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grant agreement No 893375 under European Union’s Horizon 2020 research and innovation
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Abstract
This document represents deliverable D3.4 of the INVIRCAT project and is titled “Exploratory Research
Validation Report”. The initial concept of operations and the preliminary set of requirements have
been assessed by a series of validation exercises, based on the use cases and validation scenarios from
D2.2 and D3.3, respectively. The validation context of the INVIRCAT project is summarized based on
previous documents, and the validation results of the campaigns are presented as a combined result
of the various exercises. The previously defined validation objectives are assessed qualitatively and
quantitatively, and the results are also summarized per identified key performance area in the project’s
scope. Finally, the expected quality and limitations of the results is discussed. Appendices give more
detailed insight into the separate simulation campaigns.
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1 Executive Summary
This document represents deliverable D3.4 of the INVIRCAT project and is titled “Exploratory Research
Validation Report”.1 Its purpose is to report on the validation activities of the INVIRCAT project. To this
aim, the document mentions the background of the validation exercises and the relationship with
other documents of the INVIRCAT project. The validation context is elaborated, referring to the
documents created at the planning stage, in particular the Validation Plan (D3.1) and the Uses Cases
Simulation Plan (D3.3).
The 18 validation objectives from the project are summarized, and the 18 linked success criteria are
presented. The assumptions for the validation, stemming from the Initial CONOPS (D2.3) and collected
for D3.1, are listed for reference.
Afterwards, the respective focus of each validation campaign is presented, consisting of selected use
cases in certain flight phases:
•

Simulation activities at CIRA focused on the automatic take-off and landing system in nominal
and contingency cases, with a focus on the departure and approach/landing phases of the
flight.

•

Simulation activities at DLR focused on the arrival and approach phases of a flight in nominal
conditions and the contingencies of C2 link loss, transponder failure and conflict situation, for
single or multiple RPAS.

•

Simulation activities at NLR focused on C2-Link and R/T latency situations during nominal
operations, selected contingency situations for R/T voice loss and traffic conflicts, and specific
situations for handover procedures.

Unpreventable deviations from the planning documents are mentioned and justified.
In the following chapter, the validation results for each of the KPAs Safety, Human Performance,
Operational Efficiency, Equity, and Capacity are presented. Complementary, the results per validation
objective are evaluated, with the potential statuses OK, POK, or NOK for achieved, partially achieved
or not achieved validation criteria. 14 out of 18 objectives are assessed with status OK, and the
remaining 4 objectives with POK.
The quality of the achieved validation results is assessed afterwards. Limitations encountered
throughout the simulation are described, and their impact on the results is qualified where possible.
The document closes with conclusions of this validation report, and an outlook on further steps.

1

The opinions expressed herein reflect the author’s view only. Under no circumstances shall the SESAR
Joint Undertaking be responsible for any use that may be made of the information contained herein.
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2 Introduction
This deliverable is called D3.4 Exploratory Research Validation Report. The background, purpose and
structure, and the relationship with other documents is presented in the following.

2.1 Background
The INVIRCAT project aims at creating a concept of operations (CONOPS) for remotely piloted aircraft
systems (RPAS) in terminal manoeuvring areas (TMA) and airports, and to derive operational and
functional requirements. To this end, the project is structured with initial versions of documents
detailing these topics, and assessing these initial versions through simulations in a validation campaign.
The results are used to create refined versions of the CONOPS and the requirements definition at the
end of the project. This deliverable reports on the outcome of the validation campaign.

2.2 Purpose and Structure of the Document
The purpose of this deliverable is to close the link between the validation campaign and the final
versions of the CONOPS, the requirements definition, and the final report in the INVIRCAT project.
This chapter presents the background, purpose, and relationship with other documents in the project.
Chapter 3 describes the validation context, and how the work in the project led to the validation
campaign. The validation plan, as presented in D3.1, is briefly summarized to enable proper
understanding of the following result chapter. Deviations to any documentation or the Grant
Agreement of the project that became necessary during the preparation of the validation campaign
are mentioned and justified.
Chapter 4 presents a concise report on the fulfilment of validation targets, i.e. the meeting of defined
key performance areas (KPA), and a detailed presentation of the validation objectives and their
accomplishment. Further, the quality of the validation results, i.e. meeting of KPA and objectives, is
discussed. Finally, any mentionable limitation of the achieved results is examined.
Chapter 5 summarises this deliverable and gives an outlook to the upcoming work and documentation
in the project. Noteworthy is that final iterations of the CONOPS and requirements will follow in D2.4
and D4.2, respectively, and that results of the whole project and conclusions will be elaborated in D4.3.
Appendix A and Appendix B can be used for consultation of the abbreviations and terminology used in
the project and, in particular, in this deliverable.
The deliverable closes with Appendix C to Appendix F, which present the detailed results per validation
exercise. The validation campaign has been split into multiple exercises for logistical reasons, and to
take account for specialisation of project partners.

