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In the current environment, structural health monitoring (SHM), has become
increasingly important. The cost of sensors and connectivity has
significantly decreased, allowing for remote data gathering for critical
analysis and structure monitoring. This allows for the assessment and
improvement of the structures' residual lifespan. The internet of things (10T)
is a network of intelligent sensors that combines the identification and
detection followed by sending the different structural responses to remote
computers for further analysis i.e., processing and monitoring. In this work,
an integrated loT platform for damage detection is proposed which includes
an Arduino, Wi-Fi module, and sensors. The sensors gather responses from
the host structure which follows a precise mathematical model is introduced
to determine and measure the structural damage in comparison to the
reactions of the structural member that is in good health. To determine the
degree of damage, the responses recorded from the damaged and healthy

beams are analyzed using the cross-correlation (CC) damage index.
Moreover, the analysis carried out reveals the CC values are uploaded to the
cloud, where, if the CC value is over the threshold limit, a mobile warning
message is delivered.
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1. INTRODUCTION

The internet of things (10T) holds a vital role to progress and advance numerous applications in all
the engineering fields in the last few years [1]. Several creative solutions are put forth to improve human
existence, particularly in the domains of electronics, industrial machinery, and airplanes. One process where
10T has not yet been applied in real-time is structural health monitoring (SHM). The task of determining and
measuring the harm is ongoing in SHM [2], [3]. The methods employed in SHM are evolving from visual
inspection, non-destructive procedures and sensors employing data gathering methods, to sensors using the
10T devices because of its important role in damage assessment [4], [5]. As these techniques progress, there
is less need for human intervention during SHM procedures. SHM is the process of identifying early signs of
structural deterioration. By utilizing the aid of sensors and data-gathering tools, it is certainly possible to
continuously monitor a structure to identify and calculate its remaining life. Sensors are the most accurate
and sensitive devices used in health monitoring [6]. They are crucial in transmitting continuous data from the
host structure and recording responses. To save this immense dataflow in a Wi-Fi module or in a cloud
server, the 10T in SHM enters the scene [7], [8]. Without requiring human inspection of the structures, loT
also makes it possible to remotely monitor any kind of structure. Various mathematical models and signal-
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processing techniques are used to examine the responses. It can be observed from literature, ultrasonic waves
are formed and recorded through the emitter and receiver. An alert is then transmitted to the server through
the remote control installed in the service room [9], [10]. In case of any damage detection, the location and
extent of damage on steel plates if found in the structural reinforcement is analyzed through analytical and
experimental research. A percentage inaccuracy is estimated and a comparison is made between the two
research findings. SHM to use a wireless sensor network to locate the damage. Bridge deterioration is
detected using the “curvature difference probability waveform” and “mean normalized curvature difference
of waveform energy” approaches [11], [12]. There are two main methods used for damage identification i.e.,
cross-correlation function amplitude (CCFA) and support vector machine (SVM). This is done in two steps:
first, data received from the sensors is then curated using CCFA to analyze the host structure's dynamic
responses; second, the data is passed to SVM to categorize the structural damage. Three distinct piezoelectric
transducers were used in the studies to measure the sensitivity utilizing the electromechanical impedance
technique. Every transducer has a different sensitivity depending on the frequency range [13], [14]. In
addition to having a relatively high cost, the current wired monitoring system has higher bandwidth and high
sensor data proportion, extremely high sensor synchronization, and often a small number of sensors which
are connected in the identical network [15]. Conversely, the wireless monitoring system is inexpensive and
has a large number of sensors that are compatible with one another, constrained bandwidth, low sensor data
rates followed by crucial node synchronization [16], [17].

