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OCOBEHHOCTHU UCIIOJIb30BAHUSA PEXKUMA RESCUE B ITPOILINBKE
BETAFLIGHT AJISA BIIJIA HA BA3E KOHTPOJIJIEPA STM32F405

B pabome paccmampuesaemca npakmuueckasn 603moxicnocms peanusayuu pescuma GPS Rescue onn
npowueku Betaflight ver.4.1.1 c uenvto eo3epama keaopoxonmepa(bII/IA) ¢ mouky, 6Oau3zkou no
Koopounamam mouke é3nema. B ceazu ¢ ymum 6vi1 nocmpoen IKcnepumMeHmanvHuvlii 006pazey ¢ pamoii
250mm, Ho komopoii ycmanoenen noaemusiit Konmposnep OMNIBUSF4V3 na 6aze mukpokoumpoanepa
STM32F405 ¢ GPS npuemnukom u Kypcoeoil sudeokamepoii 011 obecneuenusn nonemos no FTP. /lna
ROIYYeHUA NOTEMHBIX OAHHBIX C UeJIbI0 AHATIU3A RPABUILHOCIU PAOOMBbL AN20PUIMMA 8036paAmMA KOnmepa
ovin nacmpoen Betaflight OSD. B npouecce nemnvix ucnoimanuii noxkasano, umo pexcum GPS Rescue
nozeonsem eepuymov BIIVIA ¢ 30Hy 3anycka npu yciosuu coOI100eHUA NPeOCMABIeHHbIX 6 padome
Hacmpoek Ha cobpannom Keaopoxkonmepe. Ilpu evinonnenuu pexcuma GPS Rescue sascnuvim ycnosuem
aenaemca cmadunvhasn cea3v GPS npuemnuka c Konuuecmeom CnymHuKo8 He MEHbUIUM YCHIAHOGIEHHbIX
npu Hacmpoiike npouwiueku. Eciu konuuecmeo cnymnukos cmano6umscsa Menbuie yCmano61eHH020, Mo
6 meueHUU HeCKOJIbKUX CEKYHO MOMOPbI GbIKIIOUAIOMCS U KORmep nadaem.

IHlokazano, umo ona ycmoituueoii pabomut pescuma GPS Rescue xonmep npu noneme oondncen
ucnonvzoeams pexcum cmaounuzauuu(Angle) ¢ eKIIOUEHHBIM AKCENEPOMEMPOM, BbINOTIHAMD NONENM C
HeOoNbUMU Y2IamMU HAKIAOHA. Ycmanoeneno, yumo uem 6onvuie Y20l HAK10HA KOnpepa, mem mMenpuiee
yucino cnymuuxom aoeum GPS npuemnux. IHodmomy pexcum GPS rescue ue wuenecoobpasmno
ucnoavioeams 6 pexcumax noaema Acro, 3D, Horizon npu cosepuenuu flip-os.

Ilpakmuuecku ycmanoeneno, umo pexcum GPS Rescue onee uenecooopazno ucnonv3oeams 6
cyuae oopviea euoeo ceazu ¢ Kypcoeou kamepoii (FPV nonemwl) npu coxpanenuu ceazu ¢ nyapbmom
ynpagnenus. B smom cnyuae mepaemca opuenmayusn nonema u Konmep 6 A6MOMAMUYLECKOM PEHCUME
Heo0X00uMo eepHymsb 6 30Hy 6uoeoceasu. /s Imoz20 Ha nyavme ynpagaienus YyCmanasiueaenca peicum
cmabunuzayuu (angle) u exmwouaemca pexcum GPS Rescue. Ilpu ycmanosnenuu euodeoceasu,
onpedenenuu mecmononoxycenusn pexcum GPS Rescue omknrwouaemcsa ¢ nynrbma u Konmep modxycem
npoooicams noaem no FPV.

Bvino 3ameueno, umo npu HapyuwieHuu Cc6A3U C HYIbMOM YHNPAGIEeHUA AGHIOMAMUYECKU
exnwouaemca pexcum GPS Rescue. Ilpu smom xonmep 6o038paujaemcsa 6 mouKky cmapma u 8 ciyuae
60CCIMAHO6NICHUS PAOUOCEA3U KONmMeDP ABMOMAMUYECKU 60CCHAHABNUGAC YNpPAGieHUe C NYIbHIOM.
Smom momenm 0011cen Gbimb OMCEHCEH RUTIOMOM, 8 RDOMUGHOM CIyUde KORMepP MO)icem nomepnens
asapuio. Iloamomy yenecoodpaszno 6 ciyuae nomepu ceéa3u mymonep Ha nyjivhe ynpasieHus yCmaHoeums
¢ peacum GPS Rescue. Tozoa konmep npu 6occmanoeénenuu paouoceasu cpabomaem no pexcumy GPS
Rescue ¢ nyrsma u asmomamuuecku 6epHemcs 6 30Hy CHApPmMa U MOXdcem Oblms 00HAPYIHCEH 8U3YATBHO C
noCNe0YIOUUM YNpaesieHuem ¢ nyjibma.

Knrouesvie cnosa: OMNIBUSF4V3, OSD Betaflight, INAV, GPS npuemnux, FPV, STM32F405,
GPS Rescue, GLONASS, NEO-6M-0-001, Beitian BN-880.

IlocTanoBka 3agauu. B HacTosmiee Bpemst Bce LIMPE UCIIONIB3YETCS KJIacC MUKPOKONTEPOB C
pasmepamu pambl 160x220x250 mm u Becom He 60aee 400 rpaMm. OHU, KaK IPABUIIO UCTIOIB3YIOTCS
JUTs TT0JIeTOB OT mepBoro jwuna [ 1]. Ux emte HasbiBaroT First Person View (cokp. FPV). B atom ciyuae
OCYILIECTBIISIETCS. HE TOJIBKO YNPABIEHUE KBAJAPOKONTEPOM I10 pPaJUOKaHATY C IOMOIIBK CHCTEMBI
paauoyIpaBieHus, HO U NPUEM C HEro BHJEO H300pa)KeHHs] MO JIOMOJHUTEILHOMY BHJIEO-
panuokaHany oOblYHO Ha yacTtoTe 5.8 I'T1 B pexxume peanbHOro BpeMeHu. [Tunnot, ynpapistommii
KBaJIPOKOINITEPOM, BUIUT H300pa’keHue, MOoJydaeMoe C BUJEOKaMephbl MpU MOMOIIM YCTPOICTB
OTOOpa)KeHMs::  MOHUTOPOB,  TENEBU30pOB,  BHJEO-OYKOB,  BHAEO-IIEMOB.  Pa3Burtue
MHUKPODJIEKTPOHUKH TO3BOJIMJIO PE3KO YBEIUYUTH 30HY YBEPEHHOrO IMpHEMa paJuOCHUTHaa Kak
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yIpaBieHUs! KONTEPOM, Tak U Bujeon3o0paxeHuss. C moMoIbio OI0KETHBIX TPHUEMOIEPEIaTINKOB
30Ha YBEPEHHOH CBS3M JOCTUTAaeT 5-8 KM IpH MoJieTe B 30HE MPSIMON BUIUMOCTH, a OOPTOBOTO
MCTOYHUKA MUTAHMS JUIsI TAKUX MHUKPO KONTEPOB XBaTaeT Ha IMOJIET CO CpelHel ckopocTbio 60-
70 km/uac Ha 14-16 munyr. Takum oOpa3oM paauyc ICHCTBUS TaKUX JICTAIOLIMX YCTPOWCTB
cocTaBisieT A0 7-8 KM. DTO MO3BOJISET MX HMCIOJIb30BaTh B KauecTBE d()PEKTUBHBIX CPEACTB IJIf
BUjcOpa3Benkd. Ha 3THX KomTepax yCTaHABIMBAIOT KPOME KYpCOBOW Kamephl €Ille MHIIYIIYIO
BUJICOKaMePy € BBICOKHM pa3pelieHrueM, KOTopas 03BOJIET MPU BO3BpaTe KONTEpa MPOCMaTpUBaTh
MapuipyT nojera ¢ HD xadectBoM. OgHaKo Ipu MOJETe HA JalbHUE PACCTOSHHUS OCOOCHHO depe3
HeOOJbIINE HaceleHHbIe NYHKTHI, IJ€ padoTaloT, HalpUMep, CHUCTEMbl MOOWIIBLHOW CBS3H,
BO3HUKAIOT CHJIbHBIE TOMEXH 0COOEHHO 10 BUaeonepenade. [10aToMmy nuioT Bo BpeMst TAKMX IOMEX
MOKET HE COPUEHTHPOBATHCS HA MECTHOCTH M MOTEPATh YIPABIECHUE KONTEPOM, UYTO MPUBOJIUTH K
ero aeapud. J{iIs STOro HEOOXOIUMO Ha TaKUX BHICOPA3BEIUMKAX HCIIOIb30BAaTh CHUCTEMY
aBTOMATHUYECKOTO BO3BpaTa B TOUKY CTapTa B CiIydae MoTepu cBsi3u. [Ipu nosiBieHuu cBs3M cuctemMa
JOJDKHA OBITH CIOCOOHA BEPHYTh MWIOTY PYyYHOE YIpaBJICHHE C IOMOIIBIO MynbTa. B pabore
paccMaTrpuBaeTcsl co3JaHue HKCIIEPUMEHTAILHOTO KONTepa U €ro TECTUPOBAHUE C PAa3MEPOM paMbl
250mm, BecoM He Oosee 400rp, criocoOHBIM HA OOPTOBOM aKKYMYJIISITOPE MPOJIETaTh PACCTOSHUE J0
8KM M aBTOMATHYECKU BO3BPAIIATHCA B CIIy4ae MOTEPU PATUOCBSI3U C MHIIOTOM.

