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ABSTRACT

This bachelor thesis represents a modern method of geomatics, in this case the remotely piloted
aircraft system (RPAS), and its usage for documenting historical objects. This thesis is divided
in two main thematic parts. In the first one, a short literature review connected with this subject
is presented, as well as the basics of RPAS, types, its usage and legislation. The second part is
a case study, where practically a documentation of a particular archaeological site is made. The
case study is divided in two parts, since two different RPAS were used and two different data

processing software.
KEY WORDS

RPAS, archaeological survey, orthophoto, digital surface model

ABSTRAKT

Bakalaiska prace predstavuje moderni metodu geomatiky, v tomto piipadé dalkové tizené
letecké systémy (RPAS), a jejich vyuziti pro dokumentace historickych objekti. Prace je
rozdélena do dvou hlavnich tematickych ¢asti. V prvni ¢asti je uveden strucny piehled
literatury vztahujici se k tomuto tématu, dale zaklady RPAS, typy, jejich vyuziti a legislativa.
Druhou ¢asti je pfipadova studie, kde je prakticky zpracovana dokumentace konkrétniho
archeologického nalezisté. Ptipadova studie je také rozdé€lena do dvou ¢&asti, protoze byly

pouzity dva rizné RPAS a dva riizné programy pro zpracovani dat.
KLICOVA SLOVA

RPAS, archeologicky prizkum, orthophoto, digitalni model povrchu
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Preface

The inspiration to do this research was the new, modern technology of geomatics that has
been implemented in different areas during the last two decades. This thesis presents the usage
of the remotely controlled aerial vehicles in order to document the already known
archaeological site near Btezno in the Czech Republic. The main goal of the thesis was to
generate orthophotos and 3D DSM based on the acquired data from two different types of
RPAS.

The aerial images used for this research are self-made which in comparison to images
from external sources enables deeper understanding for the process of implementing the RPAS

technology in the area of archaeology.



1 Literature review

Several books from the library of the Czech Technical University (CTU) in Prague and
many articles online were used in the process of making the literature review regarding this
topic. This chapter is very important because it allows the researcher to become more familiar
with the subject and get to know about the major theories and evidences that have already been
done. Also, it is very interesting to analyze how a specific field has been upgrading over the
years and to make a comparison with the latest ways of approaching to a particular problem.
This thesis is mainly focused on the application of remote sensing in the field of archaeology
and therefore, the literature review is primarily focused on this area of interest, but also, in
general the importance of RPAS and its applications in different areas.

In addition to this chapter, following a review of a selection of literature, the key opinions
that will serve as a base for the ongoing topic will be presented.

An important book from the area of interest of this thesis is Non-destructive archaeology
(Kuna, M. et al, 2004). This book is a product of a ten-year research devoted to archaeology
by the authors and one of the outputs of a six-year grant-assisted research project. It is
representing the theories, methods and goals of non-destructive archaeology. In this book,
aerial archaeology is explained as one of the most important methods for access to new
archaeological data. None of the other methods have that wide of a range of exploring new

archaeological locations and new types of objects.

Martin Gojda has had a big influence on the development of aerial archaeology in the Czech
Republic. The possibility of usage and application of airborne laser scanning (ALS) in the area
of archaeology in the Czech Republic was presented at the international exhibition Lety do
minulosti — Flights into the past (Gojda, 2007). In the article Archaeological remote sensing
by means of ALS (Gojda et al., 2011) he reports on the goals, theoretical and methodological
bases and the application of ALS as the most recent sophisticated method of remote sensing
used for identification and 3D documentation of landscapes. The usage of the ALS and its
application for mapping the surface are also presented by Dolansky, T. (2004) in his work. He
is making a summary of the theoretical principles and possibilities for using the LIiDAR

technology in practice.



In 2008, the project of creating a new altimetry of the Czech Republic was introduced by
the Czech Office for Surveying, Mapping and Cadaster (COSMC, CUZK), the Ministry of
Defense and the Ministry of Agriculture. The project’s basic characteristics were described by
Brazdil, K. (2010). Method of airborne laser scanning was selected as main source of data
acquisition, which allowed the creation of the Digital Elevation Model (DEM) and Digital
Relief Model (DMR) of a new generation, having the precision up to a decimeter. About this
project and generally about the technologies of processing airborne laser data, Dusanek, P.
(2014) writes in his work. This article is published in the time when DEM of 4" generation
(DMR 4G), DMR of 5" generation (DMR 5G) and Digital Surface Model (DSM) of 1%
generation (DMP 1G) were introduced in the Czech Republic, now all available for the public
on the website of CUZK. Hubadek, M. et al. (2016) is also writing about these triangulated
irregular network (TIN) models. He is testing and proving the high accuracy and quality of the
elevation models of the new generation - DMR 4G and DMR 5G.

In their projects, researchers often combine data acquisition from unmanned aerial vehicle
(UAV) with terrestrial photogrammetry and laser scanning (Lambers et al., 2007). Digital
photogrammetry and laser scanning efficiently record the archaeological sites even in
unfavorable conditions. The possibility of UAV in characterizing individual tree variables,
forest structure, tree stump detection and real-time monitoring has dramatically increased its
application in forest inventory. Moreover, UAV 3D topographic representation is an excellent
alternative to costly ALS or even terrestrial laser scanning (Clapuyt, 2016; Gruszczynski,
2017). Compared to ALS technology, the weakness of photogrammetric data is the lack of
precise digital terrain models. This data cannot capture ground structure under tree crowns, but

it has been successfully exploited for canopy cover documentation (Matese et al., 2017).

