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Abstract: Pervasive, large-scale infrastructure forms the backbone of an industrialized nation and thus represents 
a high capital investment. This key asset of the country, is prone to large scale destruction and potential threats to 
its life, without sufficient precautions – such as preventative construction designs, health monitoring and 
maintenance. Structural health monitoring and maintenance of infrastructure is paramount. While Structural 
Health Monitoring(SHM) using traditional sensor technologies has been extensively researched for over a couple 
of decades, enthusiastic efforts are being made for the adoption of smart sensors. Smart sensors would provide 
efficient and sustainable health monitoring, and at the same time can provide precursors to imminent structural 
health issues, as well as estimates of remaining life, facilitating a timely deployment of remedial. This paper 
presents a perspective on use of smart sensors to detect and localize damage while meeting the stringent 
performance requirements of the current industry. 
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1. Introduction 

 

Structural health monitoring (SHM) can be 
referred to as the process of implementing a damage 
identification technique that assesses the state of 
structural health and, through appropriate data 
processing and interpretation, predicts the remaining 
life of the structure [1]. Multi-faceted functionalities 
of an SHM system include detection of un-anticipated 
structural damage events, identification of damage 
location and damage characterization [2].  

Much of our infrastructure is approaching or 
exceeding its initial design life. Use of such 
infrastructure beyond its initial design life has resulted 
in major flaws in these structural systems such as 
corrosion, multi-site fatigue damage, and hidden 
cracks in locations that are difficult to access [3]. 
However, to avoid squeezing out recapitalization 

budgets, these civil, mechanical and aerospace 
structures are being used in spite of aging and the 
associated damage accumulation [4]. Therefore, the 
ability to monitor the health of these structures is 
becoming increasingly important. Without proper 
structural health monitoring measures and subsequent 
corrective actions, the flaws in the aging or damaged 
structures could eventually lead to catastrophic 
failures. SHM thus enables instantaneous maintenance 
triggers when the systems health level falls below 
predefined level of confidence. The SHM system often 
offers an opportunity to reduce the cost for the 
maintenance, repair, and retrofit throughout the life-
cycle of the structure [5]. The three key subsystems of 
SHM are shown in Fig. 1. 

In general, a typical SHM system includes three 
major components: a sensor system, a data processing 
system (including data acquisition, transmission, and 
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storage), and a health evaluation system (including 
diagnostic algorithms and information management 
[6]. The first step to set up this system is to incorporate 
a level of stable and reliable structural sensing 
capability and thus sensors play one of the important 
components of SHM system for identification of 
damage location and damage characterization.  

 
 

 
 

Fig. 1. Three key subsystem of SHM. 
 
 

With the evolution of more complex and 
demanding SHM systems for the modern day 
infrastructure, many industries have adopted a new 
breed of sensors known as Smart sensors. Smart 
sensing technologies including the applications of 
smart sensors such as fiber optic sensors, piezoelectric 
sensors, magnetostrictive sensors and self-diagnosing 
fiber reinforced composites, possess very important 
capabilities of monitoring various physical or 
chemical parameters related to the health and 
therefore, durable service life of structures. Smart 
materials/sensors are a new development with 
enormous potential for SHM of engineering 
structures. Some of them are currently being applied 
in the civil, piping, aerospace industry etc. In this 
paper, a brief introduction to smart sensing 
technology, some of the opportunities and associated 
challenges in adopting them in an industry for SHM 
are discussed. Some of the features and constraints of 
commonly used smart sensors have been an outlined 
and the scope for future smart sensing capabilities has 
been portrayed. 

 
 

2. Smart Sensors 
 
A traditional integrated sensor can be divided into 

three parts:  
1) The sensing element (e.g., resistors, capacitor, 

transistor, piezo-electric materials, photodiode, etc.), 
2) Signal conditioning and processing  

(e.g., amplifications, linearization, compensation,  
and filtering),  

3) A sensor interface (e.g., the wires, plugs and 
sockets to communicate with other electronic 
components) [7].  

The essential difference between a smart sensor 
and a traditional standard integrated sensor is its 
intelligence capabilities, i.e., the on-board 

microprocessor. The microprocessor is typically used 
for digital processing, analog to digital or frequency to 
code conversions, calculations, and interfacing 
functions, which can facilitate self-diagnostics,  
self-identification, or self-adaptation (decision 
making) function.  

