
Chapter 17
UAVs and Their Role in Future Cities
and Industries

Bruno Nazário Coelho

Abstract Unmanned aerial vehicles (UAVs) have been used in several different
fields. Each day, new applications for these devices arise. Also called RPA (remotely
piloted aircraft) or popularly known by drones, they are becoming cheaper and more
accessible to the whole population. Undoubtedly, the UAVs will play a fundamental
role in the everyday life of the smart cities, urban areas, and industries, contributing
to the improvement of the quality of life in its most different aspects. These devices
can provide information acquisition about the industrial process and its equipment,
data of raw materials yard, and also information about remote areas. Companies
can benefit from UAVs applications either acting directly in the industrial process
or simply with the acquisition of aerial images for specific purposes. In this chapter,
some of the main applications of UAVs and their role in smart cities and industries
as well as their characteristics and some of the most promising developments are
presented. Several examples of applications along the production chain of heavy
industries and for the primary sector of the economy are approached.

17.1 Introduction

A new era has dawned with the arrival of new technologies and new ways of seeing
the world, which is now much more seen from above due to the popularization of
portable and low-cost unmanned aerial vehicles (UAVs), which have been used in
the most diverse applications, from transportation to the acquisition of important
data and information. When remotely piloted, these equipment are also called RPA
(remotely piloted aircraft), being a more commonly used term when facing the
industrial and professional areas. These devices are popularly known as drones,
with their characteristic buzzing sound, these small flying objects have brought joy
for children, fun for young and old people, and astonishment for others. They are
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also the source of income for many people nowadays, the research object of many
studies, and the solution of industrial problems in various sectors.

Its history is older than many may think [1]. The first UAVs arose in the first
decades of the last century, aimed mainly at military applications. Since then, its
development has been widely diffused, but only in the last decades have it gone
beyond these applications.

The wide spreading of portable electronics in the last two decades has brought
a new phase to the history of mankind. Together with internet access, it provided
a great ease of access to information and knowledge, previously restricted to
the most favored classes. Over time, several sensors have been added to these
portable electronic devices—especially to smartphones—in order to facilitate their
use and provide new and better experiences of navigation and interactivity for
the consumers. Consequently, it encouraged the development and cheapening of
the sensors (accelerometers, gyroscopes, magnetometer/digital compass, barometer,
etc.), which later enabled the production of UAVs at a very affordable cost to a large
part of the population.

These aerial vehicles became rapidly popular, initially by hobbyists of aeromod-
elling, but soon after, their use was extended by companies specialized in filming
and photography. They have finally taken over the stores and can be easily purchased
by anyone for the most diverse purposes. Today, these equipment are the source
of sustenance for numerous independent professionals and companies that provide
services that depend on the skills provided by these aerial vehicles.

In a more general aspect in the cities, the administrators and the population itself
have sought to integrate the new technologies with daily activities, promoting a great
diversification in their uses and applicabilities. For the UAVs it is not different, every
day new studies on the use of these equipment in new situations emerge, which often
put their capacities on test and push their limits to the extreme.

The industries follow the same pattern, constantly seeking new technologies in
order to get ahead of their competitors, due to the high competitiveness and market
demand. Although the use of drones in the industry is not directly related to the
industrial internet of things (IIoT) and the Industry 4.0, its use in the industrial
environment often appears to be the first step towards the use of innovations.
This is probably for the reason that drones attract attention, generating a much
stronger visual marketing than if compared with the implementation of cyber-
physical systems that characterize IIoT and Industry 4.0.

In this chapter, some of the main applications of UAVs will be presented, as
well as their role in smart cities and industries, their characteristics, and the most
promising developments related to this technology. Several applications along the
production chain will be approached to exemplify its use in heavy industries and in
the primary sector of the economy.
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17.2 Smart Cities

The term smart city has been increasingly used in the last two decades and the
number of related works has also expanded exponentially. A large part of the
researches emphasizes mainly the technological aspects of the smart city systems,
but other studies highlight the social aspects in question. An interesting and detailed
bibliometric analysis on smart cities can be seen in [2], where the authors address
their growth in the most diverse aspects, their divergences, and subdivisions.

