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S, WatixetauHOB M.A., TOATBEPIK1at0, YTO JIAHHBIN TPOEKT COJIEPIKHUT HE Ooyiee 22 CTpaHUII, U3
HUX TEKCT CTAaThU U CITUCOK JIUTEPATYPHI copepxaT He O6osee 11 cTpanul, npuioxeHus — He 6omee

10 cTpanun

noonucs



MPOMBIIIJIEHHBIA POBOT-IIOMOIIIHAK ROBOTRACK.
POBOTU3UPOBAHHAS YEOPKA I'OPOJICKOM CPEbI

I'epacumenko ['eopruii AnapeeBud

Omckas o0macte, r.OMck, BOY r. Omcka "JIunet BUT", 8 kimacc

AHHOTaNUA

B ropomax MHOro mycopa, a B MOE€M Tropoje 3uMOM em€ M MHOro cHera. Eciau He
NOAJEPKUBATh YUCTOTY I'OPOJCKOIO IIPOCTPAHCTBA, TO IOPOJ HE TOJBKO IOTEPSET BU3YAJIBHYIO
IIPUBJIEKATEIBLHOCTh, HO M CTAHET ONACHBIM JUIsl NMpoKKMBaHUA. [To3TOMy y MeHs BO3HUKIA Hes
pa3paboTaTh aBTOHOMHOTO pOOOTa-TIOMOITHUKA, KOTOPBIH OBl TOMOTAJI KOMMYHAJIBHBIM paOOTHHKAM
HOAJEPKUBATh YUCTOTY TOPOJCKOTO MPOCTPAHCTBA.

Jlns peanuzauuu cBoei 3axymku s paspabotan B [10 Kommac 3D: ryceHUYHYIO TENEXKKY,
T'YCEHUYHOE MOJO0THO, PACCYUTATh CUIIOBYIO YCTAaHOBKY, CIPOEKTHPOBAJl MEXaHU3M IOIbEMa OTBaJIa
Ha BUHTOBOH Iepejiaue, CIPOEKTUPOBAT pOOOTU3UPOBAHHYIO PYKY, YCTAHOBUJI KaMephbl U TaTUUKHU.

Pabouwnii nmporotun wniroroBus c¢ nomompto UIIY-dpesepHoro cranka u 3D mpunrepa.
VYnpasieHue poo0TOM OCYLIECTBISETCS Kak € TOMOIIBIO PAAHONYJIbTa, TAK U B aBTOHOMHOM PEXHMeE
C MOMOIIBI0O MalIMHHOTO 3peHus. FPV kamepa mos3Bossier nepenaBaTh U300pakeHUE HaA IILJIEM
oreparopa.

PoGor Robotrack wumeer orpoMHbIii MOTEHIMAN WCIONB30BAHUS JJII ABTOHOMHOMN
KpYTIJI0CyTOYHON MOAECPKKH TOPOACKON Cpelpl B UncTOM BHe. Korna s BHEPIO NCKYCCTBEHHBIN
UHTEJJIEKT, POOOT CTAHET CaMOCTOSITENIbHBIM U OJIMH YEJIOBEK CMOXET KOHTPOJHMPOBATH IIENYHO
rpyrmiy poOOTOB.

S ysepen, uro moii ROBOTRACK Oyner npuHOCUTh MOJB3Y JIOASM, T.K. YUCTBIH TOpoa —

9TO KpacuBo u 6e3omacHo!

KiawueBble  caoBa:  IlpombinuieHHbBld  poboT-yOopumk, 31  MoaenupoBaHwue,
IPOEKTHPOBaHUE, IyceHn4YHas miatdopma, FDM neuarts, UITY-dpezepoBka, mporpaMMupoBaHHe Ha

Arduino/Python, mamuunoe 3penune, FPV kamepa.



Beenenne

B ropomax MHOro mycopa, a B MOEM TOpoje 3MMOM emé u MHOro cHera. Ecim He
NOAJEPKUBATh YHUCTOTY TOPOACKOTO IPOCTPAHCTBA, TO TOPOJ HE TOJBKO IOTEPSET
IPUBJIEKATEIbHOCTh, HO U CTAHET ONACHBIM JUIsl IPOXKHUBaHUA ropoxad. [1o3ToMy y MeHs BO3HMKIIA
uznes pa3paboTaTb aBTOHOMHOI'O pPOOOTA-IIOMOIHUKA, KOTOPBIA Obl MOMOrajl KOMMYHaJbHBIM
pabOTHUKAM IOJJIEPKUBATh YHCTOTY TOPOACKOr0 MPOCTPAHCTBA.

3UMOii 1 JTIeTOM B OOIIECTBEHHBIX 30HAX rOPOJa OYE€Hb OCTPO CTOUT BOIPOC CBOCBPEMEHHOM
yOOpKH TPOTyapoB U TEPPUTOPUHU OT CHETra, NbUIK U Mycopa. Celiuac 3a YMCTOTOH ClIeaIT JBOPHUKH.
[TpombInuIeHHBIH POOOT-TIOMOITHUK RODOtrack mo3BoUT 3aMEHHUTh TSDKEIBIN YETOBEYESCKUI TPYI
paboToii MamuHbL. [[BOpHUKH-OTIEpaTOPhI OYAYT BBIIABATh 3a/1aHUs pOOOTaM-yOOPIIUKAM H CIICIUTh
3a paboTOCIIOCOOHOCTHIO. B cityyae MOMOMKH WM APYTOW HEIITATHOW CHTyaluu, poOoT-yOOpIIHK

NpUILIET yBeAoMIIeHHE U (oTorpaduio, YTOOI YEIOBEK MPHUHSLIT MEPHI.

AHaJM3 CUTyalUHH
HoBas texnmka mist JKKX MO3BONUT COKpAaTHTh pacxobl HA COJACPKAHWE KOMMYHAJIbHBIX
pabOTHHUKOB, TPyIia MPOMBIIUICHHBIX POOOTOB-MOMOIIHKKOB Robotrack Oymer crocobna cama
yOoupaTh ynuilbI B aBTOHOMHOM pexume. byaer TpeGoBarh HeOoOibIas KOMaHIA IBOPHHUKOB-
OIIepaTOpOB JUIsl TOTO, YTOOBI Iep>KaTh B YUCTOTE BECh ropo!
Ha Texymuii MOMEHT BCS KOMMYHaJIbHAsl TEXHUKA WIIM JU3EIbHAS WK OCH3MHOBAs, MO
pPOOOT-TIOMOIIHUK OCHAIIEH 3JEKTPOMOTOpPAaMHM M SBISETCS HKOJOTMUHOW TEXHMKOW MHJIealbHO

BITUCBIBASCH B TOPOJACKYIO CpCay. Yucteie TPOTYyapbl — 3TO HE TOJIBKO 6C3OHaCHO, HO U KpaCI/IBO!

Pemenne npo6JiemMbl
Sl mpoaHanu3MpoBad CYIIECTBYIOUIME KOHCTPYKIIMM U pELIEHUs U BBIPaOOTal CBOIO

CTpaTeruio 1o pa3paboTke podora-nmomoinHuka Robotrack:

1. IIpoexkTHpoBaHMe r'yCeHMYHOMH MI1aT(OPMBI, pPOOOPYKH H HABECHOT0 000PY/10BaHUS
S copoextupoan podora-nomouiHuka B CAIIP Kommnac 3D. IMomyunnock Oosnbiie 50
JeTajeil, KoTopele s coopan B coopky u nosryuns 3D Mojens po6oTa-moMOIIHUKA.

2. Pa3paboTka 3/1eKTpHYeCcKoi cXxeMbl U COOPKa 3JIeKTPOHUKHU
Mmuoro ObuTa pa3paborana cxema Ha 6ase arduino u raspberry pi.

