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Abstract 
Structural health monitoring (SHM) is a crucial aspect of modern infrastructure management, providing real-time 
data on structural integrity. The reliability of SHM systems is a significant concern as it can impact the effectiveness 
of the system. This literature review investigates current research on SHM system reliability. The review highlights 
the importance of appropriate sensor selection and placement, advanced signal processing, and effective noise 
filtering. The review also emphasizes the significance of regular calibration and maintenance to ensure long-term 
reliability. The review suggests that SHM systems can be highly reliable when appropriately implemented, but further 
research is needed to examine the long-term reliability and efficacy of these systems. 
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1. Introduction 
 
Structural Health Monitoring (SHM) is a rapidly 
evolving field with numerous applications in 
different sectors. The primary goal of SHM is to 
provide an early warning of any potential structural 
damage, allowing preventative measures to be taken 
before catastrophic failure. To achieve this goal, SHM 
systems must be reliable, accurate, and cost-
effective. Structural health monitoring (SHM) has 
become an essential aspect of the maintenance and 
management of modern infrastructure. The main 
goal of SHM is to provide real-time data on the 
structural integrity of buildings, bridges, and other 
structures to help identify potential problems before 
they become catastrophic. One of the key 
considerations in the implementation of SHM is the 
reliability of the system. This review article aims to 
explore the current state of SHM reliability, 
highlighting the challenges and potential solutions 
for improving the reliability of SHM systems. 

 
Figure-1: CAD Model of Experimental Setup 

 

2. Literature Review 
 
Structural Health Monitoring (SHM) has gained a lot 
of attention in the last few decades as an effective 
tool for the assessment of the structural integrity of 
civil infrastructure. However, the reliability of SHM 
systems is a crucial concern, as it affects the accuracy 
and effectiveness of the system in detecting any 
potential defects or damages. The current literature 
on SHM reliability focuses on different aspects of 
SHM systems, including sensor selection and 
placement, data acquisition and processing, noise 
reduction, and calibration and maintenance. 
Several studies have investigated the reliability of 
different types of sensors used in SHM. Zhou et al. 
(2021), they evaluated the reliability of four 
different types of strain sensors, including fiber 
Bragg grating (FBG), electrical resistance strain 
gauge (ERSG), piezoelectric ceramic (PZT), and 
optical fiber Fabry–Perot (OF-FP) sensors. They 
found that FBG sensors provided the most reliable 
and accurate data, while PZT sensors had the highest 
measurement error. 
In terms of data acquisition and processing, 
advanced signal processing techniques have been 
proposed to improve the reliability of SHM systems. 
For instance, Liu et al. (2020) used a deep learning-
based method for damage detection in concrete 
beams using acoustic emission signals. The study 
showed that the proposed method could achieve 
higher accuracy and reliability than traditional 
signal processing techniques. 
Noise reduction is another critical factor in the 
reliability of SHM systems. Koo et al. (2021) 
proposed a wavelet-based denoising method for 
SHM data, which effectively removed noise and 
improved the reliability of the system. They 

mailto:premkushwaha8@gmail.com
mailto:gaurav.gugliani@meu.edu.in


Journal of Harbin Engineering University  Vol 44 No. 11 
ISSN: 1006-7043 November 2023  
 

119 
 

compared the method with conventional denoising 
techniques and found that the proposed method 
outperformed them in terms of signal-to-noise ratio. 
Regular calibration and maintenance of SHM 
systems are also crucial for ensuring long-term 
reliability. In a study by Zhao et al. (2019), they 
investigated the impact of temperature on the 
reliability of fiber optic sensors used for SHM. The 
study showed that temperature changes could lead 
to significant errors in the sensor readings and 
recommended regular calibration of the sensors to 
maintain reliability. 
In conclusion, the current literature suggests that 
SHM systems can be highly reliable when 
appropriate sensors are selected and placed, 
advanced signal processing techniques are used, 
noise is effectively filtered, and the system is well-
maintained and calibrated. However, more research 
is needed to investigate the long-term reliability of 
SHM systems and their effectiveness in real-world 
scenarios. 
 
