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PED®EPAT
PacuetHo-miosicHuTenpHass 3amucka 17 ¢, 9 wunocTpamui, 2  TaOIUIBI,

1 npunoxenue, 3 raaBbl, 7 UCMOJIB30BAHHBIX HCTOYHUKOB.

BECITMJIOTHBIN JIETATEJIBHBIM AIIIIAPAT, MAIIMHHOE 3PEHUE,
[UDIATA  ESP-32 CAM, T'HUPOCKOII-AKCEJIEPOMETP  MPU-6050,
BUBJIMOTEKA OPENCV, BUBJIMOTEKA YOLO, MOJYJIb MULTIWII.

OOBEeKTOM HCCIeNoBaHUs SIBISETCS aBTOMATH3alUsl MPUHATUS PEUICHUH IpU
yIpaBJIEHUH OECIUIIOTHBIM JI€TaTeIbHBIM allapaToM.

[enb paboThI — UCCIIEIOBaHNE BO3ZMOYKHBIX BApUAHTOB IPUMEHEHUS MAIIMHHOTO
3peHusl JJi1 aBTOMATHU3MPOBAHHOTO NPUHATUSA pEHICHUH TMpU  YIpaBICHUU
OECHIIOTHBIM JIETATENbHBIM AIMAPATOM U pa3pabOTKa TAKOrO yCTPONCTBA.

Pesynbrarom pa®oTsl siBiIsieTCsl pa3paOOTaHHbBIN U peain30BaHHBIN Ha MPAaKTHUKE
OECIIUIIOTHBIN JIeTaTeIbHBIN ammapaT, CIIOCOOHBIA MOMy4YaTh KOMAHJbI yIPaBICHUS
KaK B py4YHOM pEXHUME, TaK U C UCIIOJIb30BAHUEM MOAYJISI MAILIMHHOTO 3PEHUSI.

B pesynbraTe HccneoBaHWs, Ha IMPAKTUKE JIOKa3aHa BO3MOXKHOCTb
MCTIOJIb30BaHUSI MAIIMHHOTO 3PEHUS 71 aBTOMATU3WPOBAHHOTO MPUHSTHUS PEIICHUN
IpU yNpaBICHUH OCCHUIIOTHBIM JIETaTeNIbHBIM anmnaparoM. [lanbHedm pa3BUuTueM
npoekta Oyner pa3paborka anroputmoB mnoBeaeHuss bIIJIA B 3aBUcHMMOCTH OT

peimacMbIX C €Iro MOMOIIBIO 3aaa4.
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BBEJAEHHUE

B Hacrosimmee Bpemsi, OecniuioTHble JetatenbHbie anmapatsl (BIIJIA) sBistoTes
KpailHE  BOCTPEOOBAHHBIM  CPEICTBOM JUIA  pEUICHHWs  PAa3NUyHBIX  3aj]ad.
HemanoBaxxHoii ctynensto B passutuu bIIJIA aBnserca nx aproMarusanusi, KOTOPYIO
MO>XHO pEaJIN30BaTh, UCIOJIb3Ysl HHCTPYMEHT MAIIMHHOTO 3peHus. Mcnonp3oBaHue
TAaKOI'0 METO/1a O3BOJIMUT YIIPOCTUTH PELICHUE psiAa 3a7a4 BO MHOXKECTBE cep )KU3HMU.

[{enpro HacTosAEN PAaOOTHI SIBISETCS UCCIEA0BAHNE BO3MOKHOCTH IPUMEHEHUS
MalIMHHOTO 3PEHMS 111 aBTOMATU3UPOBAHHOTO PUHATHS PELIEHUH IIPY YIIPABIICHUN
OECNUIOTHBIM JIETATEIBHBIM aIlllapaToM U pa3padoTKa TaKOro yCTpoicTBa. JTa 1elb
JOCTUTHYTA 32 CYET UCIOJIb30BAHUS B JAaHHON paboTe CBOOOIHO PacipOCTPAHIEMOrO
IPOrpaMMHOr0 00€CIeUeHHUsI U OTKPBITHIX IPOTOKOJIOB MEpeIayu HHPOPMAIIH.

