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Disclaimer
The content of the publication herein is the sole responsibility of the publishers and it does not
necessarily represent the views expressed by the European Commission or its services.
While the information contained in the documents is believed to be accurate, the authors(s) or
any other participant in the 5D-AeroSafe consortium make no warranty of any kind with regard
to this material including, but not limited to the implied warranties of merchantability and
fitness for a particular purpose.
Neither the 5D-AeroSafe Consortium nor any of its members, their officers, employees or agents
shall be responsible or liable in negligence or otherwise howsoever in respect of any inaccuracy
or omission herein.
Without derogating from the generality of the foregoing neither the 5D-AeroSafe Consortium nor
any of its members, their officers, employees or agents shall be liable for any direct or indirect
or consequential loss or damage caused by or arising from any information advice or inaccuracy
or omission herein.
Copyright message
©5D-AeroSafe Consortium, 2020-2023. This deliverable contains original unpublished work
except where clearly indicated otherwise. Acknowledgement of previously published material
and of the work of others has been made through appropriate citation, quotation or both.
Reproduction is authorised provided the source is acknowledged.
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Executive Summary
The 5D AeroSafe project will showcase services and technologies resulting from the use of drone to
enhance the safety of operations in airports and waterways. In order to perform technology
developments and the trials, it was necessary to capture the users’ requirements and design use cases and
missions.
This document first highlights the current operations and business perspectives from the users’ point of
view in work scenarios. It then describes a set of ten missions regrouped in three use cases, using multiple
level of details including storyboards, users’ descriptions, technologies, U-space services involved, use case
diagrams and detailed description and flight stages, mission workflow and operation plans.
A final assessment identifies the key elements that are shared across missions and evaluates the coverage
of the project’s Scientific and Technical Objectives, paving the way for the rest of the project.
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Glossary of terms and abbreviations used
Abbreviation Description
/ Term
AIP

Aeronautical Information Publication

AMSL

Above Mean Sea Level

ANSP

Air Navigation Service Provider

ARC

Air Risk Class

ARP

Airport Reference Point

ATC

Air Traffic Control

ATM

Air Traffic Management

ATSEP

Air Traffic Safety Electronics Personnel

ATZ

Airport Traffic Zone

BVLOS

Beyond-visual-line-of-sight

CIS

Common Information Provider

CNS

Communication, Navigation and Surveillance

DAA

Detect and Avoid

DME

Distance Measuring Equipment

DMO

Drone Mission Operator

DSO

Drone Safety Operator

EASA

European Aviation Safety Agency

FAA

Federal Aviation Administration

FIMS

Flight Information Management System

FIMS

Flight Information Management Service

GRC

Ground Risk Class

GUTMA

Global UTM Association

IAS

Indicated Air Speed
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International Civil Aviation Organisation

IFR

Instrumental Flight Rules

NAA

National Aviation Authority

NASA

National Aeronautics and Space Administration

NOTAM

Notice to Airman

OLS

Obstacle Limitation Surface

OSO

Operational Safety Objectives

PBN

Performance Based Navigation

RID

Remote Identification

RPAS

Remotely Piloted Aircraft Systems

RPIC

Remote Pilot in Command

SAIL

Specific Assurance and Integrity Level

SESAR

Single European Sky ATM Research

SORA

Specific Operations Risk Assessment

UAS

Unmanned Aircraft Systems

USS

U-Space Service

UTM

Unmanned Traffic Management

VFR

Visual Flight Rules

VHF

Very High Frequency

VLOS

Visual-line-of-sight

VOR

VHF Omnidirectional Range

WSS

Waterdrome Safety Supervisor
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Introduction

1.1

Purpose of the document

The scenarios introduced in this document shall be intended as operational scenarios, whose main
purpose is to provide a description of the role drones could play in runway and waterway inspection and
calibration in a future system. Each scenario describes the behaviour of attendees, their interactions, and
the wider context of use. From a detailed scenario, the stakeholders should be able to identify user
requirements and potential business opportunities. The information provided is based upon assumptions
on actors and service interactions, therefore only high-level main streams of use cases can be provided at
this stage.
When possible, following a bottom-up approach, some details will be added to enhance the scenario
description, based on the experience gained during drone operations and the insight provided by the end
users.
From a schematic point of view, the scenario is denoted as a high-level container representing a particular
environment of relevant importance for U-Space operations, where different attendees, airspace users,
functions, and objects, interact through defined logical interfaces. The scenario shall not be intended as a
complete mission performed by an UAS operator from the planning to the post flight phase, but as a
particular operational portrait characterized by one or more UASs, airspace users, ground users, the
surrounding environment, with given boundaries in time and space.

1.2 Structure of the document
This document presents, in section 2, the different work scenarios and user requirements that have been
identified. In this work scenarios, the existing way to perform the missions, all relevant stakeholders,
means, procedures, and output of the missions are described.
Section 3 presents the use cases and missions that have been developed and described based on the work
scenarios. Each mission follows the same description framework. According to this description framework,
users, technologies, U-Space services relevant to the operation are mentioned and described.
Furthermore, a detailed description of the operation is given, along with use case, sequence, and
workflow diagrams, providing a deeper operational understanding of the mission.
Section 4 concludes the description of the use cases. It describes several key findings about the missions
described in section 3, which are important points for the future developments of the project.

1.3 Use case design process
The rationale underpinning the choice of use cases has been built on top of the project’s proposal: the
main objectives are the project’s Scientific and Technical Objectives (STOs), Other Objectives, and business
perspective. As the output of this work aims at gathering the user requirements, as well as information
about prospective use of UAS and 5D technologies, we are in a situation that is well known in the
engineering discipline: describing the present, preparing the future, defining technologies, procedures,
and gathering different fields of expertise. The different partners have agreed on a participatory design
process that started at the very beginning of the work package, involving end users, technology providers,
UAS and U-Space specialists. This approach has been used in many U-Space projects, as described in
DREAMS U-Space scenarios (SESAR JU, DREAMS U-Space Scenarios, 2018), DREAMS-D3_1 Scenarios
identification and requirement analysis (JU, 2018), and CLASS (CLASS, 2018).
The process was twofold:


Based on the both the identification the current practices, users’ needs and the knowledge of
other current or past projects on the same topics, the partners have held regular meetings in
order to design work scenarios, with a focus on end users and the business case benefits.
© 5D-AeroSafe, 2020
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At the same time, in order to build the project use cases and missions, we explored the design
space, with a focus on UAS, U-Space, and benefits of the technologies provided by partners
through the project. This has led to the description of use cases and showcasing the benefits of
the 5D technologies to the safety. The creativity was fuelled by the projects STOs and the work
scenarios during ideation workshops and was made possible by bringing together a common
vocabulary among contributors from quite different backgrounds. Dedicated final workshops
allowed the building of a multiple view description of use cases in section 3.

The rationale of the choice of use-case was driven by a set of design criteria upon which project partners
have agreed during the work package meetings:






The overall compliance with the project STOs: in Table 1 - STOs, KPIs & metrics, we recall the
objectives of the project. The list of use cases had to cover all of the objectives
(comprehensiveness), in terms of mission goals, operations, objectives.
The compliance with the projects KPIs: the form of the use cases had to show that the KPIs were
addressed, mentioning the expected quantitative benefits over the (current) work scenarios
situations.
An extra objective was added to the STOs, which is at the core of the project: the benefits to
safety measured by showing the reduced number of people exposed to dangerous areas.
The business perspectives identified during the users’ requirement analysis in the design of work
scenarios had to drive the building of the use cases.
The overall usability and reusability of this document for the project: other work packages (and in
particular the one dedicated to trials and architecture, but also other technical work packages) are
the beneficiaries of this document. All use cases have to be unambiguous, and understandable by
all partners, with a suitable level of details, with all the information necessary for the rest of the
project.

To sum up the design process, we firstly put the emphasis on the description of user requirement and
their business perspectives first and then initiate an iterative design of the use case driven by the design
criteria focussing on the compliance with the project objectives and the usability of the work. The
participatory method has been the key to the overall process.
Table 1 - STOs, KPIs & metrics

Scientific & Technical Objectives (STOs)

Metric

STO1: To conduct flight inspection, calibration and/or flight validation missions using RPAS for airport
CNS systems, through the development and application of miniaturised CNS transceivers on drones
STO1.KPI1: miniatured transceiver size

size 50% less

STO1.KPI2: correlation of measurements

80% correlation

STO2: To provide a flight inspection and calibration solution for landing aids (navaids), such as the
Precision Approach Path Indicators (PAPIs) and VHF Omnidirectional Range (VORs) using RPAS
STO2.KPI1: correlation of result

parameters vs tolerance

STO2.KPI2: reduction of duration

60% less

STO3: To conduct airport Obstacle Limitation Surfaces (OLS) and runway and taxiways/waterway
inspection using UASs looking for Foreign Object Debris (FOD), birds, etc. Specifically, for water alighting
© 5D-AeroSafe, 2020

Page 13 of 186

D2.3, [Use Cases Definition]

Public

procedures, a routine check of critical waterway parameters, such as wave conditions or obstacles
(swimmers, boats etc.) before alighting clearance by Air Traffic Control, minimising risks and increasing
safety
The Typical duration of UAS runway/waterway
STO3. KPI1: Reduction of duration of a
inspections compared to the typical duration (~2
runway/waterway inspection
hours) of inspections by typical means (cars, boats,
cameras, etc) reduced by 50%.
STO3.KPI2: Reliable assessment of wave parameters Wave height estimation by UAS measurement and
within requirements of waterway operation
analysis w.r.t. sea surface measurements.
STO4: To provide validation of GNSS (Global Navigation Satellite System) RNAV (aireal NAVigation)
approach procedures using UASs
Number and type of PBN navigation specifications
that are sufficiently validated by UAS will be
approximately 1-2

STO3.KPI1: reliability of UAS based navigation

STO5: To provide real time monitoring of GNSS and EGNOS (European Global Navigation Satellite
System) signal in space and geolocation of interference/jamming sources using UAS
time delay of detection flag < 5 sec, accuracy of
estimated position of jamming source < 100m

STO5.KPI1: detection of GNSS interference

STO6: To build an API toolbox that will enable the easy integration of future applications on UTM
systems through the 5D-aerosafe platform
STO6.KPI1: Level of integration

Degree of the API toolbox integration will be
between 50% and 100%

STO6.KPI2: Security aspects

API security metrics utilising state of the art
measures

STO7: To support security operations by patroller UAS for protection of sensitive sites or safety critical
airport infrastructure
STO7.KPI1: Speed
engagement

of

patrolling

and

in

situ

The time required for UAS operations should be
50% less compared to typical security procedures
(~ 40mins)

Availability of patrolling function in different
STO7.KPI2: Operation under any weather and
weather and light conditions will be dependent on
ambient light conditions
the UAS type
STO8: to pave the way for the airborne means of surveillance and control to serve Remote Tower
Operations.
STO8.KPI1: Capability of UAS to serve contingency Correlation of UAS surveillance results with steady
remote tower operations
cameras and ATCOs observations

© 5D-AeroSafe, 2020
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1.4 Use case list

Figure 1 - Location of the use cases of the 5D-AeroSafe project

The use case will take place in all three locations mentioned in section 2 , here is an overview of the
scenarios and missions presented in section 3.
Table 2 - Overview of the use cases

Use Case

Mission

Description

UC 1 – AIRPORT Mission 1 – Level 2 Inspection of the state of the pavement of stands and
INFRASTRUCTURE routine inspection of taxiways in an airport using a multicopter drone, a camera,
INSPECTION
the pavement
and visual analytics algorithms.
Mission 2 – Level 2 Inspection of the state of the lighting of stands and taxiways in
routine inspection of an airport using a multicopter drone, a camera, and visual
the lighting system
analytics algorithms.
Mission 3 – Perimeter Operation to improve the situational awareness of the
control of the northern security team of the airport in case of threat to the fence,
fence
using a drone and a camera.
Mission 4 – Runway Inspection of the runway on request of the ATC for FOD
FOD detection
detection, using a drone, a camera, and visual analytics
algorithms.
Mission 5 – Rooftop Inspection of the rooftop of a terminal of the airport for
inspection
for engineering purposes, using a drone and a camera.
engineering work
UC2
– Mission
1
–
WATERDROME
Waterdrome
visual
AND
inspection
WATERWAYS
Mission 2 – Waterway
INSPECTION
inspection

© 5D-AeroSafe, 2020

Inspection of the infrastructure of the Waterdrome and of the
state of the different pieces of equipment, using a drone and
a camera.
Mandatory inspection of a waterway before take-offs and/or
landings. Both, the state of the sea and the presence of
floating hazards will be conducted, using a drone and camera
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UC 3 – NAVAIDS Mission 1 – Extended Low height measurements of the signal of a VOR to complete
INSPECTION
ground test
the data gathered during a ground test, using a drone and CNS
transceiver.
Mission 2 – Short range Measurements of the signal of a VOR at a higher altitude than
flight test
for an extended ground test, to supplement and eventually
replace flight tests conducted with an aircraft.
Mission 3 – DME/DME DME/DME signal evaluation using a fixed wing drone and a
evaluation as a PBN CNS transceiver.
Navigation
Infrastructure
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2 Work Scenarios and User Requirements
The present section presents the work scenarios that led to the definition of the use cases in section 3.
In this section, for each sub section, we will start with a description of the environment and the actor,
then we will describe the way the tasks are conducted now, and finally we will explain how the use of
drones in these different work scenarios can help.
This section has been made hand in hand with the users, using the information they provided to us.

2.1 Airport infrastructure inspection
This work scenario is is about infrastructure inspection, such as runways or taxiways, in a major airport:
Heathrow airport in London.
In the following sections, the environment will be described, the general organization and the principal
stakeholders will be presented, the current way to proceed with infrastructure inspection missions will be
explained, the business and mission objectives will be determined, and finally the STOs and user
requirements determined for this work scenario will be presented and explained.

2.1.1

Heathrow Airport description

Heathrow (IATA: LHR, ICAO: EGLL) is the second busiest airport in the world by international passenger
traffic, as well as the busiest airport in Europe by passenger traffic, and the seventh busiest airport in the
world by total passenger traffic. It is one of six international airports serving the London region. In 2019, it
handled a record 80.8 million passengers, a 0.9% increase from 2018 as well as 475,861 aircraft
movements, a decrease of 1,743 from 2018.
Heathrow lies 14 miles (23 km) west of Central London and has two parallel east–west runways along with
four operational terminals on a site that covers 12.27 square kilometres (4.74 sq mi).
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Figure 2 - Heathrow Airfield Map (High resolution image)

In Annex A, we provide a comprehensive description of runways, terminals, taxiways, stands, and visual
aids.

2.1.2

Organization and principal stakeholders - Coordination procedures

Any work that is carried out on the airfield is submitted through the Airside Works Approval section of
Airside Operations. In consultation with appropriate companies and/or Heathrow Airport Limited
departments, the work is planned and scheduled. This plan/schedule is then agreed and communicated to
the relevant departments/Companies.
In appropriate cases (such as large or complex construction projects), supporting documentation will also
be produced by the department to provide additional guidance to all parties involved (including ATC,
contractors, airlines etc.). These documents are known as Airside Works Instructions and are written by
the Development Assurance Team.
Approved works will be issued a works permit by Airside Works Approval, via an online computer system.
The work permit sets out the particulars of the work to be conducted, and any safety conditions to be
adhered to whilst the work is completed.
On the day/night of the work, the contractor must have the work permit authorised (checked) and
activated by the Airside Safety Department prior to set up/start of work. This may be via a phone call or a
meeting, as requested by the Airfield Local Operating Procedure (ALOP).
The set up and inspection of works areas forms part of the inspection process carried out by ASD.
Upon completion of the work, the work permit is deactivated.

© 5D-AeroSafe, 2020

Page 18 of 186

D2.3, [Use Cases Definition]


Public

ATC procedure

Arrangements and means of communicating with air traffic services during the progress of such work
Prior to commencement of works on the manoeuvring area, the AfDM will produce a map showing the
areas of the airfield which will be closed for work during the course of the night. This map is then shared
with ATC, key airline partners and various other internal HAL departments.
The closure of parts of the manoeuvring area for works is supervised by the Airfield Operations. ATC are
advised, over the VHF air-band system, of the closure of each area, prior to suitably safeguarding the area.
The reverse occurs at hand back.
During the night, the Airside Safety Department is in regular communication with ATC as work areas close
and open. Any issues encountered during work which may affect the serviceability of a particular area will
be discussed with ATC by the AfDM.


Key people

Aerodrome organisation and responsibilities include the following:
Accountable Manager

Figure 3 - Aerodrome organization and responsibilities: The Chief Operating Officer

The Chief Operating Officer (COO) has overall responsibility for the operation of the airport and holds
the post of Accountable Manager with respect to the Aerodrome Certificate. The responsibility for
ensuring the conditions of the Certificate is met is delegated to the Director of Operations.
The Director of Operations is responsible for the day-to-day delivery of a cohesive airport operation.
On the airfield, the role holder is responsible for the safe operation of the airfield, comprising all areas
under the control of the airside team. This responsibility encompasses the development and
implementation of the strategies and policies required to manage the airside operation and includes
the Airport Fire Service. The role is also responsible for ensuring that all airside development is
planned and executed in a safe manner and with a minimum impact on the operation.
The Engineering & Asset Management Director, is the nominated “Maintenance Manager”
responsible for the development of strategies and policies for the management of assets, including
the maintenance of passenger facing assets including roads, tunnels, water systems, HVAC, HV/LV
electrical systems and Passenger Safety Equipment. On the airfield, this includes maintenance of the
Airfield Ground Lighting (AGL), Fixed Electrical Ground Power (FEGP), aircraft boarding bridges, stand
entry guidance systems, apron lighting, as well as the maintenance of surfaces including runways,
taxiways, grass areas, aprons and roads.
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Figure 4 - Aerodrome organization and responsibilities: the Director of Operations

The Head of Airside Operations is the nominated Manager of Operational and carries out those duties
per applicable regulations. Reporting to the Director of Operations, the Head of Airside Operations is
responsible for ensuring the safe operation of the airfield day-to-day, and the strategic management
of Airfield Operations. The role is also responsible for the aerodrome snow plan. These responsibilities
are exercised through the Manager Airfield Operations, Airfield Duty Managers (AfDM) and the staff
of the Airside Safety Department. Snow planning is through the Winter Operations Manager.

Figure 5 - Aerodrome organization and responsibilities: the Head of Airside Operations

The Airfield Duty Manager (AfDM), is responsible for the 24-hour safe operation, availability and
status of the airfield. The AfDM is the day-to-day manager of the Airside Safety Department and is also
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Page 20 of 186

D2.3, [Use Cases Definition]

Public

responsible for the operational liaison with ATC, the emergency services, airline management, and
other HAL operational managers, to ensure the safe use of facilities at all times. The AfDM liaises
directly with the Emergency Services Incident Officers to provide specialist airfield knowledge at an
incident scene. The AfDM is responsible for the monitoring and control of all airside work, including
the approval of permits to work.


KEY OPERATIONAL SECTIONS
 Airside Safety Department (ASD)

Reporting to the Airfield Duty Manager on shift, the role of the Airside Safety Department is to assure
the safety and availability of the airfield on a 24hr basis. The staff are organised on a ‘watch’ basis with
each watch consisting of several Senior Airfield Officers, Airfield Operations Officers and Airside
Transport Officers.

Figure 6 - Aerodrome organization and responsibilities: the Airfield Duty Manager

The Airside Safety Department (ASD) is based in the Airfield Operations Facility (AOF) on the Eastern
side of the airfield. The control room has direct telephone lines to ATC and the HAL Airport Fire
Service. There is also a ‘listen out’ facility on the Emergency and Crash Lines from ATC. There are
various computer systems which link to the wider Heathrow operational network.
ASD carry out a series of inspections and patrols of the manoeuvring area (under the ‘3-Tier’ approach
to inspections), checking surface and lighting conditions. ASD will carry out wildlife hazard
management duties, monitor the safety of works areas, and attend all airside accidents/incidents.
In the event of an aircraft accident or incident requiring the attendance of non-Heathrow emergency
services, the ASD will escort them from the nominated rendezvous point or Control Post to the
incident site.
The ASD provide a marshalling service where stand entry guidance systems are unserviceable or not
installed and provide ‘follow-me’ leader services for aircraft and other service vehicles across the
manoeuvring area.
The areas and distances to be covered on the airfield necessitate the use of vehicles. The vehicles are
equipped with the HAL domestic trunk radio system which maintains a link between all staff and the
Airside Safety Department control room. In addition, vehicles are equipped with Airband VHF radios,
and staff are either under the active control of ATC (for instance when on the runway), or listening out
(manoeuvring area or stands). As a result, ATC can request assistance from ASD personnel at any time.
© 5D-AeroSafe, 2020
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Vehicles are equipped with mobile data (4G/wi-fi) which enables tablet devices to be used in the
vehicle for a variety of applications. Some vehicles are also equipped to carry out wildlife control
duties, with distress call amplifiers and gun cabinets installed.
In addition, the ASD operate a fleet of vehicles to support the airfield operation. These include dry
sweepers, combination sweepers and a large selection of snow clearance vehicles. Vehicles are fitted
with UHF radios for the HAL domestic trunk radio system, and some are further fitted with VHF
AirBand radios for driving on the manoeuvring area. Teams of drivers carry out daily cleaning duties
around the airfield, focussing on roads, stands and walkways, in order to reduce FOD risk. The team
will carry out scheduled chemical deep cleaning on stands and respond to ad-hoc sweeping
requirements on the manoeuvring area as required.
In the event of an aircraft accident, the Airside Safety Department will provide specialist vehicles for
the incident, including emergency equipment trailers, which contain inflatable tents for shelter during
the event.
ASD carry out runway friction measurement and rubber removal duties, using specialist equipment.
The team also have a highly powered ‘magnet’ vehicle available for removing metallic FOD from the
movement area, and a specialist soda cleaning machine for runway lighting.


Airside Engineering (Civils)

The Airside Engineering Role is to ensure the facilities on the airfield are maintained in a safe and
operational state. The role is discharged by a Civils Delivery Manager and an Asset Manager for
surface and electrical assets respectively. Day to day maintenance of facilities is delivered through a
team of Maintenance Managers.


Airside Engineering Operations

The Airside Engineering team work on a 24-hour shift working basis. They are led by the Airside
Engineering Manager and their Maintenance Team Managers. The team carry out planned and
reactive maintenance on all airfield electrical systems including Aeronautical Ground Lighting (AGL),
Precision Approach Path Indicators (PAPI), Apron Lighting, Fixed Electrical Ground Power (FEGP) and
standby generators.
As part of the maintenance plan, they also carry out light intensity checks of the runway lights and
light level checks on the Apron. They are also responsible for responding to and repairing faults raised
through the fault reporting system.
The team has a variety of vehicles available to carry out their duties, including high lift platforms.
Many of the teams hold manoeuvring area driving licenses to enable them to access relevant areas of
the airfield with minimum delay.

2.1.3

Context and goal of the work scenario - Inspection procedures

The Airside Safety Department (ASD) is responsible for ensuring compliance with the certification
requirements laid down by EASA (EASA, 2020).
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Figure 7 - Heathrow Airside fleet vehicle

To do this, a series of inspections of the movement area are carried out in a “three-tier” methodology. The
three-tier inspection regime is a series of inspections on the movement area and associate airfield ground
lighting systems.
Level 1 – L1: A routine daily inspection of the movement area and airfield ground lighting by the staff of
the Airside Safety Department (ASD). This inspection is generally carried out from a vehicle, and covers all
of the movement area (Runways, Taxiways, Stands and Roads) and includes a horizon scan of the
surrounding area looking for objects with the potential to infringe the OLS. Any equipment faults or
defects found are reported to the Engineering Help Centre for passing to the respective engineering teams
for rectification.
Level 2 – L2: A more detailed inspection of a specific area is carried out by ASD under the ‘Taxiway and
Stands Monitoring System’ (TMS & SMS). The taxiways, associated lighting and stands are each divided
into 32 areas, with one area of each being inspected per day. Runways are inspected at a frequency of
half a runway each week. This inspection is either carried out from a vehicle, or on foot. Lighting
inspections are carried out at night, with taxiways and stand surface inspections during daylight hours.
Any equipment faults or defects found are reported to the Engineering Help Centre for passing to the
respective engineering teams for rectification. An example of a L2 inspection can be found following this
link: https://www.youtube.com/watch?v=k4z3_K3Nmsw&app=desktop&ab_channel=HeathrowNews
Level 3 – L3: An audit/inspection carried out by members of the airside management team on a bi-weekly
basis. The airfield is split into 6 inspection zones. One zone is inspected every 2 weeks, which results in
each zone being inspected around 3.5 times per year. This inspection checks L1 and L2 performance and
allows the management team to gain a perspective of the operational condition of the airfield. A walking
inspection of the runways is carried out twice a year by the airside management team and will include
representatives from wider departments, including engineering.

