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Executivesummary

Thepotential of drone technology to support local authoritiée promote sustainable development

of coastal regiondas been appreciatecbut has thus far been underutilisedhis report provides
practical guidance to local authorities in the usalmone technology to digityt preserve, document,

and monitor natural and built heritage sites promote the sustainable development of regicatghe

coast The report has been produced as part of theffthtled Sustainable Resilient Coasts (COAST)
project, a collaboration betweermpartners from Iceland, Finland, Ireland, and Northern Ireland
F20dzaAy3a 2y (GKS FdzidzNBE OKIffSy3aSa FyR RS@St 2LIVS)
and Arctic (NPA) region. The project seeks to deliver practicddugee for coastal local authiies to
support resilience building and coastal sustainability. This document is therefore intended to enable
local authorities with limited experience but a desire to understand and use drone technology for the
digital presevation and documentation afatural and built heritage sites.

This report describes a sitep processhat guides local authorities through the considerations that
need to be taken before, during, and after conducting drone survEys.key steps include 1. Flight
purpose 2. Studydesign; 3. Prdlight fieldwork; 4. Conducting drone survey; 5. Processing of aerial
data; 6. Quality assurance. Each step will be described and explained to ensure that drone surveys are
conducted efficietly and safelyThe flighppurposesets outthe intent of the surveyand willintroduce

Rathlin Island as a case study and diffeneays in whichdrone survey applicationsmay be used to
support the Rathlin communityRathlin Island in Northern Ireland fianany natural features and
landscapesn additionto manybuilt heritage sites and as such providesraque case studyDue to
current Covidl9 travel restrictions (March 2021), the testing of the presented methodology in this
report has not yet commenaek More details on the case study and the pilotioigthis methodology

will be presented at a later tim&.he flightpurposeincludes the access to drone survey output as an
important consideration that has to be taken prior to the study design. The stadign focuses on
technical aspects of the dron#he drone classification and potentially necessary training, and the
drone regulations and aviation authoritieshe preflight fieldwork describes the planning and some
practical considerations priéight fieldwork. The planningtageensuresthat the nest step, conducting

the drone survey, is done safely and efficiently. Processing of aerial data provides some practical
considerations regarding the data management and data sharing and some of the Gearal D
Protection Regulations (GDPR) that have tetesideredor the presentation of the outputQuality
assurance ensures that drone survey operations have used the best practice guidelines for drone
operations. The final chapter of this report providesal authorities with- | dzA O1 RNRBY S 2 LJS
checklistfor safe drone operations.
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1. Introduction

Unmanned Aerial Vehies (UAVS) such as drones can be useambtdribute to promoting sustainable
developmentin coastal regions. UAVs enable the eeffective, relatively easgocumentation and
digital preservation of natural and built heritage sites in coastal regidA&/or drone surveysalso
allow the exploration of difficufto-reach and/or inaccessible eit with none to minimal impact and
disturbance to the natural and built environmenfdditionally, repeat surveys can easily be
undertaken to monitor changes of the tugial and built environment over timélany of these coastal
regions are threatened by ¢heffects of climate change, séavel rise, and coastal erosion. Hence,
drone surveys of these regions could contribute to documenting and digitally preserving these
heritage sites through photography, video recordirgisveyingand modellingusing variais sensors
like cameras, LIDAR, magnetometers, radand more The use ofirone surveys has become a
preferred method for gescientistsdue todrone)  Stb-use inerface and the wealth of data that
can be collected efficiently and effectively in aatelely short time(Jiménez Lépez & Mulero
Pazmany, 2019; Joyce, Duce, Leahy, Leon, & Maier,.20&@Ever, the potential to support local
authoritiesin monitoring remote areas and promoting sustainable development through theofise
UAVor dronesurveys for natural and built environmesttas not yet been fully realisdtanfreda et
al., 2018)

This practical guide is designed for local authies in coastal regiongasa one-stop-shop providing
information and key considerations for the use dfones for the digital preservatiorand
documentation of sites of dtural and natural significamc Drone surveysan be useful for small
survey areas rad when mapping can be done using RGB camebasne surveys are one way to
digitally preserve natural and built heritage sitewever, lefore diving deeper i the practicalities
of drone surveys for digital preservatidogcal authoritiesconsider the purpose of thsurveyand the
most suitable and appropriate wayf obtaining remote sensing dat®emote sensing is the process
of collecting data without physically bgj in contact with the objediSimic Milas, Crackngf Warner,
2018) Depending on the purpose of tleirvey usingremote sensinglata collected from satellitesr
plane surveysor hiring expert drone operators to carry out thergey may belternative optiongo
consider Expert drone operators caiso advise®n the most suitable sensots obtain the dataand
create output from the data akighrend sensors will produce higher quality dat

In particular, this report outlinesdy considerations for the use alrone surveys to monitor the

natural emironment and to preserve built heritage in coastal regiohlds practical guiddoosely

follows theUnmanned Aerial SystembAS-based mapping according oY dzOA & S {iThé ft @ 0O H
UASbased mappingdentified fivekeyconsiderations which help structure the planning and operating

of drone surveys.The five key areas are: 1. Flighirpose 2. Study design; 3. Rfight fieldwork;4.

Conducting drone surye 5. Processing ofamial data;6. Quality assurance (figure 1). This repuais

built on the work¢ Y dzOA & S (andliststuctuied anHthe inodified methodology. This repsrt
GFAft2NBR G2 t20Ff | dziK2NRARGASaAQ dgfaSoredervatighahd O2 y & A R
documentation of sites of the natural and built environment.

1RGB (red, green, and blue) cameras are able to captursaime bands of light that the human eye can
capture.Kandrot and Holloway (202@dgtail the applications of drone technology for sustainable development
of the coastal zone and provide andepth literature review of the available usaad abilities of statef-the-

art drone technology, avaitde here:https://coast.interreg

npa.eu/sutsites/coast/DT2.1.1_Applications of drone technology fortansble development of the coa

stal_zone.pdf
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Figurel: Activities involved in UASased mapping, adapted fro;mY dzOA 6 S Ff & oununo

This documentims to provide local authorities pracéil guidance in howot digitally presene the
natural and built environmentising drone technologyRathlin Island in Northern Irelarfths agreed

to partner up with Causeway Coast & Glens Heritage T@GGHgNnd LhiversityCollegeCork (UCC)

to implemen and test the sixstep methodology to use drone surveys to digitally preserve and monitor
the natural and built heritage site®ue to current Covid9 travel restrictions (March 2021), the
testing of the presented methodology in this report has not y@hmenced More details on the case
study and thepiloting of this methodologyvill be presented at a later time

This report was produced as part of the Sustainable Resilient Coasts (COAST) project, a collaboration
betweenthe Agricultural University of étand, Oull University of Applied Sciences, Mayo County
Council, University College Coakdthe Causeway Coast and Glens Heritage Trust. This collaborative
project focuseson the future challenges anslustainabledevelopment of coastal areagnformation

from thisrepot will be integrated into our Sustainable Resilient Coasts Toolbox for local authorities,
an online resource focusing oM8RTBlue GrowtR.

For more information seénttp://coast.interreg-npa.eu/

2 SMART Blue Growth refers to the sustainable development of marine and maritime sectors based on the
principles of Sustainability, Mitigation, PlanginAdaptation, Resilience, and Transition (SMAW®E) Vet,
Edwards, & Bocci, 2016)
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2. Drone Operation at Natur& Built Heritage Sites

Drone surveying and operations can be used for many applicatiomg others the preservation
and documentation of natural and built heritage sites. To make the most out of the drone sufey, it
useul to edablish the flightpurpose this will ensure that the drone survey will be able to deliver the
needed outputs.In this report, drone surveymay include360° video, photogrammetry mapping,
single images takeby drones, and LiDAR scannidgNatural and built heritage sites require careful
consideration and planning to ensure that tene survey will not cause any damage or harm to the
sites. Using droner unmanned aerial vehicles (UA\&)natural and built heritage sites enables
drone opeators to monitor changes over time, condition of the site, ardeasyto-use birdseye
view on the heritage sites. €kedata can in turn be used to appropriately manage the iii@o,
Mohammadi, & Wood, 2020)

2.1. Flight Purpose
In this report, we will focus on providing useful information on usingnesat natural and built
heritage sites and have thei@e focused on thdour different drone applications: 1. Monitoring the
natural environment in coastal areas; 2. Preservatiérbwilt heritage in coastal areas; 3. Virtual
tourism; and 4. Educational purposes. To demonstrate these different applicaiatidjn Island has
been chosen as a case studiich will follow the guidance given in this report iltustrate the
different applications of drone usage to support the documentation and preservation of the natural
and built environmentHowever, due taeurrent Covidl9 travel restrictions (March 2021), the testing
of the presented methodology in this report has not gemmencedThe following section introduces
Rathlin Island brieflynmore details on the case study will be presented at a later time.