JInst TOCTHKEHUSI TOCTABICHHOW LIETU UCIIOIB30BAIMCh UMEIOIINECS B OTKPBITOM
JOCTy€ MCTOYHMKM HWHGOpMalMy, NPOBOAMJICS AaHAIW3 JOKyMEHTalluM Ha
nporpaMmMHoe oOecreueHrne, HHPOPMALMOHHBIX MaTepUaoB, ITyOJIMKYEMbIX B
TEMaTUYECKHUX COOOIIECTBAX, MyOIUKAIUH, TOCBALIEHHBIX NpoekTupoBanuio BITJIA u

IMPUMCHCHHIO MAIIMHHOI'O 3PCHMUA.



1. MIPOEKTUPOBAHUE YCTPOMCTBA, COOTBETCBYIOWIEIO
3ASBJIEHHBIM HEJIAM
1.1. KoHCTpyKIMS U PacnoJioKeHue 3J1eMeHTOB

JUis  nocTMKeHWsT Leaud  NpoeKTa ObUIM  PACCMOTPEHBl  pa3jIMyHbIE
KOHCTpYKTUBHbIE BapuaHThl BITJIA. BBuay HanOosbliell yHUBEPCAIBHOCTH, U3 BCEX
TUNOB ObUI BbIOpaH MyJbTHKONTEp. Tak e ObuIo HEOOXOAMMO OIPENETUTHCS C
KOJIMYECTBOM BHMHTOB. [locie aHaim3a pasHbIX BapuaHTOB, ObLI CJElaH BbIOOp B
NOJIb3y YEThIpeX BHUHTOB (KBaapokonTep). Takas KOHCTPYKLHS OOecleyuBaeT
JOCTaTOYHYI0 CTaOWJIBHOCTh M JIETKOCTh B yIOpPaBIC€HUU (B CpPaBHEHUH C
TPEXBUHTOBBIM KONTEPOM), MPU 3TOM HMMES MPOCTYI0 KOHCTPYKLUUIO M HHU3KYIO
CTOMMOCTH (OTHOCUTEILHO OOJBIIEro KondecTBa apurareineii). Kpome toro, u3 Bcex
TUNIOB MYJIbTUPOTOPHBIX BIIJIA, UMEHHO IPO KBaApOKONTEp MMEETCs HauboJbliee
KOJIMYECTBO MH(pOpMaluu U ucciaeaoBaHuil. B kadectBe (popmbl Kopmyca BbIOpaHa
mozenb Hybrid X [1]. Takas mMozenb MO3BOJSET pa3MECTUTh OOJbIIOE KOJIUYECTBO
AJIIEMEHTOB B OJHOM IUIOCKOCTH U OOECHeYMBAET BBICOKYI CTAOMIBHOCTb, YTO
OCOOEHHO Ba)XHO, IMOCKOJBKY BHJIEOCHEMKA JIOKHA MPOU3BOJUTCA B XOPOIIEM
KayecTBE JIJIsl TPaMOTHOM pabOThl CUCTEMBI PACTIO3HABAHUS 00Pa30B.

[lepBoHauanbHas Mojelb kopryca (PucyHok 1) Obla cMoieIMpoBaHa ¢ yropoM

Ha JIETKOCTh U MAJIbIE Pa3MepPbl KOHCTPYKIIUH.

Pucynox 1. Ilepsonauanvras moodenv kopnyca

O,Z[HaKO IIPHU HUCIBITAHUAX Ha IMPOYHOCTH BBIACHUIIOCH, YTO MOACIIb O6Ha,Z[aGT

CJIWIIIKOM OOJBIION THOKOCTBIO M Majou IMPOYHOCTBIO. Takue XapaKTCPUCTUKHU HE



MO3BOJIMIM OBl KBAJIPOKONTEPY CTAOWIBLHO JieTaTh. [l pelieHuss BO3HHKIIEH
npoOsieMbl OblIa CMOJIeTUpOBaHa HoBass Mojenb (PucyHok 2), B KOTOpo#l ObuLIH

HCIIPaBJICHBI JaHHBIC HCAOCTATKHU.

Pucynok 2. Oxonuamenvras mooens kopnyca

brnaromapss  reomeTrpur  HOBOM  MOJAENH, YCTPOMCTBO  OOJbIIE  HE

nedopmupoBanoch npu nosere. O61as Macca Npu 3TOM yBenudymiach Ha 20 rpamm.

