00X0UMO, 4TOOBI pacIpelielieHne KIacCoB B
BaJMJAIIMOHHOM W TECTOBOM Ha0opax OBLIO CO-
MOCTAaBUMO C TPEHUPOBOYHEIM.

Jis Havana o0y4eHus: He0OXOAUMO MPOBECTH
MpeBApUTEIbHYI0 00pabOTKY MOJYYCHHBIX JaH-
HBIX, KOTOPAsi OTHOCHUTCSI K ISHCTBHSM, BBITIOJHSI-
eMBIM Ha (hyHIaMeHTaIEHOM ypoBHE [27, 28].

OOydeHue Mofenel NPOUCXOAUT ObICTpee
MPU MEHBLIEM pa3Mepe M300paKEeHUi, BhIpaKEeH-
HOM B MHUKCEJIAX, MOCKOJIbKY 3TO O3HA4YaeT MEHb-
1Iee KOJMYECTBO MUKCEINeH st 00paboTKH.
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Tabnuna 3 — CooTHOLIEHHS KOJIMYECTBO COOPaHHBIX AaHHBIX U 00y4eHHS

Kracc 3aboneBannit Komgecto doto train val test
Bypas p>xaBunHa 161 113 32 16
[Inecenn 517 362 103 52
Kenras pxaBunHa 429 300 86 43
Cenropro3s 753 527 151 75
IIpo1ieHTHOE COOTHONICHHUS 70% 20% 10%
Kpome TOro, ncxomHble M300pakeHHSI MOTYT  pasMepa  HM300paKeHUs  €ro  IHKCEJbHBIC

HUMETh Pa3HBIE pa3MeEpbl, & MHOTHE apXUTEKTYPHI
Mojeneld TIIy0oKoro oOyueHus: TpeOyIOT, YTOOBI
oHHU OblIM onuHaKoBBIMHU [29]. Kpome Toro, mpu
pasHuIe Mexay o0ydalomuM H300pakeHHEM U
n300pakeHrneM pacrio3HaBaHHus MOJIEh
obyuennss  YOLO  moka3plBaeT  IDIOXYIO
npousBonuTenbHOCTh [30]. Tak kak mepBoHa-
YanpHBIE pa3Mephl H300pakeHuil OBLTH pa3HBIMU
B HameMm oOydarormeM Habope 3axBadeHHBIE HC-
XO/IHbIE M300paKeHUsI MaclITaOUPOBAIH JI0 pa3-
MepoB 640x640 mukcenel i obecrieueHus co-
IJIACOBAHHOCTH JIaHHBIX W ONTHMAIIbHOIM paboThI
Mojenu. Takue pasmepbl CUMTAIOTCS ONTHUMAJIb-
HBIM 11 MHOTHX Bepcuit momenmu YOLO. DtoT
TIOJIXO TIO3BOJIIET COAAHCHPOBATh CKOPOCTH U
TOYHOCTh OOYYCHHMS, TaK KaKk MEHbIIHe H300pa-
JKeHHsT 00pabaThIBAIOTCs OBICTpee, HO MOTYT CO-
ZepkaTh MeHblIe nertaneil. M3meHeHue pa3zmepa
n3obpaxkenuit 10 640x640 mukceneii obecreyn-
BaeT ONTHUMAJIbHBIH KOMIIPOMHCC MEXAY CKOpPO-
CThI0O 00pabOTKM M COXPAaHEHHWEM JOCTATOYHOTO
KOJIMYeCcTBa JieTalel Ul TOYHOTO paclio3HaBa-
HUsL 3a0oneBanmii. Kpome Toro, takxe pasmep
n300paXeHHs] JIOJDKEH OBITh KpaTeH 32, moToMy
yto B apxurektype YOLO ucnonesyrorcs cBep-
TOYHBIC CJIOM C YMCHBUHICHHUEM PasMEPHOCTH
(downsampling). B kaxxgom TakoMm ciioe pasmep
n300pakeHUs] yMeHbIaeTcsl BIBoe. HaumHas c
640, mocie HECKOJBKMX YMEHBIIEHHH MBI II0-
MIPEXXHEMY TI0Jy9aeM LEJIOYHCICHHBIE pa3Mephbl,
YTO Ba)XKHO JJIsI KOPPEKTHOH PabOTHI CBEPTOYHON
ceru. Ecnin pasmep He Oyzmer kpareH 32, MOXKeT
BO3HHKHYTh HEOOXOANMOCTb B HEIEIOYHCIICH-
HOM KOJIMYECTBE MHKCEIEH, 4TO HEMPUEMIIEMO
JIJI CBEPTOYHOU apXUTeKTypbl. [Ipu m3ameneHuu

« ® ¢ t Computer Vision Annotation Tool

3HA4YEHHUsA YMEHBIIAIOTCS, W HEXeNaTeIbHas 00-
JacTh WHTEpeca orOpachiBaeTcs. Takod MeTon
Npe/BapUTEIbHOH 00pabOTKU BBIMONIHSIETCS C
UCIIONIb30BaHueM ckpunrta Ha Python u Oubimo-
texku OpenCv niepen; 00yueHHEM MOAEIN O0HapY-
JKEHUS U oTCIekuBaHusa 00bekToB (YOLO).