2.1.1. Cae Study Rathlin Island
Rathlin Islands uniquely positioned between Ireland and Scotland off the north east coasieof
island of LNBf F YR YR A& Db2NIKSNY LNB{RaROBEQAE2 YR $2 A2y
composition consistof Cretaceous Glik on the southern part of the island and Lower Basalt on the
rest of the sland, which causadifferences inandscae featureson the island Additionally, Rathlin
has a rich and diverse cultural heritagles such, Rathlin Island presents an excellasé stud§. The
Rathlin community has agreed to partner up with the@HTand UCC to pilot and test some of the
methodology that is presented in this report. This report hence provides some practical guidance on
how drone technology can be used to digitglreserve the natural and built heritage of Rathlin.

2.1.2. Monitoring the Natural Environment in Coastal Areas
Droneare easyto-use tools tohelp monitor the natural environmentwvhich is of particular interest
in coastal areas where the environment changeikjy due to tides oin hardto-reach areas such as
cliffs.Coastal areas are under constant threat of destruction due to natural occurrences such as coastal
erosion and sedevel rise and due to humainduced causes such aimate change and extreme
weather events waste and plastic pollution which may have ldagn effects on the natural
environment(Van Rijn, 2011Pronesurveysare cost effective solutionthat enable the monitoring
of the natural environmentspanning over weeks, months, or even yeafsis in turnallows a
comparative analysis of the sjtevhichwould help local authorities to make decisions on necessary

3 Kandrot and Holloway (202@gtailed diferent types of survey data that can be collected throulgh tise of
unmanned aerial vehicles (UAVs), available heitgs://coast.interreg
npa.eu/subsites/coagbDT2.1.1 Applications_of drone_technology for sustainable development of the coa

stal_zone.pdf
4 More information on Rathlin Island can be found hértp://www.rathlincommunity.org/
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mitigation plansOne such example is the surveying of beach Aisdeeland, whereNuyts, Murphy,
Li, ard Hickey (2020use drone technology to determine the changes in the cuspsabling the
monitoring and video capturing of the coastganorphologyrevolutionises our understanding and
our afility to monitor and manage the coastal ar@f&rench & Burningham, 2009)

2.1.3. Preservation of Built Heritage in Coastal Aeras
Drones can contribug to a costeffective and efficient way of documenting andeperving the built
environment and to use as ways to rebuild or restructure historically accurate buildings
(Themistocleoudpannides, Agapiou, & Hadjimitsis, 20IR)ere is a growing neddr the protection
and preservation of historic architecture and buildings using innovative technokogieeument and
conserve built heritag (Banfi, 2A4.6). Usingdrones to map historic sites can support the restoration
of historic siteswhich is particularly important in areas where there may be natestrioration of
the buildings or the natural environment may have reclaimed building$rones can thereby increase
the safety of the operation by identifying areas where precaution needs to be taken.

The drone surveys of sites with cultural and historic significance require careful planning arid may
someinstancesalso require permission from tHandowner or the local authority prior to conducting
the survey Additional considerations also include the data protection of people and their property.

2.1.4. Virtual Tourism
Drones may providexdditional income seams for communities living in remote arghsough virtual
tourism (Kandrot & Holloway, 2020¥irtual tourismis a way of experiencing a place digitally without
a need to be physically present in the ar@étonsa &Kruglikov, 2018)Thisenables a new and
innovative way of exploring sites from a different perspective while also providing additional
information on interesting features or historic encounterbhis new wapf exploring sites from the
comfort of any digital device will onlyagn importanceand has beemarticularly accelerated through
the current coronavirus pandemi¢llkhanizadeh, Golabi, Hesami, & Rjoub, 2020; Templin &
Popielarczyk2020)

If the flight purposeis to create a virtual tourism campaign, it is advisable to consider aesthetics that
highlight the features of the natural or built environme@eatinga 3D model ready farirtual reality

can bechallenging, in terms ajbtainingdatathat can be used for virtual realignd processing the

data. To process the data, access to different virtual reality processing programmes and platforms may
be neededIt would be advisable to consider hale survey would be consumed, i&n immersive
experience through the use of virtual reality goggles would require different considerations than
virtual tourism campaigns designed as short videos teie@ed onmobiledevices. It is also advisable

to consider thetypical touristthat would access the informatiomdditional considerations include
language preferences, accessibility for people with hearing or visual disabilities, age appropriateness
and whether the toust travels by themselves or with a family, etmderstandinghe needs othe

typical touristcould eithertake placethrough physical surveys while the tourists are at the site or
through the use of machine learning and utilising points of interest thhosocial media platforfn

5 Beach cusps are formtions in the shoreline that appear in the swash zone where waves push sediment, i.e.
sand or gravel, into moeahaped formations along the cog®itman, Hart, & Katurji, 2019)

6 Giglio, Bertacchini, Bilotta, and Pantano (2026¢d georeferenced images to und&@and the behaviour and
movements otypical touristsin ltalian cities.
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2.1.5. Educational Purposes
Drone suneys can also contribute to new ways of providing education and teaching materials for
studentsof all agegPalaigeorgiou, Malandrakis, & Tsolopani, 20IFg use ofirones couldenhance
the learning experience for educational purpo$gsenabling studentfinique access to the sitefor
example through virtual field ijps. The created output should match the agppropriate syllabi and
it is advisable to consider how the information will be accessed.

If the information is to be consumed in a classroom or at bdmefore an excursion to the field, it
would be advisable to create similar visual cues in the videos and on the site, to enhance and deepen
the connection to the learning experience. If the imf@tion is to be consumewithout a follow-on
excursion to tle field, it may be helpful to the student to create small quizzes that ensure that the
learning outcome has been achievéduch like with usingdrone surveys for virtual tourism, it is
advisableto considerhow the contentwill be consumed.

2.2. Access t®roneSurvey Output
One key consideration is where and how the outputs of the drone surveygoamg to be accessed.
Sometourists, pupils, and studentsrefer accesdo the informationon site whereas otherprefer
accesgo the output off site Differentsd dzi A2y a G2 OFGSNJ G2 GKS WwWO2y & dz
be carefully planned before conducting the survey.

2.2.1. Access Information through SiEpecific Mobile Applitians
Mobile Applications that can be downloaded on mobile devices before the touristl, pustudent
visits the site are an easy way for local authorities or tourism boards to collect and present available
information regarding the natural and built emonment. Integrating the drone survey as essential
part of a mobile application couldnsure an easto-use and immersive experience for the mobile
user. The use of appto access the output from the drone survegiso enabls tracking of user
behaviair. The application provider could then gain an understanding oftypéal tourist their
needs, interest, feedback, etPleasereview national General Data Protection RegulaB{GDPR)
when considering the use of mobile applications.

2.2.2. Accessing Infornt@n through QR Codes
If the drone surveys are to be consumed witdarists, pupils, andtudentsare physically at the site,
installing easily accessible QR codes on existing infrastructures, for example on information boards, or
in the tourism centrepresentcosteffectivesolutions Once theuser scans th@R codeinformation
on a mobile @vicecould be promptedThe use of QR codes could also be used as interactive guided
multimedia tours.