3. H3roromiienue getasneii u c60pka pyHKIMOHAIBLHOTO MPOTOTHIA
Bonbmme neranu poGora-momouiHuka s usrotoBus Ha UYIIY ¢pesepe, ocranbHble
pacneuaran Ha 3D mpuHTepe. 3anporpammupoBan arduino+raspberry pi, peamuzosas

JABVKCHUC C ITIOMOIIBIO MAIIMHHOI'O 3PCHUS 110 HBGTHOﬁ JIMHUYW WM 3a OEJICYKA3aTCIJIEM.



TexHu4eckoe ONUCAHNE MEXAHU3MOB POOOTA-TIOMOIHUKA
Pa3pab6oTka ryCeHH4HOro Tpaka

[TpombrneHHoro  poOoTa CHPOSKTUPOBAT HA TYCEHUYHOM XOAY IS TIOBBIIICHHS
POXOJAUMOCTH U MAaHEBPEHHOCTH [2, C.7]. OOpe3uHEHHbIE I'YCEHHYHBIE TPAKK ropas3ao 3G GeKTHBHEES
PE3UHOBOIO KOJIeca.

['yceHU4HON Tpak CHPOEKTUPOBAT C TPYHTO3AILENIOM CIENUATbHOW (OPMBI, KOTOPBIN
obecrieynBaeT MakcHUMaJbHYIO 3(dexTuBHOCTh. llocie cepuu HEyJauHBIX SKCIEPUMEHTOB II0
00pe3MHUBAHUIO TpakKa B JOMAIIHUX YCIOBUSX TPaKu ObUIM YCTAHOBJICHBI B IIEPBO3JIAHHOM BHJIE.
[y Ha Tpakax, KOTOPBIM BXOAUT B 3allell C BEIyIIUM KOJIECOM s ClIeNIall CbeMHBIM, 3TO MMO3BOJIUT B

CIIy4ae MOJOMKH 3aMEHHTh TOJBKO LINII, 0€3 3aMEeHbI BCEro Tpaka. Tpak mpejicTaBieH Ha puc. 1.

Puc.1

Bcé mpoektupyto B CAIIP Kommace 3D [1, ¢.3], aeranu cobuparo B cOOpKy, eciu Bc€ OK, TO
nevarato Ha 3D nmpuHTepe u cobuparo.

Taxxe 5 CHpPOEKTHPOBAN y3€Jl aBTOMAaTUYECKOM HATSHKKM IIOJIOTHA C  [TOMOIIBIO
CaMOHATSDKHBIX POJIMKOB C NMpUMEHEHHEeM MpykuH. KoHCTpyKuMs BbIILIAa MPOCTONH M HAAEKHOM.
Kpowme Toro, B ryCEHUYHOMN TEJIEKKE UMEIOTCS [Ba ONOPHBIX KAaTKa.

CuiioBble ycTaHOBKA. /[BUraTe/In U IUVIaHETApPHbIE PeyKTOpa

3a OCHOBY BEAyIIEro KoJjieca TyCeHWUYHOU Tenexku Obutn B3sAThI BLDC-moTopbl oT
rUpocKyTepa. MoTopsl MOAU(DUIIMPOBAII, TPOCBEPIINII KPENEKHbIE OTBEPCTUSI U Hape3all pe3rdy M4
JUI KPEIUIEHUs CHEelHAIM3UPOBAHHBIX 3yOuUaThIX HAKJIAZOK, TaK y MEHs MOJIy4HIHCh 3y0daroe
BeylIKe Kosieca, cM.puc2. BiOop MOTOPOB ObLI HE CIy4aeH, AJisl yBEPEHHOI'O U IUIABHOTO IBUKEHUS
TpeOYyIOTCS MOTOPBI C BBICOKMM KPYTSIIMM MOMEHTOM Ha HHU3KUX oboporax. BLDC-mortopsr ot
TUpOCKyTepa MOAXOMAAT IS dTUX Ielel maeansHo, Hu3Kkuit KVY, BEICOKas MOIIHOCTH M BBICOKHMIA
KPYTSIIMHA MOMEHT 3a CUET JaTYMKOB XoJla.

PoGot Robotrack momyuwniicsi oueHb MaHEBPEHHBIM, ISl pa3BopoTa Tpedyercss He OobIle
MaKCHMaJIbHOU XapaKTEepUCTUKH IrabapuTOB, B MOEM Cilydae JJIMHbI poOoTa-nmoMoniHuka. bnarogaps
BBICOKOMY KpPYTSIIEMY Ha HHU3KOM CKOPOCTH BpalleHHs sI CMOT OTKa3aTbCsl OT MPHUMEHEHUs

JOMOJIHUTCIIBHBIX PECAYKTOPOB B 'YCCHUYHBIX JIBUKUTCIIAX.

LKV - uncio 060poTOB B MUHYTY, C KOTOPBIM JBHTaTellb OYA€T BPallaThes NPH M0/ade 0JHOTO BOJIbTA



Pa3paborka maccun

[Ilaccu - OCHOBHO# CHIJIOBOM 3JIEMEHT, Ha KOTOPBIA MPUXOMAATCS BCE HArpy3KH, TAaKKe OH
ABJISICTCA POCTPAHCTBEHHON paMoil. MI3HauallbHO s IUIaHUPOBAJI 1IACCH U3TOTOBUTH U3 ATFOMHUHHUSA
J16T, HO (UHAHCOBO MEHS HHUKTO HE MOAJEepXkajl W I03TOMY BbIOOp mHam B CTOpoHY 10MM
MHOTOCIoitHOH (hanepsl. Jleranu s usrorosmi Ha YITY -dpesepe, asst 3Toro st mpoien 60JIbIION My Th
W HAy4duiICs HE TOJBKO HPOEKTHpOBaTh Jeranu noj YIIY wu3rorosieHHe, HO M CO31aBaTh
ynpagisitoiue nporpammsl B AItCAM, noabupats Gpessl U peKuMbl pabOThI A HUX.

[Ilaccu crnpoeKkTUpoBaJl € LIMIIOBBIM COCIUHEHHEM, 3TO JeJaeT ero 0Ooiee XKECTKUM U
npounbiM. [Tocne HermocpeacTBeHHOH (hpe3epoBKH paMbl MOTpeOOBaIach MeXaHn4Yeckas 00paboTka
Ha JICHTOYHOM HUTM(OBAIBHOM CTaHKE U HanmwibHUKOM [3, C.14], a Takxke cOOpKa Ha CrielraIbHbIC
METH3bI, CM.pHUC.3.

CKkBO3b paMy MpOXOAAT JBE AIIOMHUHUEBbIE TPYObl, BBINOJIHAIOLIME pPOJIb JAepKaTeseit
TYCEHHYHBIX JBIXkHTeNed. CrenuaabHO CHpPOSKTHPOBAHHBIE MY(THI HAJEKHO CKPEIUIIOT BCIO

KOHCTPYKIIHIO, /ieast €€ MOHOJIUTHOM.

Puc.3

Pa3pabGorka po00OTH3MPOBAHHOM PYKH
Pob6opyka — 310 MHOTOIIENIEBast pOOOTU3UPOBAHHASI MAHUITYJIATOPHAsL YCTAHOBKA C 3aXBAaTOM.
W3yunn yuebHOE ocoOue 1Mo poOOTH3MPOBaHHBIM cucTeMaM [4, C.8] u cripoekTHpoBai poOOPYKY ¢
TpeMmsi creneHsMu cBoOombl Nel, No2, Ne3 (cm.puc.5) m pemaykTopHoOil kiemrHed 3axBara Ne4
(cM.puc.6), 3T0 O3BOJISIET MCIIOJIB30BAaTh MAJIOMOIIHBIA CEPBONPHUBO JAJIS yACPKUBAHUS OOJIBIINX
npeameroB. Pobopyka mpencraBneHa Ha puc.6. Jlo HM3TOTOBIEHHST MHOIO OBIJIO TPOHM3BENEHO
MaTemarndeckoe mozenupoBanne B 10 ARTAS SAM mexanuku poOOpYKH, IS TOTO YTOOBI

OLIEHUTH paboune XapaKTePUCTHKH, pE3yIbTaThl IPEICTABICHBI HA pUC.4.



