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Abstract
Remote sensing with Unmanned Aerial Systems (UASs) is a game-changer in
various fields such as environmental monitoring, surveillance, aerial
photography, digital communications, search and rescue operations and military.
This paper presents one of the most economical and yet the most effective
approaches used in Structural Health Monitoring (SHM). Herein, a review of the
recent advances, applications and future perspective of UASs, i.e. drones in SHM
is discussed. Drones have become popular in several developed countries in
recent years. However, the use of drones is still in the infancy stage of
development in developing countries. The development of drones in the last
decade has marked a new era in remote sensing, providing data of unprecedented
spatial, spectral, and temporal resolution. This is due to the fact that UASs are
low cost aerial robots, that require little preparation and infrastructure and can be
equipped with any number of sensors or cameras making them ideal for
monitoring the environment. To this end, drones offer an opportunity to
infrastructures the existing gap between field observations and remote sensing by
providing high spatial detail over relatively large areas in a cost-effective way.
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1. Introduction
The potential for Unmanned Aerial Systems (UAS)-based generation of high-quality images of structural details to
detect structural damage and support condition assessment of civil structures is very high, particularly in
difficult-to-access areas. For example, drone-based visual inspection is used for monitoring oil and gas platforms [1],
construction sites [2], infrastructures like bridges [3] and buildings [4], pipelines [5], cracks in concrete civil
infrastructures [6], etc. Integration of Unmanned Aerial Vehicle (UAV) is also being exploited for industrial inspection
tasks [7].
Drones are becoming increasingly popular for commercial and non-commercial uses, especially in the fields of
environment, surveillance, aerial photography, digital communications, search and rescue operations and military.
Drones are in fact low cost aerial robots, that require little preparation and infrastructure and can be equipped with any
number of sensors or cameras making them ideal for monitoring the environment. Environmental monitoring plays a
major role in analyzing climate and management impacts on natural, agricultural systems, assessing, forecasting and
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even preventing natural disasters and enhancing hydrological cycle. Monitoring and data collection systems are based
upon a combination of ground-based measurements and remote sensing sensors observations. These data however have
spatiotemporal constraints. Drones offer an opportunity to infrastructures, e.g. bridge the existing gap between field
observations and remote sensing by providing high spatial detail over relatively large areas in a cost-effective way.
Drones have become popular in several developed countries in recent years. However, the use of drones is still in the
infancy stage of development in developing countries such as Malaysia [8].
The followings are covered in the rest of the present study: a brief overview of remote sensing is presented in Section
2, while the UASs are detailed in Section 3. Section 4 is addressed the future perspectives and works. Last but not least,
the conclusion is drawn in Section 5.

2. Remote Sensing Technology
Remote sensing is defined as the analysis of object properties, area or phenomenon on the earth’s surface through
data acquired from a device that is not in contact with the object, area, or phenomenon under investigation, i.e.
terrestrial aircraft and satellites in order to obtain information about the asset. This may be associated with the fact that
it is usually very difficult to obtain an immediate assessment of large-scale natural disasters using ground survey alone.
Consequently, remote sensing by airborne or spaceborne sensors is often applied to monitor near-real-time damage for
large-scale events. The current generation of remote sensing satellites is producing data with great potential for use in
scientific and technological investigations in very large and ever increasing quantities. Remote sensing of the Earth has
many applications such as environmental assessment and monitoring and agriculture. Many remote sensing systems
have been developed to offer a wide range of spatial, spectral, and temporal parameters. For the past fifty years, several
Commercial Remote Sensing (CRS) and Spatial Information (SI) technologies for wide-bandwidth spectral information
sensing and imaging have been developed integrally with satellite/airborne/ground-based surveillance platforms [9-11].
Most of the data used in the representative research are in high resolution and can be classified into four categories:
(1) optical; (2) Synthetic Aperture Radar (SAR); (3) Light Detection And Ranging (LiDAR); and (4) ancillary data. The
ancillary data include maps produced from GIS data acquired by remote sensing and in situ damage assessment [12].
High-resolution multispectral optical imagery is easy to interpret because it provides a close representation of what the
human eye sees. Conversely, micro-wave imaging radar such as SAR provides operational advantages over optical
sensors for rapid disaster assessment because of its day/night and all-weather acquisition capability with wide coherent
imaging coverage [10, 13]. Figure 1 presents several remote sensing examples.

