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The advancement of intelligent systems for evaluating the functional state of vehicles is
vital for identifying vehicles, operational control of their condition, environmental monitoring, and
enhancing user convenience in vehicle operation. This development is crucial in modern intelligent
services aimed at ecological monitoring technology for sustainable development.

Various types of noises, particularly vibrations and sound signals from different
mechanical system components, provide valuable information for assessing the functional
condition of vehicle parts. Sound characteristics such as rhythm, frequency, and amplitude can
reveal insights into engine performance, including speed, wear, or potential issues. The capability
to detect acoustic anomalies is essential; for instance, knocking sounds, faint noises, or pops from
the exhaust may signal engine problems. Acoustics can also assess vibration levels, indicating
uneven rotation, faulty moving parts, or other underlying issues. Acoustic methods for engine
diagnostics can be highly effective, offering valuable insights without disassembly or engine
shutdown. Various acoustic techniques employed to assess engine performance include: a)
Listening to the engine's operation, which is one of the simplest methods; an experienced
technician can identify sound anomalies that may indicate operational issues; b) Spectral analysis,
which measures the frequency response of sound to differentiate between various fault types based
on changes in the spectrum; ¢) Analysis of sound vibrations; d) Acoustic emission tomography;
and even e) Utilisation of machine learning for sound signal analysis. For instance, research has
been conducted using sound spectral analysis to identify faults in machinery, including engines,
and studies focusing on noise within engine cooling and lubrication system units through acoustic
emission analysis to assess the degree of wear on the impeller [1-3].

The diversity, uncertainty, nonlinearity, and multidimensionality of information flow from
dynamic systems necessitate a revision. These factors impose limitations on the capabilities of
information technologies. A promising approach to address these issues is the parametric
representation of information signals — such as electrical signals, sound, and noise—within the
context of potential dynamic events. This approach serves as a foundation for an interdisciplinary
methodology to capture the individuality of complex systems. To effectively identify the
functional state of system elements, emphasis is placed on the noise components of signals from
various sources, as they provide significantly more information than other elements. Noise
possesses random and fractal characteristics; its statistical properties are leveraged in analytical
methods to characterise stable disturbances in the operation of mechanisms. This analysis not only
aids in uncovering subtle, hidden patterns in the mechanisms' performance but also enables the
early detection of unfavourable changes in functionality.

The most promising method for this purpose involves an interdisciplinary approach that
focuses on the parametric visualisation of information signals from the object under investigation,
thereby highlighting the individual functioning of complex systems [4-8]. This approach
emphasises the parametric representation of the object's information signals (such as electrical
signals, sound, and noise) within the realm of potential dynamic events. This method unveils the
unique characteristics of the signal's structure as it transforms into a topological 3D model,
represented as a closed trajectory in the dynamic events space. This geometrisation of information
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flows encompasses both spatial and temporal decompositions. Geometrically, these
decompositions are distinguished by their perpendicularity and curvature, while physically, they
differ in the speed and acceleration of dynamic events [4-8]. The spatiotemporal organisation of
the components is most evident in the orthogonal projection of the trajectory, which comprises
distinct graphical signatures from first- and second-order sources. These signatures represent the
natural patterns of the spatio-temporal structure of the signal, and comparing them facilitates the
rapid identification of changes in the object's state [6, 7].

Visualising acoustic signals by transforming them into topological 3D models opens up
new avenues for developing remote monitoring methods for mechanical systems. This approach
enables us to analyse the conditions and sources of emitted sounds, allowing for the early
identification of potential faults. Recordings were captured in WAV format using a microphone
with a frequency range of 60 Hz to 18,000 Hz and a sampling frequency of 44,100 Hz. Sound
processing and graphical rendering were carried out on the MATLAB platform. The topological
3D models were generated using the Origin program [8]. The parametric visualisation of the
acoustic noise signal from a differentiated piston engine allows for identifying mechanical faults.
It offers insights into the operational state of the mechanical system through its noise parameters.
This foundation paves the way for developing a remote diagnostics method for vehicle components
to detect operational errors in sound-generating objects, evaluate the condition of units or systems,
pinpoint sources related to mechanical parts, and identify defects or mechanical damage to
components or assemblies. This capability is particularly crucial for analysing the environmental
impact of internal combustion engines. For instance, the use of low-quality fuel or improper
functioning of the fuel or ignition systems can disrupt the combustion process of the fuel-air
mixture, altering the engine sound captured by the acoustic analysis system.