2. MATERIALS AND METHOD

The present work uses lead zirconate titanate (PZT) transducers and Arduino to measure the degree
of mutilation on a smart aluminum beam. Analog to digital (A2D) and digital to analog (D2A) converter
modules are utilized to facilitate communication between Arduino and PZT transducers. On an aluminum
beam, two PZT transducers surfaces are attached; one serves as actuator followed by a sensor. By applying
sinusoidal stimulation to the beam via an actuator pointing in the direction of the sensor, harmonic analysis is
carried out. These responses are received by the PZT sensor, and they are examined using an Arduino-written
mathematical code. After analysis, the data is uploaded to a cloud platform where graphs and alerts are stored
and utilized to indicate when damage is above a predetermined threshold as depicted in Figure 1.
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Figure 1. Flow chart of the system under study
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The Arduino sends a sinusoidal wave to the actuator with the aid of the DAC. The wave is directed
towards the sensor by the actuator, which also activates the host structure. The sensor records the reactions of
the stimulated beam structure. To eliminate noise, a straightforward Butterworth low pass filter (LPF) is
utilized to receive the signal. The cross-correlation (CC) index algorithm is used to process the filtered
signals that are received and used for stimulation. An alarm note is provided to the mobile based application,
so that the necessary actions will be taken to stop additional harm if the damage exceeds a threshold limit of
less than 0.95. The Arduino, sensors, breadboard, jumper wires, A2D, and D2A are the apparatuses required
for the experimental system. When soldering is not necessary, a breadboard is used for interim connections.
Arduino and sensors are connected via jumper wires using DAC and ADC.

Analogue to digital conversion of the parameters is done by the vibration sensor. The sensors gather
data for comparison and exchange data with the Arduino. There is a preset threshold value for every one of
these parameters. The microprocessor periodically examines the sensor data to the threshold values. The
information is given, if the comparison indicates that the sensor input values are higher than the threshold.
The experimental system of the anticipated system [18] is presented in Figure 2.

Figure 2. Experimental setup of the anticipated system [18]

In the first case, the vibration sensor input value is set to (0) and the threshold value is not reached,
hence the virtual terminal displays “No Damage”. In the second case, the sensors exchange data with the
Arduino and store information for further analysis. For each of these variables, there is a predefined threshold
value. When the vibration sensor input value exceeds the threshold value relative to the typical value, the
virtual terminal indicates damage detection and vibration has been detected. As a result, the specific outcome
can be seen on the 10T platform, which gives the user precise information so they can take the appropriate
step to repair the damage and prevent additional tragedy.

3. RESULTS AND DISCUSSION

The data, signs, or reactions that are gathered by the several sensors that are utilized to supervise the
structures in order to identify the extent of damage. The root mean square deviation (RMSD), CC, and co-
variance methods are the damage measures that are most frequently employed. CC is employed in the current
work to identify and quantify the harm [19], [20]. A sinusoidal wave produced by the actuator excites the
host edifice in the direction of the sensor. After the wave is detected, the sensor transmits it to Arduino. The
proposed method is designed to evaluate the similarity between two signal indicators [21], [22]. The damage
index that uses the CC value is defined as per (1):

cC = (7)ELi(E-B)(R-R) 1)
OEOR
where signals are received by R and excited by E, respectively.

When the CC value of a structure is (1), the excitation and receiving signs are identical, the structure
is considered healthy. The range of CC is 0 to 1. A 30-centimeter-long, 2.7 cm wide, and 0.1 cm thick smart
aluminum plate with simple support is taken into consideration. Also, the actuator and sensor are mounted on
a surface typically at 15 and 20 cm, respectively, from the left support, making the beam's effective length
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30 cm. Henceforth, ADC and DAC are needed to alter signals from A2D and vice versa because the sensors
can only send and collect the analog data. ADC is connected to the sensor, and DAC is connected to the
actuator [23], [24]. An Arduino-driven application generates a 16 kHz sinusoidal wave that is delivered via
DAC to the actuator and then to the sensor. The host structure is excited by this actuator, and the signal is
detected by the sensor. To apply the filter and eliminate noise from the incoming signal, an algorithm is
constructed [25]. A LPF with an order of five and a normalized cutoff frequency of 0.5 is employed. The
received filtered signal and the excitation signal are subjected to a CC index. After applying the Butterworth
filter, a healthy beam's CC value is 0.9813. Now, as the proportion between the actuator and the sensor
increases, cracks are created. Due to the fact that certain signatures that encounter damage bounce back
towards the actuator, while the mounted sensor detects the remaining signatures [26]. It is evident that the
damage percentages rise sequentially, the number derived from CC are decreasing as shown in Figure 3.
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Figure 3. Damage indicator of two beams