1.2. AmnmaparHasi 4acTh MOJIETHOI'0 KOHTPoJLIepa
Jlnst co3gaHus ONTUMAIbHOW CXEMbl MOJETHOTO KOHTPOJIIEpa HEOOXOIUMO
UCIIOJIb30BaTh HAOOp SJIEMEHTOB, JIOCTATOYHBIN IJIi JI€MOHCTpAIlUU BO3MOKHOCTEH
MaITMHHOTO 3pPEHUsl KaK CPEJICTBA yIpaBieHHS. MUHUMaIbHBIA HA0Op 3JIEMEHTOB,

YAOBIICTBOPSIONINI TTOCTABICHHBIM BBITIIC TPEOOBAHUAM [2] CIIEAYFOIIIHIA:

TUPOCKOIT;

— aKCeJIepoOMETp;

BBIYUCIIUTEILHOE YCTPONCTBO;
— TepeAaT4HK JJIsl CBSI3U C YIPABISIONIUM KOMIIBIOTEPOM;
— Kamepa.
[TepBonawanbHo ObUTO pemieHo ucnonb3oBaTh ESP-32 CAM B kaudectBe

OCHOBHOT'O BBIYHCIIMTEIBHOTO 3JieMeHTa (PucyHok 3).



DNEeKTPOHHbIN KOHTPOAEP
ckopoct (ESC)

|

Pucynox 3. I[lepgonauanvruas cmpykmypHas cxema

AKKYyMyNATOp

OIIHaKO, HCIOCTATOYHOC KOJIUYICCTBO ITIOPTOB HC ITIO3BOJIUJIO IIPUMCHHUTD JIAaHHBIN

BapuaHT. Torna, B kKauecTBe OOPTOBOTO BEIUUCIUTEIHHOTO YCTPONCTBA ObliIa BIOpaHa

AKKYMynAaTop

INEKTPOHHBIN KOHTpOANEP

@ ckopoct (ESC) @

wiata Arduino Nano (PucyHok 4).

Pucynok 4. Umoeoeas cmpykmypuas cxema

B xauectBe KaMCpbl M IICpCAaTdrMKa MCIIOJB3YCTCA BLIIICYIIOMSHYTAsA I1JIaTa

ESP32-CAM, a B kauecTBe rupockomna u akcenepomerpa — narauk MPU-6050.

1.3.Cucrema ynpasieHust
Co3zniaHne cucTeMbl yIIpaBIeHUs POMCXOAWIO B HECKOJIBKO 3TanoB. /[ Havyauna,
ObLJIO PEILIEHO peajnu30BaTh CUCTEMY PYYHOTO YIpaBJieHUs, Uil TECTUPOBAHUS
MOJIETHBIX XapaKTEPUCTHUK TOTOBOrO YyCTpoWcTBa. JIMCTaHIIMOHHOE YINpaBlieHUE
ocyiecTBisiock mo cetu WI-FI, mpu momomu ESP-32 CAM [3]. Tlocie BKtoYeHHS
ycTpoiicTBa, mnata ESP co3maer Touky qocTyna, mpH MOAKIOYEHHH K KOTOPOM C
YOPABJISIIOLIETO KOMITBIOTEPA, MOKHO BPYUHYIO YIPABIATH ycTpoiicTBOM. KoMaH bl €

KoMIbtoTepa nepenarorcs Ha ESP-32 CAM, rae npu nomomu nporokona PPM ux
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npuHumaeT Arduino Nano (Pucynok 5). Jlnsa ynpabienuss motopamu, Ha Arduino
yctaHoBlieHa nporrBka MultiWii [4]. Mcxo/s U3 JaHHBIX THPOCKOIIA-aKCceIepoMeTpa
¥ TOCTYNUBIIUX OT TepeAaTdynka KOMaHJ, Ha YCTPOWCTBE, MPHU TOMOIIU paHee
YIOMSIHYTOW TPOIIWBKH, BBIUMCISICTCS HEOOXOAMMas Ui KaXJAOTO JIBUTATEIsS
CKOPOCTh BpaieHuss BHHTOB. [locie 3TOro, MONETHBIH KOHTPOJIJIEP HAMpaBIIseT
[IIMM-curnan va ESC, ¢ KOTOpOro ocymecTBiIsieTCsl HEMOCPEACTBEHHAS PEryIsus

CKOpPOCTH BpaIlICHUA KAKI0T'0O MOTOPA.

