Mixcnapoonuil HayKoeo-mexHiuHuil HeypHan
«BumiproganbHa ma ob6yucnoeanbHa mexHika 8 mexHoJ102i4HUX npoyecax»
ISSN 2219-9365

https:/doi.org/10.31891/2219-9365-2025-84-37
YK 681.128+681.518.2

IBAILIEB danuin

JlHinpoBchKuil HaLioHaNbHUI yHIBepcuteT iMeni Onecst ['onuapa
https://orcid.org/0009-0002-0556-9418
ivashchev_d@365.dnu.edu.ua

I'EPACHMOB Bonoaumup

JlHinpoBchKHi HalliOHANBHUH yHiBepcuTeT iMeHi Onecst ['onuapa
https://orcid.org/0000-0002-1366-715X
herasymov_v(@365.dnu.edu.ua

BUILJIEHHSI ITO/III 3AITPABKH TA OBPOBKA JIAHUX PIBHS ITAJIMBA
MAHEBPOBHUX JIOKOMOTHUBIB

Y crarri 3arpornoHoBaHo anaropuTM aBTOMaT4YHOI O6POOKU TEIEMETDUYHUX AGHUX PIBHS N1a/INBa MaHEBPOBUX JIOKOMOTUBIB.
KITH04O0BOKO OCOBTNBICTIO alrOpuTMy € ANPEDEHLIVIOBAHE 3ITIALKYBAHHS. HA AIISHKAaX BUTPATU [1a/IMBA 3aCTOCOBYETLCS CUITbHE
aaantuBHe 3r1aKyBaHHsl, @ B 30Hax 3arpaskv — MIHIMA/IbHE, 1O 36EPIrae Pi3KiCTb (POHTIB MTiAVIOMY PIBHS U151 TOYHOIO BU3HAYEHHS
06csry 3a/MToro nammea. AJIrOpUTM BKITIOYAE ETary CErMeHTaLlii JaHnx, BUAANEHHS aHOMAlivi 3 aAarTBHUM [10POrOM, BUSIB/IEHHS
104 3arpasky, ABOETAITHOIO 3I/1a4)KyBaHHs Ta OLIHKU SIKOCTI O6pOBKH. EKCrIEPUMEHTA/ILHA TEPEBIPKA HA PEASIbHUX AaHNX 19T
Js1iokomoTuBiB (500 000 Toyok) niareepania 100% TOYHICTb AETEKLI 43 3arpaBoK Ta 3HaYHE MOKPALLEHHS BIAHOLIEHHS CUIHa/l/LLyM
(B cepegHbomy Ha 32,6 4b).

Kimo4oBi  C/10Ba: MAaHEBPOBMY JIOKOMOTHUB, TENEMETPIS, pPIBEHb a/MBa, 06POOKa AaHux, BUSB/IEHHS AHOMAJIY,
ANGPDEDEHLIIVIOBAHE 3ITIALKYBAHHSI.
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DETECTION OF REFUELING EVENTS AND PROCESSING OF FUEL LEVEL DATA
OF SHUNTING LOCOMOTIVES

The paper proposes an algorithm for automatic processing of fuel level telemetry data of shunting diesel locomotives aimed
at reliable detection of refueling events and accurate estimation of fuel consumption. Raw fuel level signals obtained from onboard
sensors are characterized by a high level of vibration noise, measurement errors, and abnormal spikes caused by operating conditions,
which significantly complicates automated analysis. To address this problem, a comprehensive data processing pipeline is developed
that combines adaptive anomaly removal, event detection, signal segmentation, and differentiated smoothing.

The algorithm first segments the time series into continuous sessions by detecting large temporal gaps in telemetry in order
to prevent distortion of fuel consumption trends. Anomaly filtering is then performed using an adaptive threshold based on local
statistical characteristics of the signal. Outliers are identified by comparing deviations from a weakly smoothed trend with a locally
computed standard deviation and are replaced using time-aware linear interpolation, which preserves the overall signal shape.

Refueling events are detected based on analysis of the smoothed fuel level derivative. Candidate events are filtered using
constraints on minimum volume increase, duration, and locomotive operating state, including engine power and motion indicators.
Detected refueling intervals are merged when temporally adjacent, allowing robust identification of complete refueling processes.

A key contribution of the proposed approach is differentiated adaptive smoothing. Strong Gaussian smoothing with a
variable window width is applied during normal operation and idling to suppress noise and form a stable fuel consumption trend. In
contrast, minimal smoothing is applied within refueling intervals, preserving sharp fuel level rise fronts and ensuring high accuracy of
refueled volume estimation. Smoothing parameters are adapted to locomotive speed and current fuel level.