The information available through the QR codes could betamed by the tourism board or the
community and could be periodically updated providingess to newly available resourcétilising
innovative solutions sth as QR codes ensure a Festructive way of providing tourists and students
with informationwithout altering the landscape dramatically. Please be advised, that using QR codes
while onsiterequiresinternet access on the maobile deviffigure 2)

7 Ano, MartinGutiérrez, Fernandez, and Davara (20d@)ducted a study that show the use of QR codes and
interactive tourist guides in a World Heritage city, guiding tourists on different paths providing information on
heritage buildingshrough the city

10
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Figure2: Example of a QR code usedl®$ device(left) and Androidievice (rightTap2Assist, 204)
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3. Study Design

The flightpurposeestablished theapplication and the purpose of tta@rone survey. The study design
focuses on some of the technical elements that are determined by the maddel, and specifications
of the drone and what kind of output the drone can creafes drone operator there are also some
practical considerationsegarding the drone classification and potentially necessary traiiminthe
drone operator, this will vary depending on the drorged and the flighpurposeas well as national
regulations which can change

When wsingdrones, it is important to understad how the drone is equipped, i.e. what specifications
does the drone camera have, does the drone have a seqsgbiso, which one Knowing these
specifications will ensure that the drone is technically able to create the desired 8utput

The study desigwill also help determine what (if any) kind of models will be created frondtbae
survey.Promotionaldrone videos demonstratinghe natural and built environment may not require
a very high resolution, because they do not require any modellingexery mapping and modelling
activity requires software to process the datamore details on this can be found in sectiorg 6
Processig of Aerial Datg of this report.

3.1. Creating 2D/3D Models from Drone Surveys
Drone surveygancreate avariety of outputs,including 2Dmapsand or 3D modelswhich can be
used to map and document the natural and built environment. The application ofiribvge survey
determines what kind of model can be creat@h maps are twalimensional, they capture imagery
from directly doveor from the side if the flight purpose is looking at walls or cli3® models are
three-dimensional and capture the lengtjdth, and height of features of the environmef@evaert,
Persello, Sliuzas, & Vosselman, 20I8)e appropriate resolution to capture the drone imagery
depends onthe model that is chosen to portray the drone survey dafameras producing low
resolution output can be used to create 3D mtxland 2D mapdHigher resolutiorcameras which
are more complex and may be more costiyl] yield better 2D and 3D data.

+

Altacarry Head
A HEE 2

Terms _ Send feedback 50 m

Figure3: 2D map of Rathlin Island East Lightho(Seogle, n.d.)

8 Kandrot and Holloway (202@gtailed the applications of drone technology for sustainable development of

the coastal zone and provide andepth literature review of the available uses and abilities of statéhe-art

drone technology, availableere: https://coast.interreg

npa.eu/subsites/coast/DT2.1.1 _Applications_of drone_technology for sustainable development of the coa

stal_zone.pdf
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Droneimagery can be processed to produce 3D point clouds usingpgharhmetric techniques. Point
clouds are clustexof data points in space which represent a 3D shape or object that conti@axd
Z-coordinate locatios and some otheinformation, for example RGB colour value. The UAV camera
captures an object from fferent angles and perspectives and uses sophisticated computer vision
algorithms to detect each shape or object from differamygles. By knowing the parameters of the
camera, the algorithm can reconstruct a point cloud based on the matching pixelghie attages.
Exact geo location of each image greatly helps in this modelling and provides a model with absolute
Global Navigiion Satellite System@NSpcoordinates with accuracy in direct translation to the GNSS
sensor linked to the images as well aswarate relative distance§&NSS is the general term used and
consists of the Global Positioning System (GB&) in theUnited States of America, Glonass used in
Russia, Galileo used in the European Union, and BeiDou (GMiaddgrammetry is thereforat its
core a modelling technique but not a direct measurement. There are multiple parameters that can
affect the accuracy.

3.1.1. Photogrammetry parameters
Parameters that greatly affect photogrammetaye lighting conditions (such as sunny or cloudy
conditions or nightfall),visibility, the relationship between flight speed and flight height, and the
surface that is being mapped. Photogrammetry that relies on computer vision needs some
heterogenous features in the ground, i.e. stable physical properties tlh&endistinctiongpossible. A
homogenous surface like snow, sand, water, tarmac, or rooftops can create errors or failures in
photogrammetry models. At the same time, the mapped area needs to be constant and cannot move,
i.e. drone survey data collected dog windy condittnscausingvaves in the sea or in rivers or mog
treesmay be unusable

One key photogrammetry parameter is the resolution whadmprises of three metrics: the pixel
resolution, the ground sampling distance (GSD), and the spatialtiesolPixel reshtions refers to

how many pixels compose one image and is generally expressed in the number of columns and rows
or by the total numbers of pixelg.g.1920 x 1080 or 2.1 MHhe GSD is the measurement between

the centres of two adjacentixels, i.e. thecloser the camera is to the object, the smaller the distance
between the pixels, the higher the resolution of the img§éyability, 2021)GSD is directly affected

by the pixel count, thesensor size, thélight height and the focal length of the camera lens. Spatial
resolution, as well as sensor size, camera quality, flight height, atmospheric conditions among other
parameters, are affected by the GSpafal resolution refers to the smlakt details vidile on the

image and can account for blur, image noise, contrast,(Etgability, 2021)The characteristics of the
camera and its flying height will influence the resolution of the insgg@ndrot & Holloway, 2020)
Drone operators neetb be aware of tiese photogrammetry parameters to ensure that ttalected

survey data is usable for the desired outptihe flight purpose and application of the survey will
determine many of the photogrammetry parameters.

13



(¢ Pricileiatulll - [y
COASTS European Regional Development Fund
3.1.2. Sensors
Depending on the spe@htions of the done, it may be equipped with different types of sensors. The
most commonly used arRGB camerasg this refers to thered-greenblue visiblebands ofthe
electromagneticspectrum which are typically used in camertdgermal infrared sens@which are
ableto capture thermal radiation from objects or surfacesultispectral sensorand hyperspectral
sensorswhich are able to capture radiatiacross a range of wavelengtreflectedfrom a surface or
object;and Light Detection and RangingD&R) sensonghich are also able to collect point clouds
direct elevation measuremeni{&androt & Holloway, 2020)

The flightpurposewill determine therequiredresolution and the necessary sensors to capture the
imagery If the purpose of thalroneflight is to capture images from a birdsye view fo promotional
videos, then RGB cameras may be sufficient to deliver that output. For environmental monitoring of
coastal areas where the output should provide atl@pthimage of the site, sensors that are alb
capture a higher spectraind spatiatesolution may be necessary.

3.2. Drone Classificaticend Training
The classification of drone operations does not distinguish between commercial and leisure activities
but is based on the weight and specificatiorttod drone itself Operating a drone comes witights
and obligations to ensure that drone survesre carried out safelyThe European Union Aviation
Safety Agency (EASA) provides detailed information on the safe operation of drones. EASA
distinguishes btween Open CategouryCivil Drones, for dronactivities of leisure nature, the Specific
Categoryg Civil Drones for riskier operations that are not covered in the Open Category, and the
Certified Category Civil Drones where the operating of the dromjuires a certified drone operator
due to thehigh risk involved in flying the drone.

3.2.1. Open Category
The Open Categony Civil Drones classifie$ASby their weight classdepending on theiclass and
maximum takeoff mass (MTMOJ)he drone operator may have to register their dronedamndergo
some training modulebefore operathg a dronesafely Most dronesusedfor leisure activities or low
risk commercial activigsfall under tre opencategory.