AHHOTHpOBaHHE N300paKESHUN — 3TO TIPOIIECC
npeoOpa30BaHKs HECTPYKTYPHPOBAHHBIX TAHHBIX
B CTPYKTYpPHPOBaHHYIO (OpMy, HOHITHYIO [UIS
riy0oKoro o0ydeHwus. AHHOTHPOBaHHBIN
(pa3MedeHHBIN) HAOOP MAaHHBIX — HaUOOJIee Bax-
Has 4acTh MamuHHOro ody4yenus (ML). Mnxene-
PBl MAIIMHHOTO OOYY€HHs B MCCIIEHAOBAHUSIX HC-
MOJNB3YIOT TaKHE WHCTPYMEHTHI aHHOTAIMH, Kak
labellmg, roboflow, yolo mark u MmHOTHE IpyTHE.

Jnst anHoTtammu gaHHBIX YOLOVS MBI HC-
nonp3oBany uHCTpyMeHT CVAT, xortopsiii Gec-
IUIATHO JIOCTYNEH B PEMNO3UTOPHU KOMIIAHHU
CVAT. B To Bpems kak roboflow, sBisrommiics
IUIATHO TUIAT(GOPMON KOMITBIOTEPHOTO 3pEHHS,
MO3BOJISIET CO3/1aBaTh MOJENH KOMITBIOTEPHOTO
3pEeHUs] 1 aHHOTAllMHM N300pakKeHUH B COYCTAHUN
C ayrMEHTaluel TaHHBIX.

ITO CVAT 06but0 pa3BepHYTO Ha JIOKAJIHHOM
Docker koHTeiiHEpe, 4TO 00ecnednBaeT y100cTBO
UCIIONIb30BaHMs, CKOPOCTh M I(P(PEKTUBHOCTH
AHHOTUPOBAHUsSI JIAHHBIX, a TaKXKE COXPaHHOCTh
KOH(UICHIIMAIBHOCTH JIAHHBIX, ITOCKOJbKY BCE
MPOUCXOJUT Ha BallleM COOCTBEHHOM KOMIIBIOTE-
pe wm cepsepe.

AHHOTHpOBaHHE C HCIIOJIB30BAHHEM IIPO-
rpammHoro kommiaekca CVAT npexncrasnser
coboif  mpomecc  pasMETKH  HM300paKeHHH,
Ha KOTOPBIX BHUAHBI CHMITOMBI Pa3IHYHBIX

3aboneBanuii (puc. 6).
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Puc. 6 — Ilponecc HaHECEHNE pa3METKH
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B pesynbTate co3maercs HabOp HAaHHBIX C
pa3sME4YEeHHBIMH CHMITOMaMH 3a00JIeBaHUM, KO-
TOPBIII MOKHO HCIOJIB30BaTh ISl MAIIMHHOTO
00ydeHHsT WX aBTOMATHYECKOTO OOHAPYKCHHUS U
KIaccu(UKaIu Ha H300pakeHUSX.

B nHamem uccnenoBaHun ucnosib3zoBancs Py-
thon Bepcuu 3.9.18 ¢ budamnotekoit PyTorch Bep-
cun 2.0.1, xotopas moanepxkuBaer CUDA Bep-
cun 11.7. PyTorch Ob1 onTuMu3upoBan 1 pa-
6otel ¢ GPU, ucnons3yss CUDA, uTo mo3BoJsier
3HAYUTEIBHO YCKOPHUTH BBIYMCICHHS Onaromaps
mapaiensHoi 00pabotke maHeeix Ha GPU. B
KagecTBe OOOPYNOBAaHUS HCIIONB30BANM  BH-
neokapty NVIDIA GeForce RTX 3070 ¢ 8 T'b
MaMATH, YTO TIO3BOJIAJIO TPOBOIMUTEH CIIOXKHBIE
BBIYKCIICHUS, CBS3aHHBIC C TPEHHUPOBKOW U WC-
MOJIb30BAaHUEM MOJIENeHl MallMHHOTO O0YYeHHs,
s¢pdextuBHO U ObicTpo. OOyueHHe MOAENH IIPo-
BoAMIM Ha npotrsbkeHuu 700 urepanuii ¢ pa3me-
pom makera (batch size) paBabM 2. J[71s1 onTUMU-
3alliM  WUCIOJIB30BaIM  onTuMm3atop  Adam.
HauanpsHas ckopocTh 00ydeHus Oblia ycTaHOBIIE-
Ha Ha yposHe 0,001 (le-3), makcumanbHas OblIa
3agana kak 0,00001 (le-5). Koadpduuuent um-
nynbca (momentum) coctanisut 0,937, cHUxKeHHE
Beca (weight decay) — 0, 4TO O3HA4aeT OTCYyT-
CTBHE PETYJISIPU3ALNH 10 BECaM.

Bce Bapuaatsr YOLO neMOHCTpHPYIOT BEICO-
Kyt 3QQeKTHBHOCTh B KiIacCUpHUKAMU 3a00I1e-
BaHMH meHunbl. OHAKO, COTIACHO OIyOIHKO-
BaHHBIM HcciieoBanusaM, YOLOv8n BeiaenseTcs
cpenu Mpouux BepcHil Omarogaps MOBBIMIEHHON
TOYHOCTH M A(P(PEKTUBHOCTH PEIICHHs TaKOH 3a-
naun. Otot ¢axrt aenaer YOLOvVSn Goree mpen-
TIOYTUTEIBHON JUISl pean3alii B IPOEKTax, CBsI-
3aHHBIX C INArHOCTUKOW 3a00JIeBaHN MIIEHUIIBI,
YTO TIOATBEPXKIAIOT PE3YJIBTAThl HCCIEIOBAHUN
npyrux aBTopoB [31]. B kauectBe mokazateneil
OIICHKHA Y(PPEKTUBHOCTA MOJICIH HCIIOJIb30BAIH
TaKUe METPUKH, KaKk TOYHOCTh KiacCH(UKalNH,
CpeIHssl TOUHOCTH IO BceM KiaccaM (mAP), mo-
TepH B Iporiecce 00yueHus 1 moHoTa [32].