_______________________

| PyyHoe ynpasneHue |

Mopgynb
yrnpasseHus

KoHconb
MultiWii

____________________

_______________________

Pucynox 5. Cxema ynpasnenus

BTopsiM 3TanmoM co3maHus CHCTEMBI YIIPABICHHSI CTAIO BHEAPECHUE MAITMHHOTO
3penust. JlJig 3TOro UCIoJIb30BaJICs S3bIK MporpammupoBanusi Python u Gubmmorexu:
OpenCV [5] u YOLOVS [6]. OpenCV ucnonb3yeTcs IS 3aXBaTa BUACOTPAHCIIAIUH C
ycTporcTBa, a YOLOVS HenocpencTBeHHO KaK MHCTPYMEHT pacio3HaBaHUs 00pa3oB.
Ilnst atoro, mocne oOHapyxkeHuss o0bekTa ¢ momoripio YOLO, oH HaumHaeT
orcnexuBatbes mpu momon OpenCV. B 3aBUCHMOCTH OT €ro KOOPIWHAT, MOAYJIEM
ynpaBieHus: Ha KoHcob MultiWii mochlmaroTcss KOMaHAbl, 11e7h KOTOPBIX — TaKOe
nepeMeNIeHre yCTPoMCTBa, IPU KOTOPOM OOBEKT OyZEeT HAaXOJUThCS B IIEHTPE Kapa.
Ot xoHconn MultiWii, ynpapisiomnume Bo3AeHCTBUSI TOCTYIAIOT HA YCTPOUCTBO, TIe

BBITIIOJIHAIOTCA IIPH IIOMOIIKU PaHCC OIMMCAHHOM CXEMbI nepcaadu.



2. PEAJINBALINS YCTPOMCTBA
Mogenbto mnpoekta sBhgerca BIIJIA  BuUHTOBOro THUma C  4YETHIPbMS

BuHTaMH(KBaapokonrtep). Kopmyc BeimonHeH u3 miactMacchl B ¢popmare Hybrid X.
[TonetHbiit KOHTpOIIEP coOpaH camocTosTeNbHO. Ha paBHOM paccTossHUM OT IIEHTpa
Macc pa3MmernieHsl MOTOphl. [IuTanne obecrieunBaeTCs P MOMOIIH aKKyMYJISITOpa U
MJIaThl MOHMKEHUST HANIPSDKEHUS. AJITOPUTM YNPABJICHUS allllapaToM peain30BaH Ha
6a3ze ESP-32 CAM. Buseo nepegaercs Ha ynpaBisiONIi KOMIIBIOTED, ajiee HA HEM
OoOHapYy>KUBAIOTCSA O0pa3bl, HAXOAATCA WX KOOPAWHATHI U HCXOMAS W3 TMOJYYCHHBIX
JTAHHBIX IPUHUMAETCS PEIICHHUE O JaJbHEUIIIEM MoJIeTe KBagpokonTepa. Bes cucrema
NPUHATHS PEUICHU pealnu30BaHa Ha YNPABISIONIEM KOMIIBIOTEPE, 3ajlada Ke
MOJIETHOTO KOHTPOJIJIEpAa COCTOUT B PETYJIAILIMU CKOPOCTH BPAILICHUST MOTOPOB, IS
BBITIOJTHEHHUS 33J1a4, OTIIPABJICHHBIX C YIPABISIONIETO KOMIbIOTEpa. CBA3b MEXIY
OTUMH YCTPOMCTBAMM OCYLIECTBIIIETCS mocpenctBom TtexHomoruu WI-FI, 1o

panuokaHainy B nuamna3one 2,4 ['ri.

1. Kopmyc

2. Ilponemnep GEMFAN
51466

3. Morop Xing-e pro 2306
1700kv

4. Axxymynstop CNHL
1500 mAh

5. Perynarop  o6GopoToB
JHEMCU RuiBet 45A

6. Ilmara Arduino Nano

7. Ilmata ESP-32 CAM u
nmatank MPU-6050

Pucynox 6. Yempoticmeo BI1JIA

2.1. Kopnyc

Kopnyc cmonenupoBaH ¢ yyeTOM NOTPEOHOCTEM IMPOEKTa, TOTOBAas MOAEIb
Obu1a co3mana B nporpamme Kommac-3D u pacnieyarana va 3D-nipuntepe (PucyHnok 7).

