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PE®EPAT

kBamidikaiiitHoi poOoTu O6akanaBpa «YgockoHalieHHs napamerpiB FPV-apony,

[UIIXOM ONTUMI3alli TPAKTy NPUHOMY - Ilepeadl B pealbHOMY Yaci»

Po6ota mictuts 90 c., 31 pucyHok, 2 ¢popmynu, 6 1oaaTKiB, 22 Kepea.

KimrouoBi cnoma: FPV, BigeomepenaBau, BimeompuiimMau, mnatd, ELRS,
noasipu3artist, AL ¢pinetp, packet rate, renemerpis, diversity.

[Ipenmerom nocinixeHHs kBanidikaniiHoi poooT € komruiekT FPV-npona.
O06’€exTOM JTOCHIIPKEHHS € CUCTeMa MpuiioMy-nepenayi qanux FPV-apony.

Mertoro poOoTH € ynockoHajaeHHs napamerpiB FPV-apony nuisxom ontumis
arfii TpakTy NpuioMy-repeaadi B peaJbHOMY Yaci, 10 BKIIFOYAE MiABUINEHHS SKOCT
1 Ta CTINKOCT1 CUTHAITY 3B'SI3KY.

OnTumizoBaHa cucTema 3B’ 513Ky KoMmIuiekTy FPV-npona no3Bossie He TUTbKU
3a0e3MeunTy MOTPIOHI MapaMeTpy CUTHAIY, a TAKOX SKICHO MMiABUIIUTH
HaJIHHICTh (YHKI[IOHYBAHHS K OKPEMUX €JIEMEHTIB CUCTEMH 3B’ A3KY, TaK 1 KOMILI

exkty FPV-apoHa B 1iiomy.



ABSTRACT

bachelor's thesis "Improving the parameters of FPV-drone by optimizing the

real-time reception and transmission path"

The work contains 90 pages, 31 figures, 2 formulas, 6 appendices, 22 sources.

Keywords: FPV, VTX, VRX, patch, ELRS, polarization, ADC filter, packet
rate, telem ratio, diversity.

The subject of the qualification work is an FPV drone kit. The object of study
Is the data transmission system of the FPV drone.

The purpose of the work is to improve the parameters of the FPV drone by
optimizing the real-time transmission and reception path, including improving the
quality and stability of the communication signal.

The optimized communication system of the FPV drone kit allows not only to
provide the required signal parameters but also to qualitatively improve the
reliability of the functioning of both individual elements of the communication

system and the FPV drone kit as a whole.



HEPEJIIK YMOBHHUX ITO3HAYEHHb, CUMBOJIIB, CKOPOYEHD I
TEPMIHIB

FPV (First Person View) — Bua Biag mepmioi ocoOu, cuUcTema Iepesadi
300pakeHHA 3 KaMepu O€3MIJI0THOIO JITAIBHOIO arnapaTa B peajlbHOMY 4aci

VTX (Video Transmitter) — BigeomepenaBad, mpucTpid s mnepemadi
B1JICOCUTHAIY 3 JPOHA.

VRX (Video Receiver) — BineonpuiimMad, MOpUCTpid IS NpUHAOMY
BiJICOCHUTHAJTY Ha 3€MJIL.

PDB (Power Distribution Board) — ITnata po3mnoainy >KUBJIEHHS, TPUCTPIit
JUTSL pO3TIO/IUTY €JIEKTPOEHEPTii 0 KOMIIOHEHTIB APOHA.

ESC (Electronic Speed Controller) — EnextporHuii peryasTop IBHIKOCTI,
NPUCTPIN ISl KEPYBAaHHS MIBUJIKICTIO 00€pTaHHS MOTOPIB.

RHCP (Right Hand Circular Polarization) — IIpaBoGiuyna Kkpyrosa
TOJISIPU3AILisl, THTI TIOJSPHU3AIlil CHTHAITY.

LHCP (Left Hand Circular Polarization) — JliBoGiuHa Kpyrosa moJsipu3artis,
THII TTOJISIPU3AIlii CUTHAITY.

FEC (Forward Error Correction) — Ilpsme BuIlpaBi€HHS IMOMHJIOK, METOJ
KOPEKIIi1 MIOMUJIOK B MEPEIaHuX TaHUX.

ELRS (ExpressLRS) — Express Long Range System, cucrema s
3a0e3IeueHHs HaiiHOTO 3B'A3KY Ha BEJIMKI BIICTaHI.

ADC Filter (Analog to Digital Converter Filter) — ®insTp anamoroso-
1M (pPOBOTo MEPETBOPIOBAYA.

Packet Rate — Yacrtora makeriB, KUIbKICTh IEpelaHUX ab0 MPUHAHITHX
MaKeTIB JaHUX 3a OJMHUIIIO Yacy.

Telem Ratio (Telemetry Ratio) — BinHomieHHs TeneMeTpii, CITiBBITHOIICHHS
MDX JTaHUMH TeJIEeMEeTpii Ta iHIIMMHY MepeJaHuMHU JaHUMHU.

RSSI (Received Signal Strength Indicator) — IaaukaTop piBHS NPHIAHITOTO
CUTHAY, MOKa3HUK CHJIM OTPUMAHOTO CUTHAITY.

Diversity — BukopucTaHHs KUTBKOX aHTCH JIJIS TIOKPAIICHHS SIKOCTI IPUHAOMY

CUTHAILY.
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BCTVII

VY cyuacHomy cBiTi Oe3nuioTH1 JitanbHi amapatu (BIIJIA), 3oxpema FPV
(First Person View) npoH#, BiIIrpatoTh BaXJIUBY POJb Y pi3HUX chepax qisIbHOCTI,
BKJIIOYAIOYM 3MOMKY 3 TOBITPS, CIIOCTEPEKEHHS 3a JAOPOXKHIM PYXOM, BaHTaXI,
MeIHUYHa JOMOMOra, CUIbChbKE TOCMOJAapCTBO, po3Barv, xo0i, Oe3meka Ta
CIIOCTEPEXKEHHS, OCKUIBKM BOHU HAJal0Th 0arato HaCcTPOIOBAaHUX pIllleHb, SIKi
MOETHYIOTh TPAKTUYHICTH 1 IIBUJIKICTb.

TexHomoriune o0JaiHAHHS JAPOHIB JO3BOJSIE B PEXKUMI PEAIBHOTO 4Yacy
KOHTPOJIIOBATH CUTYaIlil0 B O13HECI OYy/IBEJIbHOI Tally31, ONEPATUBHO aHAJI3yBaTH
IUIONTY BUIMKH B TIpHUYOJ00YBHIM MPOMHUCIOBOCTI, TOYHO BU3HAYATH MICIS IS
BUJOOYTKY Ta TIPOBOJUTH TIONEPEAHIO TMIATOTOBKY. B  eHepreTuii Ta
1HGPaCTPYKTYpi BOHO JI03BOJISIE BU3HAYATH MICIIE3HAXOHKEHHSI JA0PIT, KabemiB Ta
TpyOONpPOBOAIB Uil TOJAJIBIIOTO IUIaHyBaHHSA. ['ymaHiTapHi opraxizaiii
BUKOPUCTOBYIOTh JIPOHM JJii BHU3HAYEHHS MICI[b pO3TalllyBaHHS TaOoOpiB,
IUIAHYBaHHS TPAHCIOPTHUX MapIIPyTiB Ta MOHITOpPUHTY AisuibHOCTL. Ll
oOJlalHaHHS CHpHsE MBUAKIA JOCTABI[l TOBapiB Ta IMOCIYT, a TaAKOXX CTBOPEHHIO
KOMYHIKaIIHHOT 1H()PpacTPpyKTypH B paiioHaX 3 BUCOKOIO HILUTHHICTIO 3a0y/10BH a0o0
Tam, JI¢ BIACYTHIH aBTOMOOiIbHUI TpaHcmopt [1].

JpoHu 17si TpaHCHOPTYBaHHS BUKOHYIOTh Ba)KJIMBI 3aBJAaHHS 3 JOCTABKU
MEIMYHHUX 3acO0iB Ta MPOAYKTIB XapuyyBaHHS Ha BEJIHMKI BIACTaHI ITiI dac
HaJ3BUYAHHUX CHTYyallli Ta IIBUIKUX PATYBAIBHUX omepariii. BoHm Takox
BUKOPUCTOBYIOTHCS B JIOTICTHYHIM Traiy3i sl BUSIBICHHS TIOIIKOKEHB 1 TPIIIUH Y
KOHCTPYKIIISIX CYZ€H, IO TO3BOJISIE aBapiiHUM KOMaHJIaM, TaKUM SIK TTOKESKHHUKH,
IIBUAKO Ta Oe3MmeyHo BTpydyaTHCs B HeOe3meuHi paiionn. J[poHW momomararoTh
BUMIPIOBATH PiBEHb 3HOCY Ha MapIIpyTax aBTOMAaricTpaieu, mepeBiparu Oe3neKy
MOCTIB, TyHEJIIB Ta IHIINX OO'€KTIB, & TAKOX 31MCHIOBATH BHYTPINIHIA KOHTPOJb
JaCTKOBO TONIKOJDKESHUX OY/IIBENb ITiJT Yac CTUXIMHUX JIUX [2].

OnHiero 3 KIIOYOBUX XapakTepucTuk FPV-npoHiB € 31aTHICTD 3a0€31e4yBaTi

BHUCOKOSIKICHY Ta 3aTpUMKy Yy TMepeJadul BiJICOCHUTHAly B PEajJbHOMY 4Yaci MIXK
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JIPOHOM 1 IMyJILTOM KepyBaHHS. L[ 0cOOIMBICTD € BUPIIIATBHOO I €()eKTUBHOCTI
YIPABIIHHS APOHOM 1 O€3MEKHU MOJIbOTIB.

BaxnuBicTe ontumizailii cuctem nepenadi nanux B FPV-aponax 3ymoBiena
noTpeboo B NIABUIIEHHI TOYHOCTI Ta ONMEPATUBHOCTI YIIPABIiHHSA, IO € OCOOIUBO
KPUTUYHUM Y CKIQIHUX yMOBax a00 MiJg Yac BHUCOKOCKOPOCTHHX MAaHEBDIB.
JlocnipkeHHsT mapaMeTpiB CHUCTEMH MpUHOMY-Tiepefadl MOXe BIIKPUTH HOBI
MOJKJIUBOCTI JUIsl TIJBUIICHHS SKOCTI BiJICOCUTHANy, 3MCHIICHHS 3aTPUMOK
nepeqadi JaHUX Ta 3arajJioM MOKpAIIeHHS B3a€MOJIi MK APOHOM Ta OMepaTopoM
[1].

3pocTaHHS BUKOPHCTaHHS KOMEPIIMHMX Ta TIEPCOHAIBHUX JIPOHIB
BUKJIMKAJIO HEOOXIIHICTh MNPUHHATTA 0OararbOX HOPMATHUBHUX aKTIB IS
3armo0iraHHs HEIIACHUM BHUIIQJKaM Ta 3a0C3MCUCHHS YIPABIIHHS JAPOHAMHU TaKHM
YHHOM, 00 IIe HEe cTaHOBWJIO Hebe3meku. He3Baxkaroum Ha Te, 1o Oarato Kpail
cTBopuiu npasuiia o0 bITJIA, 3pocTatoue BUKOPUCTaHHS APOHIB MPU3BOAUTH JI0
TOTO, 1110 TIPaBHUJIa MOCTIHO 3MIHIOIOTHCS Ta BBOASTHCS HOBI. LI mpaBuia pi3HATHCS
3QJIEKHO Bi KpaiHu Ta periony. B Ykpaini, BiamoBigHo A0 nyHKTY 4 posniny II
ABiaIiiHUX TpaBUJ, HEOOXITHO TOTPUMYBATHCH MEBHUX 0OMEXeHb. 3a00POHEHO
JiTaTd OJmKYe 5 KM B 3JITHO-TIOCAAKOBHX CMYT aepojapoMiB abo 3 KM BiX
MalIaHYMKiB/BEPTOJIPOMIB, SIKIIO II€ HE Y3TO/DKEHO 3 eKcIuryaTaHTom. IlomiT
IOBMHEH BUKOHYBAaTHCh He Omkde 500 M BiJ MUIOTOBAaHUX TOBITPSHUX CYCH.
3a00poHEHO 3AIMCHIOBATH MOJBOTH HAJl CKyMYEHHSIMH JIOJEH Ha BIIKPUTOMY
MpOCTOpi, HAA MICHAMH WIUIbHOI 3a0ynoBM 4YM OO0'€KTaMHM TiA JEP’KaBHOIO
O0XOpOHOI0. MakcumaibHa MIBUKICTh OJBOTY APOHOM HE TIOBHHHA MEPEBUIILYBATH
160 km/ToJ1, a MaKCHMaJIbHA BUCOTA MOJILOTY oOMekeHa: 120 M HaJ piBHEM 3€MHOIT
(BostHOT) TIOBEPXHI 1032 CIienialbHUMU 30HaMu 1 50 M HaJl piBHEM 3eMHO1 (BOJHOT)
MOBEPXHI B CHEIIAIbHUX 30HAX, fKIIO 1H(GOPMAIlS MPO CTATyC MOBITPSIHOTO

mpocTopy BincyTHs [3].
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1 AHAJITUYHA YACTHUHA

1.1 BUWJIY FPV-JIPOHIB

Hponu, knacudikoBani 3a kinacamu 250 1 450 BIAMOBITHO O BiJICTaH1 MIXK
JIBOMa CXpEIICHUMH JBUTYHAMHU, MOJUISIOTHCS Ha OJHOPOTOPHI (BEpPTOITHI),
MYJIBTUPOTOPHI (MYJIBTUKONTED), APOHU 3 HEPYXOMUM KpuiioM Ta riopunni VTOL
3 HEPYXOMHUM KPHUJIOM BIAMOBIIHO A0 iXHBOT PI3UYHOT CTPYKTYPH.

OnHOPOTOPHI IPOHU € MAJOTa0aPUTHUMH BEPTOILOTAMU, IOCTYITHUMHU SIK Y
NaJIMBHOMY, TaK 1 B €JICKTPUYHOMY BapiaHTax. BoHWM MarTh nepeBaru, Taki sk
MiJBUIICHA CTAOUIBHICTh 1 3JAaTHICTh JO TPHUBAJIUX IOJBOTIB, aje TaKOXK
CYITPOBOKYIOTHCS TIEBHUMH PU3MKaAMHU Jij1s Oe3mneku [3].

MynbTUKONITEpU € HAWMEHIIMMH, HAWJIErmIMMU Ta HAWMOMIMPEHIIMIUMU
JIpOHAMU Ha PUHKY. BoHM MaioTh OOMEXeHY HalbHICTh MOJIbOTY, MIBHJKICTB,
BUCOTY Ta BaHTAXOIMIIAOMHICTh. 3a3BUYail Il JIPOHM BHUKOPUCTOBYIOTHCS IS
HA3eMHHX CIOCTEPEKEHBb 1 MOXKYTh 3A1MCHIOBATH MONKOTU A0 50 XBUIJIMH, HECY4H
HEBEJIMKE HABAHTAXKEHHS, TaKe IK KaMepa.

MynbTHKONITEpU TOAUISIOTHCS HA YOTHPH OCHOBHI THIHM 3a KUIBKICTIO
MOTOPIB.

Tpukonrepu - ApOHHM 3 TphOMa MOTOpPAMH, IO MOXKYTh 3JIITaTH Ta
NPU3EMJIATUCS BEPTHKAIBHO, MAIOTh ITiCTh CTYMEHIB cBOOOAH M0 ocsiX X—Y—Z. [xus
BapTICTh HUKYA, aJie¢ BOHH HE CUMETPUYHI, 110 € TXHIM HEJJOJIKOM.

KBagpokonTepn - HaWMOMyJSPHINIMKA THUI JOPOHIB, OCHAIICHUN YOTHpMa
MOTOpaMH Ta YOTHpMa MporenepaMu. BoHU MOXyTh MiIHIMATH BaHTaX 0 5 KT 1
3a0€3MeuyI0Th BUCOKY CTa0UTHHICTh TIOJIBOTY 3aBASKH CUMETPUIHIN KOHCTPYKIIIi.

['excakonTepu - APOHHW 3 MIICTBMA MOTOPAMH, fKi 3a0€3MeUYyl0Th BHUCOKY
MPOIYKTUBHICTh HABITH y MIPUMIIICHHAX. BoHM MOXYTh migHiMaT BaHTax 110 10 kr

OKTOKOMNTEPH - IPOHHU 3 BICbMOMa MOTOpPAMH, 3/1aTHI MIJHIMATH BaHTaX 10
25 kr. BoHU BUKOPUCTOBYIOTHCSA ISl BAXKKUX POOIT 3aBIISIKM CBOiM MOTYXKHOCTI Ta

HajiiHOoCTI [4].
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JpoHn 3 HEpyXOMUM KpWJIOM, Ha BIAMIHY Bl MYJbTHUKONTEPIB,
BUKOPUCTOBYIOTh KpHUJa, sIK y 3BUYAITHOTO JIITAaKa, J1s1 CTBOPEHHS MIJHOMHOI CHUJIH.
BoHnu 3Ha4HO edeKTUBHIIII, OCKUTBKU BUTPAYAIOTh CHEPT1IO JIUIIIE ISl pyXY BIIEpe/,
0 J03BOJISIE iM JOJIaTH OUTBINI BIJACTaH1 Ta OXOIUTFOBATH OuIbmni Iuiommi. Jlesxi
MO/ielli Ha OEH3MHOBOMY JIBUTYH1 MOXKYTh 3aJUIIATHCS B MOBITP1 Oubie 16 roauH.

TakuM uuvHOM, BHOIp TUIY JPOHA 3aJ€XKHUTh BiJ CHELM(PIYHUX 3aBJIaHb 1
BUMOI' JI0 TMOJIbOTY, BKJIIOYAIOYM BaHTAXOMIIHOMHICTh, AAJBHICTb 1 YMOBH
excrryarauii. B ganiit  kBamidikamiiiHid  poOOTI  BUKOPUCTOBYBATUMEMO

KBaIPOKONTEP TOMY, 110 MOTPIOHO MAaTH BUCOKY CTAOUIbHICTh MOJBOTY.

1.1.1  OcHogHi enementu FPV-nponis

Kopmyc npona - 11e ocHOBa, i po3MillieHi BCi YacTuHU ApoHa (pucyHok 1.1).
Bin mae qu3zaiin y ctuii «X» 3 4oTUpMa MPOMEHSIMH, 10 BIAXOASATH BiJl CEPEIHBOT
yacTuHU pamu. [Iponenepu, IBUTYHH, aKyMYJISITOP, MOMIIIAIOThCS HA paMi. Bei iHmni
JieTaal 3HAXOMSThCA B KOPITYCi, OCOOJMBO TMOJBOTHUN KOHTPOJIIEP, MepeaBadi i
kamepa. Mogemi F330, F450 1 F550 € HaifOubI1 MpakTHYHUMHU KOPITyCaMH JPOHIB.
HaliBaxxnmuBimmiMu KpUTEPIAMU TPU BHOOpPI IUX paM € TPOCTOTA ITOCTAaBKU
3aI9acTHH, BIAMOBIAHICTD CIIBBIHOIICHHS I[1HA/SIKICTh, TPOYKTUBHICTH, SKY BOHO
3abe3rneuye. He3pakaroun Ha CBOIO BUCOKY IIiHY, ByrJerieBuii marepiaa QAV250 e
OJIHAM 13 KpaliuX KOPITyCiB JIPOHA, OCKUIBKH MaTepiall 3 BYIJICIIEBOTO BOJIOKHA

3MEHIITY€ MOYKJIMBICTh TIOJIOMKH B pa3i maiiHas [5].

Pucynok 1.1 — Kopnyc FPV-npona
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[Iponenep € ogHie0 3 HAWYYTIMUBIIINX YaCTUH APOHA, 1 HOr0 MOXHA JIETKO
MOIIKOAUTH, OCKUTBKH HOTO MOTPIOHO MOCTINHO 3aMIHIOBATH a00 BCTAaHOBIIOBATH.
[Iponenep npona, OyBae pizHux hopm, po3MipiB i MmaTepianis. Ll getani, iki MOKYTh
OyTH JIerko 3MillleH1, 31aMaHi abo miJanl Kopo3ii i yac nojaboTy, MOBUHHI OyTH
nepesipeni. [Iponenepu noBuHHI 00CIyroByBaTHUCs ISl 6€31mepediitHOro MoiboTy.
[Ipo6nemu 3 mponenepaMu MOKYTh BUKIMKATH HEPIBHOMIPHY POOOTY JIBUTYHIB, 110
MPU3BOIUTHL 10 BiOpariii 1 HecTabutbHOTO TONBKOTY. Lle, y cBOrO dyepry, mMoxe
BIUIMHYTH Ha €JEKTPOHIKY JpOHY, 30KpeMa Ha aHTeHH 1 Mpuiimadi, sKi
BiAMOBiZalOTh 3a 3B'a30k. llpomenepw, sIK TPaBUIO, BHUTOTOBISIOTHCA 3
IUTACTUKOBOTO MaTepiaiy, a Bal i liaMeTp TBUHTA € BAKIMBUMH MapaMeTpaMu MpH
3MiHi [5].