CymmecTByIOT J1Ba THIA MOTEPh: OJUH Hpes-
cTaBisier co0oi moTepu OOyuYeHHS JIETEKLHH,
JpYyroil — MoTepu BaJMIalUK AETEKINU KaXI0TO
obwexTa. Ilpy mpoBeneHNH MCCIEIOBAaHUN B Te-
YeHHe KaKJOW 3TOXH OLEHHBAIU IOTEpH 00yde-
HUS | TI0CTIEe KaXKTOH SMOXH ONpEeAeIsUIN IOTepH
TECTHPOBAHUS.

CnocoOHOCTh MOJIEH NMPAaBUIIBHO KiacCU(H-
LUPOBaTh OOBEKTHI OIPEAEIEHHOTO Kiacca WIN
€€ TOYHOCTb PACCUUTHIBAETCS MO hopMyIIe:

TP

— (1)
TP + FP

Precision =

rae TP (True Positives) — KOTMYECTBO HCTUHHO
MIOJIOKUTEJIBHBIX PE3YJIBTATOB, 3TO YHCIIO CIIyda-
€B, KOTJja MOJIeJIb KOPPEKTHO ONpeneia HajlH-
yue Ki1acca 3a001eBaHNH;
FP (False Positives) — KOJIM4ECTBO JIOXHO OJIO-
KHUTEIbHBIX PEe3yJbTaTOB, 3TO YHCIO CIIy4aes,
KOTZIa MOJIeSib OUIMOOYHO OIpelelniia Haaudue
KJacca 3a00IeBaHuIH.

CriocoOHOCTE MoOJeTH OOHApyXMBAaTh BCE
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JICWCTBUTENHLHO IMOJIOXKUTEIbHBIE OOBEKTHI Lielie-
BOro Kjlacca OIleHuBaeTcs Merpukoil Recall
(nmomaOTa). OHA XapaKTepU3yeT OO0 MPAaBUILHO
00HapyKEeHHBIX 00BEKTOB IIETIEBOT0O KiIacca OTHO-
CHTENIBHO WX OOINEero KOJMYeCTBa B TECTOBOM
Habope maHHBIX. IloMHOTA paccYMTHIBACTCS IO

hopmyre:
TP

TP + FN'

FN (False Negatives) — KOIH9ecTBO JIOKHO OT-
pHULATENbHBIX PE3yNbTAaTOB, KOTAA MOAENb HE
cMoriia OOHApPYXHUTh Haln4ne Kiacca 3aboseBa-
HUU.

Merpuka mean Average Precision (mAP)
Npe/CTaBIsieT co0OM CpeaHee 3HAueHHE TOYHO-
ctu (Precision) s Kakaoro Kiacca MM KaTero-
pun 00bekToB. OH XapaKkTepu3yeT KOMIIPOMHCC
MEKAY TOYHOCTBIO M TIOJIHOTON M PAacCUUTHIBACT-
cs o crenyromniet popmyoe:

N
mAP = 1/NZAP1-,
i=1

rae N — konuuecTBo KiaccoB, AP — cpennee 3Ha-
YeHHE METPHK 10 BCEM KJIaccaM.

Oyukuus norepb mogenu YOLO paccuuTsl-
BaeTcs 1Mo opmyIe:

LOSS = L0SS,1; + L08S 07 + 1085,

rane LOSS — ¢yskums moreps moxemn YOLO,
uHIEKC cls — motepu knaccudukanuu, conf — mo-
TEpHU YBEPEHHOCTH, reg MIOTEPH pErpeccuu
(TMKcemnsix).

B cBow ouepens mnortepu kiaccudukanuu
(cls), yBepennoctu (conf) u perpeccuu (reg), Ko-
TOPbIE MCIIOJIB3YIOTCS JUIsl OLIEHKH OIIMOKH MOJie-
JIM PACCYUTHIBAIOTCS 110 CIEAYIOINM (hOpMYyJIaM:

Recall = @)

G3)

Lo e g
LOSSqs = LLU N EGpi(e) L (5)
kK m
105, = ) Y 1 EG ) -
i=0 =0 . (0
.kl ~
~no0bj B2y Xy i E(LL)EG, C)
C_ap_48
L0850 = 1 - 100(2,47) + 221 (D)

riae k> — 510 pasmep cerku; Ecim m3o6pakenue
paszieNieHo Ha CeTKy kxk, To o0iee KOIM4eCcTBO
sTaeeK ceTKu oymer k;
/i — nHOMKaTOpHas (QYHKIUSA, KOoTopas paBHa 1,
€CIIH B siUCHKe / CETKH MPHUCYTCTBYET 00BeKT, U
B IIPOTHBHOM CITy4ae;

c
2.F
c=1

(pi (), Pi (C)) — uAeHTU(GULIUPOBAHHAS BEPOST-
HOCTb W MCTHHHAsI BEPOSITHOCTh TOTO, YTO OOBEKT
B siuelike i NPUHAUIEKUT KIACCY C;
m TIPEITOJIOKUTENHHO

— CyMMa OIMOOK IS KKIIOTO Kilacca ¢ B
sigelike ceTku I, rae C — 3TO KOJIWYECTBO
KJIaCCOB;

KOJINYCCTBO
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UACHTH(HUINPOBAHHBIX PAMOK B KaXK/IOW sueiike
CEeTKU;

l;; — nHaMKaTOpHast (YHKLUs, KOTopas paBHa 1,
€CJIM MpeAcKa3aHHas paMmKa j B SUEMKE CETKU 1
OTBEYAeT 3a OOHAPYKEHHNE O0BEKTa;