2.1.3.1

Runway surface inspection

Four routine surface inspections are carried out during the operational day. These are;
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Pre-Operations–carried out before the first arriving aircraft. During certain months of the year this
is carried out during the hours of darkness; ASD vehicles are fitted with high power LED inspection
lights to carry out the task.



AM –mid-morning; usually between 0900z and 1030z



PM –mid-afternoon; usually between 1400z and 1500z



Dusk –surface and lighting inspection

The pre-operations and dusk inspections are carried out by a single ASD vehicle. The AM and PM
inspections are carried out using two vehicles. All vehicles are in active radio contact with ATC at all times.
Additional inspections are carried out as required. These may be at the request of ATC, for instance after
an aborted take-off, certain categories of emergency, or during inclement weather conditions. Inspections
may also be instigated by the Airside Safety Department, for instance following a ‘FOD Radar’ activation.
Inspectors are trained to note and report anything which may affect the category or serviceability of the
runway, including surface conditions, paint markings, lighting, FOD, obstructions or bird control. The
inspector will take action appropriate to the issue, which may include raising engineering work orders, or
in extreme cases where aircraft safety is at immediate risk, suspending operations on the affected runway
via ATC. The inspector will also inform the ASD control room and the Airfield Duty Manager (AfDM). The
AfDM will co-ordinate actions with other departments or ATC if escalation is required.
A walking inspection of each runway is carried out twice a year by the airside management team,
accompanied by teams from ASD, Airside Civil Engineering and Airside Systems.
2.1.3.2

Taxiway surface inspections

Level 1 inspections are carried out by the staff of ASD in an appropriately equipped vehicle. The staff
operate on a ‘listening out’ basis with ATC at all times. The taxiways are inspected on a Level 1 basis 3
times in a 24-hour period.
Inspectors are trained to note and report anything which may affect the serviceability of the taxiway,
including surface condition, paint markings, FOD, lighting and pit/drain covers. The inspection also covers
runway guard lights, signs, work-in-progress and bird control. Inspectors will take appropriate action,
which may include raising engineering work orders, or in extreme cases where aircraft safety is at
immediate risk, closing the taxiway (via ATC). The inspector will also inform the ASD control room and the
AfDM.
Additional inspections are carried out at the request of ATC, after a taxiway closure, or at the cessation of
works/maintenance.
A more detailed, Level 2 inspection is carried out each day under the ‘Taxiway Monitoring System’. This
involves a slow speed driving or walking inspection of a particular area of the taxiway. The whole taxiway
system has been inspected to a Level 2 standard over a 32-day period. Inspectors will raise maintenance
requests via the Engineering Help Centre or flag areas for monitoring. The results of these inspections are
used to inform preventative or minor maintenance requirements and wider decisions on capital asset
replacement programmes.
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Apron and stand equipment

Level 1 inspections of apron areas are carried out by ASD staff in a suitably equipped vehicle. Inspections
are completed 4 times in each 24-hour period.
A more detailed L2 inspection of one area per day is carried out under the ‘Stands Monitoring System’
(SMS). This involves a walking inspection of the specified area. The programme means that all of the
aprons areas are inspected to a L2 standard over a 32-day period. This inspection includes surface
condition, paint markings, pit/drain covers, works-in-progress, and birds/bird attractants.
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Emergency stand telephones are checked on a weekly basis, and any faults are reported directly to HAL IT
services.
Stand lighting is inspected as part of the evening L1 inspection, and any faults reported via the Engineering
Help Centre. Stand lighting is also inspected annually by HAL Engineering – this inspection includes a
lighting assessment using calibrated light meters.
In addition, all staff working on the apron area are expected to report any hazard which may impact upon
airside safety. If necessary, ASD will send a member of staff to assess the situation and make the area safe
in the first instance.
2.1.3.4

Surface inspection process for airports

The inspections are usually conducted using the PCI (pavement condition index) survey procedure
documented in the following publications:


FAA Advisory Circular (AC) 150/5380-6C, Guidelines and Procedures for Maintenance of Airport
Pavements (FAA, AC 150/5380-6C - Guidelines and Procedures for Maintenance of Airport
Pavements, 2014)



FAA AC 150/5380-7B, Airports Pavement Management Program (PMP) (FAA, 150/5380-7B Airport Pavement Management Program (PMP), 2014).



ASTM D5340-12, Standard Test Method for Airport Pavement Condition Index Surveys (ASTM
International, 2012).

The PCI procedure is the standard used by the aviation industry to visually assess pavement conditions,
providing engineers with a consistent, objective, and repeatable tool to represent the overall pavement
condition. During a PCI survey, visible signs of deterioration within a selected sample unit are recorded
and analysed, as are distress type, severity, and quantity. The results of a PCI evaluation provide an
indication of the structural integrity and functional capabilities of the pavement. However, it should be
recognized that during a PCI inspection only the top layer of the pavement is examined and that no direct
measure is made of the structural capacity of the pavement system. Nevertheless, the PCI does provide an
objective basis for determining maintenance and repair needs as well as for establishing rehabilitation
priorities in the face of constrained resources. Furthermore, the results of repeated PCI monitoring over
time can be used to determine the rate of deterioration and to estimate the time at which certain
rehabilitation measures can be implemented.
During a PCI inspection, inspectors identify signs of deterioration on the surface of the pavement.
Pavement defects are characterized in terms of type of distress, severity level of distress, and amount of
distress. This information is then used to develop a composite index (PCI) that represents the overall
condition of the pavement in numerical terms, ranging from 0 (failed) to 100 (excellent).
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Figure 8 - PCI table

The types of distress identified during PCI inspection provide insight into the cause of pavement
deterioration. PCI distress types are characterised as load-related (such as alligator cracking, corner breaks
and shattered slabs), climate/material related (such as weathering [climate] and durability cracking
[materials]), and other (distress types that cannot be attributed solely to load or climate/materials).
Different types of distress are listed in annex B.

2.1.3.5

Runway Lighting inspections

Surface lighting inspections (thresholds, stop ends, TDZ, centreline, edge lights etc.) are carried out by ASD
each night as part of the dusk inspection.
The staff of the Airside Safety Department carry out an inspection of one of the sets of approach lights
each night on a rotation basis. The approach lights are checked for calibration by Airside Systems every 6
months.
Inspectors are trained to note and report anything which may affect the category or serviceability of the
runway. Lighting faults which affect the runway category are reported to ASD and the AfDM for escalation
to ATC and engineers for rectification.
PAPI units are inspected for serviceability by ASD as part of the ‘first light’ runway surface inspection. The
units are inspected for the correct setting angle once per week by Airside Systems, and if necessary are
adjusted in situ. PAPI units may also be checked for alignment on the request of ASD or ATC –for instance
following a pilot report of misalignment, or an incident where an aircraft under or over-shoot has
occurred.
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Each month, Airside Systems check the runway light output using a MALMS portable photometric unit.
The check covers TDZ, centreline and edge lights. Lights that are below specified levels are cleaned or
changed as part of the maintenance programme. Detailed records are held by Airside Systems.
Runway light cleaning takes place once per week, and will attend a group of runway lights, such as the
centreline, edge lights or threshold/stop end. Particular attention is paid to lights which have been
underperformed in the photometric check (MALMS) carried out by Airside Systems.
2.1.3.6

Runway turn-off lighting inspections

Each night, ASD staff carry out a detailed L2 inspection of a number of runway turn-offs. All runway turn
offs are inspected over a 14-day period. The inspection covers the serviceability and function of the leadon, lead-off, stop bar (CAT I and CAT II/III where applicable), and ’90m interlock’ functionality. The
inspection is carried out in conjunction with ATC. A common set of ‘steps’ are followed by the controller
and ASD staff carrying out the inspection, which allows each route and stop bar to be checked in turn. Any
unserviceable fittings or failures in functionality are reported to the Engineering Help Centre or escalated
via the AfDM if required.
2.1.3.7

Taxiway lighting inspections

A general L1 inspection of the taxiway lighting is carried out each evening by ASD as part of a routine
patrol regime. A more detailed L2 inspection of one area per night is carried out under the ‘Taxiway
Monitoring System’. The whole taxiway lighting system has been inspected in detail over a 32-night
period.
The inspection is carried out in conjunction with ATC. A common set of ‘steps’ are followed by the ATC
lighting panel operator (LPO) and ASD staff carrying out the inspection, which allows each green selectable
route and red stop bar to be checked in turn. The inspector will take appropriate action to address defects
when found, which may include raising work orders via the Engineering Help Centre, or in serious cases
may require the closure of a section of taxiway. Results of the inspections are used to inform reactive or
preventative maintenance requirements.

Figure 9 - Heathrow Airside vehicles

2.1.3.8

Perimeter surveillance

The primary vulnerabilities of most airport perimeters include the large geographic extent of the
perimeter and, in some cases, periodically isolated areas along the perimeter with limited human traffic.
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To combat these vulnerabilities, a layered protection strategy is recommended. This strategy incorporates
people, processes, and technology to decrease security risk through deterrence, detection, denial, delay,
defence, and defeat tactics. As the number of tools and tactics in the security strategy increase, the
probability of successful security intrusion decreases. Layered protection, also referred to as “rings of
protection,” is the concept that multiple independent layers of protection are better than a single
protection mechanism. Though not unique to aviation, the concept can be tailored to an airport
environment. The layers may be technological, procedural, and/or policy-based, and can be considered as
concentric rings of protective measures surrounding an asset. The idea is that if one protective measure is
avoided or defeated, additional measures will still be in effect. The protective layers of perimeter security
are intended to provide one or more of the following functions:









Deter - stop an intrusion before it happens.
Detect - know if an intrusion is taking place.
Delay - slow down the intrusion to allow for effective law enforcement response.
Deny/Respond - barriers, stand-off distances, response forces deployment.
Defend - protect an asset or assets by shielding them from potential harm.
Defeat - personnel to defeat or neutralize an intruder.
Response - provide situational awareness information to responders
Recover - ensure that all processes and systems are operating in a nominal fashion and that the
threat/incident is contained.

Figure 10 - Northern perimeter fence location
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Figure 11 - Fence detail

2.1.4

Business and mission-oriented objectives
2.1.4.1

Work scenario 1: Pavement and lighting inspection

Level 1 inspections at the runway for surface checks are performed four times a day:






Pre-Operations–carried out before the first arriving aircraft. During certain months of the year this
is carried out during the hours of darkness; ASD vehicles are fitted with high power LED inspection
lights to carry out the task.
AM –mid-morning; usually between 0900z and 1030z
PM –mid-afternoon; usually between 1400z and 1500z
Dusk –surface and lighting inspection

The pre-operations and dusk inspections are carried out by a single ASD vehicle. The AM and PM
inspections are carried out using two vehicles to speed them up, as they heavily impact the airport
performance: runway needs to be closed to operations for this purpose.
The following table summarises the hourly runway capacity for winter 2019 (representative pre-COVID-19
period). One runway is used for departures and another for departures with runway rotation and
depending on winds predominance.
Table 3 - Arrivals and departures in Heathrow
HOUR (UTC)

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

TOTAL

AVG

ARRIVALS

38

38

37

44

42

36

40

42

42

39

41

42

42

43

38

38

17

6

665

36,94

FREQ (s)

94

94

97

81

85

100

90

85

85

92

87

85

85

83

94

94

211

600

DEPARTURES

27

43

44

43

44

45

42

45

43

43

44

44

44

45

40

28

23

6
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133

83

81

83

Public
81

80

85

80

83

83

81

81

81

80

90

128

156

600

120

As it can be observed in Table 3, AM and PM inspections affect airport capacity, reducing the maximum
number of ATMs the airport can handle during those periods of time.
Airport slot is a permission granted by the owner of an airport designated as Level 3 (Coordinated Airport),
which allows the grantee to schedule a landing or departure at that airport during a specific time period.
Slots may be administered by the operator of the airport or by a government aviation regulator such as
the U.S. Federal Aviation Administration. Airport Coordination Limited (ACL) manages slot allocations at
UK airports,
Landing slots are allocated in accordance with guidelines set down by the IATA Worldwide Airport Slots
Group. All airports worldwide are categorized as either Level 1 (Non-Coordinated Airport), Level 2
(Schedules Facilitated Airport), or Level 3 (Coordinated Airport).
Allocated landing slots have a huge commercial value and can be traded between airlines. The airport also
benefits from an increase in capacity in terms of aero revenue.
Continental Airlines paid US$209 million for four pairs of landing slots from GB Airways at London
Heathrow Airport, $52.3m each. The highest price paid for a pair of take-offs and landing slots at
Heathrow Airport was $75m, paid by Oman Air to Air France–KLM for a prized early morning arrival,
reported in February 2016. A year before, American Airlines paid $60m to Scandinavian Airlines.
Considering current landing and departure fees at Heathrow, being able to free one slot (arrival +
departure) that is not available now due to how long does it take to carry out a manual L1 inspection has
the following potential economic impact:
Landing noise fee (Chapter 4 aircraft A320NEO) – £1.475
Departure noise fee (Chapter 4 aircraft A320NEO) – £1.475
Departure charge per pax (194 pax – European shoulder season charge) – 23,06 x 196 = £4,473,6
TOTAL = 7.424,44 €
If this daily slot is available for 360 days a year, the potential income is over £2.5M
Performing a parallel to the runway high-speed flight using buffer times between aircraft in normal
operation. The drone should be able to gather the images will flying following the previous aircraft and
process them looking for surface faults.
This being said, it seems that a level 1 inspection of the runway will be difficult to demonstrate in
Heathrow. However, a level 2 inspections seems more feasible in an airport such as Heathrow. Level 2
inspections are similar to level 1 inspections in terms of technologies used. For the sake of the project and
the feasability of the demonstration, the use case defined and described hereafter will be about level 2
inspections, but it can be reused for potential applications for level 1 inspections.

Level 2 inspections using cameras and visual analytics algorithms have been conducted in Heathrow with
cameras attached to land vehicles. This pointed out two problems in this technique:
-

The cameras were not high enough to cover the whole width of the taxiway inspected. This
problem required the inspection team to cover multiple times the same portion of taxiway to get
images of the whole width.
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As the cameras were attached to the front of the vehicles, they could not provide images from a
vertical angle to the visual analytics algorithms. This made the analysis task of these algorithms
more difficult.

These two limitations can be overcome with the use of drones to carry the cameras. Indeed, the drones
could fly high enough to get images of the full width of the taxiway, and the cameras would take images
from a vertical angle.

Level 1 and level 2 inspections alike also present benefits in terms of safety if carried out using drones.
Indeed, the use of drone would not require the presence of personnel in potentially dangerous areas that
are the airfield.

This work scenario led to the definition of two missions:
-

Mission 1: Level 2 routine inspection of the pavement (during daylight)
Mission 2: Level 2 routine inspection of stand and taxiway lighting (at night)

2.1.4.2

Work scenario 2: Perimeter control

The use of drone for perimeter control would consists of the deployment of drones when a threat near
the perimeter is detected by perimeter cameras or notified by personnel of the airport. The deployments
of drones, since it is faster than sending a response unit by car to the area, would allow the collection of
information for the security team and therefore allow them to assign the right amount of resources
depending on the issue.

This work scenario led to the definition of one mission: Mission 3: Perimeter control of the northern
fence.

2.1.4.3

Other potential work scenarios not developed

Some other work scenarios have also been explored, but for several reasons explained hereafter, they did
not lead to developed use cases. Only a brief description of the mission will be provided in section 3.1.

Runway FOD detection
Drones can be used for runway FOD detection at the request of ATC.
In the event of a potential FOD warning issued by a pilot, or after an aborted take-off, runway FOD control
must be carried out by the ASD.
Drones equipped with cameras linked to visual analytics algorithms can be more efficient than vehicles
driving along the runway. However, Heathrow is already equipped with automatic FOD detectors. The use
of drone for this specific mission is therefore not fit for Heathrow.
Furthermore, with respect to STO3.KPI1, for this operation to be in the scope of the project, the FOD
detection should be 50% faster than usual inspection means. Since the FOD detection cameras in
Heathrow are almost instantaneous, this KPI can’t be respected.
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Engineering work inspection
Drones can be used for engineering work inspections. However, this is not specific to airport environment,
and the specificities of the drone operations in an airport environment will be demonstrated with other
use cases.
Indeed, this operation does not validate any STO or KPI that are not already validated by another mission.
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2.2 Increased Waterdrome and waterway safety and security
This second work scenario is about inspection tasks in a Waterdrome environment. These inspections can
concern the general infrastructure of the Waterdrome, or the waterways which, due to their nature, have
specific dangers and inspection procedures.
In the following sections, after explaining more about the Waterdrome environment, we will study the
current way to carry out inspection procedures and we will conclude on the interest of using drones to
assist or perform these inspections.

2.2.1

Waterdrome description

A Waterdrome (or water airport) is defined as the facility which serves operations of seaplanes and
floatplanes. It is divided into two main areas: the landside area that extends to an area of no more than
250 – 350 square meters and the water area.
The land area includes:
 the terminal building for passengers' services, ticketing, waiting area, admin office (Figure 12 &
Figure 13)
 the outer fenced area leading to seaplanes
 the docking area, (Figure 14 to Figure 17)
 the windsock point (when it is not in the vicinity of the facility) and
 in some cases, maintenance hangar and fuel supplier.

Figure 12 - Example of PAX Terminal (1/2)
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Figure 13 - Example of PAX Terminal (2/2)

The water area includes:
 the floating platform / pontoon (in cases that the quay is too high for docking), (Figure 14, Figure
15, Figure 17, Figure 21)
 the waterway (a strip on the water surface where the seaplanes are accelerating or decelerating
during arrivals or departures – the runway), where in some Waterdromes there is more than one.

Figure 14 - Seaplane docking point on quay (Corfu port)
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Figure 15 - Floating platform (Santa Marina port, Attika)

Figure 16 - Seaplane docking point on quay (Paxos Island)

Figure 17 - Floating platform (Gouvia, Corfu Island)

Figure 18 shows the whole infrastructure from above.
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Figure 18 - Infrastructure of Corfu Waterdrome

2.2.2 Organization and principal stakeholders
The Waterdrome Safety Supervisor (WSS) is responsible for Waterdrome safe & secure operations,
availability and status of the whole facility. The WSS is also responsible for operational liaison with ATC,
the emergency services and the seaplane management to ensure safe use of facilities at all times. He is
responsible for the monitoring and control of all manoeuvring & moving areas works, including the
approval of permits to work. The WSS has a direct phone line to the LGKR ATC, the Hellenic Coast Guard
and Fire Service.
The Waterdrome Manager is responsible for the administration of the facility. He is responsible for the
hiring of the personnel and the purchase of the equipment. He manages the communications with the
authorities and the other actors (nearby airport and port) and publishes NOTANs. He is in communication
with the pilot once the plane has landed, after the pilot left the airport approach frequency, to manage
the taxi to the docking point. He is in line via telephone with Coast Guard and Fire/Rescue Service in case
of an emergency.
The Hellenic Coast Guard (HCG) have authority over the Waterdrome, they check that everything runs
according to the marine law, customs status, water operations.
Kerkira Airport ATC (LGKR) is responsible for the safe operations of seaplanes at all phases of flight,
including approaches, arrivals and departures, but not during water taxi, manoeuvring in the harbour or
mooring/docking
A typical departure procedure follows the following steps:
-

The waterway is inspected 10 to 15 minutes before each departure.
The captain of the seaplane contacts port Vehicle Traffic Service at Marine Channel 13 (specific
VHF frequency called “the VTS frequency”) to ask permission to move towards the waterway and
to ensure there is no case of conflict with boats or other vessels on the way.
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Once aligned on the waterway, the captain switches to the LGKR ATC for clearance to take-off.

The arrival procedure is the same the other way around.
After receiving clearance from ATC to switches to the VTS frequency, the seaplane pilot, will declare
waterway in use. In most cases, pilots choose the most suitable waterway for them at that moment.

2.2.3 Context and goal of the work scenarios – Waterdrome infrastructure & waterways
inspection
Generally, the Waterdrome Safety Supervisor (WSS), before each daily start-up, has to deal with several
cases. Initially, the safety process starts with visual inspections by following written procedures such as
the cases below:
 Inspection of the entire facility, starting from the main passenger service building, access roads to
the facility, the fenced passenger traffic area, sheds. (Figure 19 & Figure 20)
 Inspections of mooring and docking points, either on docks or floating platforms or jetty, prior
seaplane approach. (Figure 21 & Figure 22)
 Inspection of the optical reconnaissance light of aviation activity and the windsock.
 Inspection of all signs and floor markings to ensure that they are well visible, clear and without
technical problems.
 Inspection of waterways (runway on the water surface).
Two types of missions will be conducted.
2.2.3.1

Waterdrome work scenario 1: terminal inspection

The security personnel is responsible for the safety and security of the facility by contacting regular visual
inspections that last no more than 5 min. The decision to carry out these inspections is taken by the WSS
based on his knowledge and on external factors (weather …). On average, such inspections should be
carried out once a week.
These include walks around the terminal, fence and floor marking checks, external cables and antennas
checks, windsock condition, recycle bins for suspicious items and end up at the docking point (dock or
jetty), to check the wooden parts of it, the existence, and the condition of the equipment such as fire
extinguishers, life rings, safety ropes, buoys, and tires.

Figure 19 - Main terminal / windsock / antennas
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Figure 20 - Outdoor fenced area / windsock / antennas / floor markings / tires

Figure 21 - Floating platform / floor markings / tires

Figure 22 - Docking point / floor markings / safety equipment / fence

2.2.3.2

Waterdrome work scenario 2: waterway inspection

Waterways inspections are a key step in the departure and arrival process of the seaplanes. They are
carried out at the beginning of the day and 15 min before each departure and arrival.
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This process -with respect to the number of waterwayslasts 10 to 30 min or more and requires the participation
the “in service speed boat” that is in use in every
Waterdrome, a 4,5 to 6m long vessel, outboard
motorized, with two-way radio communication and fully
equipped for search and rescue.

of

Its driver should be a licensed boat captain with
extensive training, in manoeuvring speed boats at low
and high speeds in glassy water or in windy and waviness
conditions, skills in escorting and approaching moving
seaplanes, search and rescue, identification and
recognition of obstacles, approaching person or item in
the water and be able to remove it from the water,
ability to communicate via radio.

Figure 23 - Waterdrome’s speed boat

The boat casts off heading to the active waterway(s) for
visual inspection of the water surface and the swell. The
major reason is to verify that waterway(s) is/are safe for
operations and there are not any obstacles such as logs,
boxes, big oil or fuel cans, branches, bulky debris, or junk
that can cause damage to a seaplane during its movement.
This procedure, in some cases, will be performed even 6 to 8
times daily.
Figure 24 – Escorting a seaplane before departure

A list of pictures of potential debris can be found in Annex B – Work scenario pictures for visual analytics.

2.2.4 Business and mission oriented operational needs
Drone surveillance enables surreptitiously to gather information about a target or obstacle captured from
a distance or altitude. The use of UAVs to capture images and/or videos to gather information about
specific “situations”, which might be individuals or obstacles in the sea, or environments (rough water),
will save time, man workhours, funds, even heavy equipment maintenance, if we take in account that the
duration of inspection of the manoeuvring area and the waterway by boat is about 30min process but
with the use of drones will last 6-8min.
They eliminate the need for workers to physically access environments, where factors such as rain, wind,
waves, weather, or oil slicks may lead to accidents or health issues. Drones can easily access difficult-toreach areas while eliminating the need for a human to go there using boats.