4. CONCLUSION

SHM is the process of identifying early signs of structural deterioration. By utilizing the aid of
sensors and data-gathering tools, it is certainly possible to continuously monitor a structure to identify and
calculate its remaining life. Sensors are the most accurate and sensitive devices used in health monitoring.
They are crucial in transmitting continuous data from the host structure and recording responses. 10T also
makes it possible to remotely monitor any kind of structure without requiring any manual inspection or
human intervention. This research work is carried out for structural based health monitoring scheme based on
IoT device to find cracks or other deterioration in the beams. In addition, an Arduino-based system is
suggested to determine the extent of damage. Following the application of filters, the incoming signal from
the ADC is processed by the Arduino program to extract the CC index values. It is noted that the CC index,
which ranges from (0 to +1), decreases as the proportion of damage breadth increases. A threshold limit is
established and a mobile application is used to view the CC values. Moreover, every time the CC value drops
below 0.5, the mobile application sounds an alarm which makes it a robust and economical tool to detect any
abnormalities in the structure. The addressed problem in this work can be extended by adding few more
complexities in the evaluation of the structural damage i.e., preliminary checks thorough technological
advancements. Also, the monitoring part can be more accurate by conducting periodical checks at regular
intervals to determine any potential threat to the structures.

ACKNOWLEDGEMENTS

The authors would like to thank the worthy editors and anonymous referees for providing valuable
insights and suggestions which improved the quality of this work. The authors would also like to extend
gratitude to the institutions Mangalore Institute of Technology & Engineering (MITE), Moodabidre and
Dayananda Sagar College of Engineering (DSCE), Bengaluru.

An economical approach of structural strength monitoring utilizing internet of things (Deekshitha S. Nayak)



1628 O ISSN: 2302-9285

FUNDING INFORMATION
Authors state no funding involved.

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Name of Author C M So Va Fo | R D O E Vi Su P FRu
Deekshitha S. Nayak v v v v v v v v v v
Anubhav Kumar Pandey v v v v v v v v v
C : Conceptualization I : Investigation Vi : Visualization
M : Methodology R : Resources Su : Supervision
So : Software D : Data Curation P : Project administration
Va : Validation O : Writing - Original Draft Fu : Funding acquisition
Fo : Formal analysis E : Writing - Review & Editing

CONFLICT OF INTEREST STATEMENT
Authors state no conflict of interest.

DATA AVAILABILITY
Data availability is not applicable to this paper as no new data were created or analyzed in this
study.

REFERENCES

[1] Y. J. Yana, L. Chengb, Z. Y. Wua, and L. H. Yam, “Development in vibration-based structural damage detection technique,”
Mechanical Systems and Signal Processing, vol. 21, pp 2198-2211, 2007, doi: 10.1016/j.ymssp.2006.10.002.

[2] S. Kiranyaz, M. Hussein, M. Gabbouj, and D. J. Inman, “A review of vibration-based damage detection in civil structures: from
traditional methods to machine learning and deep learning applications,” Mechanical Systems and Signal Processing, vol. 11, pp.
12-28, 2004, doi: 10.1016/j.ymssp.2020.107077.

[31 B. Chanv, S. Bakhru, and V. Mehta, “Structural health monitoring system using 10T and wireless technologies,” 2017
International Conference on Intelligent Communication and Computational Techniques (ICCT), Jaipur, India, 2017, pp. 151-157,
doi: 10.1109/INTELCCT.2017.8324036.

[4]  X. Li, H. Cui, B. Zhang, and C. Yuan, “Experimental study of a structural health monitoring method based on piezoelectric
element array,” 2017 IEEE 3rd Information Technology and Mechatronics Engineering Conference (ITOEC), Chongging, China,
2017, pp. 27-31, doi: 10.1109/ITOEC.2017.8122324.

[5] O. Avci, O. Abdeljaber, S. Kiranyaz, M. Hussein, and D. J. Inman, “Wireless and real-time structural damage detection: a novel
decentralized method for wireless sensor networks,” Journal of Sound and Vibration, vol. 424, pp. 158-172, 2018, doi:
10.1016/j.jsv.2018.03.008.

[6] D. L. Carni, C. Scuro, F. Lamonaca, R. S. Olivito, and D. Grimaldi, “Damage analysis of concrete structures by means of b-
Value Technique,” International Journal of Computing, vol. 16, no. 2, pp. 82-88, 2017, doi: 10.47839/ijc.16.2.884.

[71  A. Ajgaonkar, S. Vichare, R. Badgujar, M. Bansode, D. Karia, and A. Bambole, “Remote structural health monitoring,” 2020
International Conference on Convergence to Digital World - Quo Vadis (ICCDW), Mumbai, India, 2020, pp. 1-5, doi:
10.1109/ICCDW45521.2020.9318730.

