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Precision Agriculture Drones
What is Precision Agriculture?

Precision agriculture is a farming management that observes, measures and responds to inter and
intra-field variability in crops. Its main goal is to help farmers to optimize crop science by
matching farming practices to crop needs, environmental protection by minimizing the farming
footprint, economics by increasing the competitiveness through better practices and
implementations. Precision agriculture measures different variables such as crop yield, terrain
features, organic matter content, moisture levels, nitrogen levels, PH and other. It is considered
to be a key component of new wave in modern agricultural revolutions and comes in the form of
satellite imagery, weather prediction, fertilizer application, crop health indicators.

Precision agriculture is a new step for farmers as it also requires recording the farming activities,
improving decision making process in agriculture, improving relationships with landlords and
increasing the quality of agricultural products. The use of mentioned competitive activities
created the understanding of prescriptive planting which is a type of farming system that requires
data-driven planting in order to maximize yield (J. Bunge, 2014).

Precision agriculture is usually done in four sequential stages, as follows:

1. Data collection: Geolocating the necessary field helps the farmer to have information
gathered from analysis of soils, crops and soil resistivity. Delineation of the field can be
done either using an in-vehicle GPS receiver or on a basemap derived from aerial
imagery.

2. Variables: Agricultural sphere covers number of variables that can be grouped into
permanent indicators and point indicators. These include variables about climatic
conditions, soils, cropping practices, weeds, disease, etc.

3. Strategies: Using soil maps, farmers have a possibility to implement two strategies
which are predictive approach (based on crop cycle static indicator analysis) and control
approach (information from static indicators is regularly updated during the crop cycle by
sampling, remote sensing, etc.).

4. Implementing practices: The implementation of precision agriculture includes the use of
technology on agricultural equipment such as sprayers, tractors and others.

What is the role of drones in precision agriculture?

During the last few years new technologies and techniques are continuously being employed to
turn the data collected into usable information and low-tech industries such as agriculture have
also become included into these changes. The new era in agricultural activities brought hand-
written notes and analysis of farmers into robotic data collection and analysis through modern
software, remote sensors and drones that are being created to improve yields and profitability in
line with the sustainability. These improvements required investments totaling to $4.6 billion



(the major part in the software and technology) only in 2015 in order to bring traditional
agriculture into digital agriculture (L. Burwood-Taylor, 2015).

Drones today are able to provide farmers with three types of detailed views.

1.

The view of the crop from the air can make noticeable things that cannot be seen easily
while using traditional methods.

Cameras can take multispectral images that help to create a view of crop to show the
health level which is unable for a naked eye.

Drones survey crops every week, every day or even every hour, is able to create time-
series animation, to take crop management into a higher level.

Drones will give agriculture to plan and make strategy on real-time data gathering and
processing. There are six general ways that drones can be used in agriculture (M. Mazur, 2016):

1.

Soil and field analysis: Drones can produce 3D maps for early soil analysis that can be
very useful at the start of the crop. After the planting phase is done, soil analysis
implemented by the drones delivers data for irrigation and nitrogen level.

Planting: Drones give an opportunity to shoot seeds and plant nutrients into the soil,
providing the plant and the soil the nutrients needed for healthy life.

Crop spraying: Drone adjusts the altitude as geography varies base on the technological
advances avoiding smashes. Having these characteristics drones are able to scan the
ground and spray the right amount of liquid on the plants. As a result farmers have higher
efficiency and lower consumption of chemicals and time.

Crop monitoring: Large fields make several obstacles for farmers as it with the size of
the fields it becomes more and more difficult to monitor the crops. These obstacles
become more dangerous with unpredictable weather conditions. Drones are able to help
the farmers to fight also these problems giving them an opportunity to have time-series
animations and unlimited photo-shoots for monitoring purposes.

Irrigation: Drones with appropriate sensors can give a chance to identify the parts of the
fields that need water or other improvements. These sensors also help to calculate the
vegetation index after the crop grows, showing the health and growth of the crop.

Health assessment: Agriculture always struggles to provide healthy products to the
consumers so the assessment of health of agricultural products is of high importance level
for all the farmers. Drones are able to scan the crops using specific lights. The outcome
can be multispectral images that help to track changes in plants and indicate their health.
A fast alarm can be sent to the farmer if some diseases are discovered, so farmers can
monitor the sickness in a precise way. This will help the farmer to overcome the diseases
in the field.

What are Pros and Cons of drones in precision agriculture?



Drones encountered technical controversies in the past and it has its advantages and
disadvantages in the farm use which will be introduced below.

Pros

Cons

Analysis: Drones are good to be used for soil and field analysis that make available
almost all the information about them.

Ease of use: unlike traditional aircraft, the drones are easier and more understandable to
use.

Mapping: Drones make the survey of land and measurement of the area easier than
farmers traditionally do. So once the drones are optimized, they can make images or
spray fertilizers.

Prevents infestations: Drones are able to show the farmers the currency of any animal or
insect infestation which can save and increase the health of the field by ultrasonic waves.
Moisture monitoring: Farmlands are usually either drier or wetter than needed and
drones can help the farmers to detect both types of phenomenon in the fields that can help
to save the crops.

Reducing operational costs: Mainly labour costs are reduced by use of drones. Drones
can be seen as alternative manpower to the farmlands that assist the farmers in different
aspects.

Increase yields: Potentially finding yield limiting problems can help farmers increase
production and efficiencies to higher yields.

Flight time and range: Most of drones have short flight times averaging in 40 minutes
which can make limits for several things such as the acreage, the radius covered during
on flight, etc.

Initial cost of purchase: Drones constructed for agricultural use are costlier as they are
equipped with the necessary equipment and software.

Laws: The use of drones for agricultural purposes is considered as commercial use of
drones so the farmers need to have a remote pilot certificate or hire an operator to drive
the drone.

Connectivity: Most of the farmlands worldwide have little online coverage if any which
means that farmers using drones have to either invest in connectivity or buy a drone
capable to store data locally in order to process it later.

Weather dependent: If it is very windy or rainy outside it may not be possible to fly the
drones.

Safety concerns: Drones can create problems if not flown properly hitting people or
vehicles.



e Time commitment: it takes more time than most expect from someone who has passed
their drones systems test.

Drones have a growing role in agriculture assisting farmers to visualize their crops across their
farmlands. Farmers usually have an increase in ROI after they start using drones. Drones help to
save time and crops and to avoid losses from infestation and weather changes.

It is expected by different scholars and companies that precision agriculture will fundamentally
change agribusiness transforming almost everything in the value chain. Global Market Insights
in its turn forecasts that the market size of drones specialized for agriculture will reach $1 billion
having around 200000 units by 2024. Farmers just need to realize that drones are the ticket to
financial success and a better place to live.
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Environmental Applications
What is the Environmental Application of Drones?

One of the greatest problems that the world is facing today is that of environmental pollution,
increasing with every passing year and causing critical and irreparable harm to the Earth. One
of Environmental pollution basic types is the air pollution, which is the most harmful form of
pollution in our Environment. It is caused by the damaging smoke emitted by vehicles and
factories. Evidence of increasing air pollution is seen in various breathing problems and
diseases along with severe and irreparable harm to flora and fauna. Even the most natural
phenomenon of migratory birds has been laden, with severe air pollution preventing them
from reaching their seasonal metropolitan destinations of centuries. Today many companies
from different parts of the world are trying to decrease this phenomenon by reducing their
environmental footprint. The industry of drones is an inseparable part of this worldwide
project and tries to find environmentally friendly solutions to the current issues. Drones help
to not only decrease air pollution levels, which are harmful especially for people life, but also
make the lifestyle of each of us easier and more comfortable.

At first sight it is a little bit difficult to imagine how important the drones can be in
environmental protection processes, as when we think of drones, most often we think them to
be used for military purposes. Despite its common association with the military, drones are
increasingly being used to sustain and improve the environment and already have a special
mission: saving the Planet.

The enrolment of drones in protecting and conserving the Environment helps to gather
accurate and timely information in a non-harmful way. Drone technology suits a numerous
environmental protection applications - offering quick, easy and cost-effective aerial imagery.
In the scope of Environmental protection there are many reasons why professionals such as
environmental engineers and scientific researchers are increasingly using drones. The area of
drone use may start from glacial feature modelling and erosion monitoring to animal counting
and species identification. The list of projects that drones are being used for is long and
continues to grow. Here are some of them which should be discussed in the scope of
Environmental Applications of Drones.

- Sustaining sustainable energy: One of the areas we are most likely to find drones at work
these days are on solar farms. Solar farms can cover anything from one to one hundred acres
and maintaining them manually can be both impractical and dangerous, especially as
engineers often want to inspect panels for defects when the sun is at its most powerful. As the
solar electricity plants are larger, bigger and beyond the kind of scale that humans can handle
the scientists have created thermal imaging cameras which provide an aerial overview to
pin-point panels that might be damaged, covered in dust or obscured by invasive vegetation.
Engineers then process this information and return to these specific locations to fix the panels
at convenient times, making for more efficient maintenance. Drone inspections are keeping
large-scale solar energy projects running around the world and mapping capabilities are
assisting solar companies in the planning and building of solar farms.

- A mission on emissions: Protecting the Environment by mapping industrial emissions has
its important role in drone industry. When we think of mapping it is often in relation to real



estate or agriculture: developing an in-depth view of an area that can be used for planning and
modelling. But one start-up in Finland called Aeromon (http://www.aeromon.fi/) is able to
detect, measure and visualize more than 70 different industrial emissions and map air quality
over large areas. With their solutions you can have automatic reporting of our emissions with
a 360 degree view. In the past, these emissions might have gone undetected because
emissions sensors at ground level or higher altitudes would have missed them, but the
flexibility of Drones means the data provided gives authorities more power when it comes to
enforcing emissions legislation. With emission targets being set around the world in a bid to
slow down global warming, it is easy to see how technology like this can help governments
and authorities keep factories and fossil fuel companies in check. As says the Aeromon team
“Emissions are complicated. They may be undetectable, but their damage is real.”

- Environmental conservation projects: As well as being environmentally friendly in terms
of performance, drones can help in the application of environmental research projects and
wildlife preservation. Their agility and compact size mean they can be quickly deployed to
monitor hard to reach areas with minimal impact. This makes them ideal for environmental
observation projects from monitoring and mapping natural landscapes to tracking animal
migration patterns. Small and light electric-powered drones, especially fixed-wing aircraft,
make little noise and are often bird-shaped, meaning animals on the ground are rarely
disturbed by these tools, if they notice them at all. Equipped with infrared cameras, drones
are being trialled in hot and remote locations, to detect leaks in underground water pipes in
the desert.

What are Pros and Cons of drones in Environmental Application?
Pros

e Environmentally friendly: The big advantage of using a drone in the sphere of
protecting Environment is that they are doing their missions causing minimal
disturbance to the surrounding environment and wildlife. In comparison to other aerial
vehicles the drones have the smallest motors which help to have as fewer emissions as
possible. Most drones do not operate using fossil fuels meaning that they do not
produce the high levels of CO2 associated with planes and helicopters which makes
them a more environmentally friendly alternative for aerial works.

e Flexible: Another valuable advantage of drones is that they have an ability to reach
areas that were before too hard to access for conservationists and environmental
researchers, while also generating minimal disturbance to the surrounding wildlife
and environment, make drones a powerful tool that can give researchers the freedom
to gather information like never before.

e Safety: One of the large benefits of using a drone over alternative methods is the
added safety value they can provide. People who work in remote or more dangerous
locations do not have to be put in harms way if they have to do aerial surveys over
parts of the jungle, or, f.e., in the Arctic. Also we can mention that the launching a
drone requires a minimal amount of workers which is also a good benefit for it.

e Non-noisy: One of the added bonuses is that the drones make minimal noise while
they realize their missions. This means that the wildlife and surrounding nature can be
monitored undisturbed, which is very important thing while we do some researches in
in wildlife.


http://www.aeromon.fi/

e Small sizes: Mostly the drones are lightweight, low-cost, require little in the way of
infrastructure and, crucially, use little or no fuel, as we already know. All these
mentioned factors are considered to be pros for drones.

e Drones for environmental monitoring: Photographers and videographers have
started to use drones to produce stunning images of wildlife that would be very hard
or expensive to obtain otherwise. Drones can be used to perform environmental
science as well. Often, scientists want to monitor one particular area for a period of
time in order to track changes. For example, a buoy could listen for whales in a
particular region. A robot could fly out to get that data, which then could be used to
establish safe shipping lanes. A robot would be able to repeatedly see what’s going on
with a population or a microhabitat. Scientists probably don’t have funding to send
people out every day but they still could get really good readings.

e Overall Conservation: Drones can be used to track animals, particularly dangerous
animals, without putting anyone at risk. They can also be used to watch for poachers
and trespassers, increasing security in areas where there is simply too much ground to
cover. Additionally, drones can be used to provide aid when natural disasters strike.
Whether it is to comb an area after an earthquake or flood to look for survivors, or
fighting fires by delivering payloads, drones are a powerful tool in the fight to keep
wildlife, and wild areas, safe.

e Brand new technology: Drones are allowing people to ask questions and look at
things that they may not have been able to look at before!

Cons

When we try to speak about the negative impact of using a drone to the Environment, it is
difficult to make a list and mention disadvantages, because the drone has a high level of
conservative effect and almost completely has positive impact on our Planet.

In base of the above mentioned information we have already imagined the connection
between the drones and the Environment, and found out that causing minimal disturbance to
the surrounding environment and wildlife, the drones in the air can perform surveys, collect
data and imagery, monitor wildlife and varying landscapes and even track or count animal
populations. We have explored that drones — being a brand new technology hold a wide
variety of advantages to those looking to aid in the protection and conservation of the
environment and its wildlife. Drones most crucial advantages are that they are timely,
efficient and cost-effective due to which now many conservationists and environmental
researchers are aimed to enlarge the drones using spheres protecting our planet and making it
to be more conservative. The drones have all the potential to become more widely available
across the whole spectrum of environmental monitoring in near future and they will!
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Industrial Applications

What is the Industrial Application of Drones?

In the beginning people were looking at drones as just another way to get pretty pictures or
video, but now these people are starting to realize that these have an immense power for doing
research from perspectives that we never thought we could get.

The innovation of an industrial drone is to monitor regions or terrains inside or outside a
manufacturing plant which generally cannot be studied by human workers, either due to their
dangerous setting or inaccessibility due to size or Environment. Factories, refineries, power
grids, wastewater treatment, mines and other similar industrial sites are complex systems
requiring inspection and maintenance for optimal operation and regulatory compliance. On site
inspection by human workers can be time consuming and in explosive environments, next to
impossible unless some complex computer systems are used. Industrial drones can operate under
complex circumstances such as these and enter even the most challenging terrains and
environments and carry out the operation it was designed for without so much as a scratch. From
this it is clear that drones are the next generation in low-cost industrial sensors and mobile
platforms in the interconnected web.

The growth of drone industrial application can be seen in its use in various industries, such as:

- Energy and Utilities: Part of making our electrical grid smart is getting access to real-
time information on the status of power generation and transmission infrastructure.
Utilities have already tested drones for inspecting transmission and distribution lines,
looking for damage from storms and normal wear and tear. These tests have been run
under temporary rules from the Federal Aviation Administration and utility companies
are now ready to further demonstrate the value of drones. Imagine a utility that had a
drone in every single line worker’s truck. Workers could perform inspections without
having to climb power poles or get close to dangerous wires. Drones can also inspect
hundreds of miles of transmission lines in single flight - much faster than the traditional
line worker having to climb several transmission poles.

- Oil and Gas: Drones are increasingly being used by the Oil and Gas industry for their
monitoring and inspection operations. They are being used today to detect gas leaks, spot
fugitive oil spills and even scout for whales. They can be used on any part of the platform
where inspections typically require rope access or scaffolding. Today drones are
predominantly used in the midstream oil and gas sector. But they can also be applied to
almost every aspect of the industry, including land surveying and mapping, well and
pipeline inspections, and for security purposes. The key benefits are that they are much
safer, faster and cheaper than conventional inspection techniques such as rope access and
scaffolding. The use of drones means that oil platforms do not have to shut down for



inspections. This is a huge cost benefit as shutdowns cost oil companies millions of
dollars in lost revenue a day.

- Mining: Anyone involved in mining knows that worker safety is of paramount
importance. By allowing surveyors to collect accurate spatial data from above, drone can
vastly reduce risk by minimising the time these staff spend on site. Drone-based data
collection can also increase productivity; surveying projects that once took days or weeks
using traditional surveying techniques are now possible in just a few hours. Drones
provide an efficient way to manage stockpiles and help with grading control, site
exploration, and overall management. Drones can also help miners figure out more
efficient ways to design haul roads, dumps, and pits so they have less of an impact on the
environment. Drones can improve safety in mining applications with real-time
information on mining activities:

e Up-to-date surface surveys for optimized blast designs,
e Rapid pre- and post-blast data,
¢ Identification of misfire and wall damage.

- Construction: Here bellow are mentioned some reasons why construction firms want to
use drones in their activities:

e Drones are less expensive than manned aircraft. They are easier to operate and collect
more data in comparison to alternative aerial vehicles.

e Drones can be used to survey the construction site and send information back. This
usually takes a long time and requires use of various equipment and personnel. Drones
are cheaper and they are more accurate in terms of data gathering.

e Companies can use drones to provide client updates. If they are unable to personally
inspect the site, companies can send some images and videos and show details of the
construction progress.

e Drones are also ideal for monitoring the site. Rather than invest in loads of expensive
manpower and equipment, a construction company can purchase a few drones and
have them scan the area and collect information.

- Agriculture: Drones a natural fit with the world of agriculture, where farmers can benefit
from real time information about large tracts of land. Drones can help track almost
everything including water use, crop health, heat signatures and soil analysis. Expensive
aerial surveillances that could previously only be done occasionally with planes can now
be completed weekly or even daily with drones that cost only hundreds of dollars.
Agricultural uses for drones include: remote moisture sensing to identify which parts of a
field are dry or need improvements, precision agriculture like mid-field weed
identification, frost mitigation, variable-rate fertilization dispersal etc.

The mentioned areas do not include the final list, the industrial application of drone is larger
concept and includes more spheres. But, actually the above-mentioned information goes to show



how important drones are. From being used by the military, they quickly found a market for fun
and recreational use. The coming the 4™ industrial revolution will alter how people and
companies interact, work and play. With the rise of the digital age, drones will change the way
farmers grow crops just as it is going to revolutionize the way mining firms assess their projects.
From construction, scientific research, commerce, entertainment, drones will play a significant
role in near future. With cost going down, a drone has become a worthwhile investment in
growing number of industrial sectors.
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Civil engineering drones
What is civil engineering?

Civil engineering is a professional engineering discipline that deals with the design,
construction and maintenance of the physical and naturally built environment, including
works like roads, bridges, canals, dams and buildings®. Civil engineering is traditionally
broken into a number of sub-disciplines?. It is the second-oldest engineering discipline after
military engineering® and it is defined to distinguish non-military engineering from military
engineering.

Civil engineering takes place in the public sector from municipal through to national
governments and in the private sector from individual homeowners through to international
companies.

Using drones in civil engineering

The horizontal nature of civil engineering lends to some practical and creative uses of drones
in the industry. From planning to final construction, nearly every stage of the engineering
process can benefit with the help of drones.

In fact, drones are now widely being used in the engineering and constructions fields. Many
firms are using drones to evaluate the exterior conditions of their client’s facilities, such as the
roof and other hard to get to locations. That can mean more accurate inspections with less
worry over a worker falling from a ladder during the inspection. Drones are even being used
during the construction and installation portion of projects.

Drones provide better resolution when it comes to photos and video, while reducing the cost
to a firm. That is a big advantage and savings over previous technologies such as satellite and
other aerial resources.

Civil engineers are using drones to perform 2D and 3D mapping projects. This is achieved
using laser scanning devices and can help engineers construct virtual representations of real-
world projects — assisting engineers in the planning and development stages of their most
difficult projects.

Drones in civil engineering can be used for aerial mapping, LIDAR scanning, pipeline
surveying, aerial photography, etc.

1. Aerial mapping: More and more companies are using drones for surveys and mapping.
For instance, DroneDeploy users have mapped over 10 million acres, which generated an

! "History and Heritage of Civil Engineering". ASCE. Archived from the original on 16 February 2007. Retrieved 8
August 2007.

2 "What is Civil Engineering". Institution of Civil Engineers. Retrieved 15 May 2017.