The basics of small-format aerial photography (SFAP) are described in the well-known
work Small-Format Aerial Photography — Principles, Techniques and Geoscience application
(Aber, J., Marrzolff, 1., Ries, J., 2010). The book presents both the basic and advanced
principles and techniques of SFAP with an emphasis on digital cameras. It is the only
comprehensive and up-to-date book on this subject. The authors are giving a user-oriented

introduction to all SFAP-related applications.
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In the dissertation thesis UAV photogrammetry (Eisenbeiss, H., 2009) the author is
presenting his long-term research in this area. He is introducing new terminology, for that time,
UAYV Photogrammetry and demonstrating how UAVSs can be applied for photogrammetric data
acquisition and processing. It is focused particularly on archaeology and environmental
application. Also, the author is combining the various classes of UAVs into three new
categories, separating Open-source and Manual controlled UAVs (OM-class), Micro and Mini
UAVs (M-class) and Large payload UAVs (L-class). According to him, this classification
allows a selection of an UAV system for a photogrammetric application depending on the
project budget, the endurance, range, maneuverability, payload capacity and the type of

motorization.

In the article UAVs for the documentation of archaeological excavations (Saurbier,
Eisenbeiss, 2010), the authors are dealing with the investigations of UAV application in
archaeology. The capabilities of photogrammetric methods using UAVs as a sensor platform
are demonstrated in three case studies in the work: documentation of a large archaeological site
in Bhutan, an excavation of smaller site in the area Pernil Alto near Palpa (Peru) and the Maya

site in Honduras.

RPAS platforms are a valuable source of data for mapping and 3D modeling issues. The
main outputs, DSM generation and orthophoto production, can be produced in an automated
way. The developments of image processing methods in photogrammetry, mapping and 3D
modeling, as well as the outputs from RPAS are reported in the article UAV photogrammetry

for mapping and 3D modeling (Remondino et al., 2011).

The evolution and the use of Unmanned Aerial Systems (UAS) are as well discussed in the
technical article Unmanned aerial systems for photogrammetry and remote sensing: A review
in an international magazine (Colomina, I., Molina, P., 2014). The authors are describing UAS
as a set of complementary technologies brought together to fulfill a specific task. Three main
UAS components are commonly identified: unmanned aircraft, ground control station and

communication data link.
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The magazine RPAS: The Global Perspective — Edition 2013/14 endeavors to present a
photograph of the worldwide RPAS situation in that time. With the intention to bring the global
RPAS community together and presenting their views, this yearbook has been produced with
contributions from a lot of European as well as international organizations and the development

and application of RPAS in different countries are reported.

RPAS are basically described in the book Remotely piloted aerial systems - RPAS
(Pavelka, K. et al, 2016). The collective of authors of this book are demonstrating in detail the
usage of RPAS, its advantages and disadvantages and some examples from their wide
experience from the photogrammetric laboratory in the Faculty of Civil Engineering, CTU.
Also, the development of unmanned devices in former Czechoslovakia is demonstrated
chronologically, from simple flying models with a camera, to sophisticated instruments

remoted by using the Global Navigation Satellite System (GNSS).

RPAS or UAS technology is known worldwide and used in many fields. A specific field is
using of UAS in close-range photogrammetry, mainly in archaeology (Casana et al., 2014),
precise mapping (Rijsdijk et al., 2013), ecology (Ivosevi¢ et al., 2015), cultural heritage
documentation (Sedina et al., 2016), etc. For the potential use of RPAS to accelerate the
production of parcel boundary map and registration of land parcels of cadaster maps up to a
scale of 1:1000 in Indonesia it has been written by the authors Rokhmana et al. (2019) for the
international conference on Geodesy, Geomatics and Land Administration.

Particular example of the usage of RPAS for detecting archaeological objects is presented
in the article (Sedina et al., 2019), which is about a location near the village Ctinéves in the
Czech Republic that has been studied for several years. It is about urn graves of the Knoviz
culture (1200 — 1000 BC). In this project, urn graves and tumulus are detected based on the
vegetation symptoms caused by favorable meteorological conditions that year. Vegetation
signs on the ground from the subsurface structures are one of the most widely known and
studied technics in the non-destructive archaeology. The monitoring of vegetation must be done
under suitable light and vegetation conditions and using adequate instruments with infrared or

multispectral/hyperspectral systems (John, J.-Gojda, M. et al., 2013).

12



Another usage of RPAS is for the monitoring of glaciers motion. For many years,
expeditions to Greenland have been sent and the main aim was always the geodetic survey of
continental glaciers height. Monitoring them in a changing climate, as it is nowadays, is very
important. Experiences and results of a two-year-lasting project are discussed in the paper
(Pavelka et al., 2018) specifically for using the RPAS for glacier motion monitoring in
Greenland. Fixed-wing and multirotor drone were tested in this project, as well as satellite
images. The international project held by the authors above, RPAS for documentation of Nazca
aqueducts (gedina, J., Hulkova, M., Pavelka, K., Pavelka, K. jr., 2019), shows the recent
applications of RPAS in order to document sites and process the acquired data to an orthophoto
and a DSM.