Numerous applications for the use of UAVs in urban centers have been evaluated,
and large companies have invested huge amounts of money in research related
to incorporating these aerial vehicles to perform routine tasks. In smart cities,
UAVs can contribute to achieve greater efficiency in different sectors, working
in a distributed way and with task exchange between multiple vehicles, adding
technological value while also directly influencing social aspects.

Based on a published work which presents six characteristics of a smart city [3],
it is possible to make a correlation between the application of UAVs in smart cities
according to these characteristics:

• Smart economy,
• Smart people,
• Smart governance,
• Smart mobility,
• Smart environment, and
• Smart living.

These characteristics are, in fact, six sectors of a society, which can be adopted
as umbrella terms that represent several other areas. Correlating the possibilities
of UAVs applications with these characteristics of a smart city presented by the
authors, it is observed that this technology can certainly influence and play an
active role in all of them. The use of UAVs can contribute to the smart economy
by promoting competitiveness in the market and providing agility and flexibility
in collecting and delivering small products over longer distances and in a short
term. Consequently, it stimulates the economy and enables small local businesses
to reach a larger public and a larger area of coverage. Increasingly, large retail
companies are investing huge amounts of money in the development of new
transportation possibilities for small consumer goods, streamlining the purchases
and deliveries of their products. Regarding the smart people, the UAVs will help
in the acquisition of data and information that will contribute to solve social
problems, influencing social and human capital. In relation to the smart mobility
aspect, they will support traffic services and local accessibility, as well as be
applied in mapping and analyzing the coverage area and signal quality of antennas,
expanding the availability of information and communication technology (ICT)
infrastructure. In the scope of smart governance, the UAVs will contribute with
data and information of scenarios for decision making. Concerning the smart living
feature, they may be used in several applications to improve health conditions, as
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well as facilitating humans daily life. For instance, acting in the transportation of
equipment for emergencies, in accidents in remote places, in search operations, in
disaster aid, etc. They will provide rapid delivery of medicines to hard-to-reach
places. In addition, they will contribute to individual safety with air monitoring,
and patrols, providing greater flexibility and coverage area for security officers.
The smart living concept also involves houses and buildings. In this sense, it is
noteworthy the applications of UAVs for autonomous cleaning of building glass
facades and house painting. Finally, with regard to the smart environment, they will
act directly in the monitoring and accomplishment of tasks in nature, in parks, in
isolated and remote areas, and natural resources. They will provide assistance and
rapid relief in case of environmental disasters and search and rescue operations.
They will also contribute with the acquisition of information to control pollution,
forest fires, and environmental protection.

These are just a few examples of how drones can be applied in the most diverse
aspects of a smart city. In some cases, they will act more directly than in others, but
in any case they will contribute to a wide range of factors. There is still much to
be discussed in relation to norms and legislation for the use of UAVs within cities.
Each country has been working on its own legislation, according to its interests, but
the main aspect that can limit their use are safety issues.

Drones applications currently occur in an isolated way, with practically no
integration and information sharing between the systems. The trend is increasingly
for multi-agent systems, where multiple UAVs will work in an integrated and joint
manner, being able to be reallocated to several applications in numerous systems
in a dynamic way. The complete integration of the equipment and information of
several areas will be obtained only over time and after the consolidation of the uses
in each of them.

17.3 Smart Industries

The industries are increasingly opening their gates for the application of new
technologies that can bring benefits to the productive processes, which currently
includes the use of UAVs within the industrial area. Many of them have invested
in research for the development of the most diverse applications that can bring
more safety and reduce production costs. These applications required more robust
and more reliable drones, with higher payloads that meet the requirements for safe
flights within the industrial environment. These devices can provide the acquisition
of information about the process equipment, data of raw materials yard, and
information from remote areas and hard-to-reach locations.