% "Civil engineering”. Encyclopadia Britannica. Retrieved 9 August 2007.



https://blog.dronedeploy.com/commercial-drone-industry-trends-aae2010ff349
https://web.archive.org/web/20070216235716/http:/live.asce.org/hh/index.mxml?versionChecked=true
https://en.wikipedia.org/wiki/American_Society_of_Civil_Engineers
http://live.asce.org/hh/index.mxml?versionChecked=true
https://www.ice.org.uk/careers-and-professional-development/what-is-civil-engineering
https://en.wikipedia.org/wiki/Institution_of_Civil_Engineers
http://www.britannica.com/eb/article-9105844/civil-engineering

estimated $150 million for the commercial drone industry. Here below are mentioned some
benefits of using drones for surveying and mapping.

e Ease of Deployment. Drones are capable of completing survey jobs in less than half
the time of a traditional survey methods. Surveys that once took weeks to complete,
can now be done in less than a few days. This allows for surveyors to complete more
projects in less time.

¢ Reduced Risk. Using UAS for data collection reduces the need for workers to enter
potentially hazardous areas. The small, portable size of drones make them ideal for
collecting data in a variety of different environments like roadways and steep terrain.

e Detailed Data. Drones equipped with imaging software make it easy to turn images
into a wide variety of georeferenced 2D maps and 3D models for surveying, city
modeling, large-scale mapping, urban planning, cadaster and more.

2. LIDAR scanning: LIDAR is a laser-based remote sensing technology and stands for
light detection and ranging. It is a technology widely used in the domain of geographical
information system (GIS) for surveying and mapping different kind of natural resources and
infrastructures.

As a matter of fact the LIDAR technology is being used in numerous scientific fields, related
to geomatics, which are relying on high accuracy definition of terrestrial three-dimensional
points position. This includes to combine these data with an extremely precise and faithful
calculation of the distances and angles between them.

LiDAR scanning drones are well known and often chosen for their ability of producing high-
resolution maps for a broad range of activities like remote sensing, atmospheric sensing,
geomatics, geography, geomorphology, archaeology, forestry, contour mapping, laser
altimetry, geographic informatics, etc.

3. Pipeline surveying: Building an oil and gas pipeline project is a major challenge for any
organization to undertake. When it comes to building a successful pipeline, the costs and time
requirements are high and the margin for error must be minimized. As a result, if
organizations hope to complete a successful pipeline development project with no major
interruptions and minimal unforeseen costs, it is essential that they take advantage of the most
advanced technologies available to them to collect as much data up front as possible.

One example of a technology that can help organizations experience better results with their
pipeline projects is the drones. The benefits of drones for the land surveying portion of a
pipeline project are numerous.

The most important benefits of using drones for pipeline surveying are:

e Completing large surveys with a high degree of accuracy: One of the chief
challenges of pipeline projects is the total amount of distance they must cover and
nowhere is this challenge felt more than in the land surveying stage of the project. Of
course, pipeline projects require a high degree of detail and accuracy, but
organizations need a way to ensure that getting this accuracy does not slow down the
project too much. Some drones can cover miles of linear coverage per day, meaning



that they can fly the large distances required by pipeline projects much faster than
traditional surveyors traversing the land. At the same time, drones can fly close to the
ground while using high-resolution image capturing technology that offers up detail as
fine as one centimeter per pixel. Drones truly offer the best of both worlds when it
comes to covering long distances and providing high levels of accuracy. By bypassing
difficult terrain altogether, drones allow a land surveyor to gather all of the
information they might need without actually having to put people on the ground.
Instead, surveyors can operate the drones from a position of complete safety.
Additionally, the amount of data that is collected is exponentially more than that
collected by traditional crews.

e Turning around survey results quickly: Another important goal for land surveyors
should be to complete their work as quickly as possible so that the pipeline can begin
construction. However, this can’t take place if the results of the land survey require
weeks or even months of processing time before they can be used. Working with a
team of experienced drone operators is not just a great way to speed up the actual data
collection process; such an operator can also begin processing and analyzing that data
immediately after it is captured. As a result, land surveying results captured by drones
are often processed and available for use within 24 -48 hours of when they were
originally captured. This extremely fast turnaround enables organizations to start
building their pipelines quicker, which in turn enables them to start experiencing
returns quicker.

e Sharing the data with key contractors and stakeholders: Collecting massive
amounts of data is pointless unless decision makers have a way to access the
information easily and extract what they need. Key divisions/subcontractors that
should receive access to drones data at the earliest possible stages include: surveyors
(internal use), engineering, environmental, land / right of way, project managers and
any other companies (such as construction) who are authorized to view and bid on the
upcoming project. Sharing this data will ensure that everyone is on the same page and
that bids are much more accurate since the most recent conditions along the route are
available for analysis.

4. Aerial photography: Aerial photography is one of the best ways to monitor a
construction site, a building, civil engineering projects, a work of art, etc. An aerial overview
with drones will be a great help for the project managers in order to, among others:

e study the site before the operations start

e monitor and control the evolution of the activities and proceedings

e present an overview of a site

e check the quality of the work

o follow the deadlines in relation with the work progress

e monitor the compliance of the works with the specifications

e promote their know-how, skills and knowledge for future projects



e Dbring out and underscore the quality of the work.

High technology, precision, adaptability, endurance and robustness are some of the numerous
Drone qualities explaining why these devices are so needed for improving working quality on the
demanding sectors of architecture and civil engineering.
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Drones for Disaster relief

Disaster relief (or emergency management) refers to the process of responding to a terrible
situation, providing humanitarian aid to persons and communities who have suffered from some
form of disaster. It involves dealing with and avoiding risks and preparing, supporting and
rebuilding society when natural or human-made disasters occur.

Natural and man-made disasters destroy environments, often making conditions so difficult that
relief workers are unable to access areas and provide assistance. Drones have the ability to take
on roles where relief workers and manned vehicles fall short.

How can drones be used for disaster relief?
1. Hazardous Chemical Spills:

Dangerous or nuclear chemicals can leak into the environment for various reasons. Some causes
include factory or power plant malfunctions, spills during transportation or even terrorist attacks.
In these and similar instances, measuring the damage and providing relief must be swift and
effective. These events, known as CBRNE events (chemical, biological, radiological, nuclear or
explosive) make for unsafe conditions, not only for the people exposed to the hazardous
materials in nearby areas, but also for relief workers.

2. The Need for Mapping:

Areas that are prone to large-scale disasters such as earthquakes and flooding benefit greatly
from visual imaging and 3D mapping. Manned aircraft are often too expensive to use, satellite
mapping does not meet high-resolution needs, and both take too much time during emergency
situations.

The use of drones to map disaster areas provides greater advantages in costs and in rapid
response times when compared to traditional methods. Drones can be deployed quickly, generate
high-resolution and 3D mapping, identify hotspot areas that have sustained the most damage and
upload the data in real time to coordinate relief efforts.

3. Assessing Structural Damage:

Relief workers often find it difficult and dangerous to assess structural damage from natural
disasters. They often encounter buildings that are on the verge of collapsing, potential explosions
due to chemical leaks and places that are hard to access such as tunnels and bridges. After an F-5
tornado in Wichita, Kansas, drones were used to identify infrastructure that was critically
damaged. Equipped with “sniffers” to detect high levels of methane, they were able to locate
broken gas lines. Workers then shut down the lines and fixed the breaches before an explosion
could occur.

4. Delivering Emergency Infrastructures and Supplies:

Often after natural disasters or terrorist attacks, infrastructure supply lines are cut and disabled.
When roads, bridges, communication cables and gas and water lines are compromised, the safety



of residents in the area is also compromised. To mitigate suffering and further damage, rescue
teams can utilize drones to support infrastructures, deliver supplies and establish communication.

In areas that are nearly impossible to reach, drones can deliver supplies such as water and food to
those in need, eliminating the risks of placing human-operated aircraft in harm’s way. AWACS,
or airborne warning and control systems, allow for temporary establishment of Wi-Fi and
cellphone access to environments without power lines or functioning cell towers.

5. Extinguishing Wildfires:

Drones can eliminate the risks that pilots face and can increase the effectiveness of battling fires.
Unmanned aircraft are able to fly in low visibility and can drop fire retardants more accurately
and safely. Bigger drones can transport people and supplies, while large numbers of smaller
drones can be deployed to provide greater situational awareness. Drones that are outfitted with
communication systems have the added benefit of being able to sustain contact between the
command center and firefighters on the ground.

For these reasons and beyond, drones are being used more often in emergency and disaster
response situations. This forward-thinking unmanned technology has vast potential. It is already
proving its ability to save lives and prevent damage in dire situations.
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Safety and Security

Day by day drones are becoming increasingly more commonplace in the Globe, from aerial
photography to assisting search and rescue operations, drones can be put to a variety of
beneficial uses. However, the use of drones also carries concerns relating to both safety and
security.

The idea of having drones in the national airspace raises serious safety concerns for nearly the
entire spectrum of society, which ranges from government facilities and aviation authorities to
regular individuals. The safety concerns that have caused to limit the use of commercial drones,
including only granting a few permissions on a case-by-case basis, are primarily related to the
capabilities of a drone, the potential for accidents and the possibility of privacy rights becoming
an issue.

According to the “Washington Post,” more than 400 U.S. military drones have fallen out of the
sky since 2001. Drones are not just harmless toys — even some high-end consumer models reach
speeds of around 80 km/h, which is very fast for a remote-controlled piece of ballistic metal and
carbon fibre. While a car may be larger and travel faster, the big difference is that the drone pilot
is not personally at physical risk in the case of a collision, and may therefore put the drone into
situations that are extremely dangerous in search of that perfect YouTube footage — such as the
flight path of an aircraft ( https://www.refund.me/drones-much-safety-risk/).

Drones are already more widely used in the security industry. Whilst much attention is being
given in the media to countering the threat posed by drones should they stray too close to
sensitive sites like airports, whether by accident or design, on the other side of the coin drones
have proven that they can have a positive impact. The performance of these systems, with the
added dimension they bring in terms of situational awareness via high definition cameras and
even thermal imaging, and in-use economics compared to other aerial solutions like helicopters,
means that investment in such assets by the emergency services as well as security professionals
is really taking off.

What about the Security Requirements they exist in order to protect the confidentiality and
integrity of a drone’s acquired and communicated information and to ensure its ability to adhere
to its operational requirements. Securing the information of the system refers to protecting it
from disclosure, disruption, modification, and destruction.

For a secure drone operation, let’s identify the following security requirements:

e Authorized access: The drones must provide means to ensure that only authorized
operators are granted access to its resources including both the ground control station and
the aircraft.

e Availability: All the elements of the drones should be guaranteed to perform their
required functions under defined spatial and temporal circumstances such that the system
sustains its availability without disruption during its operational period. For instance, the


https://www.refund.me/drones-much-safety-risk/

Some

1.

drone must adopt measures such as anomaly-based intrusion detection systems to
distinguish normal communications from those resulting from denial-of-service attacks.
Information confidentiality: The drones should employ mechanisms to mitigate
unauthorized disclosure of the telemetric and control information.

Information integrity: The drones should be able to ensure that the telemetric
information and the GPS and control signals are genuine and have not been intentionally
or unintentionally altered. Authenticated encryption cryptographic primitives may be
used to ensure both the integrity and confidentiality of such information.

System integrity: The drones should be able to guarantee the authenticity of its software
and hardware components. Techniques from trusted computing such as memory
curtaining, sealed storage, and remote attestation can be used to ensure the authenticity of
the system’s firmware and sensitive data. The deployment of intrusion detection systems,
antivirus software, firewalls, and strict policies regarding the use of external storage
media can aid in the detection and prevention of malware.

Accountability of actions: The drones should employ mechanisms that enforce non-
repudiation to ensure that operators are held responsible for their actions. Digital
signature algorithms may be used to both authenticate the operators and to bind them to
an issued action. Moreover, logging procedures that are used to chronologically track the
sequence of actions and changes in the system should be implemented.

solutions of drone for safety and security

Better visibility. Drones help to minimise unwanted surprises, provide useful insights and
help emergency personnel stay out of harm’s way.

. Multifunctional design. Drones adapt to the demands of the situation at hand faster and
easier than ever before with the click and go payload system.

. Easy to deploy. Drones deploy in a matter of seconds of arriving on scene, to respond
faster and minimise the danger to those in need of assistance.

Real-time awareness. Equipped with infrared and VOC sensors, drones detect
individuals and radiation that would otherwise go unseen.

Different functions of drones for safety and security

e Saving lives (drone-assisted rescues for coast guards).

Faster response: Drones can be deployed in a matter of seconds and minimise the danger
to those in need of rescuing.

Optimised visibility: Drones improve a coast guard’s overall visibility of an expansive sea
to locate vulnerable persons faster.



- Thermal detection: Drones are equiped with thermal sensors to maximise the operator’s
ability to quickly spot individuals lost at sea.

e Accident mapping (a safe, affordable and reliable method of documenting crashes).

- Faster documentation: Drones can help to document car accidents much faster, lowering
the risk of further accidents happening to police and passersby.

- Accurate evidenc: Drones easily document crash sites by collecting measurable and
reliable data to determine the cause of the incident.

- Less invasive: Drones easily deploy kilometers away from the scene to reach hard to
access areas while reducing the level of disruption to traffic.

e Surveillance (monitor subjects of interest without risk).

- 30x zoom: Drones are equiped with 30x zoom cameras to effortlessly spot subjects of
interest from a great distance.

- Less sound pollution: Deploy drones to be more difficult to detect by suspects than
manned helicopters.

- Thermal IR vision: Drones track individuals that blend into their surroundings or are
active at night by utilising infrared sensors.

- Stream & record: Drones can simultaneously record both the visual and thermal video
streams.

e Helps to be aware of invisible threats (protect yourself from gas and radiation leaks).

- Gas monitors: Drones can monitor hazardous materials like toxic and combustible gases,
VOCs and oxygen levels from a safe distance.

- Radiation monitors: Drones can detect gamma radiation levels from afar with parts per
billion precision.

e Helps to stay safe and alert (livestreaming capabilities ensure you are well informed).

- Real time analytic: Drones can help to stay protected from unexpected and unseen
dangers with augmented livestream video. Whether it’s thermal detection, or tracking a
subject of interest.

e Drones are built to perform in any environment (drones guarantee your mission’s
success in every environment).

- Are for all weather performance: The fuselage effectively shields the components inside
against heavy rain and dust intrusion to ensure reliable operations.



- Are capable of flying in wind speeds of 14 m/s and tested in both the harsh cold of the
arctic and blistering heat of the desert to ensure it will perform in any environment.

All these mentioned points are important while using a drone. If we maintain our safety
procedures, maintenance and best practices nobody is saying we will never have an incident, but
we are definitely minimizing our risk and getting much better odds!
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The same field photographed in color (RGB) image at left and in false color
(NDVI) at right. The NDVIimage reveals variation not seen in the color image.

Shapefile indicates five distinct levels of field health.
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puqUuljut gnpénnnipnitttph dwdwbwly: TAI Scout b Mastiff Unnljh hupuwjbjulut
UU-utpp htnwpinignud Eht uhphwlw onwbwdulwywbttpp, qtuhpwhpphnught
hwdwlwupgbpp b hknbnwd gopplph wknuowpdbpht: Upyniupnid  hupuybjujut
onnidp hwpjwsubtp hwugplg wyy opjkljukphl, hush htwnbwupn] Uhphwt Ynpgphg
qtuppwhpphpughtt hudwljwpgbph 18 twpunlng:

Zknwljuru]upynn pognn uwppkpp whnpy oguwugnpdifty tu Mwpuhg sngh
wuwunbkpuquh dudwbwl bEpynt ygwnbpwqunn mdbiph Yogdhg: GUUL-p, Uks
FPppunwthwt b dpwbuhwb oqunuugnpdnid Eh Pioneer, Pointer, Exdrone, Migde, Alpilles
Mart, CL-89, hulj Ppupp Al Yamamah, Makareb-1000, Sahreb-1 L Sahreb-2 uUnpkjutiph
UfU-ukp:



Ujn gnpénnmipjniuibph dwdwiwl Ynwihghnt nidtiph UEU-ukpp juwnwpk) o
wytiih putt 530 prhsp 1700 dwd punhwinip prhspuhtt mbynnnipjudp: UUL-h Ynnuhg
ogquiwugnpdyngn 40 Pioneer Unnkjh UEU-ukph 60%-p unnwgk] khtt Juwuduspubp, puyg
npuitg 75%-p hwgnnytg ytpwbnpngl): Lpwighg puguudbbp 2-b Ehu nybywgdby
hulwowynpgh  Yoquhg,  Gmubbpp qwuedl] Bt Gud nbbhwlud
wbuwppnipnittiph jud owybkpwwnpubph uvjuwh wwwdweny: Lhy Ynpniunbkpp
hhdtwjwinid juwuws tht UEU-ukph thnpp swihubph htwn, husp nddupkgunid kp
npuig hwjntwpbkpnudp b jungnidp:

URU-ubkpp juyt oginuugnpdynid tht LUSO-h Ynnuhg 1992 p. Zupwuyjujuyhuyh
ntd  ppwlwtwugyny  dwpunwlwt  gopdnpnipmitutph dwudwbwl:  Ypublp
hpwlwbuwgunid  Ehtt  gnipgopjuu  htwnwjunignipiniy, hwynbwpbpnid  qonpplph
nbnuljupiwt Jujpbpp, hwlijurwinpnh  onwtwdwluywbtbpp, qblhpwhpphrwh
hwdwljupgtpp, nphg htwnin npuiip jungynid Eht ‘LUSO-h ndpuilyndhsutiph Ynnuhg:

1992 pduljutht bupuybkip “ZEqpnjw” jdpwynpiwitt wnwetnpnh nsiswgdw
hudwp wnwohtt wiquu oquugnpstg URU-u npytu wpwbwndwt dheng: UU-u
guunuy wpweunpnh dbkpktwt b juqbpuyhtt tpwtwndwt uwpph dhongny wyt wnuy
lpwlupnmipjub nwl, nphg htnn gpnhhy mnnuphrhg wpdwlyws hpphop ungkg wyb:

2000-2005 pywulwuutpht Pupuytip wlnhy ogurnugnpénid kp UEU-ukp Fuquyh
hwwnjwénid hnwnwpnignipjul, ywtwundwt b «<wdwur dpwynpdwip YEnwght
hupyuwsutp hwugubint hwdwnp:

Zhpwynp  gonpénnnipjutt UEU-ubkpp oguuugnpsyl) tu bPupuybih Ynnuhg
Uhotpypuljut b Yupdhp dnybpnid hbnwinignipinit hpuwwibwgubine hwdwp, hush
wpniupnid hwynbwpbpdl; Bt hwwewlnpph hwdwp  qhup-ghtwdpbpp
wnbknuihnjunn bwybp:

bPpupnid b Udnutunuiinid wdbkphljjut qhtiqus unnpupwdwuntdubpp juyt
Yppwend Eh tnpp swihubph wonwynt poynn uwppbp, npnip pwwn hwpdwp Bu
owhwgnpddwt hwdwp b mbbkbt wwpq Juonigdusp: Uy UEU-ukpp niukl



hwdbdwwnwpwp thnpp prhspuhtu hEnwnpnipintl, wpwgnipinil 61
pEinttwwnwpnnnipnii: Ldwt  wbonwynt  pnsnn  uwppbipp  pEny; B wwhu
unnpupwdwinidubphtt oybpwwnhy YEpwyny mbnklnipnit vnwbw hwjunwlynpnh b
dupnh nuwounnd whpnn hpwdhdwlh  dwuht: Uynuyhuh  uwwppbiphg wnwybyp
wnwpwdywop RQ-11 «Raven» UFU-u k:

2015-2016 pywlwuubpht UfU-ukpp oqgunugnpéyky Eu [(niuwuwnwth qghudwsé
nidbiph Ynnuhg Uhphwynid  «bujudwlut whwnnipjuiup» onuyhtt b hpphnwyht
hupyuwsutp hwugutint pipugpnid: pwtp hhdtwlwinid ogrnugnpdynid thu nputu
Jbpwhuljnn b jungmudp hwuwnwwnnng uwwppbp, hull UEU-utphg ujwpwhwtdws
nbuwynmipp  hpuwwwpwlynd  Ep, npybu  jungdwb  wwwgnyg:  (Iniuwuwnwbp
oqnugnpémid Ep dnpynuwnn (hwughuwtunid b hupuybjulju IAI Searcher U.(eU-h
1hghuquynpué wuwndtup), Opjw 10, T23 Eikpnb, Nskjw-1T, Foqop-100 Unnkjubkph
UfeU-ubkpp:

dbpp wpywsubpp ULU-ukph oguuugnpédwt wnwyl) huynih phwypbpt bu:
zupl E ok, np UEU-ukpp juyt Jhpwenmd Eu unnwgl] wdpnne wohiwphnyg bl
ubpuyniudu gpbptk ny Uh qhijwsd hwjudwpunnipmnit sh wigugynid wnwbhg ULGU-
Ubph Yhpuoiudp: UEU-kph quitgusuhti Yhpumiut Jbpupbppug wih
wyuwnlbpugnid juqubnt hwdwp pudwljub £ vk, np 2012 pquljwuhtt GUL qhudws
nidkph pnsnn uwppbph wykh pwt 40%-p Juqunid Ehtt wbonwynt pnsnn uwppbpp:
Ujt nliygpnud, tpp onwiynih Ynnuhg junwjupnn poynn uwpptph pwbwyp 10767 tp,
UfU-ubph puwbwlp juqunid kp 7494 dhwidnp:

2 Ubonyuisnt prsnn uwpplph nuuwujupgnudp:
Lwth np gnnipnit mukt wwppbp wbuwlh b ywbwlnipjut UEU-ubkp,

npuig wuhtt mydkh hipn yunjipugnid juqubint hwmdwp punniadws £ UEU-ukpp
nuuwljupgk) pun junwdupdwb A, tpwbwlnipjub, quiugdush b swthubph:
Luw junwyupdwl dihp UGU-ubpp (hunwd B




»  whonuynt shununfupinn,
e wbonuwynt hknwljunwywpiynn,
e wbonuysnt wdwnnduwn:

Luwn sunthbph b quibgywsh UEU-ukpp thunud B
« hlpn,
e uhlp,
* uhshts

e Swlp:

Luw owbwnipyub UEGU-ubkpp (hunwd G’
e hbunwjuniquijul,

e Uywlhwnnt,

e nunhnbkunpntwghl wuypwph,

¢ htnwjwpwjupyny JEpwhulnynipyut b ghunwpldut hwdwlupgh,
e onuyht Epwhunnpyiwd,

 hwpjuswyhl,

* punupwughwlub,

* puqUubyunwluyhb:

Uunpl  phpynud £ UEU-ubph  pguwuwlwpgduwt  wibh dwbpudwub

tjupugpnipnil

T — Tt

hwnuwpyng UEU-ukpp (hund tu dhwbquudjum oqunugnpsdwt b hwdwhu
dSwnwnmd tu npwtu phpwp ZON gnpptph b ogwsmiubkph wwpwwuniupubph
dudwbwl: Cwwn nhyptpnid npytiu wjuyhuh ULGU oqgunuugnpénid ki pwuhwgnpénidhg

nnipu kjwé huptwphnubpn:



ZEnwunwywpyng URU-ukpp ubpjuynidu wdktwnwpusywsutpt Bu: Npuyku
Jwint nbbkund o owkpwwnp, nd quudbkny hus-np hbnwynpmipyut  Jpw
htnwljunrwdupdw vwpptph vhongny nEjuupnid £ UEU-U:

Uyunndunn  UEU-ukpp niubkt hwdbdwwnwpwup wdbh pupny  Spugpuyght
wywhnynid: Uju UU-ukpp twjunpnp unwbiwny hpuwdwbtbpp npnonidubpp fupnn
El Juywugtt) hupunipnyt jud hwunwnnid uinwbwnig hknn: Udundwwn ULU-ukph
wnwybnipntup juywinud E bpwbnwd, np htwpwynpnipnit ju wdpnne prhspp
hpujuwtwgiut] wnwig dupnnt dhpwdwnnipjut: Lpwbp Jupnn Eu hupunipnyt huwnpbp
wbwljtnbkp jud hpwjuwbwgubp hbnwhnignipnit b wyjbe

Ulonuwsnt pnsnn uwnpplpp puwn swthtiph b quiuqush:

Uhipn UEU-ukp tu Ynsynid wytt vwpplpp, npnup niukt dhtsh 10 Yq ququs,
prhspujhtt  dudwbwlp Yuwqund b dnunwynpuwybu 1 dwd, hul] pnhspuyhl
pupdpnipiniup dhigh 1 Yd: Uyjuyhuh UEU-ukpp npybu juint nitkund Gu tinpp
qupwphunughtt ywhtp hlsh wpymibpnid pujufutht nddup b jhtnad upwtg
pugwhuynty: @npp quuquép pny) £ wmwjhu hbownnipjudp wbknutnjul] dknpni,
wnwlg npblk  pugnighs  wkjthiujh  ogunwgnpsdwdp:  Oquuwugnpsymd  Eu
hhdtwljuinud mtnujhtt hbnnwpunignipjutt hwdwp: Cwn wmbuwlukp Jupnn i pug
pnnuyt] dwpnn dknphg:

Uhap UeU-ubp tu Ynsynid dhish 50 Yq quiqus, vh pwih dwd pnhspuyht
wnbynnnipinit b 3-5 Yu prhspuyhtt pupdpnipnit niukgnn vwpptpp: Uju UEU-ukpp
unynpwpwp nibbkunud Eu dh pwtth hwpmnip Yhindbkwnp peohspuyhtt hipwynpnipinia b
dhtisk 200 Yu/d wpugnipnil: Unynpwpwp prhsph hwdwp oqunugnpénid Eu hwwnntly
prhypuyhtt hwpdwpwipttp jud npnuh opubwfuljwywtttp: Uhth UEU-ukpp
unynpwpwp oquugnpdynid tu hEkunwpuniquljul, wywhwnnipyut i1
nunhnbjkunpntughtt wyuypuph hwdwp:

Uhopti U U-ubipp niubund B dhtsh 1000 §q quiugyus, 10-12 dwd prhspuht
wnbnnmipnit b 9-10 YU prhspuyhtt pwpdpnipni: Upwip hhdtwluind niuku



nufunpjufut tpwtwlnpmb: Unynpupwp wju guup GEU-Ukph  pohspughl
htpwynpnipnitp gipuquugnid £ 1000 Yu-p, hulj wpwugnipniup juqunud  250-400
Yu/d: Pugh htwnwniquijub, tpwtwem b pwyhnkijnpntwghtt uypwph dheng
hwiunhuwtiwnig dhghtt UfU-ubkpp Juwpny &b oquuugnpsyl; hwlwnwlnppht
hwpusttp hwuglnt hudwp: Lpwtp upnn &u §hpwnk) inwpplp npudwswgh
pupdn dogpuunipjutt hppheubp b pnwdpbp: Cwn ghypbpnid junwdupdwt hwdwp
oguugnpdnid ki wppuilyuluyht fuw:

Owbp UU-ubkpp Jupnn Eu Yont) Uh pwth wintbw, nitktind tu 24 dwud L
wykh pohypuyht dwdwlwy, hul pehyph pupdpnipitp jupng £ hwutly 20 G b
wykih: Uju UEU-UEpp upng &b wowgwnpuip junwpty prhsph quyphg dp pubh
hwqup Yhndbwnp hbkpwynpnipjutt Jpu b nitkt uvnpuntghuljut tywbwlnipjniu:
Zhdbwlwiunid ogurnugnpénid ku Uks prhspuyhtt pupdpmipinitiibphg hwljwnwynpnh
lunpp  phyntupmid  htnwjunignipnit hpwwibwgubint hwdwp: Zwqupby o
ognnuugnpdynid npybku hwpjwduyhtt U npybu Ywbnbt nubkbu JkS huptwpdtp:
Uyuwuwpluwt hwdwp ywhwbeynid k ks swhuubp b pwpd npujuynpnid niukgnn
whduwjuqud: Fupdp prhspuhtt pupdpmipniup pny; £ UEU-ht wutjuwn duw) b
wlhwuwtih 1huk] hwjunwlnpnh dhohtt b thnpp hinwhwpnipjut 20N dhongutpht:

3 Ulionquigni pnsnn uwipplph Yhpwntjhnipnitp
ZEnwpiniqulul UU-ukpnp oguuugnnpéynid Eu hwljupwljunpnh

qnpuuhwynpnidubph, qhtunbththuyh, wdpugniduttph b wuppbp tywbwlnipjut
opjjintubtph hwynbtwptpdwt hwdwnp:

Lwpujhund hbnwjnignipjutt hwdwp hhdtwjuwinid  ogunwugnpdynud  Ehu
hwunt] dJwubwghnwgws huptwpheubp'  hbEnwjunyq  huptwphnubp:  Ldwut
wnwgwnpuptbpp  ywihwquig Juwbquynp tht b hwdwj  wjwpugnud - Ehu
huptwphnubph nstsmgdwdp, nph wpnyniupnid onuisnitkp thut qnhynid: Uwpnljughte
Ynpniuntibphg  junwwhbnt hwdwp uljubght pwwnn ghwypbpnd wdwl



wnugunpuiphtph hudwp Yhpunk URU-ukp, npnip pugh whonusnt (hutknig wnfkih
ndjwp thit huynbwpkpnul: Zhnwniqulju UEU-ikpp hwdwjpnud ko nwpphp
wbkuwlh  phnwpliwb wvwppkpny® nkuwfughubpny,  ghpkpuyht nbunynipyub
uwppbpny, gipuwgnyygutpny, htpwjnpnipjub swihdwb uvwpptpng b wyb:

Upwlbnunni U-U-ukpp oquugnpéynid A huwwpwlunpgh
qopulhunponudilph, kS ghpuljunupnipymb nibbgnn whdwhg, qhlunbthluygh,
wdpwgnudtph b mupptp tpwbwlnipju opjbjnnutph tywbwundw hwdwn:

Zuljunwynpnh phyntipnud quiynn phpwjilitph fungdwl hunlwp, npujbu
hupdwp Uhgng oquuugnpénid Ll onuyhtt hwpwstbpp, npnip  hhubwlwinud
hpujutugymud &t huptwphoutph dhgngny: dwlwlwfulhg jungdwt dhgngutpp
oguugnpstimt hwdwp twju hwplunnp £ bpwbwenpyub wwly Jipgub phpwiup:
Uwlwjt wju  wnwgunpuiph  ppuljwimgdwt wppnypep  uwhdwbwhwlynud - E
htptwpheh Bywhwedwh hudwlwpgh htwpudnpnipymibbbpnud, hsh wpyniipni
il wrwewnpuibipibpp swin Jumbquinp b quntnid htiphwpheh widtwljuquh
hwdwp, pwth np huptwphnh hwjntwpbpdwt Juubg b unbndynud: UEU-ukpp
hwinpumbyn]  wjiih ndjup  hwynbwpbpynn  poynn uwppbp  wnfbih phy G
Eupwplynd tdwb Juuwbgh b np wdkbwlwplunpt k sh Juuubgynid dwpnynt Jjubpp:
Lowhunnt URU-tkpp puthwighiny hwljwpwlnpph phinthp bywbwenipjub nwly b
wptnid unguwl opjkljnp, nphg htwnn wifinubg hkpunpnipintihg wpdwlqws
hpphep, wplp jwd podpp fungmd b owg: Ujup UEU-Ukpp pugh nhinwpldwb
uwpptphg twl hwdwjpdws Eu jhuinud ywbwndwb uwwppbpny: Zhdtwlwinud
oquuugnpéyniul kb juqbpuyht ipywhwndwb wwpphp:

LThughnlyElnpnbughl wuypwph UEU-UERD oguiugnpsymd ki hwuwnwlnpnh
nwunhnk Ejunpntwghtt Uhongubph jpwbiqupdwi, hsybu twb npuiug hwyntwpkpdwb
hwdwnp:

(runpbEunpntwght dhgngubphg wpunjly juplnptphg kb nwphninfughnt
Quyubbpp: LY-tukpp hwinhuwbimd ki 200 dhengubph «wsplpps b wnwig npubg



swihwquig puppuinud b poynn - opjjntbph  hwyntwptpnudp: - ffunhninfughnt
Juywubpp opjkjnnitph hwynmbwpbpdwt hwdwp oguuugnpénid . nwnhnwhpukbp,
npnup winpunueiuny hunpynn opjkinhg gnyg £ wwjhu bpu quitne quypp:
MwnhnbEjnpntwiht wuypuph UEU-ukpp wpdwlind &t nwnhnwihpubp, npnup
huwbiqupnid Eu OLY-ubpht «Ynipwgubny» ppuig: Fugh npuithg wju UEU-ukpp
Jupnpquiunid ko npuwy (LU-ubphg wpdwlws pwnhnwihputpp b npnokp RLY-h
qu]lnt Juypp, husp Yupnn E npnphy bpwbwlmpymb nibktwg  htwnwquynid
nwpytihp onuyht gnpsnnipymbtph hwdwp: fughnkkjnpniught guypuph GEU-
ubipp, npytiu oquuujuip phin Jipgunid b hwwnndy GEMN ntnbjubpubp:

Zkpwlmpunfwpinyg - Jkpuhulngnippul b phuwplpdwi - URU-ukpp
hhdtwjwinud  oquugnpéymd kot whunwlwtu  uvwhdwbbbtpp  hullnt U
wwhdwbwhwpnubphtt hwjntwpbptint hwdwnp:

Uwhdwth ks  bGplupmipniup jud  wbwnwnubpng  swsydws  (hubp
pudulwtht pdduwpugunid E  uwhdwth {Jipwhulnnnipimiip b ghunwplnudp
Jtpgbiniyu dhongubpny: Zwdwh vwhdwbtwhiwpinubpp vwhdwip hwnbnt hwdwnp,
npuytu pnnupldwt dhyng Eu oquuugnpémid  pniuwlubnipiniup:  Ghokpuyght
wuylwbtbpmd  bpwig puguwhwpinnudp quotmd £ pwwn pupy pjubghp: Zwpy k
wnwowtnid wrwyl] jwy ghunwpydwi hwdwp oguwugnpsdty pnsnn uwpptp b wyu
wnwownpuipp UEU-ukpp junwpnid ki gipuqug:

Zknpwljunwyupynn Jepwhulnnnipju b ghunwupdwt UEU-ubkpp hwdwipdnud
tku mbuwjughlutpny, ghobpuwyhtt nbunnnipjut vwpptpny b okipdwgnygubtpny, npnup
pny B wwihu hwyintwpbpl] vwhdwbwpwhinbbph gt gipbjught, p ghptipuyh
dwdkpht:

Onuyhly Jhpwhwnnppuwd UPU-ubpp ogquuugnpdynmd ki npuybu dhounpy
wwppkp nkuwlh wqpuputtph honjuwigdwt hudwp (punhnwgpuitipwittph,
htpniunuwswthwlu b wy):
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fwgwfu (kobughtt winpudn mubkgnny Juypbpmd wikhunjwptbpp Jun G
wphuwwnnid b hwpl) £ wnwowtinid juy hwuwnwnbint hwdwp oquuuugnpsty hwwnntly
Uhgngutp: Opytu wynwhuh dhgng Jupny b swouygt) UEU-b, npp quinfliny onmu
qupnn £ pgniik) wqpuitpwip b inpewigh) wyb bpwbwldwb quyp: Ujughup GEU-
bpp twl oginugnpsynd b punupughwlub tyunwljukpm], nph dwuht gpius k
unnpli:

Zupijwduypl URU-ukpp oguuugnpdymd e qhtws fudpbiph, qhtunbjutihjuyh,
Juplnp opjtjunutipnh nstiswguuws hwdwn:

URU-ubph htwpunpoipjmibbbpp b wpymbw]bnmpmbp puguhwpnbing
htnn gputip uljukghtt oquuugnpéty twl npybu hupjusught Uheng: Zupjusughi
UpU-ukpp mbkl juyt Yhpwodw wppnygp, pwth np jupnn &o 4pk) nwppbp
npudwywihh sjurwjupdnn pnudptiphg dhtish qEpdzqphin junuw]upnn hpphobbp:
Ujuhuh UEU-ukpp hwdwj ogunugnpsynmd ki Juplnp opjblnbbpht Yhnwght
hupjwstbp  hwugitnt  hwdwp:  Zwpjwswhh UEU-ukph  pupdp
wpynitbwybnnipiniiup unhuytg dwutiwgbwnubph wnwy by hunpp
niunidbwuhpnipjniitip ppujubugil; wyju  nugpnipjudp: UVkpuynidu JbS
wojuwnwbiputp o nwupynud ghpdwjuughtt hwpjuswihtt UEU-ukph untnddwt b
Junupbjugnpsuiwi nuynnpyudp:

Puqiwbyunnulughli URU-ukpp hpkughg tbpjuyughnd ko Jhpp togws
UfU-utiph htwpwynpnipniuttph hwdwpunudp:

dJudwtwlwulhg mkjuuninghwtpp pny i nwhu untinst) pudwljuhtt thnpp
quiiqws b qupuphunuyhle yuhtp, puyg dks wpymbuftnnpnt niikgnn uwpptp,
buywhuhp kb wbkuwfughlubp, Yuwowjupdwb - polubpp, uwh o dhengubpp,
nwnhninughnt Juyubbbpp b wyjt: Uppnitpnid hwwnntly duubughnugdus URU-
utph thnpuwpkl, Jupkh E unbnst] puquudpniujghniwy UEU-ukp, npnup Jupnn
inyt hwennnipjudp Junnwpky nuppbp Bywhwlmpub qnpéngnipntiiitp: Ophtuy
URU-t Jupny E hpwlubwugil] hbwnwnigopmnit, wjinthbnl hudwpunwumb
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opjtjnn hwyntwpbpbnt nhynid tywhwenipjui wnwly YEpgubk] wyt jud htupunipnyh
nstswgul), Jwd ophtwl hwjnbwpbkpl] pwnhnnlughntt Juywtp b jungh] wjb
hwljupwunhnnughntt hppheny b wyjic Jwudwbwlwlyhg UEU-ukpp hplughtg
ubpjuygunud tu puquudpniuljghntimy vwppbp, npntp Jupnn kb wnwownpupubp
Juwnwplk] juyt nhpnypod:

Punupwghwlwlh URU-ukpp oginugnpdynmd ki wupplp phwqudunbbpnud
$nun tjupwhwtnidubp, gninuuntnbunipni, juyh hwdwlwupgbp b wyj:

Ulqpuwjutt  opowtimid UEU-ukpp Yhpunynid Gtu npybu pwquuljub
owbwlnipyut Uhongutp, puyg onininy pputp juytt Jhpwenipnit unnwgub bwb
punupwghwlwi nwppkp gnintpnid: Punupughwljuit nnpunid hwmnljuybu juyh
Yhpwnnid tu unnwugt) dhtth b dhypn suhtph UEU-utpp:

UfeU-utiph punupughwlwut jhpwndwb njnpup gun juyt k: putghg o’

e  whjunutgnipjul wywhnynud,

e thnnngubph, mpuwbuynpunwght ninhttph b wy] mupwsputph huljnid,

o wpuwlupg hpwyhfwfubpnd wwppip Jupnygubph Juowjwupnid (hpote
dwnwynipinil, thpjupup dwpwynipjnil, snwy oqunipjub Swnwjnipmnit b
wy), hpwyhdwlh oykpunhy quwhwnnd b wyjh,

e gmniquunbtnbunipnil,

e wuhknuiph pupwnbkquqpnud,

e ndJup hwuwubjh Juyptph ntunidbwuhpnipinii,

e shtwpwpnipnit b ohttwpupnipjut JEkpwhulnnnipntl,

e ohunipiniuubph Jhdwlh ntuntdiwuhpnipntl,

e quiguoéwyht jpunjudhengukp,

e lJuwuh wywhnynid,

e phntwthnpuwnpnidubp b wyhe
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UfU-ubkpp owbpwwnhy Yhpwyny Jupnn Lu wnbnbinipinit hwnnpnb] whpng
hpwyhdwljh dwuhti: BEU-ukph wju htwpwynpnipiniiibnhg thpluynidu ogunynid ku
nunhljutnipniup b wy] junwdupdw b kpwhulnnnipjut dwpdhubbpp:

UfU-utpp Jbpphtt dwdwbwlubpu juytt Yhpwenipmnit bt unwgh] twb
gniqunbnbuwui npnpunud: UU-ukph dhongny unbndynid kt nuonbph dogphwn
EEjupnuughtt  pwpwubqubpp, JEpwhuljynid b quwhwunynid  Eo junwpdws
gniquunbnbuwjut  wojpwwnwupttpp, hpwlwiwgul] wwppbp  ywbwlnipyut
Unthpnphtqutp, Ywbjowwnbuby pkppp, qutl]  Juuudws  jwd  Jupulus
hwwnjwsubpp b wyj:

Ljwpwhwinn UEU-u on E pwpdpwinud, swpdynid £ twjuopnp wmpjud
htwnwgény b hpwlwbwginid wnbknwuph tjwpwhwinid, wjunithtn Juyktep L
Juunupnd  Jkjuwupyh  Juypnud: Uppniupnmid - unwugdws npuljjuy tjuptbp
ogquuuugnpéynid ki tnwupplp mhuh ntuntdbwuhpnipinititiph hwdwn:

UfU-ubpp oguunuugnpdynid kit pwpunbqugpnipjut dke: UEU-ukph dhongny
Juunupws nruwmtluputphg unbnsynud tu nwpplp wbtuwlh nbknuuph &oqphun
pupunkqubp:

UfU-utipp btul ogunuugnpédynid tu nddwp hwuwukh tpjpupuwljut Juyptph
niuntdbwuhpnipjut hwdwp, htiswhuhp Et duyntpp b pwputidwyubpp:

Chuwpwpnipjut dudwbwl UEU-ukpp oquuugnpéynid Eu Jhpwhuljdwb b
nhunwpldut hwdwp: Zunjuybu ubksd dwupwnwph shttwipupuwlut
bpuwwwpwlubpnud, btpp woliwwnwbpubph  whpnypend  punggplynd o kS
wnwpwsdplbip b wyn wdkup JEkpwhuljbp ngdupuind t, dwubwgbntbpp ogunugnpénid
ku UU-ukp, npntig Uhgngny Jupnnutnid kbt wpwuq hwyntwpkpt) phpnipniutbpp:

Quiigudwyhtt jpuwnyudhongutipp UEU-ukpp oginuugnpénid ki jniuw bt Jhntin
ujupwhwunidutph hudwnp:

UfU-ubpp juyt jhpwunenid ki unnwgh] jhuntjupwhwidwt njnpunud:

13



Ukpljuynidu UEU-utkpt hpkug wnopju gnpéniubnipjut dke ki nignid dwngub)
wnwppbp dintwplunbpbp® qunubing npuig hwdwp fhpundw tnpwbnp npnpunukn:
Ujuybtu' Udunpwjhuynid 2013 pdwljuihtt  «Zookal» puljtpnipjniip  uljukg
oquuugnpst] UEU-ukpp, npybu wmwywgpulut gpptph wpwg wpwpdwt dhong:
Nwuhpuwwnnit punphhy hwwnil] Spwqph Jwpnn E hbkwnbk GEU-ht  objugu
wnwpplpwyny b unythul hpwdwb wnw) wpdwlbne pinp:

Zujuwunwinud wonuwsnt pnsnn uwppkph ninpup pudujuthtt Ephuniwuwpy L
L tnp L ujumd hp qupqugnidp: Pusybu wdpnne wolowphnid wyuwybu By
Zujuunwtnid wiju nnpinh qupqugnidp uljhqp £ wnk] nuquujut ninndusnipjudp:

Uju ninnnipjudp wnwehtipn uljul) kb wppumwnt) 22 Ntwuquwonuyhtt htutnpwininh
dwutwgbwntbpp, npnug dvh pwth wmwphtbph pbipwugpnid hwonnyt) b uwnbtnsdt) b
wpluowphhtt  Ukplujwugul] hwjuijut  dowldwt b wpunwgpnipjut wnweht
htwnwinyq UEU-ukpp: Fpwuighg wnwybk hwjnuh B «Ynniulp»-p b «Pugbr-u:

Ukplw thnynmud nupynud B wpjpwnwupttp unp mhuyh UEU-ubkph unbnsdwu
b npuitg nEjudupdwt hwdwljupgbph pupbjuddwt ninnnipjudp:

Zujuunwinmd ULU-utkph oquuugnpénidp punupwughwlwui njnpund nkn
pujuluihtt qupqugus sk TFpwbp,  hhdbwlwinid  oquwgnpéymd  El
tjupwhwiunidubph  ppwjwbwugdutt hwdwp  wwppkp wbhwwnbbph G
jpunyudhengubph Ynnuhg: Ujp byuwwnwlh bhwdwp oquugnpéynid L wjuuybu
YnsJws pnuyuntipubipp (snpu, yig yud nip owipdhs niitignng ny wkpnphttwdhl hpwung
uwpptp): Ujp vupptiph nEjudupnidp ppujutugynid L jhuwwydunndwwn nkdhuny:

Ukpjuynudu hwjuwunwinid juwiu dh pwth Juquulbpwynipjniuutp, npntp
qpunynud tu UEU-ukph nEjujupdwt hwdwlupgtph dowljdwdp b unbnsdwdp:
Zujnth k, np puttwplynn vwuppbph wewyt) jupbnp hwndwép pputg nEjudupdwi
hwdwlwpql E, np thwuwnwgh hwinhuwinud £ uwpph (nnpnwnh) «<ninbnp:

Zujnuh L, np Zwjuwunwinmd JEpghtt wwwphubtph puipwugpnid puduljuitht
qupgqugt) £ bS ninpup b nu httwpwynpnipinit £ tnwhu Gupwungpk), np onunny huy
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dwubwgbntbphtt Jhwennyh uwnbnst] UEU-ukph nhijwdupdwt  wpynibwdbn
hwdwlwnpgkp, npntp §ihukt dpgnibwy hwdwohpiwphughtt onijuynid:

dtpnuoyuy hwdwlupgbph unbnénudp htwpwynpnipmnit juuu UEU-ukph
owhwgnpénudp nupdul] wowdl] wdunwiug b dwwnskih, husp hp hbppht Jlupwth
npuwig wybkih punpp ubpppnudp b oguxwgnpénudp  punupughwlwbt  wnwppbkp
ninpunubpnid:

Zupyh wntbny 22 mwpwspmd pupdp (Entuwghtt gnnpubpnud ptwljuquypbpp
gnnipjntip b fwbwwwphwjht  gwugh nmt wpwbuwynpnh ny  puwdwpup
qupquguénipinil, phnubkp wbknuinjuny UEU-ukpp Jupnn b nibbbwp Jbs
wwhwbowpl (pnidoqunipinily, thnuwnwjht swnwynipniutbp, juwh theng):

Ntwp E ok, np UEU-ukph ninpnh qupqugnidp hp hknbihg, npytu pupowl,
wnwy L nnwunid munbtunipjutt b ghnnipjut dh oupp ninnnipjniuutph qupqugnidp
b wylt Zwjwunwth hwdwp Jupnn Eypuntuw) nbnbunipjut wéh juynit pununnhs:
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Different National
Economic and Market
Strategies



Main areas of applications
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* Precision Agriculture
 Environmental Applications
* Industrial Applications

* Civil engineering

* Disaster Relief

« Safety and Security
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The drone role In national
economy and market
combination



Erasmus+
The drone industry has been captured many markets and is already

being used in a variety of applications, most of them we have referred
previously:

v" Agriculture monitoring,

v" Disaster management,

v' Environmental monitoring,
v Wildlife mapping,

v Oil and gas exploration,

v' Thermal infrared power line surveys,
v' Aerial mapping,

v Law enforcement,

v' Weather monitoring,

v’ Television news coverage,
v’ Sporting events,

v' Moviemaking,

v Freight transport etc.
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Three types of drone market

e Consumer market
e Commercial market
e Governmental market



Erasmus+

The definition of Drone
market strategies and the
marketing strategy
Process



What is Marketing?

Erasmus+

“Marketing Is the human
activity directed at
satisfying human needs
and wants through an
exchange process.”

Philip Kotler




What I1s Marketing?

Erasmus+

“Marketing Is a social and managerial
process by which individuals and groups
obtain what they want and need through
creating, offering and exchanging products
of value with others.”

Philip Kotler



What I1s Marketing?

Erasmus+

“Marketing Is the process of planning and
executing the conception, pricing,
promotion, and distribution of ideas, goods,
services to create exchanges that satisfy
individual and organizational goals.”

American Marketing Association



What is Marketing?
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“Marketing Is the management process for
identifying, anticipating and satisfying
customer requirements profitably.”

The Chartered Institute of Marketing (CIM)



How to identify Marketing?

Erasmus+

Marketing it Is best identified using what are
called the 4 P's or a mix of marketing:
Product, Price, Promotion, and Place.




What do we market?

Erasmus+

“» Goods,

“» Services,

“» Events,

“* Experiences,

“» Personalities,

“*Places,

“+ Organizations,

“* Properties,

“* Information,

“»|Ideas and Concepts etc.
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Thanks for your attention!

speaker nominative
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What is a Marketing Plan and which
are the essential components of it?

Market research

. Target market

Positioning

. Competitive analysis

Market strategy
Budget
Metrics




What is a Marketing
Erasmus+ Strategy’)

» systematic futuristic thinking by
management,

» petter co-ordination of company efforts
ordination of company efforts,

» development of better performance
standards for control,

» sharpening of objectives and policies,

 petter prepare for sudden new
developments.




Which are the main steps of
Marketing Strategy Process?

Erasmus+

* Mission:

« Situation Analysis:

* Objectives.

« Strategy and Evaluation:
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The first step In strategic marketing is to articulate the
reason why the enterprise exists and how it can benefit
target consumers over the long term. In particular, this
mission statement is intended to anticipate the future and
describe an ongoing role for the organization's product,
service or expertise. For example, the mission of a drone
might be to provide continuing innovation in global aerial

system. %
e



Organizations conduct a situation analysis, also known as a
SWOT, to evaluate and prioritize their strengths,
weaknesses, opportunities and threats. This second step In
the strategic marketing process helps managers
understand the resources they can build on and the
challenges they face. Strengths and weaknesses are
Internal factors, under the firm's control. Opportunities and
threats arise from the external environment, like a strong
economy or new payroll tax.
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The third step In strategic marketing is to set marketing
objectives. These are clear, measurable goals that give
decisionmakers a basis for making choices and assessing
progress. Objectives are typically expressed in terms of one
or more guantitative targets like revenue, profit, sales or
market share. Importantly, each objective must be
achievable within a fixed period of time.



STRATEGY
&

Erasmus+

EVALUATION

The fourth step in strategic marketing is strategy
development. This involves selecting a target market, a
distinct group of consumers who are highly likely to buy the
company’s product. Planners must also choose
Implementation tactics, specifically, effective ways to use

the marketing mix tools of product, promotion,
distribution to reach and influence prospective
fifth step, evaluation, means specifying how, w

orice and
puyers. The

nen and by

whom these tactics are to be monitored and assessed over

time.



Why Marketing Strategy Is
necessary?
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While trying to build your own drone
marketing strategy it’s necessary to
pass through below mentioned steps:

Erasmus+

 Identify your target audience.
d Make a Good First Impression.

d What problems we are solving for our
customers?

d Meeting with our customers.

 Talk to your customers in their own
language.
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If you have right drone marketing strategy,
you can grow our influence - and, hopefully,
sales!
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2. Different National Economic and Market Strategies

2.1. The Drone Importance

Most common and simple definition of drone is: “Drone is any unmanned aircraft or ship that is
guided remotely”. These devices have become more popular in recent times and their application
increases rapidly in various fields. There is no doubt that drones are among the most advanced
devices in today’s aeronautics, electronics and robotics alike. Drones come in a wide range of
shapes, sizes, and with various functions. The massive majority of today’s models can be
launched by hand, and they can be controlled by remotes or from special ground cockpits. There
are even some models of drones which come in small sizes, have simplified construction and are
suitable even for kids because they are very easy to control. There are different variations in the
frame and construction of drones, but the essential components that every drone must have is a
waterproof motor frame, flight and motor controllers, motors, transmitter and receiver,
propellers, and batteries or any other source of energy. Drones are used in many areas, can be
helpful in numerous occasions and there is no end when it comes to their possibilities. Therefore,
the areas of applications are numerous today and there is the growing use of drones all around
the world.

Main areas of applications

Precision Agriculture: Precision agriculture is a farming management that observes, measures
and responds to inter and intra-field variability in crops. Its main goal is to help farmers to
optimize crop science by matching farming practices to crop needs, environmental protection by
minimizing the farming footprint, economics by increasing the competitiveness through better
practices and implementations. Precision agriculture measures different variables such as crop
yield, terrain features, organic matter content, moisture levels, nitrogen levels, PH and other. It is
considered to be a key component of new wave in modern agricultural revolutions and comes in
the form of satellite imagery, weather prediction, fertilizer application, crop health indicators.
Precision agriculture is a new step for farmers as it also requires recording the farming activities,
improving decision making process in agriculture, improving relationships with landlords and
increasing the quality of agricultural products. The use of mentioned competitive activities
created the understanding of prescriptive planting which is a type of farming system that requires
data-driven planting in order to maximize yield.

Precision agriculture is usually done in four sequential stages, as follows:

1. Data collection: Geolocating the necessary field helps the farmer to have information
gathered from analysis of soils, crops and soil resistivity. Delineation of the field can be
done either using an in-vehicle GPS receiver or on a basemap derived from aerial imagery.



2. Variables: Agricultural sphere covers number of variables that can be grouped into
permanent indicators and point indicators. These include variables about climatic
conditions, soils, cropping practices, weeds, disease, etc.

3. Strategies: Using soil maps, farmers have a possibility to implement two strategies which
are predictive approach (based on crop cycle static indicator analysis) and control approach
(information from static indicators is regularly updated during the crop cycle by sampling,
remote sensing, etc.).

4. Implementing practices: The implementation of precision agriculture includes the use of
technology on agricultural equipment such as sprayers, tractors and others.

During the last few years new technologies and techniques are continuously being employed to
turn the data collected into usable information and low-tech industries such as agriculture have
also become included into these changes. The new era in agricultural activities brought hand-
written notes and analysis of farmers into robotic data collection and analysis through modern
software, remote sensors and drones that are being created to improve yields and profitability in
line with the sustainability.

Drones today are able to provide farmers with three types of detailed views.

1. The view of the crop from the air can make noticeable things that cannot be seen easily
while using traditional methods.

2. Cameras can take multispectral images that help to create a view of crop to show the health
level which is unable for a naked eye.

3. Drones survey crops every week, every day or even every hour, is able to create time-series
animation, to take crop management into a higher level.

Drones will give agriculture to plan and make strategy on real-time data gathering and
processing. There are six general ways that drones can be used in agriculture:

1. Soil and field analysis: Drones can produce 3D maps for early soil analysis that can be
very useful at the start of the crop. After the planting phase is done, soil analysis
implemented by the drones delivers data for irrigation and nitrogen level.

2. Planting: Drones give an opportunity to shoot seeds and plant nutrients into the soil,
providing the plant and the soil the nutrients needed for healthy life.

3. Crop spraying: Drone adjusts the altitude as geography varies base on the technological
advances avoiding smashes. Having these characteristics drones are able to scan the ground
and spray the right amount of liquid on the plants. As a result farmers have higher
efficiency and lower consumption of chemicals and time.

4. Crop monitoring: Large fields make several obstacles for farmers as it with the size of the
fields it becomes more and more difficult to monitor the crops. These obstacles become
more dangerous with unpredictable weather conditions. Drones are able to help the farmers



to fight also these problems giving them an opportunity to have time-series animations and
unlimited photo-shoots for monitoring purposes.

Irrigation: Drones with appropriate sensors can give a chance to identify the parts of the
fields that need water or other improvements. These sensors also help to calculate the
vegetation index after the crop grows, showing the health and growth of the crop.

. Health assessment: Agriculture always struggles to provide healthy products to the

consumers so the assessment of health of agricultural products is of high importance level
for all the farmers. Drones are able to scan the crops using specific lights. The outcome can
be multispectral images that help to track changes in plants and indicate their health. A fast
alarm can be sent to the farmer if some diseases are discovered, so farmers can monitor the
sickness in a precise way. This will help the farmer to overcome the diseases in the field.

Drones encountered technical controversies in the past and it has its advantages and
disadvantages in the farm use which will be introduced below.

Pros

Cons

Analysis: Drones are good to be used for soil and field analysis that make available almost
all the information about them.

Ease of use: unlike traditional aircraft, the drones are easier and more understandable to
use.

Mapping: Drones make the survey of land and measurement of the area easier than
farmers traditionally do. So once the drones are optimized, they can make images or spray
fertilizers.

Prevents infestations: Drones are able to show the farmers the currency of any animal or
insect infestation which can save and increase the health of the field by ultrasonic waves.
Moisture monitoring: Farmlands are usually either drier or wetter than needed and drones
can help the farmers to detect both types of phenomenon in the fields that can help to save
the crops.

Reducing operational costs: Mainly labour costs are reduced by use of drones. Drones
can be seen as alternative manpower to the farmlands that assist the farmers in different
aspects.

Increase yields: Potentially finding yield limiting problems can help farmers increase
production and efficiencies to higher yields.

Flight time and range: Most of drones have short flight times averaging in 40 minutes
which can make limits for several things such as the acreage, the radius covered during on
flight, etc.

Initial cost of purchase: Drones constructed for agricultural use are costlier as they are
equipped with the necessary equipment and software.



= Laws: The use of drones for agricultural purposes is considered as commercial use of
drones so the farmers need to have a remote pilot certificate or hire an operator to drive the
drone.

= Connectivity: Most of the farmlands worldwide have little online coverage if any which
means that farmers using drones have to either invest in connectivity or buy a drone
capable to store data locally in order to process it later.

= Weather dependent: If it is very windy or rainy outside it may not be possible to fly the
drones.

= Safety concerns: Drones can create problems if not flown properly hitting people or
vehicles.

= Time commitment: it takes more time than most expect from someone who has passed
their drones systems test.

Drones have a growing role in agriculture assisting farmers to visualize their crops across their
farmlands. Farmers usually have an increase in ROI after they start using drones. Drones help to
save time and crops and to avoid losses from infestation and weather changes. It is expected by
different scholars and companies that precision agriculture will fundamentally change
agribusiness transforming almost everything in the value chain. Global Market Insights in its turn
forecasts that the market size of drones specialized for agriculture will reach $1 billion having
around 200000 units by 2024. Farmers just need to realize that drones are the ticket to financial
success and a better place to live.

Environmental Applications: One of the greatest problems that the world is facing today is that
of environmental pollution, increasing with every passing year and causing critical and
irreparable harm to the Earth. One of Environmental pollution basic types is the air pollution,
which is the most harmful form of pollution in our Environment. It is caused by the damaging
smoke emitted by vehicles and factories. Evidence of increasing air pollution is seen in various
breathing problems and diseases along with severe and irreparable harm to flora and fauna. Even
the most natural phenomenon of migratory birds has been laden, with severe air pollution
preventing them from reaching their seasonal metropolitan destinations of centuries. Today many
companies from different parts of the world are trying to decrease this phenomenon by reducing
their environmental footprint. The industry of drones is an inseparable part of this worldwide
project and tries to find environmentally friendly solutions to the current issues. Drones help to
not only decrease air pollution levels, which are harmful especially for people life, but also make
the lifestyle of each of us easier and more comfortable.

At first sight it is a little bit difficult to imagine how important the drones can be in
environmental protection processes, as when we think of drones, most often we think them to be
used for military purposes. Despite its common association with the military, drones are
increasingly being used to sustain and improve the environment and already have a special
mission: saving the Planet.



The enrolment of drones in protecting and conserving the Environment helps to gather accurate
and timely information in a non-harmful way. Drone technology suits a numerous environmental
protection applications - offering quick, easy and cost-effective aerial imagery. In the scope of
Environmental protection there are many reasons why professionals such as environmental
engineers and scientific researchers are increasingly using drones. The area of drone use may
start from glacial feature modelling and erosion monitoring to animal counting and species
identification. The list of projects that drones are being used for is long and continues to grow.
Here are some of them which should be discussed in the scope of Environmental Applications of
Drones.

1. Sustaining sustainable energy: One of the areas we are most likely to find drones at work
these days are on solar farms. Solar farms can cover anything from one to one hundred
acres and maintaining them manually can be both impractical and dangerous, especially as
engineers often want to inspect panels for defects when the sun is at its most powerful. As
the solar electricity plants are larger, bigger and beyond the kind of scale that humans can
handle the scientists have created thermal imaging cameras which provide an aerial
overview to pin-point panels that might be damaged, covered in dust or obscured by
invasive vegetation. Engineers then process this information and return to these specific
locations to fix the panels at convenient times, making for more efficient maintenance.
Drone inspections are keeping large-scale solar energy projects running around the world
and mapping capabilities are assisting solar companies in the planning and building of
solar farms.