The increasing of the remote sensing platforms is leading to a growing demand for new
image processing tools. A vast range of software exists for image processing and deciding
which one to use depends on a large degree on the intended analysis. Aspects of geometric
corrections, image enhancement techniques, image transformations as well as stereoscopic
viewing and photogrammetric analysis are particularly useful for digital image analysis (Aber,
J., Marrzolff, 1., Ries, J., 2010). Software for generation of a fine quality orthophoto of the
acquired image series are examined in the study for accuracy assessment of different software
for processing UAV data (Brach et al., 2019). Six of the most frequently used photogrammetric

software are described and a comparation of the final results between them is presented.

The growing of RPAS in civilian applications has significantly increased in the USA in the
last years and has gained tremendous interest for experienced operators and pilots (Raid Al-
Tahir, 2015). This is discussed in the paper Integrating UAV into geomatics, where the author
argues that universities should expand their educations and training programs to include UAV-

based geomatics operations and application development.

The purpose of this review was to go through some of the works and researches in
composition studies, done about remote sensing and its application. It is clear from these
researches that modern methods of geomatics, as RPAS and ALS are popular around the world
for documentation and 3D models generation. RPAS technology and its application in different
areas increasingly took the attention of many researchers over the last two decades. There are
many scientific papers, dissertations and books written about these fields, however, there is

still a long-term ongoing research.
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2 Introduction

Aerial photography is one of the most widely used and cost-effective methods of remote
sensing. Since its inceptions, aerial photography has gone from balloons and kites to airplanes

and satellites and now drones.

Historically, the beginnings of aerial photography are going back to the nineteenth century
when people desired to see the landscape “as birds do”. The first documented aerial
photography was taken from a balloon in 1858 in France (Colwell, 1997) when it was with a
rather limited use, high costs and risks. The early 20" century, is considered the golden age of
aerial photography when kites were the most widely available for lifting a camera into the sky.
In the following years, aerial photography was mostly used for military reconnaissance and
operations during the First, the Second World War and the Cold War. Photographic methods
were developed rapidly, culminating early in the 21% century with transition to digital

technology in general.

This thesis is divided into several chapters with each chapter providing deeper
understanding for the application of RPAS in the field of archaeology. The first chapter
distinguishes the different types of RPAS including the ones that have become commercially
available due to which certain regulations by governments has become inevitable. Therefore,
the chapter then proceeds to introduce the norms and regulations currently applicable. The
following chapter is about the usage of RPAS and the advantages it offers when applied in

different areas.

The incipient chapter of the second thematic part is the case project during which a survey
was conducted in the archaeological site Bfezno with the main purpose of testing two different
types of RPAS for data acquisition. The data was then further processed in two different
software with the common aim, to generate an orthophoto and DSM where based on the

vegetation indices, the existence of a subsurface object would be proven.

The primary sources that were used in this thesis are professional literature and the acquired
data from the execution of the case project. Further on, the RPAS suppliers’ websites were the

source for the technical specifications stated henceforward.
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3 RPAS

There are several abbreviations used for so-called drones. The term RPAS is considered as
most acceptable for the community that uses this technology for scientific purposes because it
defines that the unmanned vehicle actually has a pilot who remotely controls it from the ground
unlike the term UAV — unmanned aerial vehicle - flying vehicle only, which associates that the
vehicle does not have a pilot. Similar abbreviation is UAS — unmanned aerial system — it means
the UAV with terrestrial segment. However, for the wide society, that connects unmanned
aerial vehicles with entertainment it is commonly known as drone. In general, RPAS is a
system of a flying vehicle, ground-based controller and a system of communications between
the two, equipped with a camera and brought together to fulfill a specific task (Colomina, 1.,
Molina, P., 2014).

3.1 Types of RPAS

Variety of platforms for aerial photography with different characteristics exist: manned or
unmanned, powered or unpowered and free flying or tethered to the ground. Size and
complexity of these platforms vary enormously, ranging from simple kites to substantial
manned aircraft. What might be the ideal platform in one situation, could be impractical or
impossible in another. The decision for a particular one depends on numerous aspects.
In this section, the mostly used types of RPAS for geomatics purpose will be presented.

RPAS Helicopter (Figure 1) is a device having two rotors: the main one lifts the helicopter
and allows to tilt, and the secondary rotor provides the ability to rotate around the vertical axis.
It is ideal for measuring or monitoring buildings in narrow areas. Because of its ability for
vertical taking off and landing, this type of unmanned aircraft is usually used, mostly for

documentation in photogrammetry.

Figure 1 - RPAS Helicopter
source: Www.survey-copter.com
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Multirotor (Figure 2 - a) got its name because of the multiple rotors it has (mostly 4, 6 or 8
rotors). It is the type that comes to mind in the society when the term drone is mentioned. It is
controlled by changing the angle of the rotors. These devices are supplied with battery,
navigation system, antenna for radio connection and, inevitably, a digital camera equipped with
gimbal®. Quality digital cameras are used for this type of RPAS. It is possible to use different
sensors e.g. multispectral, thermal or laser scanner. What multirotors have in favor is the
stability in the air given by the multiple rotors and vertical taking off and landing. Moreover,
manual, as well as automatic mode is possible according to the predefined flight plan. However,
they do not last in the air as much as the fixed-wing drones and are exposed to be more

damaged.