3. Methodology 
 
A comprehensive search of electronic databases 
such as ScienceDirect, IEEE Xplore, and Google 
Scholar was conducted. The search terms used 
included "structural health monitoring", "reliability", 
"accuracy", and "challenges". A total of 45 articles 
were selected and reviewed for this study. 
Factors Affecting the Reliability of SHM Systems: 
There are several factors that can affect the 
reliability of SHM systems. These include: 
 
 
1. Sensor Placement and Calibration 
 
The placement of sensors is crucial in determining 
the accuracy of the data generated by SHM systems 
N. Zhu et al. (2020). Incorrect sensor placement can 
lead to inaccurate readings and false alarms, while 
poorly calibrated sensors can result in inaccurate 
measurements. 
The optimization of sensor placement typically 
involves formulating an objective function that 
reflects the quality of the measurements and then 
finding the sensor locations that optimize this 
function. One common method is to maximize the 
modal assurance criterion (MAC), which is a 
statistical measure of the linear independence 
between modes shapes, often used in modal analysis. 
The MAC between two mode shapes ∅𝑖  and ∅𝑗  is 

defined as: 

MAC (∅𝑖 , ∅𝑗) = 
|∅𝑖

𝑇∅𝑗|

(∅𝑖
𝑇∅𝑗)(∅𝑖

𝑇∅𝑗)
 

The MAC value ranges from 0 to 1, where a value of 
1 indicates that the mode shapes are identical, and a 
value close to 0 indicates orthogonality. 
When optimizing sensor placement, the goal is to 
maximize the sensitivity of the sensors to the most 

critical modes of the structure, which could be 
represented as: 
Maximize ∑∑ 𝑀𝐴𝐶𝑛

𝑖=1 (ϕi ,ϕmeasured,i) subject to the 
number of sensors and other practical constraints. 
Calibration is typically about adjusting the sensor 
output to correspond accurately to the true value. 
This is often done by comparing the sensor output to 
a known standard or reference. If Sm  is the measured 
value from the sensor and St is the true value, a 
simple linear calibration model might be:  
St=a⋅Sm +b where a is the scale factor and b is the 
offset. These calibration coefficients are determined 
through a calibration process. 
 
2. Data Acquisition and Processing: 
 
The reliability of SHM systems also depends on the 
accuracy of the data acquisition and processing 
methods. The quality of the hardware and software 
used to collect and process data can have a 
significant impact on the reliability of the system. 
The Nyquist-Shannon sampling theorem is critical to 
data acquisition, which determines the minimum 
sampling rate to accurately capture a signal:  
  fs ≥ 2fmax where fs is the sampling frequency, 
and fmax is the maximum frequency present in the 
signal. 
  When an analog signal is converted to a 
digital one, it is quantized to a set number of levels. 
The resolution of an ADC (analog-to-digital 
converter) is given by:  

  Resolution=
𝑉𝑟𝑒𝑓

2𝑛   

where Vref is the reference voltage and n is the 
number of bits in the ADC. 
 a digital signal needs to be filtered to remove 
noise. One of the simplest filters is the moving 
average filter:  

𝑦[𝑖] =  
1

𝑁
∑ 𝑥[𝑖 − 𝑗]

𝑁−1

𝑗=0
 

where y[i] is the output signal, x[i] is the input signal, 
and N is the number of points in the average. 
 
3. Environmental Factors: 
 
Environmental factors such as temperature, 
humidity, and vibration can affect the performance 
of SHM systems. These factors can cause sensor drift, 
signal noise, and other issues that can lead to 
inaccurate data. 
 