2. A mission on emissions: Protecting the Environment by mapping industrial emissions has
its important role in drone industry. When we think of mapping it is often in relation to real
estate or agriculture: developing an in-depth view of an area that can be used for planning
and modelling. But one start-up in Finland called Aeromon (http://www.aeromon.fi/) is
able to detect, measure and visualize more than 70 different industrial emissions and map
air quality over large areas. With their solutions you can have automatic reporting of our
emissions with a 360 degree view. In the past, these emissions might have gone undetected
because emissions sensors at ground level or higher altitudes would have missed them, but
the flexibility of Drones means the data provided gives authorities more power when it
comes to enforcing emissions legislation. With emission targets being set around the world
in a bid to slow down global warming, it is easy to see how technology like this can help
governments and authorities keep factories and fossil fuel companies in check. As says the
Aeromon team “Emissions are complicated. They may be undetectable, but their damage
is real.”

3. Environmental conservation projects: As well as being environmentally friendly in
terms of performance, drones can help in the application of environmental research
projects and wildlife preservation. Their agility and compact size mean they can be quickly
deployed to monitor hard to reach areas with minimal impact. This makes them ideal for
environmental observation projects from monitoring and mapping natural landscapes to



http://www.aeromon.fi/

Pros

tracking animal migration patterns. Small and light electric-powered drones, especially
fixed-wing aircraft, make little noise and are often bird-shaped, meaning animals on the
ground are rarely disturbed by these tools, if they notice them at all. Equipped with infrared
cameras, drones are being trialled in hot and remote locations, to detect leaks in
underground water pipes in the desert.

Environmentally friendly: The big advantage of using a drone in the sphere of protecting
Environment is that they are doing their missions causing minimal disturbance to the
surrounding environment and wildlife. In comparison to other aerial vehicles the drones
have the smallest motors which help to have as fewer emissions as possible. Most drones
do not operate using fossil fuels meaning that they do not produce the high levels of CO2
associated with planes and helicopters which makes them a more environmentally friendly
alternative for aerial works.

Flexible: Another valuable advantage of drones is that they have an ability to reach areas
that were before too hard to access for conservationists and environmental researchers,
while also generating minimal disturbance to the surrounding wildlife and environment,
make drones a powerful tool that can give researchers the freedom to gather information
like never before.

Safety: One of the large benefits of using a drone over alternative methods is the added
safety value they can provide. People who work in remote or more dangerous locations do
not have to be put in harms way if they have to do aerial surveys over parts of the jungle,
or, f.e., in the Arctic. Also we can mention that the launching a drone requires a minimal
amount of workers which is also a good benefit for it.

Non-noisy: One of the added bonuses is that the drones make minimal noise while they
realize their missions. This means that the wildlife and surrounding nature can be
monitored undisturbed, which is very important thing while we do some researches in in
wildlife.

Small sizes: Mostly the drones are lightweight, low-cost, require little in the way of
infrastructure and, crucially, use little or no fuel, as we already know. All these mentioned
factors are considered to be pros for drones.

Drones for environmental monitoring: Photographers and videographers have started to
use drones to produce stunning images of wildlife that would be very hard or expensive to
obtain otherwise. Drones can be used to perform environmental science as well. Often,
scientists want to monitor one particular area for a period of time in order to track changes.
For example, a buoy could listen for whales in a particular region. A robot could fly out to
get that data, which then could be used to establish safe shipping lanes. A robot would be
able to repeatedly see what’s going on with a population or a microhabitat. Scientists
probably don’t have funding to send people out every day but they still could get really
good readings.



= Overall Conservation: Drones can be used to track animals, particularly dangerous
animals, without putting anyone at risk. They can also be used to watch for poachers and
trespassers, increasing security in areas where there is simply too much ground to cover.
Additionally, drones can be used to provide aid when natural disasters strike. Whether it is
to comb an area after an earthquake or flood to look for survivors, or fighting fires by
delivering payloads, drones are a powerful tool in the fight to keep wildlife, and wild areas,
safe.

= Brand new technology: Drones are allowing people to ask questions and look at things
that they may not have been able to look at before!

Cons

When we try to speak about the negative impact of using a drone to the Environment, it is
difficult to make a list and mention disadvantages, because the drone has a high level of
conservative effect and almost completely has positive impact on our Planet.

In base of the above mentioned information we have already imagined the connection between
the drones and the Environment, and found out that causing minimal disturbance to the
surrounding environment and wildlife, the drones in the air can perform surveys, collect data and
imagery, monitor wildlife and varying landscapes and even track or count animal populations.
We have explored that drones — being a brand new technology hold a wide variety of advantages
to those looking to aid in the protection and conservation of the environment and its wildlife.
Drones most crucial advantages are that they are timely, efficient and cost-effective due to which
now many conservationists and environmental researchers are aimed to enlarge the drones using
spheres protecting our planet and making it to be more conservative. The drones have all the
potential to become more widely available across the whole spectrum of environmental
monitoring in near future and they will!

Industrial Applications: In the beginning people were looking at drones as just another way to
get pretty pictures or video, but now these people are starting to realize that these have an
immense power for doing research from perspectives that we never thought we could get. The
innovation of an industrial drone is to monitor regions or terrains inside or outside a
manufacturing plant which generally cannot be studied by human workers, either due to their
dangerous setting or inaccessibility due to size or Environment. Factories, refineries, power
grids, wastewater treatment, mines and other similar industrial sites are complex systems
requiring inspection and maintenance for optimal operation and regulatory compliance. On site
inspection by human workers can be time consuming and in explosive environments, next to
impossible unless some complex computer systems are used. Industrial drones can operate under
complex circumstances such as these and enter even the most challenging terrains and
environments and carry out the operation it was designed for without so much as a scratch. From
this it is clear that drones are the next generation in low-cost industrial sensors and mobile
platforms in the interconnected web.



The growth of drone industrial application can be seen in its use in various industries, such as:

1. Energy and Utilities: Part of making our electrical grid smart is getting access to real-time
information on the status of power generation and transmission infrastructure. Utilities
have already tested drones for inspecting transmission and distribution lines, looking for
damage from storms and normal wear and tear. These tests have been run under temporary
rules from the Federal Aviation Administration and utility companies are now ready to
further demonstrate the value of drones. Imagine a utility that had a drone in every single
line worker’s truck. Workers could perform inspections without having to climb power
poles or get close to dangerous wires. Drones can also inspect hundreds of miles of
transmission lines in single flight - much faster than the traditional line worker having to
climb several transmission poles.

2. Oil and Gas: Drones are increasingly being used by the Oil and Gas industry for their
monitoring and inspection operations. They are being used today to detect gas leaks, spot
fugitive oil spills and even scout for whales. They can be used on any part of the platform
where inspections typically require rope access or scaffolding. Today drones are
predominantly used in the midstream oil and gas sector. But they can also be applied to
almost every aspect of the industry, including land surveying and mapping, well and
pipeline inspections, and for security purposes. The key benefits are that they are much
safer, faster and cheaper than conventional inspection techniques such as rope access and
scaffolding. The use of drones means that oil platforms do not have to shut down for
inspections. This is a huge cost benefit as shutdowns cost oil companies millions of dollars
in lost revenue a day.

3. Mining: Anyone involved in mining knows that worker safety is of paramount importance.
By allowing surveyors to collect accurate spatial data from above, drone can vastly reduce
risk by minimising the time these staff spend on site. Drone-based data collection can also
increase productivity; surveying projects that once took days or weeks using traditional
surveying techniques are now possible in just a few hours. Drones provide an efficient way
to manage stockpiles and help with grading control, site exploration, and overall
management. Drones can also help miners figure out more efficient ways to design haul
roads, dumps, and pits so they have less of an impact on the environment. Drones can
improve safety in mining applications with real-time information on mining activities:

- Up-to-date surface surveys for optimized blast designs,
- Rapid pre- and post-blast data,
- Identification of misfire and wall damage.

4. Construction: Here bellow are mentioned some reasons why construction firms want to
use drones in their activities:
- Drones are less expensive than manned aircraft. They are easier to operate and collect
more data in comparison to alternative aerial vehicles.



- Drones can be used to survey the construction site and send information back. This
usually takes a long time and requires use of various equipment and personnel. Drones
are cheaper and they are more accurate in terms of data gathering.

- Companies can use drones to provide client updates. If they are unable to personally
inspect the site, companies can send some images and videos and show details of the
construction progress.

- Drones are also ideal for monitoring the site. Rather than invest in loads of expensive
manpower and equipment, a construction company can purchase a few drones and have
them scan the area and collect information.

5. Agriculture: Drones a natural fit with the world of agriculture, where farmers can benefit
from real time information about large tracts of land. Drones can help track almost
everything including water use, crop health, heat signatures and soil analysis. Expensive
aerial surveillances that could previously only be done occasionally with planes can now
be completed weekly or even daily with drones that cost only hundreds of dollars.
Agricultural uses for drones include: remote moisture sensing to identify which parts of a
field are dry or need improvements, precision agriculture like mid-field weed
identification, frost mitigation, variable-rate fertilization dispersal etc.

The mentioned areas do not include the final list, the industrial application of drone is larger
concept and includes more spheres. But, actually the above-mentioned information goes to show
how important drones are. From being used by the military, they quickly found a market for fun
and recreational use. The coming the 4™ industrial revolution will alter how people and
companies interact, work and play. With the rise of the digital age, drones will change the way
farmers grow crops just as it is going to revolutionize the way mining firms assess their projects.
From construction, scientific research, commerce, entertainment, drones will play a significant
role in near future. With cost going down, a drone has become a worthwhile investment in
growing number of industrial sectors.

Civil engineering: Civil engineering is a professional engineering discipline that deals with the
design, construction and maintenance of the physical and naturally built environment, including
works like roads, bridges, canals, dams and buildings. Civil engineering is traditionally broken
into a number of sub-disciplines. It is the second-oldest engineering discipline after military
engineering and it is defined to distinguish non-military engineering from military engineering.
Civil engineering takes place in the public sector from municipal through to national
governments and in the private sector from individual homeowners through to international
companies.

The horizontal nature of civil engineering lends to some practical and creative uses of drones in
the industry. From planning to final construction, nearly every stage of the engineering process

can benefit with the help of drones. In fact, drones are now widely being used in the engineering
and constructions fields. Many firms are using drones to evaluate the exterior conditions of their



client’s facilities, such as the roof and other hard to get to locations. That can mean more
accurate inspections with less worry over a worker falling from a ladder during the inspection.
Drones are even being used during the construction and installation portion of projects. Drones
provide better resolution when it comes to photos and video, while reducing the cost to a firm.
That is a big advantage and savings over previous technologies such as satellite and other aerial
resources.

Civil engineers are using drones to perform 2D and 3D mapping projects. This is achieved using
laser scanning devices and can help engineers construct virtual representations of real-world
projects — assisting engineers in the planning and development stages of their most difficult
projects. Drones in civil engineering can be used for aerial mapping, LiIDAR scanning, pipeline
surveying, aerial photography, etc.

1. Aerial mapping: More and more companies are using drones for surveys and mapping.
For instance, DroneDeploy users have mapped over 10 million acres, which generated an
estimated $150 million for the commercial drone industry. Here below are mentioned some
benefits of using drones for surveying and mapping.

- Ease of Deployment. Drones are capable of completing survey jobs in less than half the
time of a traditional survey methods. Surveys that once took weeks to complete, can
now be done in less than a few days. This allows for surveyors to complete more
projects in less time.

- Reduced Risk. Using UAS for data collection reduces the need for workers to enter
potentially hazardous areas. The small, portable size of drones make them ideal for
collecting data in a variety of different environments like roadways and steep terrain.

- Detailed Data. Drones equipped with imaging software make it easy to turn images into
a wide variety of georeferenced 2D maps and 3D models for surveying, city modeling,
large-scale mapping, urban planning, cadaster and more.

2. LIDAR scanning: LIDAR is a laser-based remote sensing technology and stands for light
detection and ranging. It is a technology widely used in the domain of geographical
information system (GIS) for surveying and mapping different kind of natural resources
and infrastructures. As a matter of fact the LIDAR technology is being used in numerous
scientific fields, related to geomatics, which are relying on high accuracy definition of
terrestrial three-dimensional points position. This includes to combine these data with an
extremely precise and faithful calculation of the distances and angles between them.
LiDAR scanning drones are well known and often chosen for their ability of producing
high-resolution maps for a broad range of activities like remote sensing, atmospheric
sensing, geomatics, geography, geomorphology, archaeology, forestry, contour mapping,
laser altimetry, geographic informatics, etc.

3. Pipeline surveying: Building an oil and gas pipeline project is a major challenge for any
organization to undertake. When it comes to building a successful pipeline, the costs and
time requirements are high and the margin for error must be minimized. As a result, if
organizations hope to complete a successful pipeline development project with no major
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interruptions and minimal unforeseen costs, it is essential that they take advantage of the

most advanced technologies available to them to collect as much data up front as possible.

One example of a technology that can help organizations experience better results with

their pipeline projects is the drones. The benefits of drones for the land surveying portion

of a pipeline project are numerous.

The most important benefits of using drones for pipeline surveying are:

- Completing large surveys with a high degree of accuracy: One of the chief
challenges of pipeline projects is the total amount of distance they must cover and
nowhere is this challenge felt more than in the land surveying stage of the project. Of
course, pipeline projects require a high degree of detail and accuracy, but organizations
need a way to ensure that getting this accuracy does not slow down the project too
much. Some drones can cover miles of linear coverage per day, meaning that they can
fly the large distances required by pipeline projects much faster than traditional
surveyors traversing the land. At the same time, drones can fly close to the ground while
using high-resolution image capturing technology that offers up detail as fine as one
centimeter per pixel. Drones truly offer the best of both worlds when it comes to
covering long distances and providing high levels of accuracy. By bypassing difficult
terrain altogether, drones allow a land surveyor to gather all of the information they
might need without actually having to put people on the ground. Instead, surveyors can
operate the drones from a position of complete safety. Additionally, the amount of data
that is collected is exponentially more than that collected by traditional crews.

- Turning around survey results quickly: Another important goal for land surveyors
should be to complete their work as quickly as possible so that the pipeline can begin
construction. However, this can’t take place if the results of the land survey require
weeks or even months of processing time before they can be used. Working with a team
of experienced drone operators is not just a great way to speed up the actual data
collection process; such an operator can also begin processing and analyzing that data
immediately after it is captured. As a result, land surveying results captured by drones
are often processed and available for use within 24 -48 hours of when they were
originally captured. This extremely fast turnaround enables organizations to start
building their pipelines quicker, which in turn enables them to start experiencing returns
quicker.

- Sharing the data with key contractors and stakeholders: Collecting massive
amounts of data is pointless unless decision makers have a way to access the
information easily and extract what they need. Key divisions/subcontractors that should
receive access to drones data at the earliest possible stages include: surveyors (internal
use), engineering, environmental, land / right of way, project managers and any other
companies (such as construction) who are authorized to view and bid on the upcoming
project. Sharing this data will ensure that everyone is on the same page and that bids are
much more accurate since the most recent conditions along the route are available for
analysis.



4. Aerial photography: Aerial photography is one of the best ways to monitor a construction
site, a building, civil engineering projects, a work of art, etc. An aerial overview with
drones will be a great help for the project managers in order to, among others:

- study the site before the operations start

- monitor and control the evolution of the activities and proceedings
- present an overview of a site

- check the quality of the work

- follow the deadlines in relation with the work progress

- monitor the compliance of the works with the specifications

- promote their know-how, skills and knowledge for future projects
- bring out and underscore the quality of the work.

High technology, precision, adaptability, endurance and robustness are some of the numerous
Drone qualities explaining why these devices are so needed for improving working quality on the
demanding sectors of architecture and civil engineering.

Disaster Relief: Disaster relief (or emergency management) refers to the process of responding
to a terrible situation, providing humanitarian aid to persons and communities who have suffered
from some form of disaster. It involves dealing with and avoiding risks and preparing, supporting
and rebuilding society when natural or human-made disasters occur. Natural and man-made
disasters destroy environments, often making conditions so difficult that relief workers are
unable to access areas and provide assistance. Drones have the ability to take on roles where
relief workers and manned vehicles fall short.

1. Hazardous Chemical Spills: Dangerous or nuclear chemicals can leak into the
environment for various reasons. Some causes include factory or power plant malfunctions,
spills during transportation or even terrorist attacks. In these and similar instances,
measuring the damage and providing relief must be swift and effective. These events,
known as CBRNE events (chemical, biological, radiological, nuclear or explosive) make
for unsafe conditions, not only for the people exposed to the hazardous materials in nearby
areas, but also for relief workers.

2. The Need for Mapping: Areas that are prone to large-scale disasters such as earthquakes
and flooding benefit greatly from visual imaging and 3D mapping. Manned aircraft are
often too expensive to use, satellite mapping does not meet high-resolution needs, and both
take too much time during emergency situations. The use of drones to map disaster areas
provides greater advantages in costs and in rapid response times when compared to
traditional methods. Drones can be deployed quickly, generate high-resolution and 3D
mapping, identify hotspot areas that have sustained the most damage and upload the data in
real time to coordinate relief efforts.

3. Assessing Structural Damage: Relief workers often find it difficult and dangerous to
assess structural damage from natural disasters. They often encounter buildings that are on
the verge of collapsing, potential explosions due to chemical leaks and places that are hard
to access such as tunnels and bridges. After an F-5 tornado in Wichita, Kansas, drones
were used to identify infrastructure that was critically damaged. Equipped with “sniffers”



to detect high levels of methane, they were able to locate broken gas lines. Workers then
shut down the lines and fixed the breaches before an explosion could occur.

4. Delivering Emergency Infrastructures and Supplies: Often after natural disasters or
terrorist attacks, infrastructure supply lines are cut and disabled. When roads, bridges,
communication cables and gas and water lines are compromised, the safety of residents in
the area is also compromised. To mitigate suffering and further damage, rescue teams can
utilize drones to support infrastructures, deliver supplies and establish communication. In
areas that are nearly impossible to reach, drones can deliver supplies such as water and
food to those in need, eliminating the risks of placing human-operated aircraft in harm’s
way. AWACS, or airborne warning and control systems, allow for temporary
establishment of Wi-Fi and cellphone access to environments without power lines or
functioning cell towers.

5. Extinguishing Wildfires: Drones can eliminate the risks that pilots face and can increase
the effectiveness of battling fires. Unmanned aircraft are able to fly in low visibility and
can drop fire retardants more accurately and safely. Bigger drones can transport people and
supplies, while large numbers of smaller drones can be deployed to provide greater
situational awareness. Drones that are outfitted with communication systems have the
added benefit of being able to sustain contact between the command center and firefighters
on the ground. For these reasons and beyond, drones are being used more often in
emergency and disaster response situations. This forward-thinking unmanned technology
has vast potential. It is already proving its ability to save lives and prevent damage in dire
situations.

Safety and Security: Day by day drones are becoming increasingly more commonplace in the
Globe, from aerial photography to assisting search and rescue operations, drones can be put to a
variety of beneficial uses. However, the use of drones also carries concerns relating to both
safety and security. The idea of having drones in the national airspace raises serious safety
concerns for nearly the entire spectrum of society, which ranges from government facilities and
aviation authorities to regular individuals. The safety concerns that have caused to limit the use
of commercial drones, including only granting a few permissions on a case-by-case basis, are
primarily related to the capabilities of a drone, the potential for accidents and the possibility of
privacy rights becoming an issue. According to the “Washington Post,” more than 400 U.S.
military drones have fallen out of the sky since 2001. Drones are not just harmless toys — even
some high-end consumer models reach speeds of around 80 km/h, which is very fast for a
remote-controlled piece of ballistic metal and carbon fibre. While a car may be larger and travel
faster, the big difference is that the drone pilot is not personally at physical risk in the case of a
collision, and may therefore put the drone into situations that are extremely dangerous in search
of that perfect YouTube footage — such as the flight path of an aircraft (
https://www.refund.me/drones-much-safety-risk/).