AHaJM3 mocJeHUX MccienoBaHui. B HacTosmee Bpems yiensercs 0oJibLIO€ BHUMaHHE
MOCTPOCHHUIO OECIHMIOTHBIX JICTATSIBHBIX aIlllapaToB POTOPHOTrO Tuma(kBaapokontepos) [1,4,15].
JUisi HUX CO3/MaHBl TPOIIMBKH, KOTOPHIE OOECIEYMBAIOT HE TOJBKO WX TOPU3OHTAIBHYIO
CTaOWIN3aIUIO0, HO U MOJIET MO 33JaHHBIM TOUYKaM B aBTOMAaTUYECKOM PEXUME, yIep:KaHUe MTO3UIINH,
aBTOMATHUYECKOTO BO3BpaTa B TOUKY crapTta [4,6,15]. Onnako 3TH pa3pabOTKu BeTyTCs I KONITEPOB
OTHOCHUTENIbHO OONbIIOro pasmepa (2-5 kr) [15], Ha KOTOpBIX yCTaHABIMBACTCS OTHOCHUTEIBHO
Joporoe 0O0OPYJIOBAaHHE M KOTOPBIC JIETAIOT ¢ HEOONMbIIMMH cKopocTsmu (20-35 km/gac). s
BO3BpaTa B TOUYKY CTapTa B KadecTBe OO0A3aTE€IbHOM OMIIMU UCIOIb3YeTCS MArHHUTOMETD,
SBIISTIOIIMIACS TOCTATOYHO KaNPH3HBIM YCTPOHCTBOM, KOTOPBIH TpPeOyeT yCTaHOBKH B BIAJIEKE OT
MOTOPOB ISl YMEHbIIIEHUS MarHUTHOTO BO3/eHCTBUs. BhIlle 0OTMEUYEHO, YTO B HACTOsIEE BpeMs
MOSIBUJICSL  KJJacC MHUKPOKONTEPOB MaJioro Beca C JIOCTaTOYHO BBICOKMMH CKOPOCTHBIMHU
XapaKTepUCTHKaMH M JajbHOCTBIO mojera. [lockonbky B pexxume FPV [1,8] mis BeimonHeHHs
BUJICOPA3BEIIKA UM JOCTATOYHO MMETh PEKHUM BO3BpaTa B TOUKY CTapTa 0e3 obecreueHus] BRICOKOH
ToyHOCTH. OHa 0JbKHA OBITh TaKOH, KOTopasi obecneunia Obl IepexBaT aBTOMAaTHYECKOT0 BO3BparTa
KONTepa IMYJIbTOM YIPABICHHS IPU BOCCTAHOBJICHHWW BHIEOCBS3H. B CBsi3m ¢ 3TuM B pabote
paccMaTpuBaeTCcs M3TOTOBJICHHME UM HAcTpolka KomTepa Ha 0asze TMOJIETHOrO KOHTpOJuIepa
OMNIBUSF4V3[7] ¢ npomuskoii Betaflight [2,3,9] u GPS [4] mpueMHuKa, 4TO 00SCIIEYUT BO3BPAT
KONTepa B 30HY PaJMOCBS3U B JIFOOBIX aBapUMHBIX CUTYyalUsaX. JTa padoTa cBsi3aHa ¢ MPAaKTUYECKUM
UCCIIeIOBaHMEM BO3MOKHOCTH BO3BpaTta kontepa B pexkume GPS Rescue [9 - 14] mis npoummBku
Betaflight ver.4.1.1 [2,3], koTopast sBJsleTCS TOCHEIHCH M CTaOWJIBHOW HAa MOMEHT HAIHCAHHSI
CTaThH.

N310:xeHne 0cHOBHOI0 MaTepuaJa padorsl. Panee Obl10 oT™MeueHo, uro pexum GPS Rescue
[11,12] nmpenHa3HavyeH i1 aBTOHOMHOTO BO3BpaIlleHUs OECIMIIOTHOTO JIETaTeIbHOTO amnmapara, B
HallleM CiIy4ae KBaJpOKONTepa K MECTy €ro 3amycka B ciydae BO3HMKHOBEHHS 4pe3BbIUailHOM
CUTyallud, HANpUMeEp, IMPH IOTepe BHICOCHUTHANA WiIH panuocBs3u. OmHako pa3paboTUMKU
npomuBku betaflight Haunnas ¢ Bepcun 3.5 He rapaHTHUPYIOT HaJIS)KHBIA BO3BpAT B TOUKY 3aITyCKa.
B nanpHEHWHMX BepCHsIX HAZEC)KHOCTh BO3BpaTa YBEIHMUUBACTCS, YTO TPeOyeT IKCIIEPHMEHTAIBHBIX
3aIlyCKOB M HAaCTPOEK MapaMeTpoB JJIS 3TOro pexxXuMa B OOHOBIIEHHBIX Bepcusx. B manHoit pabore
paccmatpuBaercsa tectupoBanue GPS Rescue mis Bepcun 4.1.1. GPS Rescue He siBisieTcs MOJTHON
¢ynknuenr «Return to home» (RTH). DT1oT peskum He mpeaHasHauyeH Ui TOTrO, 4TOOBI OBITH
WHCTPYMEHTOM CaMOCTOSITEIILHOTO ITOJIETa KBAJAPOKONTEPA, M €r0 HE CTOMT HCITOJIB30BaTh IS TUX
neneit. Y GPS Rescue HeT cmocoOHOCTH K aBTOMAaTHUECKOW MOCa/IKe, 1 OH HAMEPEHHO YIpaBIIseT
«MSTKUM TIaJICHIEM KOTITEPay, KOTIa TOT MPHOIIKAeTCst K UCXOMHOM Touke. L{enb pesxxnma - BepHyTh
KonTep OJinxke K Touke crapTa, yTo0sl muiaoT BITJIA Mor BO30OHOBUTH yIipaBiieHHE B clIydae MOTepU
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curtana. [Tunot gomxkeH BO30OHOBUTH KOHTPOJIb KaK MOKHO CKOpee W HE JOMyCTHTh, 4To0bl GPS
Rescue BBIMOJHWII MPU3EMIIEHHE KONTEPa, T.K. 3TO MOXKET BBINOJIHHUTH €ro MOJOMKY. DTa paboTa
CBsI3aHA C TOCTPOMKON KBaIPOKOIITEpPa U €r0 HACTPONKOM /JIsi TECTUPOBAHMS YKa3aHHOT'O PEKHUMA C
LEIbI0 3AKIIOYEHUS MPUTOAHOCTH ISl HAJIEKHOIO BO3BpaTa B 30HY YBEPEHHOH paaMOCBA3M C
MOCTEAYIOUM "MITKUM" MIPU3EMIICHUEM KOIITEpa B PYYHOM PEXKUME.

