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M. B. Tpoghumoe — CTyAeHT kadeapbl YNpaBneHNs 1 MHPOPMATHKI B TEXHUYECKUX CUCTEMAX
M. B. Bypakoe (xaHZ. TEXH. HayK, [OL|.) — HayYHbIA PYKOBOAUTESb

YHUBEPCANbHbIN MAHUNYNIATOP C LWECTbIO CTENEHAMU CBOBOAbI

B HacToslee Bpems Bce BeayLLMe NPOM3BOLACTBA UCMONb3YOT aBTOMATU3NPOBAHHbIE KOHBEWEPbI. Of-
HaKO 3aTpaTbl Ha aBTOMATU3aLMIO ANS Manoro BuaHeca BbICOKW, a CYLLECTBYOWME peLleHns B GonbLlunHCTBE
CBOEM Y3KO Hanpa.rieHbl. YHUBEpCaAnbHOE peLleHe no3sonumno Obl CHU3KUTL 3aTpaThbl HA BHEAPEHWE W pac-
Wwnpuno 6bl obnacT npumeHeHns NofobHbIX cucteM. KroyeBbIM MOMEHTOM 3[eCh SBNSETCS 3afjada paspa-
BoTKM yHMBEpCanbHOro Manunynatopa [1].

MaHunynsTop-pyka ¢ 6 cteneHsiMm cBoboAbl UMEET NIIEYEBOM, JIOKTEBOA, KUCTEBOI Crnbbl (puc.1).
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Puc. 1. Cxema maHunynstopa (1 — 3axsar, 2 - 0OCHOBaHue)

PaboToit MaHunynsTopa ynpasnsitoT asuratenu — cepsonpueoabl PowerHDHigh TorqueServo 1501MG
(NnevyeBon, NOKTEBOM, KUCTEBOM Crmbbl) 1 Springrc SM-S4306 (NoBOPOT BCE PyKu M 3axBaT).

lnata ynpasnexus asuratensamu 6asupyetcs Ha MukpokoHTponnepe (MK) Atmel ATMega16 [2, 3].
Bbi6op MukpokoHTponnepa bbin 0bycnoBneH ero rmbKOCTBI0 M AOCTYNHOCTLI). MMporpamma bbina BbinonHeHa
Ha a3bike C B cpede Code Vision AVR. MK paboTaeT 0T BCTPOEHHOr0 reHepaTtopa, TOYHOCTY KOTOPOro BrofHe
pocTaTtoyHo. [lpolumBka ocyulecTBnsanack ¢ noMoLbo nporpammbl PonyProg2000 yepes BHYTPUCXEMHbIN
nporpammatop anst COM nopta nepcoHanbHoro komnbrotepa (MK).

KommyHukaums ¢ MK peanusosaHa vepe3 USB nopT nocpeactBoM Mukpocxembl FT232RL. Cuctema
Nerko NOAKMIYAETCS Kak K CTaLMOHAPHOMY KOMMBIOTEPY, Tak U K HOYTOYKY.

lMporpamma BLINOMHAET 3afavy KOHTpons cepBonpuBoaos. [puHumaet aaHHble no USARTC [1K,
hopMMpyeT YNpaBnSOLWMIA CUTHAM M MOCLINAeT ero Ha CepeoNpUBOAbI Yepes OnpeaeneHHbI UHTepBan Bpe-
MEHM [0 TeX Mop, Noka C KOMMbIoTepa He NOCTYNSAT HOBblE JaHHbIE O NONOXEHUU ABUraTENEN.

CepsonpuBogbl ynpaBnsioTca AUTENBHOCTBIO UMMYNbCOB, MOBTOPSOWMXCA Yepe3 Kaxaple 15—
20 mC. [Ins cepBONpMUBOZOB, UMEKLLMX (DUKCUPOBAHHBLIA Yron MOBOPOTA, Yalle BCEro, UMMYnbC LUMPUHOW
1500 MMKpPOCEKYHL COOTBETCTBYET CpegHEMY MOMOXEHWO Bana, a W3MEHEHME LWWPUHbI MMNynbCa Ha
400 mkc — noBopoTy Ha 45 rpagycos.

CurHan ¢ K (Homep u yron noBOpOTa/CKOPOCTb), KOTOPbIM NpoxoauT Yepe3 FT232RLnocTynaeT Ha
USARTUHTEpPENC MUKPOKOHTPONIEPa, KOTOPLIN 06pabaTbiBaeT curHan 1 noceinaet noareepxaeHue Ha MK
Ans otcnexusanus cboes (Hoxkn RXu TX MK).

dopmat KoMaHa, MOCTYnalLmMiA Ha nnaTy ynpaBneHus MAEHTUYeH opmaTy komaHa GonblunMHCTBA
npoussoauTenen koHTponnepos cepsonpusogoB (Pontech, New Micros, Pololu, Net Media, Lynxmotion,
Picobytes, Parallax), 6riarogapst 4eMy COBMECTHO C NpOrpamMMoil MOXHO WUCMOSb30BaThb NPaKTUYEeCku Mnobyo
nnary ynpasneHns

Bce maTtematuyeckue Bbluncnenuns npuxoasatces Ha 0. Takum 06pasom, 3aLepxku Mexay nosy4eHHow
KOMaHZOW 1 e€ peanusaunen CBEAEHbI K MUHUMYMY.

