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Abstract: This paper aims to present some of the applications that are currently using
Unmanned Aerial Vehicles (UAVs) for monitoring activities in the civilian sector. The domains of
use that are detailed in the article were chosen specifically because UAVs have a significant
contribution to the increase of their productivity. Each of them is presented in order to highlight
the high complexity of the monitoring activities involved, the disadvantages of the methods that
are currently in use, as well as the benefits of using UAVs for these tasks. Furthermore, the
methods that are most commonly used and have achieved the best results in the researches
conducted in the field are mentioned and reviewed.
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1. INTRODUCTION

An unmanned aerial vehicle (UAV) is a type of aircraft that does not have a human
pilot on board [1]. Due to the recent innovations in this domain and the large number of
applications, UAVs may be seen as a modern invention, yet their origins are back in the First
World War, when the first pilotless aircrafts were developed. The very first radio-controlled
pilotless drone was the British Aerial Target, followed after a short period of time by the
Kettering Bug, an American aerial torpedo [2, 3]. In the period between the wars, there was a
continuous development of the UAVSs, with new models being developed and tested for
military purposes. Nowadays, the applications of UAVSs are various, ranging from aerial
photography and filming to goods delivery, and search and rescue missions.

There are two types of drones: remotely piloted aircrafts (RPAS) that need to be remotely
controlled by a human pilot, and autonomous drones that are controlled with the help of
embedded software algorithms, without the intervention of a human operator. UAVS are a
type of device that can be easily controlled by the use of a smartphone, are often equipped
with cameras, different types of sensors specific to the application requirements, Global
Positioning System (GPS) and communication systems. All of these are characteristics that
make drones suitable to use in dangerous environments, time-consuming or repetitive
monitoring tasks, or applications that require huge amount of data acquisition, being more
reliable and efficient than a human being.

It appears to be a significant progress in the development of UAVS, with even more new
capabilities and functions being implemented into these devices in the last period of time. The
increase of the onboard processing power, battery life, and the improvement of flight control
algorithms, together with the reduced size and weight of the new models, are extending the
range of UAVs applications, making them suitable not only for military use.
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In the following, several applications of UAVs in agriculture, wildlife monitoring, and
infrastructure inspections will be discussed in order to indicate the advantages of using UAVs
for activities that were previously done by humans.

2. AGRICULTURE

The agricultural system is one of highly importance for the economy of a country.
Since early times, people have lived from the result of their efforts and hard work to
cultivate large areas of land in order to provide food for their family and livestock. The
output of the cultivated land, along with the animal-source foods, were also used in
commercial scope, representing an important source of money at that time. Even if the
purpose of the agricultural activities remains the same in our times, the techniques used in
order to achieve the desired yields have changed, while the amount of the invested work,
money, and time is majorly increasing. Due to the latest technological advances, most of
the tasks involved by the agricultural activities can be automated, therefore reducing the
efforts made by the farmers, and the negative effects of the climate change and
environment conditions on the agricultural output. The recent booming of UAVS, that
have become an easy-to-use and affordable device by the general population, makes them
an efficient method of field monitoring. UAVs have played a major role in the evolution
of a concept named precision agriculture, which aims to develop a system in which
decisions can be remotely taken by humans, based on the information resulted from land
monitoring performed by drones [4, 5]. Consequently, the most meaningful applications
of UAVs in the agricultural industry, that result from field surveillance, include crop
health monitoring and soil conditions monitoring.

