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Digital Twin Framework for Misalignment Fault Detection using
loT-Enabled Sensing and Nonlinear Modeling

Gyanendra YADAYV, Indrajeet MAHATO, Swapna SINGH?#, Nitesh P. YELVE?*

Wave and Vibration Engineering (WaVE) Lab, Department of Mechanical Engineering,
Indian Institute of Technology Bombay, Powai, Mumbai, Maharashtra - 400076, India
#Corresponding author: nitesh.yelve@iitb.ac.in, swapna.singh@iitb.ac.in

Abstract

The rapid progress of Industry 4.0 highlights the importance of integrating AI/ML and Internet of Things
(1oT) enabled digital twins for intelligent condition monitoring, fault identification, and predictive
maintenance. This study addresses misalignment fault detection, specifically parallel and angular
misalignment, using a nonlinear mathematical model coupled with an in-house experimental setup. The
setup is constructed in the lab, which comprises motor, coupling shaft, supports, and bearings to simulate
controlled parallel and angular misalignment conditions. Vibration data are acquired using loT-based
sensors and analyzed in the frequency domain using an FFT analyzer. By integrating the physical system
with the digital model and incorporating AI/ML algorithms, this digital twin framework effectively
characterizes the misalignment faults in physical systems. The results demonstrate that this approach
improves diagnostic accuracy, reduces monitoring costs, and enables real-time prognosis. Furthermore, the
framework is scalable and can be extended to other faults such as bearing and gear faults, offering a versatile
platform for intelligent machine health monitoring.

Keywords: Digital twin, AI/ML, loT-based sensing, Fault detection, Parallel and angular misalignment.
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Reminiscing about the contributions of important figures
to the development of ultrasonic flaw detection in the context
of personal meetings and memories.

Piipomenuti prinosii vyznamnych osobnosti pro vyvoj ultrazvukové
defektoskopie v kontextu osobnich setkani a vzpominek.

Bernard KOPEC

Quality Testing Ultrasound; Bohumin, Czech
Phone: +420 603 432 965, e-mail: b.kopec@email.cz

Abstract

The development of non-destructive ultrasonic testing from the discovery of ultrasonic waves in 1794 by Lazzaro
Spallanzani to today's leaps and bounds in the use of ultrasonic technology in all sectors of human enterprise,
which is made possible by digital technology, miniaturization in electronics, and software computer systems, is
due to a number of prominent figures. The contribution is a view - a memory of the author of a meeting with some
prominent figures of ultrasound and a reminder of their significant contributions to this field. Only a small, selected
part of the personalities of ultrasonic testing who significantly contributed to the progress of ultrasonic flaw
detection will be remembered in the context of the author's memories of a personal meeting with them over more
than fifty years of activity in this field.

Keywords: Ultrasonic flaw detection, context of memories, personalities of Czech, Polish, German and American
ultrasound

Abstrakt

Na vyvoj nedestruktivniho zkouseni ultrazvukem od objevu ultrazvukovych vin v roce 1794 Lazzaro Spallanzanim
po dnesni skokové zmény ve vyuzivani ultrazvukové techniky ve vSech odvétvich lidského podnikani, coz
umoziuje digitalni technologie, miniaturizace v elektronice, softwarové pocitacové systémy ma zasluhu rada
vyznamnych osobnosti. Pfispévek je pohledem — vzpominkou autora na setkani s nékterymi vyznamnymi
osobnosti ultrazvuku a ptipomenuti jejich vyznamnych pfinost na tomto poli. Bude vzpomenuta pouze mala,
vybrana c¢ast osobnosti ultrazvukového zkouseni, které vyznamnou mérou pfispély k pokroku ultrazvukové
defektoskopie v kontextu vzpominek osobniho setkani autora s nimi za dobu vice nez padesatileté ¢innosti v tomto
oboru.