Until January 1, 2023drone operators may fly drones without any class identification laiilEh
specify the weighclass andletermine operational restrictionsOperationalrestrictions dependon

the subcategory under which the drone operation may. falle drone operabns aredivided into
three sulzategories Al (drone operator mafly over people but not over assemblies of people); A2
(drone operatory may fly ake to people); and A3 (drormerator may fly far from people). The sub
categorieshaveadditional requirements that the drone operator should familiarise themselvels wit
(EASA, 2021ayablel shows the limited open categofgr drones vithout class identification labels
drone operation subcategories operational restrictions, andadditional information on drame
operaor competene valid until January,12023
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Tablel: Limited open category valightil January 1, 2023 using drones without class identification
label(EASA, 2021a)

UAS Operation Drone Operator/pilot
Drane Remote pilat
Class MTOM Subcategory Operational restrictions Operator Remote pilot competence . P
- - minimum age
registration
Mo, unless
camera
Privately SEN50r on . Mo minimum
< 250 - no training needed
built g - Mo flying expectad over | board and a g age
Al uninvolved people (if it drone is not
[can also fly in happens, should be a toy
Drones subcategory minimised)
) . - read user manual
without A3) - no fiying over .
class assemblies of people - complete the training
R _ <500g peop Yes and pass the exam 16*
identific ) -
o defined by your national
label competent authority
D.“’“ES A2 -.HD flying over - read user manual
without uninvelved people -
class - keep horizental distance - complete the training
< i -
identific ke {can alsa fly in of 530 m from uninvolved Yes a_nd pass the =xam 16
o subcategory people defined by your national
label AZ) (this can be reduced to competent autharity
Drones
without
- read user manual
class .
identific - do not fly near peaple - complete the training
o < 25 kg A3 - fly outside of urban Yes and pass the exam 16~
label or areas (150 m distance) defined by your national
) competent authority
privately
built

Table 2 shows theopen categoryfor drones with class identification labelsdrone operation
subcategories operational restrictions, anadditionalinformation on drae operdor competene
validafter January 12023

Table2: Open category after January 1, 20EASA, 2021a)

LUAS Operation Drone Operator/pilot
Drone ;
Class MTOM Subcategory Operational restrictions Operator Eemote pilot competence Rj.Enrwte pilat
) - minimum age
registration
Privately ) Mo, unless . Mo minimum
2 - may fly over uninvolvad - ne training needed
built camera / age
people (should be sensar on 16
<2508 awoided when possible) L
Co - no flying over board and 2 -read user manual no minimum
Al ,"‘r & drone is not ageifdroneisa
. assemblies of people
{can also fly in a toy toy
subcategory - Mo flying expected over
A3) uninvalved people (if it -read user manual
c1 <800g ha ppelnsl, slhould be Yes - complete. online trEI!‘III‘Ig 16
minimised) - pass online theoretical
- no flying over exam
assemblies of people
. -read user manual
- no fiying over . .
) - complete enline training
uninvalved people L .
AZ ; ) - pass online theoretical
- keep horizontal distance
of 30 m from uninvolved Exam
c2 <d4kg | [canalso flyin ople Yes - conduct and declare a 16=
subcategory . peop self-practical training
[this can be reduced to )
A3) . . - pass a written exam at
5 m if low speed function .
) ; the MAA (or at recognized
is activated) )
entity)
55 -read user manual
ca - do not fly near peaple - complete online training
“Bke A3 - fly outside of urban Yes - pass online theoretical 167
Privately areas (150 m distance) p
built Exam
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More information on tass identification labels expected to become available in January 2322
EASA for more informatiomttps://www.easa.europa.eu/hompg

3.2.2. Specific Category
Specific CategonryCivil Dronesequire operational authorisation from theationalaviationauthority.
This means that any droneperationthat falls into the specific category requires a risk assessment
prior to the droneoperation unless the operation falls under Open Category oiStaadard Scenario
(STS) If the drane operation qualifies as specific categaigk assessment will have to be dad out
(EASA, 2021b)See Section4.1.2. Site Survey dnRiskAssessment for details othe Specific
Operations Risk Assessment (SORA)

3.2.3. Certified Category
Drone operations within the certified category require the operatobe a licensed remote pilot and
operator that is approvedrad certified by their national aviation authoritgdue to the high risk of the
drone operation.Drone operators intending on conducting surveys falling into this categarg
subject to the rules and regulation of the national aviation authority.

3.3. Drone Regulations and Aviation Authorities
Drone operators should always check their ioaal aviation authorities when planning drone
operations. National droneperation rules have been replaced by common EU rules as of July 2020.
This means that once a drone operator has been certified and completed the necessary training in
their nationalstate, they may operate the drone safely within the European Union. ldoemation
can be found on the national aviation authority websites (table 1).

In Ireland,as of February 202tegistered drones may not be flown above 120 nest(394 feet) and

they may not be flown within 30 meds (98.4 feet) of people, crowds, velgig] or buildings. Drones

can also not be flown over national monumeifissh Aviation Authority, 2021)n Northern Ireland

and Iceland the height restrictions remain at 120 metres (394 feet) and the drone may not be flown
within 50 metres (164 feet) of buildings and/or peofi®lice Service of Northern Ireland, 2021; UAV
Coach, 2020Whereas in Finland, drones may not be flowoa120 metres 894 feet) and may not

be flown within30 metres ©8.4feet) from people and crowdsr 1:1 ratio distance to heiglff raficom,

n.d.). The drone shouldlwaysbe operated within the visual line of sight (VLOS), or in the VLOS of an
assisting observer should the flight path be beyond VLOS.

Table3: Aviation Authorities within thproject partner regions and website

Aviation Authority Website

EuropeanJnionAviation Safety Agency https://www.easa.europa.eu/light/topics/flyinedrone-
(EASA) how-be-safedrone-pilot

Irish Aviation Authority (IAA) https://www.iaa.ie/generalaviation/drones

United Kingdong Civil Aviation https://www.caa.co.uk/Ouswork/About-us/UKEU
Authority (CAA) transition/

Icelandic Transport Authoyit https://www.icetra.is/aviation/drones/
FinlandTraficom https://www.droneinfo.fi

9 Standard Scenario (STS) refers to-gefined operations, to date there are 2 STS:-8 MEowers operations
SESOdziSR Ay @Aradzat tAyS 2F &AAIKG 6azx[h{&0Z G I YIEAY
populated environment using a CE slasp | $TEHEToWers operations that could be conducted beyond

GradzZlf tAYyS 2F AAIKG o6a. [ h{£€0X 6AGK GKS dzyYIyySR | AN
pilot with the presence of airspace observers, at a maximum height of 12@ma @ontrolled ground area in a

sparsely populated environment, and using a CE class GgTh&Europeaommission, 2020)
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4. PreFlight Fieldwork

Thedesign and planningf drone operations requires careful considerations as it ensures the safe
drone operations within the natural and built environment. Outlinthg flight purposeand study
design will helpn the planning process of the pfeght fieldwork.

4.1. Planning
Some drone operations requitee permission of the national aviation authority prior to conducting
the drone survey. This means that the drone operator will haverépare andsubmt an operations
manual and conduct a site survey andkrasssessment. Orcapproved by the national aviation
authority, the operator may safely conduct the surv@his is not necessary for all flight operations,
but it is requiredfor drone operationghat are beyond the limits prescribed in the regulatiomsthat
case the done operator may apply for a Specific Operatigrmission(SOP)which is issued to
commercial drone operators and allows the operator to fly the drone within specific windows of time
without breaking the lawTo qualify for SORBe opeiator has to undeiake additional safety training
to minimise risk and ensure high safety standards for some drone operdtitsisAviation Authority,
2019)

Natural heritage sites can inclu@pecial Areas of Conversation (SAC) and Special Protection Areas
(SPAWhere different rules and regulations for natural protectiohanimalssuch as nestingituls or

grey salesmay exist during different times of the yearhe drone operator may have to seek
permission to fly in these areasd may only operate a drone following specific guidelines to protect
the wildlife. Please check with yolocal aviatiorauthority before operating a drone in these areas.

4.1.1. OperatonsManual
The Operations ManudDM)is necessary when the drone operatotends on using the drone for
different or alternative purposethan allowed in the certified categorPMs explainto the national
aviation authority how the drone operator will conduct themselves when operatioges. OMs are
comprehensive detailed documentbhat set out their internal procedures in relation to safety,
equipment, and operation, among oth&rto ensure thabperations are conducted safely and do not
pose a risk to people and propertny organisation or commercial drone operator that udesnes
will most likely have prepared an OM. Ghktail the pilot competencandinclude: 1. Administraion,
control, and responsibilities; 2. Crew composition and requirements; 3. Operational procedures; and
4. Aircraft operationOMs will be prepared for each specific survey as the objective of the survey, and
risk assessment vary depending o titight purpose A detailed example ofraROM can be found in
the Appendix.