The idea of SHM based on embedded sensors has 
been in existence for a long time and a plethora of 
sensors technologies have been developed over the 
years. Recently developed smart sensors and sensing 
systems include Optical Fiber Sensors (OFS), 
piezoelectric sensors, smart wireless sensors and 
vision based displacement measurement systems. 
These have been developed to overcome the 
limitations of the conventional sensors such as electric 
resistance strain gauges, wired accelerometers, and 
extensometers, and to measure new types of structural 
characteristics such as electromechanical impedances 
and guided waves. 

Smart Sensors enables to monitor structural 
response densely both in time and space. The amount 
of data generated from a monitored structure can be 
enormous due to the large number of sensors and high 
sampling frequency [8]. Being smart is expected to 
allow significant data compression at the node level by 
extracting only the information necessary for the task 
at hand, thus reducing the amount of data to be stored 
or transferred through wireless communication. 
Furthermore, being smart gives the possibility of 
autonomous structural health monitoring, with 
reduced user interaction. Once the smart sensor 
network detects structural damage, the network 
informs users about the damage or necessary repair.  

 
 

3. Features and Constraints of Smart 
Sensors 
 
Many smart sensor prototypes have been 

developed and several attempts to use smart sensors 
for SHM are reported so far. There are, however, many 
problems to be solved. Most attempts at SHM with 
smart sensors only substitute the wired link with 
wireless communication and apply traditional damage 
detection algorithms at the base station [8].  

An SHM system with such algorithms assuming 
central data collection does not scale to a large number 
of smart sensors. Researchers have also proposed 
approaches where simple data processing is performed 
on each smart sensor node without interaction with 
other nodes; these attempts do not employ spatial 
information, and, therefore, have room for 
improvement in terms of damage detection capability. 
Information from a dense array of smart sensors 
should be processed in a coordinated manner, rather 
than independently. 

Though the necessity is clear, the features of these 
modern structural infrastructures pose difficulties to 
SHM. These features include large scale, a myriad of 
elements, one-of-a-kind designs, low natural 
frequencies, structural redundancy, nontrivial test 
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excitation, challenging input force estimation, long 
and continuous service time, and variable 
environmental conditions. Thus it becomes critical to 
carefully study both the advantages and the drawbacks 
of the Smart sensors. Smart sensor technology has 
been under rapid development in recent years.  

A smart sensor usually has five essential features 
and drawbacks as shown in Fig. 2. 

 
 

 

 
Fig. 2. Features and drawback of Smart Sensors. 

 
 

High electrical power is required in case of 
wireless active sensing devices such as PZT 
transducers compared to conventional passive sensors 
such as accelerometers and strain gauges. Extensive 
research work has been focused on energy harvesting, 
the amount of harvested energy often falls below the 
level need for active SHM sensing systems. Recently, 
there has been a surge of research in the area of energy 
harvesting, which has been brought on by the advances 
in wireless technology and low-power electronics. 
Once the battery has consumed all of its power; 
replacement of the battery located remotely can 
become a very tedious task. Researchers have shown 
interest in power harvesting, and have proposed 
alternative power sources such as vibration, sunlight, 
thermal gradient and human motion. Other approach 
is to employ Radio Frequency (RF) microwave 
transmission technologies to wirelessly transmit the 
power to an active sensor node, where RF microwaves 
are transmitted across the atmosphere or space to a 
receiver (rectifying antenna) to receive and directly 
convert the microwaves into DC power. 

In-lieu of energy harvesting, there have been 
several researches to minimize the battery usage under 
the same operating configuration of wireless smart 
sensors. Since the wireless data transmission generally 
consumes more power than local computation of data, 
the data processing and compression by local 
computation of data, the data processing and 
compression by local interrogation of measured data 
has been widely studied to reduce the power 
consumption caused by wireless transmission. Lynch, 
et al., has embedded many SHM algorithm, such as 

Fast Fourier Transform(FFT), Auto – Regressive, 
Random Decrement and Frequency Domain 
Decomposition. 

Wireless transmission and processing the data 
before transmission will be a useful method to solve 
the problem of bulk data management in the  
practical SHM system. And SHM of the practical  
civil engineering structures will greatly depend  
on diagnostic algorithms such as inverse  
problem analysis, artificial neural network, and the 
expert system. 

