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mechanisms, accessibility improvements can yield
outsized benefits in trust, usage, and efficiency.

Integration with EU standards: in track, signaling,
digital infrastructure, safety and environmental
regulations, to facilitate cross-border trade and funding
opportunities.

The British railway model is far from perfect, but
its evolution offers Ukraine both inspiration and
warnings. From the UK we see the tangible value of
electrification (even when progress is slow), the
transformative possibilities and risks of high-speed rail,
the mixed results of public-private models, and the
growing importance of digital, customer-oriented
service.

For Ukraine, railways are more than transport: they
are tools for economic recovery, national cohesion, and
European integration. By learning (but not blindly
copying) from Britain’s successes and failures - adapting
them to Ukraine’s scale, war-affected infrastructure,
financial constraints, and strategic imperatives - Ukraine
can build a railway system that is modern, resilient, and
aligned with future needs.
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VIBRATION ANALYSIS AND NEURAL
NETWORKS FOR PROACTIVE RAILWAY
TRACK MONITORING USING FIBER OPTIC
SENSORS

The safety and efficiency of rail transport directly
depend on the integrity of the track infrastructure.
However, traditional monitoring methods, such as visual
inspections, non-destructive testing, and rail loops, are

mostly reactive or periodic. [1, 2] They leave significant
time gaps during which critical defects can arise and
develop, and their effectiveness is limited by
subjectivity, high cost, and vulnerability to external
factors. This creates an urgent need for innovative
automated systems capable of providing continuous,
highly accurate, and, most importantly, proactive
monitoring of the condition of railway tracks in real time.

In the context of full-scale military aggression
against Ukraine, the relevance of such systems is
growing exponentially. The railway infrastructure has
become a strategic target, subject to constant attacks and
sabotage aimed at disrupting military and humanitarian
logistics. Traditional control methods are proving
insufficiently effective in countering such threats,
requiring the immediate introduction of technologies that
function as a system of continuous surveillance and
instant response. They are capable of not only providing
early warning of the consequences of attacks, such as
damage to tracks due to explosions, but also recording
attempts at physical interference by malicious actors, in
particular the installation of explosive devices or other
sabotage objects.

The work proposes and theoretically substantiates
an innovative approach that uses fiber optic sensors, in
particular distributed acoustic sensor (DAS) technology,
to monitor railway infrastructure. The scientific novelty
lies in the use of vibration and acoustic signals generated
by the rolling stock itself to diagnose the condition of the
track at a considerable distance ahead of the train. This
methodology transforms the train from a passive means
of transport into an active diagnostic tool that
continuously “listens” to the track ahead. Instead of
passively waiting for an event at the sensor location, the
system actively analyzes the propagation of energy
emitted by the train in the rail structure. This allows for
proactive detection of rail integrity violations or the
presence of foreign objects long before approaching
them, providing critical time to prevent accidents.

The methodological basis of the system is the
analysis of two key components of the vibration signal.
First, the integrity of the rail is assessed by analyzing the
spatial attenuation of the transmitted wave. The presence
of microcracks, fastening defects, or ballast degradation
changes the physical properties of the rail, leading to a
local increase in the attenuation coefficient. The DAS
system, acting as a continuous array of virtual sensors,
detects an abnormally sharp drop in signal amplitude and
accurately identifies the potentially damaged section.
Secondly, foreign objects on the track are detected by
analyzing reflected waves. The obstacle creates acoustic
impedance, reflecting part of the vibration energy back
to the source. The system identifies this “echo,” and the
time it takes to propagate allows the distance to the object
to be accurately determined. Thus, a single “natural”
signal from the train is used to obtain two different types
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of diagnostic information: about distributed defects in
the environment and about point obstacles.

DAS technology generates huge amounts of data,
reaching terabytes per day, which makes manual analysis
impossible. Therefore, artificial intelligence and
machine learning are key, integral components of the
proposed system. The use of modern neural network
architectures, such as convolutional neural networks
(CNN) for recognizing unique patterns in signal
spectrograms and long short-term memory (LSTM)
recurrent networks for analyzing the temporal dynamics
of events, allows the -classification process to be
automated. These models are capable of distinguishing
with high accuracy between vibrations caused by normal
train movement, track defects, or external interference.
In this context, Al is not just a tool for improvement, but
a fundamental technology that transforms raw optical
data arrays into structured, actionable information,
without which the system cannot function. [3]