A key part of the operational procedures includes a detaigzsurvey and risessessment® ensure
the safe andsuccessfubperation of drones in the field.

4.1.2. Site Survey anRisk Assssment
Dependingon the category under which the drone falls@ the flight pupose, site survey and risk
assessmentnay have to be carried oulkf the used done falls under the open or certified category
or if the droneoperation falls under STS inepfic category, differensafety procedures may have to
be undertaken.

The Joint Authorities for Rulemaking on Unmanned SystenfidUSpepresents a expertgroup of
National Aviation Authorities(NAAs)and regional aiation safety organisationsTogether they have
developedriskassessmenguidelines foisafedrone operatiors: Specific Operations Risk Assessment
(SORA)Other risk assessment procedureguivalent to SORAnay also be usedby the drone
operator. SORAs systematic approach to risk assessment and provad®step procedure that
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ensure thatany potential risks for drone oper&ins are considered prior to conductiagsurvey The
SORArocesswith detailedexplanatons illustrations, and additional informatiorean be found here
https://www.easa.europa.eu/documenlibrary/easyaccesgules/onlinepublicatons/easyaccess
rulesunmannedaircraftsystems Be advised thatdrone operation safetythe guidelines are bemn
constantly reviewed

4.2. Practical ConsideratiofyeFlightFieldwork
After having designed and planned a drone survey and having completed the operations manual, it is
time to carry out the drone survefefore going into the field and carrying out the drone survey, it is
advisable to follow these simple steps to ensureesahd successful drone surveys.

4.2.1. Adjusting and Saving Data Settings
The data settings, i.e. resolution of the captured imagery, flight route, etc. should be adjusted
flight. This ensures that the drone ofagor is familiar with the settings of the drorad can produce
the drone surveys efficiently in the field.

Most drones will enable the saving of the data settings to ensure that the same settings can be used
more than once without having to reconfigutiee settings for the survey. The data settingspdnd

on the application and flighturpose the needed resolution, and the desired output. Saving the data
settings ensures that the drone survey can be repeated or replicated should the need arise or should
more data with the same resolution be necessaégving the data settingand including them in an
output, also ensures that similar surveys with comparable data of the same site can be produced.

4.2.2. Plan Flight Route
A plan flight route is the survey gavay on which the drone will collect data pointEhe drone
operator determines the plan flight route prior to entering the field through the use of available plan
flight route applications Typically plan flight routés a pathway that covers the surveiyesby flying
parallel lines above the site atcartainelevation

Figure4: Example of plan flight route showcasitig flight pathway(UgCs, n.d.)
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Planning the flight route in advance enables the operatosttrt the surveyautomatically without
having to manually operatéhe drone. Following the flight route, thdrone will collectimagery
systematicallysurveyngthe entire site Planning the flight route in advanceaximiseshe? LJS NJ (G 2 ND &
time in the field as the operataactivatesthe automatedflight pathand can, if they wishrecord the
same flight path several timeBepending on the drone and the available software, different options
compatible with the drones are available.

4.2.3. Drone Dé&a Storage and Data Baldkp
The awailable storag®n a dronedepends on the model and make of the droneost drones will have
limited onboardstorage availablandmay require additional data storage which canif&alled using
Secure Digital Cards (SD Cards). A wide rarthesdare available, howeveradrone may not be able
to read certain SD cards or may only operate with class 10 micro SD cardsethhteto record 4k
imagery It is important to onsult with the drone manufactureor documentation provided by them,
regarding apropriate storage extensi@for eachdrone make and model.

One parameter to consider for appropriate drone data storagbésrésolutionat whichthe imagery
is acquired Thiswill determine how much storage is necessary to perform the syriygjcally, a
higher resolutiordrone surveyrequires more storageOther factors include théormat used for the
survey the frame rate of he video or thenumber of images required when carrying out a
photogrammetry surveyThe rumber of imagesequired for the suweydepend on theflight height,
field of view (FOWf the camera lenghe sensor sizeandthe amount ofpixels.lt is advisable to have
additional storage omdditional SD cards available, showyldu need to change the storadeetween
surveysOnce thesurveys are completed, it is advised to create data hgxkof the recorded data.
Follow the instructions of the dne manufacturerto ensure thatthe dataare safely stored.

4.2.4. Informing About the Survey
Dronesurveys, while typically causing minimal impan the environment or on people, can cause
nuisance or disturb peopldt is advisable to inform anyonthat could be impacted by the drone
survey prior tooperating the drong¢o minimise the nuisance or disturband®s drone operations are
a still new @currence, many people may be surprised and interested in learning more about the drone
operation It is recommendedor the drone operator to wear elearly labelledisibility jacket to easily
identify them.Using signs in the area to inform people coalso be considered’he use ofegional
information boards to informthe public about the planned and ongoindrone surveys are also
recommend see for exampleéAVIAMAPScurrently used in Finlando track all airspace activity,
including drone surveygitips://aviamaps.com/map?lang=en#p=3.92/64.96/25.1
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4.2.5. Weather monitoring
Monitoring the weather prior to conducting the drone survey is one of the most important tables.
weather conditons of the daysuch as wind and precipitatiocould negatively impact the survey
outcome. Monitoring the weather is therefore a vital task for the drone operator to avoid any
unnecessary delays when operating the drone. This is particularly importamghswind areas or
where the wind direction could change quickly, such as in coastal areas or in areas with little to no
wind-protection. This is to ensure the safety of the drone operator and to minimise risks of crashing
the drone.Mobile applications, sth as UAV Forecaittps://www.uavforecast.com)j canbe used to
monitor the weather and update the windspee(figyure 6) Most drones are not able to operate in
strong winds and/or precipitationThe drone shouR y 24 068 2LISN} G§SR 2dziaARS
limits for temperature, wind, precipitation, or any other limits provided by the manufacturer.

UAV Forecast [z
Matthew LLOYD

#82 in Weather
kkkkk 4.8 599 Rating

Free - Offers In-App Purchases

Figure5: Mobile applications such as UAV Forecast can also be used on mobile aeilaéte for
IOS devicelsttps://apps.apple.com/us/app/uasforecast/id1050023752nd
Android devicesttps.//play.google.com/store/apps/details?id=com.uavforecast
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5. Conductinghe Drone Survey

The following sections outline some of the practical considerattba drone operator will have to
make in the fieldBattery loggingis survey independerdnd a vitalpart of operating drones safely.
The wse of ground control points depends on the purpose of the syreeyl may not always be
necessary.

5.1. Battery Loggingzharge State, ariBlatteryHealth
Batteries are a vital component of drones, keeping them healthyrig ingportant. A faulty battery
can produce incorrect readings, drain much faster, or lead to crash landings. It is recommended that
batteries are alwaysdpt at storage charge when not in use. Batteries should never be fully drained
during a flight. Draimg the battery completely during a flight will trigger the battery failsafe function
which causes the drone to return home automatically. However, thisices battery life and can
result in crash landings. In windy conditions, the drone requires moretyatb return home safely.
If the failsafe function has been triggered, there may not be enough batteaygeleft for the drone
to return safely. Returimg the drone with some battery charge left is good practice, as this minimises
the risk of crash laridgs in case the drone cannot land immediately due to unexpected reasons such
as crowds of people too close to the landing area or wind gusts.

A battery bg is a record of drone batteries and charging cycles of them, this is particularly useful when
the drone operator owns more than one battery and wants to keep track of the safety and health of
the batteries. The battery log should detail when and how wftee battery has been used and
charged, and the percentage of battery life during taeand landig to avoid crash landings or
battery failures during drone operations. It is advisable to check that batteries are fully charged before
going to the fieldo ensure that the survey can be carried out efficiently and with maximal aerial flight
time. The batery log is a requirement within the OM (see Appendix).

