MIHICTEPCTBO OCBITU I HAYKU YKPAIHU
XAPKIBCbKNHN HAHIOHAJIBHUN YHIBEPCUTET
PAJIIOEJIEKTPOHIKA

MATEPIAJIA 28-ro MDKHAPOIHOI'O
MOJIOADKHOI'O ®OPYMY

«PAAIOEJIEKTPOHIKA TA MOJIOJAb
Y XXI CTOJITTI»

16 — 18 kBiTHS 2024 p.
Tom 3
KOH®EPEHLIA

«[H®OPMAIIAHI PAIIOTEXHOJIOTII
TA TEXHIYHUH 3AXUCT IHOOPMAIIII»

XapkiB 2024



YK 004.31 DOI: https://doi.org/10.30837/I'YE.IRTTPI.2024.584

AHAJII3 XAPAKTEPUCTUK MIKPOKOHTPOJIEPIB
JJIA YITPABJIITHHS MAJIUM JIITAJIBHUM AITAPATOM
Crapokoxes C.B.
HaykoBwuii kepiBHUK — K.T.H., 1o1. Ceun L.1.
XapKiBChKHI HAIIIOHALHUN YHIBEPCUTET pajiloeNneKTpoHiku, kad. MTC,
M. XapkiB, Ykpaina
e-mail: d_mts@nure.ua

Controllers based on Ardupilot open source software are currently the most
versatile and affordable. APM flight controllers allow you to control air, land
and water unmanned systems. Mission Planner allows APM 2.8 to be
programmed to operate autonomously to perform a mission along a complex,
configurable route using Google Maps while avoiding obstacles along the way.

B namniii kpaini Ha CbOro/iHi, B yMOBaX MPaBOBOTO PEXXUMY BOEHHOTO CTa-
HYy, HC MO>XHa HEJIOOI[IHIOBATH BAXKJIUBICTh Ta HEOOX1THICTh IMTPOEKTYBAHHS, PO-
3po0KH 1 BUpOOHUIITBA MaJIuX JliTabHUX anapatiB (MJIA). Cucrema yrnpapiiH-
H1 MJIA OGyayeTbcs Ha MIKpOKOHTpoOJIepl abo Ha CremianizoBaHOMY IMOJIbLOTHO-
My KoHTpoJiepi. JIo ocHOBHUX (PYHKIIIT MOTKOTHOTO KOHTposiepa MJIA moxHa
BigHeCTH [1]: aBToMaTnuHuUi ot MJIA 3a 3ajaHIMHU TOYKAMH; - TATPUMaHHS
BrucoTu Ta mosuiii MJIA; nepemnaua omeparopy mapameTpiB noigsoty MJIA B
peasibHOMY 4aci (omiioHaapHO); cTadimzaris MJIA B moBiTpi; mia’ € THAHHS J10-
JAaTKOBUX TMPHUCTPOIB: CHUCTEMa HAKIaJaHHS Ha BiJIO MapaMeTpPiB MOJIBOTY
(OSD) (moeananHs napameTpiB MOJBOTY 3 BiA€O), IHAMKALIIS TOIIO; TOBEPHEHHS
B TOUKY MPU MOXJIMBIN BTpaTi CUTHAILY, IPU HEOOX1THOCTI aBTonocaaka. Takox
NPUALIAETHCA yBara 3aBaJIoCTIHKOCTI cucteMu ynpasistHHs MJIA [2, 3].

MikpokoHTposiep (MOJLOTHUM KOHTPOJEP) 3a3BUYail MpUIMAaEe KOMaHAH
BiJl CUCTEMHU PaJIIOYNpPABIIHHS, aje TaKoXX MOXKe OyTH peani3zoBaHE MOBHICTIO
aBTOHOMHE (YHKIIOHYBAaHHS B 3aJIaHUX PEXHUMaX: PEKUM CTEKEHHS, PEKUM
MOJIbOTY 3a 3aJJaHMMHU TOYKaMH, TOIIO. 3a3HadeHl ocHOBHI (pyHkiii MJIA mo-
KyTh OYTH peasi30BaHi 3a JOMOMOTOI0 BEIMKOT KUIBKOCTI PI3HUX MIKPOKOHTPO-
JIepiB 3araJIbHOTO MPU3HAYCHHS a00 Ha MOJLOTHUX KOHTposepax [4, 5].

CyvacHuil pUHOK BHUPOOHUKIB TMOJBOTHUX KOHTPOJEPIB MPOMOHYIOTH Be-
JUKAW TEpeNiK, SKUM PI3HUTHCS 3a I[IHOBOIO TIOJNITUKOK Ta BIAKPH-
TUM/3aKpUTUM Koj0M mpomuBky, Hanpukinan: DJI (Naza-M Lite, DJI Naza-M
V2, DJI Wookong), ArduPilot (APM 2.6, APM 2.8), KK, Multiwii, Pixhawk,
MicroKopter, Tomo [4].