JIBUTYH JIpOHAa € OCHOBHOIO JMHAMO-MAIIMHOIO, SIKa 3MYIIy€E MpPOIeIepH
oOepratucs 1 3a0e3neuye JOCTaTHIO TATY Ui MOJbOTY. BUKOpHCTOBYIOTHCS J1Ba
THUIIM OITKOBUX 1 OE3IIITKOBUX JABUTYHIB, SIK1 BIAPI3HSIOTHCS 3aJI€)KHO BiJl pO3MIpY,
Baru Ta HaBaHTakeHHS. II[ITKOBI ABUTYHHM € KpalluMu Jis JIETKUX JPOHIB 1
YaCTKOBO IMOYATKOBOTO PiBHSI, a OE3IIITKOBI IBUTYHHU - JUISI BAXKKHUX 1 TpodeciiHnX
JIPOHIB, 111 IBUTYHHU 3a3BUYall MarOTh MEHIINH BIUIMB Ha FPV 3B's130K, mMOpiBHSHO 3
HiTkoBuMH aBuryHamu (pucyHok 1.2). Ilpu Bu3HAa4YeHHI [OBWIyHAa JIpOHA

BXJIMBHMH TTapaMeTpaMu € po3Mip, podoTa Ta MIBHUAKICTb.

Pucynok 1.2 — JIsurynu FPV-npona

OcHoBHi Buau Oarapeir FPV-apony mitiii-nonimMepHa abo JiTiii-loHHA

Oatapes. barapei ApoHIB BHU3HAYaIOTHCSA K 15-6S BIAMOBIAHO N0 KIIBKOCTI
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eneMeHTiB B OaTtapei. KosxkHOMY enemMeHTy BianoBigae Hanpyra 3,7 BojabTa. Y LbOMY
BUIAJKY |-eeMeHTH1 JiTii-TIoIIMepHI 0aTapei € KpalluMu B JIETKUX JPOHAX-, TOJ1
K 2S 1 OUTbIIE eJIeMEHTHI OaTapei BUKOPUCTOBYIOThCS B JPOHAX, SIKI MOTPEOYIOThH

OLTBII BUCOKOT HanpyrH (pucyHok 1.3) [6].

Pucynok 1.3 — Axamynaropna 6atapest FPV-apona

[TonmboTHUI KOHTpoOEp 3abe3medye HEOOXigHE VYHpPaBIIHHA MIIIXOM
iHTepIpeTamnii CHTHAIIB BiJ pI3HUX, JaTYUKIB 1 npuiiMadiB (pucyHok 1.4).
[TonboTHUI KOHTpOJEP — 1€ APYKOBaHA IIaTa, sika J03BOJISAE IPOHY MEPEeMIIIATUCS
gyepe3 OTpUMaHy HUM iH(opMalriro 3 JaT4rKiB.. BiH mepeTBoproe oTpruMaHi CUTHAIN
B IO JUIS HAJAIITyBaHHS IIBHUJKOCTI Ta HamNpsSMKy, aKTHBaIlli KaMmMepw Ta
BUKOHAHHS 1HIMX KomaHj. [loemHyroum Oarato AaT4MKiB, TaKHX SK TipPOCKOTI,
MarHiTomerp 1 akcenepomerp, 3 GPS, meHtpanpHi mnporecopu yHpaBIiHHS
MOJILOTOM MOXYTh BUKOPHUCTOBYBATH JaHl MPO CTaH, MIBHIKICTh, MOJOXEHHS Ta
HampsMOK JpOHa, 00 KepyBaTH MOJBOTOM 1 POOOTOI0 TPAHCHOPTHOIO 3ac00y

BiAMOBIAHO A0 mnapamerpiB. Ili omepanii KepyrooTbCcsi HaJlallITyBaHHSIMH,
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BU3HAYCHUMH KOPUCTYBA4YCM IICPCH IMOJIBOTOM. IHmm JAaTYUKHW TAKOX AO3BOJIAIOTH

YHHUKATHU TIEPEIIKOJ i 3iTKHEHb i 4ac podoTH [5].

Pucynok 1.4 — ITonsoTHuit kouTponep FPV-apona

Perynstop >xuBnenns (PDB), BcTaHOBIEGHHMII Ha APOHI, IPyKOBaHA ILIaTa
OpraHi3oBye CHJIOBI 3'efHaHHA akymyJaTopiB, ESC Ta iHmux 6opToBux cuctem. Lle
He 00OB'SI3KOBO JISl BCIX JPOHIB, ajie JOTIOMAarae CTBOPUTH OPTraHi30BaHUHN IPOH
(pucynok 1.5). 3okpema, BiH BIiANOBiJa€ 3a PO3MOJLT KUBJICHHS BiJ IMOJBOTHOI
Oatapei 10 KOXKHOTO €JIEKTPOHHOTO PETYJSITOpa MIBUIKOCTI JJIS TJIaTH KepyBaHHS
IpoHOM. Y neskux Bunajakax PDB Tako BUKOPUCTOBYETHCS JJIsl AKUBIICHHS TaKUX

KOMIIOHEHTIB, SIK Kamepa, CBITJIONIOAHI 3a/IHi JTiXTapi Ta KOHTPOJIEP MOIbOTY [6].
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Pucynok 1.5 — bararodynkiionansHa riara ynpasiainias FPV-npona

Sk 1 PDB, enekrponnuit perynstop mBuakocti (ESC) e me onHiero
BAXKITMBOIO YACTHHOIO JPOHA. MOro 3aB/aHHS MOJArae B yIPABIiHHI IIBHIKICTIO
oOepTaHHs eJIeKTPOHHUX NBUTYyHIB. KoxkeH nBUTyH mae BiacHe migkiatoueHns ESC.
Y GarathoX CTaHJAApTHUX YCTAaHOBKAX KOKHa rinka Mae okpemuii ESC. OmHak
netani ESC 4-B-1 Takox TOCTyMHI Ta HAJAOTh Pi3HI MEpeBar.

Kontposep apoHa — 1ie iHCTpYMEHT JJisl KepyBaHHs JpoHoM (pucyHok 1.6).
HaliBaxmBiliow OCOONHMBICTIO KOHTPOJIEPIB € KUIBKICTh KaHajiB. KiTbKicTh
KaHaJIIB Ma€e OyTH TaKOIO XK, SIK 1 TUI KOMaH/IH, 10 TTOAEThCS IPOHY. X04Ua ChOTOIHI
B JIPOHAX B OCHOBHOMY BUKOPHCTOBYEThCS O-KaHAJIbHE YIPABIIHHS, 11€ YUCIIO MOXKE
30UTBIIUTUCS 3 TaKMMH KOMIIOHEHTaMH, sK Kamepu. I[{udpoBuii aucriieir Ha

¢JIEeMEHTaX KepyBaHHs — Iiie OJHa (DYHKI[iSA, KA [TOJIETIIYE BUKOPUCTaHHS [6].
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Pucynok 1.6 — Kontponep FPV-apona

[Tpuitmaui 30upatoTh iHGOpMAIIO (CUTHANIHM) BiJA 30BHINIHIX JKEPEI
(pamionepenaBadiB) 1 mepemarOTh il B MOJIBOTHUNM KOHTPOJIEP, SIKAWA PpO3Ii3HAE
KOMaHJI{ 3 MyJbTa AMCTAHIIMHOTO KEPYBAaHHS Ta JI03BOJSE JAPOHY pyXaTHUCS
(pucynoxk 1.7). Ilpuitmaui, 1m0 BUKOPUCTOBYIOTh PaliOXBUII, 3a0€3MEUyIOTh TyKe
MIBUAKY 1 0e3mepebiitHy nepenady. Sk mpaBuiio, BOHU BUKOPUCTOBYIOTh BOY/IOBaHY
aHTEHY, sIKa J03BOJISIE IPUMATH pajiocurHany. [IpuiiMay MmaTIMe YOTHPU OCHOBHI
KaHaMM JUIS KepyBaHHsA ApoHOM. OJHaK Oarato npuiiMadviB MarTh JOTOMDKHI
KaHaJM 111 BUKOHAHHS NMeBHUX (QyHKIIIH a00 3amycKy pexXuMiB nonboTy. [1'str abo

6-KaHaIbHI PUITMaYi, SIK MPABUIIO, € KpAIIMMH MOJeIsAMU [6].
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Pucynok 1.7 — Ilpuiimau FPV-npona

B FPV-gponax, BimeocucteMu JOCTYIHI B PI3HUX MOJEIAX 1

KOMITOHYBAHHAX, MAKOTb CBO1 YaCTHHU, TaKl sIK BineonepeﬂaBaq, AHTCHA Ta OKYJIAPU

FPV (pucynok 1.8).

Pucynok 1.8— Kamepa FPV-npona

FPV-kamepa BCTaHOBIIOETHCS B TEPEAHIN YaCTHHI JPOHY, a 300pakeHHS 3
KaMepH TepeIatoThCs Ha OKYIsIpr a00 MoHITODp MitoTa. FPV-kamepu OyBaroTh 1BOX
TUNIB: aHajoroBi Ta nudposi [5]. [Ipu BuOOpI Kamepu cCilij BpaxoBYyBaTH TakKi

napametpu, sik tun cencopa (CCP/CMOS), po3mip ceHcopa, AMHAMIYHUH 1ana3oH,


https://www.intechopen.com/chapters/1154922#B5
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cniBBiIHOUIEHHs wupuHH, noie 3opy (FOV), 3arpumka Ta mpoAyKTHBHICTH B
YMOBaX CJIaOKOTO OCBITICHHS [6].

V¥ kamepax BUKOpUCTOBYIOThCS Ba ceHcopu: CCD 1 CMOS. I133-matpuns
OJIHOYACHO 30Mpae JaHI METOJOM CKaHyBaHHS IiKceliB. BiH Mae MeHIMi
KeJNeHui eexT 3aBKY r100anbHIi OUTBIIIN KUTBKOCTI 3HIMKIB, TPOIYKTUBHOCTI
3 PO3MIMPEHUM JTUHAMIYHUM J11alla30HOM, XOpOILIy MPOAYKTHBHICTh B yMOBaX
6ararocBiTiIOBOrO Ta ciaadbkoro ocpitieHHs (WDR), a Takox Kpauum 40pHO-01IUM
nepexonoM, Hixk CMOS. CMOS-cencopu 30uparoTh MNOPSAKOBI AaHl JJIS BCIX
MiKCeJiB Ha TOPU3OHTAJIbHIN 1 BepTUKaAIBHIN ocsix. Llel nmpoiiec Moxke CIPUUHMHUTH
3arpuMkn. CMOS-ceHcopu, Sk MpaBUiio, MOKYTh MaTH CIIOTBOPEHHS 300paxeHHs
3 PYXOMHUM 3aTBOpPOM, TOOTO e€deKT kemne, sikuii BuHukae, koiu CMOS-cercop
30upae maHi pAIOK 3a psAAKoM 13 mmikcemiB. [li gaTyuku MarTh XOpOITy TOYHICTh
nepenadi KOJIbOpYy Ta TPOAYKTUBHICT, MalOTh HHU3bKE CHEPTrOCIOKUBAaHHS Ta
KOIITYIOTh JICIIEBIIIE.

e ogHuM (akTOpoM, IO BIUIMBAE HA SIKICTh 300pa)K€HHS B Kamepax, €
po3Mip ceHcopa. EdexkTuBHICTH poOOTH B yMOBax CjlIabOKOTO OCBITJIICHHS Ta
JMHAMIYHMKM JTiana3oH 3ajexaTh Big po3Mipy ceHcopa. Illo Ourkimmmit po3mip
ceHcopa, TO OUIbIIE TOJIE 30pPY, OCKUIBKH 30UIBIITYETHCS pO3Mip 00'€eKTHBa Ta
IPOJIYKTUBHICTh B YMOBaX CJ1a0KOTo OCBITJICHHS. J[MHAMIYHUH Aiana30H MOKpaIlye
300pakeHHs B SICKpaBUX 1 TEMHUX YMOBaX BIJAIOBIIHO J0 IHTEHCHBHOCTI CBITJA 1
JI03BOJISIE KOPUCTYBaueBi KoMpopTHO OaunTH moTpiOHMiI 00'ekT. Kamepu maroth
JBa CIBBiIHONIEHHS CcTOpiH, 16:9 1 4:3. barato kamep CBOTOJHI MalOTh
perynboBanuii Oanmanc monpiiHOi mupunn. [lone 3opy (FOV) 1 xyT Haxuny €
BOKJIMBUMHU XapaKTEPUCTUKAMH KOpPUCTYyBada. UuM OUIBIINM KYyT, THM CKJIAIHIIIE
mo0aunTH BiAgasieHi 00'€KTH Yepe3 MmosiBy pub'ssqoro oka. Uum MeHiie mose 30py,
TUM OJIvDKYe 1 wiTKime 300pakeHHs [ 6].

3 iHmoro 00Ky, 3MEHIICHHS JOBXHHH 00'€KTHBa a00 30UTBIICHHS PO3MIPY
Matpull 30uiblilye mojie 30py. OnauHuns Bumipy '"MOKC" €  BaXKIHUBOIO
XapaKTEPUCTUKOIO MPU 3OMII1 B YMOBaX HU3bKOT OCBITJICHOCTI, 1 30UIBIIIEHHS LILOTO

3HAQUYEHHS TMOKpallye SKICTb 3HOMKM B YMOBAaX HH3BKOI OCBITJIIEHOCTI. 31
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30UTBIICHHSIM JlaT4YuKa 30UIBIIYEThCA MOro IUIomia, 110 MPU3BOAUTH [0
MOTPAIUISTHHSA OUIBIIOT KUTBKOCTI CBITJIA 1 3HM)KEHHSI IIBUIKOCT1 3HOMKHU.

JlpoHn, Kamepu Ta JaTYMKUA BUSIBJISIIOTH BIIMIHHOCTI, MOJCJIIOBaHHS,
Kiacudikaiiio, po3poOKy Ta 3MIHHU, OCOOJMBO HJi CUIbCHKOTOCTIOIAPCHKUX
3actocyBaHb. IllMpoko BUKOPUCTOBYIOTHCS JaTYMKU 300paKEHHS, Takl SK
yepBoHuid, 3eneHudt 1 cuHid (RGB), a Takox OmkHi 1H(payepBoHi,
MYJIBTUCTIEKTPAJIbHI, TIEPCIEKTPAIbHI, TEIIJIOB1 TATYUKH Ta TATYUKH B1ICTaHI1, TaKl
ak LiDAR 1 nomrykoBo-psatyBanbHi (SAR).

MynbTUCTICKTPATbHAN JAaTUYNK 300PKCHHS JJa€ MOXKIIUBICTb JIETKO BUSBIISATH
BIIMIHHOCTI B I[IJTbOBI1M 30H1 32 JIOTIOMOT'0OF0 CEHCOPIB, YYTJIUBHX JI0 IEBHUX JIOBXKUH
XBWIb Y3[I0BX €JIEKTPOMArHiTHOro crekTpa. Tumu natyukiB 1 (QyHKIIl, 10
BUKOPUCTOBYIOTHCS JIJIS ITIET METH, TIOAUISIOTHCS Ha 3€JIeH], YePBOHI Ta CHH1 BUANMI
CMYTH, YepBOHI Kpai Ta OrKHi iHpadepBoHi [7].

Bunume cBitiio mae noexuHy xBwii B aianaszoni Big 400 mo 700 mm. Bin
BU3HAUA€ pErioHajbHI OCOOJMBOCTI, MOJENIOBAaHHS BHCOT 1 3aCTOCYBaHHS
MiApaxyHKy 00'€KTiB, 0COOIUBO JJIsl CLTLCHKOTOCIIOAPCHKOTO BUKOPUCTAHHS.

UepBonuit kpait: Llentp 717 HM - 1e cmyra, IO BIAMNOBIZAE CMYTI
nporyckanHs 12 aM. VY 1idd cTpidmi npeacTasieHa indopMairis mpo ¢GiTocTepoau i
xsopodia. BiamoBinHO, BiH BUKOPUCTOBYETHCS JIJISL 3I0POB'ST POCIIHH, MIIPAXyHKY
POCIIMH Ta YNPaBIiHHSA BOJHUMHU PECYPCaAMU.

bnwxniit iHGpauepBonuit niamazon (NIR): mentp 842 umM — 1me cmyra, 1o
BIJIMOBIZIa€ MPONYCKHIN 3maTHOCTI 57 HM. Lle BimoOpaxxeHHS BUKOPUCTOBYETHCS B
aHaJi31 IPYHTY, BOJIOTOCTI.

Sk 1 1HII1 CTIEKTpalibHI 300paXkeHHs, TiepCeKTpaIbHa Bidyasizallis 30upae
iHbopMarlito Ta 00poOIIsie T B €IEKTPOMArHITHOMY CHEKTpl. TUM HE MEHII, KpiM
BUJIUMOTO CBITJa, SIKE€ JIIOJCHBKE OKO MOXKE BHSIBUTH B TPHOX Jlama3oHax
(uepBOHOMY, 3€JIC€HOMY 1 CHHBOMY), CIIEKTpajbHa Bi3yami3allis po3risgac 00'eKTH,
BUKOPUCTOBYIOYM IMUPOKY YACTHHY €JIEKTPOMArHiTHOTO CHeKTpa. [HmmMwu
CJIOBaMHU, 3aBJISIKU 11 TEXHILI1, SIKa pO3/UIsi€ 300pakeHHs Ha Oarato cCMyT, BOHA J1a€

MOXJIMBICTh CXOMUTU O0'€KTH Ta iX BJACTUBOCTI B HA0araTo MIMPIIOMY Jlana3oHi
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CMYT, HIX T€, II[0 BUJIHO Ha 3HIMKaX OJHIEI0 KaMepor0. 30KpemMa, 11e TEXHOJIOT s, IKa
MOXe OyTH BUKOpPUCTaHA MpU BUSABIEHHI MI3€MHHUX PECYPCIB Y TIPHUYOI00YBHIN
MIPOMHUCIIOBOCTI, CLIBCBKOMY TOCHOJApPCTBI, MNPO(UIAKTHIIl XBOPOO 1 IMIKIJHUKIB,
BIiCbKOBIN cepi, TernoBid 1H(payepBOHIH TinepcrneKkTpaibHiid Bizyaizalli, Ipu
BUABIJICHH1 0€30apBHUX IIKIJIMBUX PEYOBHUH 1 PEUOBUH O€3 3amaxy B IMOBITPI, B
MUTAaHHSAX €KOJIOT1l, MpH BHIBIECHHI TOKCMYHHUX BIAXOJIB, IO BHUTIKAIOTb.
He3Bakaroun Ha mepeBaru rinepcrneKkTpaibHOi Bidyani3allii, Taki K Bi3yani3alis B
IIUPOKOMY CIIEKTpP1, BOHA YK€ JIOpOra, a CKJIaJH1 Mpolecu oOpoOKU CTAaHOBISATH
3Ha4YHy mpodsieMy [7].

TemnnoBiziitHa cucTeMa — 11e CUCTEMa Bi3yasti3allii, 3aCHOBaHAa HAa HEBUJIUMIii
[Y-eneprii (TemioTi) 1 BU3HAYAE 3arajibHy CTPYKTYPY 300pakeHHS, KOIbOPU Ta
dbopmu, 1m0 popmyroThes BinosiaHO 10 [Y-eHeprii. Y Toif yac sik 3BU4aiiHi Kamepu
CTBOPIOIOTH 300pa)K€HHSI 3aBISKH CBITNIY, TEIUIOBI3IMHI KamMepu CTBOPIOIOTH
300pa’keHHSA 3aBISKH TEILTY.