The algorithm was validated on real telemetry data from five shunting locomotives comprising 500,000 measurement points
collected over several months of operation. Experimental results demonstrate 100% accuracy in detecting 43 refueling events, with
no false positives or missed events. The average signal-to-noise ratio improvement achieved by the proposed processing reached
32.6 dB, confirming the effectiveness of the differentiated smoothing strategy. The developed method can be used for automated
fuel accounting, detection of non-target fuel usage, and improving the reliability of operational reporting.

Keywords: shunting locomotive, fuel level telemetry, refueling event detection, anomaly removal, adaptive smoothing,
signal processing.
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MNOCTAHOBKA MMPOBJIEMU Y 3AT'AJIBHOMY BUTIJISIAIL
TA 1i 3B°S130K I3 BAXKJIMBUMH HAYKOBUMHY YU TIPAKTUYHUMMU 3ABJAHHSIMHA

ManeBpOoBi JIOKOMOTHBH € KIIOUOBHM E€JIEMEHTOM COPTYBAJIBHHX CTaHIIM Ta MPOMHCIOBHX 3aJII3HUYHHX
By3JiB. TouHMI 00JIiK 3ampaBiIeHOrO MajJWBa J03BOJISIE BUSBIIATH HEIIbOBE BUKOPUCTAHHS, OIIHIOBATH peabHHMA
po3xix Ta popMyBaTH JOCTOBIpHY 3BiTHICTE. CHpi JaHI JaTYHUKIB PiBHS MAJTMBA MICTATh 3HAYHY KiJIbKICTh aHOMAJTiH,
IIyMiB Ta XUOHHUX CTPHOKIB, MO0 POOUTH aBTOMATHYHE BHIIJICHHS CIPABXKHIX 3alpaBOK HETPUBiaJbHUM 3aBIaHHIM
[1]. 3anpornioHOBaHMIA aNTOPUTM BUPINIYE II0 MPOOIEMY KOMILUIEKCHO.

MeTor [IOCHIPKEHHST € BU3HAYCHHS KOPEKTHOIO PIBHS MMANBHOTO Ta TaKMX MaHUX [IOAO POOOTH
TPAHCHOPTHOTO 3ac00y, SK KIJIBKICTh MAIbHOTO, 3alPaBICHOrO B 0ak, BUTpaTa MajiBa 3a NCBHHUN IMPOMIDXKOK Yacy,
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tomo. [y mporo Oyio po3poOiieHO anroputM OOpOOKHM NaHMX DPIBHA IMAJTHBa MAaHEBPOBHX JOKOMOTHBIB, SIKHHA
3a0e3NeunTh BUIAJICHHS aHOMAJTiH Ta MOIIYK 3alpaBoK. 3aj1ava Mojsrae B TOMy, o0 YCYHYTH HEKOPEKTHI 3HAUCHHS
Ta IIyMH, BU3HAYUTH MICPIOJIN 3aIPABKU Ta OOUHCIUTH HEOOX1IHI 3HAUCHHSI.

METO/U I MATEPIAJIU

CnoyaTKy Bech MacUB JIaHHX JJIsI KOYKHOTO JIOKOMOTHBA pPO30MBAETHCS HA HENEPEPBHI CECii: BUSBISIOTHCS
3HAYHI YacOBi PO3PUBH MIX 3aImucamH, siki nepeBuuryorb 600 cexyna (Tooto 10 XBHIMH), 1 AaHI PO3TOAIISIOTHCS
Tak, mo0 YHUKHYTH CIIOTBOPEHHS TPEHOY BUTpATH MalWBa dYepe3 TpuBajii may3m B Tememerpii. Koxkna cecis
00MEXY€ETHCSI MAKCHMAIBHOIO KUTBKicTIO psakiB y 50 000 mist edeKTHBHOT 00pOoOKH BENUKHAX 0OCATIB TaHUX.