MakcumanbHBIM BEPTUKATBHBIN BBUIET MOTYYHIICS 576MM, MAaKCUMAaTbHBIN TOPU30HTATBHBIN
BeuleT 366mMM. Bech paboumii amamna3oH u300pakeH Ha puc.4 OpaHXKEBBIM IBETOM. ODTHX
XapaKTePUCTHK JOCTATOYHO IS BBIMOJMHEHHWS 3adad 1o cOopy, TepeKIaJblBaHUI0 U

TPAHCTIIOPTUPOBAHUIO KPYITHBIX IPEIMETOB.
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Puc.4
Takkxe s mpeaycMOTpes MOBOPOTHYIO och Ne3 (cm.puc.5) s 3axBara, 4TO MOMOIaeT
3axBaTBIBATh MPEIMETHI JII000H (hopMBbl. MakcHMallbHBINA TOBOPOT coctasisiercst +£100°
Penyxkropusiii 3axBat Ne4 (cMm.puc.5) Ha poOOTHU3UPOBAHHON PYyKE SIBISCTCS ChEMHBIM, €0
MO>KHO 3aMEHUTH Ha JIPYToi 3aXBaT B 3aBUCUMOCTH OT 1iesieil. Ha Tekymunii MOMEHT 51 CIPOEKTUPOBAI

pe,I[YKTopHHﬁ 3axXBaT B BUJC KJIICIIHH.
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Puc.5
B kauecTBe cepBONPHBO0B OBLIN UCTIOJIB30BaHbl CEPBONPUBO/IBI C ABUrATEIEM IIOCTOSHHOTO
TOKa U MAaKCHMAJIbHBIM KPYTSIIUM MOMEHTOM 25Kkr*cM. Takoil cepBOnpuBO/I CIIOCOOEH yIepKUBATh
rpy3 70 25Kr Ha pbluare JUIMHOW lcM OT Bajla CEpBOIPHBOJIA. 3HAs JJIMHBI U BCE BCEX CETMEHTOB
pOOOTH3UPOBAHHOM pPYKH, S TPOBEJ] pACUYET IOJIE3HOW HAarpy3Kd, KOTOPYIO pPOOOT MOXKET

MNepeMCIIaTh B IIPOCTPAHCTBE.

Pacuem maxcumanvhoii no1e3nol Hazpy3Ku pooopyku
Tak kak 51 UCNoNbL3Y10 OOUHAKOBbLE CEPEONPUBOODL, MO MAKCUMALLHYIO HAZPY3KY onpeodeisiem

CepBONPUBOO, KOMOPBLIL CMOUM HA MAKCUMATbHOM pblyace, Mo cepgonpugoo nieva Nel (cm.puc.S)



M epsonpusoga = 2,45 H * M (MOMEHT Ha Basly CepBONIPUBO/iA)
[ = 0,36 M (a1MHa pOGOPYKH)

E

Lp — CUJIa TpeGyemast pobopyKe JIJIsl HOAHATUS TPy3a MACCOU My,

my, = 0,5 Kr (Macca po60opyku 6e3 10JIe3HON HarpysKu)
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Cocmasum YypaeHerue CYyMmobl MOMEHNIO6 ONMHOCUNEIbHO MOYKU KPENJIEHUA p060py7<u

l
Mpp*g*s+Myyxg*xl=N=x0+F,=l

2
MCEpBOHpI/IBO/ILa = Fi)p * [
- Mcepsonpnsoga _ Mpp
2,45 0,5
Mpy = m_T = 0,44-1([‘

Taxkum 0Opazom Mvl NOTYHUNU, YMO MAKCUMATbHAA NOAe3Has Hazpy3Kka cocmaensem 440 ap.
Omom noxazamensv j1e2K0 MONCHO ysenuuums 8 2,9 pasa 3amenus cepsonpusod nieda Ha Oolee
MOWHDIL, € MAKCUMATIbHBIM Kpymawum momernmom 5,36 H*m (55xe*cm)

B xone npoBeneHust HCIIBITAHUM BBISICHUIIOCH, YTO YIJIOBBIE YCKOPEHUSI U CKOPOCTH PaOOThI
CEPBOMPUBOJIOB CIWIIKOM BBICOKHE. [Ipu 3axBare mojie3HONW HArpy3ku OJM3KON K MaKCHMaJIbHOU
BO3HHMKAJIM CJIOXHOCTH B YNPAaBICHUM H3-32 WHEPIUU U TIEPErpeBy CepBOMPHUBOJIOB. CambiM
BBICOKOHArpy>KEHHbIM CEPBOMNPUBOJIOM OKAa3ajcCsl CaMblii HUKHUM, OH y MEHs Cropaji JIBa)KIbl Ha
UCIIBITaHUSAX. BBIXOABl U3 CTPOsS CEPBOIPHUBOAOB MEHS HABEIM HA MBICHIb, YTO HYXXHO KaK-TO
OTPAaHWYUBATh TOK WJIM OTPAaHUYHMBATH YCKOPEHHSI M CKOPOCTH. VneanbHBIM perieHueM mpoOIeMbl
ctaina Obl yCTAaHOBKA JOTMOJHUTEIBHBIX PEAYKTOPOB, HO JUISI ATOTO HYXHO OBUIO OBl MEHSTH
CEPBOMPUBO/IbI HA IIATOBBIE ABUTATEIH, T.K. MAKCUMAJIbHBIN X0/ y cepBornpuBoaoB 180 rpagycos u
NepeeNbIBaThCSl KOHIENTYadbHO BCIO poOopyky. Ho st mepBoit Bepcuu s cden JAOCTaTOYHBIM
HCIIOJIb30BaHUE CHEIUaIbHON OMONIMOTEKU JUIsl CEpBOMNPUBOAOB, B KOTOPOH MOXKHO OTPaHHYUTH
YCKOpPEHHE M CKOPOCTh CEPBOMPHBOJA. Pe3ynbTaT MeHs yCTpous, poOOpyKa cTaja MeIJeHHEee U
MJIaBHEE MEPEMEIIAThCS C TPY30M.

Erte o1HO# 0COOEHHOCTHIO POOOPYKHU SIBISIETCS CKPBITAsk IPOBOJIKA, 1 OY€Hb MHOT'O BPEMEHH
YA Kabellb-MEHEKMEHTY, B TEKYIIIEM UCTIOTHEHUH pOOOPYKa U BHITIISIIUT KPACUBO M 3aIUIIIEHA

OT MEXaHHYECKUX BO3JICUCTBHI IIPH MTEPEBO3KE KPYITHBIX TPY30B, CM pHC. 6.



Puc.6

Pa3paborka oTBaJsia ¢ H3MeHsieMOil reoMeTpHeii 1 MeXaHU3Ma NoAbeMa
I[OHOJIHI/ITGJIBHLIM MCXaHU3MOM p06OTa-HOMOH_IHI/IKa SABJIICTCA OTBAJI U MEXaHHU3M HOI[T:éMa.
[Tpu mpoeKTHpOBaHUN aBTOHOMHOM CUCTEMbI UUCTKH CHETa s y/AeIUJI BHUMAaHUE YHUBEPCAIBHOCTH,

W CZeJajl OTBAJI C U3MEHSAEMOM TeoMeTpHUel, N300paKeHHOT0 Ha pPHC.7.