5.2. Ground Control Points
Ground control points (GCPs) are used to mark targets plsitatégically on the grountb improve
the absoluteaccuracy of photogrammetryThe use of GCPs depends on the fligimtpose and the
desired output, i.e. GCPs are required when the drone surveys are used to plan restoration on historic
buildings, monitomig coastal erosion or for comparison with other georeferenced data, to name a
few. Hence, a 3D model of a buildingoficoastal features will require GCPs. A drone survey produced
for promotional visual tourism will not require GCPs. The use of GCPsfootional videos could
potentially disturb the imagery, as the GCPs could seem out of place. HeG&=are not dways
necessanto usebut they are helpfuli 2 & Ol f Odzf S GKS a0l fSs 2NASYI
A Y T 2 N¥V(Madawalggama, Munasinghe, Dampegama, & &akoon, 2016, p. 3)This ensures
that the modelling of the site is accurat8CPsarevisual targets and should hateo high contrastiig
colours that make thenwisible fromthe air (figure 7). The targets araypically aboutone metre in
diameter, smaler targets may also be usednd are typically made out of heavy plastic or wood
panels GCPs should be heavy enough to not be makiesligh light winds. GCPs are available in shops
that sell aerial survey equipment but can also easily be homade.

Environmentally friendly marking paint is an alternative solutiernere sgns will be painted directly
on the groundor on a road. This ismportant to not obstruct traffic flow andlo ensure traffic safety.
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Figure6: Example of Ground Control Point (G

To ensurehigh accuracy for the drone datt least 3 GCPs should bglaced carefully around the
survey sie. They should be placed offset from one another, i.e. in good distance from the-to
surveyed sitelf a building is to be surveyed, it would be advisable to place the coordinates on each of
the corners of the survey site. If surveying a natural sitehsas a beach or a cliff, the GCPs should

y2i 0S8 LEIFTOSR Ay | tAySo ttlFOAy3 (GKS D/ta | ONRAS

captured images to the points.

GCPs should be plkatin plain sight of the survey site anldroughout the enire survey site GCPs
should be placedn different elevation points of the sifeven if the area that is of most interest is
clustered in one corner of the sit#. is advisable to place GCPsioonfigurationwhere the points
couldeasilybe conneced. If the GCPs are placed as suggested in figutkee operator runs the risk
of reducingthe accuracy of the surveas a large area of interest is omittedhereas GCPs laid out as
in figure9 will increase the accuracy of the drone sun¢yopeller Aero, 2018)

Figure7: Example of 'badly' used GQPsopeller Aero, Figure8: Example of welplaced GCR$ropeller Aero,
2018) 2018)

Once put into place, the coordinates of the”8Ghould be measured using geolocation measurement
devices such asnulti frequency survey gradeNSS$levices The G®s and their coordinates are then
used in the mapping software to increase accuracy and positioning of the data collected through the
drone survey. This will ensure that the model wélaccurately positioned and mapped in relation to

the real worldarourd it. A range oGNSSlevices are available
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5.3. PreOperationalSafety

As some of the drone surveys may be carried out in remote places that are difficult to access, be aware

of the surroundings and ensungersonal safetyat all times ideally by working ipairs or teamsit is

advised to let others know where you will beaypting the drone andn case &0FMhas been granted,

ensure that the dronés being flowrwithin the windows that the national aviation authority specified.

5.4. Deploying the Drone
On site,or in the field, a suitable spot for the tal@f and landing of thedrone should be chosen
Before deploying the drone, the operator has to ensure that there are no risks or hazards that could
impact the drone operation. Once this has been confirmed,diume operator may initiate takeff.
The drone will takeoff to 1-1.5m or 46ft height when the performance of the propellers is checked
before the operator can activate the planned flight paitihe takeoff height depends on the drone
that is being usedPlease consult with your drone manufacturer for details.

Most drones will haveautomatic flight features such as takdf options and returao-home (RTH) or
sometimes called returto-launch (RTL)The returnrhome feature ensures that the drone will
automatically return to the location fronmwhere the drone has taken ofkither in case of a
malfunction, low battery, or when the operator calls the drone badkese features depend on the
make and model of the drone, it is advised that the drone operagaomes familiar with theavailable
features of the drone before depjing thedrone. It is also important that the drone operator does
understand the limitation of drone operations and is ready to take over manual control in case there
is a serious malfunion that makes the RTH function not wagskoperly.

During the dronesurvey, the operator has to always be in the VLOS of the dronseoobserverso
ensure VLO&ndfollow the safe operation of tha@rone survey The drone operator has @dhere to
national aviation regulations and ensure the safe operation of the drone. The operator has to ensure
that during the flight operation there are enough battery reserves for the drone to safely return to the
startingpoint, seesection5.1. battery logging, chamgstate, andbattery health.

Before landing the drone, the operator has to ensure that there are no risks or hazards to landing the
drone before safelyringing it down
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6. Processing of Aerial Data

Data processing occurs when the collectieda and footagdrom the drone survey is translated into
usable information through data processing software and data analgegeral data processing
software are available, these includeArcGIS Drone2Map hitps://www.esri.com/en
us/arcqgis/products/arcgisirone2map/overviewy, Pix4D [ittps://www.pix4d.com/), Drone Deploy
(https://www.dronedeploy.com), Pecision Hawk Https://www.precisionhawk.com), and Agisoft
Metashape [(ttps://www.agisoft.com/) among otherslt is advisable to have a good understarglof
how thesesoftware operateor consider investing in training for the software. This ensures that the
collected drone survey data can be used for the desired output, prior to deploying the drone.

Mapping software can produce 3iint cloudswhich are the default datareated in photogrammetry
for any surface or obje¢hroughgeoreferenced aerial picturedn essence, this means that the pixels
are turned into points, all data is exported usingrgaclouds, including orthomosaics. The mapping
software creates the a@l pictures that are corrected toaccommodatdens distortion, camera tilt,
perspective, and topographic relief influenced by the elevation oBheNIi K Q a (Hawkié 2016, S
Hung, Unger, Kulhavy, & Zhang, 20X®hce the survey datare collected, and data baekp is
ensured, data processing can commence. The data can be put into the software and tharsoftw
operator cancreate and catalogue the desired outpthe operatomeeds to be trained in a way
where they will be able to identify and mitigate any potential errors or failures that may oeothrer
information can be foundn 3.1.1.Photogrammetryparameters

6.1. DataManagementind Data Sharing
Managing and manising tle drone data appropriatelgn the computing device used for processing
data will simplify the process The INSIRE Directive, a European directive on spatial data
management’, aimsto standardise the data organisation of spatial datathat specific arease.
Metadata, Data Specifications, Network Services, Data and Service Sharing and Monitoring and
Reporting, adhere to the same Implementing Rules (@Rjopean Commission, 2007his wayhe
survey data collected by Member States is ensured to be compatible and usabledsr aammunity
and can be used in transboundary contex@sandardising data organisation could also contribute to
promoting sustainable developmerdy erabling local authorities to access the data and enable
informed monitoring and managingf the naturaland built environment.

The dataprocessing software may require a dedicated data management structure to be able to
process the data efficientlyA weltthought through folder structure to manage the data effectively
should be considered as this could eresssmooth and efficient processing of the daEembedded

data management technology exist and may be useful for some applications.

Data sharing and storg are both among the initial and the final considerations of drone surveys. The
sharing of the datasilargely informed by the chosen output that has been decided in the planning
phase. Yet, there may be opportunities to use the collected raw datarfolasisurvey operations or

to use the data for operations in a different way than originally intendaahsidering how the data
could be shared and would be accessible for other drone operators may therefore be helpful.

6.2. CeneralDataProtection Regulatiors (GDPR)
According to the General Data Protection Regula{@DPR), tnen processing daténat are publicly
availableany personally identifiable information, inclng vehiclelicense platesclearly identifiable
faces, etcare required to be removedease familiarise yourself with the national GDPRs.