Jlnist peasin3aluy 3TOro PeXUMa JOJDKHBI OBITH BBITIOIHEHBI TPEOOBAHUS:

- Hannure npueMunka GPS. Pexomenayrorcst moenu - Bapuantsl Ublox m8n u-blox - mpumep
Beitian BN880. JlaHHBII MPUEMHUK MOXKET padOTaTh OJTHOBPEMEHHO C IBYMS HIIA TPEMS U3 CUCTEM
BeiDou, Galileo, GLONASS, GPS, 4T0 mo3BoJi€T eMy JIOBUTh Ul TO3MIIHOHUPOBAHUS OOJIBIIOE
KOJIM4ecTBO CyTHUKOM (14-18), yBenuuuBas mpu 3TOM TOYHOCTH MO3HLIMOHHMpOBaHUS. B pabore
ucnonb3oBaH Moayinb NEO-6M-0-001[4], koTopblii moaaepXKMBacT OJHOBPEMEHHYIO padoTy C
onuoit 3 cucrem GNSS (cnyTHHKOBasi cucTeMa HaBUTAllMM) U MOATOMY YCTaHABJIMBACT CBS3b C
MEHBIIIUM KOJIMYECTBOM CITyTHUKOB (6-11). B HacTostee Bpemst peaabHO r100aibHO padOTaAOIIMMHU
SBJIAIOTCS 1BE CIIyTHUKOBbIE HaBUranuoHHsle cucreMel: GLONASS u GPS.

- aKcelepoMeTp JODKeH OBbITh BKIIOYEH, PEXUMY CIAaceHUs HEOOXOAUMO, YTOObI
KBaJIPOKOITEP OBLIT BEIPOBHEH.

- 6apomeTp it pabOThI pekuMa He SIBISIETCsl 00si3aTeNIbHbIM [9,11], HO eclii OH yCTaHOBJIEH
Ha MOJIETHOM KOHTPOJUIEPE, TO €ro HeIeco00pa3Ho BKIIOUNTH. Ero Takke y1o0HO MCIIONb30BaTh B
cllydae BbIBOJIa Ha SKpaH MOHUTOpa B pexxume mojera no FPV manupix tenemerpuun. Hanpumep -
Ooyiee TOYHOTO 3HAYCHHUs BBICOTHI IMOJIETA M CKOPOCTH TMOABEMAa M CHIDKCHHS I10 CPAaBHEHHIO C
nanabiMu GPS npuemHuka.

- 9TOT peXXHUM He TpeOyeT MarHUTOMEeTpa, OJHAKO MPH €ro YCTAHOBKE OY/I€T MCIIOIb30BaThCS.

- ecau B npoumBke BkiIrodeHa ¢yHkuus 3D, to pexxum GPS Rescue 6yner orkmtouen. 3D
MpeAyCMaTPUBAET TMOJET KomTepa "BBEpX HOTaMH'" JIJIsi BBINOJHEHHUS MUJIOTAKHBIX TPIOKOB MpPHU
OBICTPOM IPOXOXKACHUU CIOXKHBIX TIperpaa. B aTom cinyuyae opueHTanusi anteHHbl GPS Mensiercs u
BO3MOYKHA MTOTEPSI CITyTHUKOB, YTO TIPUBEACT K OTKIIOYSHUIO MOTOPOB U TIaJICHUIO KOIITEPA.

B pabote pexum GPS Rescue ycranoBieH Ha KOHKPETHOM SKCIIEPHUMEHTAIbLHOM KOIITEpE,
KOTOpBIM it mosieToB ucnonb3dyer FPV kamepy, Buneonepenatunk, GPS npuemHuk, mojeTHbIi
KOHTpoJuIep ¢ 6apoMeTpoM M 00s3aTenbHO ¢ MuKpocxemoit OSD, mojaaep)kuBaeMoil MPOIIMBKON
betaflight ver.4.1.1. Ha puc. 1 noka3zano ¢oTo 3Toro kBajipokonrepa va pame ZMR250.

Ha puc. 2 mpencraBieHO cXeMaTHUYECKOE B3aMMOJICHCTBHE OCHOBHBIX JJIEMEHTOB
KBaJipokorrepa Ha 6asze moneraoro koutposuiepa OMNIBUSF4V3[7]. Heo0Xx0auMo OTMETHTB, 9TO
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BUJICONIEPEIATYMK C KYPCOBOW KaMepoW JOJDKHBI OBITh IOJAKIIOYEHBI K aKKyMYISITOPY 4epe3
OTIENBHBINA TPEeoOpa3oBaTeNlb HAMPSOHKEHUS, Hanmpumep, Ha 5V. DTo cBSI3aHO ¢ OONBIINM TOKOM
nmoTpeOeHus BO BpeMs paboThl BUACONIEpEIaTIHKA.
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Pucynoxk 2 — B3aumoielicTB€ OCHOBHBIX 3JIEMEHTOB TECTHPYEMOTO KBaJAPOKOIITEpa

PaccMoTpuM HacTpOiKy YCTaHOBJIEHHBIX OCHOBHBIX IIapAMETPOB 3JIEKTPOHHBIX KOMIIOHEHTOB
HcCIelyeMoro KajpokomnTepa B kouduryparope betaflight ver. 10.6.0[3].

Bo Bxnaake "IlopTel" HEOOXOIUMO HACTPOUTH MOJCTHBIA KOHTpOJUIep st pabotel ¢ GPS
npuemHukoM o UART6. Tak kak npueMHUK yrpaBiieHus: pabotaeT B pexkume PPM B 3ol BKIake
OoJIbIIIe HUYETO He HaCTParBaETCsl.

[MopTb wiki

MpumeyaHue: =& 5Ce KOMBUHALMM 3THX
Mpumeyanue: HE OTKNKOYAWTE MS

K ABASIOTCA BEPHBIMM ¥ €011 MPOLIMEKE KOHTDOAEPE 3TO NOWMET, TO OHa CEPOCUT KOFQUryDPaLIMIO 3TOT0 NOPTa.
EOM B CTIUCKE MOPTY, 8CAK Bbl HE SHAETE, 4TO AenaeTe. CAenas 370 MOXHO CAYYaHHO NEPENPOLUMTS U CTEPETD KOHPUIypaLMo

e | o SOOI - | S 7 bt e

usB vCP 115200 v » OtknioueHo ¥ [|AUTO v Otkniouero v |[AUTO v OtknioyeHo ¥ [|AUTO v
UART1 (Il | 115200 ~ ® . OtkntoueHo ¥ | AUTO v ! OtknioueHo ¥ | AUTO v OtknwoyeHo ¥ [|AUTO v
UART3 (Clp | 115200 ~ o Ortkniouero ¥ |[AUTO v OtknioueHo ¥ [|AUTO v Otkniouero v [|AUTO v
UART6 CH (115200 ¥ » Otkniouero ¥ ||AUTO v @ v 38400> OmknioueHo v |[AUTO v

B Bknazgke "Kondurypanus" ycraHaBIMBalOTCS TIOKa3aHHBIE HAa PHC. 3 TapaMeTpHl.
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1kHz v YacToTa 06HOEAEHMA unkaa PID ONESHOT125 v Mporoxon ESC / Motopa