Hanmi mpoBOAWTHCS OYHMINEHHS Bif aHoOMamiid. g IbOTO CIIOYATKy BIAKUIAIOTHCS 3HAYCHHS HIDKYE
MiHIMaJIEHO MOXJIUBOTO (Di3MIHOTO PiBHS B 0aKy, AKHiA cTaHOBUTH 60 JITPiB 32 3aMOBUYBaHHSM (200 IHIUBIAYaIEHO
IUTA KOXKHOTO JIOKOMOTHBA Ha OCHOBI 00’eMy mammBHOTO 0aky). IloTiM curHam crmabKo 3riaKyeThCcs TayCOBUM
(GinbTpOM, OOYHCIIOETECS JIOKAJbHE CTaHAAPTHE BIOXWICHHS B KOB3HOMY BiKHI, ()OpMY€ThCS aZaNTHBHHUU TOPIT
gyyTiauBocTi [2]. Lei mopir o04ncIoeThes SK 700y TOK JIOKIBHOTO CTaHIAPTHOTO BIIXUIICHHS Ha TIEBHUH KoediLlieHT,
SIKMA 00paHO ISl IMiJBUINEHHS JXOPCTKOCTI JCTEKIii 3 METOH €()EKTHUBHIIIOrO BMIIYYCHHS BHKHIIB B YMOBax
BUCOKOTO HIyMy. TOuYkM, BIAXHMJICHHS SKMX BiJl 3IVIQJDKEHOTO TPEHAY IEpEBHINye Leil Mopir, Mo3Ha4aloThCs
aHOMaJIbHUMH 1 3aMIHIOIOTbCS 3HAYEHHSMH, OTPUMAaHMMH JIIHIHOIO IHTEPHOJSALIEI MK HaWOIMKIMMU
JIOCTOBIPHUMH TOYKAMU 3 ypaxyBaHHSM 4acOBHX MITOK. Takuil miaxix ycyBae pi3ki BUKHIH Ta POBaNH, 30epiraroun
IIPH I[bOMY 3arajibHy (JOpMY CHTHAIY.

[Ticnst ounIIEeHHS BUKOHYETHCS TOMIYK MOJiH 3ampaBky. {ist Iboro 0O9YHCITIOETHCS TOXiHA PiBHS MalNBa,
sIKa 3TIIAJPKYETHCS (PUTBTPOM 3 aZaNTHBHOIO IMUPUHOIO BiKHA y BH3HAUYCHOMY [iama3oHi (MiHIMalbHE BIKHO LIS
MIBUIKAX IONiH, MaKCHMalbHE aJS INTaTHOI eKCIDTyaTamii). Y MICISIX PI3KOTO CTIMKOTO 3pPOCTaHHS MOXIiTHOL
BHIIIAIOTHCS KaHANIATH Ha 3anpaBKy. KoskeH kaHIUIAT QLIBTPYETHCS 32 MiHIMAJIEHIM 00’ €MOM MiAHOMY PiBHSL, IO
HaJIAIITOBYIOTHCS JUISl KO)KHOTO JJOKOMOTHBA OKPEMO, MiHIMAJIbHOIO TPHBATICTIO MOAII Ta BIACYTHICTIO O3HAaK PyXy
(WBHIKOCTI 200 MOTY)KHOCTI IBUTYHA) B LICHTPaJIbHII TOYIl IHTEpBally, Ie IOTY)XHICTh HE MEpeBUIIYE BU3HAUCHUI
mopir. SIKIo CyciiHi KaHIUIATH PO3TAMIOBaHI OJIU3bKO 32 YaCOM, BOHH 00’ € THYIOTHCSI B OJTHY MOJIiI0 3 IEPEPAXYHKOM
00’eMy Ta TpuBajocTi. BBOAWTBCSA NOAATKOBUII MOpIr Asl 00’€My 3ampaBKH JUIS BUKIIOUEHHS XHUOHHMX Majux
CTPHUOKIB PiBHS MaJIMBA.

Ha ocHOBI BUSIBIIEHHX 3aIIPaBOK 1 CUTHAITY TOTYXHOCTI JJBUT'YHA POBOJIMUTHCS CETMEHTAIlisl BCbOTO YaCOBOTO
psily Ha TPH PEKUMH: 3aIIpaBKa, pyX (1€ MOTYKHICTh NEPEBUIILYE BCTAHOBJICHHUH ITOPIT) Ta CTOSHKA (pelTa AUISHOK).
KopoTki cerMeHTH NPHETHYIOTBCS A0 CYCIOHIX, a CyCiTHI CTOSHKH, PO3IUICHI MalMM YacOBHM IPOMIKKOM,
00’emHy0TECS. Taka cerMeHTallisl JO3BOJISIE TOYHO PO3ALTHTH (Pi3UTHO Pi3HI pe)KUMHU pOOOTH JIOKOMOTHBA.