[8] V. G. M. Annamdas and M. A. Radhika, “Electromechanical impedance of piezoelectric transducers for monitoring metallic and
non-metallic structures: A review of wired, wireless and energy-harvesting methods,” Information for Journal of Intelligent
Material Systems and Structures, vol. 24, pp. 1021-1042, 2013, doi: 10.1177/1045389X13481254.

[91 P. Negi, R. Chhabra, Kaur, and S. Bhalla, “Health monitoring of reinforced concrete structures under impact using multiple
piezo-based  configurations,” Construction and Building Materials, vol. 222, pp. 371-389, 2019, doi:
10.1016/j.conbuildmat.2019.06.100.

[10] T. Bansal, V. Talakokula, and T. J. Saravanan, “Monitoring of prestressed concrete beam under corrosion using embedded piezo
sensor based on electro-mechanical impedance technique,” Science Talks, vol. 4, p. 100095, 2022, doi: 10.1016/j.sctalk.2022.100095.

[11] C. B. Priya, T. J. Saravanan, K Balamonica, and N Gopalakrishnan, “EMI based monitoring of early-age characteristics of
concrete and comparison of serial/parallel multi-sensing technique,” Construction and Building Materials, vol. 191, pp. 1268
1284, 2018, doi: 10.1016/j.conbuildmat.2018.10.079.

[12] T. J Saravanan and N Gopalakrishnan, “Damage detection in structural element through propagating waves using radially
weighted and factored RMS,” Measurement, vol. 73, pp. 520-538, 2015, doi: 10.1016/j.measurement.2015.06.015.

[13] Y. Lu, J. Li, L. Ye, and D. Wang, “Guided waves for damage detection in rebar-reinforced concrete beams,” Construction and
Building Materials, vol. 47, pp. 370-378, 2013, doi: 10.1016/j.conbuildmat.2013.05.016.

[14] T.J. Saravanan, N. Gopalakrishnan, and N. P. Rao, “Experiments on coupled axial-flexural wave propagation in a sagged rod
with structural discontinuity using piezoelectric transducers,” Journal of Vibration and Control, vol. 24, pp. 2717-2731, 2018,
doi: 10.1177/1077546317693431.

Bulletin of Electr Eng & Inf, Vol. 14, No. 3, June 2025; 1624-1629



Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 1629

[15]
[16]

[17]

[18]

[19]
[20]

[21]

[22]
[23]

[24]

[25]

[26]

Z. -B. Yang, M. Radziefiski, P. Kudela, and W. Ostachowicz, “Two-dimensional modal curvature estimation via Fourier spectral
method for damage detection,” Composite Structures, vol. 148, pp. 155-167, 2016, doi: 10.1016/j.compstruct.2016.04.001.

Y. Y. Limand C. K. Soh, “Damage detection and characterization of EMI technique under varying axial load,” Smart Structures
and Systems, vol. 11, pp. 349-364, 2013, doi: 10.12989/ss5.2013.11.4.349.

Y. Y. Lim, K. Z. Kwong, W. Y. H. Liew, R. V. Padilla, and C. K. Soh, “Parametric study and modeling of PZT based wave
propagation technique related to practical issues in monitoring of concrete curing,” Construction and Building Materials, vol.
176, pp. 519-530, 2018, doi: 10.1016/j.conbuildmat.2018.05.074.

D. S. Nayak and A. K. Pandey, “A cost-effective method to detect structural damage by employing loT,” 2023 International
Conference on Recent Advances in Science and Engineering Technology (ICRASET), India, 2023, pp. 1-4, doi:
10.1109/ICRASET59632.2023.10420356.

Y.-K. An and H. Sohn, “Integrated impedance and guided wave based damage detection,” Mechanical Systems and Signal
Processing, vol. 28, pp. 50-62, 2012, doi: 10.1016/j.ymssp.2011.11.016.

F. Idris, A. A. Latiff, M. A. Buntat, Y. Lecthmanan, and Z. Berahim, “loT-based fertigation system for agriculture,” Bulletin of
Electrical Engineering and Informatics, vol. 13, no. 3, pp. 1574-1581, 2024, doi: 10.11591/eei.v13i3.6829.

M. Alagarsamy, S. R. Devakadacham, H. Subramani, S. Viswanathan, J. Johnmathew, and K. Suriyan, “Automation irrigation
system using Arduino for smart crop field productivity,” International Journal of Reconfigurable and Embedded Systems
(IJRES), vol. 12, no. 1, pp. 7077, 2023, doi: 10.11591/ijres.v12.i1.pp70-77.