Most companies can benefit from UAV applications, both directly, acting in
their process, and indirectly, with simple acquisition of aerial images for specific
purposes. In this article, the main focus is on applications for primary and heavy
industries, more specifically for applications in the mining production chain and
throughout the production process in the steel industry.
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17.3.1 Mining Industry

Currently, there are several projects and ongoing research involving the use of UAVs
in the mining industry. Most current applications are related to the acquisition of
aerial imagery, but new ideas for different applications have been investigated.

Most of the applications are focused on open-pit mining, but researches on
mapping underground areas and underground mining can also be found [4]. In
underground situations, the major difficulty is the limitations of antennas and
GPS signal range, and in simultaneous localization and mapping (SLAM) during
autonomous flights.

17.3.1.1 Open-Pit Mining

In the open-pit mining, there is a wide range of possibilities for the use of UAVs.
Several researches have been developed in search of improvement in information
acquisition and safety aspects.

Currently, the main application of UAVs in open-pit mining is in the mapping of
the mine and the mining fronts, through aerial images and the generation of a 3D
model of the mine, where several information can be analyzed for blasting, routes
for the vehicles, areas of risk, volume of material, among others. In safety matters,
inspection routines may be conducted prior to dismantling operations to ensure that
there are no people and vehicles in hazardous areas that may be affected by debris
material projection during the blasting. Subsequently, after the blasting in the open-
pit mine, UAVs can be used for rapid information acquisition with the mapping of
the mining front.

The growth in the use of autonomous off-road trucks and vehicles within the
mining areas requires reliability in data transmission systems. In this sense, adding
signal receivers in UAVs allows the mapping of signal area of antennas and WiFi
signal in the mining area, ensuring the quality of the communication between the
equipment. Guarantee of good communication systems is essential for autonomous
vehicles in the mine.

The autonomous off-road trucks and cars that run in the mines currently require
a previous map with a high degree of detail and precision of the areas in which they
can move. Before a new area of locomotion is enabled, in order to ensure that this
area is safe and ready to be used, a driver usually goes to the location along with
a support car and maps it with the vehicle sensors, passing through the place to
be released. Although it ensures that unsafe areas are not released for autonomous
vehicles, it depends on a human going to the site to do the mapping. In this aspect,
UAVs can assist in this work of mapping and release of new areas, reducing the need
for people to circulate in the mine areas.
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17.3.1.2 Materials Transportation

Among the main applications of UAVs in industrial plants is the monitoring and
inspection of material transport systems in all stages of the production process,
both raw materials and processed products. One of the most used material transport
equipment is conveyor belts, which can reach tens of kilometers in a single industrial
installation. These systems require routine inspections, often at remote and high
locations. These characteristics highlight the possibility of using UAVs to perform
tasks in these equipment, and several researches have been done in this field [5],
using many different sensors for this task of inspecting the conveyor belt structure
and the rollers.

For long distances, some companies use the transportation carried out by
pipelines. In this case, the UAVs can assist inspection operations in remote areas
(similar to oil and gas pipelines [6]), being part of the set of equipment transported
in support cars for inspection routines.

Monitoring routines in logistics systems for material transport, such as railway
inspections [7, 8], can benefit from the use of UAVs carrying sensors for analysis
and maintenance of the permanent way.

17.3.1.3 Processing Plant

At processing plants, UAVs are currently used for volume measurement in ore piles
[9], inspections, and data acquisition at heights. They can contribute with routine
inspections, corrosion, and cracks analysis in building structures, bridges, towers,
antennas, large equipment, among others.

17.3.1.4 Dams and Reservoirs

In both water and tailing dams and reservoirs, the UAVs contribute to monitoring
along the banks and points of interest, as well as periodic inspections of structures
and sensors [10, 11].