2.3 Relationship with other Documents
This deliverable is targeted to be a complete and concise summarisation of the simulation activities in
the INVIRCAT project as described in the deliverables D3.1 Validation Plan, D3.2 Validation
Architecture and D3.3 Use Cases Simulation Plan. The basis for the investigated scenarios has already
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been set up in D2.2 Use Case Definition and Concept Outline, and applied novel procedures have been
defined in the course of the creation of D2.3 Initial CONOPS ‘RPAS in the TMA’.
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3 Validation Context
Generally, the INVIRCAT validation documentation describing the overall validation plan (D3.1) and the
local use cases validation plans (3.3) builds on the Use Cases as described in D2.2 and summarized in
Ch. 3.1.1. Starting from a description of the project aim, the overall validation plan determined the key
performance areas (KPAs) to be investigated. They were Operational Safety, Human Performance, and
Operational Efficiency. In addition, Access and Equity, as well as Capacity, were added to the list,
although it was expected that, due to the exploratory character of the project, it would not be possible
to find solid and significant results in that area. Validation objectives were then formulated such that
results for the different use cases would be found for each of the KPAs. The objectives and success
criteria are summarized in Ch. 3.1.2. The work was distributed among validation sites and the process
and corresponding details were described in the use case validation plans.
The present document describes the results for the different validation site activities and finds
conclusions and recommendations for them. A final analysis of all results will be given in another set
of documents that will be produced as part of WP4 of the INVIRCAT project. This is described in more
detail in Ch. 3.3.

3.1 Summary of the Validation Plan
3.1.1 Definition of INVIRCAT Use Cases
The INVIRCAT Use Cases Definition and Concept Outline document (D2.2) describes use cases that are
relevant to IFR RPAS operations within the TMA environment. These use cases are divided into nominal
and non-nominal use cases. The D2.2 document uses the same format to describe all use cases, with
separate tables detailing use case characteristics and the flow of activities per use case (cf. Ref. [1]).
The following table lists all described use cases with the indicators introduced in the INVIRCAT Use
Cases Simulation Plan (D3.3) as a reference and makes a link to the relevant chapter numbers for a
specific use case in D2.2. The list is based on the one already presented in D3.3, but has been slightly
re-arranged for a better overview (cf. Ref. [2]).
Table 3-1: Overview of Use Cases for IFR RPAS Operations in the TMA from D2.2 [1]