KirouoBum etariom € nudepeHiiiiioBane aganTUBHE 3IJIa1KyBaHHS OUYMIEHOTO curHaiy. Ha minsHkax pyxy
1 CTOSIHKM 3aCTOCOBYETHCSI CHJIBHE TayCOBE 3TJIa/DKyBaHHS 3 BEJIHMKOIO IIMPUHOIO BiKHA, sIKA& aBTOMAaTH4HO
30UTBITYEThCS TMPOMOPIIHO CepeIHii MBHUIKOCTI JOKOMOTHBA i 3MEHIITYETHCS TIPH BUCOKOMY PiBHI maiuBa B 0axy.
Lle 3a0e3neuye MakcMMaibHE MPHUIYHICHHs BiOpaIiifHOrO HIyMy i CTBOPEHHS IUIaBHOTO TPEHIY BUTpAaTH MNaHBa.
HaromicTb 6e3mocepeiHbo B MeKax KOXKHOI MOJiT 3arpaBKy MIUPHHA BiKHA (IKCYETHCS HA MiHIMAJIbHOMY 3Ha4€HHI,
IO NPaKTHYHO BHKIOYAE PO3MHUTTS Pi3Koro (poHTy migiiomy piBHS i 30epiraec BHCOKY TOYHICTh OOYHMCICHHS
3anuToro 00’emy. KoedillieHT 3riamkyBaHHsS BCTAHOBJIIOIOTHCS 3 YpaxyBaHHSIM CepellHbOl IIBUIKOCTI Ta DPiBHS
NaJBa B CErMEHTI.

[icms 3rmamkyBaHHA OOYMCIIOIOTBCS METPHKHM SKOCTi: cepeaHbokBaaparndHa nommika (MSE) i
BigHOmeHHs curHan/myMm (SNR) okpemo mo i micns 3riaukyBanHs, npupict SNR. JlogaTKOBO po3paxoBYETHCS
CTAaTUCTHKA BUTPATH MAJIMBA 38 YaCOM POOOTH JIBUTYHA 1 32 BAKOPUCTAHOIO TTOTYKHICTIO.

PE3YJBTATH EKCIIEPUMEHTAJIBHUX JOCTIAKEHb

ExcniepumenTanbHa Bepu(iKallist 3aporoHOBaHOTO AITOPUTMY NPOBOIMIIACS HA pealIbHUX TEIEMETPHIHUX
JIAaHWX PIBHS MAJIMBA M'SITH MAHEBPOBUX TEILIOBO3iB, MO3HAYCHUX sK 1, 2, 3, 4 ta 5. Koxxen Habip manux mictus 100
000 BuMiproBaHb, BUKOHAHUX 3 1HTEpPBAIOM NpuOIM3HO | XBWIMHA, 1m0 B cymi ctaHoBWiIO 500 000 Todok maHuX i
BIJIMOBIAAJIO KITBKOM MiCSIISIM Oe3MepepBHOT eKCILTyaTallii B yMOBaxX COPTYBAJIBHOI CTaHIIil.

Anroput™m aBTOMaTHYHO cdopmyBaB 12 833 OZHOPIZHMX CETMEHTH EKCIUIyaTaliHHUX PEeXHMIB (pyX,
CTOSIHKA, 3ampaBKa) Ta ifeHTudikysaB 43 moxiit 3anpasku (tadmn. 1). [Ipu pyunii nepeBipui miareepmkeno 100 %
TOYHICTH ACTEKIii: BIACYTHI K MPOIYCKH pealbHUX 3aMIPaBOK, TaK i XUOHI CIIPAIFOBaHHS.

3aranpHUE 00CAT MaNnBa, 3aJIUTOTO MPOTITOM IEpioay croctepexenHs, ckinaB 135 280 mitpiB. Cepenniit
00’em onHi€ei 3anpaBku — 3 469 mitpiB (Mexiana — 3 493 ).