As a result, the synergy of fiber-optic sensor
technologies and advanced Al methods creates the basis
for the transition from outdated reactive approaches to
proactive and predictive management of railway
infrastructure. Based on the conclusions of the neural
network, a practical algorithm for classifying the level of
danger has been developed, which divides the state of the
system into three levels: normal, warning, and critical.
This allows for the generation of clear, timely, and
adequate alerts for operators and maintenance services,
from planning technical inspections to immediate traffic
stoppages, which significantly improves the safety,
reliability, and cost-effectiveness of railway operations.
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AHAJII3 YKPATHCI)KI/!X JILJIEPIB-
BUPOBHUKIB KOHUEIIIII «SMART CITY»
(PO3YMHOTI'O MICTA)

3 MOSBOIO Ta CTPIMKHUM PO3BUTKOM KOHIICTIIIIi
«Po3zymHOTr0 MicTay, IHpOpMaIiHHO KePYIOUi TEXHOIOTii
3pOOKIIM BEJIMKUI THHOBALIIMHMI IPOTrpec Ta MOCTaBUIIH
HOBI BHKJIMKH JIJIsl BUPOOHMKIB JaHOi KoHIentii [1, 2].
Smart City € TEXHIYHMM TPOEKTOM, CIIPSIMOBAHUM Ha
3a0e3MeueHHs MMiABUIICHHS SKOCTI KHUTTS MEIIKaHIIB,
KOM(OpPTHOTO Ta  0OE3MEYHOr0  TPOXHMBAaHHI B
YkpaiHcbkux MmicTax Ta rpomanax [3].

B nawniit poboTi nmpoBeaeHUH OIS Ta aHai3
TEXHIYHUX MOXJIMBOCTEH TaKMX BHUPOOHUKIB, sIK Smart
Micto, IncoreSoft, ELKO Ukraine, 1o SBIsSIOTHCS
Oesmepeunnmu  (rarmaHaMu B Smart  TEXHOJOTIsX
VYkpaincbkux MmicT. He AuBISYHMCh Ha CHUTBHY pUCY
BUPOOHHMKIB, BOHU MPOTOHYIOTH 1HHOBALIIMHI PIlLICHHS B
paMkax KoHiemnuii. Po3poOHHMKH OXOILTIOITH Pi3Hi
TexHiuHI cepu 3aCTOCYBaHHS, TaKi SK:

Smart Misto (nposigna IT-kommawnis, sika
CHeIiaNi3yeThcsl  HAa  BIPOBA/PKEHHI  HUPPOBUX
TexHONOrii) — mudpoBizye MicbKi HOCIYTH, pPOOUTH
THYYKHM YTIPABJIiHHS KOMYHAIEHAMH i IIPHEMCTBAMH,
3a0e3medye JOCTYHHICTH TOCIYT y cMapT(oHI mis
KOXKHOTO JKHTENsl MiCTa Ta TpOMaad, a TaKOoX
BUKOPHCTOBYE JIOMEHH JUII KOMYHIKAIIi].

IncoreSoft (kommaHis, 1O po3poOIIsLe pimeHHs
y chepi BigCOaHATITHKHA Ta PO3IMi3HABAHHA OO0'€KTIB Y
MICTI Ha OCHOBi TEXHOJIOTiM IITY4HOTO IHTENEKTY) —
TpaHchopMye Oe3leKy IUIsl CHUIBHOT 1 IiJIpPHEMCTB
Oymb-1KOrO PO3MIpy 3a JOIMOMOIOK 1HHOBAIIHHOT
AHAJITHKN BiZEOCTIOCTEPEKEHHS HAa OCHOBI IITYYHOTO
IHTEJIEKTY Ta HEHPOHHUX MEPEXK.

ELKO Ukraine (oucTpu0’oTOp IIUPOKOTO
acoptuMenty IT mpomykTiB 1 pimieHp) — TMoOCTa4ae
MepexeBe OO0JaJHaHHS], NporpaMHe 3a0e3MedeHHs A
BIJICOCTIOCTEPE)KEHHS Ta 1HII KOMIIOHEHTH  JUIS
CTBOPEHHS 1HTEIEKTYaJIbHOI 1HPPACTPYKTYPH.

CrinpHa [iSUTBHICTE BUPOOHUKIB 3a0e3medye
MOBHUU IWKI peamizanii «Po3ymHOro Mmicra» — BiX
KIiHIIEBUX MUA(POBUX MOCIYT Ta Oe3neku g0 6azosoi IT-

1HQPACTPYKTYpH.
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