Identifier

Title

Nominal Use Cases

D2.2
4.1

UC-INV-VALP-NMN.001

Taxi Operations

4.1.1

UC-INV-VALP-NMN.002

Take-Off

4.1.2

UC-INV-VALP-NMN.003

Departure via SID

4.1.3

UC-INV-VALP-NMN.004

Arrival via STAR

4.1.4

UC-INV-VALP-NMN.005

Holding

4.1.5

UC-INV-VALP-NMN.006

Approach

4.1.6
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UC-INV-VALP-NMN.007

Landing

4.1.7

Non-nominal Use Cases

4.2

Propulsion Failure - Single Engine RPAS

4.2.1

UC-INV-VALP-NON.001.001

Take-off Before VR

4.2.1.1

UC-INV-VALP-NON.001.002

Take-off After VR

4.2.1.2

UC-INV-VALP-NON.001.003

Departure via SID, Arrival via STAR, Holding and Approach

4.2.1.3

Partial Propulsion Failure - Multi Engine RPAS

4.2.2

UC-INV-VALP-NON.002.001

Take-off Before V1

4.2.2.1

UC-INV-VALP-NON.002.002

Take-off between V1 and VR without RTO

4.2.2.2

UC-INV-VALP-NON.002.003

Take-off between V1 and VR with RTO

4.2.2.3

UC-INV-VALP-NON.002.004

Take-off After VR

4.2.2.4

UC-INV-VALP-NON.002.005

Departure via SID, Arrival via STAR, Holding and Approach

4.2.2.5

Automatic Take-Off and Landing System Occurrences

4.2.3

UC-INV-VALP-NON.003.001

Take-Off Before V1

4.2.3.1

UC-INV-VALP-NON.003.002

Take-Off After V1

4.2.3.2

UC-INV-VALP-NON.003.003

Approach

4.2.3.3

Command and Control (C2) Link Failure

4.2.4

UC-INV-VALP-NON.004.001

Departure via SID with C2 Link Recovery

4.2.4.1

UC-INV-VALP-NON.004.002

Departure via SID with Flight Termination

4.2.4.2

UC-INV-VALP-NON.004.003

Arrival via STAR with C2 Link Recovery

4.2.4.3

UC-INV-VALP-NON.004.004

Arrival via STAR with Flight Termination

4.2.4.4

UC-INV-VALP-NON.004.005

Holding Procedure with C2 Link Recovery

4.2.4.5

UC-INV-VALP-NON.004.006

Holding Procedure with Flight Termination

4.2.4.6

UC-INV-VALP-NON.004.007

Approach with C2 Link Recovery

4.2.4.7

UC-INV-VALP-NON.004.008

Approach with Flight Termination

4.2.4.8

Transponder Failure
UC-INV-VALP-NON.005

4.2.5
Transponder Failure

4.2.5

Radio Voice Communication (R/T) Failure

4.2.6

UC-INV-VALP-NON.006

4.2.6

Radio Voice Communications Failure

Missed Approach (Go-around)
UC-INV-VALP-NON.007

4.2.7
Missed Approach

Conflict
UC-INV-VALP-NON.008.001
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UC-INV-VALP-NON.008.002

Conflict during Departure via SID

4.2.8.2

UC-INV-VALP-NON.008.003

Conflict during Arrival via STAR

4.2.8.3

UC-INV-VALP-NON.008.004

Holding Conflict

4.2.8.4

UC-INV-VALP-NON.008.005

Approach Conflict

4.2.8.5

UC-INV-VALP-NON.008.006

Landing Conflict

4.2.8.6

Fuel Starvation

4.2.9

UC-INV-VALP-NON.009

Fuel Starvation

4.2.9

It should be noted that, depending on the C2 link and communication architecture that is applied (see
also Ch. 3.4 of D2.2), different perceptible latencies can occur when operating the RPA. The effect of
these latencies is described for the relevant use cases as part of the characteristics table in D2.2, and
the type of latency experienced is indicated in the flow of activities table. If more information on the
expected latency issues is required, the reader should therefore consult this document. It also presents
the results of a literature review that found basic values for the latencies to be expected (Ch. 3.4.3 of
D2.2). These values have been applied consistently throughout all simulation activities.

3.1.2 Summary of Validation Objectives for the Project
The INVIRCAT Validation Plan document (D3.1) is a high-level plan for the different validation activities
and specifies a set of common validation objectives addressed by the INVIRCAT project (Ref. [3]). In
order to reach the aims of the project, the use cases to be addressed and the relevant validation
objectives were distributed among the INVIRCAT simulation activities. What this meant for the
different validation sites and platforms, is further detailed below.
The following tables are meant as a reference and briefly summarize both the validation objectives as
well as the related success criteria contained in D3.1. These criteria mainly refer to feedback from Air
Traffic Controllers (ATCO) and Remote Pilots (RPIL), but also address measurements for frequency
congestion, runway throughput and equity in controlling manned and unmanned traffic.
Table 3-2: Overview of Validation Objectives from D3.1 [3]

Identifier

Assessment Objective

OBJ-INV-001

Acceptability of IFR RPAS Integration in TMA/Airport under Nominal Conditions

OBJ-INV-002

Acceptability of IFR RPAS Integration in TMA/Airport in Contingency Situations

OBJ-INV-003

Acceptable Safety Levels under Nominal Conditions

OBJ-INV-004

Acceptable Safety Levels in Contingency Situations

OBJ-INV-005

Acceptable ATOL Procedures under Nominal Conditions

OBJ-INV-006

Acceptable ATOL Procedures in Contingency Situations

OBJ-INV-007

Acceptable Latency in C2 Link and R/T Voice Communication

OBJ-INV-008

Acceptable Safety Levels during RPA Handover
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OBJ-INV-009