Effluent monitoring systems can benefit from the implementation of autonomous
sample collection in rivers and dams, using UAVs equipped with sample holders to
acquire materials along a trajectory. This equipment promotes a flexible and agile
collection, increasing the speed of analysis, from the water collection systems for
the production process to the effluent analysis and monitoring of the water quality
generated after the process in the industry.
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17.3.2 Steel Industry

At steel industry, UAVs have been used in several areas throughout the production
process, assisting in the acquisition of information from various industrial equip-
ment during their inspection.

17.3.2.1 Raw Materials Yard

In the raw materials yard, one of the main applications of UAVs, besides aerial
monitoring, is in the calculation of material volume in the stockpiles. With the
acquisition of aerial images through autonomous flight and subsequent processing
in a photogrammetry software, the amount of material in the cells is estimated with
the required precision.

The same has been applied in scrap yards, scanning the area and estimating the
volume of material in the piles, which are usually separated by piles of materials
with similar chemical composition.

17.3.2.2 Material Transportation

The materials transport systems at steel industry are very similar to those of
mining, mainly composed of rail transport, conveyor belts, and cranes, according
to Sect. 17.3.1.2.

The main difference is that in the steel industry, monitoring the temperature
of the transported material is a very important information for the production
process. Therefore, the use of sensors and thermal cameras in the UAVs provides
the acquisition of very relevant data to the production process.

17.3.2.3 Blast Furnace

In the blast furnace area, the UAVs have already been used for structural monitoring,
and image acquisition of the pipes in height.

One of the major health risks for people who move around the structures near the
blast furnace is the leakage of carbon monoxide (CO). The monitoring and mapping
of possible leaks of toxic gases can be done using UAVs equipped with sensors to
detect these gases, avoiding the risk of poisoning accidents.

Mechanisms that can benefit from the use of UAVs for routine inspection are the
bleeders, which are pressure valves located at the top of the blast furnace, aimed to
relieve the high pressure inside of it. As it is a high-risk area for people, the use of
equipment for monitoring and inspection brings great benefits.

With the use of thermal cameras, it is possible to map potential structural
problems in the blast furnace and in the pipes, both in the heated oxygen pipes from
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the regenerators for injection in the blast furnace by the tuyeres, as in the exhaust
gases pipes at the top of the blast furnace for the cyclones and gas cleaning systems.

17.3.2.4 Steelmaking

Primary and secondary steelmaking, continuous casting, rolling, and other subse-
quent processes in the steel industry usually occur within large enclosed sheds.
Although much more limited, the indoor use of UAVs can also enable the acquisition
of information and inspect assets in height. In this complex environment, the most
common is to use navigation based on vision systems.

As examples of UAVs, applications in indoor areas, inspection on cranes,
winches, etc., as well as corrosion analysis in the structural part of equipment and
buildings can be carried out. In addition, it is also possible to perform small tasks
inside buildings, in the lighting systems, and sensors in high places.

17.3.3 Cement Industry

In the cement industry, much of what has been discussed in the previous sections
on the use of UAVs, in various applications and areas, can also be applied in a
quite similar way because of the similarity of much of the equipment throughout the
production process. In this sense, application can be related to the entire production
and supply chain, such as those of the mining industry: mining; storage of raw
materials; production systems; and transportation.

Thermal analysis in height can be made in the heat exchangers in the preheating
tower and in the rotary kiln for the production of clinker. It is possible to identify
potential sources of issues by temperature variations, indicating areas of erosion,
wear, corrosion, refractory collapse, among other common problems.

The monitoring to control the emission of polluting gases can also be done with
sensors coupled to the UAVs, contributing to meeting environmental standards along
the production chain.

17.3.4 Energy Industry

Numerous applications of UAVs are already in use in the power generation and
distribution industry, from structural inspections on offshore oil platforms to the
ethanol industry, with monitoring of sugarcane plantations. It also includes the
use of UAVs for inspections in chimneys and gas pipelines, monitoring gas leak
detection, corrosion, exposed pipes, erosion, among other possible issues.