The solution developed under the 5D-AEROSAFE project should enable it to be implemented in the
operational use of the Waterdrome system. The operation of the system should be approved and be
included in the Water-Airport Operating Manual (WOM).
The goal is to conduct regular and/or periodic visual flight inspections to ensure the safe and secure
operation of seaplanes in the whole facility, during all stages of their movement. These inspections should
include:
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internal and external areas
infrastructure and equipment
waterways

During the research conducted at Corfu Port Waterdrome, the WSS repeatedly emphasized the possibility
of using drones in the operational activities of the Waterdrome. His/her interest is seen in the following
mode:



Planned mission – waterway(s) inspection(s)
Ad hoc mission – performing a quick mission related to the appearance of a sudden threat.

Figure 25 - Corfu Port Master Plan (Waterdrome facility is included)

This work scenario leads to the identification of two missions:



Mission 1: Inspection of the infrastructure and equipment of the waterdrome
Mission 2: Inspection of the waterways

The first mission will demonstrate the capability of the 5D Aerosafe platform to initiate a request for an
ad-hoc specific operation from the Supervisor in a non-predefined space and time. The second will be a
repetitive, scheduled in time and place mission where the Tower is going to receive the request for the
operation initiated by the GGCS. One drone will perform visual inspections of the waterway and
feedback/result from the check will be provided to the tower via the UTM 5D platform user interface.
Both missions will display the capability of the platform to provide a safety view on the drone missions in a
busy safety critical CTR area.
These two missions will be described in Use Case 2: Waterdrome and waterways .
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2.3 Navigation aids inspection
This third work scenario is about navigation aids (navaids) performance testing. These inspections will
concern both VOR and DME. Navaids testing must be done both by taking ground measurements and air
measurements to comply with a number of requirements based on official documentation.
In the following sections, after explaining more about navaids inspection, we will study the current way to
carry out inspection procedures and we will conclude on the interest of using drones to assist or perform
these inspections.

2.3.1

Organization and principal stakeholders

Air navigation services are key for the Air Traffic Control (ATC) and the airplanes using the airspace. They
indeed provide them with information necessary to conduct their flight in a safe manner and to ensure
separation between them.
The Air Navigation Service Providers (ANSP) are responsible for the delivery of the air navigation services
to ATC and airplanes. These services require the use of navigation aids (navaids).
The Air Traffic Safety Electronics Personnel (ATSEP) are responsible for the inspection and maintenance
of these navaids.

2.3.2 Introduction to Navigation aids performance and service
States ensure that the aerial transport system and the operations in their sovereignty are safe, even in
non-favourable visibility conditions (night, clouds, fog etc). Operations in such conditions are possible by
means of Radio Navigation Aids (Navaids), that are electronic, radio-frequency ground equipment, which
have been proven reliable to support Instrument Flight Rules (IFR) procedures in all phases of flight. The
integrity and accuracy of the signal of navaids, as well as navigation service performance within the
acceptable tolerances is calibrated and tested regularly. Annex 10 — Aeronautical Telecommunications,
Vol. I — Radio Navigation Aids, 2.2 (ICAO, Annex 10), provides an international Standard on the ground
and flight testing of radio navigation aids, whereas guidance to achieve compliance is given in the ICAO
Doc 8071 Manual on Testing of Radio Navigation Aids, Vol. I Testing of Ground-based Radio Navigation
Systems (ICAO, Doc 8071 Volume I - Testing of Ground-based Radio Navigation Systems, 2018).
Performance of Navaids is guaranteed inherently by their design, manufacture, and installation, which is in
accordance with common standards of the aviation industry, such as SAE ARP 4754, SAE ARP 4761, RTCA
178B, RTCA 278, ARINC standards, etc. Verification of the Navaids performance and the safety of
navigation service is guaranteed by flight inspection against specific tolerances for signal measurements
and navigation service performance criteria, accordingly.

2.3.3

Context and goal of the work scenario - Ground and Flight Testing of Navigation
Aids

Ground and Flight Testing are used complementarily to check the performance of navaids. For the
selection of the testing scheme and the periodicity of each test, the technical and economic factors are
examined. Ground Testing is accurate and quick and can be carried our frequently, because its cost is also
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limited. The stability of the navaids in the ground check is the key to extend the periodicity of flight testing
and avoid the disruption of airport operations during flight tests.
Ground tests are carried out by Air Traffic Safety Electronics Personnel (ATSEPs) using appropriate test
equipment at the facility or at a point on the ground remote from the site. Flight tests are carried out in
the air by a trained flight inspection crew (pilots and ATSEPs) using a flight inspection aircraft with a
suitably equipped platform (AFIS - Automatic Flight Inspection System).
ICAO urges the States to improve navaids, including associated testing and monitoring facilities, with the
view to minimizing, to the extent practicable, the more demanding requirements of flight testing. In most
of the States the ANSPs need to prove to the CAA that there is a correlation between ground and flighttesting results to claim a less frequent flight-testing scheme.
Flight testing is proof of an acceptable facility performance because it offers in-flight evaluation and the
sampling of the signal in space. This signal is the outcome of system performance alongside the external
factors, such as site conditions, ground conductivity, terrain irregularities, metallic structures, propagation
effects (multipath), etc.
The periodicity of navaids ground and flight inspection depends on the type of navaid, on the technology,
maintenance scheme and monitoring of the equipment, as well as on the adopted policy of the State. For
example, the periodicity of flight testing of VOR varies from 6 months to 5 years in different States, which
is between half and 5 times the nominal periodicity of 12 months.

2.3.3.1

VOR inspection

A summary of the parameters tested in ground and flight test of VOR with respect to ICAO Annex 10
standard requirements is given in Figure 26.
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Figure 26 - Requirements in ground and flight testing of VOR (ICAO, Doc 8071 Volume I - Testing of Ground-based
Radio Navigation Systems, 2018)

The purpose of regular flight and ground testing after a navaid commissioning is to verify that the radiofrequency emission with its standard structure (spectrum, timing, power, etc.) is retained unaffected by
equipment drifting, by new close-by obstacles/buildings and remains within tolerances in the service area.
The type of inspection is carried out in each of the following cases:
1. Site Proving (G/F). To verify with a portable ground installation that the effects of the environment of
installation site is suitable for the navaid installation.
2. The initial testing after installation is the most critical to discovering all discrepancies with standards
or the design and be used as future references.
a. Initial Proof of Performance (G) is called the initial ground testing after installation.
b. Commissioning (F) is called the initial flight testing after installation.
Commissioning flight tests is a prerequisite for setting a newly installed navaid into operation and in
broad use by the users.
3. Periodic (G/F). Inspection to determine and confirm that the system performs as expected and that
the signal-in-space is valid.
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4. Special (G/F). Inspection after corrective maintenance, suspected degradation of SiS, accident etc. It
can be done alongside periodic maintenance and tests.

2.3.3.2

DME/DME validation of performance to support PBN procedures

DME/DME coverage in broad areas near airports is of utmost importance since with this combination of
conventional ground-based navigation aids, multiple common navigation specifications like RNAV1 can be
supported by ground-based facilities. ICAO guidance on the topic is given not only in ICAO Doc 8071 but
also in the guidance on ground and flight validation of instrument flight procedures is which is published in
the Quality Assurance Manual for Flight Procedure Design (Doc 9906), Volume 5 — Validation of
Instrument Flight Procedures.

2.3.4 Business and mission oriented operational needs
ANSPs need to prove to competent authorities that non-standard avionics and non-standard speeds of
UAVs may be used to new applications for better understanding of the navaid system performance.
Ultimately, the UAV may supersede the typical flight inspection aircraft in the future, once technology will
overcome payload capability, speed, and range current limitations.
The frame of use of RPAS / UAV is also given in the ICAO Doc 8071 (5th ed. 2018). The recommendation
reflects actual practices of the ICAO member states and promotes the assessment of UAV technology for
advanced measurements of Navaids and cost-effective alternative solution to flight inspection.
These work scenarios have as their main contribution the optimization of flight testing using UAS
technology.

2.3.4.1

Work scenario 1: Testing of VOR

We have seen above that flight test of navaids is key in the inspection process of navaids. Every type of
flight inspection can be transformed and improved by means of drones. More specifically, to fill the gap
between ground and flight inspection and to meet the needs of a dense and safe air navigation
environment, and to allow for a faster convergence and more reliable correlation between ground and
flight inspection.

As we have seen in the section above, different testing processes exist for the inspection of VORs: ground
testing and flight testing. The use of UAVs would allow to add two in-between processes to complete
ground and flight testing (see Figure 27):
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Figure 27 - The different navaids inspection techniques

-

Extended ground test:

Following a VOR ground test, it is a safety measure to verify and enhance ground measurements taken
by ATSEPs during scheduled periodic preventive maintenance. It is a low flight above the VOR to
evaluate the signal in different point on a 1000m radius.
The benefit of the mission is that ATSEP can create a quite automated procedure of measurements
and a routine check that can be used in cases that the space around a VOR has changed significantly
and it needs to be evaluated. Multipath from nearby objects can be measured and evaluated due to
the flight capabilities of drones in terms of flying safely near objects and at altitude below minima,
without compromising safety.
-

Short range flight test:

Emulates a flight inspection in shorter distances with fewer radial checks. The drone will fly in the line
between the VOR station and the flight inspection aircraft typical path.
The test will therefore be quicker, less extensive, less costly, yet adequately accurate. The check will
serve as an alternative to a full periodic flight inspection, provided that a correlation between
measurements of a typical flight inspection and a drone flight inspection has been established.
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Figure 28 and Figure 29 respectively show the requirements for ground test (and extended ground test) as
well as for flight test (and short-range flight test) of a VOR.

Figure 28 - Ground test requirements of a VOR

Figure 29 - Flight test requirements of a VOR
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This work scenario leads to the definition of two mission for this use case:
-

Mission 1: Extended Ground Test
Mission 2: Short Range Flight Test

2.3.4.2

Work scenario 2: DME/DME evaluation as a PBN navigation infrastructure

PBN (Precision Based Navigation) ground infrastructure performance investigation will validate results for
DME/DME coverage in areas with challenging terrain in a TMA. A verification of the map for DME/DME
coverage will enable safer procedure design especially for RNAV1 navigation specification in areas with
dense air traffic.
The use of drones in this work scenario allows to evaluate the DME/DME coverage below minimum sector
(which is 2000ft in this area).

This work scenario led to the definition of a mission for this use case: Mission 3: DME/DME evaluation as
a PBN infrastructure.
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2.4 Conclusion on the work scenarios
This section presented the different work scenarios and user requirements that led to build the use cases
described in the following section 3. Those work scenarios have been built with the participation of end
users. They have brought their expertise in the real operations and their deep understanding of their
context, which has helped us to define what could be possible to do in the scope of the project.
The work scenarios are provided in this document both to provide information on the context of the use
cases presented in next section, and to showcase the design process of these use cases. They also may be
used for potential future projects, as they are not specific to 5D AeroSafe applications and can therefore
feed other use cases.
Some commonalities between the work scenarios have been found. They are of a very high-level nature
linked to the place of operations, and are already described in D2.1 – Regulatory Framework and Concept
of Operations.
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3 Use Cases
This section is dedicated to the use case description.
We have defined three use cases: Airport infrastructure inspection in Heathrow, Navaids inspection in
Rhodes Airport, and Waterdrome and waterways inspection in Corfu Port. In each of these use cases
several missions have been defined. These use cases and missions are summarized in Table 4 - Overview
of the use cases and missions.
Table 4 - Overview of the use cases and missions

Use Case

Mission

Description

Status

UC 1 – AIRPORT Mission 1 – Inspection of the state of the pavement of Exhaustive
INFRASTRUCTURE Level 2 routine stands and taxiways in an airport using a
INSPECTION
inspection
of multicopter drone, a camera, and visual
the pavement
analytics algorithms.
Mission 2 –
Level 2 routine
inspection
of
the
lighting
system

Inspection of the state of the lighting of Exhaustive
stands and taxiways in an airport using a
multicopter drone, a camera, and visual
analytics algorithms.

Mission 3 –
Perimeter
control of the
northern fence

Operation to improve the situational Exhaustive
awareness of the security team of the airport
in case of threat to the fence, using a drone
and a camera.

Mission 4 – Inspection of the runway on request of the For future work
Runway
FOD ATC for FOD detection, using a drone, a
detection
camera, and visual analytics algorithms.
Mission 5 – Inspection of the rooftop of a terminal of the For future work
Rooftop
airport for engineering purposes, using a
inspection for drone and a camera.
engineering
work
UC2
– Mission 1 – Inspection of the infrastructure of the Exhaustive
WATERDROME
Waterdrome
waterdrome and of the state of the different
AND
visual
pieces of equipment, using a drone and a
WATERWAYS
inspection
camera.
INSPECTION
Mission 2 – Mandatory inspection of a waterway before Exhaustive
Waterway
and a take-off or a landing. Both the state of
inspection
the sea and the presence of floating hazards
will be conducted, using a drone and camera
linked to visual analytics algorithms.
UC 3 – NAVAIDS Mission
© 5D-AeroSafe, 2020

1

– Low height measurements of the signal of a Exhaustive
Page 50 of 186

D2.3, [Use Cases Definition]
INSPECTION

Extended
ground test

Public
VOR to complete the data gathered during a
ground test, using a drone and CNS
transceiver.

Mission 2 – Measurements of the signal of a VOR at a Exhaustive
Short
range higher altitude than for an extended ground
flight test
test, to supplement and eventually replace
flight tests conducted with an aircraft.
Mission 3 – DME/DME signal evaluation using a fixed Exhaustive
DME/DME
wing drone and a CNS transceiver.
evaluation as a
PBN Navigation
Infrastructure

All missions share a common description framework, which is the following:
-

-

-

-

-

Storyboard: High level description of the goal of the mission and the interactions between the
actors. It provides an overview of the mission to understand the relevance of the information
presented after.
Users: Description of the roles of the different users and actors of the operation.
Technology used: Description of the different technologies developed in the scope of the 5D
project necessary for the operation.
U-Space services: Description of the U-Space services that will be used for the mission. Although
they are almost the same for each mission, their description may vary according to their
contribution to the operation.
Use case diagram: A use case diagram showing the interaction between the actors and the
technologies above-mentioned. The use case diagrams are expected to provide guidance for the
architecture definition tasks (WP6).
Detailed description and flight state: A detailed description of the mission from an operational
point of view. The description is split into different flight states, which may vary from a mission to
the other.
Mission workflow and sequence diagram: This section aims at describing the different phases of
the flight from a sequential point of view.
Operation plan: This final section gives an overview of what the flight plan may be. It is too early
to have a precise flight plan, as it will probably depend on the performance of the technologies
used for the operation.

Some of the information in this description framework have a ConOps nature. Indeed, this document
comes after the first version of the ConOps document, but it will pave the way for the updated version
due by the end of the project.
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3.1 Use Case 1: Airport infrastructure inspection
This section describes the missions that have been identified in section 2.1, about the use of drones for
the inspection airport infrastructure.

The missions that have been identified for this use case are the following:
The first mission is the inspection of the pavement of a predefined area, made of stands and taxiways. It
implies the use of a drone, a camera and visual analytics algorithms. This mission is referred to as: 5D UC1
M1: Level 2 routine inspection of taxiway and stand surface.
The second mission is the inspection of the lighting of a predefined area, made of stands and taxiways. It
implies the use of a drone, a camera and visual analytics algorithms. This mission is referred to as: 5D UC1
M2: Level 2 routine inspection of taxiway and stand lighting.
The third mission is the information gathering using a drone in case of a threat near the perimeter of the
airport. This intends to give more situational knowledge to the security team of the airport to allocate the
right amount for the response. It implies the use of a drone, a camera, and in some case interference
detection equipment. This mission is referred to as: 5D UC1 M3: Perimeter control.
The fourth mission is about FOD detection on the runway, on demand from ATC. Drones would fly along
the runway to detect the presence and location of FODs. This mission is referred to as: 5D UC1 M4:
Runway FOD at the request of ATC.
The fifth mission is the inspection of the rooftop of terminal 4 of the airport. This mission aims at
providing information to the engineering team about the state of the rooftop using a drone and a camera.
This mission is referred to as: 5D UC1 M5: Terminal 4 rooftop inspection for engineering works.

As explained in section 2.1.4.3, some missions are not detailed (missions 4 and 5). This is explained by the
fact that they have been considered so they should be mentioned in this document, but it has been
considered with the users that they do not currently present enough potential applications to justify the
allocations of efforts in the project.
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Mission 1: Level 2 routine inspection of taxiway and stand surface
3.1.1.1

Storyboard

The Airside Safety Department in Heathrow must carry out a level 2 inspection of area 8/32 of its airfield.
This area is a taxiway on the west of the airfield, connecting the terminal 5 and the west of the south
runway. The operation takes place during the day, as daylight is required for the camera to take images of
the pavement.
Since this operation is scheduled on a 32-days basis, the ATC is aware of the inspection and a NOTAM has
already been issued to close the area for the duration of the operation.
The drone safety operator logs on the UTM platform, checks that the correct flight plan has been
uploaded and that the operation is still authorized. If so, the drone mission operator goes to the location
of the inspection with the drone.
Once the drone is checked and correctly set up by the DSO, it takes off and follows the defined flight plan.
The camera sends the images of the pavement to the FINoT platform, and the DMO assisted by visual
analytics algorithms detect potential defaults in the pavement. If defaults are detected, the Airside Safety
Department and the engineering team are warned and receive the information they need for their
intervention.
Once the mission is over, ATC and other relevant stakeholders are notified via the UTM platform that the
operation is over.

Figure 30 - Delimitation of the area 8/32 to be inspected
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Users
Table 5 – UC1 M1 – Users

Abbreviation

Expansion

Role or functions

MAIN USERS (directly involved in the operation)
ASD

Airside
Department

Safety The Airside Safety Department is responsible for the
safety of the Airside in Heathrow. They are the ones
who use the drone to inspect the pavement. …

DMO

Drone
Operator

DSO

Drone Safety Operator

ATC-S

Air Traffic
Supervisor

Mission The operational user of the drone(s). Executes the
operational aspect of the mission. Domain expert, he
converts the observations made using the drone(s) into
information of value to the ASD (if it is not done by an
algorithm).
The drone pilot is responsible for safe drone flights.
Assumed to have no domain knowledge but to be an
expert in flight safety, U-Space, and drones. (May be
the same person as DMO but has a distinct role)

Control In charge of the coordination of the airport operations
to ensure safety for the departing and arriving aircrafts.
Give clearance for the drone operation.

IMPACTED USERS (impacted in their typical activities by the operation)
AfDM

APOC

Airfield Duty Manager

The AfDM is the day-to-day manager of the Airside
Safety Department and is also responsible for the
operational liaison with ATC. The AfDM is responsible
for the monitoring and control of all airside work,
including the approval of permits to work.

Engineering manager

Responsible for the engineering team of Heathrow
airport. Will take actions if defaults in pavement are
notified by the ASD.

Law enforcement

Need to monitor the mission, as they have activities
that can be impacted by drone operations (e.g.,
helicopters taking off from the airport)

Airport
Center

Operations Overseeing – Situational awareness

Important note: Even though the DMO or DSO role can be assured by someone form the ASD, and that
both the DMO and DSO role can be assured by one person, we describe them as different persons, for the
sake of architecture definition and communications in other work packages.
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Technologies used
Table 6 – UC1 M1 – Technologies

Technology

Description

Role in the mission

Camera

Visual camera

Visual Analytics

Set of algorithms to analyse Detect potential default in the pavement of
images.
the inspected area. (See Annex B – Work
scenario pictures for visual analytics)

UTM Center

Interface with the different U- Client-side operational system linking the
Space services for a variety of ASD to the DMO/DSO, the ATC Supervisor,
stakeholders.
and other authorities within U-Space,
communicating with the GGCS.

FINoT platform

Data treatment platform.

Receive, store, analyse and fuse the data
from the camera. Run the visual analytics
algorithms on the images.

GGCS

Generic Ground Control Station.

The user interface through which the DMO
and DSO operate the drone, also through
which they interact with both U-Space and
the UTM platform immediately before and
during flight

API 5d toolbox

Link between the technologies Feed legacy systems of the airport
above and airport management
systems

Drone

AtraxM drone
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U-Space services

U1:
-

-

Registration:
o All drones to be pre-registered in the GGCS so that Remote ID can work on the UTM
screen.
E-identification:
o Remote identification default is for the coordinator/supervisor to click on the drone,
model, or aircraft of interest on the map, and receive more data on the screen, subject to
access restrictions.

U2:
-

-

-

-

Tracking:
o All drones, integrated to the GGCS real-time sends UAS location in three dimensions via
the GGCS to the USP, for forwarding to the overall situational awareness picture on the
UTM display in the tower.
o The tracking data must be matched with drone ID, operator ID and …
o ADS-B transmitters to be added to the UTM registry so that the telemetry of the drones
can be linked and merged with the ADS-B signal and only one telemetry to be visualised
on the UTM screen.
Monitoring:
o All drone operators are to be able observe all other aircraft, drones established in the area
through their GGCS.
o The coordinator and tower supervisor should be able to also see the position of all pilots
related to each flying aircraft.
o General ATM awareness will be visualised on the UTM display and sent to the GCS for
awareness to all drone operators (legacy ATM interfaces integrated to the UTM).
Geofencing
o Each operator must define their own flight geography area in their GGCS and plan their
flights, so they do not exit this.
o Each drone operator must in their SORA define abnormal operation procedures. These
must be triggered if the drone flies outside the outer pilot area - no exceptions!
o Each drone operator must define the contingency volume (airspace reservation area) in
their GGCS and be sure to trigger emergency procedures if the drone exits the
contingency area laterally or ascends above their designated maximum altitude. In such a
case, the Coordinator will announce to all to land immediately and abort any ongoing
missions. The transgression must also be reported by the responsible operator to the
ANSP/CTR supervisor under “just culture”.
Procedural interface with ATC
o ATC is responsible for clearance through the UTM center.
Operation plan preparation service:
o The ASD use this service to submit the operation plan and forward it to the drone pilot.
Operation plan processing service:
o Once the operation plan has been sent, it goes through a number of steps to check it is
correct, does not fly in restricted areas, etc…
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Use case diagram

Figure 31 - Use case diagram for clearance process
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Figure 32 - Use case diagram for the tactical phase
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Detailed description & flight states

Task order and operation plan
The ASD initiates the task order (level 2 inspection of area 8) through the UTM platform and describes the
targeted time and space of the operation. The ASD triggers a web-based interface that sends a task order
to the mission operator’s GGCS. As this is a periodic and pre-scheduled operation, the task order and the
operation plan have been sent through the UTM center at least a day before the operation.
1. Task Order Creation: The ASD has the responsibility of creating the task orders. Task orders may
be created before the commencement of the mission based on the duration an average
consultation process takes (i.e., under an hour). Multiple task orders may be created successively,
and each may intersect in the time and space as long as operators can ensure safe separation
under VLOS/EVLOS/BVLOS conditions. The ASD inputs the following information when creating a
task order:
a. Waypoints or radius
b. Altitude
c. Start time and duration
d. Pilot and drone selection
2. Operation Plan Generation: Once the ASD creates task order(s), the UTM platform sends it to the
DMO/DSO. This step uses the Operation plan preparation service (U2).

Clearance
3. Operation Plan Confirmation: Based on the judgement of the DMO/DSO with respect to airspace
conditions, real-time air traffic, weather conditions, and the nature & location of the mission in
contrast to the GGCS and the DMO/DSO, the operation is confirmed or denied. Any relevant
information is updated on the operation plan such as marking the mission as VLOS/EVLOS/BVLOS.
a. If the operation plan is denied by the DMO/DSO, the process needs to start over from step
#1.
4. Submission: Once the operation plan is confirmed by the DMO/DSO, the authority will be able to
review it, which is the ATC Supervisor on-site. This step and the following steps #5, #6, and #7 use
the Operation plan processing service (U2).
5. Review: Since the area of operation is within CTR, the ATC Supervisor consults with relevant
stakeholders.
6. Approval: If all the stakeholders of the review process approve the operation plan, the operation
is approved, and a notification is sent to the ASD and the DMO/DSO.
7. Rejection: If one of the stakeholders of the review process reject the operation plan, the rejection
notification is sent to the ASD and the DMO/DSO. The ASD may start again with step #1.