TennoBi3iitHI KaMepu BUKOPHUCTOBYIOThCS Il KapTorpadyBaHHS KUTbKOCTI
Boau B TpyHTI (SWC) 3anexHo Bim Temreparypu moBepxHi 3emui (LST).
TemnnoBi3iiiHI KaMepu MaloTh OOMEXKEHY IMPOCTOPOBY PO3AUIBHY 3AaTHICTb, IO
4acTO  CHPUYUHSAE  TPYAHOIII HAa  OJHOPIMHMX  JAUISHKAX, TaKUX  SK
CLTBCHKOTOCTIOAAPCHKI YTiI/IsA 3 TOJIUM IPyHTOM. BiH 0COOIMBO BUKOPHUCTOBYETHCS
B CUTBCBKOMY T'OCIIOJIAPCTBI JIJII BU3HAYEHHS IMOTPEO POCIMH Y BOJI, BHSIBICHHS
XBOPOO 1 17151 heHOTUITYBaHHS [ 7].

30ip 1 06poOKa BETUKOTO OOCATY NTaHUX, SKI 30MPAIOTHCS PI3HUMH THIIAMU
JATYHKIB, MOXKE BIUIMHYTH Ha MIPOIYCKHY 3/IaTHICTh KOMYHIKAI[IHHOTO KaHATTy MK
JIpoHOM 1 KoHTposiepoM. [1[06 3abe3neunTn HamAIMHUI 3B'I30K, CHCTEMa mepenadi
JAHUX TTOBUHHA OYTH JOCHUTH IMOTYXKHOIO, 1100 BMIIIYBATH 1 TIEpeAaBaTH I1i TaHi B

peasbHOMY Yaci.

1.2 TEXHOJIOTII FPV-IPOHIB
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1.2.1 PanionokariiiHe NO3UIIOHYBaHHS 1 HOBEPHEHHS 10JIOMY

CyuacHi ApoHu MOXYTb npantoBati B GNSS Ta HECYITyTHUKOBOMY PEKUMAX,
BUKOPUCTOBYIOYM KOMOIHAIIIO TJ100aNbHUX HABITALIMHUX CYMYTHUKOBUX CHUCTEM
(GNSS), takux sk GPS ta 'NIOHACC. g cuctema TouHOi HaBirailii 3abe3mneuye
cTBOpeHHs 3D-kapT, HaBiramito Ta NOUIYKOBO-pATYBajibHI 3aBAaHHs (SAR) mig yac
nonboTy. CyImyTHUKM BHKOPUCTOBYIOTH NepeBaru cymyTHUKiB GNSS, xomu ApoH
BIEPIIIE BMHKAEThCA. Y HBOMY BHKOPHUCTOBYETHCS ~TEXHOJOTISI  Cy3ip's.
CymyTHUKOBE YrpymoBaHHS — II€ TPpyla CHHXPOHI30BAaHUX CYMYTHHUKIB 13 30HAMH
TIOKPHUTTSI, 1110 TIepeKpuBatoThes. BOymoBaHUii KoMMac 103BOJISIE IPOHY Ta CHCTEMI
JUCTAHIITHOTO KepyBaHHS TOYHO 3HATU Micile nojaboTy. Kommac BiakaniOpoBaHuii
IS BCTAHOBJICHHS MIOYAaTKOBOI TOYKK. TakKMM YHHOM, Yy pa3i BTPaTH CUTHATY MiX
JIPOHOM TIOBEPHETHCS TOJIOKCHHS JIPOHA, a CUCTeMa JUCTAHI[IMHOTO KepyBaHHS
Oyne Bu3HaueHa. lle HamamTyBaHHS TakOX BIJOME SIK «BIAMOBOCTIHKa (hYHKITIS».
PanionoxkariifHa TEeXHOJOTIA B JIPOHI TepeBipsie AesKy iHGopMallilo Ha eKpaHi
YIPaBIiHHS TEpeN MOYaTKOM TMOJIbOTY, MiATBEPKYIOUM MPUIATHICTH MOTOYHUX
yMOB i onboTy. Ls iHpopMaliist Bkitouae B cebe Te, 1110 BCTAHOBJICHO 3B'S30K 3
cynytHukamu GNSS, 1 1pon rotosuii 10 noiasoty. Bin Hazae Taky iHpopMalliro, siK
BU3HAYEHHS TTOTOYHOT'O MICIIE3HAXO/KEHHSI, TOBEPHEHHSI JOJIOMY 32 JOTIOMOTOIO
KHOTIKU 3 OY/Ib-SIKO1 MPUYMHU, JOCATHEHHS BCTAHOBJICHOTO HU3BKOTO PIBHS 3apsLy
Oarapei Ta 3anuc mouyaTkoBoi Touku mis GyHkKiii «lloBepHeHHS mog0MY» Y pasi
BTpaTH 3B'SI3Ky MK JTPOHOM Ta IYJIHTOM IUCTAHI[IMHOTO KEpyBaHHA, 1 MOXe 0e3

po0JIeM TIOBEPHYTHUCS y BUXIIHE MOJIOKEHH [8].

1.2.2 TexHOmOriA BUSBICHHS NMEPEIIKO]] 1 YHUKHCHHS 3ITKHCHb

JIpoHM OCHaIIeH1 CUCTeMaMu 3ano0iraHHs 31ITKHEHHSIM 3 MeToro Oe3nekw. L1
CUCTEMH CKJIAJAIOThCs 3 JIATYUKIB, Kl HE CKaHYIOTh HAaBKOJMIIHE CEpPEAOBUIIE, a
BUSIBJISIIOTH Niepenikoau. JlaHi 3 natyuka 30py, yJIbTpa3ByKOBOro, iH(pauyepBOHOTO,

LiDAR, natuuka udacy nonboty (ToF) 1 MOHOKyNISIpHOrO 30py NEpPETBOPIOIOTH
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300paskeHHs B 3D-kapTu, 103BOJISIIOUH TOJTBOTHOMY JAUCIETYEPY BUSBISITH 00'€KT 1
YHUKaTHU #oro. 3a JAOMOMOTOI NPOrpaMHUX aJIroputMiB 1 TexHoiorii SLAM 3
BUKOPUCTAaHHSAM LUX JAHUX BUSBISIOTHCA O-CTOPOHHI NEPEIIKOIU, 1 BXKUBAIOTHCS

HeoOXIaH1 Ail s X 3amo0iranss [8].

1.2.3 TlaTtepHu pyxy ApOHIB

Kpen - 1ie Bich Z Ha nepeaHiit 1 3aaH1M yacTuH1 AponHy. Lle o3Hauae, 1o BiH

obepraeThest HaBKoJIO oci (pucyHok 1.9).

Y AN

Pucynok 1.9— Pyxu FPV-npona

Tanrax - e Bich X, MepeaHbOI 1 3aHBOT YACTUHHU JIPOHY, IO PYyXarOThCS
Bropy 1 BHU3.

Puckanns - me Bick Y, fKa TPOXOAUTH MK BEPXHBOI Ta HUKHBOIO
JaCTHHAMH PaMH, TPOXOITYH Yepe3 EHTP Baru IpoHy. BoHo o3Havyae oOepTanbpHUIMA

pyx 1o oci. [Hmmmu ciaoBamu, 1e pyX nepeHbOi YaCTHHH BIIPaBO-BIIiBO [8].
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1.2.4 Tipockomiyna ctabimizanis, IMU Ta moiasoTHI KOHTpOJIEpU

['ipockon MUTTEBO pearye Ha pi3HYy CHIIY, 110 HAAXOIUTh y APOH, HAJAAI0UH
HEOOX1IHY HaBiramiHy iHdopMallilo [EeHTPAILHOMY AUCHETYEPY TMOJBOTY.
[nepuiitnuii  BuMmiptoBanbHuii 0ok (IMU) Bu3Hauae MOTOYHY MIBUAKICTH
MPUCKOPEHHS 3a JOMOMOIol akceiepomerpa Ta Tipockomna. IMU Bxitouae
Mar”iTOMeTp JJisl KajiOpyBaHHs MPoTU Apeiidy min yac nonsoty. ['ipockomn 1 IMU €
OCHOBHUMM KOMIIOHEHTAMH TOJBOTHOTO KOHTpoOJjepa JpoHa. TexXHOJOoris
ripocKomiyHoi cralbimizalii € OJHMM 13 KOMIIOHEHTIB, fAKUH 3a0e3neuye

O€3MUTOTHUKY IJIABHHUH MOJIT 3aBISKH BUKOPUCTAHHIO BCIX IUX KOMIOHEHTIB [8].

1.2.5 CrtBopennsa 3D-kapt 1 Mmozienei

INnepcnektpanbhi, wMynpTHcHekTpanbhi, LIDAR Ta TemmoBi matyuku
Bi3yatizallii APOHIB CTBOPIOIOTHCS 3a 10MTOMOT010 3D -11udpoBuX MoIeel moBEepxHi
(DSM) OyniBenb, 3emii Ta daHAmadTy, a TaKoX HUGPOBUX KapT BHCOT 3eMIIi
(DEM) [8].

Time-of-Flight (ToF) — ue texnooris Tounoro kaprorpadysanus ta 3D-
300pakKeHHs, SIKa BUIIPOMIHIOE JTY)Ke KOPOTKHH IMITyJIbC iHGPAaYEepBOHOTO CBITJIA Ta
BUMIpIOE Yac oOepTaHHS KOXKHOTO Tikcens naruynka kamepu. Kamepu LiDAR 3i
CHajiaxoM TPOMOHYIOTh PI3HOMAHITHI PIIICHHS IJisi BUMIPIOBaHHS BiJCTaHEH Yy
BII3HATIN ciieHi. TakuM YMHOM, TaKi omeparlii, Ik CKaHyBaHHS 00'€KTIB, YHUKHCHHS
MEPEIIKO/l, BIJICTE)KEHHS Ta pO3Mi3HABaHHS OO0'€KTIB, a TaK0X BHMIPIOBAHHS
00'emiB, cTatOTh MpocTimmmH [ 8].

[lepeTBOpeHHsS 300pa’keHbh Ha KapTH Ta MOJENI TaK camMO BaXKJIWBO, fK 1
OTPUMAaHHS 3HIMKIB 3 JIPOHIB 3 BHCOKOK PO3JUILHOIO 3/aTHICTIO. J[7s 1boTO €,
mporpamae 3a0e3nedeHHs Agisoft Photogrammetry, PhotoScan Ta ESRI

Drone2Map nns 2D/3D kaptorpadyBants Ta 00poOKu 300pakeHb.
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2  KOHCTPYKTOPCBKA YACTHHA

2.1 Cucrema FPV. BaactuBocTi Ta mapametpu

Cucrema FPV (First Person View) BHKOpHUCTOBYEThCS B ApOHAX s
TpaHCHALIT BIIEO 3 JAPOHA HA 3eMJII0 B peaJbHOMY 4Yaci, 110 J03BOJISIE OMEPATOPy
KEepyBaTU HUM 3 BIIIAJICHOT TOYKHU.

Cucrema FPV no3Bonsie mepenaBatu BiieO B PEXKHUMI peajbHOro yacy 3
Kamepu, BctaHoBieHoi Ha FPV-nponi, 1o Bamux FPV-okynspis.

FPV-cucrema cknamaerbcst 3 kamepu, BijieonepeaBada Ta BijeonpuiiMaua.
3a3Buuaii BigeonpuiiMau BOynoBanuii B FPV-okynsapu, ane nis miakiIrO4eHHs 10

cymicaux FPV-okynsipiB Takox AOCTYyIHI OKpeMi BijieonpuimMayi.

2.2 Tumu FPV-cuctem

Icaye nBa Tumu FPV-cuctem: ananorosi ta nudposi (ad6o HD).

OcHoBHa pi3HUIS MDK HU(POBOIO Ta aHAJIOTOBOIO CHUCTEMaMU IMOJIATa€e y
MeTrogax OOpoOKM Ta Tepenadi CUTHaTYy. AHAJIOTOBI CHCTEMH TIepedaroTh
iHpopMaIliio HUIIXOM Oe3MepepBHOIO 3MIHEHHS aMIUNTYId ab0 YacTOTH XBHIIL.
Haromicth, 1mudpoBi cHCTEMH CHOYATKy IEPETBOPIOIOTh CUTHANI Yy OiHapHHI
dopmaT (oIMHUIII Ta HYII), IO JO3BOJISE MepeaaBatu AaHi [9].

AHANOroBl CUTHAIM MiAJAI0THhCS BIUTMBY HABKOJMIIIHBOTO CEPEIOBHINA, IO
MOX€ TPU3BOJWTH JI0 3HIDKCHHS O€3MEpepBHOCTI Ta SKOCTI BIACOMOTOKY. Y
npotuBary, IudpoBi curHaiu, 3okpema Bin cucreM Walksnail 1 DJI, menm
CIPUHHSITINUBI 10 TIEPEIIKOJI, 10 3abe3rnedye CTaOUIbHY SKICTh BIZIEO MPOTITOM
YCBHOT'O MOJIBOTY.

Pizni FPV-cucremn maroTh pizHi MeTomu OOpOOKH 3HWKEHHS CUTHANY. Y
AQHAJIOTOBUX CHUCTEMaxX II€ MPOSABISIETHCS Y BUTISI CTATUYHUX 1 MEPEXTIUBHX
300paxenb. Cucrema HDZero mMoxe BimoOpaxkatu Ouli OJIOKM Ha €KpaHi MpuU

noripimiendi curdainy. Y Walksnail po3nan curHamy nposiBIS€TbCS Yy BHIJISII
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pO3Ma3yBaHHS YEPBOHOTO CBITJIA IO KpasX eKpaHa, 10 CIYTY€E MONEPEHKESHHIM PO
HU3bKUN piBeHb curHany. Cucremu DIJI mpu crnabkoMy curHanai J€MOHCTPYIOTb
0yiokoB1 apTedakTd, IO 3MEHIIye JeTalizaliio, ajne 30epirae MOXJIUBICTb
KepyBaHHs IpoHOM [9].

AHanorora TEXHOJOTIA, SIKA& BHKOPHUCTOBYETHCS TIPOTATOM JIEKLITBKOX
JECATUIITh, € HAUCTAPIIIOO Ta HAHOUIBILI JOCTYITHOIO, BOHA MIATPUMYETHCS B TAKUX
nianazonax yactotr Ak 5,8 I'Tm, 2,4 I'Tu ta 1,2/1,3 I'Tu. udposa TexHomori,
HABITAKH, XOU 1 € HOBIIIOO, 3a0€3Meuye 3HAYHO KpaIlly SKICTh 300paKEHHS.

AmnanoroBa FPV-cucrema He € BJIacCHICTIO JKOJHOT KOMIaHIi, 1110 3a0e3mneuye
BUCOKUU PIBEHb YHIBEPCAJIBHOCTI Ta JOCTYIMHOCTI KOMIIOHEHTIB Ha pUHKY. Taka
CUCTEMa BXKE JCCATHIITTAMH BUKOPUCTOBYEThCS s FPV-npoHiB 1 3amumiaerbes
JOMIHYIOYOI0 depe3 CBOK JOCTYMHICTh Ta IIMPOKANH CIIEKTP CYMICHOTO
oOJ1aTHaHHS.

B nanwuii vac qyist FPV-aponiB noctynui tpu mmudposi FPV-cucremu, Bci BoHU
€ cucremamu 5,8 I'T', 1 o/1HA 3 HUX HE CyMICHA OAMH 3 OJIHUM, OCKUIIbKH BC1 BOHH
€ BIIACHUMH CHCTEMAaMH.

Ocranns mozaens DJI O3 Air Unit BUPI3HSAETHCA MOTYXKHOI KaMeporo, siKa
3abe3reuye SKICTh 300pakKeHHS TOPIBHSAHHY 3 EKIIH-KaMepaMH, MiATPUMYIOUN
po3aineHy 3aaTHICTB 70 1080p pu 100 kagpax Ha CeKyHY, 110 3a0e3Meuye BUCOKY
YITKICTh 300pakeHHs (pucyHOK 2.1). Llg Momens Takok OCHAIIeHa TEXHOJOTIEI0
craburi3amii Bilieo, ONTHMI30BAHOI IS BHCOKOSIKICHOTO BIIOOpPaKCHHS B
TUHAMIYHUX YMOBax. Binctane nepenadi Bileocuraainy Moxke gocsrata 10 kM, mo

POOHUTH CUCTEMY 1/I€aJIBHOIO JIJIS 3aCTOCYBaHHs Ha Beauki Bimcrani [10].
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Pucynok 2.1— DJI O3 Air Unit

[Ipore, cucrema DJI Mae neBH1 HEIOMIKH, 30KpeMa OOMEKEHY CYMICHICTD 13
iHmuMEu O3 Air Unit mae Macy 0mau3bko 40 rpaMiB, 1o Moke OyTH HEONTTUMAIbHUM
JUTsl TOHOYHUX JPOHIB Ta MaiuXx kBaapokontepiB. DJI BukopucToBy€e 1BOCTOPOHHIO
nepenayy JaHuX, 110 3a0e3medyye TMOBTOPHY TMepefady BTpaueHux abo
MOIIKO/KEHUX TMAaKEeTIB JIAHWX, MOKPAIIYIOUH SKICTh 300pa)K€HHs, aje 1€ MOXKe
30UIBIIYBAaTH 3aTPUMKY CHTHAITY.

HDZero npaittoe 3 po3ainbHOO 3aaTHICTIO 720p npu 60 kaapax Ha CEKYHIY
a6o 540p nmpu 90 kanpax Ha cexkyHAy, mo nocrymnaerbes 1080p, ke MPOTOHYIOTH
DJI ta Walksnail, sikicts 300pakenrss HDZero 3Ha4HO mepeBeplye aHaJIOrOBi

CUCTEMH, OCOOJIMBO T YyaC BUKOHAHHS BHCOKOIIBUIKICHMX MaHEBPIB (PHCYHOK

2.2) [11].
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Pucynok 2.2— HDZero

Bucoka 4iTkicTh 300pa)keHHSI J03BOJISI€E TOYHIIIE Ta MIBUIIE BU3HAYATH
00'€KTH, 1110 MiBUINYE e(PEKTUBHICTD YIIPABIIIHHS APOHOM.

Cuctema HDZero Oyna po3poOiieHa 3 METOI MiHIMI3aIlli 3aTpUMKH, IO
JI03BOJIIE  JIOCSATTH HAJA3BMYAWHO IUTABHOTO 1 MaiKe MHUTTEBOTO BIATYKY,
IePEeBEPIIYIOYH HAaBITh aHaI0roBi cuctemu [11].

Cucrema HDZero KOpHUCTYeTbCS TMOMYJSPHICTIO 3aBIAKU (HiKCOBaHIN
satpumili. Ha Bigminy Big cuctem DJI ta Walksnail Avatar, ge 3aTpumMka Moxe
3MIHIOBATHCS B 3aJIKHOCTI Bi/I CHUIM CUTHAITY.

Oxymspu HDZero FPV ocnameni BOymoBanum mnpuiimaueM HDZero i
MIATPUMYIOTh TaKOXX aHayiorosi mpuitmaui, Taki sk TBS Fusion, i cymicHi 3
Walksnail Avatar VRX. Ile pobuts ix yHiBEpCaIbHUMH Ta CYMICHUMH 3 PI3HUMHU
CUCTEMaMH.

Ha Bimminy Big I1HmMHMX OHPPOBUX CHCTEM, 10 BHUKOPUCTOBYIOTH
JBOCTOPOHHIO Tiepeaady ganux, HDZero BUKoprucTOBY€E OJTHOCTOPOHHIH 3B's130K. Lle
O3Hayae, 10 BTpauyeHi a00 MOIIKOIKEHI MAaKeTH JaHUX BIJOOPaKarOThCs HA €KpaHi
y BUMIsA1 "ickop", 110 IMITYIOTh aHalloroBi nepenkoau. Le 3abesneuye gpikcoBany

3aTPUMKY, ajie MOKE BIUIMBATU HA SIKICTh 300pakeHHSI.
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Walksnail Avatar mae cxoxuid npuHuun po6otu 3 DIJI. Walksnail
BUKOPHUCTOBYE IBOCTOPOHHIM 3B'SI30K, 110 I03BOJISIE IOBTOPHO MepejaBaTH BTpaueH1
a00 MOILIKOKEH] MAKETH AaHUX JJi 3a0€3NeUeHHs HaUKpaIo1 sSIKOCT1 300pakeHHs!.
Ile 3abe3neuye BUCOKY SKICTh 300pa’KeHHS, ajie MPU3BOJIUTH 10 30UIBIICHHS Ta

3MIHHOCTI 3aTpuMKH (prcyHok 2.3) [12].