Puc.7.

Ha oTBasie 60KOBBIE CErMEHTHI UMEIOT IMAPHUPHOE COCTUHEHUE, K KOTOPBIM IOAKIIOYCHBI
TSATH CEPBONPUBOIOB. VI3MEHseMBIil yrosl 0KOBBIX CErMEHTOB MO3BOJISIET PEATH30BaTh OTBAJ TAaKOU
(dopmbl, yTOOBI CrpedaTh CHEr BJIEBO MIIM BIIPABO IO XOAY JBHKEHHUS, a TAKXkKe crpedarh B Kydy WIIH
poOUBaTh TPOIIMHKY KaK JIEOKOJ, OTOpachkIBasi CHET 110 00€ CTOPOHBI OTBAJIA.

CaM oTBan sBISIETCd CHEMHBIM HABECHBIM O0OpYIOBAaHHEM, MO3TOMY 5 CIIPOEKTHPOBAI
ObIcTpocheMHBbIN MexaHu3M. HaBecHoe 000pyaOBaHKE yCTaHABIMBAETCS Ha HUKHUM MOIBEMHBIN
MEXaHU3M, KOTOpPBIM II03BOJIIET pEryJIMpoOBaTh BBICOTY IOABEMA OTBaJa OTHOCUTEIBHO
MOBEPXHOCTH, IO KOTOPOH JBMXKETCS POOOT-OMOLIHMK. MeXaHH3M MOoJbeMa pealin30BaH Ha
BUHTOBOM mepeaue, cM. puc.8. B kauecTBe BUHTOBOM TiepeIauu sl UCTIOIB30BaT OOBIYHBIN BUHT M 14
JuHoN 120MM u raiiky. BUHT BpaiaeT KoJIIeKTOpHBIH MOTOp U3 HIypymnoBepra. /[ noHmxkeHus
000pOTOB M YBEIMUEHHS TATW U3 IIYypPYNOBEpTa TAKXKE B3sUI IIECTEPEHKH INIAHETAPHOTO PEIyKTOpa
Y BTYJIKY, CIIPOEKTHUPOBAI AJI1 MOTOPA U IIECTEPEHOK PEAYKTOPA HOBBIN €IMHBIA KOPITYC, TAK Y MEHS

MOJTYYHJICSI MOTOP-PEIYKTOP.

Puc.8

A NpeaAyCMOTPUTCIILHO CACTIaJl KOPIIYC BJIAro3allilMIICHHBIM, T.K. paciojiaracrcsa OH IIO0J

nauIeM podora. Kopnyc Mmotop-peaykropa codpan Ha repMeTuk. s raifku ObUT CIPOEKTHPOBaHA



OTBETHAs JETallb, KOTOpas W TepemMeniana ObICTPOChEMHBIH MEXaHH3M OT CaMOTO HH3KOTro, 0
CaMOr'0 BBEICOKOI'O ITOJIOJKEHMS.
B Oynymiem st U3TOTOBIIO OTBAJl M3 METAUIa M CIPOCKTHPYIO JOMOJHUTEIHLHOES HABECHOE

o0opyaoBaHue: TypOOUIETKY, MIETKY /Ui MOMKH OOPIIOPOB WK Ja’kKe Ta30HOKOCHIIKY

JAu3aiiHepckoe pelieHue
[IpoMau3aiiH npy TPOEKTUPOBAHUU 3aHUMAET JAJIEKO HE MOCIECIHEE 3HAYEHUE, [MOATOMY S
NIepEIEIIbIBA0 ICKU3 10 HECKOJIBKO Pa3, IPOBOXKY OIPOC CPEAN CBOMX APY3€H U OJHOKIACCHUKOB, U
TOJIBKO TOTOM KaK HAYMHAI0 M3rOTaBIMBaTh. TE€XHHMKA JOJKHA TapMOHHUYHO BIUCHIBAaTHCSA B

TOPOJACKYIO CPELy U pasioBaTh B3I IPOXOKHUX.

Puc.9

[[Taccu mokpacuil MOKPbUT BOAOOTTAJIKUBAIOIIUM pacTBOpoM. PoOOTH3MPOBaHHYIO PYKY U

I'yCeHMUHbIE TPAKH HAIedyaTas MIacTUKOM 13 3konorudeckoro IIDTI? (Puc.9).

IIpoexTHpOBaHME CXeMBbI JIEKTPOHUKH U MPOrPaMMHUPOBaHUE

Cxemy cobupan Ha Arduino, Raspberry pi, web-kamepe, peryastope BLDC-moTopos,
nH(pPaKpPaCHOM NaTbHOMEpE, TAKKe B3ANl NepefaTunk u kamepy FPVS. Dnextpuueckas cxema
npuBeneHa B mpui.2. YcranosieHa kHonka « CTOIy» mist aBapuitHOro OTKIII0OYeHHs poOoTa.

Cketu anst Arduino mcan B Arduino IDE, nucan ouens monro, untan KHHKKY [6, €.250],
cMoTpes posuku B youtube, 6opoiics ¢ 6aramu. Ckpunt aus Raspberry Pl 4 nucan emé momnsire. C
ucnonp3oBanuem oubnmorekn OpenCV [5] yaamoch peann3oBaTh pacrio3HaBaHUE [[BETA, BBIACICHHE
00JIaCTH KOHTYpPOM, TOHMCK II€HTpa KOHTypa M Mepeaada 3THX KoopauHat Ha Arduino ms

JanbHEHIIero YHpaBJICHUA MOTOpaMHU.

CoOopka, TecTUpoBaHHe. JKCIIEPUMEHTATbHAS YACTh.
Bonpmyto pamy s otdpesepoBan Ha UITY-dppesepe u3 10mm ¢danepsl, Bce MIACTUKOBHIE

asIeMeHTHI pacniedaran Ha cBoéM 3D npuntepe mnactukom II9TT. Ilponecc neuatn neraneit oueHb

2 MonmusTrnenTepehTaNaTrIMKOIb

3 First Person View — Buz oT nepBoro imma
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CUJIBHO PACTSHYJICSI BO BPEMEHM U3-3a MEIJICHHOW TEXHOJIOTHHU FDM?*. He Bce IeTaIN TTOIXOIHIIH C
nepBoro pasa, naxe eciu B coopku CAITP Kommnac3D Bcé Boirnsaaeno orinuano. T.k. actuk [I9TT
UMEET YCaJIKy IOCJIE MeYaTh, TO €€ TOXKE HY)KHO OBUIO YUYUTBIBATHCS, MHAYE TMOO 3a30pOB HE OBLIO,
1160 Obutn 60bire. C ONbITOM HaYMHACIIb TOHUMATh, KaK MPaBUILHO IPOEKTUPOBATH AECTAIH JIs
nevatu Ha 3D-npuHTEpe U CTAaHOBUTHCS MEHbIIIE OpaKa U MOTEPSIHHOTO BPEMEHHU.

ITocse Toro xak 6bUT cOOpaH poboT-rioMontHUK Robotrack st oTripaBuiics Ha HCIIBITATENILHBIN
IIOJIMT'OH, TaM 6BIJII/I BbBISIBJICHBI cnaGHe Y3JIbI. CaMbIM 60JIBIJ_II/IM MOHUM IPOCUCTOM ABJIACTCA MAJIOC
KOJIMUECTBO 3yObeB OJIHOBPEMEHHOTO 3allella C BEAYIIUM KOJIECOM, TPUXOIUTCS AepKATh I'yCEHUILY
B XOPOIIIO HATSHYTOM COCTOSIHMM, YTO CYIECTBEHHO YBEJIMYHBAECT YHEPrONOTPEOIEHUE U CHIKAET
ABTOHOMHOCTh PaboThl. Takke Oblia mepepaboTaHa MOBOPOTHAS OCh POOOTH3UPOBAHHOW PYKH,
KOTOpasi 0Ka3ajaoch CJIadoil M HE BBIJIEPKUBAJIa PACUETHYIO HATPY3KY.