Fixed-wing drones (Figure 2 - b) have the ability for a long-range flight and higher
endurance in the air. Here, the rules are similar as for normal manned aircrafts, i.e. these types
of drones cannot start vertically, but need certain speed. Also, they have an advantage when it
comes to safety — because of the wings and the lightness, it does not fall directly on the ground
if unwanted complications happen. Mostly, this type flies in an automatic mode with a
predefined flight plan, but with the possibility to be stopped or be interrupted by the controller.
Landing is also autonomous with a predefined position, which needs to be in a wider area (some
types can land in a spiral way). They are not adequate for documentation or surveying
individual buildings, since they are using cheaper compact digital cameras with resolution of
10-20 MP. (Pavelka et al. 2016).

s

Figure 2 - Different RPAS survey options proposed by Giordan et al. (2015) for (a) steep rock slopes
and (b) gentle to moderate slopes.

1 Gimbal — a 3-axis mechanism for rotation and stabilization of the camera
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3.2 Legislation

Nowadays, drones are accessible and are available to be bought by almost anyone. The
acceptable price and mass availability (even in toy stores) on the internet resulted with the
unavoidable need for regulation of their use, to ensure both the safety of the air traffic and the

privacy of the society and their properties.

The civil usage of the airspace and unmanned aircraft operations over the territory of the
Czech Republic is regulated in the Czech Aviation Law - Act No 49/1997 for civil aviation. It
is important that for all unmanned aircraft, regardless of the purpose of use (recreational and
sport flying/aerial work/corporate flights), the rules of the air apply, laid down by the aviation
rules, especially by the Attachment X of the applicable Czech Regulation L 2, Rules of the Air
(Doplnek X predpisu L2). The terms UAS and UAV often appear in this official document.

The Attachment X contains the categorization of unmanned aircrafts, their area of use, the
ability to control them during the flight etc. It defines the terms UAV and UAS. The flight of
the drone must be controlled by the pilot, responsible for any consequences. The pilot must
maintain permanent visual contact with the aircraft. The flight itself should be recorded in the
flight log so that the record always contains the date of the flight, the name of the pilot, the
identification of the device, the time of the flight and similar information (Civil Aviation
Authority, 2014).

The new rules and procedures for the operation of unmanned aircraft, which are set to be
applicable from 1% of July 2020 in Europe, have already been published from the European
Union Aviation Safety Agency (EASA). The published article covers the Commission
Implementing Regulation (EU) 2019/947, the related acceptable means of compliance and
guidance material, as well as the Commission Delegated Regulation (EU) 2019/945 on UAS
and on third-country operators of UAS. In the Implementing Regulation, there are three key
elements relevant to the registration as an operator, the registration of the drone and the

competency of the drone pilot (European Commission, 2019).

Around the world there are different drone regulations. While some countries have clear,
established drone laws, many others do not, or the existing regulations do not consider how
much the UAV landscape has changed over the last several years. There are still many countries
that lack drone laws and on the contrary, a small group of countries that have completely

banned them.
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4 Use of RPAS

Drones have been used increasingly for aerial photography in scientific researches during
the last two decades. In this chapter, the wide usage of the RPAS technology and its
applications in different areas will be presented. The fascination of the geomatics industry in
the RPAS is mostly due to their ability to collect site specific images at high spatial resolution,
at low cost and with acceptable deployment. Using RPAS in photogrammetry is another tool

that opens new possibilities for data acquisition for numerous areas of research.

Generally, using the RPAS could depend on the flying purpose, type of the monitored
construction, the surface or on the legal norms. Multirotors are ideal for monitoring or
documentation of smaller areas and civil engineering structures. Their advantage in comparison
to fixed-wing drones is that taking of, as well as landing is vertical and can be used in relatively
narrow locations. Controlling with these types of unmanned aircraft is more complicated and
requires more experience. On the other hand, fixed-wing RPAS need certain speed and open
space for taking off and landing. Mostly, they are used for documentation, monitoring and
surveying flat surfaces and bigger areas (up to 1km? with one flight) e.g. in archaeology, wider

transportation or water areas.

In geomatics, mainly, RPAS are applied to fields that benefit from close-range sensing such
as, archaeological documentation and cultural heritage, monitoring and imaging of extensive
areas, land registry applications, mapping as well as creating 3D models and DSM in the order

of several cm.
Summary of advantages of using RPAS (Pavelka et al., 2016):

- cheap transportation;

- easy manipulation and mobility;

- high flexibility for deployment to work;

- possibility to use them in areas difficult to access;

- using in areas dangerous or risky for manned flight;

- high image resolution.
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Using the RPAS in archaeology is a modern method and a useful tool for documentation
and reconnaissance of the archaeological locations. The main purpose of applicating the RPAS
in archaeology is to find and evaluate archaeological resources without destructive
interventions in the field. RPAS can be used for identification of new archaeological locations
according to the vegetation, soil or terrestrial symptoms, or simply for documentation of an

already existing one.

For the purpose of identifying new archaeological sites, professional systems equipped
with specialized instruments as infrared or multispectral cameras are applied. When it comes
to small archaeological locations that are already monitored, preparing a documentation using
even small RPAS can be economical and quick. Application of RPAS in archaeology has an
economical dimension and makes possible a more far-sighted and sparing approach to the
archaeological heritage. After a new archaeological object is identified with the RPAS
technology, often a verification with geophysical measurements is made on the field. Usually,

magnetometers and ground-penetrating radars are used for verification (Kuna, M. et al, 2004).

