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AHHOTALUA

MOHUTOPUHT ¥ KOHTPOJIb TOJBOJHO-YCTHEBBIX CHUCTEM JOOBIMU HEPTH
MPOU3BOIAUTCS C TIOMOIIBIO JATYMKOB M CIEIUAIBHOTO KOopabiisi, Ha 6OPTY KOTOPOTO
HAXOJIUTCS TOJIBOJHBIN armapar, CIyCKaeMbld B BOAY MJIi OCMOTpa CKBa)KUHBI.
MOHUTOPUHT CTAHOBUTCS HEBO3MOKEH, €CJIU OBEPXHOCTH BOJIBI TOKPHITA JIbJAOM WM
MOTOAHBIE YCIOBUS HE IMO3BOJSIIOT pabdOTaTh TEXHUKE B OTKPHITOM MOpE U
nepeMeniaTbcsl MEXIy CKBaXuUHaMu. JlaHHYI0 mpoOiieMy peluT CO3/aHue
aBTOHOMHOI'O0 KOMIUIEKCa, KOTOPbIH OyJIeT HaXOAUThCS TOJI BOJOW M OCYILECTBISATH
KOHTPOJIb CKBKHWH IIOCTOSIHHO, BHE 3aBUCHMOCTH OT IOTOJHBIX yCJIOBHN. PaHee MbI
pa3zpadotanu AHITA, KoTOpbIif MOKET CAMOCTOSITEIILHO MEPEIBUTAThCS MO/ BOJION, HO
JUTsl QYHKIIMOHUPOBAHUS KOMIUIEKca Tpedyercs pa3padoTars aBronmiot aias AHITA.
VYuuThiBas BBINIEHU3JI0KEHHYIO aKTyaJlbHOCTb, Mbl IIOCTaBUJIM Tepei cCOOOW Lemb:
co37aTh aBTOMWIOT AJII MaJlOrabapuTHOrO MOJBOAHOTO aBTOHOMHOIO arapara JJis
MOHUTOpPUHIA MOABOJHBIX CHUCTEM. MBI cO31any NPOTPAMMHBIA IMPOAYKT JIA
OEeCWJIOTHOTO JBWKEHHUS T[OJBOAHOTO amnmapara W BBIIOJHEHHS MHUCCUUA MO
COMPOBOXKJICHUIO 00BEKTA U CIEAOBAHUIO BIOJIb HeTenpoBoaa. UToObI 0OecneunBaTh
JBUKEHHE U JIOKAJIU3ALUIO ce0s B MPOCTPAHCTBE MOJIBOAHBIN annapar UCIOJIb3YET Psijl
JATYMKOB: IIMPOKOYTOJBbHYIO KaMepy BBICOKOIO pPa3pelIeHHUs, NATYUK JIaBJICHUS U
mudpoBoil kommac. Drtambl co3gaHus BkIouaroT: 1. OmpeneneHue TpeOyeMbIx
byHkuil Uit aBronuiora, 2. Hanucanue QyHKINNM aBTOMaTHYECKOTO yIEPKUBAHUS
riyounsl, 3. Hammcanuwe ¢GyHKIMM aBTOMATHYECKOTO YAEp>KMBaHHUS Kypca, 4.
Pa3zpaboTka anroputma i NepenBHKEHUS BIOJIb HedTemnpoBona, o. Hamucanue
aIropuTMa pacrno3HABaHMs HaNpaBlieHUs CTpenku, 6. Pacrmo3HaBaHWe OMAcHBIX
00BEeKTOB BIOJL HedTenmpoBoma, /. Pa3paboTka HaBUTalMd € MOMOIIBK Aruco
mapkepoB, 8. TectupoBanue u ucciefoBaHuE MOBeAeHUs poboTta B Oacceitne, 9.
[IpoBeneHre TECTUPOBAHMUS UMUTUPOBaHHOTO HedTenpoBoja. Koabl HamMcaHHBIX

byHkmii, PoTo MOATBEPKACHUS pe3yIbTaTa HAXOIATCS B TEKCTE MOJTHON PadOTHI.
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BBEJIEHUE