Pre flight
The drone safety operator (DSO), also skilled in inspection issues, checks that the correct UAV operation
plan for the area of the day is loaded in the GGCS. Under VHF communication with ATC ground control,
the DSO drives a car to the area and deploys the UAS in the very vicinity of the area inspection.
The DSO ensures that all U-Space services required for the operation are running.
8. Pre-flight: This state exists for a short time and includes such tasks as loading the plan into the
drone, allowing the drone nav system to acquire satellites, logging on to U-Space to establish:
a. the flow of position reports to the Tracking (U2) service
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b. commence Monitoring (U2)
c. start the Traffic Information (U2) service
d. notify the ATC Supervisor of the activation of the operation through a Procedural interface
with ATC (U2) and further coordinate with the ATC Supervisor if necessary (through
external means to the UTM Center), complying with any instructions.

Tactical
Once the drone is stabilized in holding position at a 3 meters high altitude and all checks are done, then
the DSO triggers the predefined operation plan for the mission. The drone follows the predefined
operation plan under visual supervision of the DSO.
If the mission is made of multiple steps, the DSO moves to the next part of the mission (next taxi or park),
with a predefined operation plan block.
9. Take-off: The DSO will get the drone(s) to a position from which they can begin the useful part of
their operation. This first positioning action is expected to be VLOS.
10. BVLOS Mission Segment: The DMO will supervise the drone(s) during the pre-programmed part of
the flight which is assumed to be VLOS.
11. Final Approach: It is assumed that at the end of the VLOS sequence, the drone(s) will be brought
back to land by the DSO as within VLOS conditions.
12. Landing: Once the drone lands, the drone may take off again without closing the operation
formally on the UTM system as the operation request may have been made for multiple
successive flights.

Monitoring by other stakeholders
The position of the drone is broadcasted to the UTM, and available for both ATC Police and others through
their own web -based interface connected to the UTM center.







At any point in the process the ASD may cancel and/or update the task order, notifying the
DMO/DSO and/or the ATC Supervisor. The ASD has overriding authorities with respect to the
DMO/DSO.
At any point in the process the DMO/DSO may cancel the operation request, notifying the ASD
and the ATC Supervisor.
At any point in the process the ATC Supervisor may rescind the operation request, notifying the
UTM platform.
If a cancellation (by the ASD or DMO/DSO) is requested after the operation is active i.e., take off,
the DMO/DSO is required to hover the drone in position until further approval for an alternate
operation request is received from the ATC Supervisor.
o If the cancellation is related to an emergency condition, the DMO/DSO takes the
necessary action to safely land the drone whilst the ATC Supervisor is alerted.
If a rescission (by the ATC Supervisor) is requested after the operation is active i.e., take off, the
DMO/DSO is required to comply with ATC instructions. The ATC Supervisor may communicate the
rescission by changing the state of the operation to “Rejected”.

Data treatment
The DMO (in office) is fed the pictures, videos, and automatic image processing outputs through the
platform. Visual analytics algorithms will run onboard the UAV, some will be processed on the ground. The
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mission is automated as much as possible, and there shall be no altitude changes for safety purposes. The
DMO can zoom in and out to proceed with the inspection.
The DMO and the visual analytics algorithms conduct the following tasks:
1. Check the pavement lips — the area between full-strength pavement and shoulders or paved
shoulders and safety areas — to ensure that they are no greater than necessary to allow water to
drain off the pavement. A lip height no greater than 1 1/2 inches is usually sufficient to allow
proper drainage. Determine if there are any cracks wide enough to cause directional problems to
the aircraft Report and monitor these cracks.
2. Determine if there are any holes that could cause directional control problems for the aircraft (>15
cm diameter and >7.5 cm depth holes)
3. Check the condition of the pavement areas for scaling, spalling, bumps, low spots, and for debris
that could cause foreign object damage to aircraft
4. Check for vegetation growth on the edges (drain problems)
5. Check for vegetation growth within the cracks (if any)
6. Report and monitor any cracks, holes, variations, and vegetation that can cause loss of aircraft
directional control or may cause pavement damage, including damage caused by damming or
pounding water.
7. Liquids, spillages, waste
The DMO identifies a potential issue (liquid spilled by an airbridge) and tells the DSO via radio to go and
check directly.

End of flight
The DSO moves to the next part of the mission (next taxi or park), with a predefined operation plan block.
Once it is over, the DMO and DSO log off the UTM center, and confirm the end of the operation to the ATC
through VHF.
13. Termination: The operation is closed by the DMO/DSO. Its associated characteristics are logged
onto the UTM Center to be viewed and evaluated when needed through the Digital Logbook
service (U2). U-Space stops providing services such as Tracking, Monitoring, Traffic Information,
and Procedural Interface with ATC.
a. The operational logs have a link to the analysed results from the FINoT platform. FINoT
stores the relevant data to the operation results and can be accessed from the UTM
Center which will be displayed to the ASD alongside the operational log of each mission.

Emergency management
If an emergency situation imposed from outside is detected or notified to the DSO and DMO, like a risk of
collision between the drone and another vehicle in the area to inspect, the procedure is to immediately
ground the drone where it is and for the DSO to recover it. This emergency situation will most likely be
notified by ATC to the DSO by VHF.
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If an emergency situation is created by the drone itself, the DSO kills the drone and uses the parachute. He
reports it to ATC through VHF and goes fetch the drone. Once the drone has been recovered, the DSO
notifies ATC, once again through VHF.
For some reasons, runway rotation can happen in the airport. Usually, it is scheduled in advance, but in
case of a quick wind direction change, this can happen out of schedule. This can impact the operation
since the area to inspect may need to be used after a runway rotation. In this case, ATC who is aware of
the operation, warns the DSO and tells him to immediately stop the mission, recover the drone and leave
the area. When it is done, the DSO notifies the ATC.

3.1.1.7

Mission workflow & sequence diagram

Figure 33 - Workflow diagram for level 2 pavement inspection
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Figure 34 - Sequence diagram for the clearance process

3.1.1.8

Operation plan

The operation plan will consist of waypoint allowing the drone to inspect all the pavement area. If we
consider that the drone flies high enough and the camera’s angle is wide enough to capture the whole
width of the taxiway, the operation plan will take the drone along the central markings of the taxiway.
Optimisation of the trajectory will allow to reduce the distance to cover, but due to the shape of the area,
the drone will have to fly over some areas more than once.
© 5D-AeroSafe, 2020

Page 63 of 186

D2.3, [Use Cases Definition]

Public

Figure 35 - Inspection area
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Mission 2: Level 2 routine inspection of taxiway and stand lighting
3.1.2.1

Storyboard

The Airside Safety Department in Heathrow must carry out a level 2 inspection of area 8/32 of its airfield.
This area is a taxiway on the west of the airfield, connecting the terminal 5 and the west of the south
runway. The operation takes place during the day, as daylight is required for the camera to take images of
the pavement.
Since this operation is scheduled on a 32-days basis, the ATC is aware of the inspection and a NOTAM has
already been issued to close the area for the duration of the operation.
The drone safety operator logs on the UTM platform, checks that the correct operation plan has been
uploaded and that the operation is still authorized. If so, the drone mission operator goes to the location
of the inspection with the drone.
Once the drone is checked and correctly set up by the DSO, it takes off and follows the defined operation
plan. The camera sends the images of the pavement to the FINoT platform, and the DMO assisted by
visual analytics algorithms detect potential defaults in the lighting system. If defaults are detected, the
Airside Safety Department and the engineering team are warned and receive the information they need
for their intervention.
Once the mission is over, ATC and other relevant stakeholders are notified via the UTM platform that the
operation is over.

Figure 36 - Delimitation of the area 8/32 to inspect
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Users
Table 7 – UC1 M2 – Users

Abbreviation

Expansion

Role or functions

MAIN USERS (directly involved in the operation)
ASD

Airside
Department

Safety The Airside Safety Department is responsible for the
safety of the Airside in Heathrow. They are the ones
who use the drone to inspect the pavement. …

DMO

Drone
Operator

DSO

Drone Safety Operator

ATC-S

Air Traffic
Supervisor

Mission The operational user of the drone(s). Executes the
operational aspect of the mission. Domain expert, he
converts the observations made using the drone(s) into
information of value to the ASD (if it is not done by an
algorithm).
The drone pilot is responsible for safe drone flights.
Assumed to have no domain knowledge but to be an
expert in flight safety, U-Space, and drones. (May be
the same person as DMO but has a distinct role)

Control In charge of the coordination of the airport operations
to ensure safety for the departing and arriving aircrafts.
Give clearance for the drone operation.

IMPACTED USERS (impacted in their typical activities by the operation)
AfDM

APOC

Airfield Duty Manager

The AfDM is the day-to-day manager of the Airside
Safety Department and is also responsible for the
operational liaison with ATC. The AfDM is responsible
for the monitoring and control of all airside work,
including the approval of permits to work.

Engineering manager

Responsible for the engineering team of Heathrow
airport. Will take actions if defaults in lighting are
notified by the ASD.

Law enforcement

Need to monitor the mission, as they have activities
that can be impacted by drone operations (e.g.,
helicopters taking off from the airport)

Airport
Center

Operations Overseeing – Situational awareness

Important note: Even though the DMO or DSO role can be assured by someone form the ASD, and that
both the DMO and DSO role can be assured by one person, we describe them as different persons, for the
sake of architecture definition and communications in other work packages.
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Technologies used
Table 8 – UC1 M2 – Technologies

Technology

Description

Role in the mission

Camera

Visual camera

Visual Analytics

Set of algorithms to analyse Detect potential default in the lighting
images.
system of the inspected area. (See Annex A –
Further description of Heathrow Airport
environment : Visual aids for detailed
description of the lighting system)

UTM Center

Interface with the different U- Client-side operational system linking the
Space services for a variety of ASD to the DMO/DSO, the ATC Supervisor,
stakeholders.
and other authorities within U-Space,
communicating with the GGCS.

FINoT platform

Data treatment platform.

Receive, store, analyse and fuse the data
from the camera. Run the visual analytics
algorithms on the images.

GGCS

Generic Ground Control Station.

The user interface through which the DMO
and DSO operate the drone, also through
which they interact with both U-Space and
the UTM platform immediately before and
during flight

API 5d toolbox

Link between the technologies Feed legacy systems of the airport
above and airport management
systems

Drone

AtraxM drone

© 5D-AeroSafe, 2020

Take images of the pavement state for
analysis.

Carry the camera.

Page 67 of 186

D2.3, [Use Cases Definition]
3.1.2.4

Public

U-Space services

U1:
-

-

Registration:
o All drones to be pre-registered in the GGCS so that Remote ID can work on the UTM
screen.
E-identification:
o Remote identification default is for the coordinator/supervisor to click on the drone,
model, or aircraft of interest on the map, and receive more data on the screen, subject to
access restrictions.

U2:
-

-

-

-

Tracking:
o All drones, integrated to the GGCS real-time sends UAS location in three dimensions via
the GGCS to the USP, for forwarding to the overall situational awareness picture on the
UTM display in the tower.
o The tracking data must be matched with drone ID, operator ID and …
o ADS-B transmitters to be added to the UTM registry so that the telemetry of the drones
can be linked and merged with the ADS-B signal and only one telemetry to be visualised
on the UTM screen.
Monitoring:
o All drone operators are to be able observe all other aircraft, drones established in the area
through their GGCS.
o The coordinator and tower supervisor should be able to also see the position of all pilots
related to each flying aircraft.
o General ATM awareness will be visualised on the UTM display and sent to the GCS for
awareness to all drone operators (legacy ATM interfaces integrated to the UTM).
Geofencing
o Each operator must define their own flight geography area in their GGCS and plan their
flights, so they do not exit this.
o Each drone operator must in their SORA define abnormal operation procedures. These
must be triggered if the drone flies outside the outer pilot area - no exceptions!
o Each drone operator must define the contingency volume (airspace reservation area) in
their GGCS and be sure to trigger emergency procedures if the drone exits the
contingency area laterally or ascends above their designated maximum altitude. In such a
case, the Coordinator will announce to all to land immediately and abort any ongoing
missions. The transgression must also be reported by the responsible operator to the
ANSP/CTR supervisor under “just culture”.
Procedural interface with ATC
o ATC is responsible for clearance through the UTM center.
Operation plan preparation service:
o The ASD use this service to submit the operation plan and forward it to the drone pilot.
Operation plan processing service:
o Once the operation plan has been sent, it goes through a number of steps to check it is
correct, does not fly in restricted areas, etc…
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Use case diagram

Figure 37 - Use case diagram for clearance process
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Figure 38 - Use case diagram for the tactical phase
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Detailed description & flight states

Task order and Operation plan
The ASD initiates the task order (level 2 inspection of area 8) through the UTM platform and describes the
targeted time and space of the operation. The ASD triggers a web-based interface that sends a task order
to the mission operator’s GGCS. As this is a periodic and pre-scheduled operation, the task order and the
operation plan have been sent through the UTM center at least a day before the operation.
1. Task Order Creation: The ASD has the responsibility of creating the task orders. Task orders may
be created before the commencement of the mission based on the duration an average
consultation process takes (i.e., under an hour). Multiple task orders may be created successively,
and each may intersect in the time and space as long as operators can ensure safe separation
under VLOS/EVLOS/BVLOS conditions. The ASD inputs the following information when creating a
task order:
a. Waypoints or radius
b. Altitude
c. Start time and duration
d. Pilot and drone selection
2. Operation Plan Generation: Once the ASD creates task order(s), the UTM platform sends it to the
DMO/DSO. This step uses the Operation plan preparation service (U2).

Clearance
3. Operation Plan Confirmation: Based on the judgement of the DMO/DSO with respect to airspace
conditions, real-time air traffic, weather conditions, and the nature & location of the mission in
contrast to the GGCS and the DMO/DSO, the operation is confirmed or denied. Any relevant
information is updated on the operation plan such as marking the operation as
VLOS/EVLOS/BVLOS.
a. If the operation plan is denied by the DMO/DSO, the process needs to start over from step
#1.
4. Submission: Once the operation plan is confirmed by the DMO/DSO, the authority will be able to
review it, which is the ATC Supervisor on-site. This step and the following steps #5, #6, and #7 use
the Operation plan processing service (U2).
5. Review: Since the area of operation is within CTR, the ATC Supervisor consults with relevant
stakeholders.
6. Approval: If all the stakeholders of the review process approve the operation plan, the operation
is approved, and a notification is sent to the ASD and the DMO/DSO.
7. Rejection: If one of the stakeholders of the review process reject the operation plan, the rejection
notification is sent to the ASD and the DMO/DSO. The ASD may start again with step #1.

Pre flight
The drone safety operator (DSO), also skilled in inspection issues, checks that the correct UAV operation
plan for the area of the day is loaded in the GGCS. Under VHF communication with ATC ground control,
the DSO drives a car to the area and deploys the UAS in the very vicinity of the area inspection.
The DSO ensures that all U-Space services required for the operation are running.
8. Pre-flight: This state exists for a short time and includes such tasks as loading the plan into the
drone, allowing the drone nav system to acquire satellites, logging on to U-Space to establish:
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the flow of position reports to the Tracking (U2) service
commence Monitoring (U2)
start the Traffic Information (U2) service
notify the ATC Supervisor of the activation of the operation through a Procedural interface
with ATC (U2) and further coordinate with the ATC Supervisor if necessary (through
external means to the UTM Center), complying with any instructions.

Tactical
Once the drone is stabilized in holding position at a 3 meters high altitude and all checks are done, then
the DSO triggers the predefined operation plan for the mission. The drone follows the predefined
operation plan under visual supervision of the DSO.
If the mission is made of multiple steps, the DSO moves to the next part of the mission (next taxi or park),
with a predefined operation plan block.
9. Take-off: The DSO will get the drone(s) to a position from which they can begin the useful part of
their operation. This first positioning action is expected to be VLOS.
10. BVLOS Mission Segment: The DMO will supervise the drone(s) during the pre-programmed part of
the flight which is assumed to be VLOS.
11. Final Approach: It is assumed that at the end of the VLOS sequence, the drone(s) will be brought
back to land by the DSO as within VLOS conditions.
12. Landing: Once the drone lands, the drone may take off again without closing the operation
formally on the UTM system as the operation request may have been made for multiple
successive flights.

Monitoring by other stakeholders
The position of the drone is broadcasted to the UTM, and available for both ATC, Police and others
through their own web -based interface connected to the UTM center.







At any point in the process the ASD may cancel and/or update the task order, notifying the
DMO/DSO and/or the ATC Supervisor. The ASD has overriding authorities with respect to the
DMO/DSO.
At any point in the process the DMO/DSO may cancel the operation request, notifying the ASD
and the ATC Supervisor.
At any point in the process the ATC Supervisor may rescind the operation request, notifying the
UTM platform.
If a cancellation (by the ASD or DMO/DSO) is requested after the operation is active i.e., take off,
the DMO/DSO is required to hover the drone in position until further approval for an alternate
operation request is received from the ATC Supervisor.
o If the cancellation is related to an emergency condition, the DMO/DSO takes the
necessary action to safely land the drone whilst the ATC Supervisor is alerted.
If a rescission (by the ATC Supervisor) is requested after the operation is active i.e., take off, the
DMO/DSO is required to comply with ATC instructions. The ATC Supervisor may communicate the
rescission by changing the state of the operation to “Rejected”.

Data treatment
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The DMO (in office) is fed the pictures, videos, and automatic image processing outputs through the
platform. Visual analytics algorithms will run onboard the UAV, some will be processed on the ground. The
mission is automated as much as possible, and there shall be no altitude changes for safety purposes. The
DMO can zoom in and out to proceed with the inspection.
The DMO and the visual analytics algorithms inspect the lighting condition. The DMO identifies a potential
issue (malfunctioning light) and tells the DSO via radio to go and check directly.

End of flight
The DSO moves to the next part of the mission (next taxi or park), with a predefined operation plan block.
Once it is over, the DMO and DSO log off the UTM center, and confirm the end of the operation to the ATC
through VHF.
13. Termination: The operation is closed by the DMO/DSO. Its associated characteristics are logged
onto the UTM Center to be viewed and evaluated when needed through the Digital Logbook
service (U2). U-Space stops providing services such as Tracking, Monitoring, Traffic Information,
and Procedural Interface with ATC.
f. The operational logs have a link to the analysed results from the FINoT platform. FINoT
stores the relevant data to the operation results and can be accessed from the UTM
Center which will be displayed to the ASD alongside the operational log of each mission.

Emergency management
If an emergency situation imposed from outside is detected or notified to the DSO and DMO, like a risk of
collision between the drone and another vehicle in the area to inspect, the procedure is to immediately
ground the drone where it is and for the DSO to recover it. This emergency situation will most likely be
notified by ATC to the DSO by VHF.
If an emergency situation is created by the drone itself, the DSO kills the drone and uses the parachute. He
reports it to ATC through VHF and goes fetch the drone. Once the drone has been recovered, the DSO
notifies ATC, once again through VHF.
For some reasons, runway rotation can happen in the airport. Usually, it is scheduled in advance, but in
case of a quick wind direction change, this can happen out of schedule. This can impact the operation
since the area to inspect may need to be used after a runway rotation. In this case, ATC who is aware of
the operation, warns the DSO and tells him to immediately stop the mission, recover the drone and leave
the area. When it is done, the DSO notifies the ATC.
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Mission workflow & sequence diagram

Figure 39 - Mission workflow for level 2 inspection of the lighting system
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Figure 40 - Sequence diagram for the clearance process

3.1.2.8

Operation plan

The operation plan will consist of waypoint allowing the drone to inspect all the pavement area. If we
consider that the drone flies high enough and the camera’s angle is wide enough to capture the whole
width of the taxiway, the operation plan will take the drone along the central markings of the taxiway.
Optimisation of the trajectory will allow to reduce the distance to cover, but due to the shape of the area,
the drone will have to fly over some areas more than once.
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Figure 41 - Inspection area
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Mission 3: Perimeter Control
3.1.3.1

Storyboard

The cameras of the airport perimeter have detected a threat near the northern fence, but the images are
not providing enough information to assess the situation. The security team decides to send a drone to
the location, which, equipped with a camera, will provide more situational awareness in order to adapt
the response and the allocated resources of the security team.
Since time is of the essence, the validation of the operation skips the DMO validation part. A notification is
sent to the DMO so he and the DSO can get ready for the operation.
Using the coordinates of the destination point of the drone and the geofenced areas of the airport, the
GGCS computes a flight plan for the drone that will avoid dangerous areas so the airport can continue to
run as usual.
The operation request is sent to the ATC through the UTM platform, along with the operation plan for the
mission. They then accept or deny the operation, and a notification is sent to the DMO and the security
team.
The images are made available to the security team, and they are in direct contact with the DSO who
controls the drone. The images are also stored in the FINoT platform for reporting reasons.
Once the operation is over, the DMO confirms its termination on the UTM platform.
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Users & actors
Table 9 – UC1 M3 – Users

Abbreviation

Expansion

Role or functions

MAIN USERS (directly involved in the operation)
Security team

Responsible for the security of the airport. They
monitor the perimeter and take action in case of
intrusion or other threat.

DMO

Drone
Operator

Mission The operational user of the drone(s). Executes the
operational aspect of the mission.

DSO

Drone Safety Operator

ATC-S

Air Traffic
Supervisor

The drone pilot is responsible for safe drone flights.
Assumed to have no domain knowledge but to be an
expert in flight safety, U-Space, and drones. (May be
the same person as DMO but has a distinct role)

Control In charge of the coordination of the airport operations
to ensure safety for the departing and arriving aircrafts.
Give clearance for the drone operation.

IMPACTED USERS (impacted in their typical activities by the operation)
Law
enforcement

APOC

Need to monitor the mission, as they have activities
that can be impacted by drone operations (e.g.,
helicopters taking off from the airport)
Airport
Center

Operations Overseeing – Situational awareness

Important note: Even though the DMO or DSO role can be assured by someone form the ASD, and that
both the DMO and DSO role can be assured by one person, we describe them as different persons, for the
sake of architecture definition and communications in other work packages.
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Technologies used
Table 10 – UC1 M3 – Technologies

Technology

Description

Role in the mission

Camera

Visual camera, thermal camera

Detect the threats or the intruders, in night
and daylight alike.

UTM Center

Interface with the different U- Client-side operational system linking the
Space services for a variety of ASD to the DMO/DSO, the ATC Supervisor,
stakeholders.
and other authorities within U-Space,
communicating with the GGCS.

Jamming
detection
equipment

Detect the source of the In case of the detection of malicious
emission of a jamming or jamming, this equipment should be able to
interferences.
detect the source of the interferences.
With respect with the SOT5.KPI1, the time
delay of the detection flag should be < 5s,
and the accuracy of the estimated position
should be < 100m.

FINoT platform

Data treatment platform.

Receive the data from the camera

GGCS

Generic Ground Control Station.

The user interface through which the DMO
and DSO operate the drone, also through
which they interact with both U-Space and
the UTM platform immediately before and
during flight

API 5d toolbox

Link between the technologies Feed legacy systems of the airport
above and airport management
systems

Drone

AtraxM drone

© 5D-AeroSafe, 2020
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U-Space services

U1:
-

-

Registration:
o All drones to be pre-registered in the GGCS so that Remote ID can work on the UTM
screen.
E-identification:
o Remote identification default is for the coordinator/supervisor to click on the drone,
model, or aircraft of interest on the map, and receive more data on the screen, subject to
access restrictions.

U2:
-

-

-

-

Tracking:
o All drones, integrated to the GGCS real-time sends UAS location in three dimensions via
the GGCS to the USP, for forwarding to the overall situational awareness picture on the
UTM display in the tower.
o The tracking data must be matched with drone ID, operator ID and …
o ADS-B transmitters to be added to the UTM registry so that the telemetry of the drones
can be linked and merged with the ADS-B signal and only one telemetry to be visualised
on the UTM screen.
Monitoring:
o All drone operators are to be able to either a) observe all other aircraft, drones
established in the area through their GGCS.
o The coordinator and tower supervisor should be able to also see the position of all pilots
related to each flying aircraft.
o General ATM awareness will be visualised on the UTM display and sent to the GCS for
awareness to all drone operators (legacy ATM interfaces integrated to the UTM).
Geofencing
o Each operator must define their own flight geography area in their GGCS and plan their
flights, so they do not exit this.
o Each drone operator must in their SORA define abnormal operation procedures. These
must be triggered if the drone flies outside the outer pilot area - no exceptions!
o Each drone operator must define the contingency volume (airspace reservation area) in
their GGCS and be sure to trigger emergency procedures if the drone exits the
contingency area laterally or ascends above their designated maximum altitude. In such a
case, the Coordinator will announce to all to land immediately and abort any ongoing
missions. The transgression must also be reported by the responsible operator to the
ANSP/CTR supervisor under “just culture”.
Procedural interface with ATC
o ATC is responsible for clearance through the UTM center.
Operation plan preparation service:
o The ASD use this service to submit the operation plan and forward it to the drone pilot.
Operation plan processing service:
o Once the operation plan has been sent, it goes through a number of steps to check it is
correct, does not fly in restricted areas, etc…
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Use case diagram

Figure 42 - Clearance process for the perimeter control
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Figure 43 - Tactical phase for the perimeter control
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Detailed description & flight states

Strategic
There is no strategic phase in this mission. Indeed, it is triggered by external events, potentially
unpredictable. We consider that the drone and the DMO and DSO (who are potentially part of the security
team) should be ready at all time for this operation.