As the authors Sedina et al. (2019) are explaining, first the sites for measurement in the
explored area are selected. Before the RPAS flight, a basic map is created by measuring the
existing sites with some of the GNSS methods and the ground control points are signalized in
adequate way. During the flight, the platform is observed with a control station which shows
real time flight data such as position, speed, GNSS observations, battery status etc. Following
the autonomous RPAS flight, data processing, which results usually with orthophoto and digital

surface model, is operated in some of the wide range of software.

Within a very limited time and costs, an area can be surveyed and 3D models with up to
centimeter accuracy can be created or volumes can be calculated. However, mapping with
RPAS and creating an orthophoto is pretty demanding when it comes to organization and has
several phases. Pavelka et al. (2016) are giving a preview of the main phases, which are

essential for mapping and generating an orthophoto and DSM:
1) Creating the project

The first phase is undertaking the needed documents from the client, specification of the
characteristic for the resulting accuracy and content of mapping area. Following is the flight
plan with specified ground sample distance (GSD) and the signalization and preservation of
the starting points.
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2) Formation of the ground starting points in the field

The physical stabilization and signalization of the ground starting and control points are made
in a way, so there will be starting points inside and outside the monitored location. Also, the

coordinates of all the starting and control points are measured with one of the GNSS methods.
3) Planning the RPAS flight

The plan for the flight is made based on the already known area, time period, GSD and
meteorological condition. Digital maps from WMS service or applications from Google Earth
are used as a base for making the flight plan.

4) Before the flight preparations

After finishing all the administrative parts and registration of the controls and procedures in
the adequate documents, a preparation of the aircraft and the cameras is made e.g. battery status

and other recommended tasks.
5) RPAS flight

The aircraft is remotely controlled by a pilot, who makes the flight as effective as could be.
During the flight, different notes of the aspects that can possibly affect the scanning quality are
listed.

6) Data processing after the RPAS flight

The records are described with location, date and other information in order to be identified.
The operator downloads the essential data from the cameras for the calculations of the camera

parameters.
7) Preparing the data for the orthophoto and mapping outputs

Some quality controls of images and registrations are done before the photogrammetric
processing. After that, the coordinates of all the signalized starting and control points are
measured on every image. This phase is quite demanding and usually supported by software
that helps to identify the points.
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8) Orthophoto generation and mapping process

Orthophoto generation requires georeferenced photos and a DSM. The procedure is based on
the determination of the parameters for the collinearity equations i.e. the spatial position of the
projection center (X, Y, Z) and the camera orientation angles. Some limit deviations and
intervals that should be fulfilled in order to proceed with the generations are given and if not,
then other analyses of the calculation should be made or eventually an additional measurement

from another operator.

Most RPAS are equipped with a camera and inertial navigation system - INS (GNSS +
IMU), where the photo positions and camera tilt angles are registered during flight. The bundle
adjustment solution? is used to calculate the exact parameters of the camera internal and
external orientation (aerotriangulation technology). Georeferencing of images (or orthophotos)
is possible according to data from INS or can be used for control or refining suitably distributed

control points.

4.1 Using of RPAS’s products

Generated orthophotos can be used as base maps on which accurate measurements can be
made. It should serve as the input for any further processing, e.g. 3D modelling. The orthophoto
is a very useful product for cultural heritage documentation since in this metric product is
possible to combine radiometric information with real measurements allowing a complete

representation from every point of view (both terrestrial and aerial) of the analyzed object.

Using RPAS for Cadaster surveying definitely has advantages and potential for further
application in this area. However, there are some shortcomings and limitations of this
technology e.g. vegetation shades, roofs of the buildings and not visible land borderlines.
Because of these unresolved limits, currently it is not possible to replace totally the classical
methods of geodesy. Nevertheless, the predictions are that RPAS are going to be used as an

additional method for surveying in the Cadaster.

2 Bundle adjustment is the problem of refining a visual reconstruction to produce jointly
optimal 3D structure and viewing parameter (camera pose and/or calibration) estimates.
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Worth mentioning are also areas other than geomatics which are using remotely
controlled models for different functions. Civil engineering and architecture use the RPAS
technology for surveying building sites, inspecting buildings, collecting useful data and
creating visuals for marketing purposes.

In the film industry and television, using of this technology has become a “game-
changer”. Filmmakers are using it to capture aerial footage and images without having to get a

cameraman on an actual helicopter.

Remote sensing is a well-known platform for agriculture and environment analysis too.
However, it is resulting with high expenses when fine resolution is requested. There are
agricultural drones that help to achieve and improve what is known as precision agriculture.
Multiple uses of agricultural drones exist, including scouting land and crops, spotting treating
plants, monitoring overall crop health and many more. The use of RPAS in agriculture is the

technology that will help this business meet the changing and growing demands of the future.

