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The Instrument Landing System (ILS) is a critical component in aviation, providing precision guid-
ance to aircraft during approach and landing. Some ILS systems rely on fiber and wired connections for
control and monitoring, which can be cumbersome and prone to faults in cases like airport expansions
and corrosion. Other systems also rely on high-power, expensive, and complicated wireless links requir-
ing skilled personnel for maintenance. This paper proposes a novel approach to enhance the reliability
and flexibility of ILS by integrating Zigbee technology for remote control and monitoring. Zigbee is a
low-power, cheap, and less complicated wireless communication protocol offering robust and secure
data transmission over short distances. By leveraging Zigbee technology, the proposed system estab-
lishes a wireless network connecting various ILS components, including the localizer, glide slope, and
marker beacon, to a central control unit. This wireless network enables real-time monitoring and control
of ILS parameters, ensuring optimal performance and quick fault detection. The system uses a custom-
ized electronic board based on the Raspberry Pi 5, integrating Zigbee technology for remote data storage,
control, and monitoring. The XBee modems are used for peer-to-peer wireless communication among
stations. The Raspberry Pi touchscreen provides a user-friendly interface between the system and the
users. XCTU software is used to configure the XBee Modems and the entire network will be monitored
on a web-based software application. The development process is structured into two phases: remote
monitoring and remote control of the ILS. The system operates in peer-to-peer communication mode,
instantly broadcasting data to all stations in real time, providing detailed information on the status of the
ILS. Implementing Zigbee technology in ILS offers several advantages, including reduced installation
and maintenance costs, enhanced system flexibility, and improved fault tolerance. This paper demon-
strates the feasibility and benefits of adopting cheap and less complicated wireless communication pro-
tocols in critical aviation systems, paving the way for future advancements in air traffic management.
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Llens paboOTHI 3aKIIOYaeTCss B HMCCIEIOBAHMHM M Pa3padOTKE PEedeBOro OMOBEMIATeNsi C HHTEp-
¢eiicapiM RS-485 ynpasnenuem.

PeueBoii onosermaTenb HEOOXOIUM JUI CBOEBPEMEHHOT'O OTIOBELIECHUS JIFOIEH 0 oXape, 11bo aApy-
T'HX YpPE3BBIYANHBIX CUTYalMsIX HA 00beKTe 3ammThl. COBpEMEHHbBIC PedYeBbIe OMOBEIIATENN HCIOIb-
3yIOT O0Jiee CIIOKHBIE CXEMBI, OHM HETIPOCTHI B IPOU3BOACTBE. TakKe CHCTEMBI, HCIIOJIb3yeMble JaHHBIE
peueBbIe OMOBEIATeIH JOPOTHe, 33 CUET UCIOIB30BaHMS B HUX MOJIYJIEH YHpaBICHUS, YCHIUTENEH
MOIIIHOCTH U PETTUTEPOB.

B xone pabotsl pa3paboTaHa CTpyKTypHasi CXeMa PedeBOro OMOBEIIATENs, IPEICTaBICHHAs Ha PH-
cyHke 1.
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Puc. 1. CtpykrypHas cxema YCTpoiicTBa
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CEKI/;I/I}Z 1. HH¢OpMa14MOHHO-M3M€pMm€JleCl}Z MEeXHUKAa u mexHoaiocuu

Tax, [u1st ynpoIueHus onepamuili B Mpou3BOACTBE, UCIOIb30BAaHUU U YMEHBIIEHUH CTOUMOCTH CH-
CTEMBI OTIOBEIICHNUS, B JAaHHOM OIIOBEIIaTeNe YCTaHaBIUBaeTCs HHTEpQeicHbIi Moayh RS-485 u pe-
yeBasi MUKpocxeMa. B pesynbpTaTe omoBemarens MOKET BOCIIPOU3BOAUTE TEKCTBHI PEUEBBIX CUTHAJIOB
OIIOBEIICHUS, 3anucaHHbIX B [13Y peueBoit MUKPOCXEMBI 110 KOMaH 1aM IepeiaBacMbIM 110 HHTephency
RS-485 anmpecHoil cucremMbl MOXapHOH curHaimu3auuu. TakuM o0pa3oM pedeBoe ONOBEHICHHE B CH-
CTEMe OIOBEICHHS MOXKET ObITh OPraHU30BaHO 0e3 HEOOXOAMMOCTH HCIIONb30BaHUS B CXEME YCHIIU-
TeJIell MOLTHOCTH, PEIUTEPOB. DTUM YIPOLIAETCs MIpoLelypa HaIaAK 000pyJOBaHUS, TaK KaK Ul Ta-
KOTO OTOBeIaTes s He TpeOyeTcsl Kakas-lnO0 HaCTPOUKH.
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Lens paboTs! — oBbITIeHHE 3P GHEKTUBHOCTH PAabOTHI OXPAaHHOTO TEIICBUICHHUS, BUICOHAOIOICHHUS
U OIIEPATUBHBIX PA0OOTHUKOB.