Trigger
This mission is triggered by an external event. They can be of different nature, but all are a potential threat
to the airport safety (intrusion, threat to the integrity of the fence …).
The detection of such an event can be conducted by different means: detection of the threat using
perimeter cameras, warning issued by staff of the airport, detection during a patrol, planned event for
which the airport has been warned like a protest.
Following the detection of this event, the person or entity responsible for the identification of the threat
warns the security team using communications means available (most likely through VHF).

Task order and Operation plan
Upon receiving the information about a potential threat, the security team issues the task order.
The operation plan is computed automatically, using pre-defined geo-fenced areas in the airport to avoid
dangerous areas and allow the airport to keep running normally, and the departure and arrival point for
the drone. The departure point is where the drone is stored, and the arrival point is the area where the
threat has been detected. This is done by the GGCS and relies on several U-Space services: geofencing,
operation plan preparation and processing service.
Once the operation plan has been computed, the task order is sent along with the operation plan to the
ATC through the UTM platform.
1. Task Order Creation: The security team has the responsibility of creating the task orders. The ASD
inputs the following information when creating a task order:
a. Starting and ending point
b. Pilot and drone selection
2. The operation plan is computed automatically using the information provided (starting and ending
point) and the geo-fenced layout of the airport.
3. Operation Plan Generation: Once the security team creates task order(s), the UTM platform sends
it to the DMO/DSO. This step uses the Operation plan preparation service (U2).

Clearance
Since time is of the essence for this operation, the validation phase by the DMO and the DSO is skipped.
Furthermore, such a mission should be conductible in all situation (bad weather, night) and cannot be
postponed.
With respect to STO7.KPI1, we expect this operation to be carriable under any weather in any ambient light
condition.
Clearance from ATC is however still needed to conduct the operation. They receive the task order and
operation plan through the UTM center. The security team also uses VHF communications to warn the
ATC in order to make things move quicker.
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If the mission is accepted by ATC, a notification is sent through the UTM platform. They also give a vocal
clearance through VHF.
4. Operation Plan Confirmation: We consider that the flight plan is automatically accepted by the
DMO and DSO for this operation.
5. Submission: Once the operation plan is confirmed by the DMO/DSO, the authority will be able to
review it, which is the ATC Supervisor on-site. This step and the following steps #5, #6, and #7 use
the Operation plan processing service (U2).
6. Review: Since the area of operation is within CTR, the ATC Supervisor consults with relevant
stakeholders.
7. Approval: If all the stakeholders of the review process approve the operation plan, the operation
is approved, and a notification is sent to the security team and the DMO/DSO.
8. Rejection: If one of the stakeholders of the review process reject the operation plan, the rejection
notification is sent to the security team and the DMO/DSO. The security team may start again with
step #1.

Pre-flight
9. Pre-flight: This state exists for a short time and includes such tasks as loading the plan into the
drone, allowing the drone nav system to acquire satellites, logging on to U-Space to establish:
a. the flow of position reports to the Tracking (U2) service
b. commence Monitoring (U2)
c. start the Traffic Information (U2) service
d. notify the ATC Supervisor of the activation of the operation through a Procedural interface
with ATC (U2) and further coordinate with the ATC Supervisor if necessary (through
external means to the UTM Center), complying with any instructions.

Tactical
Once clearance has been received, the DMO tells the DSO to start the drone. Once the drone has taken
off, it starts its predefined path. The DSO monitors the operation in BVLOS with the GGCS.
Once the drone reaches its arrival point, the DSO takes the manual control of the drone. The security team
has live feed of the images taken and are in direct communication with the DMO. They give instruction to
the DMO depending on the situation, who then relays it to the DSO. An operational area has been defined
to allow the drone to move to monitor the situation, and not interfere in any geofenced areas of the
airport.
Once enough information has been obtained by the security team to choose the number of resources for
the response, they send the response team (or not, in some cases they may choose not to intervene if the
threat is minor or non-existent). The drone stays to monitor the evolution of the situation until the
response team reaches the area.
10. Take-off: The DSO will get the drone(s) to a position from which they can begin the useful part of
their operation. This first positioning action is expected to be VLOS.
11. BVLOS Mission Segment: The DMO will supervise the drone(s) during the pre-programmed part of
the flight which is assumed to be BVLOS.
12. Final Approach: It is assumed that at the end of the BVLOS sequence, the drone(s) will be brought
back to land by the DSO as within VLOS conditions.
13. Landing: Once the drone lands, the drone may take off again without closing the operation
formally on the UTM system as the operation request may have been made for multiple
successive flights.
© 5D-AeroSafe, 2020
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End of flight
Once the drone is back and grounded, the DMO and DSO log off the UTM center, and confirm the end of
the operation to the ATC through VHF.
14. Termination: The operation is closed by the DMO/DSO. Its associated characteristics are logged
onto the UTM Center to be viewed and evaluated when needed through the Digital Logbook
service (U2). U-Space stops providing services such as Tracking, Monitoring, Traffic Information,
and Procedural Interface with ATC.

Data treatment
The operational logs have a link to the analysed results from the FINoT platform. FINoT stores the relevant
data to the operation results and can be accessed from the UTM Center which will be displayed to the
security team alongside the operational log of each mission.

Emergency management
Since this operation is a response to an emergency, the DSO or DMO is in direct link with ATC and the
security team during the operation. Should another emergency occur, all the actors to take care of this
situation are already in VHF link.
If an emergency situation imposed from outside is detected or notified to the DSO and DMO, like a risk of
collision between the drone and another vehicle in the area to inspect, the procedure is to immediately
ground the drone where it is and for the DSO to recover it. This emergency situation will most likely be
notified by ATC to the DSO by VHF.
If an emergency situation is created by the drone itself, the DSO kills the drone and uses the parachute. He
reports it to ATC through VHF and goes fetch the drone. Once the drone has been recovered, the DSO
notifies ATC, once again through VHF.
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Sequence diagram

Figure 44 - Clearance process for perimeter control

3.1.3.8

Operational plan

As mentioned before, the operation plan for this mission is defined by the starting point of the drone and
the coordinates of the point where the event to inspect occurs. The trajectory between those two points
is computed by the GGCS using the geo-fenced layout of the airport.
Upon arrival to the fence, a circle has been defined in which the drone can freely fly to monitor the
situation. This circle is centred on the area to inspect and has a radius big enough for the drone to gather
the information needed by the security team, but small enough so the drone operation does not interfere
with potential take offs or landing on the runway or other areas like taxiways.
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Mission 4: Runway FOD at the request of ATC

As stated in the introduction, this mission will only be shallowly described.

3.1.4.1

Storyboard

A FOD warning on the runway has been issued by a departing pilot to the ATC.
The ATC issue the task request for a FOD detection on the runway by two drones. They send the task order
to the UTM platform.
The DMO receives the task order via the UTM platform. The operation plan is already uploaded in the
GGCS. The DMO, according to his knowledge of the situation (weather etc…) validates the task order on
the UTM platform, and the ATC is notified of the validation.
Since the ATC are responsible for the task order, the validation step for this mission by the ATC is skipped.
No plans will take off or land while the operation is being carried out.
The DMO tells the DSO to start the operation. Two drones take off from both ends of the runway and
automatically cover half of the runway each with cameras. The images taken by the cameras are sent to
the FINoT platform, and visual analytics algorithms detect the presence of FOD. Once the result is
available, the DMO is notified. He then tells the results of the operation to the ATC via VHF who react
accordingly.

© 5D-AeroSafe, 2020

Page 87 of 186

D2.3, [Use Cases Definition]

3.1.5

Public

Mission 5: Terminal 4 rooftop inspection for engineering works

As stated in the introduction, this mission will only be shallowly described.

3.1.5.1

Storyboard

The airport engineering team needs to inspect the rooftop of terminal 4 for engineering reasons. They
have pre-scheduled an inspection for a given date and time.
Before the beginning of the operation, a notification is sent to the DMO through the UTM platform who
accepts or denies the operation according to his knowledge of the situation (weather etc…). The ATC is
then notified of the operation through the UTM platform, along with the operation plan for the operation.
They allow or deny the operation, and a notification is sent to the engineering team and to the DMO.
Then, the DMO tells the DSO to start the mission. The DSO deploys the drone in the vicinity of terminal 4.
The drone follows the flight plan under supervision of the DSO.
The drone carries a camera that takes images of the rooftop during the mission. The images are sent to
the FINoT platform.
At the end of the mission, the DMO confirms the end of the mission through the UTM platform, which
sends a notification to the ATC and the engineering team. The engineering team can then use the images
stored in the FINoT platform for their work.
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3.2 Use Case 2: Waterdrome and waterways inspection
This section describes the missions that have been identified in section 2.2, about the use of drones for
the inspection of a Waterdrome infrastructure and waterways.
The missions that have been identified for this use case are inspection missions.
The first one is about the inspection of the infrastructure and equipment of the Waterdrome. It is an ad
hoc mission, requested by the WSS, and that requires coordination with many other actors since it was
not scheduled. This will demonstrate the capability of the 5D-Aerosafe platform to initiate a request for an
ad-hoc specific operation in a non-predefined space and time. The mission is designated as 5D UC2-M1:
Waterdrome Visual Inspection.
The second one is about the inspection of the waterways. It is a scheduled inspection, based on the
scheduled arrival and departure of the seaplanes, that aims at collecting information both on the potential
presence of obstacles on the waterway and the state of the sea (swell height, period, direction...). The
mission is designated as 5D UC2-M2: Waterway Inspection.
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Mission 1: Waterdrome Visual Inspection
3.2.1.1

Storyboard

For a certain reason, the Waterdrome Safety Supervisor (WSS) of the Corfu Waterdrome needs to inspect
the state of the facility, like the different buildings, antennas, docking points etc…
As this is not a pre-scheduled operation, the WSS requests this operation through his GGCS. First, the
request is sent to the DMO and DSO, who, after assessing that all factors are ok (weather, U-Space
services availability, …), accept the operation. Since the operation takes place inside the CTR of Corfu’s
airport, a request is also sent to the airport’s ATC. After consultation with the Coast Guard and the port
authority, the ATC-S validates the mission.
Then the DMO (who is also the WSS) asks the DSO to start the drone. The DSO flies around the facility, in
BVLOS, to inspect the state of the facility and of its equipment. The DMO gives instructions on the way to
carry out the inspection to the DSO.
Once the inspection is over, the end of the operation is confirmed to the relevant stakeholders through
the UTM platform.

Figure 45 - Kerkira Area Chart (Chart of Corfu Island’s Airport Control Zones)
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Users & actors
Table 11 – UC2 M1 – Users

Abbreviation

Expansion

Role or functions

MAIN USERS (directly involved in the operation)
WSS

Waterdrome Safety & The client. Defines the goals of the mission. Precisely
Security Supervisor
controls the timing of the mission. He/she liaises
directly with the drone pilot to provide special
knowledge to carry out the inspection.

DMO

Drone
Operator

Mission The operational user of the drone(s). Executes the
operational aspect of the mission. Domain expert, he
converts the observations made using the drone(s) into
information of value to WSS. (Presence or nonpresence of waterway hazards)
Most of the time, the DMO is the WSS.

DSO

Drone Safety Operator

The drone pilot is responsible for safe drone flights.
Assumed to have no domain knowledge but to be an
expert in flight safety, U-Space and drones. (May be
the same person as DMO but has a distinct role)

ATC Supervisor

The individual responsible for the ATC provision at the
Waterdrome, reviewing operation requests and
consulting other authorities as necessary prior to
approving or rejecting an operation request. The ATC-S
is the user with the highest authority privileges in the
UTM platform.

IMPACTED USERS (impacted in their typical activities by the operation)
Kerkira
Air Traffic Control
International
Airport Tower /
LGKR

The drone operation occurs in CTR. This is a Za Volume.
ATC is responsible for providing tactical separation and
has a role in mission approval. Both the Procedural
Interface with ATC and the Collaborative Interface with
ATC will be used.

Defence

Has authority on the port and the Waterdrome to
make sure they follow the legislation. Are responsible
for the safety of all sea operations. Have interest in
monitoring the drone operations.

Hellenic Coast Guard

Corfu Port Inter- Waterdrome Manager
national
Waterdrome

Head of Administration. Responsible for all operations
of the Waterdrome.

Corfu Harbour

It has legal responsibility for what happens in the
Waterdrome and its operations but only inside the
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harbour. The communication between the port
authority, the Waterdrome manager and the seaplane
pilot is ensured through VHF using a dedicated canal.

Important note: Even though the DMO or DSO role can be assured by the WSS, and that both the DMO
and DSO role can be assured by one person, we describe them as different persons, for the sake of
architecture definition and communications in other work packages.

3.2.1.3

Technologies used
Table 12 – UC2 M1 – Technologies

Technology

Description

Role in the mission

Camera

Visual camera

UTM Center

Interface with the different U- Client-side operational system linking the
Space services for a variety of WSS to the DMO/DSO, the ATC Supervisor,
stakeholders.
and other authorities within U-Space,
communicating with the GGCS.

FINoT platform

Data treatment platform.

Receive, store, analyse and fuse the data
from the camera

GGCS

Generic Ground Control Station.

The user interface through which the DMO
and DSO operate the drone, also through
which they interact with both U-Space and
the UTM platform immediately before and
during flight

API 5d toolbox

Link between the technologies Integration of the different applications.
above.

Drone

AtraxM drone

3.2.1.4

Take images of the waterdrome facility for
analysis.

Carry the camera.

U-Space services

U1:
-

Registration:
o All drones to be pre-registered in the GGCS so that Remote ID can work on the UTM
screen.
- E-identification:
o Remote identification default is for the coordinator/supervisor to click on the drone,
model, or aircraft of interest on the map, and receive more data on the screen, subject to
access restrictions.
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U2:
-

-

-

Procedural interface with ATC:
o The drone operation occurs in CTR. This is a Za Volume. ATC has a role in mission approval.
Operation plan preparation service:
o The WSS use this service to submit the operation plan and forward it to the drone pilot.
Operation plan processing service:
o Once the operation plan has been sent, it goes through a number of steps to check it is
correct, does not fly in restricted areas, etc…
Tracking
o Once the drone pilot has registered the drone, he also enables the tracking of the drone.
Monitoring
o All relevant stakeholders (like the WSS, the Waterdrome manager, the local authorities …)
may monitor the operation using the monitoring service.
Traffic information service
o Due to the tracking service on other drones, the drone pilot and the other stakeholders
can get live information of the traffic of both manned and unmanned aircrafts.

U3:
-

Collaborative interface with ATC
o The drone operation occurs in CTR. This is a Za Volume. ATC is responsible for providing
tactical separation.
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Use case diagram

Figure 46 - Use case for clearance process
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Figure 47 - Use case for tactical phase
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Detailed description & flight states

Task order & Operation plan
The Waterdrome Safety Supervisor (WSS) initiates the task order (Waterdrome facility inspection)
through the UTM platform and describes the targeted time and space of the operation. The WSS triggers a
web-based interface that sends a task order to the mission operator’s GGCS.
1. Task Order Creation: The WSS has the responsibility of creating the task orders (also referred to as
operation requests). Task orders may be created before the commencement of the mission based
on the duration an average consultation process takes (i.e., under an hour). Multiple task orders
may be created successively, and each may intersect in the time and space as long as operators
can ensure safe separation under VLOS/EVLOS/BVLOS conditions. The WSS inputs the following
information when creating a task order:
a. Waypoints or radius
b. Altitude
c. Start time and duration
d. Pilot and drone selection
2. Operation Plan Generation: Once the WSS creates task order(s), the UTM platform sends it to the
DMO/DSO. This step uses the Operation plan preparation service (U2).

Clearance
The updated operation request is sent back through the GGCS to the Waterdrome Safety Supervisor, who
forwards the request to ATC through the same web-based interface. ATC provides approval through the
UTM platform (alternatively rejection or request for further change of operation), which may involve
consultation with other authorities such as the Coast Guard or the Port Authority. When everything
is OK, approval is received through the UTM platform and the DMO and DSO operators can start
performing their mission in the scheduled time and space.
3. Operation Plan Confirmation: Based on the judgement of the DMO/DSO with respect to airspace
conditions, real-time air traffic, weather conditions, and the nature & location of the mission in
contrast to the GGCS and the DMO/DSO, the operation is confirmed or. Any relevant information
is updated on the operation plan such as marking the operation as VLOS/EVLOS/BVLOS.
a. If the operation plan is denied by the DMO/DSO, the process needs to start over from step
#1.
4. Submission: Once the operation plan is confirmed by the DMO/DSO, the authority will be able to
review it, which is the ATC Supervisor on-site. This step and the following steps #5, #6, and #7 use
the Operation plan processing service (U2).
5. Review: Since the area of operation is within CTR, the ATC Supervisor consults with relevant
stakeholders comprising the Corfu Port Authority – ensuring the avoidance of dangerous
situations with maritime traffic – and the Coast Guards – ensuring zero or minimal disruptions to
their operations.
6. Approval: If all the stakeholders of the review process approve the operation plan, the operation
is approved, and a notification is sent to the WSS and the DMO/DSO.
7. Rejection: If one of the stakeholders of the review process reject the operation plan, the rejection
notification is sent to the WSS and the DMO/DSO. The WSS may start again with step #1.
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Pre-flight
8. Pre-flight: This state exists for a short time and includes such tasks as loading the plan into the
drone, allowing the drone nav system to acquire satellites, logging on to U-Space to establish:
a. the flow of position reports to the Tracking (U2) service
b. commence Monitoring (U2)
c. start the Traffic Information (U2) service
d. notify the ATC Supervisor of the activation of the operation through a Procedural interface
with ATC (U2) and further coordinate with the ATC Supervisor if necessary (through
external means to the UTM Center), complying with any instructions.

Tactical
The DSO passes control to the DMO while keeping an eye on both FPV and GGCS information. The DMO
assesses the information provided by the payload performing a General Panoramic Inspection of the
entire facility, starting from the main passenger service building, access roads to the facility, the fenced
passenger traffic areas, parking area. This is followed by a more extensive inspection of these areas for
cables and antenna condition, the presence of unknown objects, material or fencing damage, etc.
Then, it continued inspecting docking points on the floating platforms (pontoons) to verify the condition of
their material, the existence of rescue and fire-fighting equipment and ensure that all signs and floor
markings are visible, clear and without technical problems.
9. Take-off: The DSO will get the drone(s) to a position from which they can begin the useful part of
their operation.
10. BVLOS Mission Segment: The DMO will supervise the drone(s) during the pre-programmed part of
the flight which is assumed to be VLOS.
11. Final Approach: It is assumed that at the end of the VLOS sequence, the drone(s) will be brought
back to land by the DSO.
12. Landing: Once the drone lands, the drone may take-off again without closing the operation
formally on the UTM system as the operation request may have been made for multiple
successive flights.

Monitoring by other stakeholders
During the process, the Coast Guard may observe the operation through the UTM platform and can
provide input if the ATC Supervisor deems it necessary to be consulted during the operation request
reviewing process.
The workflow may involve additional steps in-between the ones identified above during non-nominal or
contingency states. The following outlines such alternative flows from the perspective of the UTM system:




At any point in the process the WSS may cancel and/or update the task order, notifying the
DMO/DSO and/or the ATC Supervisor. The WSS has overriding authorities with respect to the
DMO/DSO.
At any point in the process the DMO/DSO may cancel the operation request, notifying the WSS
and/or the ATC Supervisor.
At any point in the process the ATC Supervisor or the Coast Guards may rescind the operation
request, notifying the UTM platform.
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If a cancellation (by the WSS, the DMO/DSO or the Coast Guards) is requested after the operation
is active i.e., take-off, the DMO/DSO is required to hover the drone in position until further
approval for an alternate operation request is received from the ATC Supervisor.
o If the cancellation is related to an emergency condition, the DMO/DSO takes the
necessary action to safely land the drone whilst the ATC Supervisor is alerted.
If a rescission (by the ATC Supervisor) is requested after the operation is active i.e., take-off, the
DMO/DSO is required to comply with ATC instructions. The ATC Supervisor may communicate the
rescission by changing the state of the operation to “Rejected”.

Data treatment
The assessment of photos and videos is done by the DMO, and in case the WSS and the DMO are a
different person, feedback is sent by voice to the WSS as soon as it is available. After the end of the
operation and the assessment of the results from the FINoT platform: the operation logs, as well as a link
to the analysis produced by the FINoT platform are stored in the UTM platform and displayed for the final
evaluation by the WSS and for reporting purposes.

End of flight
The DMO then asks the DSO to land the drone after which the GGCS notifies the UTM system of the
landing. The termination of the flight is notified to UTM through the GGCS (standard shutdown) and
confirms via VHF to the ATC that everything is over for this flight.
13. Termination: The operation is closed by the DMO/DSO. Its associated characteristics are logged
onto the UTM Center to be viewed and evaluated when needed through the Digital Logbook
service (U2). U-Space stops providing services such as Tracking, Monitoring, Traffic Information,
and Procedural Interface with ATC.
a. The operational logs have a link to the analysed results from the FINoT platform. FINoT
stores the relevant data to the operation results and can be accessed from the UTM
Center which will be displayed to the WSS alongside the operational log of each mission.

Emergency management
During the inspection, if anything non nominal occurs, control is passed back to the DSO (incoming
aircraft, technical problem). The DSO chooses if it is best to land the drone or make it stay at the same
place according to the information provided by the ATC (no fly zone, danger, ...) or WSS (boat related
issues).
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Mission workflow & sequence diagram

Figure 48 - Workflow diagram for the waterdrome facility inspection
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Figure 49 - Sequence diagram for clearance for waterdrome facility inspection

3.2.1.8

Operation plan

Although the actual operation plan may not have been defined yet, Figure 50 shows the position and
nature of the elements of interest to inspect on a Waterdrome facility.
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The area of operation for the drone is limited to the Waterdrome facility. Due to the relatively small size of
the Waterdrome, the operational plan will probably be a cylinder centered on the middle of the facility,
with a radius big enough to include the whole facility.

Figure 50 - Elements to inspect on a Waterdrome

A checklist for Waterdrome inspection may be found in Annex D – Checklist for Waterdrome facility
inspection.

© 5D-AeroSafe, 2020

Page 101 of 186

D2.3, [Use Cases Definition]

Public

3.2.2 Mission 2: Waterway Inspection
3.2.2.1

Storyboard

Every morning and 15min before every flight, the WSS needs to inspect the waterways. This inspection is
both meant to detect foreign floating objects and to get information on the state of the sea (swell height,
direction, and period).
This is a pre-scheduled inspection, which has been declared in advance through the UTM center.
Therefore, the operation plan is already known by the relevant stakeholders. Before the mission starts,
ATC gives a final clearance for the missions to start.
The DMO and DSO conduct the operation. They fly in BVLOS along the waterway. They use visual cameras
to detect the presence of foreign floating objects or boats and evaluate the state of the sea (potentially
with visual analytics).
Once the inspection is over, the end of the operation is confirmed to the relevant stakeholders through
the UTM platform. The DMO reports to the WSS about the results of the operation.

© 5D-AeroSafe, 2020

Page 102 of 186

D2.3, [Use Cases Definition]
3.2.2.2

Public

Users & actors
Table 13 – UC2 M2 – Users

Abbreviation

Expansion

Role or functions

MAIN USERS (directly involved in the operation)
WSS

Waterdrome Safety & The client. Defines the goals of the mission. Precisely
Security Supervisor
controls the timing of the mission. He/she liaises
directly with the drone pilot to provide special
knowledge to carry out the inspection.