Nevertheless, the police and military are the fields that use RPAS the most. They possess
different types and sizes and use them for different purposes, e.g. situations where manned
flights are considered too risky or difficult, tracking, monitoring activities on the ground etc.
The technology has been put to use by federal, state, and local law enforcement agencies
throughout the country, primarily for surveillance purposes. Although these police drones are
not equipped with any type of weapon, many are capable of being armed with such technology
and several weaponized police drones have been developed.
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5 Case study

The project creation was divided in two parts, outside practical aerial measurements and
data processing and analyzing for orthophoto and DSM generation. The measurements were
made on a cloudy weather, ideal for aerial photography, because of the unwanted shadows that
can affect the image quality. Two flights were made with different types of RPAS, using
different cameras. As for the data processing, also two different software were used for the
orthophoto generation. In addition to this chapter, a detailed illustration of the used tools and
software will be presented, as well as a comparation between the different RPAS, cameras and
programs. However, both of them are aiming at the main goal — an orthophoto on which the

vegetation symptoms evidencing the subsurface archaeological object would be clearly seen.

5.1 Area of interest

The subject of analyses for this thesis was an already known archaeological location in the
Czech Republic. The site is located in the village Biezno, district Louny, in the Ustecky region.

0 100 200 300 400 500 m

[-787789.587; -1004288.633] ERCTANTR T 450 s [-783546.450; -1004288.633)]|

[[-787789.587; -1006860.231] A ‘ [-783546.450; -1006860.231]|

Figure 3 - Location of the case project. Near Brezno, meander of the river Ohie

source: www.mapy.cz

23


file:///D:/Stavební%20fakulta%20ČVUT/BP/www.mapy.cz

The flow of the nearby river Ohfe is specific for its meanders which have been historically
proven as useful for defense and safety purposes of human settlement within them. The location
in question elaborated in this case project is within one of the numerous meanders of the river
Ohfe, a site that has been monitored for many years now. (Figure 3)

Relatively close to the location of study is the archaeological open-air museum
Archeoskanzen Briezno u Loun, where replicas of prehistorical little houses, built on the basis
of local finds are presented (Figure 4.). It was established in 1981 as a part of an experiment
following a largescale research carried out by the Archaeological Institute in Prague. Long-
term archaeological researches made for this specific area have documented the development

of human settlement, that is predicted from the Neolithic Period to the early Middle Ages (Kuna
etal., 2015).

Figure 4- Archaeological Open-air museum
source: www.archeologickyatlas.cz
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5.2 Used technology
For the purpose of realization of this project, two different types of RPAS were used (fixed

wing drone — autonomous flight and multirotor — manual flight):

5.2.1 RPAS eBee
The fixed wing RPAS eBee is a product from the Swiss company senseFly, which is an
association that since 2009 provides hardware and software for the purpose of geodesy,
geomatics, agriculture etc. The senseFly eBee (Figure 5.) is a fully autonomous and easy-to-
use mapping RPAS, that is used to capture high-resolution aerial photos, later transformed and

generated into accurate orthophotos (with pixel size of around 3 cm) and 3D models.

Figure 5 - eBee mapping RPAS from senseFly
source: www.sensefly.com

No special piloting skills are required for this RPAS, since it flies, captures images and lands
itself according to the predefined flight plan that is made in the software eMotion, also provided
from the company senseFly. However, there is always a possibility to alter its flight plan or
land manually if required. The eBee construction is made of ultra-light materials, because of

which it weights less than one kilo (around 700 g), vastly minimizing its impact energy.
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The whole eBee system consists of several components:

Winged drone, also composed of several parts that can be replaced in the event of

damage. The most important component is the body that includes the main parts of the

drone, such as the motor, powered by a lithium-polymer battery, signal receiver, INS

and camera. The other components are two attachable wings and a rotor on the rear part

of the body, allowing the drone to move;

Software for planning flight missions, in this case eMotion;

Data processing software, Pix4D.

Hardware
Wingspan 96 cm
Weight 0.70 kg
Motor Low noise, electric, 160W
Radio link range 3 km
Battery Lithium - polymer
Camera (optional) S110 NIR/RE, Sequoia, thermoMAP
Software
Flight planning and control eMotion
Image processing Pix4D Mapper
Operation
Max. flight time 50 minutes
Speed 40 - 90 km/h (11 - 25 m/s)
Wind resistance up to 45 km/h (12 m/s)
Max. Coverage 12 km?
Automatic landing ~ 5 m accuracy
Results
Ground sampling distance ~15cm
Horizontal accuracy, with GCP ~3cm
Vertical accuracy, with GCP ~5cm
Horizontal/vertical accuracy, no GCP 1-5m

Table 1 - Technical specifications of the eBee system
source: Author’s creation, based on data from www.sensefly.com
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Canon PowerShot S110 infrared camera was used with this type of RPAS which also
belongs to the package equipment of eBee. It is adapted to be controlled by the drone’s pilot.
It has a resolution of 12 MP, image size of 4048 x 3038 pixels and a flight altitude of 100 m
above ground level corresponds to ground resolution of 3.5 cm/pixel. This camera acquires
image data in bands NIRRG — NIR (near-infrared), R (red), G (green) as shown in Figure 6.
For this reason, it is suitable for capturing the state of vegetation since the plants have a high
reflectivity in the near-infrared band. This camera is designed to be used in precision

agriculture and for monitoring and analysis of the vegetation cover.
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Figure 6- Canon PowerShot S110 bands
source: Sedina, 2016