ApKTHKa — 9TO KJIaJe3b MHUHEPAIbHBIX pPECypcoB, OrPOMHBIE 3aIachl
He(TEYTIIEBOOPOAOB, OMOJOTHIECKUX PECYPCOB, MPEBHIIAIONTNE TAKOBBIC HA CYIIIC B
HeCcKoJbKO pa3. Ha apkruueckoir Teppuropun SkyTuu OTKpbeITO mopsaka 400
MECTOPOXKJICHUM TMOJE3HbIX HcKomaembiXx. M3 Hux mnoutm 300 mecTtopoxaeHuii
HaXOJIATCS B HEpacHpeneaeHHOM (OoHIe Help, U TJIaBHAs IPUYUHA UX HE OCBOCHUS —
3TO OTCYTCTBHE JIOCTATOUYHON MH(PPACTPYKTYPHI U TeXHUKH. JJis1 Hauana pa3paboTKu
ATUX MECTOPOXKJICHUN HYKHBI TEXHUYECKHE CPEACTBA, KOTOPhIE MOTYT 3aMEHUTH
yenoBeka. B ApKTHKe OYeHb XOJIOIHBIN KIIMMAT U Ha BOJIE TPUCYTCTBYET MOCTOSIHHOE
JBIDKEHUE JIbJa, YTO HE IMO3BOJSIET A00BIBaTH HEDTh U Ta3 TPATUIMOHHBIMU
MetogaMu. [IepCeKTUBHBIM METOJIOM SIBJISIETCS J00bIYa C MOMOIIBIO MOJBOJIHO-
YCTBEBOM CUCTEMBI. TE€XHOJIOTUUYECKHI MPOIIECC BBITIIAIUT CIASAYIONIMM 00pa3oM: Ha
He(dTeno0bIBaoNIeH muaTdopme niu 0epery HaXoJUTCs UEHTP YIpaBiIeHUs 100bIYEH,
a caMM CKBa)KMHBI HAXOISITCSI HA JTHE MOPSL M COSTUHEHBI C OEPEroM 3a CUeT JITMHHOTO
MOJIBOJTHOTO TPYOOTPOBOA U IIUIAHT Kalessi, 0 KOTOpOMY mepeaaeTcs uHpopmarus
00 ympaByiennn obopynoBanueM. [lo moaBogHOMYy TpyOOIPOBOAY MOCTYIAET CMECH
ra3a, KOHJEHCaTa W BOABI C MECTOPOXKICHHS K IEHTPY YyrnpaBieHUs. CKBaKUHBI
HaxoJsITCS Ha OOJIBIIOM PAcCCTOSTHUM JPYr OT JIpyra U TpeOyeT MOCTOSHHOTO
BU3yaJIbHOTO KOHTPOJISI HaJ HeW. B Tepputopusix, rjie moBepXHOCTh BOABI HE MTOKPHITA
JBJOM, KOHTPOJIb OCYIIECTBIISETCS C TIOMOIIBIO0 CIEIUATBHOTO KOpabJisa, Ha KOTOPOM
ycTaHoBJIeH noaBoaAHbIN anmapat (I1A). Kopabiib moamnasBaeT K CKBaXKUHE, OMyCKaeT
[TA, KOTOpBI MPOU3ZBOAUT OCMOTpP, nogHuMaeT [TA W miIBIBET K cleayrouei
ckBaxuHe. Ho eciin moBepXHOCTH BOJIbI TOKPHITA JIbJIOM, TAKOW TPUHIIUI BU3YAJIBHOTO
KOHTPOJISl CTAHOBUTHCS OYEHBb TPYJ 3aTPATHBIM M YaCTO HEBO3MOXHBIM. KoHTpoOJIb
MOTYT OCYLIECTBIIATh KOMILUIEKC M3 aBTOHOMHBIX MOJABOJAHBIX ammapatoB (AHIIA).
AnmnapaTsl OyAyT HaXOAUTCS IO BOJAOW U MOCTOSHHO OCYIIECTBIATh KOHTPOJIb HaJl
CUCTEMOM, Mepe/BUraThCsa BAOJIb HEPTENpPOBOAA, OCMATPUBATh CKBAXXKUHY CO BCEX
CTOPOH, 3alKChIBaTh MOJYYEHHbIE JaHHbIE B MaMsAThb W TIOCJE IMepelaBaTh MX

nucneryepy. Jlunus nepeasuxkenus npeacrasieHa B [punoxennn . Taxxe AHITA
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JOJDKHBI UMETh 0azy I MOA3apsiAKU M CBSI3U C Aucnerdyepom. Jljis BBIOJHEHUS
GyHKIIMA MOHUTOPWHTA WM KOHTPOJIS ammapaTr JOJDKEH o01aaarh CIeayIOIUMA
xapaktepuctukamu: 1. Hebombime pasmepsl 2. ManeBpeHHOCTh 3. KoHCTpyKius
anmnapara, MMo3BOJISIOIIas MPOU3BOJUTE OBICTPYIO 3aMeHy AeTalieid. 4. Bo3MOXHOCTD
JIBUTATHCS B BOJIE CO CKOPOCTSIMU, 00ECIIEYMBAIOIIMMHU JBUXKEHUE TPOTUB TEUEHUS CO
CKOpPOCThIO He MeHee | mopckoro ysma. 5. IlporpamMmupyemsblii aBTONWIOT AJIA
YIIPaBJI€HUS MOTOpAaMH B aBTOHOMHOM pexume. B 2020 romy ™Mbl co3paBaiiu
COOCTBEHHBIN MOABOAHBIN ammapaT [loceioH, aJisi U3rOTOBJICHUS KOMILIEKCA IS
MOABOAHOTO MOHUTOpPUHTA, HaM TpelyeTcs pa3padoTaTth MPOrpaMMHUPYEMbIH
aBTOIMUJIOT. Y YUTHIBAS BHIIICU3IOKEHHYIO AKTYaIbHOCTb, MbI IIOCTABUJIU MEpe]] CO00H
HeJb: CO31aTh ABTONWIOT ISl MAJOradapMTHOr0 MOJABOAHOIO0 ABTOHOMHOIO
anmapara JJisi MOHUTOPUHIA MOABOJHBIX cUCTeM. JIJIsl TOCTHXKEHUS 1EU ObLIU

ITIOCTAaBJICHBI CJIGIIYIOIHI/Iﬁ 3aJa4n:

- Onpenenenne TpeOyeMbIX (GYyHKIIMM 1J1s1 aBTOMUIIOTA

- Hanmmcanwe GpyHKIIMY aBTOMaTHIECKOTO YICP)KUBAHUS TITyOUHBI
- Hanmncanue GpyHKIMu aBTOMaTHYECKOTO yIEPKUBAHUS Kypca

- Pazpabotka anroputma 11 nepeBUKEHUs BI0JIb HEPTEpoBoOaa
- Hanmmcanwne anroputma pacno3HaBaHUs HAMPABIECHUS CTPEIKH

- Pactio3naBaHue omacHBIX 00bEKTOB BJI0JIb He(TEPOBO 1A
- PazpaboTka HaBuramnuu ¢ noMoiiso Aruco Mapkepos
- TectupoBaHue u uccae0BaHue MOBeAeHUs podboTa B OacceitHe
- [IpoBeneHne TECTUPOBAHUS HIMUTHPOBAHHOTO HE(PTEIIPOBOAA
Koapr HancaHHBIX QYHKIHHN, GOTO MOATBEPIKICHUS pe3yJIbTaTa HaXOATCS B TEKCTE

MOJIHOM PaboThI



OCHOBHAA YACTD

Co3nanne AHIIA Iloceiinon
Tabnuna 1 - TexHuueckue XapakTepUCTUKHU TTOABOJHOTO ammapara

OOmas macca, T 6000

["aGapurtsr, 1 *1I * B, cm 40* 35* 25

MaxkcumanbHast TTyOrHa JEeHCTBUS, M 60 meTpoB

MakcumanbHOe BpeMsi pabOoThbl, MHH 50

CKOpOCTB NEPEIBUKEHHUS B CTOSUEH BOJE HE MeHee 2
MOPCKHX y3JIOB

Pa3paboTka KOHCTPYKIMH KOPILyCa

CBoro pabotry Mbl Hayaiu c co3fganuss 3D Moxenu ammapara, KOTOpas
npexacrasieHa B Ilpunoxenun A. Mbl pabotamu B mporpaMmme uisi 3-X MEpPHOro
mozaenupoBanus “KOMITAC 19”. Mbl mosTanHo co3iaBajiu AeTaiu, 00beAUHSS UX B
noacOoopku u coopky. Mojens Bkirouaet B cebst 30 geraneit.