The drawbacks listed in Fig. 2 can be used to 
derive desirable characteristics of an SHM system 
employing smart sensors. Desirable characteristics for 
an SHM strategy implemented on a network of smart 
sensors are specified herein [32] in Table 1. 

 
 

Table 1. Desirable Characteristics for an SHM strategy 
implemented on a network of smart sensors. 

 
Desirable 

Characteristic 
Details 

Scalable Resource 
Awareness System 

Scalability 
Power Awareness 
Bandwidth Awareness 
Memory Awareness 
Computational Power 

Autonomous 
Distributed 
Embedded 
Computing 

Collaborative distributed data 
processing 
Model based data aggregation 
Autonomous initial 
configuration and maintenance 

Fault Tolerant 
System 

Byzantine error tolerance 
Node failure tolerance 
Message packet loss tolerance 

Algorithmic 
Characteristics 

Collaboration in local sensor 
communities 
Multiscale information 
Redundancy  
Multiple functions 

Platform 
Characteristics 

Environmentally hardened 
Sufficient RAM, flash memory 
and RF bandwidth 
Appropriate sensor availability 
Open source OS and interface 

 
 

The two emerging smart sensor technologies are 
PVDF based piezoelectric smart sensors and fiber 
optic sensors. 

 
 

3.1. Piezoelectric Smart Sensors: PVDF 
 

Polyvinylidene Fluoride popularly known as 
PVDF is a highly inert thermoplastic fluoropolymer, 
commercially Known as KYLAR. Due to its low 
density and melting point, it can be injection molded 
and welded. When poled, PVDF is a ferroelectric 
polymer, exhibiting efficient piezoelectric and 
pyroelectric properties [20]. These characteristics 
make it useful in sensor and battery applications. For 
sensing strains and deflection in structures, film form 
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is most suited. This is manufactured by spin coating 
PVDF on plastic thin films. 

Piezo film sensors are usually supplied in the form 
of thin-film, typically ranging from 9 to 110 μm 
thicknesses. Due to the small cross-sectional area, a 
small load applied longitudinally along the plane of 
the film results in a very large axial stressing the film 
[11]. PVDF generates a charge in response to a stress 
which can be converted to voltage and then amplified. 
If the sensor is bonded to the structure, then the sensor 
output is proportional to changes in surface 
displacement. Hence this material can be used to 
detect variations in structural systems. Thus PVDF can 
thus be classified as a new low cost polymer pressure 
sensor. 

 
 

3.1.1. Advantages of Using PVDF 
 
PVDF has proven to provide many advantages 

over other smart sensor materials [22].  
- Have very high levels of Piezo activity. 
- High voltage output – 10 times higher than piezo-

ceramics for the same force input. 
- It can be fabricated using a simple manufacturing 

process. 
- The circuit required for signal detection and 

conditioning is fairly simple.  
- PVDF film is also better than other conventional 

health monitoring sensors like strain gauge, linear 
variable differential transducers (LVDT) and clip 
gauge from the point of view of external power supply.  

- Because PVDF base sensors have better signal to 
noise ratio, they result in better high frequency noise 
rejection. Therefore, they are suitable for applications 
involving measurement of low strain levels. 

- They are compact and easy to embed. 
A comparison of PVDF with other Smart materials 

shows. why PVDF is the most preferred option as a 
Smart sensor material for Structural Health 
Monitoring is shown in Table 2.  

 
 

Table 2. Comparison of PVDF with other Smart Materials. 
 

Characte-
ristic 

PZT PVDF Nitinol Terfenol-D 

Maximum  
Free 

Strain 
(Microns) 

1000 700 20000 1600 

Elastic 
Modulus 

(GPa) 
63 2 

30 M1, 
90 A2 

25-35 

Bandwidth 
0.1 Hz 
- GHz 

0.1 Hz 
- GHz 

0-
10 Hz 

0.1 Hz-
MHz 

 
 
3.1.2. Limitations of PVDF 

 

Piezo film does have some limitations for certain 
applications. It makes a relatively weak 
electromechanical transmitter when compared to 
ceramics, particularly at resonance and in low 

frequency applications [22]. The copolymer film has 
maximum operating/storage temperatures as high as 
135 oC, while PVDF is not recommended for use or 
storage above 100 0C. Also, if the electrodes on the 
film are exposed, the sensor can be sensitive to 
electromagnetic radiation. Good shielding techniques 
are available for high EMI/RFI environments. 