B xauectBe Mmatepuana s kopiyca Obu1 BeiOpan mactuk PETG, Tak kak o obnagaer
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BBICOKOUM M3HOCOCTOMKOCTBIO, XOPOILIUM Ka4eCTBOM IE€YaTH M MaJloll XpyNKOCTbIO, B
CJIEICTBUM YErO SIBJISICTCS JIYYIIMM BapUaHTOM CpPEIU HCIOJb3YEeMbIX AJI MedaTu
mwiactMacc. CMOAEeNMpoBaH KOPIMyC ObUI ¢ YYETOM pAacCHOJIOKEHUS 3JIEMEHTOB U
[IEHTpPa Macc, a BBICOKMM MPOIEHT 3alOJHEHHUs] MPHU Me4YaTh OO0ECHEeUHsl XOPOIIYIO
MPOYHOCTH. JIydn pambl HareyaTaHbl OTACIBHO U MPUKPEIJICHBI K paMe MpU MOMOIIU

BHUHTOB.

Pucynox 7. zeomoenenue kopnyca

2.2.1lon1eTHBIH KOHTPOJLIEP
[TosieTHBIM KOHTPOJUIEP MOCTPOEH, BBHUJY HMEIOUIMXCS HAaBBIKOB, HA OCHOBE
miatel Arduino Nano (PucyHok 6, nmyHkT 6). OHa oOecreunMBaeT BBIUYMCIUTEIbHbBIC
MOIIHOCTH JIOCTaTOYHBIE JJIs BBIIIOJIHEHUS MOCTaBJICHHBIX 33/1a4. Tak ke, MoJeTHbIN
KOHTPOJIJIEp OCHAIIEH TPEXOCEBBIM THUPOCKOMoOM-akcenepomerpom - MPU-6050
(PucyHok 6, myHKT 7). DTOT JaTYMK HEOOXOAMM AJI TOrO, YTOOBI KBaAPOKONTEP MOT
COXPAHATh TOPU3OHTAIBHOE M OTHOCUTENIBHO YCTOWYMBOE MOJIOKEHUE TPY 3aBUCAHUU

B BO3/yXE.

2.3.MoTopbl 1 peryJsitop 000poToB
B kauectBe perynsropa o6opotoB (ESC) 6b11 BeiOpan JHEMCU RuiBet 45A
(Pucynok 6, myHkT 5). 310 ESC dhopmarta 4inl, koTopslii ObLT BEIOpAH JJ1s1 yIIPOIIIEHUS
KOHCTPYKIMHU ycTpoicTBa [7]. B kauecTBe MOTOpPOB ObLIHM BHIOpaHbI Xing-€ pro 2306
1700kv (Pucynok 6, myHKT 3). OTU MOTOPBI ObUIM BBHIOPAHBI B CBS3H C XOPOIIUM
KayeCTBOM, OTHOCHUTEIbHO HM3KOM II€HOW, OamaHcoM MeXAy MOIIHOCThIO U

HHEPronoTpedeHueM, HEOOXOIUMBIMU Ui peanu3auuu mnpoekra. [Iponemnepamu
10



obutn  BbIOpanel GEMFAN 51466 (PucyHok 6, myHKT 2). OTH HpOIEIUIePHI
00€eCIeynBalOT XOPOIIYIO TATY U 00J1aal0T BHICOKUM KauecTBOM. C 3TUMH BUHTaMU,
MOTOPBI CIIOCOOHBI O0OECreunBaTh MOJBEMHYIO Maccy B 2 kujorpamma npu 50%
MoIIHOCTH, a Tipu 100% - 5,8 kunorpamm. [Ipu macce kBagpokontepa B 450 rpamm,
KOIITEp CIOCOOCH MOACPKUBATH COCTOSTHUE 3aBUCAHUS TpU paboTe MOTOpoB Ha 14%
MOIIIHOCTH, YTO O0ECIIEYNBAET CPEAHEE IHEPTOMOTPeOIeHHe MOTOPOB B cymme 177,6

BaTT.