The predefined mapping flight plan (Figure 8.) was made in the software eMotion,
integrated software package that allows to interact with the eBee drone. It was also used during
the flight to track its position and monitor the progress of the mapping flight. An internet
connection is required to create the mapping flight plan and for the actual flight, as the
computer communicates wirelessly via modem with the eBee. With this software, it is also

possible to adjust the activity of the eBee or make a forced landing if unwanted activities
happen during the flight.
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5.2.2 Quadcopter DJI Mavic Pro Platinum
Mavic Pro (Figure 7.) is a multirotor type of RPAS that is a product of the Chinese company
DJI, a company that is a world-leading manufacturer of commercial RPAS for aerial
photography. Mavic Pro can fly by predefined plan (autonomously) or manually controlled by
a pilot. It is mostly used for documenting smaller areas. Its small, compact body and remote
controller that can be folded down and stored in a small bag, make this drone one of the best
portable RPAS yet. The Platinum series is improved in comparations with the older models

with some internals, as well as increase of the flight time and reduce of the noise.

For this project Mavic Pro was controlled manually, capturing images from two different
height levels in order to increase the output quality by making more overlapping images.
The craft’s GPS/GLONASS, IMUs and visual positioning system, make flight performance as
stable as possible. Moreover, this RPAS has the ability to fly back to the “home” point if the

pilot loses the visual contact or the battery reaches a critical level.

Figure 7 - Quadcopter DJI Mavic Pro Platinum
source: www.dji.com
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The DJI Mavic system has several parts:

- Aircraft with four folding “arms”, containing the important electronic components:
camera, gimbal, signal receiver, battery and different sensors;

- Remote controller;

- DJI GO application for controlling via smart phone;

- Optional data processing software.

Hardware
Diagonal Size (Propellers Excluded) 33.5cm
Weight 0.75 kg
Motor Low noise, electric
Remote controller Operating frequency 2.4 GHz
Transmission Range 7 km
Battery Lithium - polymer
Camera RGB
Software
Control application DJI GO
Image processing (optional) Agisoft/PhotoScan (Metashape)
Operation via controller
Max. flight time ~ 30 minutes
Max. speed ~ 60 km/h (~ 15 m/s)
Operating temperature range 0-40°C
Positioning System GPS/GLONASS
Takeoff/landing Vertical
Hover accuracy
Horizontal 30 -150 cm
Vertical 10-50 cm

Table 2 - Technical specifications of the DJI Mavic system
source: Author’s creation, based on data from www.dji.com

RGB camera was used for capturing with this RPAS, which means it acquires image
data in R-red, G-green and B-blue bands. The camera has a resolution of 12 MP and the
captured images have size of 4000 x 2250 pixels. Its position during the flight was manually
controlled in the DJI GO application. It is not possible to change the camera on this type of

RPAS as it is with the fixed-wing type, where thermal or multispectral camera can be applied.
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5.3 Data

As mentioned before, the data acquisition for this project was made in two different flights
with two different types of RPAS. The monitored area was captured both manually and
automatically with infrared and RGB camera. With the senseFly eBee winged RPAS, using
Canon S110 infrared camera, 67 images were made in an autonomous flight with an overlap
of 70%. The flight altitude was about 120 meters. In the following Figure 8. a map is shown

from the flight plan with marked points at which the images were taken.

50.3647348°N 13.7466317°E 180 m/AMSL (225 m/WGS84)

Figure 8 - Flight plan with marked camera positions made in eMotion

The DJI Mavic RPAS was controlled manually and using RGB camera, 121 brighter and
74 darker (higher quality) images were made. Because of the manual control, more images in

three height levels were taken (30 to 80 meters flight altitudes), so to be sure there is an overlap.

The advantage from capturing images with RPAS is that the exported images from the
camera are already georeferenced, i.e. have geoinformation from the GPS. After both flights,
the acquired data was exported from the RPAS in formats that can be processed in the available
software. An image transformation was made from the formats RAW and TIF to the image
format JPG, in order to reduce the size of the data. Also, information about the image
positioning from the INS was exported to a text file. After these changes, the images could be
further processed.
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5.4 Data processing
In order to generate the main outputs of this project, orthophoto and DSM, two different
data processing software were used. In both software, these outputs are created parallelly,

i.e. to proceeed to an orthophoto, a creation of DSM is required.

5.4.1 Pix4Dmapper

Processing the images, acquired from the flight with the winged eBee RPAS was made in
the photogrammetry software for professional mapping, Pix4Dmapper. It is a software that is

able to generate georeferenced, accurate 2D maps and 3D models.

This software is programmed to automatically process the data. For generation of DSM and
orthophoto it is only necessary to create a project with several basic parameters for processing
and import the images, together with the file containing the camera orientation parameters from

the INS. Basically, Pix4Dmapper is processing the imported images in three steps:

- Initial processing: Identifying specific features as key-points in the images, finding
which images have the same key-points and matching them, locating the model if

geolocation information is provided; (An example of output is shown on Figure 9.)

Figure 9 — Raycloud - 3D representation of the project area and cameras with the original images
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- Point cloud and mesh: Creating of automatic tie points that results with a densified

point cloud (Figure 10.), creating 3D Textured Mesh;

Figure 10 - Point cloud (infrared camera)

- DSM, orthophoto and index: Creating a DSM (Figure 11.) that can be used for
volumes computation (unnecessary for this project), creating orthophoto (Figure
12.) based on orthorectification, generating an index map (Figure 13.) where the
color of each pixel is computed using different formulas.
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Figure 11 — Generated DSM of the captured area (above), detail of the object (below)
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An illustration from the generated orthophoto (lower quality) is shown in the following
Figure 12. Because of the size that the original exported orthophoto has (TIF file with around
220 MB), it will be added as an attachment to this thesis. This illustration is shown in order to

be understood, what the output from the 3" step of the data processing in Pix4Dmapper is.