(€, C)

— dAeHTHOUIUPOBAHHAS W HWCTHHHAS
METKH KJIACCOB ISl PAMKH j B sTYEHKe i;
Ano0bJ _ BECOBOH KOX(PHUIMEHT 1T TOTEPH,
CBSI3aHHBIX C OTCYTCTBHEM OOBEKTA;
I;; — vHnukatopHas GyHKUus, paBHas 1, eciau
UACHTUHUIUPOBAHHAS paMKa j B siueiike i He OT-
BEYaeT 3a OOHAPYKECHUE 0OBEKTA;
IOU(AP,A°) — mepeceueHHe MO OOBEIMHCHUIO
(Intersection over Union) Mexay UACHTHPHUIIUPO-
BaHHBIMH  pamKaMd A° W HCTHHHBIMU
pamkamu A°;
A€ — nnomane oObEIMHEHHS BCEX HCTHHHBIX H
Npe/ICKa3aHHbIX PaMOK;
A" A° — IUIOINAb UACHTH(PHUIIUPOBAHHBIX U UC-
TUHHBIX PAMOK COOTBETCTBEHHO;
I — niomazp nepecedeHns Mexay A7 u A°.

YeM HIKE TIOTEPH MOZENH, TEM BBILIE €€ IPo-
U3BOAUTEIBEHOCTb.

Tak ’ke mNpU TPOBENCHUH HCCICAOBAHHUI
omnpenessui 6ajl yBEpeHHOCTH, KOTOPBIH 00bIY-
HO PacCUUTHIBAETCS B IIPOLIECCE MPSMOTO Pacipo-
crpanenus (forward propagation) monenu. Ilocie
TOTO, KaK MOJielib 00padoTana BXOJHBIE JaHHbBIE
(mampuMmep, u300pakeHWE C pacTeHHEM), OHa
TEHEPUPYeT IPOTHO3Bl HAa OCHOBE HM3yYECHHBIX
NPU3HAKOB M BECOB. J[Is Ka)OOTO MOTCHLHANb-
HOTro OOHApyXEHHs MOJIeNb BBIAAET JBa OCHOB-
HbIX 3HAYCHUA:

Knaccudukanus — K KakoMy Kiaccy NpUHaj-
JISKUT 0OHAPYKEHHBIN 00BEKT;

0ay1 YBEpEeHHOCTH — BEPOATHOCTH TOTO, YTO
0OHApyKEHHBIH OOBEKT ACHCTBUTEIBHO MPHHAI-
JISKHT yKa3aHHOMY KJIaccy.

train/box_loss trainfcls_loss

train/dfl_loss

bamn ysepennoctu (C) s Kaxzmoro
MPOTHO3a MOXET OBbITh paccuuTaH no Gopmyie
(8), roe P o3HadaeT BepOSITHOCTH MPUHAIIICKHO-
cTH 0OHApYKEHHS K OTIPEIEeIICHHOMY KIIaccy:
C=(0b6vexm npunadnexcum xkraccy/
0bvexm ooHapyicen) )

OTta BEpOSTHOCTH OOBIYHO BBIUUCISIETCS C
UCIIONIb30BAaHUEM TaKOH (YHKIMH aKTHBALUH,
KaK CHUTMOW, KOTOpas NpeoOpa3yeT BBIXOJHBIE
JIaHHBIE MOJIEITH B BEPOSTHOCTh Mex1y O u 1.

B xoHTekcTe OOHapykeHHS OOBEKTOB, Oaul
YBEPEHHOCTH TaKKe MOXXET OBITh CKOMOWHHPO-
BaH C TOYHOCTHIO OrPaHHYMBAIOLICH paMKH, 4TO
nmaet OoJyee oOmIMit Oay YBEpEHHOCTH LIS K-
JIOTO 0OHAPYKEHHOTO 0OBEKTA.

B mannom uccinemoBanuu, moaens Y OLOvEn
o0yd4aeTcsi, HauMHasl C MHULMAJIM3ALNH TTapaMeT-
POB MOJIENIA 3HAYCHUSMHU U3 00ydeHHOro (haiina
BecOoB opuruHanbHo Mozenun YOLOv8n. Oto
03HayaeT, YTO BMECTO Hayana oOy4eHHs C CIy-
YalfHO MHHUIHAIU3UPOBAHHBIX BECOB, HCCIEIOBA-
HHE UCIIONB3YyeT Beca, yxKe MpeBapuTeNIbHO 00y-
YeHHBIC Ha JAPYroM Habope TaHHBIX WM 3a1ade,
YTO TIOMOTaeT YCKOPHUTh Hpolecc OOydeHHs Hu
MOTEHUMAJIBHO YJIYYIIUTh MPOU3BOJUTEILHOCTh
Mojenu. [10CKoJIbKY I CpaBHUTEIBHOTO JKCIIe-
puMeHTa TpeOyeTcs 00yyeHne pa3IndHbIX CTPYK-
TYp ceTell U omnpeleNeHHe ONTHMAIbHOTO KOJIH-
YecTBa WTEPALMi IS JOCTHIKCHHS HamIydniei
NPOU3BOUTEIILHOCTH OOHApYKEHHUs, B XOIE HC-
CIICIOBaHUS JMHAMHYECKH OTCICKHBAJICI HPO-
1ecc oOydeHus U coxpaHsics ¢aill BECOB CeTH
Ha KaXJ0W »sroxe. OTO MO3BOJMIO BBHIOPATh
Jy4UIyI0 00Y4YarolIlyr0 MOJENb U MPEAOTBPAaTUTh
nepeoOydcHuHe.