Since the pyro sensitivity is strong, care must be 
taken when designing low (< 0.01 to 1 Hz) frequency 
mechanical sensors to avoid ambient temperature 
changes swamping the output with pyro-generated 
signal. If a very long time constant is in use, then the 
film will generate a voltage corresponding to the 
change in temperature since switch-on. Since the 
output will be several volts per degree C, substantial 
offsets may be noticed. In general, however, most 
piezo applications will have a cut-off frequency of 
several Hertz or more. Connecting a device of 1 nF 
capacitance to an oscilloscope input, even at 10 MΩ 
impedance, will produce a roll off below 16 Hz. Only 
a more rapid change in the film temperature will 
generate detectable signal. Common-mode rejection 
can be used to isolate either very low frequency 
mechanical strain from simultaneous pyro-effects or 
vice-versa.  

The measurement accuracy is usually limited by 
environmental conditions like temperature and 
humidity, as well as internal variations like 
pyroelectric effects and creep. However, if the 
environment is controlled, other variations can  
be neglected.  

 
 

3.2. Fiber Optical Sensors 
 

Fiber Bragg Grating (FBG) sensors can be 
installed on each side of a rail to detect imbalances on 
the two sides of rail wheels. It is well known that if 
there are large difference between the left and right 
hand side loading of an axle, there is the danger of train 
derailment. Thus, it is generally required for freight 
trains to go through a Wheel Weighing System 
(WWS). Conventional WWSs use strain gauge 
sensors to detect the train loading, train speed and to 
assess the possibility of derailment. The working 
principle of the strain gauge sensors is that when a 
train is residing on top of the rail – at which the strain 
gauge is installed – the resistance of this particular 
strain gauge is affected. The degree of imbalances in 
the bridge circuit can be calibrated to give an 
indication of the train loading. However, the system is 
expensive, bulky and can be adversely affected by 
electromagnetic interferences. Hence, conventional 
anti-derailment systems have to be installed at a 
selected location having extremely stringent shielding 
requirement to ensure the system is not affected by 
electromagnetic interferences. On the other hand, FBG 
sensors can be readily installed on the left and right 
rails (for the two wheels of the same axle) at low cost 
to measure the important parameters for the railway 
engineer in the monitoring of anti-derailment ratio of 
passing trains. 
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FBG can measure strain (and not displacement) 
they provide a superior advantage of the strain 
measurement principles. Some of their distinguishing 
properties are [31]: 

- FBG match quite well with new composites like 
glass or carbon fiber which are widely used these days. 
Thus, these can be directly integrated or attached as 
patches on the surface of the test object. 

- These can measure very high amount of strain 
(>10000 um/m). 

- Small sized and light weight. 
- Immune to electromagnetic interference. 
- They are intrinsically passive and hence can be 

positioned in harsh high voltage and potentially 
explosive environments. 

- Good corrosion resistance. 
 
 

4. Current Smart Sensor Technology 
Landscape in SHM 
 

Many SHM systems based on a variety of sensors 
have evolved for industrial applications ranging from 
Civil and Aerospace industries to Automotive and 
Pipeline, Oil and Gas industry [7]. 

 
 

4.1. Civil Industry 
 

Research related to Bridge Health Monitoring is 
being carried out at Waseda University, Japan where 
the vibration signals are collected through a network 
of smart sensors [27]. The bridge diagnosis technology 
used in this system can measure vibration behavior of 
the bridge and analyze the measurement data easily. 
The Health Monitoring System of this bridge monitors 
temperature, distortion, Static Strain, vibration and 
dynamic strain. The target of this system is to gain 
valuable information of bridge’s health status from 
those inspection data. Their work has shown how 
smart sensor technology with proper Individual 
component analysis techniques can be an effective 
method for health monitoring of everyday  
civil structure. 

Fiber optic monitoring system has also been 
introduced into civil structures under extreme 
exposure conditions. In general, civil buildings, Fiber 
Optic Sensors (FOS) are installed to monitor stresses 
incurred during the construction phase and monitoring 
of concrete curing as well as internal crack sensing. 
Among all smart sensors, FOS are more promising for 
SHM of civil engineering structures than other smart 
sensors. Various applications of FOS in civil 
engineering structures, such as monitoring of strain, 
displacement, vibration, cracks, corrosion, and 
chloride ion concentration have been developed. 