In order to determine if plants are healthy, or they have been affected by diseases or
pests, fields must be carefully examined by farmers. They are searching for changes in the
color and shape of the leaves, which indicate that actions must be taken to save the plant.
If the process of field monitoring is performed by human operators, it is time consuming
and prone to error. Therefore, a commonly used method of crop health assessment uses
remote sensing. Aerial images provided by satellites, or UAVs equipped with sensors,
such as multispectral or hyperspectral cameras [6, 7, 8], are further analyzed by
algorithms to provide useful information to the farmers. However, plant monitoring using
satellite images has a series of disadvantages, being highly dependent of the environment
conditions, such as cloud cover and available amount of light. Also, accessing satellite
images is expensive, and the gathered images have low resolution and quality. The need
for higher resolution spatial and temporal data, that can be easily achieved using UAVS,
has contributed to the spreading of drones in plant health monitoring. Some of the most
frequently used and efficient image analysis techniques are using machine learning
algorithms [7, 9, 10], or computation of the Normalized Difference Vegetation Index
(NDVI). While the use of artificial intelligence algorithms is still under research and
needs some improvements to become a reliable method of plant health assessment,
systems based on NDV1 are already commercially available [11, 12], being able to detect
crop degradation from early stages, when changes are not visible to the human eye, or to
spot weeds. Furthermore, the information obtained using this type of system is useful to
determine the optimal quantity of herbicides, pesticides, fertilizers, or water that needs to
be provided to specific areas of the crop field. NDVI indicates the health of the plant
based on the reflection of the infrared light. The cellular structure of a healthy leaf reflects
a lot of near-infrared light. The level of the reflected near-infrared light decreases if the
plant is dehydrated or affected by diseases, while the amount of reflected visible light
remains the same.
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Based on this fact, plants can be differentiated from other surfaces, and diseases, pest
infection, or dehydration can be detected [13]. Figure 1 illustrates an example of a NDVI
map of a crop field.

FIG. 1. Example of crop field mapping based on NDVI [14]

UAVs can also be equipped with other types of sensors, such as laser scanners,
thermal sensors, or red-green-blue (RGB) cameras for enhanced field information [15, 16,
17, 18]. However, the data provided by those needs more processing operations and is not
as useful in plants health assessment as the one provided by multispectral images.
Moreover, satellite and UAV data fusion has been explored in [19], proving that
increased performance can result from combining the high-resolution data provided by
UAVs with information over large areas of land from satellite images.

UAVs equipped with the above-mentioned sensors can also be used to monitor field
conditions. After data analysis or correlation of the data provided by sensors, information
about soil moisture or irregularities in the field is obtained. This is useful for irrigation
planning, with the aim to avoid water wasting or overwatered plants. Some of the
researches that have been made in this direction are detailed in [20, 21, 22].

3. WILDLIFE MONITORING

The importance of wildlife monitoring comes from the need of endangered species
conservation and, subsequently, the conservation of the ecosystem in which they are
living, as well as the desire to know the impact of human actions or climate changes on
certain species. Approaches of this problem that are using UAVs have appeared as a
better solution than the already existing methods. Those are far too expensive and time
consuming because some of the species that need to be monitored live in remote, rough or
hard to reach areas, such as polar regions, desert or oceans, and helicopters or boats are
required to reach them. Also, the use of UAVs to monitor the wild animals eliminates the
process of implanting or attaching them monitoring devices for data collection, which is
an invasive technique that affects the animal. In the field of wildlife monitoring, drones
have applications in areas like assessing the health of the animals, counting and precisely
locating them, or collect useful data for research purposes.

The methods that are currently used for wildlife monitoring generally depend on the
size of the habitat and the density of animals in order to achieve the best results.
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UAVs represent a reliable, noninvasive and safe method to collect samples from wild
animals with the aim of monitoring the health of the animals. In this direction, several
papers focus on collecting samples from whale species [23, 24].

Furthermore, a research that proves that UAVs can be used even in virological studies is [25],
in which a drone was used to collect whale blow samples, thereby identifying six novel virus
species. Figure 2 shows the process of collecting whale blow samples using an UAV.

FIG. 2. UAV collecting a sample of whale blow [23]

The information gathered about the size and the habits of wild animals is also the
subject of a lot of biological studies. Drones equipped with cameras can be used to
provide data for researchers, in order to make estimations on the body size or the
condition of the animals [26], or to gather information about the behavior of the animals
under certain conditions [27]. Another method that is commonly used for wildlife
monitoring is called footprint identification technique [28]. It is able to identify
individuals based on their footprints, using artificial intelligence and a database with
footprints of other animals from that species. The efficiency of this technique was
demonstrated in [29, 30].