Jnst tuHAMUYEeCKOro HaOJIOJCHUS 3a CTaTy-
COM O0O0YYeHHMS M IPOM3BOIUTEIBHOCTBIO MOJICIH
Ha Pa3INYHbIX HTEPALHAX UCIIOIB30BAIN HHCTPY-
ment Wandb (Weights & Biases).

metrics/precision(B) metrics/recall(B)

2.0 3.04

—e— results
smooth

2.0 []
1.8

1.6 1.84

1.4
1.6

1.21

1.4

061 0.54

0.5
0.4 4 0.4
0.3 4
0.2 4
0.14

0.0 4

[+] 20 40 0 20 40 a 40 0 20 40 [+] 20 40
vallbox_loss valicls_loss val/dfi_loss metrics/mAPS0(B) metrics/mAPS0-95(B)
60 - 1
26 71 0.5 foﬂ“ 0.25
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] 0.24 F E
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Puc. 7 — Busyanu3zauus oleHKH NMpou3BoAnTeabHOCTH Mojenn Y OLOVSn: train/box_loss — morepu ot
perpeccuu orpaHMYHMBaIOIIMX PaMOK BO BpeMst 00y4eHHs (onpenesisieT HaCKOJIbKO XOPOLIO MOJIENh
croco0Ha TOYHO POTHO3UPOBATH KOOPAMHATH OTPaHMYNBAIOIINX PAMOK BOKPYT OOBEKTOB);
train/cls_loss — m3mepsieT, HACKOIBKO XOPOIIIO MOJIENb HASHTHHOHUITUPYET MPaBUIIbHBIC KJIacChl 0OBEKTOB
Ha m3o0paxennw; train/dfl loss — moTepu oT ypoBHel mupaMuIsl TPU3HAKOB € Ae(HOPMUPYEMBIMH
ceeptkamu (DFL), mo3Bosstrommue Moaess TydIe aganTupoBaThCs K qedopMannsiMm 00beKTOB,
yUYHMTBIBasi HecOanaHCHpOBaHHBIC HAOOPHI NaHHBIX; val/box loss, val/cls loss, val/dfl loss — ouenka
Ha BaIMAAIMOHHOM Ha0Ope JaHHBIX
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Ananu3 mpouecca oOy4eHHMsS U BaluAalUA
UCTIONBb3yeMO MOJICTIH MaIIMHHOTO
oOyuenus (puc. 7) maeT BO3MOXKHOCTH CIENATh
CIIEAYIOIIHE 3aKIIOICHIS:

MOJETb JEMOHCTPHPYET yIydIIeHUE
CIIOCOOHOCTH K JIOKaIu3aldd OOBEKTOB, YTO
TIOJTBEPIKIACTCS YMEHbILICHUEM oTeph
orpannumBatoieii pamMku (Box Loss) ¢ Havaib-
HBIX 3HayeHuil okoso 2.0 Ha Jrame oOy4yeHUs U
2.6 Ha sTane Banugauuu A0 npumepHo 1.2 u 1.8
COOTBETCTBEHHO;

OTMEUEHO 3HAYUTEIIFHOE YITy4IIEHHE TOYHO-
CTH KIaccu(ruKauu oObeKTOB Oraromaps CHIDKe-
Huto mnotepp Kiaccupukammm (Cls Loss) ¢
HavadbHbIX 3.0 10 okomo 0.5 mis oOydvaromreit
BBIOOpKH U ¢ Oonee yeM 50 10 3HAYECHWH, OIH3-
KUX K HYJIIO, JUIsl BaJIUJAIIMOHHOM BEIOOPKH;

norepH, cBsizanusle ¢ Dfl, Takxke nmokaspIBaioT
TEHJCHIHUIO K YIy4IICHHUIO, CHIDKAsICh C PUMEp-
HO 2.0 10 1.5 Ha sTane oOy4yeHus u ¢ Gonee dem 7
710 oKoJio 1 Ha 3Tare BaIMaINN;

MeTpukud TouHOCTH (Precision) W MMOTHOTHI
(Recall) mponmemoHcTpupoBaaM yBETHMYCHUE CO
3HAYEHHUH OKOJIO HYJIS IO CTa0MIIM3allK PUMep-
HO Ha ypoBHe 0.6 1 0.5 COOTBETCTBEHHO, YTO yKa-
3bIBaET Ha 0ajlaHC MEXy CIIOCOOHOCTBIO MOJEIN
KOPPEKTHO KJIAacCH(HUIUPOBATH IOJ0XKUTEIHHBIC
MIpUMEPHI U €€ CIIOCOOHOCTRI0 OOHAPYKHUBATh BCE
peneBaHTHBIE CIIydau;

MIOKa3aTeN CpelHeld TOYHOCTH HACHTH(UKa-
LUK Ha pa3iauuHbIX ypoBHsX nopora IoU Takxke
yaydqmuincb, ¢ mAPS0 yBenmuuuBIIMMCA C
HavyaJIbHBIX 3Ha4eHuit 10 6osee yem 0.5 u mAPS50
-95 ¢ nyns no npubnuzurenpHo 0.25, yTo cBUIE-
TEJILCTBYET 00 yJIydIIeHUH OOIIel TOYHOCTH 00-
HapyXeHUsI U KJIacCu(UKAUN MOJEIBIO.
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B wuccienosannmn, mnposenenHom Cadapu
Jlxaman BexzanoM u coaBTopamu, OBUIO MPOJE-
MOHCTPHPOBAHO, YTO MPH ACTEKIUHU TaKUX 0oJe3-
HEeHW, Kak jkxentas m Oypas pKaBUMHA, MOIEIH
YOLOvV4 tiny obecnedmia CpeIHIOI0 TOYHOCTH
(mAP) na yposre 19% [33]. B Hamewm wuccreno-
BaHUM HCIOJB30BaHMeM Mojenu YOLOv8n mos-
BOJIMJIO JOCTHYb cpeaHeil TouHoctu (mAP) pas-
HOM 65%. DTH pe3ynbTaThl HATJIAIHO IEMOHCTPH-
pytoT mpeBocxonacTBo wmojenun YOLOv8n, mo
cpaBHeHHIO ¢ Moaensio YOLOV4 tiny.