 
 

4.2. Piping Industry 
 

The communal and industrial pipeline network is 
often one of the biggest infrastructures of an 
industrialized country, reaching about 5000 km of 

pipelines per million citizens [9]. With many 
kilometers of the pipeline buried in dirt or submerged 
in water and with coatings that can range in thickness 
from a few microns to several meters, there are many 
categories of threats to pipeline integrity [10]. 

Due to corrosive environment, pipes used for 
transportation of water and gas at the plants often get 
damaged [11]. Defects caused by corrosion and 
cracking may cause serious accidents like leakage, fire 
and blasts. It also reduces the life of the transportation 
system substantially. For such varied forms of threat, 
there is a critical need to have a robust In-Line 
inspection and health monitoring system, which can 
reach deep within the interiors of the network without 
interrupting its use. Research and development of new 
methods of identifying changes to the geometry, 
condition or surface contour of pipelines is highly 
needed. Researchers at Indian Institute of Technology, 
Kanpur India developed a piezoelectric based PVDF 
smart sensor probe mounted on a pipe crawler robot 
for inspection of the surface integrity of the inner walls 
of a pipe. The smart probe, during rotation, touches the 
inner surface of the pipe and experience a broad-band 
excitation in the absence of surface features. On the 
other hand, whenever the probe comes across any 
surface defect, there is a change in vibration response 
of the probe. The discriminating time domain features 
of the observed damping waveform such as damping 
factor, peak value and settling time are used to 
interpret the experimental results with the defects. 

 
 

4.3. Construction/Cement/Fertilizer Industry 
 
The construction/cement/fertilizer industries used 

large chains for material handling. Sometimes the 
chains break due to the stress exerted beyond the limit. 
This is required to have real time information on how 
much stress is exerted. Electrical strain gages (SG) are 
reliably used in many applications today for measuring 
stress. These strain gages were developed more than 
50 years ago; today they are technically mature and 
available in many different versions. Certain 
installation, service and maintenance issues of these 
Electrical strain gauges may arise due to moving 
cables. Recently FOS have recently become an 
interesting complement to classical strain gauge 
technology. Using optical strain gages in these 
applications provides the following benefits: 

- No mechanical failure of the sensor material 
(glass) at high-level vibration loads. 

- Low weight of the connection leads, because 
fiberglass is substantially thinner than copper 
conductors. 

- Reduced wiring effort, because one measuring 
lead enables many sensors with different base 
wavelengths to be connected. 

- The FOS family of sensors displays a greater 
level of sensitivity and dynamic than conventional 
sensors, while maintaining relative resolutions on the 
order of the wavelength, i.e. 10-6 m. 
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Over the last twenty years, optical fiber sensors 
have been developed for niche applications, i.e. very 
specific uses where conventional sensors prove 
ineffectual, particularly for instrumenting sites where 
electromagnetic neutrality is of critical importance. In 
the past, reliability issues had been detrimental to the 
market penetration of FOS. 

 
 

4.4. Aerospace and Defense Industry 
 
The aerospace industry is looking forward to adopt 

smart sensors. Many sensors such as LVDT’s which 
have been in use in the aerospace industry for many 
years are capable of interfacing directly with the 
electronic control unit (ECU) through the use of tens 
of meters of cable. These are thus the prime candidates 
for replacement by smart sensors in the battle to reduce 
excessive wires and connectors [14]. One of the 
earliest smart sensors is Honeywell’s Primary Air 
transducer which includes the option of ARINC249 
and has been flight certified [14-15]. 

Working with Stanford researchers, Alcoa is 
developing aircraft fasteners that also function as 
sensors capable of detecting crack propagation in 
multilayer composite structures [16]. The technology 
could reduce inspection frequencies for wing stringers 
by one-half. Fatigue cracks forming at fastener holes 
are a common form of airframe damage. In the 
invention, a fastener couple’s layers of a multi-layer 
structure together via an opening that traverses the 
structure. A sensor circuit is inserted into the opening 
with the fastener, inducing an electrical response in a 
portion of the multi-layer structure adjacent to the 
opening. If the structure surrounding the fastener hole 
is damaged, the electrical response is slowed, 
indicating a failure. A new fastener can sense crack 
propagation in composite aircraft structures. 