Figure 1. Examples of remote sensing (A) Roof with dislocated tiles, (B) cracks in concrete facade, (C) cracks and hole in
brick facade, (D) inclined building, E) debris, rubble piles, spalling, and (F) facade windows symmetry. [13]

Data mining is one of the emerging data extraction techniques [14]. The application of data mining in remote sensing
has been reported by [11]. In this study, the authors established that data mining techniques, e.g. Artificial Neural
Network (ANN), decision trees, and clustering found patterns based on each algorithm’s computational ability and they
were not guided by user interaction. Therefore, they achieved a better performance. In addition, it was concluded that
data mining techniques have the potential to improve spectral classification in remote sensing. In the same line,
according to [15], ANN has the highest application rate for different functions. The reason for this comes from the fact
that the ANN has proven its high capacities to work out in various purposes through pattern recognition [16-22].
Besides, various metaheuristic algorithms, e.g. Particle Swarm Optimization (PSO) [23], Genetic Algorithm (GA) [24],
and Imperialist Competitive Algorithm (ICA) [25] have been developed to solve a variety of engineering optimization
problems in SHM [26].
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3. Unmanned Aerial Systems (UASs)
Remote sensing with Unmanned Aerial Systems (UASs) is a game-changer in many domains. The development and
steep rise of drones in the last decade has marked a new era in remote sensing, providing data of unprecedented spatial,
spectral, and temporal resolution [27]. Drones can be classified into multiple categories depending on their functions,
size, weight, number of propellers, aerodynamic flight principles, range, equipment, cameras used and so on.
Considering the operations accompanied to the urban planning sector, the prominent types of drones are rotary-wing
and fixed-wing drones, where the classification is based on the differences in their aerodynamic flight principles. The
rotary-wing motors are more common, as they offer high accessibility, ease of use, good camera control, ability to
function in confined spaces and supports hover and Vertical Take-Off and Landing (VTOL); cost-wise also these are
very affordable options. Depending on the rotor configurations, the rotary-wing drones can be further classified into
tricopters, quadcopters [Figure 2(a)], hexacopters [Figure 2(b)], Figure 3, etc. However, all these drones have limited
flight time (of not more than 30 minutes); and small payload capacity (mostly below 8kg). Below show a few examples
of drones.

(a)
(b)
Figure 2. Drones (part 1): (a) Quadcopter Drone and (b) Hexcopter Drone [8].

(a)

(b)

(c)

(d)
Figure 3. Drones (part 2): (a) Micro-UAV quadrotor, model “RC EYE One Xtreme” [7], (b). DJI Matrice 210 RTK with dual
gimbal [28], (c) Unmanned aerial vehicle, model Yuneec H520 [29], and (d) Fixed-wing Drone [8].
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According to [30], the key components of any drone are sensors. Only sensor systems with acceptable performance
produce commercial drones the flight characteristics they need. Various tasks require various sensors or rather different
sensor combinations. Some of the sensor types applied in drones include the following:
(1) LiDAR that can be used for collision avoidance and navigation, and also for a three-dimensional scanner,
(2) Cameras that can be used for observation, collision avoidance, data acquisition and navigation,
(3) Pressure gauges that can be used for navigation and data collection, and
(4) Global Positioning System (GPS) that can be used for position determination.
In the past several years, the medium spatial resolution SAR intensity images, such as ERS SAR, Envisat ASAR and
Radarsat-1 SAR, have been used to study building damages in urban areas due to natural disasters, i.e. earthquake.
Visual interpretation and change detection between remote sensing images acquired pre- and post-earthquake are
important methods for damage assessment [31]. The suitable data source lies on the size of damaged target to be
detected. Bad weather conditions usually limit the acquisition of optical remote sensing images, while all day and all
weather SAR shows the ability of providing timely remote sensing data for emergency response and rescue works after
earthquake. Because SAR is sensitive to the surface changes caused by earthquake, the modified electromagnetic
behavior by geological disasters and the collapse of buildings can be recorded in SAR images as backscattering
intensity changes [32].
A Laser Speckle Imaging System (LSIS) has been developed by [33] to achieve non-contact, non-destructive and
remote strain sensing. This study demonstrated the potential application of LSIS as an effective NDT technique for
full-field, non-contact and remote sensing of anisotropic deformation around fastener holes. Figure 4 presents the
experimental set-up and instrumentation for LSIS.