DMO

Drone
Operator

Mission The operational user of the drone(s). Executes the
operational aspect of the mission. Domain expert, he
converts the observations made using the drone(s) into
information of value to WSSP. (Presence or nonpresence of waterway hazards)
Most of the time, the DMO is the WSS.

DSO

Drone Safety Operator

Kerkira
ATC Supervisor
International
Airport Tower /
LGKR

The drone pilot is responsible for safe drone flights.
Assumed to have no domain knowledge but to be an
expert in flight safety, U-Space and drones. (May be
the same person as DMO but has a distinct role)
The individual responsible for the ATC provision at the
waterdrome, reviewing operation requests and
consulting other authorities as necessary prior to
approving or rejecting an operation request. The ATC-S
is the user with the highest authority privileges in the
UTM platform.

IMPACTED USERS (impacted in their typical activities by the operation)
ATC

Air Traffic Control

The drone operation occurs in CTR. This is a Za Volume.
ATC is responsible for providing tactical separation and
has a role in mission approval. Both the Procedural
Interface with ATC and the Collaborative Interface with
ATC will be used.

Defence

Coast Guard

Has authority on the port and the waterdrome to make
sure they follow the legislation. Are responsible for the
safety of all sea operations. Have interest in monitoring
the drone operations.

Corfu Port Inter- Waterdrome manager
national
Waterdrome

Responsible for the operations of the waterdrome.

Corfu Harbour

It has legal responsibility for what happens in the
waterdrome and its operations but only inside the
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harbour. The communication between the port
authority, the waterdrome manager and the seaplane
pilot is ensured through VHF using a dedicated canal.

Important note: Even though the DMO or DSO role can be assured by the WSS, and that both the DMO
and DSO role can be assured by one person, we describe them as different persons, for the sake of
architecture definition and communications in other work packages.

3.2.2.3

Technologies used
Table 14 – UC2 M2 – Technologies

Technology

Description

Role in the mission

Camera

Visual camera

Take images of the waterdrome facility for
analysis.

Visual Analytics

Set of algorithms to analyse Detect potential floating hazards on the
images.
waterway. (See Annex B – Work scenario
pictures for visual analytics). Provide
information about the state of the sea (swell
height, direction & period) that might be of
interest to the pilot before landing.
With respect to STO3.KPI2, we expect a
reliable assessment of wave parameter.

UTM Center

Interface with the different U- Client-side operational system linking the
Space services for a variety of WSS to the DMO/DSO, the ATC Supervisor,
stakeholders.
and other authorities within U-Space,
communicating with the GGCS.

FINoT platform

Data treatment platform.

Receive, store, analyse and fuse the data
from the camera

GGCS

Generic Ground Control Station.

The user interface through which the DMO
and DSO operate the drone, also through
which they interact with both U-Space and
the UTM platform immediately before and
during flight

API 5d toolbox

Link between the technologies Integration of the different applications.
above.

Drone

AtraxM drone
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U-Space services

U1:
-

-

Registration:
o All drones to be pre-registered in the GGCS so that Remote ID can work on the UTM
screen.
e-identification:
o Remote identification default is for the coordinator/supervisor to click on the drone,
model, or aircraft of interest on the map, and receive more data on the screen, subject to
access restrictions.

U2:
-

-

-

Procedural interface with ATC:
o The drone operation occurs in CTR. This is a Za Volume. ATC has a role in mission approval.
Operation plan preparation service:
o The WSS use this service to submit the operation plan and forward it to the drone pilot.
Operation plan processing service:
o Once the operation plan has been sent, it goes through a number of steps to check it is
correct, does not fly in restricted areas, etc…
Tracking
o Once the drone pilot has registered the drone, he also enables the tracking of the drone.
Monitoring
o All relevant stakeholders (like the WSS, the waterdrome manager, the local authorities …)
may monitor the operation using the monitoring service.
Traffic information service
o Due to the tracking service on other drones, the drone pilot and the other stakeholders
can get live information of the traffic of both manned and unmanned aircrafts.

U3:
-

Collaborative interface with ATC
o The drone operation occurs in CTR. This is a Za Volume. ATC is responsible for providing
tactical separation.

3.2.2.5

Use case diagram
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Figure 51 - Use case diagram for clearance process
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Figure 52 - Use case diagram for tactical phase
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Detailed description & flight states

Task order & Operation plan
The Waterdrome Safety Supervisor (WSS) initiates the task order (scan waterway #3) through the UTM
platform and describes the targeted time and space of the operation. The WSS triggers a web-based
interface that sends a task order to the mission operator’s GGCS.
In compliance with a contact placed by the Waterdrome Safety Supervisor, the drone operators (DMO &
DSO), will be operating one drone and will perform an inspection of the water condition (swell), including
waterway strips clearance of obstacles and boat of bird presence in the vicinity. This is a routine
performance under contract with the Corfu International Waterdrome. The check is performed every
morning before the first operation and 15min before each departure, as notified by WSS. Departure and
arrival of ships in the port can change, so there must not be any ship or aircraft operation at the same
time.
1. Task Order Creation: The WSS has the responsibility of creating the task orders (also referred to as
operation requests). Task orders may be created days in advance. Multiple task orders may be
created successively, and each may intersect in the time and space as long as operators can
ensure safe separation under VLOS/EVLOS/BVLOS conditions. The WSS inputs the following
information when creating a task order:
a. Waypoints or radius
b. Altitude
c. Start time and duration
d. Pilot and drone selection
2. Operation Plan Generation: Once the WSS creates task order(s), the UTM platform sends it to the
DMO/DSO. This step uses the Operation plan preparation service (U2).

Clearance
Each Operation Request will be initiated by the GGCS and will trigger a routine pre-scheduled check
orchestrated by U-Space. As part of this, manual approval will be performed by LGKR Tower Supervisor,
which involves a reviewing process with potential consultation with other authorities such as the Coast
Guard or the Port Authority. The acknowledgment will be sent via U-Space to the GGCS that the requested
operation is approved. Some requests may be rejected by the ATC Supervisor, for example due to
incoming traffic or a rejection by the Coast Guard, which will be sent to the GGCS via U-Space. The
rejection may include a proposed change that would make it acceptable, for example to delay the drone
operation.
3. Operation Plan Confirmation: Based on the judgement of the DMO/DSO with respect to airspace
conditions, real-time air traffic, weather conditions, and the nature & location of the mission in
contrast to the GGCS and the DMO/DSO, the operation is confirmed or denied. Any relevant
information is updated on the operation plan such as marking the mission as VLOS/EVLOS/BVLOS.
a. If the operation plan is denied by the DMO/DSO, the process needs to start over from step
#1.
4. Submission: Once the operation plan is confirmed by the DMO/DSO, the authority will be able to
review it, which is the ATC Supervisor on-site. This step and the following steps #5, #6, and #7 use
the Operation plan processing service (U2).
5. Review: Since the area of operation is within CTR, the ATC Supervisor consults with relevant
stakeholders comprising the Corfu Port Authority – ensuring the avoidance of dangerous
situations with maritime traffic – and the Coast Guards – ensuring zero or minimal disruptions to
their operations.
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6. Approval: If all the stakeholders of the review process approve the operation plan, the operation
is approved, and a notification is sent to the WSS and the DMO/DSO.
7. Rejection: If one of the stakeholders of the review process reject the operation plan, the rejection
notification is sent to the WSS and the DMO/DSO. The WSS may start again with step #1.

Strategic (or pre-flight)
8. Pre-flight: This state exists for a short time and includes such tasks as loading the plan into the
drone, allowing the drone nav system to acquire satellites, logging on to U-Space to establish:
b. the flow of position reports to the Tracking (U2) service
c. commence Monitoring (U2)
d. start the Traffic Information (U2) service
e. notify the ATC Supervisor of the activation of the operation through a Procedural interface
with ATC (U2) and further coordinate with the ATC Supervisor if necessary (through
external means to the UTM Center), complying with any instructions.

Tactical
The drone pilots will log-on to U-Space via GGCS in order to trigger the submission of surveillance data and
to establish a link with emergency alerts. Through the GGCS (or other means) the pilot will provide
telemetry to U-Space which is then made available as both a Track and the associated Operation Plan to
LGKR tower and WSS.
9. Take-off: The DSO will get the drone(s) to a position from which they can begin the useful part of
their operation. This first positioning action is expected to be VLOS.
10. BVLOS Mission Segment: The DMO will supervise the drone(s) during the pre-programmed part of
the flight which is assumed to be BVLOS.
11. Final Approach: It is assumed that at the end of the BVLOS sequence, the drone(s) will be brought
back to land by the DSO as within VLOS conditions.
12. Landing: Once the drone lands, the drone may take-off again without closing the operation
formally on the UTM system as the operation request may have been made for multiple
successive flights.

Monitoring by other stakeholders
During the process, the Coast Guard may observe the operation through the UTM platform and can
provide input if the ATC Supervisor deems it necessary to be consulted during the operation request
reviewing process.
The workflow may involve additional steps in-between the ones identified above during non-nominal or
contingency states. The following outlines such alternative flows from the perspective of the UTM system:




At any point in the process the WSS may cancel and/or update the task order, notifying the
DMO/DSO and/or the ATC Supervisor. The WSS has overriding authorities with respect to the
DMO/DSO.
At any point in the process the DMO/DSO may cancel the operation request, notifying the WSS
and/or the ATC Supervisor.
At any point in the process the ATC Supervisor may rescind the operation request, notifying the
UTM platform.

© 5D-AeroSafe, 2020

Page 109 of 186

D2.3, [Use Cases Definition]




Public

If a cancellation (by the WSS or DMO/DSO) is requested after the operation is active i.e., take-off,
the DMO/DSO is required to hover the drone in position until further approval for an alternate
operation request is received from the ATC Supervisor.
o If the cancellation is related to an emergency condition, the DMO/DSO takes the
necessary action to safely land the drone whilst the ATC Supervisor is alerted.
If a rescission (by the ATC Supervisor) is requested after the operation is active i.e., take-off, the
DMO/DSO is required to comply with ATC instructions. The ATC Supervisor may communicate the
rescission by changing the state of the operation to “Rejected”.

Data treatment
The assessment of photos and videos is done by the DMO, and feedback is sent by voice to the WSS as
soon as it is available. After the end of the operation and the assessment of the results from the FINoT
platform the operation logs, as well as a link to the analysis produced by the FINoT platform are stored in
the UTM platform and displayed for the final evaluation by the WSS and for reporting purposes.

End of flight
The DMO then asks the DSO to land the drone after which the GGCS notifies the UTM system of the
landing. The termination of the flight is notified to UTM through the GGCS (standard shutdown) and
confirms via VHF that everything is over for this flight.
13. Termination: The operation is closed by the DMO/DSO. Its associated characteristics are logged
onto the UTM Center to be viewed and evaluated when needed through the Digital Logbook
service (U2). U-Space stops providing services such as Tracking, Monitoring, Traffic Information,
and Procedural Interface with ATC.
f. The operational logs have a link to the analysed results from the FINoT platform. FINoT
stores the relevant data to the operation results and can be accessed from the UTM
Center which will be displayed to the WSS alongside the operational log of each mission.

Emergency management
During the inspection, if anything non nominal occurs, control is passed back to the DSO (incoming
aircraft, technical problem). The DSO chooses if it is best to land the drone or make it stay at the same
place according to the information provided by the ATC (no fly zone, danger, ...) or WSS (boat related
issues).
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Mission workflow & sequence diagram

Figure 53 - Workflow diagram for waterway inspection
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Figure 54 - Clearance sequence diagram
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Operation plan

Figure 55 - Maritime map of Corfu port and waterways

Corfu Port International Waterdrome is located inside the harbour in the western port basin, near the
cruisers. Its Reference Point (WRP) is located 2km away from the threshold of runway 16/34 of Corfu
International Airport (LGKR / CFU) and is included in the ATZ control area.
The Reference Point (A/WRP) is the center point of the Waterdrome, located at the geometric center of all
waterways used and is WRPLAT 19o54΄43΄΄.82 WRPLON 39o38΄07΄΄
The flight envelope should be under 400ft AGL. The flight plan will consist of a VLOS take off from the
Waterdrome, then a BVLOS segment to reach the waterway to inspect, a BVLOS flight along the waterway
to carry out the inspection, and a final BVLOS segment to reach the landing point and proceed to a VLOS
landing.
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3.3 Use Case 3: Navaids inspection
Navigation Aids (navaids) as explained in 0, need to be ground and flight calibrated and tested periodically,
to verify that the radiated signals are within acceptable tolerance. The flight inspection nominal periodicity
can be extended by demonstrating correlation between flight inspection measurements and
measurements taken from CNS transceivers (specialized for navaids) carried by drones in medium range
(further than ground testing and closer than flight testing distances) operations. A set of periodic dronebased inspections on navaids may verify the correlation.

The first mission may be described as an “extended ground test” or a “long-range ground test” mission,
which will be scheduled in time, to follow a VOR ground test, as a safety measure to verify and enhance
ground measurements taken by ATSEPs during scheduled periodic preventive maintenance.
Measurements will be taken at various points in space to validate accuracy of navaid signals, where the
results can be directly correlated to ground test measurements i.e., to a 16-point ground check error
curve. This mission will be referred to as: 5D UC3-M3: Extended Ground Test.
The second mission may be a “limited flight test” or a “short-range flight test” selected as an ad-hoc
mission, that will emulate a flight inspection in shorter distances with fewer radial checks. The test will
therefore be quicker, less extensive, less costly, yet adequately accurate. The check will serve as an
alternative to a full periodic flight inspection, provided that a correlation between measurements of a
typical flight inspection and a drone flight inspection has been established. This mission will be referred to
as: 5D UC3-M2: Short Range Flight Test.
The third mission may be a “PBN ground infrastructure performance investigation”, that will validate
results for DME – DME coverage in areas with challenging terrain in a TMA. A verification of the map for
DME-DME coverage will enable safer procedure design especially for RNAV1 navigation specification in
areas with dense air traffic. This mission will be referred to as: 5D UC3-M3: DME/DME Evaluation as a
PBN Infrastructure.
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Mission 1: Extended Ground Test
3.3.1.1

Storyboard

ATSEPs of an ANSP (CNS provider technicians) following to a scheduled preventive maintenance on a VOR
and a typical periodic ground test, decide to further inspect short range performance of the navigation aid
(Terminal VOR).
This is a pre-scheduled mission. The mission is carried out periodically, and the exact date and time are
known at least 24 hours before.
The mission manager, which is the head of the group of ATSEPs, sends a task order to the mission
operator’s GGCS and submits the drone operation plans in the UTM, according to standard UTM
procedures, to ask for permission and clearance from the ATC. ATCO supervisor in the TWR, provides
clearance to fly drones, since the airport is not busy for an hour time window.
Communication between ATSEPs and the ATC is possible via UTM communication systems (for predefined
procedures such as flight plan submission and validation) and additionally with VHF frequency for all other
communications (e.g., emergency situations).
When the Mission manager receives permission, he/she forwards the operating plan to the UAV Pilot to
prepare the mission with the proper payload etc.
The ATSEPs deploy 2 drones from suitable positions close to the VOR. During a joint 30-minute flight, each
drone checks half orbit of a 1000m radius and 1000m axial performance in 3 critical radials for the
operations.
At the end of the mission, the mission manager notifies the ATC of the completion of the mission through
the UTM center.
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Users & actors
Table 15 – UC3 M1 – Users

Abbreviation

Expansion

Role or functions

MAIN USERS (directly involved in the operation)
ATSEP

Air
Traffic
Safety Maintenance of navaids. Will carry out the inspection
Electronics Personnel
using drones. Issue the task order for the extended
ground test operation.

ANSP

Air Navigation Service Provide air navigation service to all aircrafts and air
Provider
traffic control. Can ask the ATSEPs for the testing of the
navaids.

DMO

Drone
Operator

DSO

Drone Safety Operator

The drone pilot is responsible for safe drone flights.
Assumed to have no domain knowledge but to be an
expert in flight safety, U-Space and drones. (May be
the same person as DMO but has a distinct role)

ATC

Air Traffic Control

Responsible for the safety of flights. Provide
separations for all aircrafts and rely on navaids. Provide
final clearance for the operation.

Mission The operational user of the drone(s). Executes the
operational aspect of the mission.

IMPACTED USERS (impacted in their typical activities by the operation)
Flight
operators

inspection Consists of ATSEPs and pilots that evaluate signals in
space and performance of the procedure.

Important note: Even though the DMO or DSO role can be assured by an ATSEP member, and that both
the DMO and DSO role can be assured by one person, we describe them as different persons, for the sake
of architecture definition and communications in other work packages.
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Technologies used
Table 16 – UC3 M1 – Technologies

Technology
CNS Transceiver

Description
A specific airnav SDR platform.

Role in the mission
Measurements of the navaids signals.
With respect to STO1.KPI1, the size of the
miniaturized transceiver should be 50% less
than usual transceivers.

UTM Center

Interface with the different U- Client-side operational system linking the
Space services for a variety of ATSEPs to the DMO/DSO, the ATC
stakeholders.
Supervisor, and other authorities within USpace, communicating with the GGCS.

FINoT platform

Data treatment platform.

Receive, store, analyse and fuse the data
from the CNS transceiver

GGCS

Generic Ground Control Station.

The user interface through which the DMO
and DSO operate the drone, also through
which they interact with both U-Space and
the UTM platform immediately before and
during flight

API 5d toolbox

Link between the technologies Integration of the different applications.
above.

Drone

AtraxM drone
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U-Space services

U1:
-

-

Registration:
o All drones to be pre-registered in the GGCS so that Remote ID can work on the UTM
screen.
E-identification:
o Remote identification default is for the coordinator/supervisor to click on the drone,
model, or aircraft of interest on the map, and receive more data on the screen, subject to
access restrictions.

U2:
-

-

-

-

Procedural interface with ATC:
o The drone operation occurs in CTR. This is a Za Volume. ATC has a role in mission approval.
Operation plan preparation service:
o The ATSEPs use this service to submit the operation plan and forward it to the drone pilot.
Operation plan processing service:
o Once the operation plan has been sent, it goes through a number of steps to check it is
correct, does not fly in restricted areas, etc…
Tracking
o Once the drone pilot has registered the drone, he also enables the tracking of the drone.
Monitoring
o All relevant stakeholders (like the ATSEPs, the airport operator, the local authorities …)
may monitor the operation using the monitoring service.
Traffic information service
o Due to the tracking service on other drones, the drone pilot and the other stakeholders
can get live information of the traffic of both manned and unmanned aircrafts.
Registration of the CNS device
o As for the drone, the CNS device has to be registered in the U-Space platform in order to
be able to send its data along with the position it was taken.
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Use case diagram

Figure 56 - Use case diagram for clearance
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Figure 57 - Use case diagram for tactical phase
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Detailed description & flight states

Task order & Operation plan
The ATSEPs send a task order to the mission operator’s GGCS and submit the drone operation plans in the
UTM, according to standard UTM procedures, in order to ask for permission and clearance from the ATC.
1. Task Order Creation: The ATSEP has the responsibility of creating the task orders (also referred to
as operation requests) for the pre-scheduled and ad-hoc missions. For the former, task orders may
be created days in advance whereas for the latter they may be created before the
commencement of the mission based on the duration an average consultation process takes (i.e.,
under an hour). Multiple task orders may be created successively, and each may intersect in the
time and space as long as operators can ensure safe separation under VLOS/EVLOS/BVLOS
conditions. The ATSEP inputs the following information when creating a task order:
a. Waypoints or radius
b. Altitude
2. Operation Plan Generation: Once the ATSEP creates task order(s), the UTM platform sends it to
the drone Operator. This step uses the Operation plan preparation service (U2).

Clearance
Manual approval will be given by the TWR ATCO supervisor and the acknowledgment that the requested
operation is approved will be sent to the GGCS. Requests can be rejected by the ATCO due to traffic and
mission rejection will be sent to the GGCS.
3. Operation Plan Confirmation: Based on the judgement of the DMO/DSO with respect to airspace
conditions, real-time air traffic, weather conditions, and the nature & location of the mission in
contrast to the GGCS and the DMO/DSO, the operation is confirmed or denied. Any relevant
information is updated on the operation plan such as marking the mission as VLOS/EVLOS/BVLOS.
a. If the operation plan is denied by the Operator, the process needs to start over from step #1.
4. Review: Since the area of operation is within CTR, the ATC Supervisor consults with relevant
stakeholders comprising all relevant stakeholders ensuring zero or minimal disruptions to their
operations.
5. Approval: If all the stakeholders of the review process approve the operation plan, the operation
is approved, and a notification is sent to the ATSEP and the Operator.
6. Rejection: If one of the stakeholders of the review process reject the operation plan, the rejection
notification is sent to the ATSEP and the Operator. The ATSEP may start again with step #1.

Strategic (or pre-flight)
7. Pre-flight: This state exists for a short time and includes such tasks as loading the plan into the
drone, allowing the drone nav system to acquire satellites, logging on to U-Space to establish:
a. The registration of the CNS transceiver (U2)
b. the flow of position reports to the Tracking (U2) service
c. commence Monitoring (U2)
d. start the Traffic Information (U2) service
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e. notify the ATC Supervisor of the activation of the operation through a Procedural interface
with ATC (U2) and further coordinate with the ATC Supervisor if necessary (through
external means to the UTM Center), complying with any instructions.

Tactical
ATSEPs deploy 2 drones from suitable positions close to the VOR. During a joint 30-minute flight, each
drone checks half orbit of a 1000m radius and 1000m axial performance in 3 critical radials for the
operations.
8. Take-off: The Operator will get the drone(s) to a position from which they can begin the useful
part of their operation.
9. VLOS Mission Segment: The Operator will supervise the drone(s) during the pre-programmed part
of the flight which is assumed to be VLOS.
10. Final Approach: It is assumed that at the end of the VLOS sequence, the drone(s) will be brought
back to land by the Operator as within VLOS conditions.
11. Landing: Once the drone lands the drone may take off again without closing the operation
formally on the UTM system as the operation request may have been made for multiple
successive flights.
With respect with STO2.KPI2, we expect the duration of the inspection to be 60shorter than the duration of
a ground inspection.

End of flight
12. Termination: The operation is closed by the Operator. Its associated characteristics are logged
onto the UTM Center to be viewed and evaluated when needed through the Digital Logbook
service (U2). U-Space stops providing services such as Tracking, Monitoring, Traffic Information,
Procedural interface with ATC.
a. The operational logs have a link to the analysed results from the FINoT platform. FINoT
platform stores the relevant data to the operation results and can be accessed from the UTM
Center which will be displayed to the ATSEP alongside the operational log of each mission.

Monitoring by other stakeholders
At any moment of the mission, all relevant stakeholders can access the status and the advancement of the
mission through the UTM center, thanks to the different U-Space services above-mentioned.
The workflow may involve additional steps in-between the ones identified above during non-nominal or
contingency states. The following outlines such alternative flows from the perspective of the UTM system:




At any point in the process the ATSEP may cancel and/or update the task order, notifying the DSO
and/or the ATC Supervisor. The ATSEP has overriding authorities with respect to the DSO.
Before the operation starts, the DSO may cancel the operation or may deny the request, notifying
the ATSEP and/or the ATC supervisor.
At any point, the process the ATC Supervisor may rescind the operation request or the operation
itself, notifying the UTM platform and the ATSEP.
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If a cancellation (by the ATC) is requested after the operation is active i.e., take off, the DSO is
required to hover the drone in position until further approval for an alternate operation request is
received from the ATC Supervisor.
If the cancellation is related to an emergency condition, the DSO takes the necessary action to
safely land the drone whilst the ATC Supervisor is alerted.
If a rescission (by the ATC Supervisor) is requested after the operation is active i.e., take off, the
Operator is required to comply with ATC instructions. The ATC Supervisor may communicate the
rescission by changing the state of the operation to “Rejected”.

Data treatment
Signals from both drones are streamed to the GGCS and FINoT platform to the end user (ATSEP requested
the check), that will evaluate the VOR performance and correlate the drone inspection results with ground
inspection results. Once the operation of drones is completed and the data are gathered the ATSEPs notify
ATCOs in the TWR. ATSEPs may postprocess the data (signal, DGPS, time) in the office, to evaluate the full
dataset, as captured and stored in the drones. Such analysis enables the insight of VOR system
performance.
With respect to STO1.KPI2, we expect a 80% correlation of the measurements with the ground test.