MHe HpaBUTCS TO, YeM 51 3aHUMAIOCh, U 5 JIEJIOCh 3TUM CO 3PUTEIISIMU uepe3 CBOH youtube
kaHan «TexnoMelikep». Ha kanane y MeHsl BBUIOKEHBI BUICOPOIUKUA CO COOPKON U TECT-IpaiiBoM

pobora-niomorinauka Robotrack [7].

PesyabTarsl npoexkra
[TpomblnuieHHbI  poOOT-OMOIIHUK ~ Robotrack  momydmicss o4YeHb MaHEBPEHHBIM,
¢yHkuoHanbHbIM U KpacuBbiM. Ha ogHoMm 3apsne AKDB pobot cnocoben pabortars no 1 yaca.
Robotrack yxe celivac umeer aBTOHOMHBIC (DYHKIIMU ABHKCHUS 110 JIMHUH WM 32 [EJIeyKa3aTelieM
C TIOMOIIBIO0 MAIIMHHOTO 3PEHUS, TAK)KE MOKET YIPABIATHCS ¢ MOMOILBIO painoaniaparypsl Kak B
npsMOM BUANMOCTH, Tak U yepe3 FPV-mnem. [TonHble TeXHUUECKUE XapaKTePUCTUKHU MPEICTaBICHbI

B [Tpui.1.

IlepcneKTUBBI IPOEKTA

Vike MHOroe cienaHo. S ¢ MpOMBIIIIEHHBIM poOoTOM-IoMoInHHKOM Robotrack cran
nobenuteniem Ha Beepoccuiickom koukypce uzobperateneit [IIYCTPUK 2023 (cm. pun. 7), s
3apabotan aumioM | cTemeHW W 30JI0TYyI0 Medalnb Ha MeXIyHapoIHBIH KOHKYpC HaydHO-
HCCIIEIOBATENILCKUX M MHKEHEPHO-TEXHUYECKHUX MPOSKTHBIX paboT «YueHslt Oyaymiero 2023» (cMm.
[Tpun. 5), menst npurnacuiu B CynepduHan u s y)e MOArOTOBWI Te3UCHI Ha aHTITUICKOM SI3BIKE (CM.
[Mpun. 4). Ionyuun aumiom 3a | Mecto Ha MexayHapoaHoM (ecTHBale MO POOOTOTEXHUKE
«Pobodpunuct 2023» (cm. Ipui. 6). Takke s npunsa yuactre ¢ podorom Il Konrpecce momoabix
yueHbix B Cupmuyce, rie MpeACTaBUI CBOW MPOEKT TMEPBBIM JIMIAM CTPAaHbl W TOTYYWI

OnaromapctTBeHHOE CbMO OT Pockonrpecca (cm. [pui. 8).

4 Fusion Deposition Modeling 1 nepeBoiuTcs Ha pycCKUil Kak «MOJEIMPOBAHME METOOM MOCIOHHOIO HaIIABIECHUS
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MHe emnie o4yeHb MHOTO MHpPEICTOUT cleiarh. S WIly NporpaMMHCTa B KOMaHIY, YTOOBI
YCKOPHUTH pa3pabOTKy MpPOEKTa, T.K. caM s OoJblIe JIIOOII0 MOAECTUPOBATh M CO37aBaTh HOBBIC
MEXaHHU3Mbl U MalIMHBI. XO04y CcJeliaTh po0OTa aBTOHOMHBIM WM 0€30MacHBIM, JI 3TOTO HYKHO
peain30BaTh 1eJblii KOMIUIEKC Mep O€30MacHOT0 JBUKEHHSI, HAaUWHAasl OT YCTAHOBKH BpalatoIIerocs
Ja3epHOro Jujaapa s MOCTpoeHus MU(GPOBOro MPOCTPAHCTBA A0 BHEAPEHUS HCKYCCTBEHHOTO

HUHTCIJICKTA JJId aHaJIn3a HH(l)OpMElLIPIH C JaTYUKOB U MMPHUHATHA pemeHHﬁ.

Kommepuunanusanus
B pamkax akcenepatopa «TexHomuuepsl OyAyliero» s MpoBesl SKOHOMUYECKHI aHau3,
CpaBHCHHEC C KOHKYPCHTaAMHU W IIOACUUTAII CMKOCTb PBbIHKA. Ecan MMPOMBIIIJIICHHOT'O p060Ta-

nomorHuka Robotrack BeiBecTH Ha PIHOK, TO MOXHO 3apaboTarh 5 MipA.pyo, cm. Taou. 1.

Tab6muma 1. Onenka oObeMa phIHKa

CBepXxy BHU3 CHU3Yy BBepX
TAM -102,0 Mnpa py6. SOM - 1.08 mnpa py6.
PbIHOK YNMYHbIX KNMHUHIOBbIX YCNYT B KOHKYpPEHTHOM cpefe NpoayKT
Poccuun 3aMMeT 5% Npu ueHe B 220 000py6.
SAM - 51,0 mnpp py6. SAM -10.8Mnppg py6.
30% ycnyr okasbieaeTca ana BTG 30% ycnyr okasbiBaeTca ana BTG
(rocypapcTBa) (rocynapctBa)
10% ycnyr okasbiBaeTca and BTC (6usHec) 10% ycnyr okasbiBaeTcs gns BTC
10% ycnyr okasbiBaeTca ana BTB (6uzHec)
(4acTHBbIX NKnL) 10% ycnyr oka3sbiBaeTca aonda BTB

SOM - 5.1 mnpa py6. (qacTHbIX NnL)

B KOHKypPeHTHOW cpede npoaykT 3aiMer TAM - 21.6 Mnppa py6.
5% PbIHOK YTUUYHbIX KIMTUMHUHIOBbIX YCIyT

Poccuin. 180000 ea.

htips:#businesstat rufimages/demoscleaning _russia_demo_businesstat pdf
https:/rh ri/news/smart-vacuum-cleaner/

3akJ/oueHue
[TomBomss WTOTHM CO37aHUs TMPOMBINUIEHHOrO poboTa-oMoniHuka Robotrack, Bumen
OTPOMHBIM IMOTEHUMAJ MCIOIB30BAaHUS €ro I MOAAEPKaHUA YHUCTOTBI Kak TIOPOJICKOTO
NPOCTPAHCTBA, TaK M YaCTHBIX TeppuTopuii. Podor Robotrack Gyzxer nenars pytuHHY0 paboTy 1o
yOOpKe TEpPUTOPUI KAYECTBEHHO U B JIIOOYIO IMOTO/Ty, B UTOTE YeTOBEK OYET MOJIy4aTh KPACHBYIO
1 0€30IacCHYI0 OKPY>KaIOILYI0 Cpey.