In the same way as plant health monitoring, wildlife population surveys are also
driven by remote sensing techniques, aided by image analysis. At the moment, a
homogenous background is necessary for the automated image analysis algorithms to
obtain results that are comparable to the human counting of the specimens. Most of the
experiments on counting animals through the use of drones are conducted in
homogeneous landscapes and focus on large bodied species of animals [31] or birds [32],
proving that even more accurate results are achieved using automated counting of the
animals, compared to the method that uses people to count animals [32, 33]. The recent
developments in artificial intelligence have significantly contributed to the improvement
of drone-based wildlife surveys, machine learning algorithm being used to detect the
animals [34, 35]. In the same way, drones can be used for livestock counting, that
represents a more challenging task because of the diversity of the landscape in which
domestic animals are living [36]. It has been demonstrated that thermal and infra-red
cameras need to be used to achieve better results in the case of heterogenous landscape
[37, 38].
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4. INFRASTRUCTURE INSPECTIONS

Infrastructure inspections are a mandatory task that guarantees the functionality and
the integrity of a system, as well as the safety of the workers and environment protection.

Some of these activities involve dangerous working conditions for the inspector, such
as climbing in harsh weather conditions, working near highly flammable gasses or in
toxic environment. Furthermore, in some industries, plant shutdowns are required to be
able to analyze parts of the infrastructure that are inaccessible during operation.

The shutdown time involves revenue losses for the company, that can be avoided
using drones for inspection. Also, by eliminating the need of shutdown planning,
inspections can be conducted more frequently, resulting in increased safety of the
equipment. As a result of the difficulties involved by the traditional methods of
inspection, drones are becoming a very popular alternative in the domain of infrastructure
monitoring. Most of the inspections carried out in this field are performed by UAVs
equipped with cameras that collect data about the equipment. The information gathered
by drones is then visually reviewed by specialized people or by artificial intelligence
algorithms, with the scope of discovering the areas that need intervention. In the
following lines, some of the uses of UAVs for infrastructure monitoring are detailed.

Oil and gas pipelines need to be frequently analyzed to discover potential signs of
corrosion or leakage that might lead to an environmental disaster. The substances that
result from oil and gas extraction lead to pollution of the environment in the extraction
area, that has irreversible consequences for the plants, wildlife, and the human population
that lives in the region. As a consequence, pipelines are often placed in remote,
uninhabited areas, spreading over vast regions, which makes them very difficult to
inspect. Most of the methods used to detect a potential leak using UAVs are based on
laser detectors, that measure the absorption of the transmitted beam in order to detect the
presence of methane [39, 40, 41]. Figure 3 shows the diagram of the methane detection
system implemented in [41]. It sends an infrared laser beam to a surface, concentrates the
reflected beam onto a photodetector, and converts the received laser power to an
electronic signal that is processed in order to determine the presence of methane.
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FIG. 3. The operation of the Remote Methane Leak Detector used in [41]

Regarding the oil and gas industry, the storage tanks are another element that requires
periodic inspections. Wall-sticking drones, that are able to inspect containers and collect
data using onboard sensors [42], prove the capability of using UAVs in the oil and gas
industry not only in combination with visual inspection methods.

Mandatory regular inspections of the power lines are currently performed by humans
that climb the poles of the distribution lines or by helicopters, and involve a huge risk due
to the high-voltage of the transmission lines.
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The use of drones equipped with cameras, that are able to record or transmit visual
information, reduces the time and the risks of human inspections, as well as the increased
cost of inspections performed by helicopters. Besides daylight cameras, sensors that
acquire thermal information, as in [43, 44], are a commonly seen payload of the drones in
order to detect hot spots that reveal damages on the cables and insulators, resulting in
areas with increased temperature [45].

An industry that is in continuous expansion is represented by the renewable energy.
The use of wind farms to produce electricity is safe for the environment, reducing the
pollution, and uses as source of energy a free and widely available resource of the nature.
Wind parks are often placed in regions that are hard to reach and very extended, and the
task of monitoring wind turbines is challenging because of their increased height.

The blades of wind turbines are the most affected element, being permanently exposed
to high loads and to weather conditions. Photos taken from the ground, inspectors moving
using service platforms, or going down on a rope are the methods that are currently used
to inspect the blades of wind turbines. Those are able to detect only visible damages at the
surface of the blade. Thereby, drones are a tool that can be very helpful in order to assess
the condition of wind turbines. The most addressed subject in the researches that have
been made in wind turbines monitoring is assessing the condition of the blades. They are
able to automatically identify structural damages on the surface of the blades using
convolutional neural networks [46, 47], or to detect internal damages using crawling
robots that perform ultrasonic inspections and drones equipped with infrared cameras and
LiDAR to precisely locate the damages [48].