Drones are already more widely used in the security industry. Whilst much attention is being given
in the media to countering the threat posed by drones should they stray too close to sensitive sites
like airports, whether by accident or design, on the other side of the coin drones have proven that
they can have a positive impact. The performance of these systems, with the added dimension they
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bring in terms of situational awareness via high definition cameras and even thermal imaging, and
in-use economics compared to other aerial solutions like helicopters, means that investment in
such assets by the emergency services as well as security professionals is really taking off. What
about the Security Requirements they exist in order to protect the confidentiality and integrity of
a drone’s acquired and communicated information and to ensure its ability to adhere to its
operational requirements. Securing the information of the system refers to protecting it from
disclosure, disruption, modification, and destruction.

For a secure drone operation, let’s identify the following security requirements:

Authorized access: The drones must provide means to ensure that only authorized operators
are granted access to its resources including both the ground control station and the aircraft.
Availability: All the elements of the drones should be guaranteed to perform their required
functions under defined spatial and temporal circumstances such that the system sustains its
availability without disruption during its operational period. For instance, the drone must
adopt measures such as anomaly-based intrusion detection systems to distinguish normal
communications from those resulting from denial-of-service attacks.

Information confidentiality: The drones should employ mechanisms to mitigate
unauthorized disclosure of the telemetric and control information.

Information integrity: The drones should be able to ensure that the telemetric information
and the GPS and control signals are genuine and have not been intentionally or
unintentionally altered. Authenticated encryption cryptographic primitives may be used to
ensure both the integrity and confidentiality of such information.

System integrity: The drones should be able to guarantee the authenticity of its software
and hardware components. Techniques from trusted computing such as memory curtaining,
sealed storage, and remote attestation can be used to ensure the authenticity of the system’s
firmware and sensitive data. The deployment of intrusion detection systems, antivirus
software, firewalls, and strict policies regarding the use of external storage media can aid in
the detection and prevention of malware.

Accountability of actions: The drones should employ mechanisms that enforce non-
repudiation to ensure that operators are held responsible for their actions. Digital signature
algorithms may be used to both authenticate the operators and to bind them to an issued
action. Moreover, logging procedures that are used to chronologically track the sequence of
actions and changes in the system should be implemented.

Some solutions of drone for safety and security:

1.

Better visibility. Drones help to minimise unwanted surprises, provide useful insights and
help emergency personnel stay out of harm’s way.

. Multifunctional design. Drones adapt to the demands of the situation at hand faster and

easier than ever before with the click and go payload system.

. Easy to deploy. Drones deploy in a matter of seconds of arriving on scene, to respond faster

and minimise the danger to those in need of assistance.

. Real-time awareness. Equipped with infrared and VOC sensors, drones detect individuals

and radiation that would otherwise go unseen.



Different functions of drones for safety and security

1. Saving lives (drone-assisted rescues for coast guards).

Faster response: Drones can be deployed in a matter of seconds and minimise the danger to
those in need of rescuing.

Optimised visibility: Drones improve a coast guard’s overall visibility of an expansive sea
to locate vulnerable persons faster.

Thermal detection: Drones are equiped with thermal sensors to maximise the operator’s
ability to quickly spot individuals lost at sea.

2. Accident mapping (a safe, affordable and reliable method of documenting crashes).
Faster documentation: Drones can help to document car accidents much faster, lowering the
risk of further accidents happening to police and passersby.

Accurate evidenc: Drones easily document crash sites by collecting measurable and reliable
data to determine the cause of the incident.

Less invasive: Drones easily deploy kilometers away from the scene to reach hard to access
areas while reducing the level of disruption to traffic.

3. Surveillance (monitor subjects of interest without risk).
30x zoom: Drones are equiped with 30x zoom cameras to effortlessly spot subjects of interest
from a great distance.

Less sound pollution: Deploy drones to be more difficult to detect by suspects than manned
helicopters.

Thermal IR vision: Drones track individuals that blend into their surroundings or are active
at night by utilising infrared sensors.

Stream & record: Drones can simultaneously record both the visual and thermal video
streams.

4. Helps to be aware of invisible threats (protect yourself from gas and radiation leaks).
Gas monitors: Drones can monitor hazardous materials like toxic and combustible gases,
VVOCs and oxygen levels from a safe distance.

Radiation monitors: Drones can detect gamma radiation levels from afar with parts per
billion precision.

5. Helps to stay safe and alert (livestreaming capabilities ensure you are well informed).
Real time analytic: Drones can help to stay protected from unexpected and unseen dangers
with augmented livestream video. Whether it’s thermal detection, or tracking a subject of
interest.

6. Drones are built to perform in any environment (drones guarantee your mission’s
success in every environment).

Are for all weather performance: The fuselage effectively shields the components inside
against heavy rain and dust intrusion to ensure reliable operations.
Are capable of flying in wind speeds of 14 m/s and tested in both the harsh cold of the arctic
and blistering heat of the desert to ensure it will perform in any environment.
All these mentioned points are important while using a drone. If we maintain our safety procedures,
maintenance and best practices nobody is saying we will never have an incident, but we are
definitely minimizing our risk and getting much better odds!



In addition these main areas of application, drones are also used in engineering,
construction and pre-construction work, aviation, maritime, marketing, real estate (both
residential and commercial), insurance, utilities, mining, meteorology, education, and
more. Today, many government agencies, private companies, and other institutions have

their private drones.



2.2. The drone role in national economy and market combination

Drones are economic instruments used by businesses in the 21% century to promote the
effectiveness and productivity of their business while reducing the cost of production. It is an
innovative way by businesses to position themselves in the today’s dynamic markets. The
economic impacts of drones are powerful and cannot be ignored both in developed nations and in
the third world countries. Drone technology therefore has both direct and indirect impact to
business ventures and the nation at large.

The combination of greater flexibility, lower capital and lower operating costs could allow drones
to give benefits to the economy in a whole by points of view of infrastructure management,
farming, oil and gas exploration etc. The present-day unmanned vehicles have a more responsible
approach to certain airspace operations from an environmental, ecological and human risk
perspective, have longer operational duration and require less maintenance than earlier models and
are more fuel-efficient. All these benefits show that proper utility of the drone technology could
lead to great economic growth to individual sectors and the nation as a whole.

The integration of drones into the National Airspace System has been greatly increased in past few
years. The growth of this phenomenon day by day increases the importance of drones both in
economy and market. Here we have some benefits or positive sides of the integration of drones in
national economy, from which should be mentioned, for example, that the integration of drones
into the National Airspace System will create many manufacturing and non-manufacturing jobs in
near future, the manufacturing jobs are forecasted to be high paying or the increasing role of drone
integration is going to open new windows for economy growth.

The drone industry has been captured many markets and is already being used in a variety of
applications, most of them we have referred previously:

Agriculture monitoring,
Disaster management,
Environmental monitoring,
Wildlife mapping,
Oil and gas exploration,
Thermal infrared power line surveys,
Aerial mapping,
Law enforcement,
Weather monitoring,

. Television news coverage,

. Sporting events,

. Moviemaking,

. Freight transport etc.
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By combining all above mentioned applications in which the drone can be used, we can separate
three types of drone market in total:

1. Consumer market: By saying consumer drones we mean an unmanned aerial vehicle
designed for the mass market. In other words consumer drone also calls personal drone or
hobby drone. Consumer drones are used in a wide variety of endeavors including:
= Search and rescue,
= Surveillance,
= Traffic monitoring,
= Weather monitoring,
= Geographical mapping,
= Agriculture and firefighting.

Besides the simple entertainment factor of remote-controlled vehicles, consumer drones
have in the past most often been used for video photography, as these devices were able to
achieve vantage points that were difficult or impossible to access otherwise. Potential
applications for commercial drones include home security, child monitoring and the
creation of virtual tours, among a great number of other possibilities. Programmable drones
are expected to create a further market for specialized mobile apps.

2. Commercial market: Commercial drone use is any use of a drone which is connected to a
business. This means that commercial drone use applies to any use of a drone from which
we hope to profit. Commercial drone use can cover a wide variety of activities. In general,
the term refers to any activity with a drone that provides:
= Profit through the sale of photos or videos,
= Provision of any kind of service, or
= Monitoring the progress of a business project.

Here bellow is mentioned a list of some specific activities that constitute the commercial use
of drones:

= Wedding photography or videography,

= Land surveying,

= Utilities inspection,

= *Deliveries,

= Pest control etc.

* Here especially we would like to speak about the deliveries through drones, as this point
has a big potential to bring enormous economic impact in near future. There are already
some companies which use drone as a way to deliver food, medical help, different products
etc. Drone delivery offers tremendous benefits in the form of cheaper, faster shipping. This
could accelerate the growth of online retail sales as free and fast shipping are the most
enticing factors drawing consumers to shop online more often. This branch is highly
developing one and promises to have big impact to the economy of the world in a whole.



3. Governmental market: In this market are included drones which are used by governments
for military or other purposes.

As we understood the economic benefits of drones to the country are enormous. Day by day the
diversity of the drone types grows and opens new possibilities to the countries for growing and
enlarging their national economies. The role of drones is becoming more and more important for
any kind of applications in which the drone can be used as its first of all decreases the level of
danger for human, which is the most important resource for every country!



2.3. The definition of Drone market strategies and the marketing strategy
process

What is Marketing?

Before the definition of Market Strategies let’s understand what does the Marketing mean itself.
By saying Marketing we understand a market activity directed to the satisfying of our customers’
needs and wants, and to the gaining of more new customers. There are many definitions of
Marketing; some of them are listed below:

“Marketing is the human activity directed at satisfying human needs and wants through
an exchange process.”

- “Marketing is a social and managerial process by which individuals and groups obtain
what they want and need through creating, offering and exchanging products of value with

others.”
Philip Kotler

- “Marketing is the process of planning and executing the conception, pricing, promaotion,
and distribution of ideas, goods, services to create exchanges that satisfy individual and
organizational goals.”

American Marketing Association

- “Marketing is the management process for identifying, anticipating and satisfying
customer requirements profitably.”

The Chartered Institute of Marketing (C1M)

Marketing is building your brand, convincing people that your brand (meaning your
product/service/company) is the best and protecting the relationships you build with your
customers. Marketing is a way to connect what products and services you have to offer with
customers who want and need such products and services. It is multi-faceted, starting with
researching your target market and how best to deliver the message to coming up with a plan to
execute your promotion via various marketing media. The goal is to develop a strategy to create,
price and distribute your products and services for an exchange that will satisfy both your and
your customers’ objectives. It is an ever evolving process — always evaluating that your message
still meets the needs and wants of your market. Marketing is traditionally the means by which
an organization communicates to, connects with, and engages its target audience to convey the
value of and ultimately sell its products and services. However, since the emergence of digital
media, in particular social media and technology innovations, it has increasingly become more
about companies building deeper, more meaningful and lasting relationships with the people that



they want to buy their products and services. The ever-increasingly fragmented world of media
complicates marketers’ ability connect and, at the same, time presents incredible opportunity to
forge new territory. The key word in this marketing definition is "process™; marketing involves
researching, promoting, selling, and distributing your products or services.

How to identify Marketing?

Marketing it is best identified using what are called the 4 P's or a mix of marketing: Product,
Price, Promotion, and Place.

Starting with products, companies have many procedures they must undertake to ensure
their products are ready for selling. The first stage is called the "ideation stage™ where the
idea for the product is conceived. Then, marketing departments usually test new product
concepts with focus groups and surveys to ascertain interest levels among potential buyers.
If the interest level is high, marketers may then sell products on a limited basis to track
sales. If product sales are high, products are then rolled out on a national level. Before
products go to the market, companies must decide what styles, sizes, flavors, and scents
they should sell and the packaging designs they should use. Consumers have much input
in these decisions.

Price is also tested through focus groups and surveys. Companies must know the optimal
price to sell their products to achieve maximum return. One way to determine price is to
set it at a level comparable to competitors; that is if the company can recover all associated
product expenses and still make a profit. If the company is introducing a new product that
has never existed, they must determine how much the consumer is willing to pay for it.
Customers will only pay so much for products. Price a product higher, and sales can drop
off exponentially.

Promotion pertains to brochures, ads, and information which companies use to generate
interest in their products. For more complex concepts, like spas or computers, companies
may promote their wares at trade shows. Promotions usually have two purposes: generate
leads for sales reps or initiate actual purchases.

Place in marketing nomenclature is the distribution. It is how and where products are sold.
Consumer product companies, for example, sell to wholesalers who, in turn, sell to
retailers. In the industrial market, the buying process is longer and involves more decision
makers. Some companies also sell products or services on a local level, while others sell
nationally and even internationally. All distribution decisions are part of the overall
marketing process.

What do we market?

Goods,



- Services,

- Events,

- Experiences,

- Personalities,

- Places,

- Organizations,

- Properties,

- Information,

- Ideas and Concepts etc.

What is a Marketing Plan and which are the essential components of it?

For growing a business everyone needs a marketing plan, which is a comprehensive document
that outlines a business advertising and marketing efforts for the coming year. It describes
business activities involved in accomplishing specific marketing objectives within a set time
frame. A marketing plan has a formal structure, but can be used as a formal or informal
document which makes it very flexible. It contains some historical data, future predictions, and
methods or strategies to achieve the marketing objectives. Marketing plans start with the
identification of customer needs through a market research and how the business can satisfy
these needs while generating an acceptable level of return. This includes processes such as
market situation analysis, action programs, budgets, sales forecasts, strategies and projected
financial statements. A marketing plan can also be described as a technique that helps a business
to decide on the best use of its resources to achieve corporate objectives. It can also contain a full
analysis of the strengths and weaknesses of a company, its organization and its products.

Here are the essential components of a marketing plan that keeps the sales channel full:

1. Market research: Research is the backbone of the marketing plan. This is the process of
gathering, analyzing and interpreting information about a market, about a product or
service to be offered for sale in that market, and about the past, present and potential
customers for the product or service; research into the characteristics, spending habits,
location and needs of your business's target market, the industry as a whole, and the
particular competitors you face .

2. Target market: This is a specific group of consumers at which a company aims its
products and services. A well-designed target market description identifies your most
likely buyers. In addition, you should discuss at least two or three levels of segmentation.
This process of segmenting your customers can be done in many different ways, depending
on how you want to slice up the pie.



. Positioning: The process of positioning gives us the answer to the following question:
“What is the perception of your brand in the marketplace?” The market positioning is an
effort to influence consumer perception of a brand or product relative to the perception of
competing brands or products. Its objective is to occupy a clear, unique, and
advantageous position in the consumer's mind.

. Competitive analysis: You need to know who your competitors are and how your products
and services are different. What is the price point at which your competitors are selling,
and what segment of the market are they aiming to reach? Knowing the ins and outs of
your competitors will help you better position your business and stand out from the
competition.

. Market strategy: Your marketing strategy is your path to sales goals. Ask yourself “How
will I find and attract my most likely buyers?” This is the core of what the strategy should
explain. It should look at the entire marketplace and then break down specific tactics
including such as events, direct mail, email, social media, content strategy, street teams,
couponing, webinars, seminars, partnerships, and other activities that will help you gain
access to customers.

. Budget: Develop a month-by-month schedule of what you plan to spend on marketing.
Also include a “red light” decision point. For each activity, establish a metric that tells you
to stop if it’s not generating sufficient return on investment (ROI).

. Metrics: Track your marketing success with Google Analytics for website conversions and
a simple Excel sheet to compare your budget against the actual ROI. Test programs over
the course of a 30- to 60-day period, and evaluate the results. Repeat any programs that are
delivering sales or sign-ups to your email list, and get rid of anything that’s not.



3.The marketing strategy process

What is a Marketing Strategy?

A marketing strategy is a process or model to allow a company or organization to focus limited
resources on the best opportunities to increase sales and thereby achieve a sustainable competitive
advantage. The marketing strategy of a company contains the company’s value proposition, key
marketing messages, information on the target customer and other high level elements. A
marketing strategy grows out of a company’s value proposition. The value proposition summarizes
the competitive advantage a company has in its market. The value proposition usually provides
the key message for all marketing. Once the value proposition is briefly stated, the hard work is
done! Mostly the marketing strategy is:

- systematic futuristic thinking by management,

- better co-ordination of company efforts ordination of company efforts,
- development of better performance standards for control,

- sharpening of objectives and policies,

- better prepare for sudden new developments.

Which are the main steps of Marketing Strategy Process?

Mission: The first step in strategic marketing is to articulate the reason why the enterprise exists
and how it can benefit target consumers over the long term. In particular, this mission statement is
intended to anticipate the future and describe an ongoing role for the organization's product, service
or expertise. For example, the mission of a drone might be to provide continuing innovation in
global aerial system.

Situation Analysis: Organizations conduct a situation analysis, also known as a SWOT, to
evaluate and prioritize their strengths, weaknesses, opportunities and threats. This second step in
the strategic marketing process helps managers understand the resources they can build on and the
challenges they face. Strengths and weaknesses are internal factors, under the firm's control.
Opportunities and threats arise from the external environment, like a strong economy or new
payroll tax.

Objectives: The third step in strategic marketing is to set marketing objectives. These are clear,
measurable goals that give decisionmakers a basis for making choices and assessing progress.
Obijectives are typically expressed in terms of one or more quantitative targets like revenue, profit,
sales or market share. Importantly, each objective must be achievable within a fixed period of time.

Strategy and Evaluation: The fourth step in strategic marketing is strategy development. This
involves selecting a target market, a distinct group of consumers who are highly likely to buy the
company’s product. Planners must also choose implementation tactics, specifically, effective ways



to use the marketing mix tools of product, promotion, price and distribution to reach and influence
prospective buyers. The fifth step, evaluation, means specifying how, when and by whom these
tactics are to be monitored and assessed over time.

Why Marketing Strategy is necessary?

A marketing strategy is always needed when we speak about some business activities. The
marketing strategy of the company does not have to be complicated; it should be as simple as it
possible, and as targeted as it possible at the same time. A simple marketing strategy includes both
inbound and outbound marketing. Inbound marketing means helping customers find us, and
outbound marketing strategy is about telling people about our company.

While we are trying to build our drone marketing strategy we have to pass through below
mentioned steps:

1. Identify your target audience: The key to successful marketing is to know your audience.
This will dictate how we should communicate, where we should target our communications
and what information we should make available. Identifying our target market means that
we can tailor our website content, social media posts and even our brochures or presentations
using information which will be relevant to our intended audience. Creating content relevant
to our target customers will help grow our audience on social media, improve our SEO
results (Search Engine Optimization) and convince potential customers that we can provide
a valuable service specific to their needs. Knowing your audience is the best way to prove
that you are an expert in your field to the people who matter.

2. Make a Good First Impression: Your branding dictates how people mentally connect with
your drone business. Whether it is your business card or website, you color scheme and logo
count when trying to make a good first impression.

3. What problems we are solving for our customers? It is very important to find out what
problems our customers have and to find some ways about how we are capable to solve
them. Our problem solving ways should be clearly visible for our customers, for example,
when we do something entirely new for them, or when we are doing something faster and
cheaper than it has been done until now. We need to make our values clear!

4. Meeting with our customers. Sometimes it is very important to meet with our current and
potential customers and ask them a lot of questions in order to understand what they expect
from us and actually understand what we are able to provide them. Networking events, online
forums, meet-ups, conferences can be some good ways to learn about new things about our
customers. And in the process of having these conversations there is a chance that we can
build rapport and gain new customers.

5. Talk to your customers in their own language: Every industry has its own language. This
can work against us - if we use our own, or it can work for us - if we talk like our customers.
If our business’s website is our main form of marketing, we need to use terms that are



meaningful to our customers on our homepage. For example, if we have identified that our
customers are mostly real estate agents, we might choose a website header that says “Drone
Real Estate Photography in Armenia” rather than “Armenian Drones.” The same concept
applies if we meet our potential customers at networking events, trade shows or the local
diner.

The drone market today can be described as a melting pot of different technologies, where
combinations of hardware and software components and service features are provided to the end
user. In order to create sustainable success in this extremely fast moving market it is essential to
maintain strategic partnerships. Our brand and reputation are the foundation of our business. But
we have already understood that building a great brand and a good reputation is impossible if we
do not know who our customers are, what they want, what our competition does to meet and exceed
their expectations, and how to make prospects understand that our drone products and services are
better than those offered by our competitors. Luckily, the development of a marketing strategy for
our drone company will require us to focus on all these aspects and many other details critical to
business success.

If we have right drone marketing strategy, we can grow our influence - and, hopefully, sales!
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Atmospheric Fundamentals
Perfect gas law

p=pgRT
where:

p-pressure in N/m?

p-density in Kg/m?