[Tpon3BOINTENTHFHOCTh PEAUKTOPA OTpPaXKaET,
HACKOJBKO A(PPEKTHBHO aITOPUTM MAITHHHOTO
00y4deHHs CIIpaBIsSeTCs ¢ 3afadeii MporHO3upOBa-
HUS WIM TIpelcKa3aHusl pe3ysibTaToB. B KoHTek-
cte YOLOv8n mist knaccudukanuu, oOHapyxe-
HHSI, CETMEHTALMM M OTCJICKHUBaHHs OOJe3He,
912 3()(HEKTUBHOCTh U3MEPSIETCS C HCIOJb30Ba-
HUeM ¢QyHKOuU moteph (4). OHa HCHONB3yeTCs
JUTA OLIEHKH KOPPEJSIHU MEXKIY IPEeIOCTaBIICH-
HBIMH JaHHBIMH U OXKUJAaEMBIMHU pe3yIbTaTaMH.
PesynbraTer padotsl Momenmn YOLOv8n  (puc. 8)
NPE/CTABISIOT cO0OW  BH3YallbHYIO HPOBEPKY
CIIOCOOHOCTH MOJIENM OOHApYyXHMBaTh M KJIACCH-
¢unupoBars Takue 3a00NEBaHUS IIICHUIBI, KaK
Oypast p>kaBuMHa, XKEJTasi PrKaBUMHA, CENTOPHO3
U IUIeCeHb. Pe3ymbTaThl TECTUPOBAHWS, IPOBE-
JIEHHOTO JUTS TIPOBEPKU pabOTOCTIOCOOHOCTH pa3-
paboTaHHONH MOJENIM Ha IPHUMEpE CEeNTOpHO3a,
MOKa3aJIM, YTO OHA MNPAaBWIBHO M 3(P(HEKTUBHO
ueHTUGHUIUpPYyeT 3a00ieBaHus ¢ 00Jiee BBICOKHM
YPOBHEM YBEPEHHOCTH, IO CPABHEHUIO C IPYTHU-
Mu Mmogjensmu (puc. 8). IloporoBoe 3HaueHue
ObII0 ycTaHOBJIEHO Ha ypoBHE 0,3, TO ecTh MpH
6amne yBepennoctu 30% u Goiee Mozenb Kiac-
cuduImpyer 00bEKT B COOTBETCTBYIOIINH Ki1acc.

Puc. 8 — Pesynbrartsl pabotsl Mogenn YOLOvEn
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Bricokuii 6amn yBepeHHOCTH B MAEHTH(UKaA-
uuM 3aboneBanus centopuo3a 0.9 o3Haudaer, 4TO
MOJIENIb C BBICOKOW BEPOSTHOCTBIO CUUTACT AWA-
THOCTHPOBaHHUE MPaBIWIBHEIM (cM. puc. §). Takne
PE3yNbTaThl TECTUPOBAHMSA YKa3bIBAIOT HA TO, 9TO
paspaboranHass Moaens 3(p(EKTHBHO BEHIIBIACT
CHUMIITOMBI CENTOPHO3a HAa M300paKEHUSIX pacTe-
HUM, YTO Ba)XXHO, HAIPUMEP, B CUCTEMax aBTOMa-
THUYECKON TUArHOCTUKH B arpoCEeKTOpe.

Just noBeimeHus 3 GEKTUBHOCTH aJTOPUTMH-
YECKUX Ollepaluil Ipu OJHOBPEMEHHON MUHUMHU-
3alliM  MAacCOBBIX XapaKTEPUCTHUK  MOJIE3HOH
Harpy3kid OECIHMIOTHBIX aBHAI[OHHBIX CHCTEM
ObUTH BBIOpPAaHBI BBICOKOIIPOM3BOAUTEIBHBIE, HO
JICTKOBCCHBIC almapaTHbI€ KOMIIOHCHTEI. B xon-
TEKCTE paccMaTpUBaeMoOil 3ajqauu, A STHX Le-
JIeW JIydille BCEro MOJXOJIMJI MHKPOIPOLECCOp-
ve1ii Moayns NXP SMPNAVQ kxomnanuu NXP
Semiconductors, KOTOpBIIi XapakTepu3yeTcsi OIl-
TUMAJIbHBIM COOTHOIICHHEM BBIYHCINTEIBHON
MOIITHOCTH ¥ 9HEPTONOTPEOICHNSI.