Klicova slova: Ultrazvukova defektoskopie, kontext vzpominek, osobnosti ¢eského, polského, némeckého a
amerického ultrazvuku
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The use of NDT to verify the properties of AISI 316L steel plates produced
by 3D printing
Vyuziti NDT k ovéreni vlastnosti ocelovych desek AISI 316L vyrobenych 3D
tiskem

Jana VESELA

Research Centre ReZ; Husinec-Rez, Czech
e-mail: jana.vesela@cvrez.cz

Abstract

As part of the TACR project Canut I — Repair Technologies, under the sub-project DP_02_02_01 Utilization of
additive technology in nuclear power plants, non-destructive testing (NDT) was carried out on steel plates
produced by 3D printing technologies. The results of these tests will be validated by the results of destructive tests
(DT) and metallographic analysis performed on the first printed plate made of stainless steel AISI 316L.

The basic applied NDT method was ultrasonic testing (UT) focusing on the detection of internal defects in the
printed structure, but also on the measurement of ultrasonic properties in all three axes, not just in the printing axis
of the plate. The obtained parameters are used to calculate modulus of elasticity E. Any detected defects and
moduli are compared with results from destructive tests (DT), namely tensile tests and impact bend tests. As part
of the property verification, metallographic assessment of the microstructure of the plates at selected locations is
also included. Among the other NDT tests, penetrant testing (PT) was used to detect surface defects and
radiographic testing (RT), which as another volumetric method provides results that are directly comparable to
those of UT.

Keywords: 3D print, ultrasonic testing, AISI 316L modulus of elasticity E, ultrasound speed

Abstrakt

V ramci TACR projektu Canut II — Repair Technologies, v ramci podprojektu DP_02 02 01 Vyuziti aditivni
technologie v JE byly realizovany nedestruktivni (NDT) zkousky na ocelovych deskach vyrobenych technologiemi
3D tisku. Vysledky téchto zkousek budou validovany vysledky destruktivnich zkousek (DT) a metalografickym
rozborem provedeném na prvni ti§téné desce z nerezové oceli AISI 316L.

Zakladni aplikovanou NDT metodou bylo ultrazvukové zkouSeni (UT) se zaméfenim na detekci vnitinich vad
tisténé struktury, ale také na meéfeni ultrazvukovych vlastnosti ve vSech tfech osach, nejen v ose tisku desky.
Ziskané parametry se vyuzivaji k vypoctu modulu pruznosti E. Piipadné zjisténé vady a moduly jsou srovnany s
vysledky destruktivnich (DT) zkousek, jmenovité s tahovymi zkouskami a rdzem v ohybu. Soucasti ovéteni
vlastnosti je i metalografické hodnoceni mikrostruktury desek ve vybranych mistech. Z dalsich NDT zkousek byly
vyuzity penetraéni zkouska (PT) pro detekci povrchovych vad a rentgenograficka zkouska (RT), ktera jako druha
objemova metoda ptinasi vysledky pfimo porovnatelné s vysledky UT.

Kli¢ova slova: 3D tisk, ultrazvukové zkouseni, ocel AlSI 316L, modul pruznosti E, rychlost ultrazvuku
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Filters in Industrial Radiography: From Classical to Adaptive and Multi-
Scale Approaches
Filtry v primyslové radiografii: od klasickych k adaptivnim a
viceuroviovym pristupim

Vit MINARU, Ladislav BOHM

NDT Software, s.r.o., Praha 10, Czech Republic
Phone: +420 775 042 728, e-mail: vit.minaru@ndtsoftware.eu, ladislav.bohm@ndtsoftware.eu

Abstract

Filters play a crucial role in the processing and interpretation of radiographic images in non-destructive testing
(NDT). Their use can significantly improve image quality, reduce noise, and enhance relevant features, ultimately
supporting more reliable defect detection and evaluation.