2.4.97eKTponUTAHUE

B xauectBe akkymynaropa Obu1 BeiOpan CNHL nwa 1,5 A/u u pabouum
HanpspkeHueM B 14,8 BonbT (Pucynok 6, myHKT 4). [Ipu Takux xapakTepuUCTHKax OH
CrocoOeH 00ecreunTh KBAaJPOKONTEP JUIMTEIbHOCThIO mojera B 10 MuHYT. DTOro
JOCTAaTOYHO, TaK KaK yHop MpH BEIOOPE aKKyMYJISITOpa ObLIT CAENIaH B MI0JIb3Y BBICOKOM
MOIIIHOCTH, a HE JOJroM paboTocrnocoOHOCTH. CaM aKKyMyJSTOp MOJKIIOYaeTCsa K
ynoMsiHyToMy B yactu 2.3. ESC, oTKyAa nuTaHue pacrnpenensercss Mexay MOTOpaMHu
U IUIATOM MOHWKEHUS HANpSKEHUs, OT KOTOPOW NMUTAaHUE MOCTYNAaeT Ha IMOJETHBIN

KOHTPOJLIEP.

2.5.Kamepa u nepejgaya JaHHbBIX

Ilepenaya BHOEO M JaHHBIX C JATYMKOB Ha YIPABJISIOIUN KOMIIBIOTED,
peanu3oBaHa Ha 0aze ESP-32 CAM (PucyHok 6, myHKT 7). DTa muiara cnocoOHa
nepenaBaTh BHIEO B paspemieHnn 720p, a TakkKe OCTalIbHYIO HEOOXOAUMYIO
UHGOPMAIIMIO MEXKAY MOJIETHBIM KOHTPOJUIEPOM U YIPABIISIOIIUM KOMIIBIOTEPOM, C
MHUHUMAIBHOU 3aaepkkoi. [Ipu Bkimrouennun kBagpokonrepa, ESP-32 CAM co3znaer
Touky aoctyna WI-FI, nocne nmoakmtoueHuss K KOTOPOM, IIPU MOMOIIU KOMITBIOTEPA
MOXHO ocymectBisite ynpasienue bIIJIA. Cxema mnepegaun uHpopManuu

n3o0pakeHa Ha Pucynke 5.
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2.6.1IporpamMmmHoOe o0ecrnieueHmne
[IporpamMmMHOe oOecnieueHHe MPOEKTa COCTOMT M3 ABYX YacTeW: MpOrpamMmbl
YOpPAaBJICHMs, KOTOpas HAaXOJIWUTCA Ha ymnpasistomeM komnbiorepe (PucyHok 8), u
OOpTOBOI MPOrpaMMbl, KOTOpasi paclojOoKEHa HEMOCPEIACTBEHHO HA JIETATEIbHOM
anmapate. MammHHOe 3peHHe, UCTIO0Ib3yeMOe B IPOEKTE, OazupyeTcs Ha OubImoTekax
OpenCV u YOLO (Ilpunoxenue A). Ilporpamma OG0OpTOBOro KOMIBIOTEpA
3arpyxaercss B Arduino Nano. HudopmanmoHHOE B3aUMOACHCTBHE MEXKILY

IPOrpaMMHBIMH MOAYJISIMH U300pakeHbl HAa Pucynke 5.

MULTRMILCOM SETTINGS

ROLL ‘0.0 '0.000 0.00
SAVE LOAD PITCH /0,0 0.000 0.00
NoPort Selected  YAW 0.0 0.000 0.00
e _ AT 00 0.000

Pos 0.00 0.0

PosR 0.0 0.00

NavR 0.0 0.00

LEVEL 0.0 0.000

MAG 0.0

W) B [ ROLL PITCH
EXPO 0,00 7

PITCH
RATE [4.00° [Prch ACC BARO MAG
RECONNECT | EXPO (000 | GPS  SONAR OPTIC
READ RESET  CALIB_MAG CALIB_ACC WRITE SELECT SETTING 0

2 START STOP ime: .
0,000 Cycle Time: 0 12C error: 0

ACC
ROLL 1]
PITCHE 0
z 0

GYRO
ROLL H

GPS

at : 0
lat : 0
lon: O
speed: 0
sat : O
dist home :

0

Pucynok 8. Humepdgheiic MultiWii
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3. HCCIIEAOBAHME IPUMEHEHUA MAILINHHOI'O 3PEHU S
B Xxozme wuccienoBaHWid IIPOBENECHBI ABTOHOMHBIC WCIBITAHUS JJIEMEHTOB

YCTPOMCTBA, a TAaK)Ke TIepPeIadr CUTHAIIOB MEKy HUMH.

AnmnapaTHasi 4acThb.