I3 3a3nauenoro nepeniky cnuHuMocs Ha ArduPilot APM 2.8, sx Takoro,
KWW Ma€ MOMIPHY I[IHOBY IMOJITHKY Ta BIAKPUTHUM BXITHUM KOJ. BigMiHHOCTI
Bepcii 2.8 Bix Bepcii 2.6: modimiieHa cxema >kuBjieHHsA. KoHTposep 1o3Boise
NpUHAMaTH TEJIEMETPUYHI JIaHl 1 JITaTH B aBTOMAaTUYHOMY PEXHUMI 3 3aBJIaHHSIM
MapmpyTy noiaboty MJIA. BiakpuTtuii BUXigHu KOJ T03BOJSE IPOrPaMyBaTH
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APM 2.8 nig Oynp-axuit MJIA. Jlo pynkuiii APM 2.8 BigHOCSTBCS: 3 0CbOBHIA
TIPOCKOII, aKCeJIEepOMETp 1 BUCOKOTOYHMI OapoMeTp; cuctema cradimizaumii 3
MO>KJIMBICTIO TOBITPSIHOI akpoOaTuku; yTpumanHs no3uuii mo GPS, moxit no
TOUYKAX 1 OBEPHEHHS Ha TOYKY CTAapTy; MOXKJIMBICTh BUKOPUCTAHHA 1H(padep-
BOHOI'O JlaT4uKa i1 00X0Jly MEpelKo/; MIATPUMKA YIbTPa3ByKOBOIO JaTuMKa
(Sonar sensor) JIsi aBTOMaTHUYHOTO 3JIbOTY 1 MOCAJKH; aBTOMAaTHYHE MPOXO-
JDKEHHS 32 MapLIpyTHUMH TOYKaMH; YIPAaBIIHHSA ABUTYHAMH 3a JOIOMOTOIO
[IIM 3 Bukopuctannsm perynsatopi mBuakocTi (ESC); BnacHa cucrema ctabi-
mizamii anis kamepu ((QyHKIsE KOHTpoJiepa MiABICY); Palio3B'sI30K 1 TeJIeMeTpis 3
OopTa; miATpUMKa MHOKUHH paM 1 KOH(ITypaIii JiTalounx, IaBalodux 1 KOJi-
CHUX alapartiB; MATPUMKA JaTUYMKa PIBHA 3apsAay Oarapei; HaCTPOIETHCS CBIT-
JIOBa 1HAMKALIS NPU MOJIbOTAX; CYMICHUN 3 OararbMa pagloKepOBaHUMU MPHUI-
mMagyamu PWM 1 PPM curnaniB; nepenaya B peajJbHOMY 4acl TEJIEMETPUUHUX
nanux; miarpuMmka OSD TenemeTpii (HakJIaJeHHS Ha BiJIeO TEJIEMETPUUYHUX Ja-
HUX) BUKOpUCTOBYIOUH MpoTokoidl MAVLINK; kondirypariiii TO4oK MoJIbOTY 3a
nonomororo Google Maps; 6oproBa ¢uiemr nam'ste 16MOIT yIsi aBBTOMAaTHYHOL
peecTpaiii naHux; 6 ctyneHiB cBoboau B InvenSense akcenepomMerpi, ripockomn
MPU-6000; natuuk GapomMeTpuyHOTrO THUCKY oHOBieHHH no MS5611-01BA03,
Bill Measurement Specialties; kontponep Atmel ATmega2560-16AU i
ATMEGA32U-2 4in gt 06pobku 1 ¢ynkmii USB; MoxiuBe 3aBaHTaKCHHSI
OHOBJIICHb MMPOTPAMHO-aMapaTHUX 3aC001B Ta KOH(Irypaiiii.

Jlns mporpamyBanns APM 2.8 BukopuctoByetbes ytinita Mission Planner
cymicHa 3 OC Windows. Mission Planner — HazemHa cTaHIlis yopaBimiHHS IS
ArduPilot, sika 3a0e3neuye: nporpaMmyBaHHs, KOH(QITYpyBaHHs, HaJalllTyBaHHS,
KYpHAJIOBaHHS, aHAJII3yBaHHS, BIICTEKEHHS K MMOJbOTIB, Tak 1 cuctemu MJIA.

3a pe3yJbTaTaMyd MOJENIOBaHHS MOOyJO0BaHI Ta MEpEeBIpeH1 OCOOIMBOCTI
NPOKJIAJIaHHA CKJIAJHUX KOH(Iiryparii To4oK MmoiaboTy 3a nonomoror Google
Maps. Ilpuginena yBara o6xoay MEpenIkoa, M0 MOXKYTh TPAIUTUCS HA MapIil-
pyTi. Mission Planner 3abe3neuye rHyuyke Ta sIKICHE HaJalITyBaHHS 3aJaHOTO
pexumy podbotu MJIA.
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