Adequate Phraseology under Nominal Conditions

OBJ-INV-010

Adequate Phraseology in Contingency Situations

OBJ-INV-011

Adequate Information Provision for RPIL and ATCO under Nominal Conditions

OBJ-INV-012

Adequate Information Provision for RPIL and ATCO in Contingency Situations

OBJ-INV-013

Adequate Requested Human Contribution under Nominal Conditions

OBJ-INV-014

Adequate Requested Human Contribution in Contingency Situations

OBJ-INV-015

Acceptable Workload Levels for ATCO under Nominal Conditions

OBJ-INV-016

Acceptable Workload Levels for ATCO in Contingency Situations

OBJ-INV-017

Impact of IFR RPAS Integration in TMA/Airport on Runway Throughput

OBJ-INV-018

Impact of IFR RPAS Integration in TMA/Airport on Equity

Table 3-3: Overview of Success Criteria from D3.1 [3]

Identifier

Success Criterion

CRT-INV-001.001

Positive Feedback from ATCO and RPIL

CRT-INV-002.001

Positive Feedback from ATCO and RPIL

CRT-INV-003.001

Positive Feedback from ATCO and RPIL

CRT-INV-004.001

Positive Feedback from ATCO and RPIL

CRT-INV-005.001

Positive Feedback from ATCO and RPIL

CRT-INV-006.001

Positive Feedback from ATCO and RPIL

CRT-INV-007.001

Positive Feedback from ATCO and RPIL

CRT-INV-007.002

No Airspace or Frequency Capacity Restrictions Caused by Latency

CRT-INV-008.001

Positive Feedback from ATCO and RPIL

CRT-INV-009.001

Positive Feedback from ATCO and RPIL

CRT-INV-010.001

Positive Feedback from ATCO and RPIL

CRT-INV-011.001

Positive Feedback from ATCO and RPIL

CRT-INV-012.001

Positive Feedback from ATCO and RPIL

CRT-INV-013.001

Positive Feedback from ATCO and RPIL

CRT-INV-014.001

Positive Feedback from ATCO and RPIL

CRT-INV-015.001

Positive Feedback from ATCO

CRT-INV-016.001

Positive Feedback from ATCO

CRT-INV-017.001

No Significant Decrease of Runway Throughput

CRT-INV-018.001

Equitable (Average) Delay of Manned and Unmanned Aircraft
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3.1.3 Summary of Validation Assumptions for the Project
The INVIRCAT Validation Plan document (D3.1) also describes a number of basic assumptions for all
validation activities. Again, in order to provide a concise overview, all assumptions are listed in the
following table.
Table 3-4: Overview of Basic Assumptions from D3.1 [3]

Identifier

Assumption (Short Description)

ASS-INV-001

UAS Category is Class VI

ASS-INV-002

RPA is a Fixed-Wing Aircraft

ASS-INV-003

Filed Flight Plan (from INVIRCAT Concept)

ASS-INV-004

IFR Capability (from INVIRCAT Concept)

ASS-INV-005

RPA-ATC Backup Communication (Fixed Landline)

ASS-INV-006

ATOL with Manual Abort

ASS-INV-007

Airport with Precision Landing System (up to CAT IIIc)

ASS-INV-008

RPIL Responsibility (Automation only in case of C2 Link Failure)

ASS-INV-009

Cameras never used for Flight-Critical Operations

ASS-INV-010

Single C2 Link for Command Transmission and Telemetry

ASS-INV-011

Automatic Change of Transponder Code after C2 Link Loss

ASS-INV-012

RPAS has Airworthiness Certificate (Flight over Densely Populated Areas)

ASS-INV-013

RPAS Performances Comparable to Conventional Manned Aircraft

ASS-INV-014

Adequately Trained and Certified RPIL

3.1.4 Distribution of Validation Objectives and Use Cases
The following sub-chapters describe how validation objectives and relevant use cases were divided
among the different simulation sites of the project partners. This distribution was in line with the
intended focus of each of the partners and that focus will also be described in more detail.
It should be noted that the taxiing phase could not be validated with any of the RPAS simulators,
meaning that a realistic assessment of that phase was not possible. Only the unmanned traffic that
was simulated inside the ATC simulation and steered by pseudo-pilots could also perform realistic
movements on the taxiways, but such traffic was only assessed in one scenario, where it was necessary
to have several flights available at the same time.
Furthermore, a common connected simulation activity between DLR and NLR was planned to make an
assessment of different procedures for handover from one RPS to another one inside the TMA.
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Figure 3-1: Matrix showing the relationship between Validation Objectives and covered Use Cases