S yBepeH, uto moit Robotrack Gyner nmpurocuts mosns3y roasim!
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https://youtu.be/sAg2JjmrN94?si=w6CvWURCGeV-1u4Q
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Ipunoxenne 1. TexHuueckue XapaKTePUCTHKH

DKCIuTyaTaliMoHHAas Macca, KT 20

JlBurarens BLDC-250hall-gyro
MomnHocTh asurarens, Bt 250

HomuHansHas yacTora BpaiieHus, 00/MuH 2000

IIpuBoa noabsema oTBasia BunroBoii

BricoTa nogbpéMa oTBaja, MM 50

[IpuBox xona

Motop-komneco

3Be3704YKa, MEXaHU3M HaTsHKEHUs, onopHble kaTku | PETG mnactuk
luprHa r'yCEeHUYHOTO MOJIOTHA, MM 150

VienbHOE TaBICHUE HA TPYHT, KI/CM> 0,02

Crernenei cBOOOIBI 3

KpyTsimuiit MOMEHT cepBOIIpUBO/IA, KT *cM 25

[Tone3nas Harpyska, r 500

JlnuHa poOOTU3UPOBAHHOM PYKH, MM 355

3axBar

KiemrneBo#, pe1yKTOpHBIH

MakcuManbHasi CKOpOCTb, KM/4 20

Emxocts AKB, MAu 5000

Bpewmst paboTbI Ha OJTHOM 3apsizie, MUH 60
I"aGaputhslie pazmepsl (IxI1IxB) 6e3 otBana, Mm | 510x510x310

Marepuan uzaenus

[Mnactux PETG, meramn, hanepa
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Ipuaoxkenne 3. [Iporpammublii kox aas Arduino

J B

// Arduino Nano kom mna Robotrack CV v.1.0

/7

// 3a ocHOBY GrUI BAST NMpuMep PaGOTE C KOHTPOJUIEPOM MOTOPOB

// https://github.com/EmanuelFeru/hoverboard-firmware-hack-FOC

J A

// INFO:

// CxeTu @A mpoMemuteHHOTO po6oTa-noMomHuka Robotrack

// PeammzoBaHo:

// 1. PaBora ¢ paauonysbToM no PPM

// 2. RpBronoMHas paBoTa C NOMOWBO MAWMHHOTO 3peHms (MamuHka Noixiodaercs no USB)

// 3. Peanus0BaH ajlOPMTM MJIABHOTO YNPaBJIEHMS CepBaMu M QUiIbTpauus [OMEX

// 4. PeanmnzoBaH MexaHus BHOOPa

PEeXVMOB Ha JIETY C I[OMOWEBH KHONOK Ha MyJbTe

// 5. PeamnzoBaHa nporpamsas GJIOKMPOBKa poBora

7/

// Copyright (C) 2023 Gerasimenko George <ggeorge3d@yandex.ru>

VA R R R R ]

#include "ArduinoJson.h

StaticJsonDocument<200> jsondoc;
intl6_t throttleRPI = 0;
intl6_t steeringRPI = 0;
#define AMOUNT 4

#include <ServoSmooth.h>
ServoSmooth servos[AMOUNT];

uint32_t myTimer;

#include <PPMReader.h>

byte interruptPin = 3;

byte channelAmount = 8;

// nomxmouaem ymby mjs j -NakeToB
// json Gybep mis makeros or raspberry pi
// rasynbka C MaJjMHKM
// TIOBOPOT C MaNMHKM

// wom-BO

PEONPUBOIIOB

// momxi

M By AA
// TenepuM MaccuB cepB
// rarmep

// nopxmouaeMm Oy Ana RC NpueMHuxa
// RC PPM Ha D3

// wom-BO xaHajyoB B naxere PPM

PPMReader ppm(interruptPin, channelBmount); // Manumanusupyem

/7 HEREREEERE AR H A E S DEFINES #####4#44tdntddtinattadnss

#define HOVER_SERIAL_BAUD 115200

#define SERIAL BAUD
#define START_FRAME

#define TIME

#include <So
SoftwareSerial HoverSerial (5,4);
// Global variables
typedef struct{

uintlé_t start;

intlé_t steer;

intl6_t speed;

uintl6_t checksum;
} SerialCommand;

SerialCommand Command;

QTBAPHOTO UArt A CBA3M C KOHTPOJUIEPOM MO!

CKOpOCTH BCTPOEHHOTO uart

// CraproBewi peiim
// [Mcex] BpeMEHHO MHTEpPBas OTNPaBKA
// nomxswuaem 5mGy copTOBOTO uart

// RX ma D5, TX na D4

// cospaHve CTPYyKTypH MJIS OTNPaBKM [laKeTa B KOHTPOJUIEP MOTODOB
// cHauama cTapTOBHII bpeiM

// morom nosopoT

// 3arem cxopocTs

// saxanuMBaeTCA NakeT KOMTPOJTLHOM CyMMOit

J7 dEHEEEEER R R E A EEE SETUP #H4H444 4R H AR FHER RS

void setup ()
{
Serial.begin (SERIAL_BAUD) ;

Serial.println("Robotrack CV v1.0");

HoverSerial.begin (HOVER_SERIAL_BAUD);

//uacTpoiixa pobopyxu

servos[0] .attach(11,90); // nosopor

servos([1l].attach(12,90); // 3axsan

servos[2].attach(6,150); // npemmneuse

servos[3].attach(5,150); // nmeuo

// HacTpaMBaeMm MAKC. CKOPOCTU ¥ yCKOPEHUA

servos[0] .setSpeed (1000) ;
servos[0] .setAccel (0) ;
servos[1l].setSpeed(1000);
servos[1l].setAccel (0);
servos[1].setAutoDetach (false)
servos[2] .setSpeed(1500) ;
servos[2].setAccel (1000) ;
servos[3] .setSpeed(1500) ;
servos[3].setAccel (1000);

; // He oTkiYaeM CepBy, OEPXAT 3axBaT

void smoothStart () ; // vmumanvsupyem cepssl

// tEt#H#EEHH##EH##4# OTIPABKA NAKETA HA KOHTPOJJIEP MOTOPOB #################4#

void Send(intl6_t uSteer, intlé_f

{

t uSpeed)

// ToprarasiuMBaeM MNakeT Ha OTIPaBKY

Command.start = (uintl6_t)START_ FRAME;

Command.steer = (intl6_t)uSteer;

Command. speed = (intl6_t)uSpeed;

Command.checksum = (uintl6_t) (Command.start * Command.steer ~ Command.speed);

// OrnpaBnseM MakeT Ha KOHTPOJJIEP MOTOPOB

HoverSerial.write ((uint8_t *)

&Command, sizeof (Command)) ;


https://github.com/EmanuelFeru/hoverboard-firmware-hack-FOC
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J/ REREREERE B AR AR RS LOOP REHHHEREHEHERER BRI B NS

unsigned long iTimeSend = 0; // raiimep

short rot_prev=101; // cTapoe 3HadYeHME MOBOPOTHON OCK
short zah prev=101; // crapoe 3Hauenue 3axsara

short arm2_prev=90; // cTapoe 3HadueHMe NpenmJedbs
short arml_prev=90; // crapoe s3HaueHue meda

short rot_cur; // Tekymee 3Ha4YeHME NOBOPOTHOM OCH
short zah cur; // Texymee sHaueHue 3axeara

short arm2_cur; // Tekymee 3Ha4YeHME NpPEnNsedbs
short arml_cur; // Texymee sHauenue myeda

boolean state = servos[0].tick();

void loop (void)
{
int steeringAngle — map (ppm.latestValidChannelValue (2, 0),1000,2000,-500, 500); // mpuemMaem ¥ Mammu mOBOPOT
int throttlePercent — map (ppm.latestValidChannelValue(l, 0),1000,2000,-200, 200); // mpuemMaem u Mamum CKOPOCTE

int selectMode = map (ppm.latestValidChannelValue (7, 0),1000,2000,1,6); // nprHMMaeM M ManyM PexyM PadOTH

if (selectMode==3) //PexuM 3 - aBTOHOMHbBIA DPEXMM C MCIIOJIb30BAHMEM KOMIIBIO@TPHOTO BPEHMs
{