Another type of renewable energy that requires permanent inspections of the
infrastructure in order to avoid losses in the output power of the plant is the solar energy.
The most common defects of the photovoltaic modules are detectable by visual
inspections and include delamination, corrosion, cracks or snail trails, that lead to a
decrease in the energy produced by the panels. An example of a snail trail detected by

image processing algorithms is shown in Fig. 4.

FIG. 4. Detection of snail trails using image processing algorithms [50]

Another commonly used method to detect defects and failures of the photovoltaic
modules is called thermography. It uses thermal infrared sensors to observe the
temperature regions from the surface of the cell that indicate electrical failures, hot spots
or micro-cracks [49]. Researches that have been made using UAVs for the inspection of
the photovoltaic systems focus on the automatic detection of the defects through visual
inspections using high-resolution cameras and image processing algorithms [50], or in
combination with thermography [51, 52].
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CONCLUSIONS

There are many activities and industries that require either permanent inspections of
the assets in order to achieve the expected output, or the monitoring of remote life and
activity to collect useful data for research purposes. This process is often manually
performed by humans that are put in dangerous working conditions and is significantly
time-consuming and inefficient, while the existing alternatives are very expensive. The
continuous improvements of the technology used for drones, that made them more stable,
easy to control, lightweight and increased their flight time, makes them an inexpensive
and more efficient tool that is able to handle this task.

Furthermore, the possibility to carry different onboard sensors or cameras, and to
embed image processing or machine learning algorithms provides more quantitative and
qualitative information on the inspected elements. These, together with the recent
developments that have been made in the field of artificial intelligence, which is able to
eliminate the use of human operators for image analysis, are promising the development
of a completely automated, stable and efficient solution for monitoring in the immediate
future.

REFERENCES

[1] *** https://en.wikipedia.org/wiki/Unmanned_aerial_vehicle, accessed on 12 April 2021;

[2] *** https://interestingengineering.com/a-brief-history-of-drones-the-remote-controlled-unmanned-
aerial-vehicles-uavs, accessed on 12 April 2021;

[3] *** https://www.iwm.org.uk/history/a-brief-history-of-drones, accessed on 12 April 2021;

[4] *** https://en.wikipedia.org/wiki/Precision_agriculture, accessed on 12 April 2021;

[5] *** https://www.croptracker.com/blog/drone-technology-in-agriculture.html, accessed on 14 April
2021,

[6] S. Nebiker, A. Annen, M. Scherrer and D. Oesch, A Light-Weight Multispectral Sensor for Micro
UAV - Opportunities for Very High Resolution Airborne Remote Sensing, in J. Chen, J. Jiang and
A. Baudoin, The International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, vol. XXXVII Part B1, pp. 1193-1200, XXI1 ISPRS Congress, Beijing, China,
July 3-11, 2008;

[7] C. Devia, J. Rojas, E. Petro, C. Martinez, . Mondragon, D. Patino, C. Rebolledo and J. Colorado,
A Aerial Monitoring of Rice Crop Variables using an UAV Robotic System, in O. Gusikhin, K.
Madani and J. Zaytoon, Proceedings of the 16th International Conference on Informatics in
Control, Automation and Robotics - Volume 2: ICINCO, pp. 97-103, 16th International
Conference on Informatics in Control, Automation and Robotics, Prague, Czech Republic, July
29-31, 2019, Scitepress, 2019;

[8] D. Gao, Q. Sun, B. Hu and S. A. Zhang, A Framework for Agricultural Pest and Disease
Monitoring Based on Internet-of-Things and Unmanned Aerial Vehicles, Sensors, vol. 20, no. 5,
article no. 1487, 2020;

[9] Y. Ampatzidis, V. Partel and L. Costa, Agroview: Cloud-based application to process, analyze and
visualize UAV-collected data for precision agriculture applications utilizing artificial intelligence,
Computers and Electronics in Agriculture, vol. 174, article no. 105457, 2020;