Kopriyc po6ota cobupaercss U3 KOHCTPYKTOpA, KOTOPBIA pa3pabaThiBajCcs U
npousBoAwica Hamu. Hamr koHCTpykTOp — 3TO Habop Aetanedl U3 mojukapOoHaTa
pasubix pazmepoB ([Ipunoxenue bB), HO ¢ OJWHAKOBBIMHU, YHHUBEpPCAJIbHBIMU
OTBEPCTUSMH, YTO MO3BOJIAET OBICTPO M3MEHSATh CTPOEHHUE KOPITyCa, a TaKXKe JAeT
BO3MOXKHOCTh JJOOABUTh MHOXKECTBO JIOTIOJHUTEIbHBIX KOMIIOHEHTOB, HE pa3pyllas
€ro IMepBOHAYAIbHONW KOHCTPYKUMH. KOHCTpYKTOp OTIMYaeT Haml anmapar oT
aHasioroB Ha pbiHKe [IA, Benp mpH MOJOMKE JETalM KOpIyca, HaMm Tpelyercs
WU3MEHUTH TOJIBKO OJHY 4aCTh KOHCTPYKTOPA, @ HE MPOU3BOJINUTh WM 3aKyNaTh BCE €r0
neranu. Pama AHITA cobupaercs u3 neraneil KOHCTPYKTOpA, CKPEIJIEHHBIX MEXIy

cO0O0M ¢ TTOMOIIBIO OOJITOB HA 3 MM U 5 MM.

Pa3pa0doTka repMeTHYHBIX ABHAKHTECH
Bona ouenp arpeccuBHas cpeaa, camasi Oosblias mpodiemMa — 3TO OO0JbIIOoe
JABJICHUE TIO/ BOJON. MBI pemuin UCIOJIb30BaTh TEXHOJIOTHIO MATHUTHONH MY(THI,

TaK KaK HM3TOTOBJICHHBLIC JABHXUTCINU ITOJTYYarOTCA 0omee HaJgCKHbIMH, ITOAAArOTCs
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PEMOHTY M MOTYT paboTaTh B arpeccuBHOM cpezie. COOpaHHbIN IBUKUTENIb COCTOUT U3
MOTOpa, MOCTOSHHOTO TOKa, C HAJAETONM Ha Hero MyQToii, HameyaTaHHOW Ha 31
npunTepe. OHa nmeer 4 orBepctus noj MarHuTsl (20mMM * Smm * 5 mMm). Motop ¢
My(QTON MOMeNaeTcs B 3alIUTHYIO KOJOY C IUIOTHO 3aKphIBaloIIeics Kphlkoi. B
MEPBBIX BEPCUSAX MOTOPOB, B KAYECTBE KOJIObI, Mbl UCITOJIb30BAJIH JIUTHEBBIE TPYOBI U3
Opr. CTeKJIa, B TPyOy BCTaBISUTUCH U IUIOTHO MPUKJIEUBAIUCH 3arIyIIKU, HO JaHHBINA
cnoco0 OKazaJiCd HE IMOAXOMIIIUN IS UCIOJB30BaHUS IOJ BOAOM. Tak Kak KJIEH U
3arJIyHIKU MPOIMYCKadu BOLY, U MOTOp mepecraBai padborars. [loaTomy, Mbl cTanu
UCITI0JIB30BaTh NPEPOPMBI, BE/Ib OHU UMEIOT TOJIBKO OJJHO OTBEPCTHE, KOTOPOE MOKHO
3aKpBITh  IUIOTHO  3aKPY4YMBAIOWIECWCS  KPBILUKOWM. KOHCTpyKIHS — IBMXKUTENS
npencrasieHa B [Ipunoxxenuu B.

[locne mnpoBeneHUs HCHBITAHWWA, BBIICHWIMA, 4YTO HAIlM MOTOPBI HE
YAOBJIETBOPSIOT TPeOOBaHMSIM, TaK KaK MOILIHOCTH MOTOpa IpH HampsbkeHuu 4V He
XBaTajo, a MpPU YBEJIWYEHUU HAMNPSIKEHUS MAarHUTHOE KOJBLO C BUHTOM CIIETalO C
3aIIMTHOTO LIWIMHAPA, U BUHT HE MOT Bpamarbcsa. Mel pemmnu ucnonsb3zoars AUV
ROV 560KV 3KG nmoasoanbiii asuratens Thruster 300M. Ilena Takoro JBYKUTENS
coctaBisier 3500 pyOneit, a ckopocth 6000 o6oporoB B munyTy (6000 RPM) u
pabouass rimy6una no 300 MeTpoB 1MOj BOJOW, YTO 3HAYMUTEIBHO Jy4Ille HaIIUX
COOCTBEHHO MPOU3BEICHHBIX JBMKUTENCH ¢ MarHuTHON My (1o, Takxke Truster 300M
VMMEEeT BHEIIHUM 3apaHee 3au30JUMPOBAHHBIN JpaliBEp, YTO ITO3BOJISAECT YMEHBIIUTH
pasMepbl U TeIUIOBbIAeNeHHEe Oyoka ympaBieHus. KOHCTpyKUMSI ABMIKUATEINS

npencrasieHa B [Ipunoxenun I

H3rorosiieHne kopmyca u 6J10Ka ynpaBJjieHUs

DJEeKTpOHUKA, YIPaBIIAIOMIAs IBMKUTEIIMU poO0Ta, MOMEIIEHA B CIIEIUATIbHYIO
repMETUYHYIO0 KOJOY Juisi mMaructpaibHoro ¢uiabTpa Ha 10 mgroiimoB. OHa umeer
00J1bI1I0€ OTBEPCTHE MO XPAHEHHE JIEKTPOHUKHI U CIOCOOHA BBIAEPKUBATH OOJIBIIOE
JIaBJICHWE W HE mponyckaTh Boay. Jlis mepenBuxenus u aHanuza aercteuil AHITA