MenianHe 3HaueHHs 00’€My 3ampaBKH CTaHOBUTH 3486 I, 1O BiANOBINAE THIIOBOMY 3alpaBi€HHIO
MaHEBPOBOT'O TEIIOBO3a «IIiJ MOBHY». 3ampaBku 00’eMoM MeHie 2500 s (Bchoro 4 BHUNAAKK) € PiIKICHUMH
YAaCTKOBUMH JI03aIIPaBKaMH 1 alrOPUTMOM BHSIBISIIOTHCSI KOPEKTHO.
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Ta6mums 1.
XapaKTepHCTHKH BUSIBJICHUX MO/l 3aNIPaBKH 32 00’ €KTaMu
ID KinbkicTs Cepenuiii 06’em, CrangapTtHe MiniManbunii 06’em, | MakcuMmaabHuii 06’em,
3anpaBoK J BilIXl/[J'leHl-[ﬂ, J J J

1 5 3080 382,6 2517 3514
2 8 3594 906 2292 4963
3 5 3798 652,5 3025 4509
4 10 3423 665 2007 4196
5 15 3753 729,3 2951 4935
Pazom 43 3601 741 2007 4963

B Tabmumi 2 HaBemeHO METPUKH SIKOCTI OYUIIEHHS cuTHAITY. CepeHe 3pOCTaHHS BiIHOIIECHHS CHTHAJ/IITyM
ckiano 33,4 nb (3HWKeHHS piBHA mrymy ~148 pasis).
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Puc. 1. licrorpama po3nojiny o6csriB BUSIBJIEHUX 3alIPABOK
Tab6muusg 2.
MeTpmm AKOCTI OYUIICHHS CUTHAJTY
ID MSE no, cepenne Mf:;;::”’ SNR no, n1b SNR micas, 1b 3pocranns SNR, 1b
1 95 390 52,7 23,87 56,86 +33,0
2 53 406 73,0 24,49 57,69 +33,2
3 90 064 58,7 23,55 59,97 +36,4
4 60 709 17,1 28,80 61,67 +32,9
5 51683 66,5 24,49 53,35 +28,9

Puc. 2 imoctpye edekTHBHICTD quepeHniHoBaHOTO 31 KyBaHHS Ha HAHOUIbII CKIlaHOMY 00’€KTi. Puc.
2a — 1ie (parMeHT JaHuX i3 3alpaBKoOIo, TOJI K puc. 20 — Ie (parMeHT JaHMuX Mijx yac poOOTH TPAaHCHOPTHOTO
3aco0y. Take mojaHHs O3BOJISE Kpalle BioOpasuTH PI3HUIIO MiX JAaHUMH, JIMIIE OYMIIEHUMH BiJ| aHOMAJIiH, Ta
3IIIA/KSHUMH JTAaHHUM.

OpuriHanpHi 1aHi MalOTh BUCOKWH piBeHb BiOpamiiHOTO mIyMy Ta aHomamiil. Ilicis oYumieHHS yCYyHYTO
BUKHAM, a (iHAIBHE 3T7aKyBaHHA (cipa JIiHisA) 3a0e3medye IIaBHICTh TPEHAY BUTPAT MPH MMOBHOMY 30epexeHHi
pizkoro (poHTY 3ampaBké (BepTHKaIbHUI cTpuOOoK ~ 3500 ommamns). lle miaTBepmKye KIIOYOBY IepeBary
anropuTMy — 30epexeHHs (i3NIHO 3HAYYIIHX CTPHOKIB IIPH MaKCUMaJIbHOMY IPUAYIICHH] ITyMy.
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Puc. 2. IIpukiaja NOBHOro HMK.JIY 06POOKM CUTHAJIY PiBHS NaauBa:
a) — 3anpaBka, 0) — MaHeBpoOBa podoTa

BUCHOBKM 3 TJAHOTI'O JOCJIIJIZKEHHS
I HEPCIHHEKTUBU NOJAJIBIIINX PO3BIJIOK Y JAHOMY HAIIPAMI
SanpornonoBanuii anroput™m 3abesmeuye 100 % TOUYHICTH aBTOMATHYHOI JETEKIi MOl 3ampaBKu Ha
peasbHUX JAaHUX I1’SITH MAaHEBPOBHX TEIUIOBO3iB (43 3 43 miATBep/XKEHUX BPYUYHY) 32 YMOBH BHCOKOTO PiBHS 3aBa,
XapaKTepHHUX JJIsi MaHeBPOBOro pexumy. JudepeHuiiioBaHe ajanTuBHE 3MIIJDKyBaHHS 3a0€3MEUUSIO 3pOCTaHHS
BiZIHOIIEHHS cUrHai/iiym Ha 32,6 nb, 3abe3neunBiun cepeane 3HaueHHs SNR 56,23 nb. Ilopanbummii po3BUTOK
JIOLUTBHO CIIPSMYBATH Ha alaliTAIli0 AJITOPUTMY ISl pOOOTH B pealbHOMY 4aci.
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