Bce xomrmekTyronme kopiyca KpensTcs: HaaexxHo, 0e3 modra. [Ipu Harpyske
Jydd pambl He nedopmMupyroTcs. MOTOpel TpH ToJa4de YIPABISIFONIETO CHUTHAja
paboTaroT pOBHO, HE BUOPHUPYIOT, HE BHIKPYUMBAIOTCS U COOTBETCTBYIOT 3asIBJICHHBIM
MIPOU3BOUTEIIEM XapPAKTEPUCTHKAM.

IMonydyeHnne TaHHBIX ¢ KAMEPbl, THPOCKONA U aKceJepoMeTpa.

JaTuuku OTKanuOpoBaHBl MPU TIOMOIIM IPOrPAMMHOTO  OOecredeHus
npousBoguTens. llokazaTenn yrioB HakIOHa MO OCAM B COCTOSIHUM 3aBHCaHUS

npuBeieHbl Ha Pucynke 8.

@

D.46 D.00 56.20
D.6% -0.08 82.40
D.52 -0.36 S0.00
0D.55 -0.67 90.00
0.55 -0.18 88.21
0D.73 -0.24 S0.00
D.28 -0.59 90.00
D.42 -0.77 90.00
D.60 -0.73 S0.00
0D.31 -0.78 90.00
D.62 -0.31 83.26
0D.52 -0.29 90.00
D.29 -0.56 50.00
D.21 -0.10 90.00
D.25 -0.62 90.00
D.36 -0.77 S0.00

Pucynok 8. Yenvr naxnona ycmpoticmea no ocam 8 cocmosnuu 3a8Ucanus

[Iepenaua nannbix yepes moayiab ESP-32 CAM Ha ynpaBisiomuii KOMIIbIOTEP
OCYyIIECTBISICTCS CTaOWIbHO. Buaeo MOXeT TpaHCIMpOBaTh Ha YHPABISIOMIUN
KOMIIBIOTEP € KauecTBOM 720p M MUHHUMaJIbHOW yacToToi 40 KaapoOB B CEKYHIY, HA
paccrosinuu 10 80 meTpoB. Takux nmokazaresneil J0CTaTOYHO JUIsl pabOThl yCTPOMCTBA.
Kpome Toro, Moaysb cTaOMIIBHO MPUHUMAET JAHHBIE OT YIPABISIOLUIETO KOMIIBIOTEPA

Ha TOM K€ paccTOssHUU B 80 METPOB.
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Oo0padoTka uHGOpMaALMU HA KOMIIBIOTEpe:
OpenCV 3axBaThIBaeT TpaHCISIMIO 0€3 OUIyTUMBIX MOTepb. HelpoceTsb
YOLOV8s kauecTBEHHO paclo3HaeT OOBEKTHI C YacTOTOM 15 pa3 B CEeKyHIy, 4ero

JIOCTATOYHO JIJIsl IGMOHCTpaIuu padoThl ycTpoiicTBa (PucyHok 9).
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Pucynox 9. Pacnosnasanue 00vexmog

Ilepenaua ynpapisiromero curaana 4depe3 Arduino Nano Ha peryJasitope
000poTOB:

Jlnana3oH CUTHQJIOB MIMPOTHO-UMITYJIBCHOM MOJIYJISIIUM Ha PErYJATOpe
000pOTOB coBMaaaeT ¢ aAuamnazoHoM Ha Arduino Nano, 94To MO3BOJIIET BHICTABIIATH HA
MOTOpaxX BCE JIOMYyCTUMbIE CKOPOCTU. 3aBUCHUMOCTb MOIIHOCTH MOTOPOB OT

nepeaBaeMoro mokasaTessi CKBaKHOCTHU NpuBeeHa B Taomuie 1.

Tadomura 1 - 3aBUHCUMOCTH MOIITHOCTH OT IT0KAa3aTels CKBAXKHOCTH

CKBa)XHOCTh 1000 1140 1500 1750 2000

MOIIHOCTD JBUTATENCH 0% 149%! 50% 75% 100%

MOI_HHOCTL COCTOsSIHHUA 3aBHCaHUA
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3AKJITIOYEHUE
B pesynbpraTe pabothl Hanx mnpoektoMm, ObutM co3faHbl BIIJIA u cucrema

MOAJCP/KKU YIPABJICHUS HA OCHOBE MAIIMHHOIO 3PEHUS U METOJE PACIO3HABAHUS
00pa30B, MOCTPOEHHBIX Ha 0a3e MCKyCCTBEHHOro MHTeJUIeKTa. [lomydyeHHble B xo1e
UCIIBITAHUM PE3YJIbTAThl, JEMOHCTPUPYIOT BO3MOKHOCTH NPHUMEHEHHS] MAIIMHHOTO
3penus ais ynpasienus bIIIA. XapakrepucTuky yCTporCTBa U MOAYJI YIIPABIICHUS

npuBeieHbl B Tabmure 2.