ucnoas3yer miaty Asus Tinker Board, Tak kak 1aHHas miata criocooHa oopadbaTsiBaTh
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Bugeo B 1080p 30FPS, a takke 2 gb RAM. Ha BriOpanHO#l 1u1aTe BO3MOXKHO
peanu30BbIBaTh KOMIIBIOTEPHOE 3peHHe. s ympaBieHUss MOTOpaM YCTAHOBIIEH
MukpokoHTpojuiep Arduino NANO. J[lns cBA3M  MeXay KOHTPOJUIEPOM H
OJTHOIUTATHBIM ~ KOMITBIOTEPOM, HCIHONb3yeTcss KommakTHeii USB 2.0  mHyp.

KoHcTrpykius 6510Kka 37eKTpOHUKY TipeacTaBieHa B [Ipunoxenun /.

OT1iin4ue 0T aHAJIOI0B

Ham anmapat mmeeT HEKOTOpbIE OTJIMYMS OT aHajloroB Ha pbiHke. 1) AHIIA,
KOTOpbIE MPUMEHSIIOTCS JJI PEIICHUs PEAbHBIX 3a7a4 UMEIOT (hOpMy TOPIIEbI, YTO
YBEIIMUMBACT HMX pPAAUYyC IIOBOPOTA, TaK Kak Halll amnmnapar I[peJHa3sHayeH Il
aBTOHOMHOI'O OCMOTpa CKBaXHUH, TO €ro pajadyc I[OBOPOTa JIOJKEH OBbITh
MUHUMAaJIbHBIM, JJI1 3TOTO MbI CO3Jald paMmMy Kyouueckoil ¢opmbl. 2) Ham
KOHCTPYKTOp MO3BOJISIET CO3/1aBaTh KOPITYC Pa3IMYHbIX (POPM 32 MUHUMAIbHOE BpeMs,
KaKJas MHUCCHS YHUKaJIbHa H3-32 €€ aKBaTOPUU WM HYXHOro 00OpYyJIOBaHUS.
KoncTpykTop momoraer Ham ObICTpo cobupaTh WM YMHUTH pambl [IA, a Takxke c
JIETKOCTBhIO HaBEUIMBATh JAOIMOJHUTENbHOE oOopynoBaHue. Buemnuii Buag AHITA

Poseidon mpencrasiien B [Ipminoxxenun E.

BoiBoabl o co3nanuio AHITA Iloceiigon

[Tocne co3maHus 1LIENIOTO armapara U MPOBEJASHUS] TECTOB, MBI BBIICHIIIH, YTO
[ToceiinoH wWMeeT 3HAYUTEIbHBIC HEIOCTATKH: IUIOXas TePMETHYHOCTh, POOOT
IIePEBOPAYMBACTCS U 3aBAJIMBACTCS 1101 BOJIOM, HEBO3MOXKHO MOMEHTAJILHO OOHOBUTH
[1O, meperpeB B OJIOKE OJJICKTPOHHWKH, TPH CO3JaHUHM aBTONMUJIOTAa TpPeOyeTCs
pazpaborka cobctBeHHoro IIO nans  yopaBiaeHUss MOTOpaMH.  YUWTHIBas
BBITIIEU3JI0’KEHHBIE TPOOJIEMbI, ObUIO BBISICHEHO, YTO POOOTY HYKHBI MOAU(UKAIIHH.
Jns ynydmieHuss poOoTa HEOOXOJMMO 3aMEHUTh OJIOK 3JIEKTPOHHMKHU, 3aMEHUTH
COEIMHUTE TIPOBOJIOB, MIEPETePMETH3NPOBaTh. L[eHa cyMMapHBIX Mepe/IeoK ¢ y4eTOM
yK€ 3aTpauyeHHBIX pPEeCypcoB OyaeT CpaBHHMMAa C IOKYIKOW TOTOBOTO po0OTa, |

HamucaHus aBTonuiiora st Hero. [IpoananusupoBas peiHok AHITA Obio HaliaeHo



noaxossmee pemeane - AHITA MUR Middle AUV, xoTopeiii uMeeT ciaeayromue

XapaKTCPUCTUKU.

Xapaxrepuctuku annapara Mur Middle AUV:
https://robocenter.net/goods/kit/middleauv/

Bremnnit Bux Mur Middle AUV npencrasien B [punoxenun XK.

Otanune Mur Middle AUV ot Poseidon

B ormmume ot Iloceiimon, AHITA MUR Middle AUV gerde Ha 5 xr, umeer
MEHBIIIEE SHEPromnoTpeOsIeHue, €ro pasMepbl BABOE MEHBIIE, UMEET 2 KaMephl,
COOCTBEHHBII BHYTPEHHUH JIOKAJIBHBIN CepBEp, a Takke oH umeeT rotopoe 110 ms
yHpaBiIeHUs] MOTOpaMHM C MOMOUIbIO si3blka Python, uTo mo3BoJisleT MCMONB30BAThH
TEXHOJOTHH KOMIIBIOTEPHOTO 3pEHHS, TPU CO3JaHUU aBTOMMIOTA. [Tocne
TECTUPOBAHMUS, Mbl NpHUHSUIM pemieHue ucnonb3zoBatb MUR Middle AUV nns
JaIbHENIIETO0 CO3/IaHus TIOJIBOJHOTO KOMIUIEKCAa MOHUTOPHHTA MOJIBOJAHO YCThEBBIX

TOOBIBAOIINX CUCTEM.