19The full INSPIRE Directive can be accessed iigpe://inspire.ec.europa.eu/inspiralirective/2
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7. Quality Assurance
Drone technology is still considel a fairly new technology and no standardised version to assure
guality in the use oflrones and their dataexists. Currently, there is no need for a detailed survey
report postoperation or final product assessmedt¢ Y dzOA 8 S olletteld dnagerny of droné
surveygherefore doesot adhere to any standardised regulatiomg)ichbecomes problematic when
considering the use of drones for environmental mgeaent or monitoringvhere legally biding
standards may exist

Local authorities have an opportunity to design best practicesdisality assurance of drone
operations in the natural and built environmentogether with following the implementing the
standardisation of the INSPIRE Directilazal authorities could ensure that the use afones to
monitor and manage coastal regions is also promoting sustainable development goals.
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Flight
purpose

wUnderstand purpose of survey
wBe familiar with national aviation regulations

Study desig!

wDesign and plan aerial survey from start to finish
wConsider drone survey output
wBe familiar with the drone specifications

Preflight
fieldwork

wlf necessary, prepare and submit operations
mantual

wConsider practicalities of pilight fieldwork

wConsider practicalities in the field
wDeploy drone safely

Processing (
aerial data

wManage data effectively by considering the
INSPIRE Directive

wAdhere to GDP regulations

Quality
assurance

wUse best practice guidelines for quality
assurance
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Part A
General

Section 1: Administration, Control & Responsibilities

1.1 Introductory Statement

It is intended that Sarah Kandrot Environmental Consulting Services (hereinafter referred to
as the “Company”) will operate SUA for commercial purposes in accordance with the
procedures as set out in this manual and in accordance with applicable legislation in force at
the time of operation.

1.2. Safety Statement
This Safety Statement sets out the health and safety policy of Sarah Kandrot Environmental
Consulting Services.

Our aim, with the assistance of this policy, is to ensure that we comply with the Safety,
Health and Welfare at Work Act 2005, General Application Regulations 2007 and all other
relevant legislation therefore protecting the safety, health and welfare of our employees,
contractors, members of the public and other third parties who may be affected by our
operations.

Health and safety is everybody’s responsibility and it is the responsibility of everyone at
Sarah Kandrot Environmental Consulting Services to ensure that all reasonable precautions
are taken to avoid injury to themselves or to others who may be affected by their actions.

Sarah Kandrot Environmental Consulting Services accepts that we have overall responsibility
for ensuring the safety, health and welfare of our employees as is outlined under Section 8
of the Safety, Health and Welfare at Work Act 2005.

The success of these policies and procedures also depends on employee co-operation and is
a legal requirement under section 13 of the Safety, Health and Welfare at Work Act 2005. It
is therefore important that you read this document and fully understand the role you play in
making it a success as well as the overall arrangements for safety, health and welfare at
work.

This Safety Statement is prepared in accordance with section 20 of the Safety, Health and
Welfare at Work Act 2005.

This Safety Statement is a working document and therefore is reviewed on an annual basis
or at more regular intervals, should substantial changes to work practices, work equipment
or the working environment take place.
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Furthermore, we welcome any suggestions you may have as to how we can improve safety,
health and welfare at Sarah Kandrot Environmental Consulting Services and give an
undertaking to continual improvement.

1.3. Scope
This Operations Manual applies to all personnel involved with the operation of Sarah Kandrot
Environmental Consulting Services.

SUA

A small unmanned aircraft (SUA) is defined by the IAA as an aircraft including a drone having
a mass of 150 kilograms or less. A set of conditions are set out by the IAA. These conditions
are laid down in Statutory Instruments No.563 of 2015 and further defined in Aeronautical
Notice U.02 by Specific Operating Permissions.

All SUA’s which have a mass of 4 kilograms or more and less than 25 kilograms may not be
flown unless that person has successfully undertaken a course of safety training accepted by
the Authority. In specific parts of controlled airspace certain drone operations may take place
without prior permission from the Authority but must remain below 15 metres (50ft). These
operations must remain outside prohibited areas and 5 kilometres from any active airfield.
Operators can apply for use of segregated airspace. The operator must also have in place, a
third-party liability insurance policy. This summary does not placate the operator from being
familiar with the relevant documentation from the Authority which may state further
restrictions.

All SUA operators must ensure that they are familiar with the contents of this manual and
adhere to all operational, risk assessment, logging and reporting procedures contained in this

manual.

This manual must be available for the operational reference along with the checklists for use
in operations.
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1.4. Definitions and Abbreviations

Acronym

ATC

ATS
BLOS
COMMS
cpP
EVLOS
FOM
F/S

GHz
GCS

GPS
1AA
MAN
MTOM
0sSD
PIC
PUT
SUA
RTH
Rx
SOP
SOP
SUA
Tx
UAS

UAV
VLOS

Definition

Air Traffic Control

Air Traffic Service

Beyond Line of Sight
Communications

Chief Pilot

Extended Visual Line of Sight
Flight Operations Manager
Flight Simulator

Gigahertz

Ground Control System incl. launch system, flight control

and communication equipment
Global Positioning System

Irish Aviation Authority

Manual Control

Maximum Take-Off Mass
On-Screen Display

Pilot in charge

Pilot under training

Remote Piloted Aircraft System
Return to Home

Receiver

Standard Operating Procedures
Specific Operating Permission

Small Unmanned Aircraft (up to 150 kg)

Transmitter

Unmanned Aerial System incl. airframe, payload, launch station

and ground station
Unmanned Aerial Vehicle
Visual Line of Sight
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1.5. Document Control and Amendment Process

The Operations manual is issued on the authority of the Company, and the Accountable
Manager (AM) will authorise all ammedments to it, as required by the Company, or by the Irish
Aviation Authority (I1AA).

The following procedures apply:

(a) All amendments will normally be in the form of replacement sections.
Single page amendments may be issued where practicable.
Complete manual digital replacement is permitted.
(b) Revision sections/pages will be annotated in the header to show the
following:
(i) Issue number
(ii) Revision Number
(iii) Effective date
(c) Each amendment will be accompanied by a revised list of effective pages.
(d) An amendment list record will be maintained at the front of each
manual.
(e) Any amendment must be approved by the Accountable Manager.

1.6. Proposal to Amend the Manual

Any member of Staff may propose an amendment to this manual. All such
proposals should be submitted to the AM, a copy of which is kept in the forms folder.
The AM will forward the proposed amendment to the other post holders for
consideration, holding meetings when necessary. The AM will be the final arbiter in
relation to adopting or rejecting a proposed amendment.

1.7. Distribution and Control

The Company will ensure thata copy of the manual is available to all training and
operations staff. One digital copy is to be lodged with the Irish Aviation Authority.

The following applies:

(a) The copy numbers and locations will be recorded.

(b) Amendments will be issued to copyholders or nominated individuals for
incorporation. Amendments should be entered on receipt, and the amendment
record completed.

(c) Certificates of incorporation, if applicable, should be returned to the company
as soon as possible after the amendments have been completed.

The table below indicates the distribution of serialised copies of the Operations
Manual and the nominated person responsible for the amendment of each.
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Copy Number Holder
1 Master Copy Accountable Manager
2 Operations &Training Department (digital)
3 Irish Aviation Authority (digital)

The AM will have the master copy that will also be the Control Copy. Access to
this copy will be limited to the AM. This electronic copy will be kept on a
password-protected computer. Amendments are not permitted to this copy
without following the procedures listed in this section.

Only current documents must remain in the parent folder. Older versions of
documents must be removed to avoid confusion.

Revision procedure is as follows:
1. Report necessary changes to the AM.
. AM will make the necessary revisions.
. AM will apply, when necessary, to the IAA for amendment approval.
. Save revised documents with new version number and date.
. Move old documents to archive folder.
. Print revised pages to update office paper document.
. Update field versions as necessary.
. Securely destroy old paper versions.
. Ensure all personnel are aware of any significant changes.
10. Send revised PDF version of the Operations Manual to the IAA referencing the changes.