[ AKCENEPOMETD ,»
o - P \’ Cxopocib gsuratens PWM orgenerHoro or PID ckopocTe
L BapoMeTp (ECA¥ NOAAEPKMBAETCR) E

1\’ MOTOR _STOP Motopsi He KDYTATCA, ECAM BKAIOHEH arming
® MarsuTOMETD (C/M NOAAEPKMBAETCR)
14 % | Momoca MOTOPa (KOANHECTED MArHUTOR E KOAOKOAE MOTODa)

1080 3| MummmansHoe 3nauerue raza (MusnMansHoe 3HaqeHue, nocsinaemoe K ESC npu
PPM RX exog ¥ | PexuMbl npueMHnKa

apMuHre)
On Screen Display (OTOBpaxerue AakHsX NOBEDX 1950 : MaKcumaneHei ras (MaKkcMMaasHOE 3534eHUe, KOTOPOE MOXHO nocaTs Ha ESC so
[ 0sD - S
= M306P3XEHNR KaMEDbI) BPEMR 3pMUHTa)
- = S = = C ESC RO BOES A )
BpeMERHO YEEIHUWESET NapaMeTp | NDV PesKoM 1000 3| Minimum Command (3xayerue, nocsinaemoe Kk ESC 80 BPEMA AU3apMutra)
(M ANTI_GRAVITY ’

VBEAMYEHN Ta3a

PS ana Hasura ¥ TEREMETDY
DYNAMIC_FILTER AZanTUEHER NONOCHD-33TPAXAZIOWER QUALTDALMA () GPS  GPSansHagwraumu v Tenemerpun

NMpumeyanme: He 3a6yasTe sacTpouts GPS-nopr (80 Bxaaake “MopTe") nepea TeM, Kak
MOAB30EATECA HAaCTPOMKamMy GPS.

o
|
[}

180 4| MaKcumansreili HaKAOH KOMTEPa (8 rPAAYCaX) MK KOTOPOM paspewsH arming UBLOX v | Mporokon
Pacnonoxenne NAaTLl U AaTYNKOB [)  Asro-ckopocts
D0 % | Roll rpagycsl 90 4| Pichrpagycsr €9|0 2| Yaw rpagycel L AgTORaCTPONKE

Auto-detect ¥ | Tvn koppexuwu CryTHUKOESIX KOODAKHAT
Mepebiit ¥ | TMPO/AKCEN | CW 270° ¥ | Mepssid TW...

Pucynok 3 — [Napamerpsi Bkitagku "Kounduryparus"

Paccmotpum Hactpoiiky OSD mns mpommBku betaflight [8]. Betaflight OSD (On Screen
Display, skpaHHOe MEHIO) — 3TO MHKpPOCXe€Ma B IOJETHOM KOHTpOJUIEpPE MOJ YIpPaBICHUEM
Betaflight, koTopass HakjaJpIBaeT MOJCTHHIE JAHHBIC(TCIEMETPUIO) Ha BHUJCO, TEpeaaBacMoe C
KBaJpoKonTepa (BbICOTa I0JIETa, CKOPOCTh, PACCTOSAHME OT TOYKU B3JI€Ta, HAIpaBJICHUE K TOUYKE
B3JIeTa(CTpeIIKa), HapsOKEHHE 0aTapeu, YUCII0 MOAKIIOUYEHHBIX CITyTHUKOB, PEKUMBI TIOJIETa | T.JI.).

OSD MOXHO HCIOJB30BaTh KaKk MEHIO U1 W3MEHEHHs HacTpoek komrepa: PID, peiirsl,
nepeKodars npoduieid U T.7. Ha mccneayeMoMm KonTepe YCTaHOBJICH IMOJIETHBIM KOHTPOJLIED
OMNIBUSF4V3 ¢ OSD muxkpocxemoii AT 7456.

s mporpammHoii Hactpoiiku OSD B koHburyparope betaflight HeoOXxoaumo BoWTH BO
BKJIaKy OSD ¥ yCTaHOBHTH TaM HEOOXO/MMbIe MapaMeTpbl, KOTOPbIE JOJKHBI 0TOOpaXkaTbcs Ha

sKpaHe BujaeonpueMHuka st FPV noneros (puc. 4).
0OSD

Mpumeyanne: OSD NpeanpoCMOTY MOXET OTOBPAXATHCR HE TEM WPHDTOM, KOYODNﬁ YCTaHOBAEH B NOASTHOM KOHTDOAAEPE.

1 2 3 Snemettn

(' e a e s WL Es OSD Profile 1 ¥ § Wpuor Default ¥

U U Avmw-Tpasurauua

¥ [ L Bokoesle nanean nckyctserHoro

ropusoHTa

W LI L] Bricora

U Aara v spema RTC

U Anarnoctuka moTopos

U L U Auanason Hactporiku

U B Aoarota GPS

U 3nauenve dBm RSSI

L) 3nayenue RSSI

L L VispacxogosanHas EmxocTs Batapen =
(mAh) LSS SRR RE MAER
B

) WcxyccTeenHbii ropusonT

: TepeTallnTe SAEMEHTEI HTOBE! MSMEHUTE NOZUUWIC
L Kanan VTX

| Kauectso NOAKNHOYEHUA

Pucynok 4 — Hactpoiika OSD

OTtobOpakaemble apaMeTpbl BEIOMparoTcs U3 Ta0IuIIbI ciieBa. B pabote BeIOpaHo oToOpaxeHue
OOKOBBIX IMaHeNIeH HCKYCCTBEHHOTO TOPH30HTA, BEICOTA IMOJIETA, HICKYCCTBEHHBIN TOPU30HT, CTPEIKa
HampaBlieHus1 JoMoil (o0s3arensHa nms pexuma GPS Rescue), nanpsokenune 6atapeu, MPOLIEHTHOE
MIOJIOYKEHHE Ta30BOW 3aCIIOHKH, MPHIIET MOJIETa, PACCTOSIHUE JI0 TOYKHU B3JIeTa, 00IIee mpoiiieHHoe
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paccrosiHue, pekuM mojera (Acro, Horizon), ckopocTe W3MEHEHHS BBICOTHI, CKOpPOCTh mo GPS,
KOJINYECTBO NMOWMAHHBIX CIIYTHHKOB, BpeMsl paboThl OaTapen u moiseta, Disarmed. M3menenue
pa3MenieHys BHIOpaHHBIX TapaMeTPOB HA DKPAHE BBIMOIHICTCS MMEPETACKUBAHMEM HUX C ITOMOIIBIO
MbIH. Eciy mapaMeTpoB MHOTO, 4TOOBI OHM HE MEIAJIA BUACOPOCMOTPY, UX MOXKHO pa3MelaTh B
Apyrux npodaiiaax, KOTOphIE MpeacTaBicHbI B Tabauile ciesa kak 1,2,3. B OSD Betaflight umeercs
BO3MO>XHOCTb BXOJla B BCTPOEHHOE MEHIO JUIsl U3MEHEHHUs, HanpumMep, napamerpos PID perynsaropa.
Jlyig 3TOrO Ha anmapatrype ymnpaBlieHHs HEOOXOJMMO MpaBblil CTUK OTKJIOHUTH /10 KOHIIA BBEpPX, a
JIEBBIM KPaTKOBPEMEHHO C CpeAHEW MOo3uLuM BieBO. [locie 3TOro mosiBisieTcss HOBOE MEHIO JUIs
HACTOEK, U BXOJa B KaXKJ0€ BJIOXKEHHOE IMOJAMEHIO, a TakXe JIJs M3MeHeHus napamerpa. s
u3MeHeHus napamerpa (Hampumep, PID perymstopa) HeoOXOAMMO KpPaTKOBPEMEHHO OTKJIOHSTH
BJICBO MpaBblii CTHK. Pabora ¢ menio OSD Bo3MmoOxkHA jHibs B peskume Disarm (ue B mosere). Ha
puc. 5 mokaszaHel mpumepbl padboTel HacTpoeHHoro OSD. IlepBeie nBa ¢GOTO MpenCTaBICHBI C
3aKPBITBIM OOBEKTHBOM Kamepbl. OHU OTOOpa)kaloT MapamMeTpbl BO BpeMs IojieTa W IOciie
npuzemienus. Tperbe ¢oto oToOpaxaer mapamerpsl PID-perynstopa mocie Bxojia B BCTPOSHHOE
MEHIO JUIsl YCTaHOBKH MapameTpoB. B mocneanem GpoTo 0ObeKTUB KaMephl B OTKPBITOM COCTOSTHUM -
napametrpsl OSD HanoX)eHbI Ha BUACON300paKeHHE.