IIporpammMHoe ynpasJjieHHe poo0TOM

[lepen pa3paOOTKON aBTOMUIIOTA, MBI ONIPEACIIMIIN IBUKEHHUS, KOTOPBIN TOJKEH
BbITOJIHATH AHITA. Po60T 10/KEeH BBITLIBITH € 0a3bl, ABUTATHCS BAOIL HEPTEIPOBOIA
Ha OMNpEJENEeHHbIH Y4YacTOK, 3alUChiBaThb BHUJEO C HAJOXXEHHBIM IOBEPX

pacrio3HaBaHHEM O00BEKTOB, HAXOISIIMXCS BOIM3H HEPTEIIPOBOIA.
Bcerpoennas 6ubamorexa Mur

Paspabotunk AHITA MUR Middle AUV umeer rotoByro OHOIMOTEKY st
B3aUMOJICHCTBHS ¢ POOOTOM C MOMOIIBIO sI3bIKa TporpamMmmupoBanust Python. [
paboThl HEOOXOAMMO co3aTh (aii (Main), ¢ pacmupeHreM “.py” W 3aIyCTUTh €ro,
yepes unrepdeiic mporpammel Mur IDE. [1pu BeI30Be OMOIMOTEKH, HAM OTKPBIBACTCS

BO3MOKHOCTD ITOJIY4aTb JaAHHBIC C JATYUKOB, a4 TAKXKE YIIPaBJIATb MOTOpPaMU:
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. auv.set_rgb_color( ) - BKIIIOUCHHE ITOJCBETKH Ha arapare

. auv.set_motor_power( : ) — ylpaBJieHHE MOTOPaMH

. depth = auv.get_depth() —Bo3Bparaer TeKyIIeio ITyOUHBI

. yaw = auv.get_yaw() — Bo3BpaIiaer 3HaueHIE Kypca
. pitch = auv.get_pitch() — Bo3Bparaer 3HaueHue KpeHa
. image = auv.get_image_bottom() — Bo3Bpaliact BH€0 ¢ JOHHON KaMephI

. image = auv.get_image_front() — Bo3BpammaeT B1I€O C MepeaHel KaMepsl

q)yHKIIl/Iﬂ ABTOMATHYECKOI'0 YACPKUBAHUSA FJ]yﬁI/IHI)I

UtoObl mepenBUraThCs BIOJb HEPTENPOBOJA HEOOXOAUMO TMOAEPKUBATH
OJIMHAKOBYIO TJIyOWHY, MapajijieIbHO C BBINOJHEHUEM JApyTrux AeucTBuil. [lns
NOAJIEpKaHUsT  TIIYOMHBI  HCIOJIb3yeM MPOMOPLIHUOHATIBHO  AuddepeHnanbHbIMI
PErymsiTop, @ UMEHHO MBI 3aMepsieM TEKYIIYI0 TITyOMHY M HaXOJUM OLIHOKY MEXITy
HY)KHOM TiyOMHOM W TeKylleh, Jajnee yMHOXaeM OIIMOKY Ha KO3 UIIMEHT
(mogOupaeMplii SKCIIEPUMEHTAIBHO) W TOJAa€M 3TO 3HAYCHHE Ha BEPTUKAJIbHBIC
MOTOPBI, UCTIONB3YS yke peanu3oBaHHbie ¢yHkiuu anmapara MUR. Koaddumment
JIOMHOKEHHUS OWIMOKK OB BBISIBJIGH SKCIEPUMEHTAIBHO TMPU TECTUPOBAHUU B

CUMYJIATOPE.

Koz 1 - ®yHKIus aBTOMaTHYECKOTO YACPKUBAHUS Ty OUHBI

keep depth(depth_to_set):

error = auv.get_depth() - depth_to_set
output = keep_depth.regulator.process(error)
output = clamp(output, - )

auv.set_motor_power(2, output)

auv.set_motor_power(3, output)
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AttributeError:

keep_depth.regulator = PD()

keep depth.regulator.set_p _gain(80)
keep_depth.regulator.set_d_gain(50)

DOyHKIHMSA ABTOMATHYECKOT0 NO/Iep:KaHuA Kypca, GyHKuusi pa3Bopora

[Ipy BBIMOMHEHUH aNTOPUTMOB pACIIO3HABAHUS JIMHUU JABWXKEHUS, TpeOyercs
MIOBOPAaYMBATh HAa ONPEEICHHBIN, 3aJaHHBIN IPaayC U MOJIEPKUBATH €r0 IJTUTENBHOE
Bpems. biarogaps oudnuoreke MUR, Mbl MOkeEM moJTy4yaTh TEKYyIllee 3HAaUCHUE Kypca
B rpaaycax. /[[ns moBopoTa Ha 3aJaHHBIN T'pagyc U MOAJEPKAHUSA OTHOTO Kypca, MbI
3aMepsAeM TEKYIIyl IIIyOMHYy M HaxoJuWM OIIUOKY MeXay TpeOyeMbIM KypcoM U
TEKYIUM, Jlajiee YMHOXKaeM OIHUOKYy Ha KOA(h(OUIIMEHT U MOoJaeM 3TO 3HAYEHHE Ha

TOPU30HTAJIBLHBIE MOTOPHI, UCTIONB3YS YKE peanu3oBanHbie pyHkimu annapata MUR.

Kon 2 - ®yHKIust aBTOMAaTHYECKOTO yIePKUBAHUS Kypca

keep yaw(yaw to_set):
clamp_to_180(angle):
angle >=
angle -
angle < -
angle +

angle

error = auv.get_yaw() - yaw_to_set

error = clamp_to_180(error)

output = keep_yaw.regulator.process(error)

output = clamp(output, - )
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auv.set_motor_power(0, -output)

auv.set_motor_power(1, output)