PesynbraThl aHann3a anmnapaTHBIX XapaKTepH-
CTHK JEMOHCTPHUPYIOT, YTO KOMMEPYECKH JO-
CTYITHBIC HeﬁpOHHbIe MOAyJIUu U almapaTHbIC

Activities [ Opcncv-colorn’)f' b
L d

<=- o

yckoputenu tuna NXP SMPNAVQ (NavQPlus
AI/ML  KOMIIBIOTEP-IOMOIIHHUK)  00JanaroT
NPEeNMYIIECTBAMA B BHAE  yNPOIIEHHOH
uHTerpau B cucteMy BAC W CHIDKCHHOTO
sHepronoTpebneHns. OgHAakO MX IPUMEHEHHE B
MPWIOKEHUSIX PEalbHOTO BPEMEHN OIPaHUYNBACT
HH3Kas yactora KajapoB. [losTomy Obuta BeIOpana
wiatpopma NXP 8MPNAVQ, kortopas Moxer
paborare ¢ Ubuntu Linux wu mnoanepxuBaer
ROS2. IIpoueccop NXP 8MPNAVQ, ¢yHKImo-
HUpYOmuii Ha 9eThIpEx sapax Arm Cortex-AS53 ¢
MaKCHMaJbHOM TakToBOM yactotor 10 2,0 I'Tx u
ocHaménnbiii k3m-maMmsateio ECC 512 KB, obGec-
MEYNBACT BBIYUCIIUTEIBHYIO MOIITHOCTh
no 472 GFlops. Ilpu 3TOM €ro HOMHHAIbHAs
macca cocraBmsier 100 1, a noTpebneHue
SHEPTUM Bapbupyercs B mpenenax 5...10 BarT,
4qTO ACJIacT €ro NnoaxXoadaluM AJisd 6CCHI/IJ'IOTHI)IX
CHCTEM, TIE KaXIBIH TpaMM M KaXIbIH BaTT
MMEIOT 3Ha4YCHHE.

Cnoco6HoCTh ycTpoiicTBa 00ecCIeunTh CKO-
POCTb OOHapyXeHUs B 8§ KaJpOB B CEKyHIY, XOTs
U HE uealIbHa, OKa3bIBACTCs MIPUEMIIEMON B KOH-
TEKCTE 3aJJaHHBIX OIPAaHUYCHUMN.

Kam 16:13

OpenCV Color Detector

S _Min S _Max

V_Min V_Max

Current Value -> Min :[ 92 122 149) Max: [115 255 255)

¢ Color 1
Set Color

¢ Color 2
Set Color

C1-> Min { 0122 162) Max: [ 39 255 255)
€2 -> Min [ 92 122 149] Max: [115 255 255)

Puc. 9 — lemoHcTpanus paboTbl KOMITBIOTEPHOH IPOrpaMMBbI

B mpomecce paboThl KOMITBIOTEpHOH TMpO-
IPaMMBI C JIEBOI CTOPOHBI OTOOPaKACTCS BUICO C
KaMephbl, ¢ MPaBoOil — cTaTHYECKOE U300paKEeHHE C
OTPaHUYHTEIILHBIMU paMKaMH BOKPYT OOHapy-
JKCHHBIX OOBEKTOB M HAa3BAHUMHU OOHAPYKCHHBIX
3abonesanuil (puc. 9). [Ins oOHapyKeHHS IIBETOB
Ha H300paXEHUSIX B MPOTPAMME HCIOJIB3YeTCs
oubmmoreka OpenCV ¢ monensio nseta HSV. B
rpaduyeckoM TOJIb30BAaTEILCKOM HHTEpdeiice
€CTh TOJBYHKH I YCTAHOBKH MHUHUMAJBHBIX U
MaKCHUMalIbHBIX 3HaYeHUN OTTeHKa — «H», HachI-
LIEHHOCTH — «S» U IPKOCTU — «V ).

B nemom, HecMOTpsl Ha OOMIMPHBIC UCCICIO-
BaHUs 10 OOHAPYKCHHUIO JKEITOM U Oypoil pikaB-
YHHBI C WCIIOJIb30BAaHMEM METOMIOB TIyOOKOTO
o0ydeHHs, 0 CHX IOp OHH HE IOJHOCTHIO

100

VYHUTBIBATH CIIOKHOCTH TIOJIEBBIX YCIOBHUH U
pasnuuHble  yriel, 1on  kotopeiMu  BAC
MOXET HaOIIO1aTh CHUMIITOMBI ITHX
3aboneBanuit [33, 34, 35]. Kpome Toro, HeKoTO-
pble HcceoBaHUS MIPOBOAMIIN C UCHOJIb30BaHU-
€M KJIaCCHYeCKOT0 MAaIIMHHOro o0ydeHus. Cae-
JIeHUi1 0 paboTax 1Mo oOHApYKEHHUIO CENTOPHO3a C
npumenenneM BAC u riryOokoro oOydeHus B
JIOCTYITHOM aBTOpaM 3apyOe)KHOW M OTEUECTBEH-
HOU nuTepaType He HaijeHo. Pe3ynpTaTel mpoBe-
JICHHBIX UCCIICIOBAHUN YCTPAHSIOT ATH MPOOEIHI
Y MMOAYEPKUBAIOT 3HAUUTEIHHBIA MOTEHIMAT MO-
nenmu YOLOvVSn B MACHTU(UKAIIMKA CENTOPUO3A,
IUIECEHH, )KEITON U Oypol pKaBUMHBI.
[IpoBeneHHBIe HWCCIEIOBAaHMUA ITOKAa3ad He-
CKOJIBKO ABHBIX  TPEHUMYIIECTB MOJIeNn
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YOLOv8n:

Ui paboThl MOJENM HEOOXOJUMO MEHBIIE
BBIYHCIIUTEIBHBIX PECYPCOB, UTO AENAET e Ooiee
MOAXOISIIEH IS NCTIOJIb30BAHMUS B TAKHX CHCTE-
Max € OIPaHMYEHHON BBIYHMCIMTENBHOM MOIIHO-
cThi0, kKak BAC nim nepugepuiiapie yCTpOHWCTBa;

apXUTEKTypa MOJEIH JIOCTaTOYHO IMpOCTast 1
MoIIHas Uil oOecredyeHHs BBICOKOW TOYHOCTH
0OHapyKEHUsI 00BEKTOB;