Emergency management
Once an internal emergency occurs I.e., mechanical, or electrical failure of drone, the pilot needs to land
the drone at the nearest point. This is a predefined procedure where for each segment of the flight a point
is be defined as the landing point in case of emergency. This point should be outside critical areas of
navaids and OLS of the airside of the airport (e.g., runway). These points are alternatives to the homing
point so as to solve the problem with the minimum flight duration from the emergency occurrence.
Once an external to the mission emergency occurs I.e., an aircraft needs to use the allocated airspace, or
the ATCO asks for a mission abort due to abrupt change to meteorological conditions.
Once the emergency occurs the UAV pilot asks the ATCO for the time available to abort so as to decide
whether will land the drone at the alternative point or will return home.
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Mission workflow & sequence diagram

Figure 58 - Workflow diagram for the extended ground test
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Figure 59 - Sequence diagram for clearance

3.3.1.8

Operation plan

The operation plan consists of two drones who each cover a half orbit with a radius between 50m and
2km, as shown on Figure 60.
The use of two drones allows the operation to be quicker.
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Figure 60 - Flight path for the extended ground test
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Mission 2: Short Range Flight Test
3.3.2.1

Storyboard

After a VOR has been reported as potentially malfunctioning, ATSEPs of an ANSP decide to carry out a
short-range flight test of this VOR.
Since this is not a pre-scheduled mission, one of the ATSEPs, who is the mission manager, sends a request
for an ad-hoc mission through the UTM center, along with the operation plan for the mission. After
clearance has been given for this operation by the ATCO, the request of forwarded to the drone operator
GGCS, as well as to the other relevant stakeholders through the UTM center.
Communication between ATSEPs and the TWR ATCO is via UTM communication systems and additionally
with VHF frequency for emergency situations.
The ATSEPs take measurement of different parameters using a CNS transceiver carried by the drone.
At the end of the mission, the mission manager notifies the TWR ATCO of the completion of the mission
through the UTM center.
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Users & actors
Table 17 – UC3 M2 – Users

Abbreviation

Expansion

Role or functions

MAIN USERS (directly involved in the operation)
ATSEP

Air
Traffic
Safety Maintenance of navaids. Will carry out the inspection
Electronics Personnel
using drones. Issue the task order for the extended
ground test operation.

ANSP

Air Navigation Service Provide air navigation service to all aircrafts and air
Provider
traffic control. Can ask the ATSEPs for the testing of the
navaids.

DMO

Drone
Operator

DSO

Drone Safety Operator

The drone pilot is responsible for safe drone flights.
Assumed to have no domain knowledge but to be an
expert in flight safety, U-Space and drones. (May be
the same person as DMO but has a distinct role)

ATC

Air Traffic Control

Responsible for the safety of flights. Provide
separations for all aircrafts and rely on navaids. Provide
final clearance for the operation.

Mission The operational user of the drone(s). Executes the
operational aspect of the mission.

IMPACTED USERS (impacted in their typical activities by the operation)
Flight
operators

inspection Consists of ATSEPs and pilots that evaluate signals in
space and performance of the procedure.

Important note: Even though the DMO or DSO role can be assured by an ATSEP member, and that both
the DMO and DSO role can be assured by one person, we describe them as different persons, for the sake
of architecture definition and communications in other work packages.
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Technologies used
Table 18 – UC3 M2 – Technologies

Technology
CNS Transceiver

Description
A specific airnav SDR platform

Role in the mission
Measurements of the Navaids signals.
With respect to STO1.KPI1, the size of the
miniaturized transceiver should be 50% less
than usual transceivers.

UTM Center

Interface with the different U- Client-side operational system linking the
Space services for a variety of ATSEPs to the DMO/DSO, the ATC
stakeholders.
Supervisor, and other authorities within USpace, communicating with the GGCS.

FINoT platform

Data treatment platform.

Receive, store, analyse and fuse the data
from the CNS transceiver

GGCS

Generic Ground Control Station.

The user interface through which the DMO
and DSO operate the drone, also through
which they interact with both U-Space and
the UTM platform immediately before and
during flight

API 5d toolbox

Link between the technologies Integration of the different applications.
above.

Drone

AtraxM drone
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U-Space services

U1:
-

-

Registration:
o All drones to be pre-registered in the GGCS so that Remote ID can work on the UTM
screen.
E-identification:
o Remote identification default is for the coordinator/supervisor to click on the drone,
model, or aircraft of interest on the map, and receive more data on the screen, subject to
access restrictions.

U2:
-

-

-

-

Procedural interface with ATC:
o The drone operation occurs in CTR. This is a Za Volume. ATC has a role in mission approval.
Operation plan preparation service:
o The ATSEPs use this service to submit the operation plan and forward it to the drone pilot.
Operation plan processing service:
o Once the operation plan has been sent, it goes through a number of steps to check it is
correct, does not fly in restricted areas, etc…
Tracking
o Once the drone pilot has registered the drone, he also enables the tracking of the drone.
Monitoring
o All relevant stakeholders (like the ATSEPs, the airport operator, the local authorities …)
may monitor the operation using the monitoring service.
Traffic information service
o Due to the tracking service on other drones, the drone pilot and the other stakeholders
can get live information of the traffic of both manned and unmanned aircrafts.
Registration of the CNS device
o As for the drone, the CNS device has to be registered in the U-Space platform in order to
be able to send its data along with the position it was taken.
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Use case diagram

Figure 61 - Use case diagram for clearance
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Figure 62 - Use case diagram for tactical phase
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Detailed description & flight states

Task order & Operation plan
The ATSEPs send a task order to the mission operator’s GGCS and submit the drone operation plans in the
UTM, according to standard UTM procedures, in order to ask for permission and clearance from the ATC.
1. Task Order Creation: The ATSEP has the responsibility of creating the task orders (also referred to
as operation requests) for the pre-scheduled and ad-hoc missions. For the former, task orders may
be created days in advance whereas for the latter they may be created before the
commencement of the mission based on the duration an average consultation process takes (i.e.,
under an hour). Multiple task orders may be created successively, and each may intersect in the
time and space as long as operators can ensure safe separation under VLOS/EVLOS/BVLOS
conditions. The ATSEP inputs the following information when creating a task order:
b. Waypoints or radius
c. Altitude
2. Operation Plan Generation: Once the ATSEP creates task order(s), the UTM platform sends it to
the drone Operator. This step uses the Operation plan preparation service (U2).

Clearance
Manual approval will be given by the TWR ATCO supervisor and the acknowledgment that the requested
operation is approved will be sent to the GGCS. Requests can be rejected by the ATCO due to traffic and
mission rejection will be sent to the GGCS.
3. Operation Plan Confirmation: Based on the judgement of the DMO/DSO with respect to airspace
conditions, real-time air traffic, weather conditions, and the nature & location of the mission in
contrast to the GGCS and the DMO/DSO, the operation is confirmed or denied. Any relevant
information is updated on the operation plan such as marking the mission as VLOS/EVLOS/BVLOS.
a. If the operation plan is denied by the Operator, the process needs to start over from step
#1.
4. Review: Since the area of operation is within CTR, the ATC Supervisor consults with relevant
stakeholders comprising all relevant stakeholders ensuring zero or minimal disruptions to their
operations.
5. Approval: If all the stakeholders of the review process approve the operation plan, the operation
is approved, and a notification is sent to the ATSEP and the Operator.
6. Rejection: If one of the stakeholders of the review process reject the operation plan, the rejection
notification is sent to the ATSEP and the Operator. The ATSEP may start again with step #1.

Strategic (or pre-flight)
7. Pre-flight: This state exists for a short time and includes such tasks as loading the plan into the
drone, allowing the drone nav system to acquire satellites, logging on to U-Space to establish:
a. The registration of the CNS transceiver (U2)
b. the flow of position reports to the Tracking (U2) service
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c. commence Monitoring (U2)
d. start the Traffic Information (U2) service
e. notify the ATC Supervisor of the activation of the operation through a Procedural interface
with ATC (U2) and further coordinate with the ATC Supervisor if necessary (through
external means to the UTM Center), complying with any instructions.

Tactical
The drones will fly in the line between the VOR station and the flight inspection aircraft. They will
therefore capture the same line of sight signal that a flight inspection aircraft would receive at a higher
altitude and a typical distance for flight inspection operations.
8. Take-off: The Operator will get the drone(s) to a position from which they can begin the useful
part of their operation.
9. BVLOS Mission Segment: The Operator will supervise the drone(s) during the pre-programmed
part of the flight which is assumed to be BVLOS.
10. Final Approach: It is assumed that at the end of the BVLOS sequence, the drone(s) will be brought
back to land by the Operator.
11. Landing: Once the drone lands the drone may take off again without closing the operation
formally on the UTM system as the operation request may have been made for multiple
successive flights.
With respect with STO2.KPI2, we expect the duration of the inspection to be 60% shorter than the duration
of a ground inspection.

End of flight
12. Termination: The operation is closed by the Operator. Its associated characteristics are logged
onto the UTM Center to be viewed and evaluated when needed through the Digital Logbook
service (U2). U-Space stops providing services such as Tracking, Monitoring, Traffic Information,
Procedural interface with ATC.
b. The operational logs have a link to the analysed results from the FINoT platform. FINoT
platform stores the relevant data to the operation results and can be accessed from the UTM
Center which will be displayed to the ATSEP alongside the operational log of each mission.

Monitoring by other stakeholders
At any moment of the mission, all relevant stakeholders can access the status and the advancement of the
mission through the UTM center, thanks to the different U-Space services above-mentioned.
The workflow may involve additional steps in-between the ones identified above during non-nominal or
contingency states. The following outlines such alternative flows from the perspective of the UTM system:



At any point in the process the ATSEP may cancel and/or update the task order, notifying the DSO
and/or the ATC Supervisor. The ATSEP has overriding authorities with respect to the DSO.
Before the operation starts, the DSO may cancel the operation or may deny the request, notifying
the ATSEP and/or the ATC supervisor.
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At any point, the process the ATC Supervisor may rescind the operation request or the operation
itself, notifying the UTM platform and the ATSEP.
If a cancellation (by the ATC) is requested after the operation is active i.e., take off, the DSO is
required to hover the drone in position until further approval for an alternate operation request is
received from the ATC Supervisor.
If the cancellation is related to an emergency condition, the DSO takes the necessary action to
safely land the drone whilst the ATC Supervisor is alerted.
If a rescission (by the ATC Supervisor) is requested after the operation is active i.e., take off, the
Operator is required to comply with ATC instructions. The ATC Supervisor may communicate the
rescission by changing the state of the operation to “Rejected”.

Data treatment
Signals from both drones are streamed to the GGCS and FINoT platform to the end user (ATSEP requested
the check), that will evaluate the VOR performance and correlate the drone inspection results with ground
inspection results. Once the operation of drones is completed and the data are gathered the ATSEPs notify
ATCOs in the TWR. ATSEPs may postprocess the data (signal, DGPS, time) in the office, to evaluate the full
dataset, as captured and stored in the drones. Such analysis enables the insight of VOR system
performance.
With respect to STO1.KPI2, we expect a 80% correlation of the measurements with the flight test.

Emergency management
Once an internal emergency occurs I.e., mechanical, or electrical failure of drone, the pilot needs to land
the drone at the nearest point. This is a predefined procedure where for each segment of the flight a point
is be defined as the landing point in case of emergency. This point should be outside critical areas of
navaids and OLS of the airside of the airport (e.g., runway). These points are alternatives to the homing
point so as to solve the problem with the minimum flight duration from the emergency occurrence.
Once an external to the mission emergency occurs I.e., an aircraft needs to use the allocated airspace, or
the ATCO asks for a mission abort due to abrupt change to meteorological conditions.
Once the emergency occurs the UAV pilot asks the ATCO for the time available to abort so as to decide
whether will land the drone at the alternative point or will return home.
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Mission workflow & sequence diagram

Figure 63 - Workflow diagram for the short range flight test
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Figure 64 - Sequence diagram for clearance

3.3.2.8

Operation plan

The drone flies in the same EM lobe with the flight inspection aircraft, because results need to be
correlated. A drone (the greyed out one) flying at a different vertical angle may be prone to different
multipath phenomena and the results may be misleading.
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Figure 65 - The drone will fly on the line between the VOR and the flight inspection aircraft
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Mission 3: DME/DME Evaluation as a PBN Infrastructure
3.3.3.1

Storyboard

A new RNAV procedure is being evaluated (new angles of approach and missed landing), in and out, while
preserving the neighbour airspace, and it is deemed appropriate to test it with drones for lower altitude.
ATSEPs of an ANSP are tasked with the evaluation of DME/DME coverage near Rhodes’ airport. They issue
the mission request through the UTM center along with the flight plan.
A NOTAM is issued to close the area for the duration of the mission.
After approval of the operation by ATC, they deploy a fixed wing drone carrying a CNS transceiver. The
fixed wing drone flies in the area where the coverage need to be evaluated. This mission is carried out in
BVLOS.
The relevant information (DGPS and transceiver measurements) is sent to the FINoT platform through the
GGCS.
At the end of the flight, ATC is notified of the termination of the mission through the UTM center.
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Users & actors
Table 19 – UC3 M3 – Users

Abbreviation

Expansion

Role or functions

MAIN USERS (directly involved in the operation)
ATSEP

Air
Traffic
Safety Maintenance of navaids. Will carry out the inspection
Electronics Personnel
using drones. Issue the task order for the extended
ground test operation.

ANSP

Air Navigation Service Provide air navigation service to all aircrafts and air
Provider
traffic control. Can ask the ATSEPs for the testing of the
navaids.

DMO

Drone
Operator

DSO

Drone Safety Operator

The drone pilot is responsible for safe drone flights.
Assumed to have no domain knowledge but to be an
expert in flight safety, U-Space, and drones. (May be
the same person as DMO but has a distinct role)

ATC

Air Traffic Control

Responsible for the safety of flights. Provide
separations for all aircrafts and rely on navaids. Provide
final clearance for the operation.

Mission The operational user of the drone(s). Executes the
operational aspect of the mission.

IMPACTED USERS (impacted in their typical activities by the operation)
Flight
operators

inspection Consists of ATSEPs and pilots that evaluate signals in
space and performance of the procedure.

Important note: Even though the DMO or DSO role can be assured by an ATSEP member, and that both
the DMO and DSO role can be assured by one person, we describe them as different persons, for the sake
of architecture definition and communications in other work packages.
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Technologies used
Table 20 – UC3 M3 – Technologies

Technology
CNS Transceiver

Description
A specific airnav SDR platform

Role in the mission
Measurements of the navaids signals.
With respect to STO1.KPI1, the size of the
miniaturized transceiver should be 50% less
than usual transceivers.

UTM Center

Interface with the different U- Client-side operational system linking the
Space services for a variety of ATSEPs to the DMO/DSO, the ATC
stakeholders.
Supervisor, and other authorities within USpace, communicating with the GGCS.

FINoT platform

Data treatment platform.

Receive, store, analyse and fuse the data
from the CNS transceiver

GGCS

Generic Ground Control Station.

The user interface through which the DMO
and DSO operate the drone, also through
which they interact with both U-Space and
the UTM platform immediately before and
during flight

API 5d toolbox

Link between the technologies Integration of the different applications.
above.

Drone

Fixed wing drone
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U-Space services

U1:
-

-

Registration:
o All drones to be pre-registered in the GGCS so that Remote ID can work on the UTM
screen.
E-identification:
o Remote identification default is for the coordinator/supervisor to click on the drone,
model, or aircraft of interest on the map, and receive more data on the screen, subject to
access restrictions.

U2:
-

-

-

-

Procedural interface with ATC:
o The drone operation occurs in CTR. This is a Za Volume. ATC has a role in mission approval.
Operation plan preparation service:
o The ATSEPs use this service to submit the operation plan and forward it to the drone pilot.
Operation plan processing service:
o Once the operation plan has been sent, it goes through a number of steps to check it is
correct, does not fly in restricted areas, etc…
Tracking
o Once the drone pilot has registered the drone, he also enables the tracking of the drone.
Monitoring
o All relevant stakeholders (like the ATSEPs, the airport operator, the local authorities …)
may monitor the operation using the monitoring service.
Traffic information service
o Due to the tracking service on other drones, the drone pilot and the other stakeholders
can get live information of the traffic of both manned and unmanned aircrafts.
Registration of the CNS device
o As for the drone, the CNS device has to be registered in the U-Space platfom in order to
be able to send its data along with the position it was taken.
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Use case diagram

Figure 66 - Use case diagram for clearance
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Figure 67 - Use case diagram for tactical phase

© 5D-AeroSafe, 2020

Page 144 of 186

D2.3, [Use Cases Definition]

3.3.3.6

Public

Detailed description & flight states

Task order & Operation plan
The ATSEPs send a task order to the mission operator’s GGCS and submit the drone operation plans in the
UTM, according to standard UTM procedures, in order to ask for permission and clearance from the ATC.
1. Task Order Creation: The ATSEP has the responsibility of creating the task orders (also referred to
as operation requests) for the pre-scheduled and ad-hoc missions. For the former, task orders may
be created days in advance whereas for the latter they may be created before the
commencement of the mission based on the duration an average consultation process takes (i.e.,
under an hour). Multiple task orders may be created successively, and each may intersect in the
time and space as long as operators can ensure safe separation under VLOS/EVLOS/BVLOS
conditions. The ATSEP inputs the following information when creating a task order:
c. Waypoints or radius
d. Altitude
2. Operation Plan Generation: Once the ATSEP creates task order(s), the UTM platform sends it to
the drone Operator. This step uses the Operation plan preparation service (U2).

Clearance
Manual approval will be given by the TWR ATCO supervisor and the acknowledgment that the requested
operation is approved will be sent to the GGCS. Requests can be rejected by the ATCO due to traffic and
mission rejection will be sent to the GGCS.
3. Operation Plan Confirmation: Based on the judgement of the DMO/DSO with respect to airspace
conditions, real-time air traffic, weather conditions, and the nature & location of the mission in
contrast to the GGCS and the DMO/DSO, the operation is confirmed or denied. Any relevant
information is updated on the operation plan such as marking the mission as VLOS/EVLOS/BVLOS.
a. If the operation plan is denied by the Operator, the process needs to start over from step
#1.
4. Review: Since the area of operation is within CTR, the ATC Supervisor consults with relevant
stakeholders comprising all relevant stakeholders ensuring zero or minimal disruptions to their
operations.
5. Approval: If all the stakeholders of the review process approve the operation plan, the operation
is approved, and a notification is sent to the ATSEP and the Operator.
6. Rejection: If one of the stakeholders of the review process reject the operation plan, the rejection
notification is sent to the ATSEP and the Operator. The ATSEP may start again with step #1.

Strategic (or pre-flight)
7. Pre-flight: This state exists for a short time and includes such tasks as loading the plan into the
drone, allowing the drone nav system to acquire satellites, logging on to U-Space to establish:
a. The registration of the CNS transceiver (U2)
b. the flow of position reports to the Tracking (U2) service
c. commence Monitoring (U2)
d. start the Traffic Information (U2) service
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e. notify the ATC Supervisor of the activation of the operation through a Procedural interface
with ATC (U2) and further coordinate with the ATC Supervisor if necessary (through
external means to the UTM Center), complying with any instructions.

Tactical
The ATSEPs deploy the drone from a bungee in the vicinity of the airport.
The measurement of the first area (left on the figure below) is done in a few levels between 500ft and
1500ft (below the minimum of the sector, which is 2000ft). While driving to another location, batteries are
replaced, and the first results are made available. Same thing in the other area, except that the flight zone
is a bit shorter in span because of the presence of higher hill/mountains in the island there.

Figure 68 - The envelopes where DME/DME signal is available and useful

8. Take-off: The Operator will get the drone(s) to a position from which they can begin the useful
part of their operation.
9. BVLOS Mission Segment: The Operator will supervise the drone(s) during the pre-programmed
part of the flight which is assumed to be BVLOS.
10. Final Approach: It is assumed that at the end of the BVLOS sequence, the drone(s) will be brought
back to land by the Operator as within VLOS conditions.
11. Landing: Once the drone lands the drone may take off again without closing the operation
formally on the UTM system as the operation request may have been made for multiple
successive flights.

End of flight
12. Termination: The operation is closed by the Operator. Its associated characteristics are logged
onto the UTM Center to be viewed and evaluated when needed through the Digital Logbook
service (U2). U-Space stops providing services such as Tracking, Monitoring, Traffic Information,
Procedural interface with ATC.
c. The operational logs have a link to the analysed results from the FINoT platform. FINoT
platform stores the relevant data to the operation results and can be accessed from the UTM
Center which will be displayed to the ATSEP alongside the operational log of each mission.
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Monitoring by other stakeholders
At any moment of the mission, all relevant stakeholders can access the status and the advancement of the
mission through the UTM center, thanks to the different U-Space services above-mentioned.
The workflow may involve additional steps in-between the ones identified above during non-nominal or
contingency states. The following outlines such alternative flows from the perspective of the UTM system:







At any point in the process the ATSEP may cancel and/or update the task order, notifying the DSO
and/or the ATC Supervisor. The ATSEP has overriding authorities with respect to the DSO.
Before the operation starts, the DSO may cancel the operation or may deny the request, notifying
the ATSEP and/or the ATC supervisor.
At any point, the process the ATC Supervisor may rescind the operation request or the operation
itself, notifying the UTM platform and the ATSEP.
If a cancellation (by the ATC) is requested after the operation is active i.e., take off, the DSO is
required to hover the drone in position until further approval for an alternate operation request is
received from the ATC Supervisor.
If the cancellation is related to an emergency condition, the DSO takes the necessary action to
safely land the drone whilst the ATC Supervisor is alerted.
If a rescission (by the ATC Supervisor) is requested after the operation is active i.e., take off, the
Operator is required to comply with ATC instructions. The ATC Supervisor may communicate the
rescission by changing the state of the operation to “Rejected”.

Data treatment
Signals from both drones are streamed to the GGCS and FINoT platform to the end user (ATSEP requested
the check), that will evaluate the VOR performance and correlate the drone inspection results with ground
inspection results. Once the operation of drones is completed and the data are gathered the ATSEPs notify
ATCOs in the TWR. ATSEPs may postprocess the data (signal, DGPS, time) in the office, to evaluate the full
dataset, as captured and stored in the drones. Such analysis enables the insight of VOR system
performance.