In the electricity generation and distribution industry many applications can be
found nowadays, several of them in the early stages of research, but still showing up
as a very promising topic.
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17.3.4.1 Electric Power Distribution

The electric power distribution system has a grid with thousands of kilometers of
extension, which periodically goes through inspection routines. Some of the data
from these inspections can be acquired by monitoring using vertical take-off and
landing (VTOL) UAVs, starting from support points or support vehicles and having
a good coverage area in flight.

Among the applications in the electric energy transmission sector, it is worth
mentioning the image monitoring and infrared (thermographic) camera in the
transmission lines (LTs), in their connections and substations of energy. Moreover,
structural and corrosion analyses in the towers contribute to reduce the risk of
accidents.

An application that interests the concessionaires of transmission and distribution
of energy is in the monitoring of vegetation overgrowth, controlling the vegetation
under transmission lines.

17.3.4.2 Hydroelectric Plants

In hydroelectric plants, one of the main applications is routine monitoring in dams,
performing actions similar to those described in Sect. 17.3.1.4. UAVs can be used
for structural inspections at dams and spillways, detecting cracks, corrosion, and
other potential issues in structures.

17.3.4.3 Thermoelectric Plants

Sensor-equipped UAVs have now been used for tower and chimney inspections in
many industries, including thermoelectric power plants. When the production is
stopped or reduced, inspections of the chimney coating can be made, being a much
simpler operation than those involving human beings.

Monitoring the emission of pollutant gases can also be performed by UAVs,
including mapping the area of gas dispersion in the region.

17.3.4.4 Wind Power Plants

In wind power plants, UAVs can assist height inspections in a very practical and
efficient way. With various sensors, they can detect erosion, cracks, and other defects
in blade surfaces.

Unusual but useful applications of UAVs come up every day, solving problems
in a simple and practical way, like using an industrial drone to de-ice a wind
turbine [12].

The structure of the generation tower can also be analyzed with sensors
embedded in UAVs, performing inspection operations quickly and safely.
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17.3.4.5 Photovoltaic

The giant farms of solar panels require constant inspection and maintenance of these
panels. A single section of a damaged panel can completely hamper the production
of that panel.

From aerial images with thermal cameras it is possible to detect faults in the
panels in a simple and agile manner, reducing the losses of energy generation by
defects in the panels.

17.3.5 Agriculture

One of the first applications of UAVs in the industry occurred in the agriculture sec-
tor, initially with acquisition of simple aerial images, and later with multi-spectral
cameras and other tools of remote sensing and monitoring of the plantations,
allowing a fast and efficient control in all phases of the plantation cycle.

Several studies have been developed with applications of UAVs for precision
agriculture [13, 14].

The identification of affected areas for pest control in large plantations can be
aided by information acquired from aerial images. On a small scale, the control
itself can be aided by the localized spray of pest control products by UAVs.

17.4 Conclusions

Nowadays, the influence of UAVs is evident, which becomes clear with the great
diversity of applications and researches in progress in many different areas. The
growing trend of UAVs usage is also evident due to the gains made with its
applications, enabling the acquisition of information in a fast and flexible manner
and performing tasks without the need of human involvement.

Undoubtedly, the UAVs will play a fundamental role in the everyday life of
the smart cities, urban areas, and industry, contributing to the improvement of the
quality of life in its most different aspects.

In the industries, the UAVs contribute to the acquisition of data about the
productive processes and the detection of leaks, security, and potential sources of
issues. For long-distance monitoring and inspection, the trend is for fixed-wing
UAVs, or VTOLs, which can take off from suport cars in the regions of inspections.

Therefore, UAVs can bring numerous advantages, but all this will only be
possible if adequate rules and legislation are developed, controlling their use in a
way that can contribute to society.
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