By processing these acoustic signals and transforming them into a three-dimensional
topological model for parametric visualisation, we can develop methodologies for remote
monitoring of mechanical systems. It would enable the assessment of a unit's functional state and
facilitate the early detection of functional defects and weld issues within the components of a
mechanical system.
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CyuacHa TpaHCIOPTHA CHCTEMa BaHTa>KHOT'O aBTOMOOIJIHOT'O TPAHCIIOPTY, 1110 0a3yeThCst
Ha TPaTUIITHUX IMiIX0AaX 10 YIPABIIHHSA, € CKJIAHOIO 1 BOJHOYAC HEJOCTATHHO €PEKTUBHOIO
Oprafi3aiifHO-TeXHIYHOI CTPYKTYporo. PiBeHb 11 QyHKIIOHAIBHOT €(h)eKTUBHOCTI BU3HAYAETHCS
CYKYITHICTIO YMCIIEHHUX YMHHUKIB, OUIBIIICTD 3 SIKMX MatoTh iHdopMmariitae miarpyntsa. Cepen
HUX — CTPYKTypa Ta TEXHIYHMH CTaH aBTONApKy NIANPUEMCTBA; YMOBM eKCIUTyaTawii
TPAHCIIOPTHUX 3ac00iB; OCOOJMBOCTI penbedy Ta MPOPUIFO MICHEBOCTI; XapaKTEPUCTUKU
JIOPO’KHBOTO TMOKPUTTS, BKJIIOYAIOUM HOro THM 1 CTaH; oOCAT Ta SKICTh BUKOHAHHS pOOIT 3
OyIiBHHMIITBA, PEMOHTY ¥ OOCIYrOBYBaHHS JOPOKHBOI 1H(QPACTPYKTYypH; MPOTHO3YBaHHS Ta
3arnob6iraHHs aBapiiiHUM CHUTYyaIlisIM; TOKa3HUKU 1HTEHCUBHOCTI Ta HaCHUEHOCTI Tpadiky; oocsr,
¢i3uKO-MeXaHiIYHI BIACTUBOCTI BAaHTAXIB; PEXXHUM Ta MIBHIKICTH PyXy TPAaHCIIOPTHUX 3acO0iB;
aTMoc(epHO-KIIMaTUYHI YMOBH; piBeHb KBali(ikallii nepcoHany; eGeKTUBHICTb MapIIpyTH3AIIi]
TOIIIO.

3acTocyBaHHs 3aCTapiIMX METOJIB OpraHizalii TPaHCIOPTHOI CHUCTEMH MPU3BOJUTH 10
NIJBUIIEHUX BUTPAT Ha MNEPEBE3EHHS, 3aTPUMOK y JOCTaBIl BaHTaXIB Ta 3pPOCTaHHS pPIBHSA
aBapiiHOCTI Ha MapuipyTax. HeraTMBHI HacliJKu Takoro YIpaBJiHHs, HEIOCTAaTHIM PO3BUTOK
1H(DpacTpyKTypHUX 00’ €KTIB, MOPYLIECHHS TEPMIHIB IOCTaBKH, a TAKOK 3POCTAIOYHI €KOJIOTTUHUN
Ta TEXHOT'€HHUH BIUIMB aBTOTPAHCIIOPTY CTBOPIOIOTH 3HAYHI BUKJIMKU 111 €AMHOT TPAHCTIOPTHOT
CUCTEMHM KpaiHM, BUMararo4u KOMIUIEKCHOTO MIAXO01Yy /10 MOJEpHi3alii Ta 1HTerpauii cy4acHux
TEXHOJIOTIYHUX PIllIEHb.

OCHOBHUM KOMITJIEKCHUM 3aBAaHHSIM OO0 MiABUIIEHHS €()eKTUBHOCTI aBTOMOOIHHOTO
TPAaHCHOPTY € BIPOBA/UKEHHS TMpOLECIB  iHTerpamii riIo0aJbHUX  CYHNYTHHUKOBHX 1
pajioHaBIraliiHUX CHUCTEM, SIK1 37aTHI 3a0€3MeUYMTH 3aCTOCYBaHHS KEpIBHUX 1H(HOpMaliiHUX
TEXHOJIOTiM, KOHTpPOJIb (YHKIIOHYBaHHS Ta B3a€MOJII0 MIiANPHEMCTB aBTOMOOUIBHOTO
TPaHCIOPTY, CTAHLINA TEXHIYHOrO OOCIYrOoBYBaHHS Ta TPAHCIOPTHUX cHUCTeM. Takuil MiaXiJ
JI03BOJIsIE BUPILITYBATH BEIMKY KUIBKICTh PI3HOMaHITHUX 3aBAaHb MOHITOPHUHTY, IPOrHO3YBAaHHS
Ta KEpyBaHHSA IOPOXKHBO-TPAHCIIOPTHUMH TOTOKAMHM, SKi BHMAararOTh OTPHUMAaHHSI, aHAII3y,
y3arajlbHEHHsI Ta OOpPOOKM BENUKHX OOCATIB iH(opMmarii, MO IUCTAHI[IIHO HAAXOIATH Y
peaTbHOMY dYaci BiJl KOXKHOTO TPAHCHOPTHOTO 3aco0y I1HAMBIAYyaJIbHO Ta CTOCYIOTHCS HMOTO
TEXHIYHOT'O CTaHy, 4acy MoJIi, MICIs pO3TalllyBaHHs Ta MapaMeTpiB aBTOMOOLTIB 1 BaHTaxiB [1].

Ha cporomni Oarato po3BHHEHHMX KpaiH CBITYy aKTUBHO 3aliMalOThbCA IMPOCYBaHHSM 1
PO3pOOKOIO TEIEMAaTHYHUX Ta iHTeNeKTyanbHuX TpancnopTHux cucteM (ITC), siki BBaxkaroThbCs
NEePCIEeKTUBHUM 3aco00M Ui pO3B'A3aHHS  HAMaKTyalNpHIIMX MpOOJeM  IiIBUILEHHS
e(eKTUBHOCTI eKCIUTyaTallii aBTOMOOUIBHOTO TPAHCTIOPTY. [HTEeNeKTya bHI TPAHCIIOPTHI CUCTEMHU
— 1€ TPAaHCHOPTHI CHCTEMH, B SIKMX 3JIHCHIOETHCS I1HTErpalis CydyacHHX 1H(OpMaLIiHUX,
KOMYHIKaI[IHHUX, TEJIeMaTHYHUX TEXHOJOrii Ta 3aco0iB aBTOMAaTH30BAaHOTO KEpPyBaHHS 3
TPAHCMIOPTHOIO IHPPACTPYKTYPOIO, TPAHCIIOPTHUMH 3aco0amu il kopuctyBadamu. [TC, 3rigHo 3 ii
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