4. Structural Complexity: 
 
The complexity of the structure being monitored can 
also affect the reliability of SHM systems. Complex 
structures may require more sensors, which can 
increase the risk of sensor failure or inaccurate 
readings. 
Methods for Improving SHM System Reliability: 
Several methods have been proposed to improve the 
reliability of SHM systems. These include: 



Journal of Harbin Engineering University  Vol 44 No. 11 
ISSN: 1006-7043 November 2023  
 

120 
 

 
1. Redundancy: 
 
Redundancy involves using multiple sensors to 
monitor the same parameter. This approach can 
improve the reliability of SHM systems by reducing 
the risk of sensor failure and increasing the accuracy 
of the data generated. 
 
2. Self-Diagnostics: 
 
Self-diagnostics involve the use of algorithms to 
detect and correct sensor failures or other issues 
that may affect the reliability of SHM systems. This 
approach can help to improve the reliability of the 
system by ensuring that data generated is accurate 
and reliable. 
 
3. Remote Monitoring: 
 
Remote monitoring allows for the continuous 
monitoring of SHM systems, even in remote or 
inaccessible locations. This approach can improve 
the reliability of SHM systems by ensuring that data 
is continuously collected and analysed, regardless of 
the location of the structure being monitored. 
 
4. Advanced Data Processing Techniques: 
 
Advanced data processing techniques such as 
machine learning and artificial intelligence can be 
used to improve the accuracy of the data generated 
by SHM systems. These techniques can help to 
identify patterns and anomalies in the data, which 

can be used to detect and predict potential issues 
before they become critical. 
To analyze the frequency content of a signal, the FFT 
is used to convert time-domain data to frequency-
domain:  

𝑋(𝑘) = ∑ 𝑥(𝑛). 𝑒−
2𝜋𝑖
𝑁

𝑘𝑛
𝑁−1

𝑛=0
 

where X(k) is the frequency spectrum, x(n) is the 
time-domain signal, N is the total number of samples, 
and k is the frequency index. 
it is necessary to normalize the data to have a 
common scale without distorting differences in the 
ranges of values: 

𝑥′ =
𝑥 − min (𝑥)

max(𝑥) − min (𝑥)
 

where x′ is the normalized value, and x is the original 
value. 
 
4. Results 
 
The reviewed literature highlights the importance of 
reliability in SHM systems. It has been observed that 
despite advancements in technology, SHM systems 
are still prone to errors, which can lead to false 
alarms or missed detections. One of the main 
challenges in ensuring reliability is the selection of 
appropriate sensors and data acquisition systems, 
which must be capable of accurately detecting and 
measuring changes in the structural response. Other 
challenges include the high cost of sensors, data 
management issues, and the need for regular 
maintenance to ensure that the sensors are 
functioning correctly.

 

 
Figure-2: Accident of Vehicle due to Shaft Failure
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Figure-3: Probability Distribution of Shaft Reliability 

 
To improve the reliability of SHM systems, 
researchers have proposed several solutions, 
including the development of novel sensor 
technologies, the use of machine learning algorithms 
for data analysis, and the integration of SHM with 
other maintenance strategies such as condition-

based maintenance (CBM) and predictive 
maintenance. Additionally, standardization of SHM 
procedures and protocols can improve the reliability 
of SHM systems. 
 

 

 
Figure-3: Strain-life of Shaft 

 
5. Conclusion 
 
SHM systems play a critical role in ensuring the 
safety and longevity of structures. The reliability of 
SHM systems is of utmost importance, as errors in 
detection or measurement can lead to significant 
consequences. This review highlights the current 
challenges and potential solutions for improving the 
reliability of SHM systems. The reliability of SHM 
systems is crucial in ensuring that the data 
generated is accurate and can be used to make 
informed decisions regarding the maintenance, 
repair, or replacement of structures. Several factors 
can affect the reliability of SHM systems, including 
sensor placement, data acquisition and processing, 
environmental factors, and structural complexity.  
Methods for improving SHM system reliability 
include redundancy, self-diagnostics, remote 
monitoring, and advanced data processing 

techniques. Further research is needed to address 
the existing challenges and to develop more robust 
and cost-effective SHM systems. 
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