R-a gas constant, R=29,26m/ °K
T-absolute temperature, °K=°C +273,15°
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The int-l standard atmosphere
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The earth's atmosphere consists of 4 regions, as
shown in Fig. 1. To provide a basis for
comparing the performance of flying objects and
to allow for calibrating of altimeters, it is
desirable to have standard properties of the
atmosphere representing so-called “average
conditions”. Such standard properties of the
atmosphere have been established by the Int-|
Civil Aviation Organization (ICAO) and generally
used by airplane manufacturers.
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Standard sea level properties
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According to the standard atmosphere, the
standard sea-level properties of atmosphere are
as follows:

go= 9.81 m/sec
Po=1.013 x 10 N/m
To= 288.2°K ;
[ o=1.225 Kg/m
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Compressible continuity equation
pAV=constant
Compressible Bernoulli equation

< P LRV tant
1 P2 =constan
where:

k-ratio of specific heats, for air k=1,4
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The true airspeed (Ve) at any altitude can be expressed in
terms of V as follows:
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Speed of sound and Mach number
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kp OV
Vo = ~/p = ~VKkRT M = —

The flight speed is called:

1. Subsonic, if M<1

2. Sonic, If M=1

3. Supersonic, if M>1

4. Transsonic, if 0.8<M<1.2
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Viscous effects
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In fig. 7 two plates, at distance £ apart, are shown
such that one is moving with velocity V to the right,
while the other is held fixed. Due to viscosity those
air particles in contact with the surfaces will acquire
the velocities of the surfaces. Therefore, the velocity
distribution will be as shown in fig. 7

The type of air flow in the boundary layer depends on
the smoothness of the flow approaching the body,
the shape of the body, the surface roughness, the
pressure gradient and the Reynolds number (Re) of
the flow.
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Boundary layer
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The Reynolds number is defined as:

VL
\‘!'

Re —

Where B = O <= is kinematic viscosity

L is a characteristic length of the body in the flow direction
and is equal to the chord length for an airfoil. At low
Reynolds numbers the flow in the boundary layer is
laminar (laminar boundary layer). Above certain
transition Reynolds numbers the flow becomes turbulent
(turbulent boundary layer)
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Boundary layer
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The thickness of the boundary layer is being
calculated by the equation:

5.2X
W Re

As shown in fig.8 the air velocity on the lower plate
surface is 0 and increases rapidly away from the
surface. When the flow is transitioned to turbulent
flow, the boundary layer thickness will be increased
and can be determined from:

_ 0,37x
{RE} 173
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Flow separation
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As shown in fig.10, on the forward section of the
airfoil, the air velocity increases downstream, so
that the static pressure decreases in the same
direction. Since the acceleration flow tends to
assist the boundary layer to remain attached to
the surface, the negative rate of change of
pressure in the downstream direction is called a
favourable pressure gradient. On the other hand
over the rear section of the airfoil the opposite is
true.
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Flow separation
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When the air particles in the boundary layer
do not have sufficient energy to reach the
trailing edge, they will separate from the
surface, creating a so called wake. This is
illustrated in fig.9.
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Section forces and moments
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Lift and drag forces
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Lift force (L) and drag force (D) are being
computed as:

2
_ o, PV
L =Cy, 5 A
VE
D=Cqy 5 — A

where Cl and Cd are lift and drag
coefficients and are functions of 59

(angle of attack), Re and M.
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Pitching moment
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The pitching moment is computed as.
2
PV 2
5 A
where Cm is a moment coefficient and is
regarded as positive if the moment is
nose-up.

m = C,,
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Airfoil pressure distribution
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Airfoil pressure distribution ¥
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Pressure distribution over an airfoil is important in
load distribution calculations and control surface
hinge-moment calculations. The pressure
distribution is normally expressed in terms of the
so-called pressure coefficient Cpo which at low
speeds is defined as

This equation shows that Cp=1 at a stagnation
point V=0
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International Drone Market and

Involvement of Republic of Armenia



m Union

Currently, high tech is considered to be one of the fastest
developing directions not only in the world but in Armenia as well.
It’s more important for countries that don’t have sufficient natural
resources. So they need to develop the economy with the help of
high tech. As you guess, Armenia is among them. So it’s not
accidental the RA government has adopted the technological
development direction. By the way, there is the Ministry of High-
Tech Industry.

In this sense, the drone industry is worth of our attention.
They are also known as unmanned aerial vehicles. As the name
suggests, the drones have a double use and meaning. If previously,
they were used only for military purposes, now, they have mainly
got civil and commercial use. Moreover, we have to point out they
have a multi-meaning use and not only a double-meaning use.
Particularly, we can separate a few directions of entertainment,
hobby, professional, commercial, and military. The former two

form the civil use sphere.

As Teal Group® points out the drones are going to become the
most dynamic developing sector in the aero industry. Many venture

companies are investing a lot in this sphere. Plus, in many

! http:/bit.ly/2w2rzIT
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countries, we can see myriads of legislative improvements that
should regulate the niche and stimulate the civil use of drones.
Unfortunately, there are no changes in the RA yet?. However, due
to the increase of drone number, we can see some trends.
Therefore, there is every reason to predict, in the nearest future,

there will be considerable legislative changes in the aero field.

As the same source mentions, in the next decade, the
production of civil dornes will reach $88.3 billion. As a
comparison, in 2019, this indicator was $4.9 billion (till the end of
August, 2019). And in 2028, it’s estimated to reach $14.3 billion

Another report® shows that in 2018, the global drone
production reached $6.56 billion, and in 2027, it’s predicted to
reach $21.62 billion.

Of course, these are approximate numbers, based on various
predictions. They take into account various groups of factors. The
specialists point out that it’s impossible to predict all those factors
and use them in analysis. This is mainly related to the fact the

drone industry is interconnected with the development of several

2 State of Art of Drones laws, Educational for Drone (eDrone), 2017,145 pp.
% MarketWatch, Civil Drone Market Size will grow at 14.3% CAGR to exceed
21.62 billion USD by 2027, Sep. 6, 2019 (https://on.mktw.net/2vIE4Zx)
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niches. They include cloud technologies, new-gen communication

equipment, innovative batteries, aero-industry, etc.

When it comes to the commercial drone production, it’s
tightly related to the hardware manufacturing, software
development, and services. But the drone use spheres include
agriculture, real estate, energy-production, etc. For the
geographical separation, we use the following regions: North
America, Europe, Asia, Middle East, Africa, and South Africa.

Of course, we are more interested in what is happening in
Europe, because we should follow the strategy provided by
European Aviation Safety Administration (EASA). Moreover, in
this region, all countries take into consideration the sets of

legislative changes offered by EASA.



European Drone Industry



Co-funded by the
Erasmuse Programens
of the Eurnpean Linion

Drones with rotating wings take 65% of the European
commercial drone market. Most of the drone makers design similar
quadcopters. They can be used in various spheres and for various
goals. However, the most popular niche is photography. The
market share of drones used for this purpose is as much as 35%.
But this causes a data privacy problem. That’s why in many
European countries, the drone use is strictly controlled.

The latest report of Droneii* shows which purposes the

drones are used for:

s 15% 33% 79% 53% 35% 19%

Transport  Non-optical Monitoring/ Surveying Inspection Film & Phato Others
data acquisition  Surveillance

Fig. 1. Use of drones by commercial uers (in Europe)

* The European Drone Industry, Drone Industry Insights | Whitepaper |
June 2018 (https://www.droneii.com/wp-content/uploads/2018/06/The-
European-Drone-Industry-v1.1.pdf)
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This is going to change in the nearest future. Drones will be

used in many other sphere due to the development of this industry

and the emergence of new technologies.
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In its turn, this will bring income growth for those companies
who are making drones or using them for commercial purposes.
Some sources predict that growth will have the following picture®:
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Fig. 3: Projected commercial drone revenue in Europe from
2016 to 2025 (in million U.S. dollars)

> https://www.statista.com/statistics/607794/commercial-drone-market-
revenue-in-europe-projection/
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However, there is a problem that refers not only to the
European market but also touches the global drone industry. As
drones have a multi-use meaning, it’s quite difficult to regulate the
niche in the way to meet expectations of all parties. Those
difficulties are also related with the features of drones (size, weight,
power, controlled distance, etc.). Therefore, when regulating this
niche, the governments should take into account benefits of all
parties” market, government, military use, research institutions, and

society.

In the figure 4, we can see the predictions for the global

drone use:
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Fig. 4: Prediction of drone use till 2020
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In this sense, it’s quite important to understand what’s
happening in the RA and in this region. In Armenia as well as in
neighbor countries, there are UAV productions. As you can guess,
they have only military purpose. The Armenian drones are
manufactured in the Republic of Artsakh. Besides this, there are
myriads of foreign companies that are investing in the local firms.
Particularly, there are Danish and Russian companies who are

engaged in the drone production and make large investments.

However, because of the niche specifics, there is no statistical
data. As for their civil use, as there are no laws restricting their
application, institutes recording drones activities, authorization

agencies, we can’t get precise data.
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Precision Agriculture Drones
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What is Precision Agriculture?

Precision agriculture is a farming management that
observes, measures and responds to inter and intra-field variability
in crops. Its main goal is to help farmers to optimize crop science
by matching farming practices to crop needs, environmental
protection by minimizing the farming footprint, economics by
increasing the competitiveness through better practices and
implementations. Precision agriculture measures different variables
such as crop vyield, terrain features, organic matter content,
moisture levels, nitrogen levels, PH and other. It is considered to be
a key component of new wave in modern agricultural revolutions
and comes in the form of satellite imagery, weather prediction,

fertilizer application, crop health indicators.

Precision agriculture is a new step for farmers as it also
requires recording the farming activities, improving decision
making process in agriculture, improving relationships with
landlords and increasing the quality of agricultural products. The
use of mentioned competitive activities created the understanding
of prescriptive planting which is a type of farming system that
requires data-driven planting in order to maximize yield (J. Bunge,
2014).
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Precision agriculture is usually done in four sequential stages,

as follows:

1. Data collection: Geolocating the necessary field helps the
farmer to have information gathered from analysis of soils,
crops and soil resistivity. Delineation of the field can be
done either using an in-vehicle GPS receiver or on a
basemap derived from aerial imagery.

2. Variables: Agricultural sphere covers number of variables
that can be grouped into permanent indicators and point
indicators. These include variables about climatic
conditions, soils, cropping practices, weeds, disease, etc.

3. Strategies: Using soil maps, farmers have a possibility to
implement two strategies which are predictive approach
(based on crop cycle static indicator analysis) and control
approach (information from static indicators is regularly
updated during the crop cycle by sampling, remote sensing,
etc.).

4. Implementing practices: The implementation of precision
agriculture includes the use of technology on agricultural

equipment such as sprayers, tractors and others.
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What is the role of drones in precision agriculture?

During the last few years new technologies and techniques are
continuously being employed to turn the data collected into usable
information and low-tech industries such as agriculture have also
become included into these changes. The new era in agricultural
activities brought hand-written notes and analysis of farmers into
robotic data collection and analysis through modern software,
remote sensors and drones that are being created to improve yields
and profitability in line with the sustainability. These
improvements required investments totaling to $4.6 billion (the
major part in the software and technology) only in 2015 in order to
bring traditional agriculture into digital agriculture (L. Burwood-
Taylor, 2015).

Drones today are able to provide farmers with three types of

detailed views.

1. The view of the crop from the air can make noticeable
things that cannot be seen easily while using traditional
methods.

2. Cameras can take multispectral images that help to create a
view of crop to show the health level which is unable for a
naked eye.
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3. Drones survey crops every week, every day or even every

hour, is able to create time-series animation, to take crop

management into a higher level.

Drones will give agriculture to plan and make strategy on real-
time data gathering and processing. There are six general ways that
drones can be used in agriculture (M. Mazur, 2016):

1. Soil and field analysis: Drones can produce 3D maps for
early soil analysis that can be very useful at the start of the
crop. After the planting phase is done, soil analysis
implemented by the drones delivers data for irrigation and
nitrogen level.

2. Planting: Drones give an opportunity to shoot seeds and
plant nutrients into the soil, providing the plant and the soil
the nutrients needed for healthy life.

3. Crop spraying: Drone adjusts the altitude as geography
varies base on the technological advances avoiding
smashes. Having these characteristics drones are able to
scan the ground and spray the right amount of liquid on the
plants. As a result farmers have higher efficiency and lower

consumption of chemicals and time.
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4. Crop monitoring: Large fields make several obstacles for

farmers as it with the size of the fields it becomes more and
more difficult to monitor the crops. These obstacles become
more dangerous with unpredictable weather conditions.
Drones are able to help the farmers to fight also these
problems giving them an opportunity to have time-series
animations and unlimited photo-shoots for monitoring
purposes.

Irrigation: Drones with appropriate sensors can give a
chance to identify the parts of the fields that need water or
other improvements. These sensors also help to calculate
the vegetation index after the crop grows, showing the
health and growth of the crop.

Health assessment: Agriculture always struggles to provide
healthy products to the consumers so the assessment of
health of agricultural products is of high importance level
for all the farmers. Drones are able to scan the crops using
specific lights. The outcome can be multispectral images
that help to track changes in plants and indicate their health.
A fast alarm can be sent to the farmer if some diseases are

discovered, so farmers can monitor the sickness in a precise
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way. This will help the farmer to overcome the diseases in
the field.

What are Pros and Cons of drones in precision agriculture?

Drones encountered technical controversies in the past and it
has its advantages and disadvantages in the farm use which will be

introduced below.
Pros

e Analysis: Drones are good to be used for soil and field
analysis that make available almost all the information
about them.

e Ease of use: unlike traditional aircraft, the drones are easier
and more understandable to use.

e Mapping: Drones make the survey of land and
measurement of the area easier than farmers traditionally
do. So once the drones are optimized, they can make images
or spray fertilizers.

e Prevents infestations: Drones are able to show the farmers

the currency of any animal or insect infestation which can
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save and increase the health of the field by ultrasonic
waves.

Moisture monitoring: Farmlands are usually either drier or
wetter than needed and drones can help the farmers to
detect both types of phenomenon in the fields that can help
to save the crops.

Reducing operational costs: Mainly labour costs are
reduced by use of drones. Drones can be seen as alternative
manpower to the farmlands that assist the farmers in
different aspects.

Increase yields: Potentially finding yield limiting problems
can help farmers increase production and efficiencies to

higher yields.

Cons

Flight time and range: Most of drones have short flight
times averaging in 40 minutes which can make limits for
several things such as the acreage, the radius covered during
on flight, etc.

Initial cost of purchase: Drones constructed for
agricultural use are costlier as they are equipped with the

necessary equipment and software.

21



e Laws: The use of drones for agricultural purposes is
considered as commercial use of drones so the farmers need
to have a remote pilot certificate or hire an operator to drive
the drone.

e Connectivity: Most of the farmlands worldwide have little
online coverage if any which means that farmers using
drones have to either invest in connectivity or buy a drone
capable to store data locally in order to process it later.

e Weather dependent: If it is very windy or rainy outside it
may not be possible to fly the drones.

e Safety concerns: Drones can create problems if not flown
properly hitting people or vehicles.

e Time commitment: it takes more time than most expect

from someone who has passed their drones systems test.

Drones have a growing role in agriculture assisting farmers to
visualize their crops across their farmlands. Farmers usually have
an increase in ROI after they start using drones. Drones help to
save time and crops and to avoid losses from infestation and

weather changes.

It is expected by different scholars and companies that

precision agriculture will fundamentally change agribusiness

22



transforming almost everything in the value chain. Global Market

Insights in its turn forecasts that the market size of drones
specialized for agriculture will reach $1 billion having around
200000 units by 2024. Farmers just need to realize that drones are

the ticket to financial success and a better place to live.
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What is the Environmental Application of Drones?

One of the greatest problems that the world is facing today
is that of environmental pollution, increasing with every passing
year and causing critical and irreparable harm to the Earth. One of
Environmental pollution basic types is the air pollution, which is
the most harmful form of pollution in our Environment. It is caused
by the damaging smoke emitted by vehicles and factories. Evidence
of increasing air pollution is seen in various breathing problems
and diseases along with severe and irreparable harm to flora and
fauna. Even the most natural phenomenon of migratory birds has
been laden, with severe air pollution preventing them from
reaching their seasonal metropolitan destinations of centuries.
Today many companies from different parts of the world are trying
to decrease this phenomenon by reducing their environmental
footprint. The industry of drones is an inseparable part of this
worldwide project and tries to find environmentally friendly
solutions to the current issues. Drones help to not only decrease air
pollution levels, which are harmful especially for people life, but

also make the lifestyle of each of us easier and more comfortable.

At first sight it is a little bit difficult to imagine how

important the drones can be in environmental protection processes,
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as when we think of drones, most often we think them to be used
for military purposes. Despite its common association with the
military, drones are increasingly being used to sustain and improve
the environment and already have a special mission: saving the

Planet.

The enrolment of drones in protecting and conserving the
Environment helps to gather accurate and timely information in a
non-harmful way. Drone technology suits a numerous
environmental protection applications - offering quick, easy and
cost-effective aerial imagery. In the scope of Environmental
protection there are many reasons why professionals such as
environmental engineers and scientific researchers are increasingly
using drones. The area of drone use may start from glacial feature
modelling and erosion monitoring to animal counting and species
identification. The list of projects that drones are being used for is
long and continues to grow. Here are some of them which should

be discussed in the scope of Environmental Applications of Drones.

- Sustaining sustainable energy: One of the areas we are
most likely to find drones at work these days are on solar farms.
Solar farms can cover anything from one to one hundred acres and

maintaining them manually can be both impractical and dangerous,
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especially as engineers often want to inspect panels for defects
when the sun is at its most powerful. As the solar electricity plants
are larger, bigger and beyond the kind of scale that humans can
handle the scientists have created thermal imaging cameras which
provide an aerial overview to pin-point panels that might be
damaged, covered in dust or obscured by invasive vegetation.
Engineers then process this information and return to these specific
locations to fix the panels at convenient times, making for more
efficient maintenance. Drone inspections are keeping large-scale
solar energy projects running around the world and mapping
capabilities are assisting solar companies in the planning and

building of solar farms.

- A mission on emissions: Protecting the Environment by
mapping industrial emissions has its important role in drone
industry. When we think of mapping it is often in relation to real
estate or agriculture: developing an in-depth view of an area that
can be used for planning and modelling. But one start-up in Finland
called Aeromon (http://www.aeromon.fi/) is able to detect, measure

and visualize more than 70 different industrial emissions and map
air quality over large areas. With their solutions you can have
automatic reporting of our emissions with a 360 degree view. In the
past, these emissions might have gone undetected because
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emissions sensors at ground level or higher altitudes would have
missed them, but the flexibility of Drones means the data provided
gives authorities more power when it comes to enforcing emissions
legislation. With emission targets being set around the world in a
bid to slow down global warming, it is easy to see how technology
like this can help governments and authorities keep factories and
fossil fuel companies in check. As says the Aeromon team
“Emissions are complicated. They may be undetectable, but their
damage is real.”

- Environmental conservation projects: As well as being
environmentally friendly in terms of performance, drones can help
in the application of environmental research projects and wildlife
preservation. Their agility and compact size mean they can be
quickly deployed to monitor hard to reach areas with minimal
impact. This makes them ideal for environmental observation
projects from monitoring and mapping natural landscapes to
tracking animal migration patterns. Small and light electric-
powered drones, especially fixed-wing aircraft, make little noise
and are often bird-shaped, meaning animals on the ground are
rarely disturbed by these tools, if they notice them at all. Equipped
with infrared cameras, drones are being trialled in hot and remote
locations, to detect leaks in underground water pipes in the desert.
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What are Pros and Cons of drones in Environmental

Application?

Pros

Environmentally friendly: The big advantage of using a
drone in the sphere of protecting Environment is that they
are doing their missions causing minimal disturbance to the
surrounding environment and wildlife. In comparison to
other aerial vehicles the drones have the smallest motors
which help to have as fewer emissions as possible. Most
drones do not operate using fossil fuels meaning that they
do not produce the high levels of CO2 associated with
planes and helicopters which makes them a more

environmentally friendly alternative for aerial works.