Pucynoxk 2.3— Walksnail Avatar

Hampuxkinmi 2023 poxy Walksnail 3anpoBagus pexum “Race”, sxkuii 3MeHIye
po3ainbHy 37aTHICT, Bigeo 3 720p/1080p mo 540p, muo0 moOKpamuTh
NPOAYKTUBHICTD 3B'SI3KY, MIHIMI3YIOUH 3aTPUMKH Ta CTaOLIi3ytoun ii [12].

[lepeBarm cuctemu Walksnail Avatar BkIFO4arOTh ii YHIBEpCaJIbHICTS,
dbnarmanceki okymsipu Avatar Goggles X, ski miaTpuMyroTh cucteMy Avatar, a
takox aHajmoropy ta HDZero. Cucrema HamiiHO 3axWIIEHa Bij MEPEIIKOJ, Ha

BIZIMIHY B1J] aHAJIOTOBHUX CUCTEM.
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2.3 Paniyc nii Ta npoHukHeHHs curHainy B FPV-cuctemax

JlanbHICTh 1 MPOHUKHEHHS CUTHATY € KPUTUYHO BOKJIMBUMH aCTICKTaMU, SKi
CJIJT BpaxoBYBaTu Npu BUOOp1 MUK pisHUMU FPV-cucremamu. AHanorose Bizeo,
Walksnail, DJI Tta HDZero mnpomnoHywoTh pi3HHWA CTYIiHb JIalbHOCTI Ta
MIPOHUKHEHHS, 3aJI€KHO Bl TEXHOJOT1i, BUXIAHOI MOTY>KHOCTI Ta HaBKOJHUIIHBOTO
cepenosumia [10-12].

Bci FPV-cuctemu 371aTHI TpaioBaTd Ha BEJIUKUX BiJCTaHSAX 3a yYMOBHU
NPAaBWJIBHOTO HAJIAINTYBaHHS AHTCHW Ta BUKOPHCTAHHS BiIMOBITHOT BHUXITHOT
HNOTYKHOCTI.

AHAJIOrOBI CHCTEMH MOXYTh 3a0€3MeUyBaTH HaJIIHHUN 3B'I30K HA BiICTaHIX
10 10-15 kM nipu ONTUMAIBHUX YMOBaX Ta BUKOPUCTAHHI IMOTYKHUX TEepeIaBaviB.
HDZero mae noai0Hy 1anbHICTh 1 IPOHUKHEHHS, AocAratoun npubdanzHo 10 kM, 3a
YMOBH BUKOPHUCTaHHS BIJIOBIIHOT AHTEHH Ta MOTYXKHOCTI nepenasaya a0 1 Br.

Cuctema DJI, 3aBasgxu cBoiif TeXHOJIOTIT 1 BUIIIM MOTY>KHOCTI MeperaBaya,
MO>KE JIOCATATH BiJIcTaHi 10 13 KM y iJIeaIbHUX yMOBAaXx, 3a0€3Meuyroun CTa0lIbHUM
1 SKICHWH Bileo3B'sI30k Ha Benukux BinctaHsx. Walksnail, ska BUKOpHCTOBYE
noaiony g0 DJI TexHosorito, 3/1aTHA TIpaIoBaTH Ha BifacTaHax g0 10 kM, ogHak ii
MakcuMajibHa BUXigHa noTyx)HicTh (1200 MBT) Moxe OyTu MEHII CTaOLIBHOI Y
nopiBasaHi 3 DJI [10].

Walksnail nepeBeprytoTs ananorosi cucremu tTa HDZero. DJI mae nepesary
Hag Walksnail, ockinbku MakcumanbHa ToTyxHICTE Walksnail (1200 mBt) He
3abe3nedye Takoi cTabUTbHOCTI, SIK PO yKTUBHICTH DJI.

HaBxkomnuiHe cepenoBuile MoibOTy TaKOXK Bifirpae BaxxiuBy posib. HDZero
Moke Oyt MeHi edektuBHUM y TopiBHsAHHI 3 DJI Ta Walksnail, konu moBa #ine
PO MPOHWKHEHHS CUTHATY BCepeauHi OymiBenb abo Mpu MaHEBPyBaHHI HABKOJIO
nepemko . He3Bakatoum Ha 11e, BCI Il CHCTEMH MOXYTh MPAIIOBATH HA BEIHKUX
BIICTaHSX y MPsAMIiil BUIMMOCTI, Jocsiratouu moHaja 10 kM 3a yMOB IPaBUJIBHOTO

HayamTyBaHHs anTeHu [10].
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2.4 3arpumku B FPV-cucremax

3aTpuMKa, BigoMma SK ‘‘3aTpUMKa BiJl CKJa J0 CKJa~’, BU3HAYa€ 4ac,
HEOOXITHUH AJid nepeaadi 300pakeHHsl BiJ] KaMEpH J10 €KpaHa OKYJISIPiB.
AmnanoroBi cucremu Ta cucreMu HDZero neMOHCTPYIOTh HaWHUKUY
3aTpUMKY, 3a3Buyail B Mexkax Big 10 g0 20 mMc (oHOBIIEHHsS BCchoro kaapy). Lle
J03BOJIIE TIUIOTaM OTPUMYBATH MaiyK€ MHUTTEBHM BIATYK, IO € BaXJIHUBUM JJIS
TOYHOT'O KepyBaHHS JPOHAMH I1ijl YaC MaHEBPIB Ha BUCOKIH mBuaKocTi [11].
Cucremu DJI ta Walksnail MaroTh nemo BUILY 3aTpUMKY, sIka CTAHOBUTH
npu6smn3Ho Big 30 10 60 Mc, 3aJI€KHO BiJl PO3JIUTIBHOT 3IaTHOCTI Ta YaCTOTH KaJIpiB,
ajie 3arajioM piBeHb 3aTPUMKHU € IPUHHATHUM JJIs1 OUTBIIOCTI KOPUCTYBAyiB, HABIThH
SIKIIIO BiH TPOXH BHIUI MOPIiBHSHO 3 aHAnoroBumu cuctemamu ta HDZero [10].
Takoxx Ba)JIMBO po3pi3HATH PikcoBaHi Ta 3MiHHI 3aTpuMku B FPV -cuctemax.
AnanoroBi cucremu Ta HDZero 3abesmeuyioTh (ikcoBaHy 3aTpUMKY, sKa
3aJIMIIAEThCSl IOCTIMHOIO MPOTATOM YyChOro ModbOTy. HatomicTe, cucremu
Walksnail Ta DJI maroTh 3MiHHY 3aTpUMKy, SKa 3aJ€XKHTh BiJ IMOTY>KHOCTI
BIZICO3B'SI3KY. 3MIHHA 3aTpUMKa JOlOMara€e MiATPUMYBAaTH BHCOKY SIKICTb

300pakeHHs, 10 € OJHIEI0 3 NMPUYMH KPaIIoro NMpoHUKHEHHs curHany y DJI Tta

Walksnail [12].

2.5 Inrepdepentis ta po3nan curnany B FPV-cucremax

AHANOrOBI CUTHAIM € BPa3JIMBUMHU JO TMEPEHIKO] 3 HaBKOJIUITHBOTO
CepelloBHIla, 0 MOXE BIUIMHYTH Ha O€3MEepepBHICTh Ta SIKICTh BiJCOMOTOKY.
[udposi curnanm, 3okpema Big cucrem Walksnail 1 DJI, MeHIIT CXWITbHI 10 BIUTUBY
MePeNIKoI, 3a0e3neuyoyu CTabTbHY SKICTh BIZICO MPOTATOM yChOT'O MOIBOTY.

Koxna FPV-cucrema mae cBOi OCOOIMBOCTI y BHITAJIKy 3HIDKCHHS SIKOCTI
cUTHAITy. B aHaJoroBUX cHCTEMax II€ 4acTO MPOSBISETHCS Y BUTIISAAI CTATHYHUX 1

MEpPEeXTJIMBHX 300pakeHb (pucyHok 2.4) [9].
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PucyHnok 2.4— 3HuKEeHHS SIKOCT1 CUTHAIY B aHaJoroBux cucremax FPV

3o00paxenHs cucremu HDZero mpu moripiieHH1 CUTHATY CTa€ MO3aiqHUM, 3
BEJIMKUMU OJIOKaMU TIKCEIIiB, 0COOIMBO MpHU c1abkoMy curHaii. Brpara kaspis, 110
MPU3BOAUTH [0 TMEPEepPUBYACTOrO BiJ€O Ta BUAMMA 3aTPpUMKa MDK JI€H0 1

BiIOOpaskeHHAM, sIKa MO’KE BILIMBATH HA KePyBaHHS IpoHOM (pUCyHOK 2.5) [9].

Pucynok 2.5— 3umxkenns sxocti curnany B HDZero

Aptedaktn 'y cucremi Walksnail MOXyTh TposSBIATHCS y BUTIIAII
miKcenmizalii, 3aMOpPOKEHOTO 300paKCHHS, BIICTaBaHHS BigeO, KOJIHOPOBI
CIIOTBOPEHHS, PO3PHBIB 300pakeHHs Ta mudpoBoro mymy. Lli sBuma,

BUKJIMKAHI BTpATaMU JIAHUX, TIEPEITKOJaMU CUTHAITY, HAJMIPHOIO KOMITPECIEI0 200
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HEMpaBWIBHUMHU HaJIAIITyBaHHSAMHU, CYTTE€BO MOTIPIIYIOTH SKICTh BIEOMOTOKY,

3HIKYIOYH YITKICTh Ta CTAOUIBHICTh 300pa)kKeHHs. (PUCYHOK 2.6).

ignal:1l Delay: 35ms Bitrate: 4Mbps

Pucynok 2.6— 3nmxkeHHs saxocTi curHany B Walksnail

Aptedaktu y Bigeocuctemi DJI O3 mnposiBisioThess B pi3HUX (opMmax,
BKJIFOYAIOUN TIKCETi3aIlio, 3aTPUMKH KaJIpiB, BiJICTAaBaHHS BiJcO Ta MiHIMI3aIliO
ABUIN TJIIOKIB 3 Koibopamu abo Tekctypamu. DJI O3  Big3HauaeThCs
BJIOCKOHAJICHUMH aJITOPUTMaMU 0OpOOKH CUTHAITY Ta €(PEKTUBHIIIIUM yIPABIIHHSIM
YaCTOTHUMH KaHaJlaMU, 110 CIIPHUSE 3HWKEHHIO BUHUKHEHHS apTe(aKkTiB MOPIBHSIHO

3 cuctemoro Walksnail (pucynoxk 2.7) [9].

Pucynok 2.7— 3umkenns sxocti curaany B DJI
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3  METOJU ONTUMIBALUI TPAKTY ITIPUIIOMY-TIEPE/IAUI FPV-
CUCTEM

[lounHaO4M 3 TEXHOJIOT1 3MEHIIEHHS 3aTPUMKH, TOCTIJKYIOThCS BaXKIUBI
aCHeKTH, 10 BIUIMBAaIOTh Ha PEaKI[il0 Ta KOHTPOJb IiJ 4Yac MOoJbOTiB. Bubip
ONTUMAJIbHUX KaHAIIB Ta 4YaCTOT Mepejadi, BAKOPUCTAHHS BUCOKOSKICHUX aHTEH Ta
npuiiMadiB, a TakKoX po3poOKa HOBMX AHTEHHUX CHCTEM — YyC1 I METOJIu
CHpsIMOBaH1 Ha 3HMKEHHS 3aTPUMKHU Ta MIABUIIEHHS CTaOUIbHOCTI 3B's3Ky. Ilicns
[LOT'0 PO3MISIHYTI MiIXOIX 10 MiABUIIEHHS SIKOCTI CUTHAITY. BUKOpUCTaHHS pi3HUX
TUIIB AHTEH, ONTUMI3AIlisl IXHPOTO PO3TAIllyBaHHS Ta KOMOIHAIliSl aHTEHHUX peJeiB
JI0TIOMara€ MakCHMIi3yBaTH CUTHAJl Ta MOKPAIMTU MPUHAOM Ta Mepenady JaHuX.
Haperri, pPO3TJIAAIOTECS  PO3IIMPEHI  TEXHOJOrli  MOMYJISIII, AK1
BUKOPUCTOBYIOThCSL JJIA MIJBUIICHHS IIBUAKOCTI Tepeaadl JaHUX, KOPEKIii

IMIOMHUJIOK Ta 3SMCHIICHHA 3aTPUMKH.

3.1 TexHoorii 3MeHIIIEHHs 3aTPUMKHU B cucteMax FPV

3MEHIIICHHS 3aTPUMKH Ma€ KpUTHUYHE 3HaueHHs st FPV-ninoriB, ockinbku
HaBITh HE3HAYHA 3aTPUMKA MOKE BIUIMHYTH HA PEAKIIIIO0 Ta KOHTPOJb HAJl TPOHOM.
TexHonorii 3MeHIIIeHHs 3aTPUMKHU BKJIFOYAIOTh HACTYIIHI ACTIEKTH.

Bubip onTumanpbHUX KaHaJIiB Ta YacTOT Mepeaadi J03BOJSE€ YHUKHYTH
KOH(DIIKTIB 1HTEpQEpeHIIii Ta MiABUIIUTH CTaOUTbHICTh 3B'S3Ky. BukopucTtanHs
MEHII 3alHATHUX YaCTOT JIONOMAarae yHUKHYTH TEPEIIKO] Ta 3MEHIIUTH 3aTPUMKY
nepeaadi CUrHany.

BuxopurctaHHS BUCOKOSKICHIX aHTEH Ta MPUIMaviB MOYKE TTOKPAIIUTH SIKICTh
CUTHAJTy Ta 3MECHIIIUTHU 3aTPUMKY, 3a0€3MeuyI0UH MJI0TaM OUTBII TOYHHH 1 ITBUKHAMA
3B'SI30K 3 JPOHOM.

BukopuctanHs BUCOKOIIBUIKICHUX ITU(DPOBUX TEXHOJOTIN Mepenadl, TakKux
aK [UGPOBI CUCTEMHU TMepeAadl BIICOCUTHAIYy Ta MPOTOKOJIM Nepeaadl JaHuX,

3abe3reuye MBUAKY Ta CTA0UIbHY Hepeaady iH(popMallii 3 MEHIIOK 3aTPUMKOIO.
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BukopuctanHs NOTYXKHHUX MPOLIECOPIB JIJIs1 0OpPOOKHU BiIEOCUTHANY Ta JaHUX
JorioMarae 3MeHIIUTHA Yac 0OpOOKH Ta BIJAMOBI/II HA BX1/IHI JaHI.

Po3po0Oka HOBUX aHTEHHUX CHUCTEM 1 TEXHOJIOT1H, SIK1 3a0€3MeUyI0Th OLIBIILY
JANbHICTh MEpeAaul CUTHajdy Ta MEHUIY 3aTPUMKY, € KIIIOUOBUM AacHEeKTOM IS
3MEHILIEeHHs 3aTpuMKu y FPV-nonsorax.

BukopucrtanHsd e(QeKTUBHUX aJrOPUTMIB KOMIIpECIi JaHUX JO3BOJISIE
3MEHIIUTH PO3Mip mepenaBaHux (ailniB 1, BIANOBIAHO, 3HU3UTH 3aTPUMKY IpH
nepenayi.

BrnpoBajpkeHHsT mIBUAKUX Ta €(EKTUBHUX KOJIEKIB JOMOMAarae€ 3MEHIIUTU
3aTpUMKY Mepefadi BineocurHany. BukopucTaHHs anapaTHOro MIPUCKOPEHHS
00poOKM BIZCOMAHUX 3HAYHO IMOKPAIYE 4Yac peakillii CUCTEMU Ta 3MEHIIYeE

3aTPUMKY.

3.2 OmnTumizallis BUKOPUCTaHHs 9acTOTHOTO cniekrpa 5,8 I'T B cuctemax FPV

Icnye monan 100 kanamiB y d4actoTHoMy crektpi 5,8 ITm, ski
BUKOPUCTOBYIOThCS aHajoropumu Ta nudposumu FPV-cucremamu (DJI, FPV Ta
Shark Byte). Po3yMmiHHs po3TallyBaHHS KaHATIB y I[bOMY CIEKTpPi, iXHBOI CMYTH
IIPOITYCKaHHS Ta BiJICTaHI MK HUMU J03BOJISI€E YHUKHYTH B1JCOTICPEIIIKOI.

3a3BHyail BUKOPUCTOBYIOThCS aHanmorosi maiama3zonu 5,8 I'T: A, B, E, Fi1R.
Xo4Ja JesKi KaHaJd MOXKYTh BHAABATH OUIBITY MOTYXHICTh, HIK 1HIII, IO MOYKHA
MEPEeBIPUTH 3a JIONMOMOTOI0 PaaioYaCTOTHOTO BHUMIpIOBaya MOTYXKHOCTI, SK-OT
ImmersionRC [13].

[Ipy MOOAWHOKUX TMONBOTAX, MOXKHA BUKOPHUCTOBYBATH Oy/b-SIKHWA KaHaJ.
[IpoTe mpu MoMBOTaX y TPYMi BaXKIMWBO 3HATH, SIKI YACTOTH BUKOPUCTOBYIOTH 1HIII
MiJ0TH, 00 MIHIMI3yBaTH mepemkoau. Bubip kaHay, 10 3HaXOIUTHCS SKOMOTA
Jai BiJ 3aifHATHX 4acTOT, JOTIOMOXE YHUKHYTH KOH(IIIKTIB (n01aTtok B).

Kpim Toro, BctaHoBIeHHS BUX1HOI OTy»)HOCT1 200 MBT 200 Hikue (25 MBT
JUISl TIOJIBOTIB y MPUMIIIEHH]) 1 BUKOPUCTaHHS aHTEH 3 PI3HOI0 MOJISApU3AIIEI0

(RHCP Tta LHCP) Ttakox 3MeHIIye mnepemkoad. Bubip aHTeH 3 XOpouum
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KOe(]IIIEHTOM aKCIaJbHOTO CHIBBIIHOIICHHS CIPHUS€ BIAXUIECHHIO CUTHAJIB BiJ

NPOTHJICIKHO MOJIIPU30BAHUX aHTEH Ta OararonpoMeHeBux nepemkos [13].

3.3 VYcyHeHHs eNeKTpUYHUX NEPeLIKo]] y cucTeMi xkuBiieHHsa FPV-aponax

JBurynu Ta perynstopu mBuiakocti (ESC) moxyTh reHepyBatu 3HAaYHI
CIEKTPUYHI TMEPEIIKOJN Y CUCTEMI KHUBJICHHS, II0 MOXXE TPU3BOJUTH JO TOSBH
myMiB 'y Bigeonoroui FPV. Skmo xusnenuss FPV-oOGnannanss, Takoro sk
nepeaanay Bifgeo (VTX) 1 kaMmepa, 311MCHIOETBCS 6€3MocepeHRO BiJl aKyMYJIsTOPA,
1€ MOK€ BUKJIMKATU €JICKTPUYHI MEPEIIKOAH, SIK1 BUSBISIOTHCS Y BUIIISA1 OLTHX
JiHIA a00 MEpEXTIHHS Ha eKpaHi.

JIJ1st ycyHEeHHs Ta 3a1o0iranHs UM Ipo0IeMaM peKOMEHTYEThCSI BCTAHOBUTH
KOHCHCATOPH 3 HU3BKUM C€KBiBAJICHTHUM TociiioBHUM oropoM (ESR) y cuctemy
KUBJIeHHS. Taki KOHIEHCATOPH JONOMAraloTh 3MEHIIUTH EJIEKTPUYHHUMA IIIyM,
ctBoptoBanuii ESC 1 nBuryHamu, BUKOHYIOUH POJb (UIBTPIB, IO 3IJIAJKYIOThH
nmyJibcarlii HalpyTy Ta 3a0e3MeYy0Th OUTBIIT YUCTHH BiIE€OCUTHA.

KpiM Toro, BaxxJIMBO ONTHMI3yBaTH KEpyBaHHS MPOBOJIKOIO, 3a3€MJICHHSM 1
PO3IOALIIOM eJIeKTpoeHeprii. JIpoTu BieOCUTHAIY Ta >KUBJIECHHS IOBHUHHI OyTH
po3TalioBaHi sSKOMOTra Jajdi OJWH Bi OAHOTO. BuKopHCTaHHA KpydeHHX abo
€KpaHOBaHMX KaOellB MOXe MIHIMI3yBaTH €JICKTPOMAarHiTHI  TIEPEIIKOIH.
[IpaBunbHE 3a3eMJICHHS Ta KEPYBaHHS MPOBOJKOIO CHPUSIIOTH 3HIKCHHIO PIBHS
IIYMY y BiI€OMOTOII].