DeserializationError err = deserializeJson(jsondoc, Serial); // momydaem coofmeHMe OT MajMHKM depes uart

if (err == DeserializationError::0k) // ecnmm coobueHMe NPUHATO

{
throttleRPI = (float)jsondoc["speedA"]; // coxpaHseM CKOPOCTb (npmxommT mmanason [-100; 100])
steeringRPI = (float)jsondoc|["speedB"]; // coxpaHseM MOBOPOT C MaIMHKM
Serial.print ("You sent me json: throttle:"); // OTnanouHEII BHBOJL NPMHATHX LOAHHEM C MaJIMHKM B NOPT
Serial.print (throttleRPI); // BEBOIMM TpebyeMmyln CKOPOCTHL [0 MAWMHHOMY 3PEHMIO
Serial.print (", steering:");
Serial.print (steeringRPI); // BEIBOOMM TpeOyeMbli MOBOPOT IO MAUMHHOMY 3PEHMO
Serial.print (", parameter:");
Serial.print (selectMode); // BEBOIMM PEXuM pPaBOTE

Serial.println();

jsondoc["Mode"] = selectMode; // 3Bacemaem pexyM pPaCOTH B MAaJIMHKY
}
else
{
while (Serial.available() > 0) Serial.read(); // ecmm coobueHue He NPMHATO, TO YMCTUM Oydep

// ®OpMMpyeM OTIpaBKy NAHHHX Ha KOHTDOJUIED MOTOPOB B BaBUCHMOCTM OT DeXyMa PaBoTs
unsigned long timeNow = millis();
if (iTimeSend > timeNow) return;

iTimeSend = timeNow + TIME_SEND;

switch (selectMode) { // BeIGOp pexmma ynpaejieHus poGOTOM
case 1: // Pexom 1 - paBoTel C OyJbTa yNpaBIeHWS
servos[0] .start(); // AKTUBMpYEM CepBy
servos[1l].start(); // AxTuBMpYeM cepBy
servos[2].start () // AKTUBMpYEM CepBy
servos[3].start(); // AxTuBMpYyeM cepBy
Send (steeringAngle, throttlePercent); // OTmpaBsnseM aHHHE C NyJisTa B KOHTPOJUIED MOTODOB
break;
case 2: // PexuM 2 - MallMHHOE 3peHMe - JIMHUA/LejeyKasaHue
case 3: // Pexum 3 - MamMHHOE 3pEHMEe - JIMHMWA/LieJeyKasaHue
servos[0] .start (); // RAKTUBMpYEM CepBY
servos[1l].start(); // AxTuBMpYeM cepBy
servos[2].start(); // AKTUBMpYEM CepBy
servos[3].start(); // AxTuBMpYeM cepBy
Send (steeringRPI, throttleRPI); // OTmpaBnfeM HaHHHE C MaJNMHKM B KOHTPOJUIEP MOTOPOB
break;
case 4: // Pexum 4 - mporpaMHas GJIOKMPOBKAa POBOTA
case 5: // Pexmm 5 - mporpamHas GIOKMPOBKa pobora
case 6: // PexuM 6 - mporpamHas GJIOKMPOBKa pobora
servos[0] .stop () ; // DleakTMBUpYyeM CEpBY
servos[1l].stop(); // DeaxTuBupyeM cepBy
servos[2].stop(); // DeaxkTuBupyeM cepBy
servos[3].stop(); // DleakTMBUpYyeM CepBY
Send (0, 0); // BiouuM OMBraTesm
break;
default: // BHIIOJIHWTB, €cCJM 3HAUYEHME HEe COBMNAlaeT HU C ONHUM M3 case
servos[0].stop(); // DeaxTuBupyeMm cepsy
servos[1].stop(); // DeakTMBUpYyeM CEpBY
servos[2].stop(); // DeaxTuBupyeM cepBy
servos[3] .stop () ; // DeakTMBUpYyeM CEpBY
Send (0, 0); // Broumm ImMBTaTENM
break;

// cuuTEBaEeM HaHHEE MOJIOXEHMA POGOPYKM C MyJbTa ¥ ManuB B IOMAN30H PaGOTH CEPBONPUBOLOB
if (millis() - myTimer >= 40) {
myTimer = millis();
rot_cur = map (ppm.latestValidChannelValue (6, 0),980,2030,170,10); // nosoporhas oCk
zah_cur = map (ppm.latestValidChannelvalue (5, 0),980,2030,10,170); // saxsar
arm2_cur = map (ppm.latestValidChannelvValue (4, 0),980,2030,160,10); // npenmyeuse
arml_cur = map (ppm.latestValidChannelValue (3, 0),980,2030,160,10); // nmeuo
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// ynpaBieHue MOBOPOTHOM OChO POGOPYKM

if (abs(rot_prev-rot_cur)>2) { // =3ps He mepraem cepmoOit
servos[0].setTargetDeg (rot_prev+0.1* (rot_cur-rot_prev)); // ecny OTKIIOHEHME BHAUMTEJbHOE, TO IJIaBHO MOEM K SHa4YeHMIO
rot_prev = rot_prev+0.l* (rot_cur-rot_prev); // coxpaHseMm Texyumee NOJIOKeHUE

}

else {
servos[0] .setTargetDeg (rot_prev) ; // eciu MeHbme 2 IpaiyCoB, BO3MOXHO 3TO [OMExXad, HMYEro He IejiaeMm

}

// ynpaBleHue 3axBaToM POBOPYKM

if (abs(zah_prev-zah_cur)>2) { // 3ps He mepraem cepBoM
servos[1l].setTargetDeg(zah prev+0.1*(zah_cur-zah prev)); // ecnmm OTKJIOHEeHWe SHAUMTENIEHOE, TO IUIABHO MIEM K 3HAUYSHMO
zah_prev = zah_prev+0.1*(zah_cur-zah prev); // coxpaHseM TeKyllee [OJIOKEHUE
}
else {
servos[1l].setTargetDeg(zah_prev); // ecnu MeHblle 2 IpPamycoB, BO3MOXHO 3TO [OMeXa, HMYErO He HesaeM

// ynpaBieHue MNpennnedseM PoGOPYKM

if (abs(arm2_prev-arm2_cur)>2) { // s3ps He mepraem cepBoit
servos([2] .setTargetDeg (arm2_prev+0.1* (arm2_cur-arm2_prev)); // eCmm OTKIOHEHME BHAUMTENIbHOE, TO MJIABHO MIEM K BHAYSHMO
arm2_prev = arm2_prev+0.l* (arm2_cur-arm2_prev); // coxpaHsieM Tekylee NOJOXEHME
}
else {
servos[2].setTargetDeg (arm2_prev); // ecnm meHpmwe 2 TPamyCoB, BO3MOXHO 3TO MOMeXa, HMYETO HE meslaem

// ynpaBreHue MIe4oM poBOPYKMU

if (abs(arml_prev-arml_cur)>2) { //3psa He mepraem cepBoOit
servos[3].setTargetDeg (arml_prev+0.1* (arml_cur-arml_prev)); // eciu OTKJIOHEHME 3HAUMTENIEHOE, TO IJIABHO MIAEM K 3HaUYEHMO
arml_prev = arml_prev+0.1* (arml_cur-arml_prev) ; // coxpaHseM Texymee NOJOXeHVe
}
else {
servos[3].setTargetDeg (arml_prev) ; // ecnu MeHbwe 2 TpamycoB, BO3MOXHO 3TO [OMEXa, HMUYErO He mAesaeM
}
servos[0].tick(); // 3BHecb NPOUCXOIMT NBMXEHME CEPBO IO BCTPOEHHOMY TaliMepy
servos[1l].tick(); // BHecb NPOUCXOIMT NBMXEHME CEPBO IO BCTPOEHHOMY TaiMepy
servos[2].tick(); // Bnech NPOMCXOOMT IBMKEHME CEePBO IO BCTPOEHHOMY TamMepy
servos[3].tick(); // BHecb NPOUCXOIMT NBMXEHME CEPBO IO BCTPOEHHOMY TaiiMepy

}

/) HEHEHEHH . END B
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Mpuioxenne 4. Quad-Chart

Industrial cleaning robot ROBOTRACK
Robotic cleaning of the urban environment
George Gerasimenko, Lyceum “Business and Information Technology”, Omck City, Russia

Q1: Engineering Goal Q3: Data Analysis & Results

Dream: To make an unmanned industrial Now the prototype is printed on a 3D printer
cleaner on tracks for cleaning the city in winter | and is a fully working model, controlled by a
and summer in automatic mode so that the city | remote control and autonomously using machine
is always clean. vision

_ The circuit was assembled on Arduino and
Relevance of the work: In winter and Raspberry Pl, motor controllers, servos, lidar,

summer, the issue of timely cleaning of | yransmitter and WEB camera and FPV camera.
sidewalks and territories from snow, dust and ) ~

garbage is very acute in public areas of the city.
The Robotrack will allow replacing heavy
human labor with machine work.