O o NOULLD WN

1.8. Referenced Documents

Type Reference | Title Issue | Date
Statutory S.I. No. 563 | Irish Aviation Authority Small | 1 21/12/16
Instruments of 2015 Unmanned Aircraft Drones) and

Rockets Order, 2015
Aeronautical NR U.02 Specific Operating Permission | 1 08/01/16
Notice for Small Unmanned Aircraft or

Drones
Aeronautical NR U.04 Exemption from Controlled 12 20/12/18
Notice Airspace Permission

Requirement for Certain Drones

Operations

Additional relevant documentation:
e Pilot & SUA Flight Log
e Battery Log
e Incident Log
e Maintenance Log
e Site Safety Assessment & Risk Rating Form
e [nsurance Documentation
e |AA Specific Operating Permission
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1.9. Organisation

Company Profile and Organisation:

Sarah Kandrot Environmental Consulting Services has 1 type of SUA in operation presently:
e DJI Phantom 4 Pro

Sarah Kandrot Environmental Consulting Services have 1 SUA pilot and 1 dedicated payload
operator.

e SUA Pilot: Sarah Kandrot

e SUA Payload Operator: Andrew O’Callaghan or sub-contracted where necessary

The payload operator may also be a sub-contracted surveyor, photographer or cameraman
but will not under any circumstances be given flight control. This designated person must
undergo Company training and be briefed on their responsibilities prior to undertaking this
role.

1.9.1 Nominated Personnel

Accountable Manager

Sarah Kandrot

Qualification: Completion of Aeronautical Theoretical Subjects (SkyTec Academy),
SUA Pilot Competency Certification

Tel: 087 2613244

Safety Manager

Sarah Kandrot

Qualification: Completion of Aeronautical Theoretical Subjects (SkyTec Academy),
SUA Pilot Competency Certification

Tel: 087 2613244

Chief Pilot

Sarah Kandrot

Qualification: Completion of Aeronautical Theoretical Subjects (SkyTec Academy),
SUA Pilot Competency Certification

Tel: 087 2613244

SUA Pilots

Sarah Kandrot

Qualification: Completion of Aeronautical Theoretical Subjects (SkyTec Academy),
SUA Pilot Competency Certification

Tel: 087 2613244
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1.9.2 Insurance Information

Policy number: CDA22067754EUR
Underwriter: Lloyd's Insurance Company S.A.
Insurance Adviser: Faye Holding

Effective date: 28/03/2019

Policy expires: 27/03/2020

Renewal date: 28/03/2020

Third Party Liability: € 1,300,000
1.10. Responsibilities

1.10.1. Accountable Manager

The Accountable Manager assumes overall responsibility within the organisation and
financial control. The Accountable Manager has corporate authority for ensuring that all
operations and maintenance activities can be financed and carried out to the standard
required by the authority, and any additional requirements defined by the operator.

By virtue of his position, he has overall responsibility (including financial) for managing the
organisation.

They will also have overall responsibility for Sarah Kandrot Environmental Consulting
Services management, including the frequency, format and structure of the internal
management evaluation activities.

She will ensure that employees are aware and comply with the laws, regulations and
procedures of the states in which the SUA operate and that all crew members are familiar
with the laws, regulations and procedures pertinent to their duties.

The main responsibilities and duties of the Accountable Manager

e Determination of the flight safety policy

e Allocation of responsibilities and duties and issuing instructions to individuals, sufficient
for implementation of the operator’s policy and the maintenance of safety standards

e Monitoring of flight safety standards by means of inspections & written reports

e Recording and analysis of any deviations from the operator’s standards and ensuring
corrective action

e Evaluating the safety record of the operator in order to avoid the development of
undesirable trends

Conduct periodically a data evaluation as an input to the management evaluation process.
e Promoting corporate culture for safety and quality
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1.10.2 Safety Manager

The Safety Manager will insure everyone in the company and any sub-contractors complies
with health and safety laws. Under the guidance of the Accountable Manager he will be
responsible for establishing policies that will create and maintain a safe workplace

The main responsibilities and duties of the Safety Manager

Developing and executing health and safety plans in the workplace according to legal
guidelines.

Preparing and enforcing policies to establish a culture of health and safety.

Evaluating practises, procedures and facilities to assess risk adherence to the law.

Will ensure the compliance and correct methods of any Risk Assessment required for and
flying activity as well as other associated duties and tasks while engaging in company
business.

1.10.3 Chief Pilot

The single individual who is designated as the person responsible for the execution of all
flights in accordance with the national regulations and all processes concerning the flights
within the organisation.

The Chief Pilot:

Ensures and is responsible that the operation is carried out according to the valid legal
rules and regulations such as national regulations and observes changes, amendments
and/or revisions in national and/or international air legislation

Ensures and is responsible for the safe operation of aircrafts

Manages, supports and is in charge of the pilots as superior and is responsible for their
standard of performance

Is responsible for the supervision of the licenses, medicals and ratings of all employed
pilots.

Is responsible for the compilation and content of the Operations Manual (OM).
Supervises and ensures that crewmembers apply procedures, performance and flight
safety standards in accordance with the OM. In case of ineffectiveness and/or non-
compliance takes corrective action.

Develops and implements standard operating procedures

Ensures sufficient crew available for the scope of operation by developing planning
guidelines and compilation in coordination with Ground Operations, controls the pilot’s
schedules on a regular basis

Is responsible for the crew scheduling, in compliance with the Duty Time Limitations
Informs the AM about irregularities and occurrences of personnel and operative matters
Organises the recruitment of new pilots

Is responsible for the coordination and the regulatory reporting (in time) to the authorities
within his field of competence (approvals, occurrence reporting).

Provides feedback regarding standard of performance, qualification and competence
Defines together with the AM the intended routes and aerodromes to be serviced, and is
responsible for the safe implementation

Is responsible for periodical data evaluation

Designs a feed-back-system including closed loop principles and processes
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1.10.4 Pilot in Command

The Pilot in Command has the full authority over the flight, the aircraft and the payload. His
duty is the execution of a safe and efficient flight. His responsibility starts with the flight
planning and ends with all the work after the flight. The Pilot in Command has to keep
record of his flights and the flights of the SUA in a logbook. It is strictly prohibited to record,
have record or allow recording any incorrect data or any incorrect notes. It is prohibited to
damage and/or destroy the logbook. The Pilot in Command will normally be the Remote
Pilot but could also be the observer if he holds a SUA operator’s license.

The pilot-in-command of the SUA shall, whether manipulating the controls or not, be
responsible for the operation of the SUA in accordance with the rules of the air, except that
the pilot-in-command may depart from these rules in circumstances that render such
departure absolutely necessary in the interests of safety.

With reference to this OM the Pilot in Command must comply with the following:

1. Ensure that all pre-flight procedures have been carried out.

2. Ensure that appropriate permissions have been obtained and IAA
regulations are adhered to.

3. Ensure that the Site Safety Assessment and risk assessments have been completed.

4. Define safe working areas and cordon as necessary.

5. Liaise with crew, client and public before flight to brief fully and ensure
that they understand the need to be compliant with requests or orders of the Chief
Pilot.

6. Brief the observer(s) on their responsibilities.

7. Wear protective clothing and/or high visibility equipment as necessary.

8. Adhere to site safety procedures as necessary.

9. Operate the SUA in a safe, responsible and professional manner.

10. Fill in all logs and documentation.

11. Download images and video to the laptop before leaving site to ensure that
appropriate information has been fully recorded.

12. On completion, correctly shutdown the SUA and equipment and check site to ensure
all equipment is collected and the site is left as found.

13. Retain responsibility for the airworthiness of all craft.

1.10.5 Observer

The observer assists the Pilot-in-Command or Remote Pilot as appropriate to ensure the
safety and security of the flying operation. They will announce verbally to the PIC any
situation that may adversely affect the operation of the SUA. This may include, but is not
limited to, other aircraft, vehicles and/or people encroaching the operating area; a change in
the weather conditions or the serviceability of the SUA. When the PIC moves position to
remain in visual contact with the SUA, the observer will ensure his path is free of
obstruction.
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