[10] T. Wiesner-Hanks, H. Wu, E. Stewart, C. DeChant, N. Kaczmar, H. Lipson, M. A. Gore and R. J.
Nelson, Millimeter-Level Plant Disease Detection From Aerial Photographs via Deep Learning
and Crowdsourced Data, Frontiers in Plant Science, vol. 10, p. 1550, 2019;

[11] *** https://eos.com/products/crop-monitoring/, accessed on 15 April 2021;

[12] *** https://ageagle.com/agriculture/, accessed on 15 April 2021;

[13] *** https://eos.com/make-an-analysis/ndvi/, accessed on 15 April 2021;

[14] ***  https://www.pix4d.com/blog/pix4ddmapper-optimizing-the-ROI-of-fungicides-with-NDVI,
accessed on 16 April 2021;

23



The Use of Unmanned Aerial Vehicles for Monitoring in Civilian Applications

[15] C. Y. N. Norasma, M. Y. Abu Sari, M. A. Fadzilah, M. R. Ismail, M. H. Omar, B. Zulkarami, Y.
M. M. Hassim and Z. Tarmidi, Rice crop monitoring using multirotor UAV and RGB digital
camera at early stage of growth, in IOP Conference Series: Earth and Environmental Science,
vol. 169, article no. 012095, 9th IGRSM International Conference and Exhibition on Geospatial &
Remote Sensing, Kuala Lumpur, Malaysia, April 24-25, 2018, I0OP Publishing, 2018;

[16] F. Vanegas, D. Bratanov, K. Powell, J. Weiss and F. A. Gonzalez, A Novel Methodology for
Improving Plant Pest Surveillance in Vineyards and Crops Using UAV-Based Hyperspectral and
Spatial Data, Sensors, vol. 18, no. 1, article no. 260, 2018;

[17] Y. Shendryk, J. Sofonia, R. Garrard, Y. Rist, D. Skocaj and P. Thorburn, Fine-scale prediction of
biomass and leaf nitrogen content in sugarcane using UAV LIiDAR and multispectral imaging,
International Journal of Applied Earth Observation and Geoinformation, vol. 92, article no.
102177, 2020;

[18] P. L. Raeva, J. Sedina and A. Dlesk, Monitoring of crop fields using multispectral and thermal
imagery from UAV, European Journal of Remote Sensing, vol. 52, no. supl, pp. 192-201, 2019;

[19] M. Maimaitijiang, V. Sagan, P. Sidike, A. M. Daloye, H. Erkbol and F. B. Fritschi, Crop
Monitoring Using Satellite/lUAV Data Fusion and Machine Learning, Remote Sensing, vol. 12, no.
9, article no. 1357, 2020;

[20] C. Z. Espinoza, L. R. Khot, S. Sankaran and P. W. Jacoby, High Resolution Multispectral and
Thermal Remote Sensing-Based Water Stress Assessment in Subsurface Irrigated Grapevines,
Remote Sensing, vol. 9, no. 9, article no. 961, 2017;

[21] J. Jorge, M. Vallbé and J. A. Soler, Detection of irrigation inhomogeneities in an olive grove
using the NDRE vegetation index obtained from UAV images, European Journal of Remote
Sensing, vol. 52, no. 1, pp. 169-177, 2019;

[22] X. Ge, J. Wang, J. Ding, X. Cao, Z. Zhang, J. Liu and X. Li, Combining UAV-based
hyperspectral imagery and machine learning algorithms for soil moisture content monitoring,
PeerJ, vol. 7, article no. €6926, 2019;

[23] V. Pirotta, A. Smith, M. Ostrowski, D. Russell, 1. D. Jonsen, A. Grech and R. Harcourt, An
Economical Custom-Built Drone for Assessing Whale Health, Frontiers in Marine Science, vol. 4,
p. 425, 2017;

[24] A. Apprill, C. A. Miller, M. J. Moore, J. W. Durban, H. Fearnbach and L. G. Barrett-Lennard,
Extensive Core Microbiome in Drone-Captured Whale Blow Supports a Framework for Health
Monitoring, mSystems, vol. 2, no. 5, article no. e00119-17, 2017,

[25] J. L. Geoghegan, V. Pirotta, E. Harvey, A. Smith, J. P. Buchmann, M. Ostrowski, J.-S. Eden, R.
Harcourt and E. C. Holmes, Virological Sampling of Inaccessible Wildlife with Drones, Viruses,
vol. 10, no. 6, article no. 300, 2018;