[ins BMAEO KOHTPONS MCMOMb3yKTCA ABE KaMepbl (4Ns MOMyYeHUs KOOpAMHAT B TPEXMEPHOM Mpo-
CTpaHCTBE, puc. 2).



Puc. 2. PacnonoxeHue kamep Ans CnexeHus 3a pykon

Bo3MOXHO cnexeHue 3a onpegeneHHbIM OTTEHKOM UM NpeaMEToM (Ans pacno3HaBaHWs NpeaMeToB
ucnone3ayetcs anroputm Speeded Up Robust Features SURF.

B npouecce paspaboTku MO 3HaunTenbHas Yactb paboThl Obinia HanpaeneHa Ha peanuaaumnio Makcu-
ManbHOTO KONMWYECTBA BAapUAHTOB YNPaBIEHWS MaHUMyNsTOPOM. Takoi MOAXOZ 3HAYMTENbHO paclumpsieT
NPUMEHUMOCTb 1 NOBbILLAET yA06CTBO MCMONB30BAHNS NPOrPaMMb.

B KauecTBe ynpasnsoLLmMx KOMaHL MOXHO 1CMonb30BaTh [4]:

—  yIMbl NOBOPOTA ABUraTenemn;

—  KOOpAMHATbI TOYKM;

—  NyTb NEPEMELLEHUS;

—  BWAEOKOHTPOIb (Hanpumep, NOBTOPEHWE ABVKEHWI NONb30BaTENs);

—  MOCNeaoBaTeNbHOCTb KOMaH (HanpuMep, ABWXEHWe OT NpeameTa K Npeamery).

[1ns pelleHns 3aaun HaxoXOEeHUs YrMOB NOBOPOTa [ABUraTeneit, npyu U3BECTHbIX KoopaMHaTax Lenu,
HeoBX0aMMO WCMONb30BaTh MHBEPCHYH KMHEMaTMKy. [ns mpumepa BO3bMEM Criyyai, Mpu KOTOPOM Ham
HeobX0aMMO 3axBaTUTb OBBLEKT CBEPXY (T.€. 3axBaT AOIKEH HAXOAUTHLCS NEPMEHAMKYNSPHO MAOCKOCTH, Ha
KOTOPOIA pacnonoxeH 06bekT). OYHKUMS ANs pacyeTa YrioB NoBOpPOTa ONMChIBAETCS CrieaytoLM obpasom:

PrivateFunctionGetCoordinatesAbove(ByVal x AsDouble, ByVal y AsDouble, _
ByVal z AsDouble, ByRef j1 AsInteger, ByRef j2 AsInteger, _
ByRef j3 Asinteger, ByReftnAsInteger)
Dim c, ang, d AsDouble
tn = ClInt(Atan(y / x))
x=8qrt(x*2+y*2)
z=z+te
c=Sqrt(x*2+z"2)
j2=CInt(Acos((@*2+b*2-c*2)/(2*a*h)))
ang = Atan(z/x) + Acos((c*2+b*2-a*2)/(2*b*c))
j1 = Clnt(ang)
d=3Sqrt((x-b* Cos(ang)) *2 + (z-e - b * Sin(ang)) * 2)
j3=CInt(Acos((@*2+e*2-d"2)/(2*a*e))
ReturnTrue
EndFunction

YHMBEPCANbHOCTb AAaHHOM CUCTEMbI 3aKMKYaeTCcs B TOM, YTO BCE CLEHApWUW ynpaBfeHus 3afaloTcs
nonb3oBatenem u He TpebyOT Kakux-nbo cneynanbHbix 3HaHUIA. [JoctaTouHo BbiGpaTh cnocob ynpaBneHus
W 3afaTb OMOPHble TOYKM UMK Xe «MoKasaTb» ABWKEHUS. B JaHHbIN MOMEHT pa3pabaTbiBaeTcst anroputm
MOSHOrO NOBTOPEHUSI ABMXKEHUIA PYKM YenoBeka (MoKa YTO MaHMNYNSTOp ABWUraeTcst BCnes 3a pykoi, He pea-
nu3oBaHo crubaHue/pasrnbanne kuctu). Mnannpyetcs [o6aBUTb BOSMOXHOCTb 3afaHWs HOBbLIX 3aKOHOB U
anropuTMOB ABWKEHWS NMPUBOAOB NPAMO B MPOrpamMMme, He M3MEHsISi UCXOAHbIN koA, Takum obpasom, npo-
rpaMmmHoe obecneyeHne MOXHO ByaeT cnonb3oBaTh ANS LUMPOKOTO CNEeKTPa HayuHbIX pa3paboTok.



PaspaboTaHHas cuctemMa MOXET NMPUMEHSTLCS Kak B y4ebHbIX Lensx, Tak U Ha ManblX NPOU3BOACTBAX,
TaK Kak CTOMMOCTb KOHEYHOW YCTaHOBKW OyAeT HaMHOrO MeHbLLE 3aBOACKMX aHanoroB. lNpouecc cbopku kop-
nyca MaHunynsTopa 3aHumaeT He bonee 3 — 4 yacos. [leTanu BbINOMHAOTCA U3 IUCTA amMtOMUHUS WS Op.
CTeKna TOLMHON 3MM NasepHOM Pe3KoMn.
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