3acTtocyBaHHs CleliadbHUX cTabinizatopiB Hanpyru abo LC-bineTpiB s
xuBieHHs VTX 1 kaMepu TaKOX JOTOMarae 3HU3UTH PIBEHB IITyMY Ta CTa0UTi3yBaTH
JoKepeno skuBiIeHHA. lle crpuse oTpuMaHHIO OUIBIT YHCTOrO 1 CTabUIBHOTO
Bi/IEONOTOKY. TakuM YHHOM, TOTPUMAHHSI ITUX 3aX0JliB 3a0€3MeUnTh Kpamly sSKiCTh

BiJIEONIOTOKY Ta cTabuTbHY poboTy FPV-001annanns.
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3.4 IligBuIIEHHS MOTY>KHOCTI BieonepeaaBaya 1uist 30UIbIIEHHS pajalycy il B

FPV-cucremax

3aranom, 30UIbIIEHHS BUXIIHOI MOTYKHOCTI nepenaBaya (VTX) 3abe3neuye
OutbIMi paaiyc Ail curHany. OHaK, e CYIPOBOIKYEThCS MEBHUMH HEJOJIKaAMHU,
TaKUMM $K TM1IBUIIEHE HarpiBaHHS TIepelaBaya Ta MOXJIMBICTh CTBOPEHHS
NEPelIKoJ I IHIIMX KOpucTyBaudiB. KpiM Toro, y pi3HHX KpaiHax ICHYIOTb
3aKOHOJABYl OOMEXKEHHS II0J0 MAaKCHUMaJbHOI JOMYCTUMOI TOTYXKHOCTI
nepeaaBayva B gaiamasoni 5,8 I'Ty [13].

BinmoBimHO 40 3aKOHY 3BOPOTHOTO KBajapara, IOTYXHICTh CHUTHATY
3MEHIITYETHCS KBAAPATUIHO 3 BijicTaHH!O. Lle 03Havae, 1110 301IbIIeHHS TOTYKHOCTI
nepesaBava B JBa pa3u MpHU3Bee 10 30UIbIICHHS CHIIM CUTHATY B YOTHUPU pa3u Ha
TIHA caMi# BiJICTaHI.

[ToTyxHicTh y 25 MBT € onTuManbHOIO 1S OJIBOTIB y IPUMIIIICHH] Ta JJIsI
BUKOPUCTaHHS HAa TOHOYHHMX Tpacax, 3a0e3leuyroud JOCTaTHIN paniyc Ail ass
OutbmocTi cueHapiiB. sl TONBOTIB Ha BIIKPUTOMY TOBITp1  3a3BUYaAl
BUKOPHUCTOBYIOTh BUIILY BUXIIHY MOTYXHICTh JJisl 3a0€3MeUeHHs HaIITHOTO 3B’ 13Ky
Ha OuTbmIii Bimcrani. OJHAK Ciil BpaXOBYBaTH, IO 30UIBIICHHS MOTYKHOCTI HE
3aBXKIU TIPU3BOJUTH JI0 MPOIOPIIKHOTO 30UThIICHHS paaiycy aii. Jis moaBoeHHS
paziycy aii HOTpiOHO B YOTHPH pa3u Oiiblie MOTYKHOCTI [14].

[linpumena  BUXigHA  MOTYXXHICTh  NMPU3BOJAWTH  JO  30UIBIICHHS
TEIUTOBHIUICHHS, IO MOKE€ BHUKJIMKATH TEPETpiB IepeaaBava, 3HIKYIOUH HOTO
MPOIYKTUBHICTh a00 HaBITh MPU3BOASYM IO MOTO BUMKHEHHS y €KCTPEeMallbHUX
BUIAKaX. BUKOpUCTaHHS BHCOKOT MOTYXKHOCTI TaKOXK MOXe OyTH Hee(heKTHBHUM
y CepeIOBUINAX 31 3SHAYHUMH 0araTornpoMEHEBUMU NEPEIIKOAMU, TAKUX SK Tapaxi
a0o0 CTaJioOHU, e CUTHAIH BiIOMBAIOTHCS Bil OCTOHHUX a00 METAJIEBUX TOBEPXOHb.
VY TakuX yMOBax JIOIUIBbHINIE BAKOPUCTOBYBATH MEHIITY BUXIIHY MOTYKHICTh [ 14].

[Tlin wac TpymoBHX TOJIBOTIB PEKOMEHIYEThCS YHHKATH BHKOPUCTAHHS
MOTYXXHUX TepeJaBadiB, OCKUIBKA BOHU MOXYTh CTBOPIOBATH TMEPEIIKOAN Y

B1JICOMOTOII1 1HIIUX MUIOTIB, YCKJIQJIHIOIOUN CIUIBHHUHN MOJIT. BUKOPHUCTOBYIOTHCS
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nepenasayi 10 25 MBT noTykHOCTI 1 3a0€31e4eHHs 0€3MePENIKOIHOTO MOIbOTY

JUTSL BCIX YYaCHHKIB.
3.5 [linBuIlEeHHS AKOCT1 CUTHANY 3a paxyHok FPV-anTen

3a0e3nedeHHst cTabUIbHOIO Ta HaJIdHOTO 3B'I3Ky min yac FPV-nonboTiB €
KPUTUYHO BaXXJIMBUM 3aBJIaHHSAM, L0 BHMAara€ 3acTOCYBaHHS PI3HOMAaHITHUX
TEXHOJOTIYHUX MIAXO01B. BUKOpUCTaHHS BUCOKOSIKICHUX AHTEH MOXE€ 3HAa4yHO
NOKPAILUTU SIKICTh CUTHAIly, 3a0€3Meuyloun Kpaluil npuiioM 1 nepefady JaHuX.
AKTHUBHI aHT€HHM 3 TJICHIIOBaYaMH 0CO0IMBO €(heKTUBHI JJ1s1 3a0€3MeUeHHS 3B'I3KY
Ha BeJMKHX BijcTansax [13].

PiBeHb curHamy npuiHATOrO0 aHTEHHOIO PO3PAXOBYETHCS 32 (HOPMYJIOHO:

P = P; + G, + G, — (2010gy0(d) + 20 log;o(f) + 20log;o (<)) 3.1

ne:

P; - moTyxHicTh niepenanoro curHany (1bM);
G; - IOTY>XHICTb TIepeiaHoro curuany (ab);
G, - TOTYXHICTh NepeiaHoro curany (ab);
d - HOTYXKHICTh TIEpEeAaHOr0 CUTHATY (M);

f -moryxHicth nepemxadoro curany (I'm);

C -TIOTYXKHICTh TIepeJaHOT0 CUTHAIY (M/c);

I[Ipu BuGOpi antenu s FPV-cuctem ronoBHMUM mapameTrpoM € ii
CIIPSIMOBAHICTB, sIKa MOXKe OyTH BCECIIPSIMOBAHOIO 200 CIIPSIMOBAHOTO.

BcecnipsimoBani  anTeHM 3a0e3MedyloTh PIBHOMIpHE BHUIIPOMIHIOBAHHS
pamioXBUJIb B YCIX HAmNpSMKax, M0 POOUTH iX iMeaTbHUMHU JJIS TOBCSKICHHHUX
MOJIBOTIB, 3a0e3meuyroun CTaOUTbHE TOKPHUTTS HABKOJIO MUTOTa. Taki aHTCHH
CTBOPIOIOTh HAAIMHHUIN 3B'SI30K HE3aJCKHO BIJ TOJOXKEHHS JIPOHY BIIHOCHO

oreparopa [13].
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CrpsiMOBaH1 aHTEHH, HABIAKH, KOHIIEHTPYIOTh PaalOXBUJIlI B OJHOMY
HaIpsIMKY, 10 JI03BOJISIE JOCSTTU OUIBIIOI JATbHOCTI 1 CTaOUIBHOCTI CUTHaNY B
KOHKPETHOMY HAmpsIMKy. BOHM 4acTO BUKOPHUCTOBYIOTBhCS Ha MpUiMadax pa3oMm 3
BCeCHpsIMOBaHUMHU ab0  OaraTOHampaBJICHWMH aHTEHAMH, IO  JO3BOJIIE
3a0€3MeuYnTd TOKPUTTA HEOOXIIHHUX KYTIB 1 MaKCHUMaJbHO €(EeKTUBHO
BUKOPHCTOBYBATH PaJi0YacTOTHHI pecypc.

[ToeqHaHHS PI3HUX THITIB aHTEH, 3aJ€KHO BiJl yMOB MOJBOTY Ta BUMOT JIO
3B'SI3KY, JI03BOJISIE ONTUMI3YBATH SIKICTh CHUTHAIY Ta 3a0€3MEeYUTH CTaOUIbHY 1
HaIIHY Mepeavy JaHuX MK JIPOHOM Ta onepaTtopom (moaatok ).

OnTumizaiiss po3TallyBaHHS aHTEH Ha JPOHI Ta MpUAMayl TaKOX CIPHUSE
MaKCUMaJIbHOMY BUKOPHCTAHHIO CHTHATY Ta 3a0e3ledye ONTHUMAIbHY SKICTh
3B'SI3KY.

[longpu3zariiss aHTEeH € KIOYOBUM IMapaMeTpoM Yy Kiacudikaiii aHTeH aJs
FPV-cuctem. Po3pi3HsAIOTH 1Ba OCHOBHHMX THITH TOJISIPU3Allii: JIIHIHHA MOJspr3aIis
(LP) Ta xpyroBa momsapuzaiis (CP). Cepen KpyroBux IMOJSIPU30BAaHUX aHTEH
pPO3pi3HAIOTH JiBY kpyroBy nossipu3aiito (LHCP) 1 mpaBy kpyroBy mosispu3zaiiito
(RHCP) (momaToxk [I).

JlinifiHa oJIsIpHU3allisi 3aCTOCOBYEThCS Y 0araTbox 0a30BHX aHTEHAX, TAKUX K
JTUTIONBHI aHTEHHM, SIKI 9acTO BUKOPUCTOBYIOThCS 3 BinmeornepenaBadamu (VTX) Ta
BineonpuiiMauamu (VRX), a takox y moOyroBux Wi-Fi mpuctposix. Curnan 3
JTHIAHOIO TOJSPHU3AIIEI0 KOMHBAETHCS a00 TOPU30HTAIBHO, a00 BEPTHKAIHHO B
OJTHIH TUTOIMHI i Yac Horo momupeHHs [15].

KpyroBa momspuzamiss mnepeabadae mepenady CHTHajiIiB OJHOYACHO B
TOPU3OHTANBHIN Ta BEPTUKAIBHIN MIomMUHAX 31 3cyBoM (pa3u Ha 90 rpamycis, 1m0
CTBOPIOE CITIpaIeToIIOHNH Bi3epyHOK. BaX TMBUM acieKTOM KPYyroBOi MOJSpU3allii
€ HAMIPSIMOK 00€pTaHHA PaliOXBIIIb, SIKUW Moke OyTH paBocTtopoHHIM (RHCP) abo
niBoctoporHiMm (LHCP). Jlns 3abe3nedeHHss ONTUMAanbHOI SKOCTI CHUTHAITY
nepeIaBaibHa Ta MpUHAMadbHA AHTEHW TOBWHHI MaTH OJHAKOBY TOJSPHU3AIIIIO.

BukopucrtanHs pi3HUX NoJispU3allii mpu3Bee 10 3HAYHOI BTPATH CUTHAIY.
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Kpyrosi nosnspuzoBani anteHu € kpamumu st FPV-npoHiB 3 KiIbKOX
npuunH. [lo-mepie, BOHM MEHII YYyTJIWBI 70 0araTOMPOMEHEBUX IEPEITKO
MOPIBHSAHO 3 JIIHIMHO NOJIsIpU30BaHUMU aHTeHaMmHu. [lo-apyre, BoHU 3a0€3MeuyroTh
CTAOUThHUN CUTHAJI HE3AJIC)KHO BIJ Opl€HTAlll] JPOHA, SIKUI MOCTIMHO 00epTaAEThCS
HABKOJIO BCIX TPhOX OCEH, 10 pOOUTh HEMOXJIMBHM MIATPUMAHHS 11€aJIbHOTO
BUPIBHIOBAaHHS JiHIHHMX aHTeH [15].

JIiHIiHO TOJIAPU30BAaHI AHTEHW, XOY 1 BIAPIZHSIOTHCS KOHCTPYKTHBHOIO
IPOCTOTO, MEHII MiAXoAATh At FPV-npoHiB yepe3 iXHIO Bpa3IMBICTH A0 BTpPAT
CUTHaAJy MpH 3MiHI opieHTanii. BoHu, sk mpaBuio, MeHIi, JIeTII, JEHIeBIl Ta
OpOCTIII Y BHUIOTOBJICHHI, 110 POOUTH iX 3pPYYHUMH JJIS 3aCTOCYBaHHS B
paJioOKepOBaHMUX JIiTaKax, aBTOMOOLIIX, 4YoBHaxX Tomio. OJHaK iX mepeBara y
JTATBHOCTI PIIKO peai3yeThCsl Yepe3 0araTonmpoMeHEB MEePEITKO/IH.

Kpyrosi monspu3oBaHi aHTEHM, HaBMNAaKW, 3a0€3MeUylOTh CTaOLIbHE
NEPEKPUTTS. CUTHATY HE3aJIeKHO BiJ Opl€eHTAIli ApoHA BIJHOCHO MPUHAMAIbHOI
aHTEeHH, 110 POOUTH iX cTanAaapToMm 11t FPV-nponi. BoHu Takok MarOTh 31aTHICTh
BIIKMAATH 0araTOMpOMEHEBI MEPEIIKOIH, 110 BUHUKAIOTh Yepe3 BIAOUTTS CUTHATY
BiJl 00'€KTIB, TAKUX K CTIHU Ta 3€MJIS, Ta MPU3BOAATH JI0 PI3HUX BUJIIB IIYMY B
aHaJIoroBoMy BifeomoToiti [15].

L{i mepeBaru poOJATh KPYroBi MOJSIPU30BaHI AHTEHU ONITUMAaJILHUM BHOOPOM
U1 3a0e31eueHHs cTabiIbHOTO Ta HaAiitHOTO 3B's13Ky Y FPV -cucremax.

3acTocyBaHHSI aHTEHHUX peEJIeiB MIABUIINYE NaIbHICTh 3B'I3KYy Ta PO3IIUPIOE
30HY TOKpUTTA. BuKopuCcTaHHS po3raiay’KyBadiB, 10 MiIKIIOYAIOTh KUTbKa aHTCH
70 OJTHOTO mMpuiiMaya abo TepenaBada, IOTIOMAarae 3MEHIIUTH BTPATH CUTHAIY.
MiniMizallis mepemnko/1 Ta iHTepdepeHIii, MUITXoOM YHHUKAHHS JHKEPeN MEPEIKo/I,
TaKHUX K METaJeBl KOHCTPYKIlii abo iHIT Oe3pOTOBI MPUCTPOTi, 3a0e3medye OUTbII
CTaOUTbHUH 3B'SI30K.

Kpyrosi momsipu3oBaHi aHTEHW TONUIAIOTHCS Ha JIIBOCTOPOHHI Ta
npaBoctoponHi (RHCP). Jlns onTumanbHOro (QyHKIIOHYBaHHS IepejaBad 1
npuiiMad MOBUHHI MaTH aHTEHU 3 OJIHAKOBOIO MOJISIPU3ALII€I0, 1HAKIIE € MOXKE

CHPUYMHUTU 3HauHy BTpary curHaiy. lle oOymoBineHo tum, mo anteHa LHCP
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Binxunsie curdHan anteHn RHCP, 1 naBmaku. CTymiHb [BOTO BIAXHJICHHS
BHU3HAYA€THCA OCHOBUM CITIBBIAHOIIEHHSM AHTEH.

AHTEHH 3 KpYTrOBOIO TMOJIAPU3ALI€I0 MOXYTh BHKOPHUCTOBYBATU IIIO
BJIACTUBICTH [JIs1 3MEHILEHHS BIUIMBY OaraTtonpomMeHeBHX 3aBaj. lIpu BinOWTTI
curHairy CP Big 00'ekTa 3MIHIOEThCSI HANPAMOK Horo nossipuzanii. Aurena LHCP
Binkuaae curian RHCP 1 HaBmaku, 1o 3MeHIye nepexpecHy nossipusaiito. Kpim
TOT0, BAKOPUCTAHHS PI3HUX MOJSpHU3aIliil aHTSH ABOMA IMIJTOTaMu (OJMH 3 aHTEHAMHU
LHCP, inmuii 3 RHCP) 3MeHnye B3aeMH1 NEPEIKoId MIXK iXHIMU CUTHAJIAMHU.

KoedimienT mnigcuneHHss aHTeHW BU3HA4Ya€ €QEKTUBHICTh CIPSIMOBAHOI
aHTCHU B MEBHOMY HAMpPSIMKY MOPIBHAHO 3 i30TPOIHUM BUIPOMIHIOBAUYEM, SKHUI
BUIIPOMIHIOE OJHAKOBO B YcCiX HampsMmkax. Lleit koedillleHT BUMIPIOETHCA B
neuubenax (nb) 1 Bu3Hauae paniyc Aii aHTEHH Ta KyT ii mOKpUTTs [15].

Bucoke mijcuieHHs: aHTeHU 3a3BUYall BKa3ye Ha OUIbIIY JalbHICTh 11, OJTHAK
BOHO CYIPOBOJIKYETHCS 30UTBIICHHSIM CIPSIMOBAHOCTI Ta 3MEHIICHHSIM IIUPUHU
npomeHs. KoedimieHT MiCHUIEHHS aHTEHU 3MIHIOE Jiarpamy CIPSMOBAHOCTI, sKa
BIIOOpaKAaeThCsl B TEXHIUHIM JIOKYMEHTaIlli aHTeHHW. [l aHTeH mepemaBada
BIJICOCUTHAJTY 3a3BUYAll PEKOMEHIYETHCSI BUKOPUCTOBYBATH BCECTIPSIMOBAH1 aHTEHU
3 HU3bKUM KOE(]IIlIEHTOM MiJACWICHHS, 1100 3a0e3MeunTr Kpaiie MOKPUTTSI B YCIX
HanpsIMKax HaBKOJIO ApoHa. /[ aHTeH mpuiiMada BilE€OCUTHATY PEKOMEHIYEThCS
BUKOPHUCTOBYBAaTH KOMOIHAIIIIO BCECTIPAMOBAHOI aHTEHH 3 HU3BKHUM KOE(IiIlIEHTOM
MiJCWICHHS Ta CHPSIMOBAHOI aHTEHU 3 cepeaHiM ab0 BHCOKHUM KOE(IIi€EHTOM
MIJCUJICHHS, 100 TTOETHATH TIepeBaru 000X THUIIIB aHTCH.

KoedimienT mocuieHHs aHTEHH 3 BUKOPHUCTAHHIM €(EKTHBHOI amepTypu

PO3PaxoBYETHCS 32 (POPMYIIOIO:

G = 10log () 3.2

ae.
A — ebexTHBHA anepTypa aHTeHH (M2);

A — TOBXWHA XBWII B METpPax (M).
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Perynspue oOcnyroByBaHHSI Ta OHOBJIEHHS aHTEH 1 IHIIOTO OOJaAHAHHS €
BOXJIMBUM JJI HiATPUMAHHS ONTHUMAIbHOI MpPale3AaTHOCTI Ta SKOCTI CUTHAIY.
BnpoBamkeHHss nMxX MOIAXOJIB CHPUSiE€ MIABUIIEHHIO $KOCTI curHany y FPV-
MOJIbOTAX, 1110 3a0e3euye OUIbIl CTAOUILHUI Ta HAaJIMHUN 3B'A30K MK IPOHOM Ta

HLJIOTOM.

3.6 Poszmupeni TexHonorii moaynsuii y cucremax FPV

Posmmpeni TexHoaorii MoAy i, 110 BUKOPUCTOBYIOThCS y cucteMax FPV
nepefavi CUTHalTy, COpPsIMOBaHI Ha IMIABUINEHHS IIBUIAKOCTI Tepeaadl JaHUX,
MOKPAIIIEHHST CTa0LIBLHOCTI 3B'A3Ky Ta 3MCHIICHHS 3aTPpUMKH. Y cydacHux FPV-
CUCTeMax I[l TEXHOJIOT11 BIAIrpaloTh KIIFOUOBY POJib, 320€31€UyI0YM BUCOKHI PIBEHb
HaAIMHOCTI Ta €(h)eKTUBHOCTI 3B'A3KY.