[26] B. M. Allan, D. lerodiaconou, A. J. Hoskins and J. P. Y. Arnould, A Rapid UAV Method for
Assessing Body Condition in Fur Seals, Drones, vol. 3, no. 1, article no. 24, 2019;

[27] H. Frouin-Mouy, L. Tenorio-Hallé, A. Thode, S. Swartz and J. Urban, Using two drones to
simultaneously monitor visual and acoustic behaviour of gray whales (Eschrichtius robustus) in
Baja California, Mexico, Journal of Experimental Marine Biology and Ecology, vol. 525, article
no. 151321, 2020;

[28] Z. Jewell and S. Alibhai, Identifying endangered species from footprints, SPIE, 2012;

[29] Z. C. Jewell, S. K. Alibhai, F. Weise, S. Munro, M. Van Vuuren and R. Van Vuuren, Spotting
Cheetahs: Identifying Individuals by Their Footprints, Journal of Visualized Experiments, no. 111,
article no. e54034, 2016;

[30] T. Suwal, Assessing the use of Footprint Identification Technique to monitor Bengal tigers in
Nepal, Thesis, Duke University, 2015;

[31] X. Guo, Q. Shao, Y. Li, Y. Wang, D. Wang, J. Liu, J. Fan and F. Yang, Application of UAV
Remote Sensing for a Population Census of Large Wild Herbivores-Taking the Headwater Region
of the Yellow River as an Example, Remote Sensing, vol. 10, no. 7, article no. 1041, 2018;

[32] J. C. Hodgson, S. M. Baylis, R. Mott, A. Herrod and R. H. Clarke, Precision wildlife monitoring
using unmanned aerial vehicles, Scientific Reports, vol. 6, no. 1, article no. 22574, 2016;

[33] ] J. C. Hodgson, R. Mott, S. M. Baylis, T. T. Pham, S. Wotherspoon, A. D. Kilpatrick, R. R.
Segaran, I. Reid, A. Terauds and L. P. Koh, Drones count wildlife more accurately and precisely
than humans, Methods in Ecology and Evolution, vol. 9, no. 5, pp. 1160-1167, 2018;

24



Review of the Air Force Academy No.1 (43)/2021

[34] W. Shao, R. Kawakami, R. Yoshihashi, S. You, H. Kawase and T. Naemura, Cattle detection and
counting in UAV images based on convolutional neural networks, International Journal of Remote
Sensing, vol. 41, no. 1, pp. 31-52, 2020;

[35] B. Kellenberger, M. Volpi and D. Tuia, Fast animal detection in UAV images using convolutional
neural networks, in 2017 IEEE International Geoscience and Remote Sensing Symposium, pp.
866-869, IEEE International Symposium on Geoscience and Remote Sensing, Fort Worth, Texas,
USA, July 23-28, 2017, IEEE, 2017,

[36] P. Simek, J. Pavlik, J. Jarolimek, V. O&enasek and M. Stoges, Use of Unmanned Aerial Vehicle
for Wildlife Monitoring, in Proceedings of the 8" International Conference on Information and
Communication Technologies in Agriculture, Food and Environment (HAICTA 2017), Chania,
Greece, September 21-24, 2017,

[37] S. Lhoest, J. Linchant, S. Quevauvillers, C. Vermeulen, P. Lejeune, How many hippos
(HOMHIP): algorithm for automatic counts of animals with infra-red thermal imagery from UAV,
in The International Archives of the Photogrammetry, Remote Sensing and Spatial Information
Sciences, vol. XL-3/W3, pp. 355-362, ISPRS Geospatial Week 2015, La Grande Motte, France,
Sep 28-Oct 03, 2015;

[38] L.-P. Chrétien, J. Théau and P. Menard, Wildlife multispecies remote sensing using visible and
thermal infrared imagery acquired from an unmanned aerial vehicle (UAV), in C. Armenakis, The
International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences,
vol. XL-1/W4, pp. 241-248, ISPRS International Conference on Unmanned Aerial Vehicles in
Geomatics, Toronto, Canada, Aug 30-Sep 2, 2015;