Q2: Project Design Q4: Interpretation & Conclusion

The industrial cleaning robot Robotrack Summing up the results of the creation of the
required the development of tracked platform, | Robotrack robot, | see a huge potential for its use

tracks, and calculate the power plant. | have | to solve the household needs of any person.
designed a mechanism for quick change of

brush heads, dumps, augers. My robot will be able to help humanity solve

_ _ everyday issues of cleaning the territory
| have also developed a 3-axis robotic arm | automatically, without human intervention,
for moving garbage. without polluting the environment with harmful

| designed a robot in KOMPAS3D software. | emissions.
- s g ~ The clean Smart City is beautiful and safe!




Mpuioxenne 5. {unnom 3a podora-nomomunka Robotrack
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aKapeMuK
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Mpuioxenne 6. {unnom 3a podora-nomomunka Robotrack
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IMpuioxenne 7. {uniom 3a podora-nomomunka Robotrack
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Ipunoxenue 8. biaarogapcreeHHoe MUChbMO 3a yuacTue ¢ Robotrack

ONepaTos NPoesneHns
[Lecamanemis Hayxm M Tax-onori

2 fata
=9 & Il KOHIrPECC MAHOBPHAYKM 7 vauncnanshisie ))
NPHOPHTETH

== MO’IOAbIX h POCCHM
AecATWieTHe
mum YYEHbIX

%2 POCKOHIPECC

Bpesex achicrsonars

[ A.lepacumeHko
YueHuky
BOY ropoga Omcka «Jluuen «BusHec 1 MHHOPMALMOHHLIE TEXHONOrMN»

YBaxaembin Meopruv AHgpeeBuu!

Paspeuwmre nobnarogapute Bac 3a noanepxky u gesitensHoe ydactve B pabote Il KoHrpecca
MonoabIx yueHbIX (heaepansHas Teppuropust «Cupuyc», 28—30 Hosibpsi 2023 r.).

ExeroaHbin KOHrpece MonoabIx y4eHbiX NPOXOAUT KaK UTOroBOE MEpOnpUsiTue roaa, npoBoauMoe
B pamkax obwbssnenHoro B8 2022 roay [lpeauneHtrom Poccuitckon ®epepauun [decatunetvs Hayku
u TexHonoruit B Poccun. OpraHusatopamu Kourpecca BbiCTynaloT MWHUCTEPCTBO HaykM W BbICLUEro
obpasoBanusi Poccuiickoin Pepgepaumy, KoopauHaUMOHHbIA COBET MO AeNnam MONoAeXW B HaydHOW
n obpasoBatensHon cchepax Cosera npu Mpesngerte Poccuiickon ®egepauum no Hayke u obpasoBaHuio
v ®oHp PockoHrpecc.

LleHTpambHbiM  cobbitTveM Kowrpecca TpaguuwonHo ctana Oecena [MpeaupeHta Poccuickon
degepauym ¢ MOMOABIMW YYEHBIMW, B XOAe KOTOpPOW OBCyXAarMCb BOMPOCHI pearm3auun npuKnagHbix
NPOEKTOB MO HaMpPaBfeHWsIM  CTPaTerdeckVx WHULMATMB, 3akpennenHblx B Cipatervm  HayyHo-
TEXHONOIMYECKOro paseutus Poccuinckon Peaepauum.

B atom roay Konrpecc cobpan 6onee 5000 yvactHukos n3 85 pervonos Poccuiickoin ®epepauum
n 36 3apybexHbix CTpaH, npeacTaBuUTENEr BEAYLMX HayuHbIX LWKON W 0Bpa3soBaTtenbHbIX OpraHu3auuii,
opraHoB BracTM v GuaHec-coobLUECTBA, MATPOB OTEYECTBEHHOW Hayku, a [MaBHOE — MONOAbIX Y4eHbIX,
nobeaureneit KOHKYPCOB rPaHTOB, CTYAEHTOB U LLKONbHUKOB, A0BMBLLMXCA 3HAYUMbIX PE3yNbTaToB B CBOMX
uccnenoBaHusAX.

[enoeas nporpamma, B pamkax KOTOPOW COCTOSNOCH CBbiwe 150 pasnuyHbIX MeponpusTuia, Bbina
nocesAileHa KaK BOMpPocam Co3faHus W BHEAPEeHWs B NPOW3BOACTBO MEpCneKTUBHbIX TeXHOMNOIWHA,
chopmupoBaHMs BnaronNpUATHbLIX YCNOBWIA ANA NPOBEAEHWA UCCNeaoBaHMiA U pa3paboToK, COOTBETCTBYIOLLMX
AyYWMM POCCUIACKMM M MUPOBBLIM MPaKTUKaM B WHTEpECax YKPEerrieHWsi TEXHOMOTMYECKOr0 CyBepeHWUTETa
Poccun, Tak w BOMpocam MeXAyHapoAHOW TMOBECTKM — MPOABWKEHMA  KOHKYPEHTOCTMOCOBHbLIX
BLICOKOTEXHONOMMYHLIX  MNPOAYKTOB HA BHEWHWE PbIHKW, PACLLMPEHUs W YKPEnneHus  HayvyHo-
TEXHOMNOMMYECKOro 1 Hay4HO-0bpa3oBaTenbHOro COTPYAHNYECTBA C MHOCTPaHHLIMU rOCYAapCTBaAMM.

3a 311 roabl KoHrpecc MonoabIxX YHeHbIX NMpespaTuicsl B aBTOPUTETHYIO MEXAYHAPOAHYIO NNOLLAAKY
ANA OTKPbITOro NPUKNAAHOro Avariora u 0bmeHa nepefoBbIMU Hay4HbIMY UaesamMu. OH NO3BONSET yHacTHUKAM
NPUOBLLUTLCA K PELLIeHUIO BaXHENLLMX 3aa4 pa3suTus obLLeCTBa U CTpaHbl, COAENCTBYET pacnpoCTpaHeH o
VHOPMaLIM O JOCTWKEHWAX U NEPCNEeKTMBaX Pa3BUTUS POCCUACKOM U MUPOBOI HayKu.

MossonbTe npurnacute Bac Ha cneaytoumin KoHrpecc Monoabix y4eHbiX, KOTOPbIA COCTOMTCS
B Hosbpe 2024 ropa. PaccuutbiBaeM Ha Bawe pestenbHoe yy4actMe B coaepxartenbHow
1 OpraHM3auroHHoi paboTe no ero NoaroToBKe.

C yBaxeHuem,

CoBeTHuK
MpeaunnexTa Poccuitckon ®epepaum,
PYKOBOAUTEN MEXBEAOMCTBEHHOW k
pabouet rpymmbl No NOAroToBKe
1 npoeeaeHuto KoHrpecca Monoapix
Y4EHbIX ¥ MEPOTPUATUA-CYTHUKOB A Kobsikos
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