This presentation will provide an overview of filtering techniques used in radiographic testing, beginning with
classical methods such as smoothing, median, and sharpening filters. It will then explore multi-scale filters (e.g.
wavelets, pyramids, difference-of-Gaussians) that operate across different levels of detail, and adaptive filters (e.g.
Wiener, bilateral, anisotropic diffusion, non-local means) that respond to local image content to preserve edges
while suppressing noise. Each family of filters will be discussed in terms of its effect on image quality metrics
such as SNR, CNR, spatial resolution, and duplex wire visibility.

Through practical examples from weld inspection, the talk will illustrate how filter choice influences the balance
between noise reduction and detail preservation. The session will conclude with a short outlook on emerging Al-
based approaches as a potential future direction for radiographic image enhancement.

Keywords: Defectoscopy 2025, article, abstract, non-destructive testing (NDT), filter, image quality, RT, SNR,
CNR

Abstrakt

Filtry hraji zasadni roli pfi zpracovani a interpretaci radiografickych snimkii v nedestruktivnim testovani (NDT).
Jejich pouziti mize vyrazné zlepsit kvalitu obrazu, snizit Sum a zvyraznit relevantni detaily, coz vede k
spolehlivéjsimu vyhodnocovani defektt.

Tato prezentace ukaze vybrané filtry vyuzivané v radiografickém zkouseni. Za¢ne klasickymi metodami, jako jsou
vyhlazovaci, medianové ¢&i zostfovaci filtry, a nasledné se zaméii na viceuroviiové filtry (napf. wavelets,
pyramidové, rozdil Gaussovych filtri), které pracuji na rtiznych trovnich detailu, a na adaptivni filtry (napf.
Wienertiv, bilateralni, anizotropni difuze, non-local means), které se prizptisobuji lokalnim vlastnostem obrazu,
aby zachovaly hrany a soucasné potlacily Sum. Kazda skupina filtrt bude diskutovana z hlediska jejiho vlivu na
ukazatele kvality obrazu, jako jsou SNR, CNR, prostorové rozliseni a viditelnost duplexni dratkové zkousky.

Na praktickych ptikladech z kontroly svarti bude ukazano, jak volba filtru ovliviiuje rovnovahu mezi redukei Sumu
a zachovanim detaild. Prezentace bude zakoncena kratkym pohledem na nové Al-pfistupy jako mozny budouci
smér v oblasti zlepSovani radiografickych snimkd.

Klic¢ova slova: Defektoskopie 2025, prispévek, abstrakt, nedestruktivni testovani (NDT), filtr, kvalita obrazu, RT,
SNR, CNR
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Computer Tomography Imaging of Pipeline Damages using loT-Enabled
Guided Wave-based Testing

Ashesh Singh, Swapna Singh, Mayank Saini, Nitesh P. Yelve

Wave and Vibration Engineering (WaVE) Lab, Department of Mechanical Engineering,
Indian Institute of Technology Bombay, Powai, Mumbai, Maharashtra - 400076, India
e-mail: nitesh.yelve@iitb.ac.in

Abstract

Detecting and locating damage in pipelines remains a major challenge, particularly when insulation limits direct
inspection and conventional techniques lose effectiveness. Ultrasonic guided waves provide a promising solution
because they can propagate over long distances and interact with hidden damages, but their complex propagation
makes the captured signals difficult to interpret. In this work, guided wave signals are transmitted and recorded
using both piezoelectric transducers, and the responses are processed using a mode decomposition technique to
isolate meaningful components from background interference. From these decomposed signals, relevant features
are extracted and expressed as quantitative indices that describe the influence of damage. These indices are then
organised into a structured data format and employed for tomographic reconstruction, producing developed images
of the pipeline section that visualise the position and severity of damages. To enhance real-world applicability, the
approach is integrated within an loT-enabled monitoring framework, allowing guided wave data to be collected
by distributed sensor nodes, transmitted wirelessly, and processed for imaging and decision-making. The results
demonstrate that combining pitch-catch guided wave sensing, mode decomposition-based feature analysis, and
loT-assisted tomographic imaging provides a reliable and scalable solution for structural health monitoring of
insulated pipelines.