U ppmpr o, w0O.8a
= TOTAL ARM
MAR ALTITUDE

END BATTERY
BATTERY
MAX G-FORCE

e e

Bxop B MeHio OSD ansA usmeHeHus napametpos PID

OSD ¢ 3aKpbITol KamMepoil Npu arming OSD c¢ 3aKkpbITO# poii nocne (disarming) perynsTopa

Pucynok 5 — [Ipumep pesynprata padotsl Hactpoernoro OSD

Paccmorpum Hactpoiiky pexxuma GPS Rescue. TIockoiibKy pexuM 3KCHEpUMEHTAIbHBINA, TO
HacTpauBaeTcsi Ha TOJbKO YTO YCTAHOBJIIEHHOW TMPOIIMBKE B COOTBETCTBUH C YETKO
JOKYMEHTHPOBAHHOW IOCIIEIOBATEIBHOCThIO. HEeoO0X0omuMo OTMETHTh, YTO B paHHEH BepCcHUU
betaflight 3.5, rae >TOT peXuUM TOJBKO IMOSBUIICS, MCHOIB30BAJICS TOJIBKO KOMAaHJHBIA pPEXUM
YCTaHOBKH ITapaMeTpoB BO BKIaKe cli (komaHHas cTpoka). B paccmarpuBaemoii Bepcuu betaflight
4.1.1 Bo Bruaske failsafe qocrymen pazaen as Hactpoiiku GPS Rescue. [Iiist akTUBH3AIMH peKUMA
HeoOxomuMo miepeliTi Ha BkIaaky Betaflight Modes u mo6aButh nepekitouarens s pexuma GPS
Rescue (puc. 6). OToT pexum OyJeT aKTUBU3UPOBAH, €CIU MPABUIBHO YCTaHOBJIEH MpueMHUK GPS

(puc. 3).

B ) BETAFLIGHT

\GPs RESCUE
Coupammrs

Sarpywenmocrs nopva 0: 36% U 2 | Owetu nawerce 0 | Q€ cumber 0 | Bpews wecra 255 | Jarpyma CPU. 0% Mpcumec BTFL 1.1, Target OMNBUSESSD, Kemgurypavop: 10,60 (dc484a27)

Pucynok 6 — AxruBuzanus GPS Rescue
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Ha puc. 7 mokazana yacte Bkaagku Failsafe mms mactpoeHHBIX mapameTpoB peknma GPS
cracenus(rescue)

_a_g

Return to
Home

32 2| vos

50 4| Mepsonauansras esicora ()

100 3

800 3
1100 3| ras
1600 3| Fazma

1280 3| ras

Pucynok 7 — Yactp Bkiaaku pesxxuma GPS rescue

[TapameTpsl ycTaHABIMBAKOTCS BO BKJIaJAKe "KoMaHaHas ctpoka” (Cli).

set failsafe_procedure=GPS-RESCUE

3neck ycranasiuBaercs it failsafe mponemypa GPS Rescue.

set gps_rescue_initial_alt=[number] (default is 50)

Korma akrtuBupoBan, Rescue Mode - wnampumep, mnepekirouareieM AUX4 Ha mynbre
yIpaBJICHUs, KBaJPOKONTEP Pa3BEpPHETCS MEpPEeIHEN 4YacThi0 B CTOPOHY 3alycka U IOMBITaeTCA
MOTHATHCS Ha OE30MACHYI0 BBICOTY OTHOCHTEIBHO TOYKHM B3JeTa. JTa BBICOTAa Oyner 1mdo
napameTpoM, COOTBETCTBYIOIIUM NUMbEr, 1160 MakcHMaabHO#M BBICOTOM, 3apPETUCTPHUPOBAHHON BO
BpeMs mosieta +15 M, B 3aBUCHUMOCTH OT TOro, 4ro Oosbiie. Ha puc. 7 ycranosiena BoicoTa 50
METpOB.

set gps_rescue_ground_speed=800 (default is 2000)

OTO CKOPOCTh, C KOTOPOW KBaJIpOKONTEp OyIeT MbITaThCS BEPHYTHCS, B CAaHTUMETpax B
CEeKyH/y. Y CcTaHOBJIEHA CKOPOCTh 8 M/c (okoJio 30KkM B Hac - puc. 7).

set gps_rescue_angle=32 (default is 32)

VYcraHaBIMBaeT MAKCUMAIIBHO JOIYCTUMBIM YroJl HAKJIOHA KBaJAPOKOIITEpPa IIPU BO3BPAILCHUHT
B TOUKY ITycKa. TOT MapaMeTp MOXET MOMENIaTh JOCTHKEHHIO MOJIHOM ckopocTH (8 M/c), eciu ero
3HAa4YCHUC 6YJICT CIIMIIIKOM MAaJIbIM. YeM BEIIIIe Yroj, TEM CJIOXKHEC I PETyJIATOpa BbICOTHL
COXPAaHSATh CTAOMIBHYIO BEICOTY. Koria ecTh BepOosTHOCTh BO3BPAILIEHNS 10 BCTPEYHOMY BETPY, ITOT
napaMeTp MOXHO YBEJIIMYUTH /10 45 rpaycoB.

set gps_rescue_descent_dist =100 (default is 200)

Oto0 pacCcTodHruEC B MCTPax, HAa KOTOPOM KBAIPOKOIITCP HAYHET CHUIKATLCS OT TOYKH B3JICTA C
BBICOTHI, 3aJlaHHOM KomaHmoi Set gps_rescue_initial_alt. T'maBHoe, 4TOOBI B Tpejaenax 3TOrO
paccTosiHus He ObUIO MOMEX JUIsl CHUYKEHUS (HalpuMep, AepeBbs, BO3BBIILIEHHOCTH, 3/IaHU).

set gps_rescue_min_dth = <meters> (default is 100)

KOMaHHa YCTaHAaBJIMBACT MUHUMAJIBHOC PACCTOSAHHUEC B METpaxX OT TOYKH B3JICTA, HAYMHAA C
KoToporo Oyzaer paborate pexkum GPS Rescue. Ecnu akTUBH3UpOBaTh PEXHUM OJIMKE YeM 3TO
paccrostHue, KonTep ynajaer. 3HaueHne MeHblie 100 MeTpoB CTaBUTh HE PEKOMEHAYETCS, TaK Kak
6mmke 100 MeTpoB MPOIIKMBKA MOKET HE cpaboTaTh.

set gps_rescue_ascend_rate = 300 (default is 500) (no6asneno B betaflight 4.1)

3/ech yCTaHaBIMBAETCS BEPTUKANbHAas CKOPOCTh, C KOTOpPOH OyneT MOoAHUMAThCA
KBaJIPOKOIITEp MPH BO3BPATE B TOUKY ITyCKa, BEIPAYKEHHAS B CAHTHMETPAX 3a CEKyHy (YCTaHOBJICHA
3 m/c).

set gps_rescue_descend_rate = 150 (default is 150) (mo6asneno B betaflight 4.1)
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OTO BEpTHKAJIbHAsI CKOPOCThb, C KOTOPOM KBaJpokonTep OyJeT ONMyCKaTbCsl B TOUKY CTapTa,
HauMHAs C PAcCTOsHUSA MO Komanzae gps_rescue_descent_dist BeipakeHHass B CaHTHMETpax 3a
CEKYHY.