AttributeError:
keep_yaw.regulator = PD()

keep_yaw.regulator.set_ p gain(0.8)

keep yaw.regulator.set d gain(0.5)

q)yHKlll/Iﬂ onpeacjacHusi HanmpaBJICHUA CTPEJIKH

Ha Bxoa nonmaercs uzo0paxenue crpenku. Hy>xHo onpenenuTs, Kyjia HaripaBjieHa
CTpEJKa, ¥ MPOIUIBITh 110 €€ HAIMPABJIECHUIO. JJIsl 3TOr0 Mbl, UCXOAS U3 LIBETA CTPEIIKH,
JienaeM Macky ¢ momoinsto ¢pynkinuu cv2.inRange(). Ha momyuenHoit Macke BbIeIsieM
BCE KOHTYPHI M UIEM MaKCUMaJbHBIA 1O miomiaau. OH u OyleT Hameld CTPEeIKoi.
3aTeM Mbl €ro anmpoOKCUMHUPYEM U TIoJTydaeM 4 O0Tpe3ka HaxoJAuM 2 caMbIX JJIMHHBIX,
uxX o0mas Touyka — 3TO M €CTh BepiiMHa cTpelku. CMOTpPUM Kak OHa JIEKUT
OTHOCHUTEJILHO IIEHTPA U300paKeHUSI U JBUXKEMCSI B MPABWIBHYIO CTOpOHY. [Ipumep

MOJy4YMBIIErOcs pe3ynbTara npeacrasieH B [Ipunoxenun K.
DYyHKIUA HAXO0KIACHUS JUHUU U ONPEAeJICHUS ee HAIIPABJICHUS

Taxxe co3maeM MacKy 10 UBETY U HAXOJAUM Ha HEW MAaKCUMAJIbHBIN 110 TUIOLIAAN
koHTyp. C mnomompio ¢yHkiuu cv2.minAreRect() HaxoauMm KOOpIWHATHI
MPSAMOYTOJIbHUKA HAUMEHbIIEH IUIOMIAAM, B KOTOPBIM MOXHO BIIMCATh JAHHBIN
KOHTYp. TO €CTb HaxoauM KOOPAWMHATHI BEPIIMH Halled JMHUKA. Haxomum
HauOOJIBIITYIO0 CTOPOHY M yroJl Mexay Heil u ochto OX (3a ock OX GepeTcst HIKHSISA
npsiMasi u300pakeHus ). 3Hasi yroJi, MOBOpauynBaeMcs, ToKa yroji He cTaHeT paBeH 90.

Mpb1 HanuIM HampaBJIeHWE HaIlleH JTMHUM, TeTIePh MPOCTO TIJIBLIBEM IPSMO.
Kopn 3 - JIBu>keHue BAOJIb JUHUU
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sleep(0.03)
frame = cam.read()[1]

frame2= cv2.resize(frame,(frame.shape[1]//scale,frame.shape[0]//scale))
frameHSV = cv2.blur(cv2.cvtColor(frame2,cv2.COLOR_BGR2HSV),(4,4))
frameBW = cv2.inRange(frameHSV ( )( ),
left = -
rigth = -
i =

frameBWIO]:

left == -1:

rigth >=
auv.set_motor_power(
auv.set_motor_power(
left >
auv.set_motor_power(
auv.set_motor_power(
rigth <

auv.set_motor_power(

auv.set_motor_power(




@yHKuUsA pacnio3HaBaHUA HUGPHI M 00BEKTOB

B naHHOM city4ae ecTb JiBa criocoda penieHus: JAaHHOW 3a/1a4u.

[TepBoiii cioco0 - 310 ucnoib3oBanue ResNet, o0yduennyro Ha gatacete MNIST

(oOBéMHas 0a3a JaHHBIX 00PA3I0B PYKOMUCHOTO HAMUCAHUS LIU(D).

EnauHCTBEHHBIN MUHYC 3TOTO crtocoba — 3To To, uTo ResNet — kimaccudukarop,
TO €CTh OHa HE CIIOCOOHA CaMOCTOSITENbHO HauTu wudpy. s pemeHust 3Toi
npo0JieMbl MOXHO HCIIOJIb30BaTh MAacKy IO YEpPHOMY LBETY U HPSAMOYTOJIbHUK
MUHHAMAJIBHOM TUIOIIAAM JJI1 KOHTYpa MaKCUMAabHOU MIomaau. To ecTb Mbl, Kak Obl
HaXoAUM 00J1acTh ¢ HU(PPOH U Ha BXOJ [10j1aeM TOJbKO ee. Ho y Hac MOXeT ObITh U HE

OJAH1H TEMHBIN Y4aCTOK Ha I/I306pa}KeHI/II/I.

Bropoii cnoco6 — ucnonb3oBanne YOLO, o0yueHHYIO yke Ha COOCTBEHHOM
natacere. YOLO pazpaborana s 3a7a4 AETEKLUUH, IO3TOMY HaM YK€ He MPUAETCS

COOCTBEHHOPYYHO BBIJICISATH 001aCTh HAa N300paKEHUH.

Munychbl 3TOT0 croco0a: y Hac HUKaK HE MOJIYYUTCS cCOOpaTh TaKOM K€ OOJIBIION
naracetr, kak MNIST, mo3Tomy MOXET CUIBHO CTpPaaaTh TOYHOCTH OMPEACICHHS.
Taxke uz-3a cBoer cimoxknoctn YOLO Oonee TpeboBarenbHa K XapaKTepUCTUKAM
KOMITBIOTEPA, TIOITOMY TIPH €€ UCTIOIh30BaHUN OOPTOBOM KOMITBIOTEP MOXKET HauaTh

3aBucatb. Kog YOLO npencrasinen B [Ipunoxxennn JI.
Pacno3HaBaHue onacHbIX 00bEKTOB MOBEPX 3alMCH BHIE0

[Io mocraBieHHOMY 3aJaHWIO0, TPU TEPEABIKCHHE BIOJIb He(TempoBoaa
HEOOXOJIMMO pacro3HaBaHUE JIMIIHUX OOBEKTOB (HE HE(PTEIMPOBOA U €r0 OIOPHI).
Bocmonb3yemcst cBEpTOUHOM HerpoHHOM ceThio Y0lov4. [Iporpamma qomKHA HAWTH
Ha U300pa’keHre He IPUBBIUHBIE €il mpeaMeThl. Ha riryOuHe, npu ocenieHue gpapamu
pobora, kimaccudukaiys Mo HBETy He OynerT paboTarh, MOITOMY HYXHO OOYYHUTH

CHCTEMY pacro3HaBaTh TEMHbIE (UTYPBI, B Pa3HBIX MECTaX, HO C OJIMHAKOBBIM (DOHOM.
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Cb6opka nata cera, OyJeT cOCTOATh U3 co3maHus ¢ororpaduil, caenaHHbIX Ha (OHE
He(TENpPOBOAa, C pa3HbIM KOJMYECTBOM TEMHBIX 00BekTOB. Ilocie co3maHuem
BOCIOJb3yeMcsl Oubnmorekoit mms python labeimg u cosmagum mara cer 1o
pasMCUEHHBIM JaHHBIM. IIpuMep MOJyYHUBIIErOCs pe3yjbTaTa IPEACTABICH B

[Tpunoxenun M.