Figure 4. (a) Development of optical sensor for non-contact, non-destructive and remote strain sensing, (b) imaging system
and principle to capture subjective laser speckle patterns, and (c) laser beam shaping system to obtain satisfactory beam size
and even illumination [31].

A general physical structure of a drone was presented by [30], as shown in Figure 5. Each drone has computing
power, recorder, energy supply, communication module, sensors and actuators. The drone also has a defined fly zone in
which it can fly and send the required information to the control room. The internal user seating in the control room
controls the drone remotely. The inbuilt sensors in the drone send the physical phenomena, such as temperature and
concentration of hazardous gases, and the inbuilt camera in the drone takes the photographs or capture videos of the
target and sends all information to the drone box via some wireless communication technology, such as WiFi. Each
drone box is further connected to the server, which is then connected to the control room.
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Figure 5. A general physical structure of a drone [30].

Several UAV-based systems were recommended by [29] to assist practically in routine bridge inspection work due to
their stability, relatively superior performance as compared to other aircraft in the prosumer class, and for their ability to
adapt software for automatic flight waypoints and 3D mapping of objects (see Figure 6).

Figure 6. Introduced drones/UAVs by [29].

4. Future Perspective
The drone should consolidate rigid design, modern aeronautic technology as well as easy maintainability into a
versatile multi-rotor platform, and durable enough to survive most crashes. The weight, model as well as energy source
of a drone are typically the major components that impact its several factors, such as maximum altitude, flight range,
flight duration along with maximum payload. The sensors are treated as a crucial category of payloads. Majority of
drones are now equipped with cameras. While buying a drone, the cameras and microphones are the most frequently
used payloads for drones and these commonly come as standard. Cameras can be also infrared and thus, such types of
cameras may enable night vision as well as heat sensing too. Other sensors used in the drones include biological sensors
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that can detect microorganisms and meteorological sensors that can also measure various parameters, such as
temperature, wind and humidity. In addition, cameras can be utilized for payloads in order to apply for the prevention,
criminal investigation, criminal prosecution, and also sentencing of criminal behavior. Moreover, Internet of Things
(IoT), Mobile Edge Computing (MEC), and fog computing are changing the physical world with traditional societies
and industries to one huge database system which can support real-time applications [34]. In the same line, most
applications in the Internet of Drone (IoD) environment assume drones to be flying camera surveillance [30]. The most
important future challenges are to answer these questions, as follows:
(1) What technological solutions are able to simulate communications between drones?
(2) How to design a drone with full functionality for difficult-to-access areas?
(3) How to achieve the optimal characteristics of the drone, inlcuding its computing power, energy supply,
communication module, sensors, actuators, cameras used, flight principles, and flight range?

5. Conclusion
This paper investigated the role of remote sensing and unmanned aerial vehicles in SHM. Based on previously
mentioned explanations, an UAS device needs to be proposed to ensure the sustainability and resiliency of the
implementation. In this regards, a physical structure of drone should be designed using various factors such as
functionality for difficult-to-access areas, computing power, recorder, energy supply (battery and payload capacity),
communication module, inbuilt sensors, actuators, size, weight, number of propellers, aerodynamic flight principles,
range, equipment, cameras used, altitude, endurance, etc. This vehicle (drone) should consolidate rigid design, modern
aeronautic technology as well as easy maintainability into a versatile multi-rotor platform, durable enough to survive
most crashes. A low-level built-in flight control system can balance out small undesired changes to the flight altitude,
and allows one to select three flight modes: beginner, sport and expert. Therefore, it is required to select the flying mode
of the UAV for experimental data sessions.
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