One approach to SHM is the Stanford Multi-
Actuator Receiver Transduction (SMART) Layer, a 
patented technology from Stanford University. The 
thin material layer is embedded with a network of 
piezoelectric sensors and actuators that can be 
mounted on metal structures or embedded in 
composite structures. The piezoelectric sensors give 
off a small amount of electricity when they undergo 
mechanical pressure. Similar to a medical ultrasound, 
the sensors generate a wave that propagates through 
the structure and is picked up by other sensors. The 
aim is not only to detect structural damage, but to 
provide early warning before a failure takes place. The 
main benefits of SMART Layer technology are its 
flexibility, light weight, ability to adapt to any 
structure, ease of installation, durability, and 
reliability under different environments.  

 
 

4.5. Automotive Industry 
 

Automotive manufacturers are closely monitoring 
the potential of smart sensors but here the cost 
constraints are paramount. Traditional sensors 

attached to digital busses are unlikely to find their way 
into the majority of vehicles unless the data busses 
themselves are introduced for other purposes [14]. 
However, its implementation cost to output efficiency 
ratio is still progressively high. This has been the 
major reason that has prohibited the development of 
sensor technologies. The use of smart sensors however 
has potential. 

 
 

5. Future of Smart Sensor Technology 
in SHM 
 
The smart sensors of the future needs to be 

modified and adaptable to the ever changing need of 
the SHM Industry. Its future scope can be understood 
in terms of certain characteristics as follows: 

 
 

5.1. Power Harvesting 
 
Data-intensive applications such as SHM consume 

significant power, shortening the battery life. power 
harvesting at the smart sensor nodes is a promising 
approach to achieve semi-permanent monitoring of 
structures using no plugged-in smart sensors. Several 
energy sources can be identified for development of 
SHM power harvesting strategies. Wind energy is a 
potential energy source. Bridges are most likely 
constructed over a river, street, or railroad tracks 
where obstacles to block the wind are limited. Wind 
velocities at bridge cites are expected to be relatively 
high, making power harvesting with wind energy 
promising. Solar power is another candidate, though 
available energy depends on the climate at the site and 
sunlight availability of sensor locations. As opposed to 
wind power, solar power harvesting does not have any 
moving parts; therefore, vibration originating from 
solar power harvesting will not contaminate 
measurement of structural vibration signals. Another 
energy source, structural vibration energy, can 
conceptually be converted to electrical energy. 

 
 

5.2. Communication Range Adjustment 
 
When the communication range of a smart sensor 

includes neighboring sensor communities, the 
communication range should be shortened to reduce 
RF interference. When two sensor communities are 
out of communication range of each other, these 
communities can perform communication in parallel 
without interfering with each other. 

 
 

5.3. Sensing Capabilities 
 
For SHM of full-scale structures, the sensing 

capability in the low-frequency range is especially 
important. Future smart sensors used for ambient 
vibration measurement need to have better resolution.  
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5.4. Damage Detection Capability 
 
The damage detection algorithms sometimes fail to 

detect damage. One possible cause is observation 
noise from imperfect measurements. Also, the 
influence of other factors, such as temperature and 
humidity, should be accommodated in the damage 
detection strategy. For example, natural frequencies of 
structure change along with temperature. 

 
 

5.4.1. Reliability of the System 
 
For the system to be used for years, the reliability 

of smart sensor nodes needs to be improved. 
Additionally, node failure tolerance should preferably 
be realized, because the possibility of node failure 
cannot be completely eliminated; for example, even a 
PC with better resources sometimes hangs up. Failure 
of a single node should not provoke failure of the 
entire system. 

 
 

5.4.2. Multiple Purpose Usage of Smart 
Sensors 

 
Smart sensor networks can potentially serve 

multiple purposes, while the developed SHM 
framework currently serves only for SHM purposes. 
Smart sensors can be used for traffic monitoring, local 
weather monitoring, fire detection, etc. Integration of 
these services enhances the value of smart sensors and 
makes introduction of smart sensor systems more 
attractive from a cost-benefit perspective. 

 
 

6. Conclusion 
 
The present work provides a useful insight on the 

technology landscape of smart sensors and the 
different advantages and challenges in adopting  
them for structural health monitoring in different 
industry.  

Further work can be done to solve the challenges 
of the smart sensors in structural heath monitoring 
using machine learning.  
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