Emergency management
Once an internal emergency occurs I.e., mechanical, or electrical failure of drone, the pilot needs to land it
at the nearest point. This should be a predefined procedure where for each segment of the flight a point
will be defined as the landing point in case of emergency. This point should be outside critical areas of
navaids and OLS of the airside of the airport (e.g., runway). These points are alternatives to the homing
point so as to solve the problem with the minimum flight duration from the emergency occurrence.
Once an external to the mission emergency occurs I.e., an aircraft needs to use the allocated airspace, or
the ATCO asks for a mission abort due to abrupt change to meteorological conditions.
Once the emergency occurs the UAV pilot asks the ATCO for the time available to abort so as to decide
whether will land the drone at the alternative point or will return home.
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Mission workflow & sequence diagram

Figure 69 - Workflow diagram for the DME/DME coverage evaluation
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Figure 70 - Sequence diagram for clearance

3.3.3.8

Operational plan

Since the operation is about DME/DME coverage evaluation, the operation plan should cover the whole
area where the coverage needs to be evaluated. Figure 68 above shows the area where the DME/DME
coverage needs to be evaluated.
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Since the areas are big, the mission is carried out in two steps: inspection of the left area, and then
inspection of the right area. In between, the drone may land to change batteries and check its state before
commencing the second part of the mission.
The exact operation plan is not yet defined, as the performances of the different technologies in use for
the operation are not yet known, and as they will greatly influence the operation plan.
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4 Analysis and Conclusion
4.1 Key findings on use cases, scenarios, missions
Although the core goal of this document is the description of the use cases and missions, to be used by
other work packages, conclusions can be made on these missions. Indeed, some commonalities can be
found in the different missions. The next steps of the project will carry on a more in-depth analysis of
those commonalities in order to contribute to the architecture definition and the interactions of the users,
technologies, and environment.
The mission descriptions have shown that there are 4 main users (task order issuer / DMO / DSO / ATC)
that have the same role in each operation. Indeed, they have the same role in the clearance process, and
the same interactions with the different technologies (see below). The impacted users are different
between the missions, but they all have the same role: monitoring the operation. As mentioned in the
document, in some cases, more than one of these 4 main roles can be carried out by one actor (e.g.: for
waterdrome inspection, depending on his skills, the WSS can also be DMO or DSO).
The different missions have shown that there is a common clearance scheme at the beginning of the
operation. Indeed, three main steps are required for clearance. First, the task order issuer, which is a
different user depending on the missions, needs to issue the operation request, and submit the flight plan
along with this request. Then, when they receive the task order and flight plan, the DMO and DSO must
accept or deny the operation, according to his/her knowledge and the situation (e.g.: weather conditions,
availability of different U-Space services). Then, the task order and flight plan go to the ATC (referred to as
ATC supervisor or ATCO depending on the missions), who have authority over the operations conducted in
an airport environment (Za airspace). They are the one who give final clearance.
In terms of technologies, all payload related aspects are specific to each mission or use-case, but the role
of the GGCS, FINoT platform and UTM center is common to all the missions, which will be useful for
architecture design and the update of the ConOps.
All the missions rely on the same U-Space services. Some of them are more important for some missions
than others, but all are seen as necessary for the operation. As the maturity and availability of the U-Space
services is a moving target, we have considered only U1 and U2 services that had a 100% coverage in the
Consolidated Report on SESAR U-Space Research and Innovation Results (SESAR JU, SUPPORTING SAFE
AND SECURE DRONE OPERATIONS IN EUROPE, 2020), except for the procedural interface with ATC (42%
coverage) which is assured in our case through the UTM platform.
Emergency management is not carried out through U-Space services. Indeed, for all missions, VHF canal is
the one used for emergency procedures. This is explained by the fact that the UTM center does not
support vocal interactions between the actors, and that emergencies need to be delt with in a quick way.
As mentioned in the Consolidated Report on SESAR U-Space Research and Innovation Results (SESAR JU,
SUPPORTING SAFE AND SECURE DRONE OPERATIONS IN EUROPE, 2020), the U2 service “Emergency
Management” currently has a 6% coverage, which is not enough to consider it can be relied on. However,
it can be expected that in the near future, this service available through the UTM center will replace the
VHF communication.

4.2 Use case evaluation
As mentioned in section 1.3, the design process has been set up to meet design criteria ensuring the
success of the use case description.
The overall compliance with the project STOs was deemed as the key element to meet the project
challenges, and to make sure that the trials will cover our objectives. Erreur ! Source du renvoi
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introuvable. shows the general coverage of the STOs across the different missions, as assessed at the end
of the design process. In this table, a green box means that the mission covers the STO. In all mission
descriptions, a mention to the covered STO is made. The full coverage matrix with further details is
available in Erreur ! Source du renvoi introuvable.. It is to be noted that since UC1 – M4 and UC1 – M5 are
not developed in this document, they do not cover any STOs for this project. Furthermore, the business
requirements updated by end users have led us to skip the development of remote tower operations use
cases, so that the STO8 will not be treated in this document. Indeed, the end users’ interests in this
specific field of research have changed, mostly due to new development plans for the airports due to
covid-19 crisis.
The compliance with the projects KPIs is addressed in the form of the use-case description: we have
assured that the writing of each use case mentioned the expected quantitative benefits over the (current)
work scenarios situations.
Table 21 - STO coverage

STO1
UC1

STO2

STO3

STO4

STO5

ST06

STO7

STO8

M1
M2
M3
M4
M5

UC2

M1
M2

UC3

M1
M2
M3

Two other design criteria (reduced number of people exposed, business perspective) have driven the
design of the use case, but are not deemed to need a final evaluation, they are at the very core of each
use-case by design.
The last design criteria (overall usability of this document for the project) have also driven the choices
during the use case design process, and has been assessed using two methods:




During the writing of each use cases, partners have issued comments both in document and in
dedicated review forms in December 2020 and January 2021. The goal was to make sure that each
and every comment or remark was taken into account, which is the case for this final release of
the document. This covers the unambiguity, right level of details, multiple views sub criteria.
At the end of the writing (mid-February 2021), a formal review by all work package leaders and
some task leaders has been performed, to make sure that all the elements required for the rest of
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the project were included in the use cases. This covers the reusability of the information
produced.

4.3 Conclusion
Although the users’ requirements were not part of the deliverables, we have decided to capture them as
part of this document in order to provide a better understanding by partners and future projects. On top
of that, as the initial ConOps described in D2.1.1 (5D-AeroSafe, 2020) had to be delivered earlier according
to the project schedule, we have included many elements that will be useful both for its updated version
in D2.1.2. The level of details might be considered a bit too deep for use cases definitions, but it was
necessary for the transition to other project activities.
The fact that many project partners have been involved in this participatory design process has been a key
element for the success of the work scenarios and use-case definition and ensured their usability and
reusability.
Even if the three use cases featuring ten missions are somewhat beyond the requirements for the four
trials that will be executed in work package six, we believe that this will prove to be useful for future work,
and also to capture the essence of the 5D AeroSafe project in its impact.
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Annex A – Further description of Heathrow Airport environment

Runways
Designation

09L

True Bearing

089, 40’ 07’’

Length (based on 3902m
Airy Ellipsoid)

27R

27L

269, 42’ 32’’

089, 40’ 53’’

269, 43’ 08’’

3902m

3660m

3660m

Width
Shoulders
side)

09R

50m
(each Between A1 and Between A1 and Between N1 and Between N1 and
A11 = 20.5m;
A11 = 20.5m;
N7 = 20.5m;
N7 = 20.5m;
Between A11 and Between A11 and Between N7 and Between N7 and
A13 = 12.5m.
A13 = 12.5m.
N11 = 12.5m.
N11 = 12.5m.

Displaced
threshold

309m

n/a

308m

Slope

Non-significant

Surface Type

Grooved asphalt

Type of Runway

n/a

CAT IIIB

CAT IIIB

CAT IIIB

CAT IIIB

Precision
Approach

Precision
Approach

Precision
Approach

Precision
Approach

Existence of OFZ

Yes

OFZ: obstacle free zone
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Figure 71 - Runway map

Figure 72 - Runway 09R

Figure 73 - Runway 27R

Terminals
Terminal 2 and 2B
 Opened: 1955, and reopened in 2014
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Area: 40,000 square metres
Airlines: 24 including: Virgin Atlantic, Air China, Egyptair, Swiss, Air New Zealand

Figure 74 - Terminal 2, 2B and KAD

Terminal 3




Opened: 13th November 1961
Area: 98,962 square metres
Airlines: 18 including: Virgin Atlantic, British Airways, Qantas, American Airlines, Emirates, Delta,
Finnair, Japan Airlines, Maroc Air.

Figure 75 - Terminal 3

Terminal 4




Opened: 1st April 1986
Area: 105,481 square metres
Airlines: 35 including: Delta, KLM, Etihad Airlines, Air France, Qatar Airways, Gulf Air
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Figure 76 - Terminal 4

Terminal 5, 5B and 5C




Opened: 14th March 2008
Area: 353,020 square metres
Airlines: British Airways, Iberia, American Airlines

Figure 77 - Terminal 5, 5B and 5C

Taxiways
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Figure 78 - Taxiways to 27L

Defined path on a land aerodrome established for the taxiing of aircraft and intended to provide a link
between one part of the aerodrome and another.
 Apron taxiway: a portion of a taxiway system located on an apron and intended to provide a
through taxis routes across the apron

Figure 79 - Apron taxiway between 09R/27L and T5B



Aircraft stand taxilane: a portion of an apron designated as a taxiway and intended to provide
access to aircraft stands only
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Figure 80 - Aircraft stand taxi lane at T3 cul-de-sac



Rapid exit taxiway: a taxiway connected to a runway at an acute angle and designed to allow
landing aircraft to turn off at higher speeds than can be achieved on other exit taxiways thereby
minimizing runway occupancy times.

Figure 81 - Rapid exist taxiway from 27R

Taxiways are categorised based on their width:
Taxiway code
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A

32.5 m

22 m

Piper PA-31

NO

B

43 m

25 m

CRJ-200

NO

C

52 m

25 m

B737, A320

YES

D

81 m

38 m

B767

YES

E

95 m

44 m

B777, B787, A330

YES

F

115 m

60 m

B747, A380

YES

Designator

Construction

Code

Width (m)

Strip Width (m)

Taxiways
Alpha (West)

Concrete

E

23

40-47,5

Alpha (South)

Concrete/Asphalt

F

25

48,75-53

Alpha (East)

Concrete/Asphalt

F

25

47,5-57,5

Alpha (North)

Concrete/Asphalt

E/F

23/25

45,5-53

Bravo (West)

Concrete

F

23

40-47,5

Bravo (South)

Concrete/Asphalt

F

25

48,75-57,5

Bravo (East)

Concrete/Asphalt

F

25

50-55

Bravo (North)

Concrete/Asphalt

F

23/25

47,5-50

Charlie

Concrete

F

25

52-55

Delta

Concrete

F

25

52,5-55

Echo

Concrete

E*

23

48,6-55

Foxtrot

Concrete

E*

23

42,5-50

Golf

Asphalt

E

23

40-47,5

Hotel

Concrete

E

23

42,5-47,5

Kilo (North)

Concrete

E

23

42,5-52

Kilo (South)

Concrete

F

25

51,5-55

lima

Concrete

F

25

52-55

Mike

Concrete/Asphalt

E*

23

40-43

Romeo

Concrete

E

23

42,5-47,5

Sierra

Concrete/Asphalt

E*/F

23

37-55

Tango

Concrete

E/F

23/25

40-49

Asphalt

E

23

Victor
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Whiskey

Concrete/Asphalt

E*

23

49,5

Yankee

Concrete

C

18

24,5

Zulu

Concrete

D*

23

37

23

47,5

23

47,5

Link Taxiways
Link 11

Asphalt

Link 12

Asphalt

Link 13

Asphalt

F

23

47,5

Link 21

Asphalt/Concrete

F

25

55

Link 22

Asphalt/Concrete

F

23/25

55

Link 23

Asphalt/Concrete

E*/F

25

47,5-55

Link 25

Concrete

E

23

47,5

Link 26

Concrete

F

25

49-55

Link 27

Concrete

F

25

55

Link 28

Concrete

E/F

23/25

43,5-55

Link 29

Concrete

F

25

55

Link 30

Concrete

F

25

55

Link 31

Concrete

F

25

55

Link 32

Asphalt

F

25

55

Link 33

Asphalt

F

25

55

Link 34

Asphalt

F

25

55

Link 35

Asphalt

E

23

47,5

Link 36

Concrete

E

23

42-47,5

Link 41

Concrete

E

23

43-47

Link 42

Concrete

E*

23

50

Link 43

Asphalt

F

25

55

Link 44

Asphalt

E*

23

47,5-55

Link 51

Concrete

F

25

55

Link 52

Concrete

F

25

50-53

Link 53

Concrete

F

25

50-53

Link 54

Concrete

E

23

42,5

Link 55

Concrete

E

23

42,5

Link 56

Concrete

F**

25

50-57

Link 57

Concrete

F

25

50-53
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Link 58

Concrete

E

23

40-47,5

Link 60

Concrete

F

25

55

* Route is available for higher aircraft code than constructed (i.e. Code F use taxiway constructed to some
or all Code E dimensions
** Route is operationally restricted to lower code than as constructed

Stands
Are the areas of an airport apron where aircraft are parked, unloaded or loaded, refilled, or boarded.

Apron

F

E

E (74700)

E (777- D (767- D (757)
200)
300)

C
(A321)

C
(A319)

TOTAL

T2

10

10

0

3

0

0

13

0

36

T3

10

19

4

4

2

1

3

0

43

T4

6

12

7

2

2

0

4

1

34

T5

15

15

10

0

4

0

15

1

60

Total
exc.
Cargo

41

56

21

9

8

1

35

2

173

Cargo

0

10

0

2

0

0

0

0

12

Total

41

66

21

11

8

1

35

2

185

Figure 82 - Remote stands 524 and 525
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Figure 83 - Stand 244 (Serviced)

Visual aids
Visual aids for approach procedures, approach lighting type and visual approach slope indicator system;
marking and lighting of runways, taxiways and aprons; other visual guidance and control aids on taxiways
and aprons, location and type of visual docking guidance system; availability of standby power for lighting.
Heathrow’s aerodrome lighting is suitable for precision approach categories II and III operations. Taxiway
lighting systems and signs are suitably equipped for operations below 350m RVR.

Figure 84 - Visual AIDS scheme

Approach lighting
All runways are equipped with a single bar PAPI on the left side, comprising four triple projector units.
Each circuit is fitted with lamp failure detection. Each runway has:
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Full Calvert coded centrelines and five-bar system.
The lights are all uni-directional, high intensity, white, and beamed at 6’ (threshold) to 9’ (outer
bar) to the horizontal.
Supplementary high intensity approach lighting system over the inner 300m of the approach. This
consists of 27 barrettes of 4 lights each, arranged in 9 rows of three, symmetrically each side of
the extended runway centreline.

Figure 85 - Heathrow approach lighting system example

Figure 86 - Calvert approach lighting system example




The SAL’s are uni-directional, high intensity, white (centre barrette) or red (outer barrettes) and
beamed at the same angles as the corresponding approach lighting.
Runway 27L approach lighting is provided using LED fittings. All other runways use traditional
halogen fittings.

Runway lighting
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Figure 87 - Heathrow lighting system example



Green threshold lights at each landing threshold.
These 18 lights are uni-directional, flush, high intensity, and are full width, supplemented by wing
bars of four lights each side.



Centreline lights at 15m spacing.
The lights are bi-directional, flush, high intensity, and beamed at 5’ to the horizontal for the first
900m of each runway direction, and 3’ for the remainder. The lights are white up to 900m from
the runway end, with the following 600m alternate red and white, and the final 300m all red in
colour.
(Edge lights at 60m spacing. These lights are positioned at 25m on either side of the centreline.
These lights are bi-directional, flush, high intensity, and white.

Figure 88 - Runway limits lights



Touchdown zone lights over the first 900m of each runway direction.
These consist of 24 barrettes of four lights, arranged in twelve rows, each barrette positioned
symmetrically each side of the runway centreline. The lights are uni-directional, flush, high
intensity, and white.
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Figure 89 - Runway touchdown zone lights example

Figure 90 - Runway touchdown zone lights



Runway stop end lights at each runway end.
These lights are uni-directional, flush, high intensity, and red.

Taxiway lighting


The airfield is equipped with bi-directional green centreline lighting, installed on all sections of the
taxiway. Lighting is selectively switchable on all routes. The lights are spaced at appropriate
intervals for operations in RVR of less than 350m.

© 5D-AeroSafe, 2020

Page 167 of 186

D2.3, [Use Cases Definition]



Public

Stop bars are installed at taxiway intersections and are linked to the selective switching of the
centreline lights. These are comprised of high intensity red lights on either side of the centreline.
At runway entrances, high intensity, bi-directional red stop bars are installed. Bars are located at
CAT I and CAT II/III or at CAT I/II/III holding positions. Red stop bars are illuminated 24 hours a day
and are suppressed in conjunction with a verbal ATC clearance to allow aircraft or vehicle access
to the runway.

Figure 91 - Runway stop lights



The taxiway centreline lights located within the ILS sensitive area are colour coded to show
alternate green and yellow in both directions. These lights commence with a green light close to
the runway centreline 30-60m before the intersections and end with a yellow light at the end of
the ILS sensitive area.

Figure 92 - Taxiway centreline and limits lights



An interlock system is fitted to the taxiway centrelines on runway lead ons/offs. The system
controls each side of the holding point stop bars independently and is linked to the first 90m of
the taxiway centreline lights. The system ensures that traffic on a taxiway destined for the runway
is not able to identify (and therefore follow) a continuous lit centreline onto the runway, without
the red stop bar first being suppressed.
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Variable intensity lighting
Variable intensity lighting is available for approach, runway and taxiway lighting, and is controlled by ATC.
Brilliancies are available in accordance with the following table.
Runways
Appr
oach (Inc.
Threshold)
1

Su
pp
Approach

100%

10
0%

2

T
DZ

100%

Run
way
Centreline

10
0%

0

100
%

0

100
%

3

30%

30
%

4

10%

10
0%

10
%

100
%

30

30%

Run
way Edge
and Stop
End
100
%
100
%
100
%
30%

%

5

3%

0

6

1%

0

P
API

10
0%

10%

10%

1

1%

1%

%

80
%

D
ay

80
%

Ni
ght

30

Ni
ght

10
%

%

D
ay

%
10

Ti
me

Ni
ght

1
%

Ni
ght

Taxiways
100%, 30% and 1% brilliancy options are available
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Annex B – Work scenario pictures for visual analytics
Pavement pictures
In this annex, we provide examples of potential deterioration to detect on airport pavement.
Alligator cracking: caused by traffic

Figure 93 - Alligator cracking example

Bleeding: film of bituminous materials arising caused by temperature

Figure 94 - Bleeding example
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Block cracking: caused by shrinkage of asphalt or concrete

Figure 95 - Block cracking example

Depression: caused by depression of foundation soil. Can be detected with rainwater accumulation.

Figure 96 - Depression example

Jet blast erosion: bituminous binder has been burned or carbonised
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Figure 97 - Jet blast erosion example

Joint reflection cracking: pavement where asphalt is laid on top of concrete slabs.

Figure 98 - Joint reflection example

Longitudinal and transverse cracking: parallel to lay down direction. Caused by shrinkage, poor joints.
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Figure 99 - Cracking example

Raveling: dislodging coarse aggregate in the surface of a pavement

Figure 100 - Raveling example

Rutting: depression in the wheel path. Detected by rainwater accumulation.
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Figure 101 - Rutting example

Showing: occasional increase in length at ends where pavements join.

Figure 102 - Showing example
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Slippage cracking: half-moon shaped cracks happening in the direction of traffic. Caused by poor bonding
between surface and material below.

Figure 103 - Slippage cracking example

Swelling: upward bulge in the pavement surface

Figure 104 - Swelling example
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Weathering: asphalt binder and fine aggregate wearing.

Figure 105 - Weathering example

Patching: patch is considered defect, no matter how well it performs.

Figure 106 - Patch example

Oil spillage: deteriorates and softens pavement surface
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Figure 107 - Oil spillage example
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Waterway obstacles

Figure 108 - Obstacle 1: Barrel

Figure 109 - Obstacle 2: Branch

Figure 110 - Obstacle 3: Bulky Boxes
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Figure 111 - Obstacle 4: Log

Figure 112 - Obstacle 5: Car Tires
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Annex C – Flight Inspection Report
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Annex D – Checklist for Waterdrome facility inspection
Security control checklist requirements may vary depending on the aircraft and Waterdrome security
needs. However, a general daily aviation security control checklist should include elements to show
compliance with the Waterdrome security state and EASA regulations that authorities recommend for all
Waterdromes.
Security personnel use a daily aviation security control checklist. They use it to ensure that authorities
have reviewed all Waterdrome and seaplane security and safety measures for safe aviation operations.
Inspections include checks such as:
a. Floating Platform. The condition of floating platforms is an important part of water-airport safety. A
daily inspection should be performed to the whole floating area; that is the responsibility of the
operator. During the inspection, the inspector should:
- Check the condition of the main platform and its tiers. Determine, if there are any cracks or fractures,
wide enough to cause injury to passenger(s) or staff. Report and monitor these cracks.
- Check the condition of lifesaving and firefighting equipment.
- Check seaplane point.
b. Fenced Security Area. During the safety area inspection, the inspector should:
- Check the condition of the outdoor fence for holes or indications of breaching.
- Check all available waste bins for hidden strange or dangerous items.
If any of the above, report them immediately and inform port authority and Coast Guard.
- Report any objects that are not frangible or not at grade level.
- Check Waterdrome beacon condition.
c. Markings and Signs. During inspection, the inspector should:
- Check floor markings for correct color-coding or fading.
- Report and monitor any nonstandard marking or markings that are obscured, faded or deteriorating.
- Check to see that sign panels are not missing or damaged and that they are not cracked or broken.
- Check windsock too.
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WATERDROME SAFETY INSPECTION CHECKLIST
DATE:

Inspector/Time:

FACILITIES

CONDITIONS

Floating Area

Platforms & Tires

S

Un

Cracks/Fractures
Safety Equipment
Seaplane

Safety Area

Fence condition
Waste Bins
Equipment/Beacon
Unauthorized objects

Markings & Sings

Clearly visible / Standard
General Condition
Windsock

Public Protection

Fencing/gates/signs
Jet blast problems
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STO3: To conduct airport Obstacle Limitation Surfaces (OLS) and
STO1: To conduct flight inspection, STO2: To provide a flight inspection and
STO5: To provide real time
runway and taxiways/waterway inspection using UASs looking for STO4: To provide validation of
calibration and/or flight validation
calibration solution for landing aids
STO6: To build an API toolbox that
monitoring of GNSS and EGNOS
Foreign Object Debris (FOD), birds, etc. Specifically, for water
STO7: To support security operations by patroller UAS for
GNSS (Global Navigation
missions using RPAS for airport CNS
(navaids), such as the Precision
will enable the easy integration of
(European Global Navigation
alighting procedures, a routine check of critical waterway
protection of sensitive sites or safety critical airport
Satellite System) RNAV (aireal
systems, through the development Approach Path Indicators (PAPIs) and
Satellite System) signal in space and future applications on UTM systems
parameters, such as wave conditions or obstacles (swimmers, boats
infrastructure
NAVigation) approach
and application of miniaturised CNS VHF Omnidirectional Range (VORs) using
geolocation of interference/jamming through the 5D-aerosafe platform
etc.) before alighting clearance by Air Traffic Control, minimising
procedures using UASs
transceivers on drones
RPAS
sources using UAS
risks and increasing safety

STO1.KPI1:
miniatured
transceiver size

size 50% less

5D UC1 -M1: Llevel
inspection (daylight)

HEATHROW

WATERDROME

NAVAIDS

STO1.KPI2:
correlation of
measurements

STO2.KPI1: correlation
of result

80% correlation

parameters vs
tolerance

STO2.KPI2:
reduction of
duration

STO3. KPI1: Reduction of duration of a
runway/waterway inspection

STO3.KPI2: Reliable
assessment of wave
parameters within
requirements of waterway
operation

STO3.KPI1: reliability of UAS
based navigation

60% less

The Typical duration of UAS
runway/waterway inspections
compared to the typical duration (~2
hours) of inspections by typical means
(cars, boats, cameras, etc) reduced by
50%.

Wave height estimation by
UAS measurement and
analysis w.r.t. sea surface
measurements.

Number and type of PBN
navigation specifications that
are sufficiently validated by
UAS will be approximately 1-2

2

5D UC1 – M2:
Level 2 inspection (night time)
5D UC1 – M3:
Perimeter control
5D UC1 – M4:
Runway FOD inspection
5D UC1 - M5: Rooftop
inspection
5D UC2 - M1:
Waterdrome Visual Inspection
5D UC2 - M2:
Repetitive / Routine
Operation
5D UC3 – M1:
Extended ground test of a
VOR
5D UC3 – M2:
Short range flight test
5D UC3 – M3:
DME/DME coverage
evaluation

Not applicable. Can't be 50% faster than
FOD detection cameras

STO5.KPI1: detection of GNSS
interference

STO6.KPI1: Level
of integration

Degree of the API
time delay of detection flag < 5 sec,
toolbox
accuracy of estimated position of integration will be
jamming source < 100m
between 50% and
100%

STO7.KPI1: Speed of
STO6.KPI2:
patrolling and in situ
Security aspects
engagement

API security
metrics utilising
state of the art
measures

The time required for
UAS operations should
be 50% less compared
to typical security
procedures (~ 40mins).

STO7.KPI2: Operation under any
weather and ambient light
conditions

STO8: to pave the way for the
airborne means of surveillance and
control to serve Remote Tower
Operations.
Won't be covered in UC
Mention in WS that it is not as
interesting as it was for Heathrow

STO8.KPI1: Capability of UAS to serve
contingency remote tower operations

Availability of patrolling function in
Correlation of UAS surveillance results
different weather and light
with steady cameras and ATCOs
conditions will be dependent on
observations
the UAS type