Hudposi nporokomnu, Taki sik D8, D16, FPort, 3a6e3neuytoTh 3HaYHO BUIILY
MIBUJKICTh TIepefadi JaHuX 1 OUIbIl CTaOUTbHMM 3B'SI30K Y TOPIBHSAHHI 3
aHanoropumu cuctemamu. [Iporokon D8 BukopuctoBye § kaHamiB [JjIs mepesadi
JIaHuX 1 3a0e3nedye BUCOKY IIBHIKICThH TEpe/iayl 3 HEBEJIUKOI 3aTPUMKOIO, 110 €
KpUTHYHO BaXJuBUM sl FPV-cuctem. [IpoTokon D16 po3imuproe MOKIUBOCTI 10
16 xaHajiB, MO3BOJISIOUM TIEpeaaBaTH OLIbIIE JMAaHWX OJHOYACHO, IO IMiJABHUIIYE
SKICTh 3B'I3Ky 1 3a0e3medye nomaTkoBi ¢GyHKII, Taki Sk TenemeTpis. [Iporokon
FPort inTerpye curHamu ympaBlliHHS Ta TeleMeTpli B OAMH KaHaj, 3MEHIITYIOYH
3aTPUMKY 1 CITPOIIYIOUM HAJIAIMTYBaHHS cuctemu [16].

ExpressLRS (Extremely Low Latency Radio System) e onHi€ero 3 HaiOLIBII
nporpecuBHUX cuctem it FPV. Ll cucteMa BUKOPHCTOBY€E HAMHOBIIIT TEXHOJIOTIT
MOIYJIAIT Ta MPOTOKOJIM TIepeadil JaHuX JUIst 3a0e3MmedeHHs] HATHU3bKO1 3aTPUMKH
Ta BUCOKOI HaAIMHOCTI 3B'13Ky. Bukopucranus yactot y aiamazonax 900 MI'm ta
2.4 ITTu nos3Bomsie EXpressLRS 3abesmeuntn CTaOLIBHUM 3B'I30K HA BEIIMKHX
BIJICTaHSIX 3 MIHIMAJbHOIO 3aTPUMKOIO, 1110 € KPUTHYHO BaxJIUBUM 1t FPV-ronok

1 CKJTaTHUX MOJIBOTIB [16].
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Texunomorii kopekuii momuiok, taki sk FEC (Forward Error Correction),
JI03BOJISFOTH BUSBIISATHA Ta BUIIPABISITH MIOMUJIKHA B TIEPEIAHUX JAHUX, IO CYTTEBO
MOKpalye HaaiiHICTh 3B'13Ky. FEC BuKkopucToBye noaaTkoBi OITH JUIsl KOJYBaHHS
JaHUX, 1110 JO3BOJISIE TpUiiMady BUSBISATH 1 BUIIPABIISATH IOMUIIKHA 0€3 HEOOX1THOCTI
MOBTOPHOI nepeaadi qanux. Lle 3abe3neuye cTabuIbHUN 1 HAIIMHUM 3B'I30K HABITh
B YMOBaX BHCOKOTO piBHs 1HTepdepenuii [17.

Mopynsitisi 3 BUKOPUCTaHHSAM OUTBIII BUCOKOYACTOTHUX CHUTHAJIIB J03BOJISIE
IIBUIIMTH IIBUIKICTh TEepeaadi JaHUX 1 3MCHIIUTH 3aTPUMKY. BuKopHCTaHHS
yacToT y niama3oHi 5.8 I'T'1i 1o3Bosisie mepeaaBaTy JaHi 3 OLIBIIOK MPOMYCKHOO
3MATHICTIO TOPIBHSAHO 3 TpanumiiiHumMu uvactoramu 2.4 I'Tu. Ile 3abesneuye
nepenayy BiIEOCUTHANTY BHCOKOi $IKOCTI 3 MIHIMAjJbHOK 3aTPUMKOIO, IO €
KPUTHUYHO BaxXJIUBUM Juisi FPV-nonboris.

AJanTUBHI METOAW MOMYJISIIl JO3BOJISIOTH ABTOMATHYHO aJanTyBaTH
MOAYJISIIIHI MapaMeTpy B 3aJISKHOCT1 BiJl YMOB Tiepeaadi curHany. Hanpukian, B
yMOBaX BHCOKOTO PiBHS iHTep(depeHIlii cucTeMa MOXKe aBTOMATHUYHO MEPEerTH Ha
OUTBII CTIMKMI THI MOAYJsAIi, 3a0e3meuyoun cTa0lIbHUM 3B'130K. Lle migBumrye
e(hEeKTUBHICTh CHUCTEMHU Ta JI03BOJIAE 30epiraTd BUCOKY SIKICTh 3B'I3KYy HaBITh Y

CKIIaJTHUX YMOBax.
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4  EKCIIEPUMEHTAJIbBHA YACTHUHA

4.1 [HocmimxyBanuil komruiekt FPV-npona. [lokpamienss cuctemu 3B’ s3ky FPV-

JpOHa

Ananoropuii  npoH GEPRC Cinebot30 e mnonynspaum FPV-aponowm,
CHellalibHO PO3pOOJIEHUM [JIs1  KiHeMaTorpadiyHux 3HOMOK. 3aBIsSKH CBOIM
HEBEJIMKUM radapuraM, 11eil APOH 1/1eaIbHO MiXOAUTh JJIsl 3MOMOK B OOMEKEHOMY
npoctopi. [loTyxxH1 MOTOpM 1 Tmpomenepu 3a0e3MedyyroTh HIBHJAKE Ta TOYHE
KepyBaHHS, IO JIO3BOJISIE JIETKO BUKOHYBAaTH CKJIaJHI MaHeBpu. OcHarieHui
KaMepOI0 3 BUCOKOIO PO3AUTHLHOIO 3/IaTHICTIO, 110 3a0e3Ieuye YiTKe 1 KICHE BIJEO

(pucynoxk 4.1) [18].

WwQ8T

Pucynoxk 4.1 — FPV-npon GepRC Cinebot 30

Texuiuni xapakrepuctuku GepRC Cinebot 30:

Mogenb: ananoroBuii kBaapokontep Cinebot30

bpenn: GEPRC
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Kapxkac: GEP-CT30

Komicha 6aza: 127 mm

[3oms1iiiHa mIacTuHa: 2 MM

OcHoBHa mIacTuHa: 3 MM

Hwmxus nnactuna: 1,5 Mmm

FC: GEP-F722-45A AIO V2

MCU: STM32F722RET6

IMU: ICM-42688-P

VTX: GEPRC RAD 1 Bt

Kamepa: Caddx Ratchet 2

[Iponenep: HQ prop T76mm

Amntena: Peano 5.8G 110 mm RHCP UFL anTena
Po3'em 3apsiiHoro npuctporo: XT60H-M
JBuryn: SPEEDX2 1804-2450KV
Bara: Bepcis 209,2 r

[Tpuitmau: ELRS 2.4G

Axymymsatop: LiPo 6S 1100mAh

Skyzone Cobra SD — me okymsipu mias FPV-monpoTiB, sKi HamamoTh
KOPUCTYBauyeBl BIAMIHHY SKICTh 300pakeHHs 1 kKomdopT. Bucoka posairbHa
3JIaTHICTh €KpaHy 3a0e3Ieuye YiTKe Ta JeTaabHe 300paKeHHS, M0 € BAXIUBUM IS
TOYHOTO KepyBaHHs ApoHOM. OKyIsgpu MamTh 3py4yHy (QopMy, IO J03BOJISE
KOM(OPTHO HOCUTH X MPOTATOM TpUBAIOTO 4acy. [liATpuMKa pi3HUX YaCTOTHUX
Jiana3oHIB JJO3BOJISIE BAKOPUCTOBYBATH OKYJISIPH 3 PI3HUMU TIepe/laBayaMu Biz€o,

3a0e3neuyroun cTabiIbHuN curHal (pucyHok 4.2) [19].


https://geprc.com/product/geprc-gep-ct30-frame/
https://geprc.com/product/geprc-gep-f722-45a-aio/
https://geprc.com/product/geprc-rad-mini-5-8g-1w-vtx/
https://geprc.com/product/hqprop-t76mmx3-propeller/
https://geprc.com/product/geprc-peano-5-8g-antenna/
https://geprc.com/product/geprc-speedx2-1804-2450kv-3450kv-motor/
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Pucynok 4.2 — FPV-okynsipu Skyzone Cobra SD

Texuiuni xapakrepuctuku Skyzone Cobra SD:
Yacrora 5.8Ghz 5.8Ghz

Posainpaa 3patHicTs 1280%720 800 480

[puiimau Diversity

DVR MJPEG Compresion 25/30FPS

XKusnennst 1 Cell 18650/USB-C/DC 2-6s Lipo
Cnoxwuana notyxHicte DC 12V0.59A, USB 5V1.4A
Moga Chinese/English

Bara npoayxkty 332 1

Radiomaster TX12 — me cyuyacHuii myasT ympasiinas aias FPV-aposis.
3pydHe MEHIO Ta HaJaIITyBaHHS JO3BOJISIIOTH IIBUIKO aganTyBaTH ITYJbT IiJ

IHIUBIAyalbHI MOTpeOu KopucTyBaya (pucynok 4.3) [20].



47

Trainer Port - — TYPE-C USB

SE 3 Position NI ="\ [~ SF 3 Position
-

r
bon* Nk
SB 3 Position o ) 5 IS o SC 3 Position
SA Button ~C O~ = SD Button
S1 Slider Pot e — S2 Slider Pot
Left Gimbal ! KL t:; x| l | ( 1?; 1| | ! Right Gimbal
‘ N C) 1= 1 Power Button
SYS Button { — 88 o (&) ' MDL Button
‘ z { Trim Buttons
RTN Button 1‘ @ (7 \ [
|
PAGE> Button { =) | gm / Menu Wheel
PAGE-< Button L} I |
= I 4 )
TELE Button Gy

LCD Screen

TYPE-C charger port

Pucynok 4.3 — FPV-xoutposiep RADIOMASTER TX12 Mark 11

Texuiuni xapakrepuctuku RADIOMASTER TX12 Mark 1I:

Posmip: 170*%159*108 mm

Bara: 363 r

Yacrora: 2,400 I'T11-2,480 I'T'1x

BY uin: ExpressLRS (ELRS)

Pobounii ctpym: 320mA@S8.4V (ELRS)

Jianazon Hanpyru: 6,6-8,4 B MocTiifHOTO CTpyMYy

[IpomuBka pamio: EdgeTX (mepemaBau) / ExpressLRS (pamiodactoTHuit
MO/TYJIb)

Kanamu: 1o 16 (B 3a1eXHOCTI BiJl pecuBepa)

Huctuteit: Monoxpomuauit PK-nucrneit 128*64

3oBHimHIK MOAynb: cymicHul 3 JR/FrSKY/Crossfire

Croci6 onosiennsi: USB/SD-kapra (SD-kapta: B KOMIUIEKTi) Ta mporpamMHe
3abe3neuenns EdgeTX Buddy onmaita ab6o EdgeTX Companion st TTIK

3apsaka uepe3 USB: QC3 USB-C

bnok-cxema cucremu 3B’s13ky FPV-kommiekry ta ii onme (monatok E)

3B'130K KOMaH 1 YIIPaBIiHHS


https://www.radiomasterrc.com/collections/vendors?q=RadioMaster
https://www.radiomasterrc.com/collections/vendors?q=RadioMaster
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Radiomaster TX12 -> [Ipuiimau (RX) na cinebot 30:
[IynbT KepyBaHHA Nepeae KOMaHAM yIpaBiaiHHA Ha yacToTi 2.4 ['Th.
Hpuitmau (RX) Ha cinebot 30 -> KonrpoJsep noiabory:

[Ipuitmau mepenae KOMaHIM Ha KOHTPOJIEP MONbOTY, SIKMM 0OpoOise iX i

KEpYy€e IPOHOM.

3B'30K BiJICO

Kamepa na cinebot 30 -> Bigeonepenasau (VTX) na cinebot 30:

Kamepa nepenae Bimeocurnan Ha BijeonepeaaBay.

BineonepenaBau (VTX) Ha cinebot 30 -> Bimeompuiimau (VRX) B
Skyzone Cobra SD:

Bineonepenasau nepenae Bigeocurnan Ha yactoti 5.8 I'T.

Bineonpuiimau (VRX) B Skyzone Cobra SD -> [lucmuieit B Skyzone Cobra
SD:

Bineonpuitmau npuiimMae curHai i rnepejaae Woro Ha JUCIUICH OKYJISIPIiB st

BiTOOpaKCHHS.

4.2 TlporpamHa ontuMizallis Ta HanamryBaHHs FPV komriekty

4.2.1 HanamryBanus kontposiepa FPV-apona Radiomaster tx12

B cucremnomy MeHro po3aury “Hardware” pimkmoueno ¢imprparii AL
(Analog-to-Digital Converter) Ha TyibTi YHpaBIIHHSA, [0 JTO3BOJIIE YHUKHYTH
JI0JTATKOBUX 3aTPUMOK y Tepenadi curHany (pucyHok 4.4). Menma 3atpumka i

Kpama o0poOKa CHUTHAIY IO3BOJISIIOTH MOCATTH OUIBII CTa0lIBHOTO 3BSI3KY MIK

KOHTPOJIEPOM 1 TPOHOM.
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Pucynok 4.4 — Biaxntoueno guibrparnii AL

Yepes mporpamy ExpressELRS Configurator oHOBIEHO MPOIIUBKY

nepenaBaya ELRS Ha koHTposiepi 10 akTyaiabHOT Ha Yac MPOBEACHHS JOCITIIKEHb

(pucynoxk 4.5) [21].

Flashing Method

@ EdgeTxPassthroush@ (O UART@ O WIFI @

DOWNLOAD LUA SCRIPT

£ Device options Rreser

@® Standardmode (O Manual mode

Regulatory domains
[0 REGULATORY DOMAIN_EU_CE_2400
REGULATORY_DOMAIN_ISM_2400

Binding phrase setup

UART_INVERTED

2 Actions

Extra data

[J TLM REPORT INTERVAL MS
Network

[J HOME wWiFI_SSID

[J HOME_WIFI_PASSWORD

AUTO_WIFI_ON_INTERVAL

value
60

Pucynok 4.5 — OnoBneno npoumuBky nepeaaBaya ELRS
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106 3abe3neunTd MakCUMalbHY MOTYKHICTh N€penaBayda, MOBUHEH OyTH
BcraHoBieHuil mnapamerp “REGULATORY_DOMAIN_ISM 2400” B mnyHKTI
“Regulatory domains”.

Bcranosneno yactoty onopnenss naketi (Packet Rate) 250 I'u. [Tapamerpu
TeJIeMETPii A1 OTPUMaHHS 3BOPOTHOrO 3B'SI3KY BCTAHOBJIEHO CTAHJIAPTHUMH IS
250 ' onoBnenHs nakeTiB (pucyHok 4.6). [ToTyXHiCTh mepegaBada BCTaHOBICHO

250 mW 110 € MakcUMaIbHOIO JIJIsl TAHOT'O KOHTPOJIEpa.

1 Mode
odel Match  OFF ¢I0: 0)
IZ Powepr (250mH Dun)
lef ﬂiqr_nmlst'rat?r

Pucynok 4.6 — ITapametpu nepegaBaua ELRS

4.2.2 HanamryBauus FPV-npona GEPRC Cinebot30

Yepes nporpamy ExpressELRS Configurator oHoBieHO MpomuBKy npuitmMava

ELRS na FPV-1poHi 10 akTyabHOI Ha 9ac MPOBEICHHS JOCTIKCHD (PUCYHOK 4.7)

[21].



o1

Device category

GEPRC 2.4 GHz

Device
GEPRC Nano 2.4GHz PA100 RX

Flashing Method

(® BetaflightPassthrough @ (O UART@ (O WIFI @

£ Device options ResET

(® Standardmode (O Manual mode

Regulatory domains Performance options

[] REGULATORY_DOMAIN_EU_CE_2400 Y LOCK_ON_FIRST_CONNECTION

REGULATORY_DOMAIN_ISM_2400 Q Network

Binding phrase setup O] GEIRLELED

BINDING_PHRASE e [J HOME_WIFI_PASSWORD

AUTO_WIFI_ON_INTERVAL
Custom binding phrase ©

Value

60

Compatibility options
Pucynok 4.7 — OnoBneHo npowmuBkKy npuitMauya ELRS
Yepes nporpamy “Betaflight Configurator” Bukopucrano mapametp s

HanaHHs Teaemerpii Ta RSSI (moka3HUK piBHS CUTHATY 3 KOHTPOJIepoM) (PUCYHOK

4.8) [22].

[ etatigt Contigurator

Receiver Madk

Serial (via UART) v

Raceiyer

roit 41 [ 00 ELEMEIRY

picch 1 N 20

vaer 1) [ - 0 RSS! (Signal Swrengtn)

Throttl [‘1- 885
RSS| ADC Analog RSS! input

Aux 1 | T

Auxz T 00

Auxa % T N [T Yo

AUX4 00 AETR1234 ~ Disabled -
Auxs [ | 0

AUX6 =00 ‘Stick Low” Threshold Suick Center ‘Saick High' Threshold

AUXT 15 1050 & 1500 & 1900 &
AUX @ 00
AAAAA G RC Deadband Yaw Deadband 3D Throttle Deadband -4

Rafresh Save and Reboot

Pucynok 4.8 — Tenemetpis Ta RSSI FPV-npony

Bubpano piHi motyxkHocti VTX mepenaBaya, siKi BIANOBIAAIOTH YMOBaM

nonboty (25 MBT anst npumitiens, 200 MBT Ta 500 MBT 17151 BiIKpUTHX POCTOPIB)
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Ta BHUKOPHUCTAHO KaHall 3 HaNMCHIIMMU NNepemKoJJaMu B CMyFl qaCToOT

“RACEBAND” (pucyHoxk 4.9).

o BETAFLIGHT

5. Optionally click Save Lua Scrips e lua configuration file you can use with the betaflightlua s<riots (See more hre.
Enter requency drectly X Type ramp
Device ready N

RACEBAND v pa:

Channel 3 v

Video Transmitter 500 v Power
None
25
200

MAX.
o brstiv | Low

VX Table.

Save Lun Script Savetofile  Losdfromfile  Load fromclipboard  Save

Pucynok 4.9 — PiBHi noty>kHocti VTX nepenaBaua

4.2.3 HanamryBanus FPV-okynsap Skyzone Cobra SD
OHOBNIEHO MPOIUBKY. BCTaHOBNIEHO KaHAIW 3 HANMEHIIMMU TIEPEITKOIaMHU.
VYBiMKkHEHO pexuM “diversity”, mIs MmokpaiieHHs CTaOUIbHICTI CHTHAY,

BUKOPUCTOBYIOYH JIB1 AHTCHHU.

4.3 AnapatHa onTuMizallig Ta HamamrtyBaHHs FPV xommiekty

4.3.1 Pospo6xka Cloverleaf antenn nis mokpaiieHHs sikocTi 3B'13ky FPV-npona

Antena Cloverleaf ckmamaeTbcsi 3 KUTBKOX €JEMEHTIB (TIENIOCTOK), SKi
BUMIPOMIHIOIOTh ~ CHTHAJl 13  KPYrOBOIO  TOJSPHU3AIli€l0, M0  3MEHIIYE
Oararonpomenesi nepemrkoar. OCHOBHHM MPUHIUTT poOOTH aHTEHHW 0a3yeThCs Ha
YBEPTHXBHJIBOBUX PE30HATOPAX, IO YTBOPIOIOTH IMEITIOCTKH, SIKI PO3TAIIOBaHI Mij
kytom 120° oxgHa Big OAHOI ST TPHOXEJIEMEHTHOI aHTeHH abo 90° s
JOTUPHOXEJIEMEHTHO1 (101aToK B).