Pacno3naBanue ARUCO mapkepoB /i HAaBUTallM U

AHIIA nomkeH yMeTh HaXOIUTh HY>KHBII y4acTOK Ha HepTenpoBoje. /s aroro
CYIIECTBYET HECKOJIBKO BapUaHTOB. |)UCIOJIB30BaHME IIMHIEPOB, I 3TOrO
HEO0OXOIMMO PACIIOIOKUTh UX U 3aMEPITh PaccTosHKE A0 Kaxaoro. [lo paccrosHuio
710 KXJ10T'0 [TUHTepa, y3HAaEM, Ha KAKOM YYacTKEe HaXOJUTCs pOoOOT. 2) UCHOIb30BaHUE
Aruco wmapkepoB: uepe3 pPaBHOE pACCTOSIHME MPHUKpenuTh AruCO Mapkep Ha
HEPTENpOBOI, U MPH pacrio3HaBanuu id Mapkepa, onpeessaTh MPOXOIUMBIN Y4aCTOK.
Jlns aTOr0 HEOOXO0IMMO CO3/7aTh ciioBaph Aruco, ¢ momorso oudimoreku OpenCV.

Kon npeacrasnen B [Ipunoxenun H.

IToaroroBka K TeCTUPOBAHUIO

[Ipu TecTupoBaHHE HAIIEH CUCTEMbI Mbl HE MOXEM HCIIOJb30BATh HACTOSIIHMI
HedrenpoBoa. IlosTomMy B KauecTBE HUMUTHUPOBAHHOTO HedTempoBoga Oyaem
HCIIOJIb30BaTh JUIMHHBIC TIOJIOCKH JKEJITOTO I[BETa, KOTOPhIE OYIyT MCIOJIB30BaThCS B
OacceliHe, B KaUeCTBE OMACHBIX 00BEKTOB OyJIeM MOMEIIaTh MOJAPYUYHbIe TpeaAMEThI. B
nporpamme Urho3D, mer cosaanu 3D crieny, 9To cXxoka ¢ peaibHbIM 0acceiHOM st
TeCTHpOBaHUs. JTa cieHa 3amyckaercss B cumyisitope MUR. Ilpumep cuenst

npencrasieH B [Ipunoxenun I1.
CumyasTop ISl TECTUPOBAHUA

AHITA MUR paer BO3MOXHOCTh YIPaBIsATH MM B CHMYJSTOpe. MOXHO
CaMOCTOSITEJIBHO CO3/1aTh CLEHY sl OacceilHa, BOCCO3[aTh YCJIOBUS MMCCHUHU, U
IpOBEPATH pabOTy MPOrpaMMbI B CUMYJATOpe. Mbl COEIMHWIN HANMHCAHHBIE HAMHU

(GYHKIIMM pacro3HaBaHUs JTUHHUH, yAEp)KaHds TIyOWHBI, yria MOBOPOTa, a TaKXKe
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pacmo3HaBaHus OOBEKTOB B OJIHY MPOTpamMMy, U 3aCTaBUIUM UMHUTHPOBAHHOTO poOoTa

NEPEBUHYTH BJIOJIb KEJITOTO HEPTENPOBOa U3 Hallel co3nanHoit 3D creHs.

TecTupoBaHue aBTONUIOTA

3amyck po6oTa ObUT 3aIlJIAHUPOBAH CIEAYIONIMMU dTAlaMU:

- Kaxaplii anroput™ B mporpaMMe TeCTUPOBAJICA B afantupoBanHoM rog AHITA
MUR Middle Auv cumynsitope.

- [lorpy>xenue poOoTa B OacceilH, U MpoOBepKa yJepKaHUs Kypca U TITyOUHBI.
Po6ot ynepxusain rimyouny 40 cm u kype 180 rpaaycos.

- YcTaHOBUIM HAa JHO UMHUTHUPOBAHHBIM He(TE-ra3onpoBOJl, BAOJIL KOTOPOTO
JIBUTANICS poOOT, Takke poOOT 3alUChIBAJl BUJIEO, C MEPEABIKCHUEM Ha 3aJJaHHBIM

Y4aCTKOM IIYTH. HOJIY“ICHHBIﬁ pe3yiibTaT MOXHO YBHICTL B OTOM BHJICO.

https://drive.gooqgle.com/file/d/10 obmSPBVCbMOttAr iMDOQFV2LBttY O/view?usp=sharing
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3AK/IIOYEHUE
B mporiecce paboTsl HaJ CBOMM IIPOEKTOM, MBI PEATH30BAIN BCE IIOCTABICHHBIE
3agaud. Mbl CO3[aId aBTOIMIOT I MajaorabapuTHOTO IMOJBOJHOIO aBTOHOMHOTO
arrmapara JijIi MOHUTOpHHTa o aBoaHbIX cucteM. AHITA Middle AUV, ¢ cozmanubiM
HaMH aBTOMMJIOTOM IEPEABUIaCsS BIOIb HMUTHPOBAHHOIO He(TEIPOBO/IA, a TAKKE

IMPOU3BOANII 3aIIMCh BUJICO C BBIACICHUCM IBCTOM OIIACHBIX 0O0BEKTOB.
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HPUJIOKEHUA

[Ipunoxenue A
3/ moaenp anmapara “Poseidon”

[Ipunoxenue b
KoHCcTpyKTOp 110151 CO3MaHus KOpITyca

(el Mamaxun®

IIpunoxenue B
KoHncTpykuust 1BUxKuUTEINSA

10 KOHCTpYKUUA ABUKUTENA

* 1—3aaHAA 3arnywKka umManHapa

* 2 — BbokoBoii obTeKaTtesb
ABUXKUTENA

* 3 — 3neKkTpomoTop

* 4 — BHYTpeHHAA MarHUTHas
nonymydra

* 5—MecTo a4na NOCTOAHHbIX
MarHuToB

* 6—Jlonactu

e 7 — MarHuTHoe Konbuo

.