YcraHoBKka nmapameTpoB JPOCCENbHOM 3aCIIOHKHU BBITIOJIHAETCS 110 KOMAaHAaM

set gps_rescue_throttle_min=1100 u set gps_rescue_throttle_max=1600

Onu otHOCcsTCs K Bepeusim betaflight 6omee crapsim uem 4.1. Hanmpumep, nepBblii mapameTp
OIpeeIIsAi CKOPOCTh BpAlllEHUs] MOTOPOB IIPU IOCAJKE, a BTOPOH - MPU MAaKCUMaJIbHOW CKOPOCTH
MoJ’beMa M BO3BpaTa B TOUKY Iycka. B Bepcum 4.1 u Gojee HOBBIX - 3TO JHAana3oH CKOPOCTEH
BpalleHUsI MOTOPOB, KOTOPBIN He mpeBbliaeTcs B pesxxume GPS Rescue, Tak kak ckopocTH noabema
u nocanaku pexuma GPS Rescue 3amanbl mpensigynmmu mnapamerpamu. OmHako pa3paboT4uKu
PEKOMEHAYIOT U ISl 3TUX N1apaMeTPOB BBIIOJIHATH TECTUPOBAHUE [yl BHOBb COOPAHHOI'O KOIITEpa.

gps_rescue_alt_mode = [MAX_ALT, FIXED_ALT, CURRENT_ALT] (added in betaflight 4.1)

OTa KOMaH/Ja C IMEpPEYUCIICHHbIMU I[apaMeTpaMy IO3BOJISIOT YCTaHOBMTH BBICOTY IOJIETa
kontepa B pesxxume GPS Rescue.

MAX_ALT - nana sTtoro mapameTpa BbICOTa BO3Bpara OyJIeT COOTBETCTBOBATh BBHICOTE,
yCTaHOBJICHHOM KoMmaHaoi Set gps_rescue_initial_alt=50 (50m), 1100 MakcHMalbHOW BBICOTOM,
3aperucTpUPOBAHHON BO BpeMs mnosiera +15 M, B 3aBUCMMOCTH OT TOT'O, UTO OOJIbIIE.

FIXED_ALT - 3mech kBagpokomTep Oy[eT BO3BpalIaThCs K TOYKE B3JIeTa HA BBICOTE,
YCTaHOBJICHHO# KoMaH10# gps_rescue_initial_alt=50 (50m).

CURRENT_ALT - kBazpokonTep OyAeT BO3BpamaTbcs Ha BBICOTE, KoTopas Obuia
yCTaHOBIICHA BO BpeMsi akTuBaImu pexnma cuacenus (GPS Rescue).

Hns pabotel pexuma GPS Rescue HeoO0X0AMMO YCTaHOBUTh MHHHUMAIBHOE KOJIHUYECTBO
CIIyTHHMKOB, C KOTOPBIMH JIOJIKEH YCTAaHOBUTH CBsI3b pueMHUK GPS:

set gps_rescue_min_sats=6 (default is 8)

C umenpto mpoBepku paborocmocobHocTr pexxkuma GPS  Rescue, wnagexxHoctu ero
cpabaTeIBaHuUs, JJIs1 IOCTPOCHHOTO KBA/IPOKOMNTEpa ¢ MpOommMBKOW Bepcuu 4.1.1. Oblia BBIOIHEHA
[0CJIe10BATENbHOCTb MPOLEYP, IPEICTABICHHBIX HUXKE.

BrinonHeH nposet Ha KBaJpoKonTepe Ha paccTossHue Oosbimne yem 100 MeTpoB OT JUCTAHIUH,
KOTOpasi yKa3aHa B KoManje set gps_rescue_min_dth =100. 3neck Havano cpabaTbiBaHHs PEKHMA
GPS cnacenus ykazaHno Ha pacctossHuM 100 M ot Touku crapta. [ToaTromy nposeraeM Ha paccTOsTHUE
npumMepHo 150m. IIpu nonere mo npsMoit TuHUK cTpenka home 10kHA yka3blBaTh B HAPaBICHUU
Touku nycka. Ha xomnrepe mpensapurenbHo HacTtpamBaercsi OSD [8]. Eciu crpenka ykaspiBaer
apyroe HampasieHue, pexxuM GPS Rescue He akTuBH3MpyeTcs, HalpuMep, TyMOJIepoM C MynbTa
ynpasnenus. [locne aktusuzannn GPS Rescue npu npaBuiibHOM HacTpolike Kontep OyIeT JIeTeTh B
HanpasjieHuu cTpesku. [Ipu moanere K TOUKe CTapTa M Hayajge CHUKEHMS C LENbI0 MCKIIIOUSHHUS
MmaJiecHusl KomTepa JeakTHBH3MpoBaiicss pexkum GPS Rescue BeikimouaTeneM Ha TymOnepe.
VYnpasieHne nepexoansio B Py4HOM pexuM, B KOTOPOM IPOU3BOAMIIACH I1OCAKa KBAJPOKONTEPA.
[Tpu moasyieTe 9acTo KOMTepy TPYIHO YAEpKaTh CTAOMIILHYIO BBICOTY B CIydae, €CIH TOKa3aHUs
BbICOTHI 110 GPS HecTaOuibHBI, a KOHTPOJUIEP KONTEpa JBUXKET €ro K 3a/JlaHHON LIENM - BBICOTE.
Opnako B ciyyae crabuinbHON BeicoTe 1o GPS, ecnu xonrtep He cTaOMIM3UPYETCs MO BHICOTE B
npefenax JeciaTd METpPOB, MPOBOJIWIOCH peryiupoBaHue mnapamerpoB PID perynstopa s
JPOCCENBHOM 3aCIIOHKH:

gps_rescue_throttle P; gps_rescue_throttle_I; gps_rescue_throttle D

Wnn mapamerpos PID perynstopa o npupocTty ckopoctu HaBurauuu (Bepcus 4.1.1):

gps_rescue_velocity P =80; gps_rescue_velocity | = 20; gps_rescue_velocity D =15

Komanpa set failsafe_procedure = GPS-RESCUE (yka3zanHasi paHee) aKTUBU3UPYET PEXKHUM
GPS Rescue B ciyuae moTepu CBSI3M C amnmapaTrypoil ympamieHus. B ciydae Bo3BpalieHHs
PaIrOCBS3M YIPaBJICHHE KOITEPOM OyIeT BO3BpAIICHO MyJIbTY yrpasieHus. OIHAKO 3TO HE BCETAa
ya00HO, TaK Kak KOMNTEp B ITOM CiIydae MOXKET HaXOIUThCA 3a MpeAelaMH BHIMMOCTH WIH
BuaeocBs3u. [loaTromy nanmpHeimuii MapmipyT ero mojieta MOKeT ObITh He ompejaeneH. B cimyuae
0OpbIBa CBS3M IPHU MCIIBITAHUAX Ha MyJbTE YIpaBleHHs TyMOuepoM Britoyaics pexum GPS Rescue
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U B 9TOM CJIy4ae M0CJie YCTAHOBJICHHS PaJHOCBS3H C IYJIbTOM KONTEp OYyAET MPOoI0JIKal ClIe10BaTh
K Mecty ctapta. [locne nosiBienus Buneocsszu (monet no FPV) wim BusyansHOro oOHaApy:KeHUS
KOIITepa, TyMOJIEpOM BBITIOIHAIOCH BhIKITIOUeHHEe pexxuMa GPS Rescue ¢ mocieayromiei mocaakoi
WIN TIPOJIOJDKEHUEM TTo1eTa (10 KypCOBOW KaMepe) B PyYHOM peKHUME.