OcHoBHMME Matepianiamu aiia BurorosiaeHHs Cloverleaf antenu e:
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e Mignuii a60 JaTyHHHUM IpIT A1laMeTpoM 1-2 MM.
e Koakcianpauii kabenb (RG316 a6o RG58).
e Po3'emu (SMA a6o RP-SMA).
JIOBKHMHA METIOCTOK PO3PAXOBYETHCS SIK UBEPTh JOBXKUHU XBUII (A/4), e A =
300 /gactora B MI'ni. J{ist wactotu 5800 MI't, A =300/ 5800 = 51.7 MM — nOBXKHHA
apoty. Toxi sk noBxuHa neaocTok oyne 51.7 /4 =~ 12.9 mm (pucynok 3.11).
BpaxoByroun mpaBy nossipu3aliio CUrHaJly aHTeHU BCTAHOBJIEHOT HA JPOHI,
MOTPIOHO MPUMASTH YOTUPH KIHI TMETIOCTOK 10 IEHTPAIbHOIO MPOBIIHUKA BIJ
KOAKClaJIbHOTO Ka0esto, Ta 1HI1 YOTUPU KIHII NETIOCTOK 0 eKpaHy (0OIIeTeHHS)

3 KyTOM Haxuily B IPaBy CTOPOHY (pucyHOK 4.10).

Top Cap

Bottom Cap
(grounded directly to
outside of coaxial
cable)

Coaxial Cable

Pucynok 4.10 — FPV antena “Cloverleaf”

Jist mokpamenns xapaktepuctuk Cloverleaf antenn MokHa 3MIHUTH paaiyc

BUTUHY Ta KYT METIOCTOK ISl TOCATHEHHS KPAIINX YaCTOTHUX XapaKTEPUCTHUK.
4.3.2 Tlaru anTeHa Ay moKpamieHHs npuitomy curaany FPV-npona

Y FPV-cucremax, KpiM BHKOPHCTAHHS BCEHANPABICHOI AHTEHU THUITY
cloverleaf, Tako) BUKOPHUCTOBYEMO HAMpAaBJIEHY aHTEHY, MMaT4 aHTEHY 3 KPYTOBOIO
nossipu3aniero. Taka komOiHALls JO3BOJIIE ONTHMI3YBaTH MPUKWOM CUTHAITY,

3a0e3Ieuyoun CTa0UIbHICTh 3B'SI3KY B PI3HHUX MOJIBOTHUX PEKUMAX.
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[laTy-aHTeHa mpaloe HAa NPUHLMII pe30HaHCYy. EnekTpoMarHiTH1 XBHIIL, SIKi
MOIIHUPIOIOTHCS MIXK TATYEM Ta 3a3€MJIIOIOYOI0 ITUTOI0, BUKIIMKAIOTH CTOSIY1 XBUJIL.
Po3mipu natua npuOIM3HO TOPIBHIOIOTH B MIBXBUJIL IOBKMHU BUIIPOMIHIOBAHOI a00
npuiiMaHoi XBWII1 Ha poOouiit yacToti. Lle 3a0e3neuye MakcuMallbHy €(PEKTUBHICTh

nepenadi (pucyHok 4.11) (momatox ).

: Ground
i
E Feed line —— SMA connector
i +—Substrate
. Patch
|
Front view Side (section) view

Pucynok 4.11 — FPV antena “Patch Microstrip Circular”

[TaTu anTena 3 koediieHToM nocuiaeHHs 5 dBi Ta kytoM mokpurtsa moxke 90-
120 rpanyciB y ropu3oHTaidbHIM muionuHi Ta 60-90 rpagyciB y BepTHKaIbHIM
IJIOIIMHI, 3a0e3reuye MOMIpHE IMOCHUJICHHS, M0 € 1ICaIbHUM JUIS OajaHCy MiX
JAIBHICTIO il Ta IIMPOTOI0 MOKPHUTTS BiAmoBigHO A0 ApoHa Cinebot 30 skwuii B
OCHOBHOMY BHUKOPHCTOBYETbCS Ha OJM3bKUX BifcTaHax (mo 2 km). Taka aHTeHa
100pe CIpaBIIsI€ThCs 3 TPUHOMOM CUTHAIB, HE 3B)KAIOYM Ha HEBEJIMKI TIEPEIIK O/THh

Ta BIJICTaHb.

4.3.3 OnrumanbHe po3MIIICHHS aHTEH JUIS MIHIMI3aIlii IepenIko i

3a0e3neveHHs] HAKpaIoi SKOCTi CUTHaITY KoMiiekty FPV.

AHTeHa Iiepe/laBaya pO3MIMICHA SKOMOTAa BWINE 1 MOJa BiJ I1HIIAX
CJIEKTPOHHUX KOMIIOHEHTIB, TaKUX SIK Oarapei Ta perynsiTopu MBUIKOCTI, MO0

3MEHIINTH €JICKTPOMArHiTHI neperkoau (pucyHok 4.12).
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Pucynok 4.12 — Po3millieHHs aHTEHU TiepeiaBada IpoHy

Antenu diversity-puitMaua po3raiioBani mij Kyrom 90° ogHa 10 OJTHOT 115t

3a0e3MeYeHHs] MAKCUMAaJIbHOTO MOKPHUTTS (pucyHok 4.13).

Pucynok 4.13 — Po3wmimienns antenu diversity-npuiimada

AHTeHa TmipuiiMaya JIIHIMHO-TOPU3OHTANBHOI TMOJIApW3allli Ha JIPOHI

pO3TalIoBaHa MapajiebHO J0 aHTCHH epe/iaBada KOHTposepa (pucyHok 4.14).
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Pucynok 4.14 — Po3MillleHHS aHTEH JHIHHO-TOPU30HTAIBHOI MOJIsIpU3aIlii

4.4 TectyBaHHS ONTUMI30BaHOTO KOoMIUIekTy FPV-npona

Binkmrouennst ¢inprpartii ALl Ha mynbTi yrnpaBiIiHHS CIIpUs€ 3MEHIISHHIO
3aTPUMOK Yy TIepeadi CUTHaIly. 3T1IHO 3 AOCHIIKEHHSIMHU, 1€ MOXKE MPU3BECTH 10
3HIKEHHA 3aTPUMOK Ha 5-10% B 3aJIe:KHOCTI BiJ] BUX1IHUX HAJNAIITYBaHb CUCTEMHU.

Omnosnenns npomuBky nepenasada ELRS no aktyanpHOT Bepcii Mae 3HaUHUN
BIUIUB Ha CTaOUIBHICTh 3B'A3KY. BHUKOpHCTaHHS OHOBJICHHX aJTOPUTMIB MOXKE
NiABAIIUTH  e(eKTUBHICTh mepenayl curHany Ha 15-20% y mopiBHsAHHI 3
MOTIepeTHIMUA ~ BepcisiMU, 3a0e3Medyloud Kpamly CTIAKICTh 10 IIyMiB Ta
iHTepEepeHIIiil.

Bceranosnennss mapamerpa "REGULATORY DOMAIN ISM 2400" nns
MaKCHUMaJIbHOI ~TIOTYKHOCTI TepeiaBada JO3BOJISIE  JOCSITTA  ONTUMAIBHOT
e(eKTHBHOCTI 3B'S3KY y 0€3/IpoTOBUX cucTemax. Lle Moke MmiIBHIUTH CUTHAI 0
250 mW, 110 € MaKCUMAaJIBHOIO TSI TAHOTO KOHTPOJIepa, 1 3a0e3MeunT cTabiIpHUN
3B'130K Ha 3HA4YHII BIICTAHI.

YacrtoTta oOHOBJIEHHS makeTiB Ha piBHI 250 I'm € onTUManbHOWO IS

3a0e3MeueHHs CTa0UIbHOTO 1 MIBUAKOIO 3B'A3KY MK KOHTpoJiepoMm 1 FPV nponom.
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BukopucTaHHs 11i€1 4aCTOTH 3HUXKY€E 3aTPUMKH 1 MOKpAILly€E PEaKlil0 CUCTEMHU Ha
KOMaH/I1 IIOTa.

Bukopucranna pexumy "diversity" 3 nBoma anteHamu y FPV-okymsapax
3HAYHO MIJBUIIYE CTAOUIbHICTh CUTHAILY 1 3MEHIIY€E MMOBIPHICTh BTPATH 3B'A3KY B
ymoBax iHTepdepeniii. Lle Moxke miABUIIMTH SKICTh OTPUMYBAHOT'O B1IEOCUTHAILY
Ha 20-30%, 3a6e3neuyroun OUIBII TUIABHUH 1 HAAIMHUI Nepersis B pealbHOMY Yacl.

Antenn Cloverleaf 3aBaskm ix 3maTHICTIO 3a0e3medyBaTH  KPYTroOBY
MOJISIPU3allito, 10 3MEHIIye 0araTormpoMEHEeBl MEPEIIKOAN Ta 3abe3rnedye OUThII
CTaOUTbHUNA MPUIOM CUTHAIIY MOKa3yI0Th 3HAYHO Kpalll pe3yJbTaTh y NOPIBHIHHI
31 cTaHJapTHUMHU aHTeHamu OkKyispiB Cobra SD. wa BigkputoMy mpocTopi,
MOKPAIYIOUX CUITY CUTHAIY, NaJbHICTh MPUHOMY Ta CTAOUIbHICTD 3'€/IHaHHS Ha 15-
20% . Y wicueBocTi 3 Oararbma MEpenikojaMu, TaKUMH sIK MicTo abo Jic,
nokparieHds curuaiy Bin cloverleaf antenu moxxe Oytu e OuIbin momiTHUM. B
TaKUX yMOBax BOHA MOK€ HaJaTH MOKpalieHHs curaany Bifg 20% 1 6inpmre. OgHak
B yMOBax 3akpuTux npumiiieHb anteHa tuny Cloverleaf mae xpamuit npuiiom
curHany numie Ha piBHI 5-10%, OCKUIbKM OaraTONpoMeHeBl NEepelKoau 1

NOTIMHAHHS CTIHAMU 3HAYHO BIUTUBAIOTH HA SKICTh MpUiioMy (pUCYHOK 4.15).

Pucynok 4.15 — Pesynsratu TectyBanns Cloverleaf antenn
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[laTy-aHTeHa y NPUMILLIEHHAX Ma€ Kpalluil piBeHb CUTHAJY B MOPIBHSAHHI 3
Cloverleaf -aatenoro, 3 opieaTOBHOIO TIepeBaroro 03bko 20-30% y BUMAAKY KOJIU
aHTEeHU TepeaaBaya Ta MpUiiMayda JTOCTaTHBO YIiTKO HAIPaBJICHI OJHE HA OJHOTO.
AJie OCKUIbKH TaTY-aHTEHA Ma€ KyT MOKpUTTs curHany 90-120 rpanycis, Heto Oyie
CKJIQJIHIIIIE KOPUCTYBaTUCS HDK 3 BceHampaBieHolo aHTeHow Cloverleaf. Ha
BIJIKpUTOMY MPOCTOPI MaTUY-aHTEHA Ma€ Kpaluii piBeHb curHany Big 30% 1 Ouiblie.
VY BeNMKUX MPUMIIICHHSX 3 0araTbMa MepeniKoaMu, TAKUMH SIK CTIHK 200 MeTaseBl
KOHCTPYKIIii, MaTy-aHTeHa TakoX Moxke OyTu kpamoro Ha 20-30%. Lli ominku €

HpI/I6JII/13HI/IMI/I Ta MOXYTb BapiIOBaTI/ICSI 3aJICKHO BiII KOHKPCTHUX YMOB.
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BHUCHOBKHN

B pesynbrati nmpoBeneHoi kBamidikaiiiHoi poOoTH O0ysl0 BUBYEHO CydacH1
TeHAeHUli po3BUTKY FPV-IpoHIB Ta BH3HAY€HO OCHOBHI HAampsIMKH iX
BUKOPHUCTaHHS Yy PI3HUX cepax, TaKuxX K 3MOMKa 3 MOBITPS, CIIOCTEPEKEHHS 3a
JIOPOXKHIM PYXOM, MEIWYHa JOMOMOra, CUIbChbKE TOCIOJapCTBO, pPO3Baru Ta
Oesreka.

[IpoBeneHo AeTanbHUN aHaJi3 ICHYIOUUX DIMICHB JJISI TOKPAIIEHHS SKOCT1
3B's13ky FPV-nponis.

Buxonano nanamtyBanHsi KoHTposiepa FPV-npony Radiomaster tx12, FPV-
npona GEPRC Cinebot30 Ta FPV-okynsipiB Skyzone Cobra SD.

Po3pobneno ta mporectoBano anteHy Cloverleaf, mo nossonwio BusiBuTH
ONTHUMAaJIbHI KOHQITypamii /uisi pi3HUX YMOB €KCIUTyaTallii Ta JOCSATTH 3HAYHOTO
TOKPAIIICHHS SIKOCTi CUTHATY 1 3MEHIIIEHHS TIEPEIIKO/T.

[Tix yac TecTyBaHb BUSIBJICHO, 110 MAT4Y aHTEHA Ma€ Kpalluil piBeHb CUTHAILY
y BEJTMKUX MPUMIIIEHHSX 3 6araTbMa MepeikoaMu, TAKUMU SIK CTIHA 200 MeTaseBl
NPUMIIIEHHSIX. Y BIAKPUTUX MPOCTOpax Mar4y-aHTeHa IMOKasala MepeBary y piBHI
curnainy Big 30% 1 6inbiie y mopiBaanHi 3 Cloverleaf antenoro.

Jlns  mocsrHeHHs  OUTBIIOT  JAJIBHOCTI Ta  CTAOUIBHOCTI  CHUTHAIY
PEKOMEHJIOBAaHO  3aCTOCOBYBATH  CIPSMOBaHI aHTEHH Yy  TOEIHAHHI 3

BCCCIIPAMOBAHUMH aHTCHAMMA Ha HpHﬁMaan.
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JTIOJATKH

Honatoxk A. ANALYTICAL PART

1.1 TYPES OF FPV DRONES

Drones, classified 250 and 450 according to the distance between two crossed
engines, are divided into single-rotor (helicopter), multi-rotor (multicopter), fixed-
wing, and hybrid VTOL fixed-wing drones according to their physical structure.

Single-rotor drones are small-sized helicopters available in both fuel and
electric versions. They have advantages such as increased stability and long flight
capability but are also accompanied by certain safety risks [4].

Multicopters are the smallest, lightest, and most common drones. They have
limited range, speed, height, and payload capacity. Typically, these drones are used
for ground surveillance and can fly for up to 50 minutes while carrying a small
payload such as a camera.

Multicopters are divided into four main types based on the number of motors.

Tricopters are drones with three motors that can take off and land vertically
and have six degrees of freedom along the X-Y-Z axis. Their cost is lower, but they
are not symmetrical, which is a disadvantage.

Quadcopters are the most popular type of drone, equipped with four motors
and four propellers. They can lift loads of up to 5 kg and provide high flight stability
due to their symmetrical design.

Hexacopters are drones with six motors that provide high performance even
indoors. They can lift loads of up to 10 kg.

Octocopters are drones with eight motors that can lift loads of up to 25 kg.
They are used for heavy work due to their power and reliability [4].

Fixed-wing drones, unlike multicopters, use wings like a conventional

airplane to generate lift. They are much more efficient because they only use energy
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to move forward, allowing them to cover longer distances and larger areas. Some
gasoline-powered models can stay in the air for more than 16 hours.

Thus, the choice of drone type depends on specific tasks and flight
requirements, including payload, range, and operating conditions. In this
qualification work, we will use a quadcopter because it is required to have high flight

stability.

1.1.1 Basic elements of FPV drones

The drone body is the base where all the parts of the drone are placed (Figure
1.1). It has an “X” design with four rays extending from the middle part of the frame.
The propellers, motors, and batteries are placed on the frame. All other parts are in
the body, especially the flight controller, transmitters, and camera. The F330, F450,
and F550 models are the most practical drone bodies. The most important criteria
when choosing these frames are the ease of supply of spare parts, the price/quality
ratio, and the performance it provides. Despite its high price, the carbon fiber
QAV250 is one of the best drone frames because the carbon fiber material reduces

the possibility of breakage in the event of a fall [5].

Figure 1.1 - FPV drone body

The propeller is one of the most sensitive parts of the drone and can be easily
damaged as it needs to be constantly replaced or installed. Drone propellers come in
a variety of shapes, sizes, and materials. These parts, which can be easily dislodged,

broken, or corroded during flight, should be inspected. Propellers must be
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maintained for smooth flight. Problems with the propellers can cause uneven
operation of the engines, resulting in vibrations and unstable flight. This, in turn, can
affect the drone's electronics, including the antennas and receivers that are
responsible for communication. Propellers are typically made of plastic material,
and the shaft and diameter of the propeller are important parameters to consider
when changing [5].

The drone's motor is the main dynamo that makes the propellers rotate and
provides enough thrust for flight. Two types of brushed and brushless motors are
used, which differ in size, weight, and load. Brush motors are preferred for
lightweight and partially entry-level drones, and brushless motors are preferred for
heavy and professional drones, these motors usually have less impact on FPV
communication compared to brush motors (Figure 1.2). When determining a drone

motor, size, operation, and speed are important parameters.

Figure 1.2 - FPV drone motors

The main types of FPV drone batteries are lithium-polymer or lithium-ion
batteries. Drone batteries are defined as 1s-6s according to the number of cells in the
battery. Each cell corresponds to a voltage of 3.7 volts. In this case, 1-cell lithium-
polymer batteries are preferred in lightweight drones, while 2s and more cell

batteries are used in drones that require higher voltages (Figure 1.3) [6].
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Figure 1.3 - FPV drone battery pack

The flight controller provides the necessary control by interpreting signals
from various sensors and receivers (Figure 1.4). The flight controller is a printed
circuit board that allows the drone to move through the information it receives from
the sensors. It converts the received signals into action to set speed and direction,
activate the camera, and execute other commands. By combining many sensors, such
as gyroscope, magnetometer, and accelerometer, with GPS, flight control CPUs can
use the drone's status, speed, position, and direction data to control the flight and
vehicle operations according to parameters. These operations are guided by settings
defined by the user before the flight. Other sensors also allow for avoiding obstacles

and collisions during operation [5].
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Figure 1.4 - Flight controller of an FPV drone

A power regulator (PDB) is mounted on the drone; the PCB organizes the
power connections of the batteries, ESC, and other onboard systems. It is not
necessary for all drones, but it helps to create an organized drone (Figure 1.5).
Specifically, it is responsible for distributing power from the flight battery to each
electronic speed controller for the drone's control board. In some cases, the PDB is
also used to power components such as the camera, LED taillights, and flight

controller [6].
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Figure 1.5 - Multifunctional control board of an FPV drone

Like the PDB, the electronic speed controller (ESC) is another important part
of the drone. Its task is to control the speed of the electronic motors. Each motor has
its own ESC connection. In many standard installations, each branch has a separate
ESC. However, 4-in-1 ESC parts are also available and provide different benefits.

A drone controller is a tool for controlling a drone (Figure 1.6). The most
important feature of controllers is the number of channels. The number of channels
should be the same as the type of command given to the drone. Although 6-channel
control is mostly used in drones today, this number can increase with components
such as cameras. The digital display on the controls is another feature that makes it

easier to use [6].
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Figure 1.6 - FPV drone controller

The receivers collect information (signals) from external sources (radio
transmitters) and transmit it to the flight controller, which recognizes commands
from the remote control and allows the drone to move (Figure 1.7). Receivers that
use radio waves provide very fast and uninterrupted transmission. They typically use
a built-in antenna that allows them to receive radio signals. The receiver will have
four main channels to control the drone. However, many receivers have auxiliary
channels to perform certain functions or trigger flight modes. Five or 6-channel

receivers are usually the best models [6].
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Figure 1.7 - FPV drone receiver

In FPV drones, the video systems are available in different models and
configurations, with their parts such as a video transmitter, antenna, and FPV

goggles (Figure 1.8).

Figure 1.8 - FPV camera of a drone

The FPV camera is mounted in the front of the drone, and the images from the
camera are transmitted to the pilot's goggles or monitor. FPV cameras are of two

types: analog and digital [5]. When choosing a camera, parameters such as sensor
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type (CCP/CMOS), sensor size, dynamic range, width ratio, field of view (FOV),
latency, and low-light performance should be considered [6].

Two sensors are used in cameras: CCD and CMOS. A CCD sensor collects
data simultaneously by scanning pixels. It has less jelly effect due to a global higher
number of images, performance with an extended dynamic range, good performance
in multi-light and low-light conditions (WDR), and better black-and-white transition
than CMOS. CMOS sensors collect serial data for all pixels on the horizontal and
vertical axes. This process can cause delays. CMOS sensors can typically have
moving shutter image distortion, which is the jellybean effect that occurs when a
CMOS sensor collects data line by line from pixels. These sensors have good color
accuracy and performance, low power consumption, and are less expensive.

Another factor that affects the image quality in cameras is the size of the
sensor. Low-light performance and dynamic range depend on the size of the sensor.
The larger the sensor size, the larger the field of view, as it increases the size of the
lens and low-light performance. Dynamic range improves the image in bright and
dark conditions according to the light intensity and allows the user to comfortably
see the desired object. Cameras have two aspect ratios, 16:9 and 4:3. Many cameras
today have an adjustable dual-width balance. The field of view (FOV) and angle are
important user characteristics. The larger the angle, the more difficult it is to see
distant objects due to fisheye. The smaller the field of view, the closer and clearer
the image [6].