UCIIONIb30BaHHE OPHEHTHPOBAHHBIX OTPaHU-
YUBAIOIIUX PAMOK YBEJINYMBACT TOYHOCTh H/ICH-
TUQUKAINA W JIOKAJIU3ALMH CHMIITOMOB TaKHX
3a0oneBaHni, Kak Jkenrtas M Oypas p’kaBUMHA,
MHUHAMM3HPYSI TIPH 3TOM BIIMSIHAE H30BITOYHON
(dhoHOBOY HHPOPMAITUH, YTO OCOOCHHO aKTYaJIbHO
NIPU aHau3e AaHHBIX, MOJy4eHHBIX C OECIHIOT-
HBIX JIETaTENIbHBIX anaparoB.

Jdnst nanpHeimero yriryOneHWs aHaJIuTHYe-
CKOTO TOTEHIWaNa JaHHOTO IMOJXO0Ja IpeAsara-
10TCS pa3paboTKa METOHK JUI KOJMYECTBCHHOTO
OTIMCAHUs CTENECHU IMOPaKCHUsS, BKIIOYAsl alro-
PUTMBI AT M3MEPEHHs IUIOUIAHM IOPaKCHHBIX
YYacTKOB M OIIGHKM WHTEHCUBHOCTH 3a0oJieBa-
HUSL.

ITpu sToM BennunHa kK03 (HUIMEHTa TOITHOTHI
MOJIENH YOLOvS8n JUIst oOHapyXeHHs

CeNnTopHo3a, IIECEHH, JKEITOH U Oypol pKaBUH-
HBI cocTaBisieT 60,0%, 4TO yka3biBaeT Ha HE00-
XOAWMOCTh €ro TOBBIIEHHA. Takue (akTopsl,
KakK BO3JICHCTBHE BETpa, pa3MbITHE HM3-32 BUHTOB
BIIVTA m OnHM3KOro pacIoJIOKEHHSI CHMIITOMOB
3a00eBaHus, NPUBOAAT K IIPOITyCKaM IPH HX
Jgerekiuy. J{i1s pemeHust aTUX npodjeM B Jallb-
HEMINX SKCHEepUMEHTaX 3allJJaHUPOBAaHO H3yde-
HHE BO3MOYXHOCTH MCIOJIB30BAHUS a/BEpPCATUB-
HBIX T€HEPaTUBHBIX ceTeil.

BriBOABI. VYcnemnas HUHTErpanus
annapaTHBIX CPEACTB C BBIYUCIUTEIBHBIMH alro-
pUTMaMH TO3BONWIO 3(PPEKTHBHO NETEKTHPO-
BaTh 3a00J€BaHMs MUICHUNB NPSIMO B IOJE, JE-
MOHCTPHUPYS NPAKTHYECKYIO0 IIEHHOCTh pa3pado-
TaHHOM CUCTEMBI.

IIpennosxxeHHas MO/IeJIb OCHOBaHa
Ha anroputMe YOLOV8 (You Only Look Once
version 8) M MO3BOJET OOHAPYKUBATH OOJIC3HU
MIICHAIB! B PEaJbHOM BPEMEHH HE 3aBHCHMO OT
yria 063opa BAC.

ANTopuTM MOJENH IiTyOOKOro 0OydeHHs CIIo-
cOOCH pacIio3HaBaTh IIeeBble OOBEKTHI C BBICO-
KoM TOYHOCTBIO, YTO ITO3BOJIACT NMPUMEHATH €TO
MpHU JETEeKIUH Pa3UYHBIX BUAOB 3a00JI€BaHUIA
KyJbTYPHBIX PACTCHUMH.
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AUTOMATIC DETECTION AND IDENTIFICATION OF WHEAT DISEASES USING
DEEP LEARNING AND REAL-TIME DRONES
S. G. Mudarisov, 1. R. Miftakhov

Abstract. The study was carried out to develop a method for early detection of wheat diseases using a modified ver-
sion of the YOLOvV8n model, aimed at achieving an optimal ratio of speed and accuracy of detection in real time. To in-
crease the accuracy of the regression block for recognizing diseases such as brown rust, yellow rust, mold and septoria, the
GloU bounding box regression loss function has been introduced. A simplified YOLOv8n network structure is proposed,
adapted for use as a backbone network to facilitate broadcasting to mobile terminals. The use of pretraining methods that
combine blended and transfer learning helps improve the model’s generalization ability. For the analysis, we used data
collected during four field experiments in Ufa and Karmaskalinsky districts of the Republic of Bashkortostan. In total,
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more than 10.000 images were collected during the field experiment, of which 1.890 images of wheat leaves were selected
for model training. Data processing included statistical analysis of images obtained under various lighting conditions.
Recognition and evaluation of model efficiency were carried out using F1 and AP indicators. The F1-score when testing
the model on images taken against a background of sufficient lighting and without covering by leaves was 54%, and the
AP-score was 51.2%, with an average IOU value of 50%. The accuracy of wheat disease identification in images of the
training data set reached 60%, and of the test set — 70%. The developed YOLOv8n model for detecting wheat diseases in
field conditions demonstrates the ability to identify diseases in real time with an accuracy of 67.53%, which significantly
exceeds the value of this indicator in other existing models. In particular, the accuracy of YOLOvVS8n is 3 times higher than
that of the YOLOv4 model, indicating significant progress in the field of automatic plant disease detection.

Key words: grain crops, plant diseases, artificial intelligence, machine learning, unmanned aerial vehicle, deep
learning model.
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