[Ipu ucnonwszoBanun GPS rescue Obla MCHOJIb30BaHA KOMaHAAa BKIIOYEHHS] IPOBEPKHU
paboTOCIIOCOOHOCTH ATOTO PEKUMA!

set gps_rescue_sanity checks = RESCUE_SANITY_ON

OTa npoBepKa rapaHTHPYET YTO UMEET MECTO:

- mocTosiHHOE nojKiIroYeHne GPS npuemMHuKa K TOJETHOMY KOHTPOJUIEPY

- GPS-npuemnuk otnpasisieT aeiictBurenbHoe 3HadeHue GPS FiX Ha mosieTHbIil KOHTpoILIep

- KBaJIPOKONTEP HE UCIIBITAl CHIIbHBIX BUOpaLuii (Hampumep, yiap o NpensTcTBUE)

- KOJIMYECTBO CITYTHUKOB, C KOTOPHIMH YCTAaHOBJICHA CBSI3b, PABHO WK OoJiee gps_Mmin_sats

- KBaJpOKONTEp MPUOIMKAETCA K TOYKE B3J€Ta IMOCIE TOCTHXKEHUS 3aJaHHON BBICOTHI B
pexxume GPS Rescue

Ecnu moboe M3 3TUX YCIOBUIl HE BBINOIHWIOCH, MPOUCXOIUT OTKIIOUYEHHE MOTOPOB
(disarming). [TocienHue a1Ba yCIOBUS MMEIOT HEOOJBIIYIO 3a/ICPIKKY MEpe/l CpadaThIBAHUEM.

ITpu 3amycke KonTepa YIUTBHIBAIOCH Clieayromiee. Arming konrepa HeBo3moxkeH 6e3 GPS Fix,
ecnu HactpoeH pekum GPS Rescue (make eciii OH HaXOMUTCS B BBIKIIFOUCHHOM COCTOSHHUH Ha
nynbTe ympasienus). Jns mosnera 6e3 GPS FiX B 30He ¢ MJIOXHM TOKPHITHEM CITyTHUKAMU
BBITIOJHSETCS leakTuBanus pexknma GPS Rescue ¢ moMoIibo KoMaH Ibl:

set gps_rescue_allow_arming_without fix = ON

GPS Rescue Oyaer HeEIOCTYIICH BO BpeMs II0JieTa M HAa JKPAaHHOM MEHIO TOSIBUTCS
npenynpexaenue (RESCUE OFF), npu pab6ote OSD. Eciiu Bo BpeMs 1osieta nory4eHo Hajsiexarniee
KOJIMYECTBO CITYTHHKOB, i BKIroueHHs: GPS Rescue BhImonHsAETCS Npu3eMIICHHE, MPOIeTyphl
disarming u arming.

BriBOaBI

1. B nporecce JIeTHBIX UCHBITaHUIN MMOKa3aHo, uTo pexkuM GPS Rescue mo3Bossier BEpHYTH
BITJIA B 30HY 3amycKa MpH YCIIOBHH COOJIOACHNUS BHIIICONMCAHHBIX HACTPOCK HA MPECTABICHHOM
B paboTe KBaJAPOKONTEPE.

2. YcTaHOBJIEHO, YTO TpH BhIMOMHEeHNH pexknma GPS Rescue BaKHBIM yCIIOBHEM SIBIISIETCS
crabmibHas cBs3b GPS mpueMHuKa ¢ KOJIMYECTBOM CIYTHUKOB HE MEHBIINM YCTAHOBJIEHHBIX B
nmapamerpe gps_min_sats. Eciii Komu4ecTBO CIyTHUKOB BO BpeMst BeIIoJTHEeHUs pesxknma GPS Rescue
CTaHOBHUTbHCS MEHbIIIE YCTAHOBIEHHOT O, TO B TEUCHUH HECKOJIBKUX CEKYH/ MOTOPBI BBIKITFOUAIOTCS U
KOITEP yMajeT. DTO PEKUM LENeCo00pa3HO UCII0Ib30BaTh B 0€3001a4HYI0 TIOTOTY.

3. Ans ycroitunBoii paboTsl pexkxuma GPS Rescue kontep npu mosieTe J10JKEH UCIOIb30BaTh
pekum crabunmmsanun(Angle) ¢ BKITFOUCHHBIM aKCeIEPOMETPOM, BBITIOIHSTE MOJIET ¢ HEOOIBITUMHE
yrJlaMd HakKJIOHA. Y CTAQHOBJIEHO, YTO 4eM OOJIbIIEe yrojl HaKJIOHa KONpepa, TEM MEHBIIEee YHUCIIO
crytHuKoM JT0BUT GPS npuemuunk. [Tostomy peskxum GPS Rescue He 1ienecoobpa3Ho NCTIOIb30BATh
B pexxrMax mosiera Acro, 3D, Horizon nipu cosepiuenuu flip-os.

4. Tlpu momere Ha nanbHUE paccTOsHUA(4-8kM) Ha HEOOJBIIOM KOINTEpE HEOOXOAUMO
ybenutncs, uto crpenka B OSD nokas3siBaeT Ha HampaBJeHHUE CTapTa. B MpoTHBHOM ciydae pexum
GPS Rescue ne cpaboTtaer.

5. IlpakTuuecku ycTaHoBIeHO, uTo pexuM GPS Rescue Gornee menecooOpa3Ho UCTIONB30BATh
B ciTy4yae oOpbIBa BUJIE0 CBA3H ¢ KypcoBoii kamepoit (FPV mosersr) npu coxpaHeHnu CBSI3U € MyJIbTOM
yrpaBiieHus. B 3ToM ciydae Tepsercss OpHeHTalMs 1MoJieTa U KOITEp B aBTOMAaTHYECKOM PEXHUME
HEOOXOMMO BEPHYTh B 30HY BHACOCBSI3U. /I ATOr0 Ha MynbTe yIpaBlIEHUS YCTaHABIMBACTCS
pexuM crabunuzaimu (angle) u Bxirouaercs pexxum GPS Rescue. [Ipu ycTaHOBICHUN BHIICOCBSI3H,
OTIpeNIeICHUN MECTOTONIOKeHus, pexxum GPS Rescue otkiouaercss ¢ mynbTra W KONTEP MOXKET
poAoJKaTh noJiet 1o FPV.

6. Ilpu HapylIeHWH CBSI3M C MYJIBTOM YIIPABJICHUSI aBTOMATWYECKH BKItodaercs: pexkum GPS
Rescue. Konrep Bo3Bpalaercss B TOUKY CTapTa U B Clydae BOCCTAHOBIIEHUS PaJUOCBSA3H KOITEP
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ABTOMATHYECKH BOCCTAHABIIMBACT YIPABIICHUE C MYJIbTOM. DTOT MOMEHT JIOJDKEH OBITh OTCIIC)KEH
MUJIOTOM, B IPOTUBHOM CITydae KOMTEp MOXKET MoTeprneTh aBapuio. OOBIYHO B Cllydae OTEPH CBS3H
TyMOJIep Ha MyJbTe ycTaHaBiIuBaeTcs B peskuM GPS Rescue u korntep aBToMaTH4ecKy BO3BpAIASTCsI
B TOUYKY CTapTa M MOXET OBITh OOHAPYKEH BU3YaJbHO C MOCIEAYIONIUM YIIPABICHUEM C MYJIbTa.