Flexible: Another valuable advantage of drones is that they
have an ability to reach areas that were before too hard to
access for conservationists and environmental researchers,
while also generating minimal disturbance to the
surrounding wildlife and environment, make drones a
powerful tool that can give researchers the freedom to

gather information like never before.
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Safety: One of the large benefits of using a drone over
alternative methods is the added safety value they can
provide. People who work in remote or more dangerous
locations do not have to be put in harms way if they have to
do aerial surveys over parts of the jungle, or, f.e., in the
Arctic. Also we can mention that the launching a drone
requires a minimal amount of workers which is also a good
benefit for it.

Non-noisy: One of the added bonuses is that the drones
make minimal noise while they realize their missions. This
means that the wildlife and surrounding nature can be
monitored undisturbed, which is very important thing while

we do some researches in in wildlife.

Small sizes: Mostly the drones are lightweight, low-cost,
require little in the way of infrastructure and, crucially, use
little or no fuel, as we already know. All these mentioned

factors are considered to be pros for drones.

Drones for environmental monitoring: Photographers and
videographers have started to use drones to produce
stunning images of wildlife that would be very hard or

expensive to obtain otherwise. Drones can be used to
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perform environmental science as well. Often, scientists
want to monitor one particular area for a period of time in
order to track changes. For example, a buoy could listen for
whales in a particular region. A robot could fly out to get
that data, which then could be used to establish safe
shipping lanes. A robot would be able to repeatedly see
what’s going on with a population or a microhabitat.
Scientists probably don’t have funding to send people out
every day but they still could get really good readings.

Overall Conservation: Drones can be used to track
animals, particularly dangerous animals, without putting
anyone at risk. They can also be used to watch for poachers
and trespassers, increasing security in areas where there is
simply too much ground to cover. Additionally, drones can
be used to provide aid when natural disasters strike.
Whether it is to comb an area after an earthquake or flood to
look for survivors, or fighting fires by delivering payloads,
drones are a powerful tool in the fight to keep wildlife, and

wild areas, safe.
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e Brand new technology: Drones are allowing people to ask
questions and look at things that they may not have been

able to look at before!
Cons

When we try to speak about the negative impact of using a
drone to the Environment, it is difficult to make a list and mention
disadvantages, because the drone has a high level of conservative

effect and almost completely has positive impact on our Planet.

In base of the above mentioned information we have already
imagined the connection between the drones and the Environment,
and found out that causing minimal disturbance to the surrounding
environment and wildlife, the drones in the air can perform
surveys, collect data and imagery, monitor wildlife and varying
landscapes and even track or count animal populations. We have
explored that drones — being a brand new technology hold a wide
variety of advantages to those looking to aid in the protection and
conservation of the environment and its wildlife. Drones most
crucial advantages are that they are timely, efficient and cost-
effective due to which now many conservationists and
environmental researchers are aimed to enlarge the drones using

spheres protecting our planet and making it to be more
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conservative. The drones have all the potential to become more

widely available across the whole spectrum of environmental

monitoring in near future and they will!
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What is the Industrial Application of Drones?

In the beginning people were looking at drones as just
another way to get pretty pictures or video, but now these people
are starting to realize that these have an immense power for doing
research from perspectives that we never thought we could get.

The innovation of an industrial drone is to monitor regions
or terrains inside or outside a manufacturing plant which generally
cannot be studied by human workers, either due to their dangerous
setting or inaccessibility due to size or Environment. Factories,
refineries, power grids, wastewater treatment, mines and other
similar industrial sites are complex systems requiring inspection
and maintenance for optimal operation and regulatory compliance.
Onsite inspection by human workers can be time consuming and in
explosive environments, next to impossible unless some complex
computer systems are used. Industrial drones can operate under
complex circumstances such as these and enter even the most
challenging terrains and environments and carry out the operation it
was designed for without so much as a scratch. From this it is clear
that drones are the next generation in low-cost industrial sensors

and mobile platforms in the interconnected web.
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The growth of drone industrial application can be seen in its use

in various industries, such as:

Energy and Utilities: Part of making our electrical grid
smart is getting access to real-time information on the status
of power generation and transmission infrastructure.
Utilities have already tested drones for inspecting
transmission and distribution lines, looking for damage
from storms and normal wear and tear. These tests have
been run under temporary rules from the Federal Aviation
Administration and utility companies are now ready to
further demonstrate the value of drones. Imagine a utility
that had a drone in every single line worker’s truck.
Workers could perform inspections without having to climb
power poles or get close to dangerous wires. Drones can
also inspect hundreds of miles of transmission lines in
single flight - much faster than the traditional line worker
having to climb several transmission poles.

Oil and Gas: Drones are increasingly being used by the Oil
and Gas industry for their monitoring and inspection
operations. They are being used today to detect gas leaks,
spot fugitive oil spills and even scout for whales. They can
be used on any part of the platform where inspections
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typically require rope access or scaffolding. Today drones
are predominantly used in the midstream oil and gas sector.
But they can also be applied to almost every aspect of the
industry, including land surveying and mapping, well and
pipeline inspections, and for security purposes. The key
benefits are that they are much safer, faster and cheaper
than conventional inspection techniques such as rope access
and scaffolding. The use of drones means that oil platforms
do not have to shut down for inspections. This is a huge
cost benefit as shutdowns cost oil companies millions of
dollars in lost revenue a day.

Mining: Anyone involved in mining knows that worker
safety is of paramount importance. By allowing surveyors
to collect accurate spatial data from above, drone can vastly
reduce risk by minimising the time these staff spend on site.
Drone-based data collection can also increase productivity;
surveying projects that once took days or weeks using
traditional surveying techniques are now possible in just a
few hours. Drones provide an efficient way to manage
stockpiles and help with grading control, site exploration,
and overall management. Drones can also help miners

figure out more efficient ways to design haul roads, dumps,
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and pits so they have less of an impact on the environment.

Drones can improve safety in mining applications with real-

time information on mining activities:

e Up-to-date surface surveys for optimized blast designs,

e Rapid pre- and post-blast data,

e Identification of misfire and wall damage.

Construction: Here bellow are mentioned some reasons

why construction firms want to use drones in their

activities:

e Drones are less expensive than manned aircraft. They
are easier to operate and collect more data in
comparison to alternative aerial vehicles.

e Drones can be used to survey the construction site and
send information back. This usually takes a long time
and requires use of various equipment and personnel.
Drones are cheaper and they are more accurate in terms
of data gathering.

e Companies can use drones to provide client updates. If
they are unable to personally inspect the site,
companies can send some images and videos and show

details of the construction progress.
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e Drones are also ideal for monitoring the site. Rather
than invest in loads of expensive manpower and
equipment, a construction company can purchase a few
drones and have them scan the area and collect
information.

- Agriculture: Drones a natural fit with the world of
agriculture, where farmers can benefit from real time
information about large tracts of land. Drones can help track
almost everything including water use, crop health, heat
signatures and soil analysis. Expensive aerial surveillances
that could previously only be done occasionally with planes
can now are completed weekly or even daily with drones
that cost only hundreds of dollars. Agricultural uses for
drones include: remote moisture sensing to identify which
parts of a field are dry or need improvements, precision
agriculture like mid-field weed identification, frost

mitigation, variable-rate fertilization dispersal etc.

The mentioned areas do not include the final list, the industrial
application of drone is larger concept and includes more spheres.
But, actually the above-mentioned information goes to show how
important drones are. From being used by the military, they quickly
found a market for fun and recreational use. The coming the 4™
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industrial revolution will alter how people and companies interact,
work and play. With the rise of the digital age, drones will change
the way farmers grow crops just as it is going to revolutionize the
way mining firms assess their projects. From construction,
scientific research, commerce, entertainment, drones will play a
significant role in near future. With cost going down, a drone has
become a worthwhile investment in growing number of industrial

sectors.
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What is civil engineering?

Civil engineering is a professional engineering discipline
that deals with the design, construction and maintenance of the
physical and naturally built environment, including works like
roads, bridges, canals, dams and buildings®. Civil engineering is
traditionally broken into a number of sub-disciplines’. It is the
second-oldest engineering discipline after military engineering® and
it is defined to distinguish non-military engineering from military

engineering.

Civil engineering takes place in the public sector from
municipal through to national governments and in the private sector

from individual homeowners through to international companies.
Using drones in civil engineering

The horizontal nature of civil engineering lends to some
practical and creative uses of drones in the industry. From planning
to final construction, nearly every stage of the engineering process
can benefit with the help of drones.

® "History and Heritage of Civil Engineering". ASCE. Archived from the original on 16
February 2007. Retrieved 8 August 2007.

" "What is Civil Engineering". Institution of Civil Engineers. Retrieved 15 May 2017.

8 “Civil engineering”. Encyclopadia Britannica. Retrieved 9 August 2007.
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In fact, drones are now widely being used in the engineering and
constructions fields. Many firms are using drones to evaluate the
exterior conditions of their client’s facilities, such as the roof
and other hard to get to locations. That can mean more accurate
inspections with less worry over a worker falling from a ladder
during the inspection. Drones are even being used during the

construction and installation portion of projects.

Drones provide better resolution when it comes to photos and
video, while reducing the cost to a firm. That is a big advantage
and savings over previous technologies such as satellite and

other aerial resources.

Civil engineers are using drones to perform 2D and 3D mapping
projects. This is achieved using laser scanning devices and can
help engineers construct virtual representations of real-world
projects — assisting engineers in the planning and development

stages of their most difficult projects.

Drones in civil engineering can be used for aerial mapping,

LiDAR scanning, pipeline surveying, aerial photography, etc.

1. Aerial mapping: More and more companies are using

drones for surveys and mapping. For instance, DroneDeploy
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users have mapped over 10 million acres, which generated an

estimated $150 million for the commercial drone industry. Here

below are mentioned some benefits of using drones for

surveying and mapping.

2.

e Ease of Deployment. Drones are capable of completing

survey jobs in less than half the time of traditional survey
methods. Surveys that once took weeks to complete, can
now be done in less than a few days. This allows for
surveyors to complete more projects in less time.
Reduced Risk. Using UAS for data collection reduces
the need for workers to enter potentially hazardous areas.
The small, portable size of drones make them ideal for
collecting data in a variety of different environments like
roadways and steep terrain.

Detailed Data. Drones equipped with imaging software
make it easy to turn images into a wide variety of
georeferenced 2D maps and 3D models for surveying,
city modeling, large-scale mapping, urban planning,

cadaster and more.

LiDAR scanning: LIiDAR is a laser-based remote sensing

technology and stands for light detection and ranging. It is a
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technology widely used in the domain of geographical

information system (GIS) for surveying and mapping different
kind of natural resources and infrastructures.

As a matter of fact the LIDAR technology is being used in
numerous scientific fields, related to geomatics, which are
relying on high accuracy definition of terrestrial three-
dimensional points position. This includes combining these data
with an extremely precise and faithful calculation of the
distances and angles between them.

LIiDAR scanning drones are well known and often chosen for
their ability of producing high-resolution maps for a broad range
of activities like remote sensing, atmospheric sensing,
geomatics, geography, geomorphology, archaeology, forestry,

contour mapping, laser altimetry, geographic informatics, etc.

3. Pipeline surveying: Building an oil and gas pipeline project
is a major challenge for any organization to undertake. When it
comes to building a successful pipeline, the costs and time
requirements are high and the margin for error must be
minimized. As a result, if organizations hope to complete a
successful pipeline development project with no major

interruptions and minimal unforeseen costs, it is essential that
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they take advantage of the most advanced technologies available

to them to collect as much data up front as possible.

One example of a technology that can help organizations

experience better results with their pipeline projects is the

drones. The benefits of drones for the land surveying portion of

a pipeline project are numerous.

The most important benefits of using drones for pipeline

surveying are:

e Completing large surveys with a high degree of

accuracy: One of the chief challenges of pipeline
projects is the total amount of distance they must cover
and nowhere is this challenge felt more than in the land
surveying stage of the project. Of course, pipeline
projects require a high degree of detail and accuracy, but
organizations need a way to ensure that getting this
accuracy does not slow down the project too much.
Some drones can cover miles of linear coverage per day,
meaning that they can fly the large distances required by
pipeline projects much faster than traditional surveyors
traversing the land. At the same time, drones can fly

close to the ground while using high-resolution image
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capturing technology that offers up detail as fine as one
centimeter per pixel. Drones truly offer the best of both
worlds when it comes to covering long distances and
providing high levels of accuracy. By bypassing difficult
terrain altogether, drones allow a land surveyor to gather
all of the information they might need without actually
having to put people on the ground. Instead, surveyors
can operate the drones from a position of complete
safety. Additionally, the amount of data that is collected
is exponentially more than that collected by traditional

Crews.

Turning around survey results quickly: Another
important goal for land surveyors should be to complete
their work as quickly as possible so that the pipeline can
begin construction. However, this can’t take place if the
results of the land survey require weeks or even months
of processing time before they can be used. Working
with a team of experienced drone operators is not just a
great way to speed up the actual data collection process;
such an operator can also begin processing and analyzing

that data immediately after it is captured. As a result,
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land surveying results captured by drones are often
processed and available for use within 24 -48 hours of
when they were originally captured. This extremely fast
turnaround enables organizations to start building their
pipelines quicker, which in turn enables them to start

experiencing returns quicker.

Sharing the data with key contractors and
stakeholders: Collecting massive amounts of data is
pointless unless decision makers have a way to access
the information easily and extract what they need. Key
divisions/subcontractors that should receive access to
drones data at the earliest possible stages include:
surveyors (internal use), engineering, environmental,
land / right of way, project managers and any other
companies (such as construction) who are authorized to
view and bid on the upcoming project. Sharing this data
will ensure that everyone is on the same page and that
bids are much more accurate since the most recent

conditions along the route are available for analysis.
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4. Aerial photography: Aerial photography is one of the best

ways to monitor a construction site, a building, civil engineering
projects, a work of art, etc. An aerial overview with drones will
be a great help for the project managers in order to, among
others:
e study the site before the operations start
e monitor and control the evolution of the activities and
proceedings
e present an overview of a site
e check the quality of the work
o follow the deadlines in relation with the work progress
e monitor the compliance of the works with the
specifications
e promote their know-how, skills and knowledge for future
projects

e Dbring out and underscore the quality of the work.

High technology, precision, adaptability, endurance and robustness
are some of the numerous Drone qualities explaining why these
devices are so needed for improving working quality on the

demanding sectors of architecture and civil engineering.
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Day by day drones are becoming increasingly more
commonplace in the Globe, from aerial photography to assisting
search and rescue operations, drones can be put to a variety of
beneficial uses. However, the use of drones also carries concerns

relating to both safety and security.

The idea of having drones in the national airspace raises
serious safety concerns for nearly the entire spectrum of society,
which ranges from government facilities and aviation authorities to
regular individuals. The safety concerns that have caused to limit
the use of commercial drones, including only granting a few
permissions on a case-by-case basis, are primarily related to the
capabilities of a drone, the potential for accidents and the

possibility of privacy rights becoming an issue.

According to the “Washington Post,” more than 400 U.S.
military drones have fallen out of the sky since 2001. Drones are
not just harmless toys — even some high-end consumer models
reach speeds of around 80 km/h, which is very fast for a remote-
controlled piece of ballistic metal and carbon fibre. While a car
may be larger and travel faster, the big difference is that the drone
pilot is not personally at physical risk in the case of a collision, and

may therefore put the drone into situations that are extremely
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dangerous in search of that perfect YouTube footage — such as the

flight path of an aircraft ( https://www.refund.me/drones-much-

safety-risk/).

Drones are already more widely used in the security
industry. Whilst much attention is being given in the media to
countering the threat posed by drones should they stray too close to
sensitive sites like airports, whether by accident or design, on the
other side of the coin drones have proven that they can have a
positive impact. The performance of these systems, with the added
dimension they bring in terms of situational awareness via high
definition cameras and even thermal imaging, and in-use
economics compared to other aerial solutions like helicopters,
means that investment in such assets by the emergency services as

well as security professionals is really taking off.

What about the Security Requirements they exist in order
to protect the confidentiality and integrity of a drone’s acquired and
communicated information and to ensure its ability to adhere to its
operational requirements. Securing the information of the system
refers to protecting it from disclosure, disruption, modification, and

destruction.
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For a secure drone operation, let’s identify the following

security requirements:

Authorized access: The drones must provide means to
ensure that only authorized operators are granted access to
its resources including both the ground control station and
the aircraft.

Availability: All the elements of the drones should be
guaranteed to perform their required functions under
defined spatial and temporal circumstances such that the
system sustains its availability without disruption during its
operational period. For instance, the drone must adopt
measures such as anomaly-based intrusion detection
systems to distinguish normal communications from those
resulting from denial-of-service attacks.

Information confidentiality: The drones should employ
mechanisms to mitigate unauthorized disclosure of the
telemetric and control information.

Information integrity: The drones should be able to ensure
that the telemetric information and the GPS and control
signals are genuine and have not been intentionally or

unintentionally altered. Authenticated encryption
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cryptographic primitives may be used to ensure both the
integrity and confidentiality of such information.

System integrity: The drones should be able to guarantee
the authenticity of its software and hardware components.
Techniques from trusted computing such as memory
curtaining, sealed storage, and remote attestation can be
used to ensure the authenticity of the system’s firmware and
sensitive data. The deployment of intrusion detection
systems, antivirus software, firewalls, and strict policies
regarding the use of external storage media can aid in the
detection and prevention of malware.

Accountability of actions: The drones should employ
mechanisms that enforce non-repudiation to ensure that
operators are held responsible for their actions. Digital
signature algorithms may be used to both authenticate the
operators and to bind them to an issued action. Moreover,
logging procedures that are used to chronologically track
the sequence of actions and changes in the system should be

implemented.
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Some solutions of drone for safety and security

1. Better visibility. Drones help to minimise unwanted

surprises, provide useful insights and help emergency

personnel stay out of harm’s way.

. Multifunctional design. Drones adapt to the demands of

the situation at hand faster and easier than ever before with

the click and go payload system.

. Easy to deploy. Drones deploy in a matter of seconds of

arriving on scene, to respond faster and minimise the danger

to those in need of assistance.

. Real-time awareness. Equipped with infrared and VOC

sensors, drones detect individuals and radiation that would

otherwise go unseen.

Different functions of drones for safety and security

X/
°e

Saving lives (drone-assisted rescues for coast guards).

- Faster response: Drones can be deployed in a matter of

seconds and minimise the danger to those in need of rescuing.

- Optimised visibility: Drones improve a coast guard’s overall

visibility of an expansive sea to locate vulnerable persons
faster.
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- Thermal detection: Drones are equiped with thermal sensors

to maximise the operator’s ability to quickly spot individuals

lost at sea.

s Accident mapping (a safe, affordable and reliable

method of documenting crashes).

- Faster documentation: Drones can help to document car
accidents much faster, lowering the risk of further accidents

happening to police and passersby.

- Accurate evidenc: Drones easily document crash sites by
collecting measurable and reliable data to determine the

cause of the incident.

- Less invasive: Drones easily deploy kilometers away from
the scene to reach hard to access areas while reducing the
level of disruption to traffic.

¢ Surveillance (monitor subjects of interest without risk).

- 30x zoom: Drones are equiped with 30x zoom cameras to

effortlessly spot subjects of interest from a great distance.

- Less sound pollution: Deploy drones to be more difficult to

detect by suspects than manned helicopters.
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- Thermal IR vision: Drones track individuals that blend into

their surroundings or are active at night by utilising infrared

SENSOrs.

- Stream & record: Drones can simultaneously record both

the visual and thermal video streams.

¢ Helps to be aware of invisible threats (protect yourself
from gas and radiation leaks).

- Gas monitors: Drones can monitor hazardous materials like
toxic and combustible gases, VOCs and oxygen levels from a

safe distance.

- Radiation monitors: Drones can detect gamma radiation

levels from afar with parts per billion precision.

s Helps to stay safe and alert (livestreaming capabilities

ensure you are well informed).

- Real time analytic: Drones can help to stay protected from
unexpected and unseen dangers with augmented livestream
video. Whether it’s thermal detection, or tracking a subject of

interest.
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% Drones are built to perform in any environment (drones

guarantee your mission’s success in every environment).

- Are for all weather performance: The fuselage effectively
shields the components inside against heavy rain and dust

intrusion to ensure reliable operations.

- Are capable of flying in wind speeds of 14 m/s and tested in
both the harsh cold of the arctic and blistering heat of the

desert to ensure it will perform in any environment.

All these mentioned points are important while using a drone.
If we maintain our safety procedures, maintenance and best
practices nobody is saying we will never have an incident, but we

are definitely minimizing our risk and getting much better odds!
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