B. Edwin et al., “Smart agriculture monitoring system for outdoor and hydroponic environments,” Indonesian Journal of
Electrical Engineering and Computer Science, vol. 25, no. 3, pp. 1679-1687, 2022, doi: 10.11591/ijeecs.v25.i3.pp1679-1687.

C. Scuro, P. F. Sciammarella, F. Lamonaca, R. S. Olivito, and D. L. Carni, “loT for structural health monitoring,” IEEE
Instrumentation & Measurement Magazine, vol. 21, no. 6, pp. 4-14, Dec. 2018, doi: 10.1109/MIM.2018.8573586.

A. Myers, M. A. Mahmud, A. Abdelgawad, and K. Yelamarthi, “Toward integrating a structural health monitoring with Internet
of Things (IoT),” 2016 IEEE International Conference on Electro Information Technology (EIT), 2016, pp. 0438-0441, doi:
10.1109/E1T.2016.7535280.

M. A. Mahmud, A. Abdelgawad, K. Yelamarthi, and Y. A. Ismail, “Signal processing techniques for loT-based structural health
monitoring,” 2017 29th International Conference on Microelectronics (ICM), Beirut, Lebanon, 2017, pp. 1-5, doi:
10.1109/ICM.2017.8268825.

S. Park, S. R. Anton, J. K. Kim, D. J. Inman, and D. S. Ha, “Instantaneous baseline structural damage detection using a
miniaturized piezoelectric guided waves system,” KSCE Journal of Civil Engineering, vol. 14, no. 6, pp. 889-895, 2010, doi:
10.1007/s12205-010-1137-x.

BIOGRAPHIES OF AUTHORS

Deekshitha S. Nayak REC (Member, IEEE) presently working as the Senior Assistant
Professor at Mangalore Institute of Technology & Engineering, Moodabidri, Karnataka, India.
She completed her Ph.D. in Electrical and Electronics Engineering in the year 2022, M. Tech.
in Electronics in the year 2016 and B.E. in Electrical and Electronics Engineering in the year
2014. Her areas of interest in renewable energy, power electronics, and drives. She can be
contacted at email: deekshitha.nayakO6@gmail.com.

Anubhav Kumar Pandey B 2 (Member, IEEE) is currently working as Assistant
Professor in the Department of Electrical and Electronics Engineering, Dayananda Sagar
College of Engineering, Dayananda Sagar Institutions, Karnataka, India. Previously, he was
designated as a Senior Research Fellow in the Department of Electrical and Electronics
Engineering, Manipal Institute of Technology, MAHE, Manipal, India and awarded Doctor of
Philosophy. He has received a DST-sponsored INSPIRE Fellowship, Government of India, [IF
190938] to conduct his doctoral research work. Earlier, he received an M. Tech. in Energy
Technology in the year 2019 from Birla Institute of Technology Mesra, Ranchi, India. He has
also earned a PGDC in Transmission and Distribution from the National Power Training
Institute, NER, Ministry of Power, Government of India in 2015 and B.E. in electrical and
electronics engineering from BIT Raipur in 2014. His areas of research include but are not
limited to modern power systems operation and control, virtual power plants, distributed
generation systems, electric vehicles, energy management, soft computing, power markets,
and sustainable energy systems. He has been associated with IEEE for the last four years as a
professional member. So far, he has published various SCIE papers in peer-reviewed Journals,
Q1 and Q2 publications as first author and presented multiple papers in international
conferences organized by IEEE and Springer Nature. He has also involved actively in peer-
review activities for high-quality Elsevier journals, i.e., Energy Strategy Reviews, Applied
Energy, Heylion, and e-Prime and also for 10P publisher. He is also served as technical
program committee member for international conferences and performed review activity for
more than 100 papers for various reputed conferences. He can be contacted at email:
anubhav01.bitmesra@gmail.com and anubhav-eee@dayanandasagar.edu.

An economical approach of structural strength monitoring utilizing internet of things (Deekshitha S. Nayak)


mailto:anubhav-eee@dayanandasagar.edu
https://orcid.org/0000-0003-1054-8961
https://scholar.google.com/citations?user=xvwB7rkAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57206475619
https://www.webofscience.com/wos/author/record/GLU-4456-2022
https://orcid.org/0000-0002-0935-3262
https://scholar.google.com/citations?user=DzEcNnUAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57485352900
https://www.webofscience.com/wos/author/record/KBA-6899-2024