[39] S. lwaszenko, P. Kalisz, M. Stota and A. Rudzki, Detection of Natural Gas Leakages Using a
Laser-Based Methane Sensor and UAV, Remote Sensing, vol. 13, no. 3, article no. 510, 2021;

[40] T. Bretschneider and K. Shetti, UAV-based gas pipeline leak detection, in Proceedings of the 35th
Asian Conference on Remote Sensing 2014, 35th Asian Conference on Remote Sensing, Nay Pyi
Taw, Myanmar, October 27-31, 2014, Asian Association on Remote Sensing, 2015;

[41] S. Yang, R. W. Talbot, M. B. Frish, L. M. Golston, N. F. Aubut, M. A. Zondlo, C. Gretencord and
J. McSpiritt, Natural Gas Fugitive Leak Detection Using an Unmanned Aerial Vehicle:
Measurement System Description and Mass Balance Approach, Atmosphere, vol. 9, no. 10, article
no. 383, 2018;

[42] R. A. Mattar and R. Kalai, Development of a Wall-Sticking Drone for Non-Destructive Ultrasonic
and Corrosion Testing, Drones, vol. 2, no. 1, article no. 8, 2018;

[43] B. Jalil, G. R. Leone, M. Martinelli, D. Moroni, M. A. Pascali and A. Berton, Fault Detection in
Power Equipment via an Unmanned Aerial System Using Multi Modal Data, Sensors, vol. 19, no.
13, article no. 3014, 2019;

[44] L. F. Lugue-Vega, B. Castillo-Toledo, A. G. Loukianov and L. E. Gonzélez-Jiménez, Power line
inspection via an unmanned aerial system based on the quadrotor helicopter, in Proceedings of
the Mediterranean Electrotechnical Conference, pp. 393-397, 17th IEEE Mediterranean
Electrotechnical Conference, Beirut, Lebanon, April 13-16, 2014, IEEE, 2014;

[45] A. Pagnano, M. Hopf and R. Teti, A Roadmap for Automated Power Line Inspection.
Maintenance and Repair, in R. Teti, Procedia CIRP, vol. 12, pp. 234-239, 8th CIRP Conference
on Intelligent Computation in Manufacturing Engineering, Ischia, Italy, July 18-20, 2012,
Elsevier, 2013;

[46] D. Denhof, B. Staar, M. Lutjen and M. Freitag, Automatic Optical Surface Inspection of Wind
Turbine Rotor Blades using Convolutional Neural Networks, in P. Butala, E. Govekar and R.
Vrabi¢, Procedia CIRP, vol. 81, pp. 1166-1170, 52nd CIRP Conference on Manufacturing
Systems, Ljubljana, Slovenia, June 12-14, 2019, Elsevier, 2019;

[47] A. Shihavuddin, X. Chen, V. Fedorov, A. Nymark Christensen, N. Andre Brogaard Riis, K.
Branner, A. Bjorholm Dahl and R. Reinhold Paulsen, Wind Turbine Surface Damage Detection by
Deep Learning Aided Drone Inspection Analysis, Energies, vol. 12, no. 4, article no. 676, 2019;

[48] *** https://share-ng.sandia.gov/news/resources/news_releases/wind_robots/, accessed on 22 April
2021,

[49] *** https://www.study-solar.com/blog-article/failures-defects-in-pv-systems-typical-methods-for-
detecting-defects-and-failures, accessed on 23 April 2021;

[50] X. Li, Q. Yang, Z. Chen, X. Luo and W. Yan, Visible defects detection based on UAV-based
inspection in large-scale photovoltaic systems, IET Renewable Power Generation, vol. 11, no. 10,
pp. 1234-1244, 2017;

25



The Use of Unmanned Aerial Vehicles for Monitoring in Civilian Applications

[51] F. Grimaccia, M. Aghaei, M. Mussetta, S. Leva and P. B. Quater, Planning for PV plant
performance monitoring by means of unmanned aerial systems (UAS), International Journal of
Energy and Environmental Engineering, vol. 6, no. 1, pp. 47-54, 2015;

[52] Y. Zefri, A. ElKettani, I. Sebari and S. Ait Lamallam, Thermal Infrared and Visual Inspection of
Photovoltaic Installations by UAV Photogrammetry-Application Case: Morocco, Drones, vol. 2,
no. 4, article no. 41, 2018.

26