['paguenTHOE pene — 3TO YCTPOWCTBO, Pearupyroollee Ha CKOPOCTb U3MEHEHUSI KOHTPOJIUPYEMOTO
napametpa. ['paanentHoe oTopene pearnmpyeT Ha M3MEHEHHE OCBEIIEHHOCTH 00BeKkTa. B cucremax
OXPaHHOTO TEJICBUCHUS U BHJICOHAOIIIO/ICHUS OYCHb BAXKHO, KaK MOXHO OBICTpee 0OHAPYKHUTh Hapy-
muTens. B BuaeokaMepax qaTuMKy IBUKCHUS PEarupyroT MacCUBHO HAa HHAPaAKPACHOE M3IYYCHUE OT
0o0BeKTa (HApYIIUTENS) ABMKYIIErOCs TMPEAIONIOKUTEIHHO C HOPMUAPYEMOM CKOPOCTBIO M HAaIpaBJie-
HHEM, 9TO TTO3BOJIIET ITOATOTOBICHHOMY HapYIIHUTEN0 HEHTPATN30BaTh CpabOTKy matdynka. OmepaTus-
HBIN PabOTHUK, HAOIIOAAFOIININ 32 TEKYIIEH 00CTaHOBKOM, MOXKET U MPOIMYCTUTh, HE 3aMETUTh JIBUXKE-
HUS Ha SKpaHe.

I'pamuenTtHOe poTOpene ¢ YyBCTBUTEIHHBIM DJIEMEHTOM pPearupyeT Ha U3MEHEHHE OCBEIICHHOCTH
4aCcTH 3KpaHa MOHUTOPA, HAN0O0JIEe BAKHOTO 00BEKTA B YCIOBUAX OXpaHbl. UyBCTBUTEIHHBIM 3JICMCH-
TOM yCTpOHCTBa siBNseTcs Goroanon. Poroanon ycTpoicTBa HANpaBISIFOT HA BaXKHBIN y4aCTOK Telle-
BHU3MOHHOTO JKPaHa, CXeMa aBTOMAaTHYECKH HACTPAMBAETCS Ha MPEI0KEHHYIO0 OCBEIIEHHOCTh (CBETO-
BOi1 moTOK). [Ipy n3MeHeHnu POTO MOTOKA KOHTPOJIUPYEMOTO yUaCTKa 3KpaHa CcpadaThIBacT UCIIOIHU-
TeNbHAs YacTh YCTPONCTBA H MOJIAET CUTHAII TPEBOTH B CITyK0Yy 0€30MacHOCTH.
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Puc. 1. CtpykTypHas cxema rpallueHTHOTO (hoTopee

[MpuHIMTIMATEHAS CXeMa yCTPOUCTBA OTIIMYAETCS MPOCTOTOM U HAJIE)KHOCTHIO, ONITUYECKUI KaHAT —
9TO JIMH3a B (OKyce KOTOPOH pacmonoxkeH (Goromuoa. PoToanon MOAKIIOYCH HapajlieIbHO Ha JBa
BXOJIa ONEPAIMOHHOTO YCHJIUTEIS, YTO MPH PABEHCTBE HANPSKEHHWU Ha BXOJAX YYBCTBUTEIBHOCTD
CXeMBbI OJU3Ka K mpejesibHoM. K oTpuiiarenbHOMY KaHally ONEPAaMOHHOTO YCHIIUTENS MOJIKIIYeHA
RC-nienouka, st 3aep kK curHajia ot ¢oroanoaa. [Ipu mosBieHnn oObeKTa B MOJIE KOHTPOIHPYE-
MOTO y4JacTKa N300pakeHUs, U3MEHHUTCS (POTO TIOTOK DKpaHa M COOTBETCTBEHHO TOK (hoToamoma. B pe-
3yJbTaTe, JAa)Ke HeOOJbIIAs U KPAaTKOBPEMEHHAs Pa3HOCTh HANPSIKEHHH Ha BXOJaX ONEPAI[MOHHOTO
YCHIIUTEIIS IPUBEJIET K CpabaThIBAHUIO KOMITApaTOpa U pejie. Y CTPOUCTBO MOXKET OBITh HACTPOCHO JIJIS
paboThl HA MOHW)KEHHE WM MOBBIIICHUE OCBENICHHOCTH KpaHa. CyXue KOHTAKThI pejie MOTYT ObITh
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