7. Pexxum GPS Rescue mpumensiercs B FPV nonerax ¢ o6s3atenpHoi HacTpoiikoi OSD. st
3TOro TPEeOYIOTCS TMOJIETHBIE KOHTPOJUIEPHl C BCTPOEHHOW Mukpocxemoit OSD, koTopsie
OJIIEPKUBAIOTCS IporpaMMHbBIM obecrieuenuem Betaflight.
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A.T.H., mpo¢. Mscimes O.A., 1.T.H., npo¢. Jlenkon C.B.,
A.T.H., c.H.c. Komaposa JI.O., k.1.H. JIenkos €.C.
OCOBJMBOCTI BUKOPUCTAHHSA PEXKUMY RESCUE Y MPOLIUBLI BETAFLIGHT JJI51
BIIVIA HA BA3I KOHTPOJJIEPA STM32F405

Y pooomi pozensoaemovca npakmuuna moxcausicmev peanizauii pexcumy GPS Rescue oas
npowueku Betaflight ver.4.1.1 3 memoto nosepuennsa keaopoxonmepa (BIL/IA) ¢ mouky, 61u3vkor 3a
KoopOunamamu mouku 310my. Y 36'a3Ky 3 yum 0y6 nooyoo8aHuil eKcnepumMeHmaibHuil 3pa3oK 3 pamoio
250mm, ane axoi ecmanoeneno nonvomuuii konmponep OMNIBUSF4V3 na 6a3i mikpokoumponepa
STM32F405 3 GPS npuitmauem i Kypcoeoi sideokameporo 011 3abde3neuennn noavomie no FTP. /Ina
OMPUMAHHA NOJIbOMHUX OAHUX 3 MEHOI0 aAHANI3y RPASUIbHOCHI DOOOMU aANZOpUMMY NOBEPHEHHA
konmepa 6ye nanawmosanuit Betaflight OSD. B npoueci nbomuux eunpooyeans HOKaA3ano, wio pexcum
GPS Rescue 0o3eonsnc nosepruymu BI1JIA ¢ 301y 3anycKy 3a yMoeu 00mpumants npeocmasieHux 6 pooomi
Hanawmyeansd Ha 3iopanomy keaopoxonmepa. Ilpu euxonanni peycumy GPS Rescue earcnusoio ymoeoio
€ cmabinona 36'azok GPS npuiimaua 3 KilbKicmio CYnymHuUKi¢ makor e 6CHIAHO6IEHUX nid uac
Hanawimyeanua npouwtueku. HAKujo KinbKicmbs CYNymHUKIE Cmaeamu MeHuie 6CHAHO061eH020, MO
RPOMAZOM 0€KiIbKOX CEKYHO MOMOPU GUMUKAIOMbCA | KOnmep naoae.

Ilokazano, wo ona cmiiuxoi pooomu pesxcumy GPS Rescue xonmep npu nonbomi noeunen
euKopucmosysamu pedxcum cmaoéinizauii (Angle) 3 exarouenum axcenepomempom, 6UKOHyeamu noaim 3
Hegenukumu Kymamu naxuiy. Bcmanoeneno, wyo uum oinvuie Kym naxuiy Konpepa, mum meHuie Yucio
cynymuukom noeumv GPS npuiimau. Tomy pesxcum GPS rescue nedoyinvno euxopucmogygamu 6
pescumax nonvomy Acro, 3D, Horizon npu 30iiicnenni flip-is.

Ilpakmuuno ecmanoeneno, wio pexcum GPS Rescue dinvw 0oyineno euxopucmosgysamu é pasi
00pugy eideo 36'a3ky 3 Kypcoeorw kameporo (FPV nonvomu) npu 30epesicenHi 38'A3Ky 3 ny1bsmom
ynpaeninua. B ybomy eunaoxky empauacmusca opicumayis noa1somy i KOnmep 6 aemomMamuiHomy percumi
Heo0XiOHo noeepHymu ¢ 30Hy 6i0e038'a3Ky. /Ina ubozo Ha nynvmi ynpaeiiHHa 6CHAHOGIIOEMbCA PEHCUM
cmabinizauii (angle) i exntouaemuvca pexcum GPS Rescue. Ilpu ecmanoenenni 8ioeo3s'a3Ky, euzHaueHHi
Micya posmawiysannsa pexcum GPS Rescue giokniouacmocsa 3 nyaoma i Konmep modce npoooex;cysamu
nonim no FPV.

Byno giomiueno, wio npu nopyuienni 36'a3Ky 3 nyJ1bmom ynpasiaiHHA A6MOMAMUYHO 8KIIOUACIbCA
pexcum GPS Rescue. Ilpu uvomy xonmep nosepmacmuvca 6 mouky cmapmy i 6 pa3i 6iOH0G1EHHA
Paodio3e'a3Ky Konmep agmoMamuyHo 6iOHO6II0E YNPAGIiHHA 3 nyabmom. Lleit momenm nosunen dymu
giocmedriceHo ninomom, 6 IHUOMY GURAOKY Konmep moyxce nomepnimu asapito. Tomy oouinono 6 pasi
empamu 36'a3Ky mymonep na nynomi ynpaeninusa ecmanosumu @ pexcum GPS Rescue. Tooi konmep npu
eionoenenni padioze'asky cnpauyioc no pexcumy GPS Rescue 3 nyarvma i agmomamuyno nosepuemuvcs
30HY cmapmy i modice Oymu 6UAGIEHUI GI3YAIbHO 3 HOOATLULUM YRPAGAIHHAM 3 NY1bMA.

Kniouosi cnosa: OMNIBUSF4V3, OSD Betaflight, INAV, GPS npuiimau, FPV, STM32F405, GPS
Rescue, GLONASS, NEO-6M-0-001, Beitian BN-880
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Doctor of Technical Sciences Myasischev A.A., Doctor of Technical Sciences Lienkov S.V.,
Doctor of Technical Sciences Komarova L.O., Ph.D. Lienkov Ye.S.
FEATURES OF USE OF RESCUE MODE IN BETAFLIGHT FIRMWARE FOR UAV ON
THE BASIS OF STM32F405 CONTROLLER

The paper considers the practical possibility of implementing the GPS Rescue mode for Betaflight
ver.4.1.1 firmware in order to return the quadrocopter (UAV) to a point close to the take-off point
coordinates. In this regard, an experimental prototype was built with a 250mm frame, but with which the
OMNIBUSF4V3 flight controller was installed based on the STM32F405 microcontroller with a GPS
receiver and a directional video camera for FTP flights. Betaflight OSD was configured to receive flight
data in order to analyze the correct operation of the copter return algorithm. During flight tests, it was
shown that the GPS Rescue mode allows you to return the UAV to the launch zone, subject to the settings
presented in the work on the assembled quadcopter. When performing GPS Rescue mode, an important
condition is the stable connection of the GPS receiver with the number of satellites not less than those
installed when setting the firmware. If the number of satellites becomes less than the set, then within a few
seconds the motors turn off and the copter falls.

It is shown that for stable operation of the GPS Rescue mode, the copter during flight should use the
stabilization mode (Angle) with the accelerometer turned on, perform a flight with small angles of
inclination. It was found that the greater the angle of inclination of the coprera, the smaller the number of
satellites the GPS receiver catches. Therefore, the GPS rescue mode is not advisable to use in Acro, 3D,
Horizon flight modes when making flip-s.

It has been practically established that the GPS Rescue mode is more appropriate to use in the event
of a break in video communication with the heading camera (FPV flights) while maintaining
communication with the control panel. In this case, the flight orientation is lost and the copter in automatic
mode must be returned to the video communication zone. To do this, the control mode sets the stabilization
mode (angle) and turns on the GPS Rescue mode. When establishing a video connection, determining the
location, GPS Rescue mode is disabled from the remote control and the copter can continue flying via FPV.

It was noticed that in case of communication failure with the control panel, GPS Rescue mode is
automatically turned on. In this case, the copter returns to the starting point and in case of restoration of
radio communication, the copter automatically restores control with the remote control. This moment must
be monitored by the pilot, otherwise the copter may crash. Therefore, it is advisable in case of loss of
communication to set the toggle switch on the control panel to GPS Rescue mode. Then, when the radio is
restored, the copter will operate according to the GPS Rescue mode from the remote control and will
automatically return to the start area and can be detected visually with subsequent control from the remote
control.

Keywords: OMNIBUSF4V3, OSD Betaflight, INAV, GPS receiver, FPV, STM32F405, GPS Rescue,
GLONASS, NEO-6M-0-001, Beitian BN-880
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