Keywords: Ultrasonic Guided Waves, Pitch-Catch Technique, loT-Enabled Data Acquisition, Non-Destructive
Evaluation, Tomography
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Manipulators for Device Diagnostic
Manipulatory pro diagnostiku zarizeni

David MESTL

Centrum vyzkumu ReZ s.r.0., Hlavni 130, Re, 205 68 Husinec
Phone: +420 725 628 368, e-mail: david.mestl@cvrez.cz

Abstract

In the field of energy, regular diagnostics and inspection of the technical condition of equipment play an
increasingly important role in ensuring their reliable and safe operation. Machines involved in production of
electrical energy are exposed to high mechanical, thermal, and electrical loads, which lead to gradual wear and the
development of defects that may result in equipment failure. Such a failure can subsequently cause the unplanned
shutdown of the entire production unit, which is why maintenance and early detection of defects are essential for
the proper and reliable operation of the machine. Systematic monitoring of their condition using non-destructive
testing methods enables the timely identification of potential problems, thereby minimizing the risk of accidents,
unplanned outages, and financial losses. In addition to enhancing operational safety, regular diagnostics can also
bring optimization of maintenance, extension of equipment service life, and, last but not least, the assurance of
stable electricity supply. Inspections increasingly involve the use of manipulators, whose application makes it
possible to obtain higher-quality data with greater repeatability, which is important for tracking the development
trends of observed defects. However, the advantages of robotic inspections go far beyond that. You can learn more
about these benefits and about why the development and production of manipulators for non-destructive testing
have become one of the increasingly significant activities carried out within the Research Centre ReZ in a short
presentation prepared on the topic “Manipulators for Equipment Diagnostics.”

Keywords: diagnostics, inspections, robotic inspections, non-destructive testing

Abstrakt

V oblasti energetiky hraje pravidelna diagnostika a kontrola technického stavu zatizeni stale vyznamnéjsi roli v
zajisténi jejich spolehlivého a bezpeéného provozu. Stroje podilejici se na vyrobé el. energie jsou vystaveny
vysokému mechanickému, tepelnému a elektrickému zatizeni, coz vede k postupnému opotiebeni a vzniku vad,
které mohou mit za nasledek poruchu daného zafizeni. Takova porucha mize nasledné vést az k neplanovanému
odstaveni celého vyrobniho bloku, a proto je udrzba a vCasna detekce vzniku defektu nezbytna pro spravny a
spolehlivy chod stroje. Systematické sledovani jejich stavu za pomoci metod nedestruktivniho testovani umoziuje
vcasnou identifikaci potencidlnich problémi, ¢imz se minimalizuje riziko havarii, neplanovanych odstavek a
finan¢nich ztrat. Kromé zvySeni provozni bezpecnosti miize pravidelna diagnostika ptinést i optimalizaci udrzby,
prodlouzeni zivotnosti zafizeni, a v neposledni fad¢ také zajiSténi stability dodavek elektrické energie.
K inspekcim se stale ¢astéji pouzivaji manipulatory, jejichz vyuzitim je mozné ziskat kvalitngj$i data s vy$$i mirou
jejich opakovatelnosti, ktera je dulezita ke sledovani trendi vyvoje pozorovanych vad. Vyhod, jeZz robotické
inspekce piinasi je ovSem mnohem vice. O téchto benefitech a o tom, pro¢ je vyvoj a vyroba manipulatord na
nedestruktivni testovani jednou ze stale vyznamnéjSich aktivit realizovanych v ramci spolenosti Centrum
vyzkumu Rez se miizete dozvédét v kratké prezentaci pripravené na téma ,,Manipulatory pro diagnostiku zatizeni®.
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