.

8 — UunuHgp
9 — lNepeaHAA 3arnyLwkKa c
LLeHTPOBOYHOM OCbIO

* 10— MNepepHuii obTekaTenb
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[Ipunoxenue I
Motop Truster 300M

[Ipunoxenue ]
b0k 351eKTpOHUKH
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[Ipunoxenue E

Bremauit By anmapara “Poseidon”

[Ipunoxenue X
Brennuii By anmapata “Mur Middle AUV”

[Tpunoxenune U
Cxema nepemelieHus BJoJb HeTenpoBoia




[Tpunoxenue K
Pacnio3sHaBaHue HarpaBiIeHUs CTPEJIKU

[Ipunoxenue J1
Kox YOLO

import cv2
Import numpy as np
get_output_layers(net):
layer_names = net.getLayerNames()
output_layers = [layer_names[i[0] - 1] for i in net.getUnconnectedOutLayers()]
return output_layers
draw_prediction(img, class_id, confidence, X, y, X_plus_w, y_plus_h):
label = str(classes[class_id])
color = COLORS]class_id]

cv2.rectangle(img, (x,y), (x_plus_w,y plus_h), color, 2)

cv2.putText(img, label, (x-10,y-
10), cv2.FONT_HERSHEY_SIMPLEX, 0.5, color, 2)
classes =

with open(‘yolov3.txt', 'r') as f:

classes = [line.strip() for line in f.readlines()]
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COLORS = np.random.uniform(0, 255, size=(len(classes), 3))
net = cv2.dnn.readNet('yolov3.weights','yolov3.cfg’)
Image = cv2.imread('1.jpg")
Width = image.shape[1]
Height = image.shape[0]
scale = 0.00392
blob = cv2.dnn.blobFromimage(image, scale, (416,416), (0,0,0), True, crop=False)
net.setinput(blob)
outs = net.forward(get_output_layers(net))
class_ids =]
confidences =[]
boxes =[]
conf _threshold = 0.5
nms_threshold = 0.4
for out in outs:
for detection in out:

scores = detection[5:]

class_id = np.argmax(scores)

confidence = scores[class_id]

If confidence > 0.5:
center_x = int(detection[0] * Width)
center_y = int(detection[1] * Height)
w = int(detection[2] * Width)
h = int(detection[3] * Height)
X =center x-w/2
y=center y-h/2
class_ids.append(class_id)
confidences.append(float(confidence))

boxes.append([X, y, w, h])




indices = cv2.dnn.NMSBoxes(boxes, confidences, conf_threshold, nms_threshold)

for i in indices:

i =i[0]

box = boxes|i]

X = box[0]

y = box[1]

w = box[2]

h = box[3]

draw_prediction(image, class_ids[i], confidences]i], round(x), round(y), round(x+
w), round(y+h))

cv2.imshow("'object detection”, image)

ITpunoxenne M
[TonyuuBmuiicss pe3ynbTar Mpu paclio3HABAaHUU OIACHBIX 0OHEKTOB
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[Ipunoxenune H
Kon pacnioznaBanust ARUCO mapkepoB

Import cv2
from matplotlib import pyplot as plt

def show_img_with_matplotlib(color_img, title, pos):

img_RGB = color_img[, :, ::-1]

ax = plt.subplot(1, 3, pos)
plt.imshow(img_RGB)
plt.title(title)
plt.axis(‘off")

fig = plt.figure(figsize=(12, 5))

plt.suptitle("Aruco markers creation”, fontsize=14, fontweight="bold")

fig.patch.set_facecolor('silver")

aruco_dictionary = cv2.aruco.Dictionary_get(cv2.aruco.DICT_7X7_250)
aruco_marker_1 = cv2.aruco.drawMarker(dictionary=aruco_dictionary, id=2, sidePix
els=600, borderBits=1)

aruco_marker_2 = cv2.aruco.drawMarker(dictionary=aruco_dictionary, id=2, sidePix
els=600, borderBits=2)

aruco_marker_3 = cv2.aruco.drawMarker(dictionary=aruco_dictionary, id=2, sidePix
els=600, borderBits=3)

cv2.imwrite("marker DICT_7X7_250 600 1.png", aruco_marker_1)
cv2.imwrite("marker DICT _7X7_250 600 2.png", aruco_marker_2)
cv2.imwrite("marker DICT_7X7_250 600 3.png", aruco_marker_3)
show_img_with_matplotlib(cv2.cvtColor(aruco_marker_1, cv2.COLOR_GRAY2BG
R), "marker_DICT_7X7_250 600 1", 1)




show_img_with_matplotlib(cv2.cvtColor(aruco_marker_2, cv2.COLOR_GRAY2BG
R), "marker_DICT _7X7_250 600 2", 2)
show_img_with_matplotlib(cv2.cvtColor(aruco_marker_3, cv2.COLOR_GRAY2BG
R), "marker_DICT _7X7_250 600 3", 3)

plt.show()

Import cv2

aruco_dictionary = cv2.aruco.Dictionary_get(cv2.aruco.DICT_7X7_250)

parameters = cv2.aruco.DetectorParameters_create()
capture = cv2.VideoCapture(0)
while True:

ret, frame = capture.read()

gray_frame = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)

corners, ids, rejected corners = cv2.aruco.detectMarkers(gray_frame, aruco_dictio
nary, parameters=parameters)

frame = cv2.aruco.drawDetectedMarkers(image=frame, corners=corners, ids=ids,
borderColor=(0, 255, 0))

frame = cv2.aruco.drawDetectedMarkers(image=frame, corners=rejected_corners,
borderColor=(0, 0, 255))

cv2.imshow('frame’, frame)
If cv2.waitKey(1) & OxFF == ord('q"):
break

capture.release()
cv2.destroyAllWindows()
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