Tabnuua 2 - XapakTepucTUKH YCTPOUCTBA U MOYJISI YIIPABICHUS

1. YcrpoiicTBo

1.1 | Macca, kr 0,45

1.2 | T'abaputsl, JAxIIxB, m 0,31x0,31x0,1

1.3 | OuepronoTpebieHne B COCTOSHUMY 3aBucanusi, Bt | 177,6

1.4 | Bpems nonera, ¢ 600

2. KanaJj cBs3u

2.1 | lanbHOCTH Tiepeaauu nHGopmaIuu, M 80

2.2 | ITapameTpsl BUA€OCUTHATA 720p, 40 kanp/c

2.3 | IlepenaBaemas nHpOpMAIIHS TaTINKOB Yckopenue u  yrioBas

CKOPOCTh MO OCsiM XY Z.

3. Moayab ynpasjieHust

3.1 | Pacrio3naBanue 0OBEKTOB, pa3 B CEKYHIY 15

3.2 | Bpems popmupoBanus ynpasistoniero curaana, | <0,1

C

JlanpHEeHmMM pa3BUTHEM TMPOEKTa OyneT pa3padoTKa alrOpPUTMOB TOBEICHHUS

BITJTA B 3aBUCUMOCTH OT PELIAEMBIX C €T0 MOMOIIIBIO 3a]1a4.
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Ipuinoxenue A

IIporpaMMHBIH KO MOIYJIsl YIIPABJICHHUS.

import cv2import numpy as np

import urllib.request

url = http://ip/cam-hi.jpg’

cap = cv2.VideoCapture(url)whT=320

confThreshold = 0.5nmsThreshold = 0.3
classesfile="coco.names'classNames=([]

with open(classesfile,'rt") as f:  classNames=f.read().rstrip("\n").split("\n")

modelConfig = 'yolov8.cfg'modelWeights= 'yolov8.weights'
net =
cv2.dnn.readNetFromDarknet(modelConfig,modelWeights)net.setPreferableBackend(cv2.dn
n.DNN_BACKEND_OPENCYV)
net.setPreferableTarget(cv2.dnn.DNN_TARGET_CPU)def findObject(outputs,im):
hT,wT,cT = im.shape bbox =[]
classlds =[] confs =[]
found_person = False found_bird = False

for output in outputs: for det in output:
scores = det[5:] classld = np.argmax(scores)
confidence = scores[classld] if confidence > confThreshold:
w,h = int(det[2]*wT), int(det[3]*hT) X,y = int((det[0]*WT)-w/2),
int((det[1]*hT)-h/2)
bbox.append([x,y,w,h]) classlds.append(classld)

confs.append(float(confidence))
indices = cv2.dnn.NMSBoxes(bbox,confs,confThreshold,nmsThreshold) print(indices)
for i in indices:
i =i[0] box = bbox[i]
x,Y,w,h = box[0],box[1],box[2],box[3]
if classNames][classlds[i]] == 'person': found_person = True
elif classNames[classlds[i]] == 'bird': found_bird = True
cv2.rectangle(im,(x,y),(x+w,y+h),(255,0,255),2)
cv2.putText(im, f'{classNames[classlds[i]].upper()} {int(confs[i]*100)}%", (x,y-10),
cv2.FONT_HERSHEY_SIMPLEX, 0.6, (255,0,255), 2)

while True: img_resp=urllib.request.urlopen(url)
imgnp=np.array(bytearray(img_resp.read()),dtype=np.uint8) im =
cv2.imdecode(imgnp,-1)
sucess, img= cap.read()
blob=cv2.dnn.blobFromIimage(im,1/255,(whT,whT),[0,0,0],1,crop=False)
net.setinput(blob) layernames=net.getLayerNames()
outputNames = [layernames[i[0]-1] for i in net.getUnconnectedOutLayers()]
outputs = net.forward(outputNames)
findObject(outputs,im)
cv2.imshow('IMage’,im)
cv2.waitKey(1)
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