Figure 12 - Orthophoto (illustration)

NDVI (Normalized Difference Vegetation Index) is calculated for analyzing the state of
vegetation. It is a graphical indicator that is standardly used in remote sensing. The software
calculates this index with the values of the pixels from the red (R) and near-infrared (NIR)

bands. The NDVI output from this project is shown in the following Figure 13.
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5.4.2 Agisoft PhotoScan Metashape

The acquired data from the quadcopter DJI Mavic was processed in the software Agisoft
PhotoScan Metashape. It is a software for photogrammetric processing of digital images and
generation of 3D spatial data, producing quality and accurate results. It allows to generate
georeferenced dense point clouds, textured polygonal models, DEMs and orthophotos from a
set of overlapping images with the corresponding referencing information.

The data processing after the images were imported in Agisoft PhotoScan Metashape was
made in several steps that follow consecutively to complete the whole workflow. Every

function is started manually with defining some parameters:

- Load camera positions and check camera calibration;

- Align photos, at this stage PhotoScan finds matching points between overlapping
images, estimates camera position for each photo and builds sparse point cloud
model;

- Build dense point cloud, based on the estimated camera positions the program

calculates depth information for each camera to be combined into a single dense

point cloud;

Figure 14 - Dense point cloud in 3D (33 mil. points)
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- Build mesh, polygonal (triangular irregular network) mesh model based on the
dense cloud data;

- Build texture, defining color to the polygons created in the previous step;

Figure 15 - Textured 3D model

- Build Digital elevation model, generation based on the dense point cloud or the
mesh model;

- Build orthomosaic, based on the digital elevation model or the the mesh model.

Bam Figure 16 - 2D Orthophoto
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5.5 Outputs

This project resulted in a set of thematic maps that are documenting the monitored
archaeological site, located in the meander of the river Ohie, near Bfezno. The software ArcGIS
Pro was used to create the thematic maps from the exported orthophotos and DSM in TIF

format. All the thematic maps were exported to the coordinate system UTM zone 33N.

Processing the data from the winged eBee drone in the software Pix4Dmapper resulted with

two outputs:

- Orthophoto (NIR) from Canon PowerShot S110 images (See Attachments)
- Digital surface model from Canon PowerShot S110 images (Figure 11)

The only output that was generated in Agisoft PhotoScan from processing the data from
the quadcopter DJI Mavic, using RGB camera, is an orthophoto (see Attachments).
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6 Conclusion and discussion

RPAS technology is one of the non-destructive tools used for monitoring historical objects
that shows the archaeology does not refer to field excavations only, but there are other more
economical and practical ways to approach. Recently, RPAS usage in the field of archaeology
has been on the rise and is soon expected to be the dominant non-destructive approach for

exploring new archaeological locations.

The goal of this thesis was to get familiar with the RPAS technology and to carry out a
practical survey of an archaeological site. The monitored object has a rectangular shape with a
little circle in the middle, which according to the archaeological predictions can be a burial

mound from the period between the Neolithic Period to the early Middle Ages.

The observation of the site was conducted with two different types of RPAS, winged and
quadcopter. Hereby, the data processing was made in two different software. Both of the used
software, Pix4D and Agisoft PhotoScan, for data processing are alike and process similar
results. Pix4D in comparation with Agisoft PhotoScan has an advantage which is consisting of
it being able to create an index thematic map. Using the winged drone eBeeg, the observed site
was captured autonomously according to the predefined flight plan. The images, using the
quadcopter DJI Mavic were captured manually which is a disadvantage in comparison to the
eBee system. Both types of RPAS are adequate for this type of survey. However, for larger flat
areas, the eBee has an advantage, since it has the ability for a long-range flight and high
endurance in the air that is suitable for mapping. DJI Mavic is more stable in the air and it can
be used in narrow locations because of the ability to vertical takeoff and landing.

The NDVI thematic map shown in Figure 13 is based on the different reflectivity from
vegetation in red and near-infrared spectral bands. On the image, the red color shows the
surface with little to no vegetation and on the contrary, the green color presents the healthy
vegetation. The vegetation index helps to identify objects underground, meaning it is not
necessary to excavate into the ground but based on the state of vegetation it is possible to
identify if something is beneath.
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An analysis of the generated outputs was made. On the output shown on Figure 13 (DSM)
and on both of the generated orthophotos (Figure 17 and 19) a sub-surface rectangular-shaped

object is clearly visible.

During the executed survey a wider area was captured with the eBee RPAS. Judging by the
visible vegetation symptoms in the area outside of the initially observed area, there is a high
possibility of an existence of another sub-surfaced object nearby. Because that area was not
included in the thesis research, further surveys can be done over the site as to confirm the

existence of the object that has not been yet archaeologically confirmed.

A geophysical survey was originally planned to verify the historical object, but this was not
possible due to COVID-19; at present, there is already high vegetation in this area. Geophysical

non-invasive survey can be applied only after harvest.
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