On the other hand, reducing the length of the lens or increasing the size of the
sensor increases the field of view. The unit of measurement “lux” is an important
characteristic when shooting in low-light conditions, and increasing this value
improves the quality of low-light photography. As the sensor gets bigger, its area
increases, which results in more light being captured and a slower shooting speed.

Drones, cameras, and sensors detect differences, modeling, classification,
development, and changes, especially for agricultural applications. Image sensors

such as red, green, and blue (RGB) are widely used, as well as near-infrared,
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multispectral, hyperspectral, thermal, and distance sensors such as LIDAR and
search and rescue (SAR).

A multispectral imaging sensor makes it easy to detect differences in the target
area by using sensors that are sensitive to specific wavelengths along the
electromagnetic spectrum. The types of sensors and functions used for this purpose
are divided into green, red, and blue visible bands, red edges, and near-infrared [7].

Visible light has a wavelength in the range of 400 to 700 nm. It determines
regional features, elevation modeling, and object counting applications, especially
for agricultural use.

Red edge: The 717 nm center is a band corresponding to a 12 nm bandwidth.
This band provides information about phytosterols and chlorophyll. Accordingly, it
is used for plant health, plant counting, and water management.

Near Infrared (NIR): The 842 nm center is a band corresponding to a
bandwidth of 57 nm. This reflection is used in soil and moisture analysis.

Like other spectral images, hyperspectral imaging collects information and
processes it in the electromagnetic spectrum. However, in addition to visible light,
which the human eye can detect in three bands (red, green, and blue), spectral
imaging examines objects using a wide part of the electromagnetic spectrum. In
other words, by dividing the image into many bands, this technique makes it possible
to capture objects and their properties in a much wider range of bands than what is
visible in images with a single camera. In particular, it is a technology that can be
used to detect underground resources in mining, agriculture, disease and pest
prevention, military, thermal infrared hyperspectral imaging, detection of colorless
and odorless substances in the air, environmental issues, and detection of leaking
toxic waste. Despite the advantages of hyperspectral imaging, such as broad-
spectrum imaging, it is very expensive, and complex processing processes pose a
significant challenge [7].

A thermal imaging system is an imaging system based on invisible IR energy

(heat) and determines the overall image structure, colors, and shapes that are formed
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according to the IR energy. While conventional cameras create images through light,
thermal cameras create images through heat.

Thermal imaging cameras are used to map the amount of water in the soil
(SWC) as a function of the land surface temperature (LST). Thermal cameras have
limited spatial resolution, which often causes difficulties in homogeneous areas such
as farmland with bare soil. It is especially used in agriculture to determine plant
water requirements, detect diseases, and for phenotyping [7].

The collection and processing of a large amount of data collected by different
types of sensors can affect the bandwidth of the communication channel between
the drone and the controller. The data transmission system must be powerful enough
to accommodate and transmit this data in real-time to ensure reliable

communication.

1.2 FPV DRONE TECHNOLOGIES

1.2.1. Radar positioning and homing

Modern drones can operate in both GNSS and non-GNSS modes, using a
combination of global navigation satellite systems (GNSS) such as GPS and
GLONASS. This precision navigation system provides 3D mapping, navigation, and
search and rescue (SAR) tasks during flight. The satellites take advantage of GNSS
satellites when the drone is first powered on. It uses constellation technology. A
satellite constellation is a group of synchronized satellites with overlapping coverage
areas. The built-in compass allows the drone and the remote control system to know
the exact location of the flight. The compass is calibrated to establish a starting point.
If the signal between the drone and the remote control system is lost, the drone's
position will be returned and the remote control system will be located. This setting
1s also known as a “fail-safe function”. The radar technology in the drone checks
some information on the control screen before the flight starts, confirming that the

current conditions are suitable for flight. This information includes that
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communication with GNSS satellites has been established and the drone is ready to
fly. It provides information such as determining the current location, returning home
using the button for any reason, reaching a preset low battery level, and recording a
starting point for the Return Home function in the event of a loss of communication
between the drone and the remote control, and can easily return to its starting

position [8].

1.2.2. Obstacle detection and collision avoidance technology

Drones are equipped with collision avoidance systems for safety reasons.
These systems consist of sensors that do not scan the environment but detect
obstacles. Data from vision, ultrasonic, infrared, LIDAR, time-of-flight (ToF), and
monocular vision sensors convert images into 3D maps, allowing the flight
controller to detect and avoid an object. With the help of software algorithms and
SLAM technology, 6-sided obstacles are detected using this data, and the necessary

actions are taken to prevent them [8].

1.2.3. Drone movement patterns

Roll is the Z-axis at the front and back of the drone. This means that it rotates

around the axis (Figure 1.9).
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Yaw

Roll

Figure 1.9- Movements of an FPV drone

Pitch is the X-axis, the front and back of the drone moving up and down.
Yaw is the Y-axis, which runs between the top and bottom of the frame,
passing through the center of gravity of the drone. It means rotational movement

along the axis. In other words, it is the movement of the front end from right to left

[8].

1.2.4. Gyroscopic stabilization, IMU, and flight controllers

The gyroscope instantly reacts to the various forces entering the drone,
providing the necessary navigation information to the central flight controller. The
Inertial Measurement Unit (IMU) determines the current acceleration rate using the
accelerometer and gyroscope. The IMU includes a magnetometer to calibrate against
drift during flight. The gyroscope and IMU are the main components of the drone's
flight controller. Gyroscopic stabilization technology is one of the components that

provides the drone with a smooth flight through the use of all these components [8].
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1.2.5. Creating 3D maps and models

Hyperspectral, multispectral, LIDAR, and thermal imaging sensors of drones
are created using 3D digital surface models (DSM) of buildings, land, and landscape,
as well as digital elevation maps (DEM) [8].

Time-of-flight (ToF) is a precision mapping and 3D imaging technology that
emits a very short pulse of infrared light and measures the rotation time of each pixel
of the camera's sensor. LIDAR cameras with flash offer a variety of solutions for
measuring distances in a captured scene. Thus, operations such as scanning objects,
avoiding obstacles, tracking and recognizing objects, and measuring volumes
become easier [8].

Converting images into maps and models is just as important as capturing
high-resolution drone imagery. Agisoft Photogrammetry, PhotoScan, and ESRI
Drone2Map software for 2D/3D mapping and image processing are available for

this purpose.
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AKTYAIBLHICTE TEMH NONATac B HeoOXIAHOCTI ONTHMIZAUil cHCTeM mepeadi
nanux B FPV-nponax and niBHIICHHA TOYHOCTI T ONEPAaTHBHOCTI YTIPABIi HHA.
Le ocobmupo Ba#/IHBO B CKIQJAHHX YMOBax abdo [OpH BHCOKOIIBHIKICHHX
maHeppax. JlocnUpkeHHA NapaMeTpie NpHiiManbHO-TepelaBalbHOl CHCTEMH
MOAE MPHBECTH 10 MOKPAILCHHA AKOCTI BIACOCHTHATY, 3MCHUICHHA 3aTPHMOK
nepeadl JaHHX Ta MNOKPALICHHA B3acMOIIl MUK JPOHOM Ta OMEpaTopoM.

0%’ ckToM qocaigaenns © cucteMa npuifomy-nepenaqi nanux FPV-npony.

MeToio podoTH ¢ ylockoHaleHH napaMerpis FPV-npony mnaxom ontumizariii
TPaKTy NpHiloMy-Ticpenadi B pealbHOMY Haci, 10 BKIIOYAEC MIBHILCHHS AKOCTI
Ta CTHIKOCT! CHTHAIY 3B'A3KY.

,[l.l'lH BHKOHAHHSA TOCTABICHOT METH B pDﬁGTH HCGEKi,JHD BHEOHATH [IB.ET}"HHi
IABTAHHAL

*  [poBecTH aHanis cydacHux FPV-cuerem;
*  [pOBCCTH ONTHMI3Allilo TpakTy npHiloMy-nepenadi FPV-cucTemu;

*  [CpPeBipHTH ONTHMIi30BaHHH aHanorosuii komnnekt FPV-apona Ha sKicTb Ta
CTIHKICTL CHTHANY 3B A3KY.

Buau FPV-jponis
3a THIIOM KOHCTPYKUIi: 3a posmipom:
MyabTHpOTOpH: BKIIOYAIOTE KBAIPOKOITTEPH, Mikpo FPV aponn: 3assuyaii MeHuie
TPIKOMTEPH, NEKCAKONTEPH Ta IHII, AKI MAOTh 100 MM 1o iaronani.
OuTbIlIe TPLOX MpOTIENEpPIB. Mini FPV aponn: 3assuyaii 100-250
Ianepn: Lle 1poHn 3 Kpunamu, AKi 3a3BHH4aii MM 110 J(aroHaJii.
MalOTh OJIHH JIBHTYH Ta Mpornenep, 4acto Cranpaprui FPV aponn: Bin 250 mm

BHKOPHCTOBYIOTBCA JUIA BETHKHX BIICTAHEI. 1o Jarosan i ousie.
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Ornan FPV-cucrem

Cucrema FPV (First Person View) BHKOPHCTOBYETBCS B JpOHAX Uis
TPaHCAAUIT BIICO 3 JIPOHA HA 3€MJII0 B PEabHOMY Haci, WO J03BOJISEC
OMEpaTopy KepyBaTH HHUM 3 BLUIAICHOT TOYKH.

Icuye aea Tunu FPV-cucrem: ananorosi ta undposi (abo HD)

Jiarpama vactor 5,8 I'T'11 B aHanmoroBux 1 iuppoBux
cucremax FPV

E it w3 w2 1| w5l wb| | b

Fil = il w2l i3] wd] S| wib] ] bl

Re sl e sl sl Sl il w7l sl

S.. Wil &N S B s e s sl

D.. 4l S0 o E SE aE S aE S

i - = | - ol = sl 7

e — " i

Band CH1 CH2 CH3 CH4 CH5 CH6 CH7  CH8
DJvAvatar 8660 S6a5 518 8rro 5808 sare 5814 6539
25mbps

(FCC)

DlAvaty 5735 5710 5306 5539
20mbps

)

DJVAvanar 5665 570 5878 5539
S0mbps

HOZewo 5656 5685 5732 5760 608 5843 5680 s017
FCC)

HDZero araz sres sace 8843
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Hiarpama nonsipu3saitii paaioxsuib B FPV-antenax

JUKIAHA rOPUIOHTANbHA Kpyroga niga LHCP

Ninidna nepaxansma

Kpyrosa nonspusailia kpauie
CIIPABNAECTLCA 3 BIAOHTTAMH BiJl
MOBEPXOHb, 1110 3MEHUIYE BTPaTH

JliniitHa nonspusais 3abesneqye
cTabUIbHMIT CHIHAI B YMOBaX MpAMOi
BHIHMOCT]I MDK Tepe/aBayiem i

npHiMaueM. CHIHATTY.
6
Hiarpamu Hanpasnenocti FPV-anten
Anrena Cloverleafl Junone-anTeHa Anrena Patch Microstrip Circular

z 4

. Hanpasneui anrenn mixoasts JUIA
BeeHanpagieHi aHTeHH 3a0e3MeuyioTh
) ; crarHdHnx abo JIOBroTPHBATHX
cTablIbHHI CHIHAT NPH IBHIKHX .
HPAMUX TONLOTIB, J1¢ BAKINBA

MAHEEPAX | 3MIHI HAMPAMEY. ) . .
MAKCHMATBHA JTATBHICTE 3B'A3KY.
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bnoxk-cxema cucremu 3B’ s13ky FPV-komnnexry

2AGHT
Foaaran yepasaem Ha vactor 2.8 GHY s
,r
Nipstbaans (RX) g E il

Afaparypa «p,u Sl

FoV-npan
N, FPY-oapanpn

HanamryBanus korekry FPV-apoHy 3a 10110MOro
[13

uu,»:cm AR s vacTOr | S H Ghe

BpeonepesInye

Hamamrysanua ExpressLRS

1.Bubip anaparnoi nuardopmu

2. nemysanng paniomoayns ExpressLRS:
3 Hanamryeanua g Betaflight:

4 Ileperipka i TecTyBaHHA 3B'A3KY
S.HanamryBanHa napaMeTpis BUIKpPHTOL
mepexi (OpenTX)

Hanamwrysauus B Betaflight
1.Onosnenns npomnexkd FPV-apona
2.Beranosneno kordirypaiii nomrHoro
KOHTpPOJIEpa

3 Hanamrrysanns npuiiMaga

4 Hanawrrysanus PID i inerpis

EEEEEE——— .
-
— - ——— —
 n
- — (e ]
e = —
g
- | —
1 ——
- 1 — -
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bynosa FPV aunrenu Cloverleaf

Top Cap

Botom Cap
(grounded dircctly to
outside of coaxial

cable) ) _L.
4
:

Cloverleaf antena ckiagaeTses 3 Tpbox abo 3abesneuye BceHanpasieHe
HYOTHPBOX BHIHYTHX €JIEMEHTIB, PO3TAIIOBAHNX BUIIPOMIHIOBAHHA CHTHAITY, 1110
cumetpusno. LI enemenTtn 3abe3neuyiors pOOuTS il 1Iea/IbHOW UIs
KPYIOBY MOJIIPH3ALLIO, KA JornoMarae Bukopucranus B FPV-japonax npu
3MEHLIHTH BTPATH CHIHATY 4epe3 BUIOHTTA. HIBHJIKHX MaHeBpax.

10
bynora FPV antenu Patch Microstrip Circular

Ground

Feed line SMA connector

Substrate

Palch

Front view Side (section) view

[Tatw anTEHA CKNANAETRCA 3 METANERBOT BukopHCTOBYCTRCA 1718 nepenati
MUIIACTHHH, PO3TANIOBAHOT HA/T 3A3EMIICHOIO CHIHATY Ha BEJTHKI BUICTAHI B
MICIIHHOK, 3'€MHAHOK MIKPOCTPIMEORO OIHOMY HANPAMKY. 3abesnedye
niHiew (npoeitHEEoM). 3abezneaye BHCOKY AKICTE 3B'83KY 1

HATPARICHE BHIIPOMIHIOBAHHA CHIHATY. MIHIMAZTLHI BTPATH CHIHATY.
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11

TectyBanusa ontuMizoBanoro FPV-komriekty

Antenn Cloverleat 3abe3neuyiors Bigxkmouenns duistpauii AL 3Menuye 3atpuMky
MOJIIIIEHHsA cTabUIbHOCTI curHany Ha 15-  curnany Ha 5-10%. OnoBnenns npomnsku ELRS
20% na BlakpuToMy 1poctopi 1a noHaja 20% niaguurye eeKTHBHICTL curHany Ha 15-20%.

y MICbKHX a0o JIICOBHX yMOBax, aje ix BcranosiieHHs napamerpa

eheKTHBHICTb 3HHKYETHCA 10 5-10% y "REGULATORY_ DOMAIN_ISM_2400"
3AKPUTHX MPHMILIEHHAX Hepe3 3abe3rneuye MOTYKHICTb curHany 1o 250 mW.

OararonpomeHeBi nepewkoan. [Taru-antenn Yactora oHoBlieHHA naketie 250 ' 3HMKye

JIEMOHCTPYIOTE NokpauieHHs Ha 20-30% vy 3aTPHMKH 1 NOKPAILLYE Peakilio Ha KOMAHH.

3AKPUTHX NPUMILLIEHHAX, 1POTE MeHUI 3pyyHi Bukopucranus pexumy "diversity” miasuunye

qepe3 HalPaB/IeHICTh CHTHAIY. crabuibHiCTh curHany Ha 20-30%, 3abezneuyioun
HIHHHI 1eperis/l y pealbHOMY Hacl.

12

BHCHOBKH

» [Ipoeegeno peransHuil aHaNI3 ICHYHOYHX pilleHs 8 MOKPALEHHH AKOCTI 3B'HIKY
FPV-npouis.

* Burkonano wanawrrysanns woHtpoiepa FPV-npony Radiomaster tx12, FPV-gpona
GEPRC Cinebot30 ta FPV-okynmapie Skyzone Cobra SD.

« Pozpobneno ta nporecrosano anteny Cloverleaf, mo 103801HI0 BHABHTH
ONTHMANBH] KOH(Irypawuii A8 pi3HHX YMOB eKCIUTyaTallii Ta JOCATTH 3HAYHOTO
NOKPALIEHHA AKOCTI CHIHAIY 1 IMEHILEHHH Nepeikol.

» Ilig gac TecTyBaHk BHABJIEHO, IO NAT4 aHTEHA MAc KPalHii piBeHs CHIHATY ¥
BEJIMKHX NMPHMILEHHAX 3 DarareMa nepelukoiaMy, TAKHMH 3K cTiHH aDo MeTanesi
npUMitIeHHAX. Y BIIKPHTHX [IPOCTOpaX MMard-aHTeHa Mokalala rnepeeary y pisHi
curnany 817 30% 1 Ounbite v nopieusuHi 3 Cloverleal anteHolo.

«  Jlns gocarHeHHs OUIBLIOT aNBHOCTI Ta CTaDiIBHOCTI CHIHATY PEKOMEHIOBAHO
3ACTOCOBYBATH CIIPAMOBAHI AHTEHH ¥ MOCIHAHHI 3 BCECTIPIMOBAHUMM aHTEHAMHM Ha
npHiMadax.
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Honarok B. Kananu ta niarpama yactot 5,8 [T’ B aHanoroBux 1 tu@poBux

cucremax FPV

Frequency [X,] [%,] (23]

e g 5 8 § § § €8 & & § 8 § ¢
S EN 300 440 (Europe) ! ot it

A o] sl| oib] S| seihl. s3] wid| will

B sl 2] a3l Lt ) il il ]

E sl wad] w2 sl soiS] smib] T| il

Fll = T R BT T Ry
D I 2N o oSS

g | |
134 162 159

_giw'F!;l 12 1% 10 W | [ ow [ oW 187 11

CRI3T APilets . i .

MOSE SPiots o il R

IMD6C 6 Pilots ol w=m] al wl
Band CH1 CH2 CH3 CH4 CH5 CHé6 CH7 CHS8
DJI/Avatar 5660 5695 5735 5770 5805 5878 5914 5839
25mbps
(FCC)
DJl/Avatar 5735 5770 5805 - - - - 5839
25mbps
(CE)
DJl/Avatar 5695 5770 5878 - - - - 5839
50mbps
HDZero 5658 5695 5732 5769 5806 5843 5880 5917
(FCC)
HDZero 5732 5769 5806 5843 - - - -

(CE)
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HNonatok I'. iarpamu HanpasineHocti FPV-anten

JiarpaMu HampaBJI€HOCTI TATY aHTEHU

Max value 9.71 dBi
Mn value 20.9 dBs
Azimuth  [-180° 1807
Elavation [-80°, 807

Azimuth pattern Directivity (dBi) @ 5.80 GHz  Elevation pattern Diregcgivity (dBi) @ 5.80 GHz
90

270 270



Hiarpamu HanpasieHocTi Cloverleaf antenu

Output:~ Diractoaty
Freguency .5 8 GHz
Meax value 206 dBi

Min vabue  -12.2 dBi
Azimuth  [-180° , 180°]
Elevation [-80° . 80°]

[
1 Show Amtenna

&

&

o
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Azimuth pattern Directivity (dBi) @ 5.80 GHz  Elevation pattern Directivity (dBi) @ 5.80 GHz
90 90

270 270
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JiarpaMu HampaBJ€HOCT1 JUIOJIb AHTEHU

z

5

-15

o -25

N -30

35

40

-45

Azimuth pattern Directivity (dBi) @ 5.80 GI? Elevation pattern Directivity (dBi) @ 5.80 GHz
90 90

Output:: Directivity
Fragquency: 5.6 GHz
Max valee 2 1dBi
Min value 495 dbi

Azimuth [-180° | 1807]
Flevation [-90° , 80%]

dBi

Shew Anleony

270 270
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HNonatok JI. [liarpama nonsipu3aiiii paaixsuwib B FPV-antenax

BHAUe®MLAD8 BHUIHILS

BHAUVBLHOENAOJ BHUIHI|S
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Honarok E. biok-cxeMa cucteMu 3B’ 13Ky J0CHIKyBaHOro FPV-kommiiekTy

2 ndeuAdo-AdS /

edawed-Ad4
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