The relationship between the validation objectives defined in D3.1 and the use cases described in D2.2
is shown in Figure 3-1. The displayed matrix indicates which of the validation objectives can be
reasonably validated in which use case (indicated by the crosses). Based on this matrix, each project
partner determined a focus area and the scope and contents of the necessary validation scenarios.
As already reported in D3.2 [4], the developed procedures for propulsion failure were not validated
through simulation, as none of the partners had the capability to realistically simulate propulsion
failure using their simulation platforms.
In order to make a distinction between the flight phases covered by the different simulation sites per
validation objective and use case, identifiers for the phases were established. They are shown in the
following table together with a short description of where a phase begins and where it ends:
Table 3-5: Identifiers for Different Flight Phases

Identifier

Flight Phase

FP-1

Take-off: from RPAS lined up on runway until airborne (and on APP frequency)

FP-2

Departure (SID): from being on APP frequency until TMA exit (and not on frequency)

FP-3

Arrival (STAR): from TMA entry (and on APP frequency) until IAF

FP-4

Holding: from beginning until end of holding procedure

FP-5

Approach: between IAF and FAF while still on APP frequency

FP-6

Landing: after FAF on TWR frequency and having received a landing clearance

All flight phases needed to be covered and that was again reflected in the set-up of the chosen
validation scenarios. While D3.3 describes these scenarios in great detail, an overview of the focus
areas and the scenario contents will be given in the following.
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3.1.5 CIRA Focus: ATOL Nominal and ATOL Contingency Operations
In their simulation exercises, CIRA focussed on the take-off, final approach and landing phases of an
IFR RPAS flight while the Automatic Take-off and Landing (ATOL) system was enabled. Apart from a
reference scenario without an RPAS and the nominal condition use cases, CIRA also simulated
contingency situations with an ATOL failure, a C2 link failure and a conflict situation. For the C2 link
failure simulation, only the use case with recovery of the link was considered. Two different levels of
C2 link latency were applied to the scenarios for ATOL contingency and conflict simulations while only
one level of C2 latency were applied to the nominal and C2 link failure scenarios when less interactions
between RPIL and RPA are foreseen. For all of the contingency scenarios two different levels were
applied for traffic density, namely medium and standard, with respectively 4 and 5 operations in
15min.
This led to the following INVIRCAT solution scenarios that were simulated by CIRA:
Table 3-6: CIRA Simulation Scenarios

Identifier

Title

Nominal Use Cases

D2.2
4.1

Nominal 1

ATOL take-off

Nominal 2

ATOL final approach and landing

Non-nominal Use Cases

4.2

Automatic Take-Off and Landing System Occurrences

4.2.3

ATOL Contingency 1

ATOL contingency during take-off (Rejected Take Off)

ATOL Contingency 2

ATOL contingency during landing (MA/GA)

Command and Control (C2) Link Failure
C2 Link 1

C2 link failure during final approach with recovery of link

Missed Approach (Go-around)
N/A

4.2.4

4.2.7

Part of ATOL Contingency 2 and Conflict 2 scenarios

Conflict

4.2.8

Conflict 1

ATCO detects a conflict during take-off (Rejected Take Off)

Conflict 2

ATCO detects a conflict during landing (MA/GA)

The two levels used for C2 link latencies are 0.5s for low and 2s for high. The used value for low latency
was lowered respect to 1s considered in the other RTSs under suggestion of the involved RPIL to make
it more evident the difference between low and high latency.

3.1.6 DLR Focus: Arrival with C2 Link Loss, Transponder Failure and Conflict
DLR simulation exercises focussed on the arrival phase of an IFR RPAS flight. While simulations were
carried out across all phases of flight, interaction between RPIL and ATC only happened during arrival,
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holding, and approach phases. The landing phase was excluded from any interaction between RPIL and
ATC.
Apart from a reference scenario without an RPAS and the nominal condition use cases, DLR also
simulated C2 link failure, transponder failure, and a conflict situation. For the C2 link failure
simulations, cases for recovery as well as flight termination were considered. Flight termination was
represented during the simulations by a permanent C2 link loss condition and a usage of the loitering
area until the end of the simulation. The actual controlled flight into terrain was not simulated, as the
simulation stopped before this phase of flight occurred. C2 link latency aspects were investigated in
the nominal scenario as well as in conflict and transponder failure situations.
This led to the following INVIRCAT solution scenarios that were simulated by DLR:
Table 3-7: DLR Simulation Scenarios

Identifier

Title

Nominal Use Cases

D2.2
4.1

Nominal 1

Nominal scenario with one RPAS (low C2 latency)

Nominal 2

Nominal scenario with multiple RPAS

Nominal 3

Nominal scenario with one RPAS (high C2 latency)

Non-nominal Use Cases

4.2

Command and Control (C2) Link Failure

4.2.4

Contingency 1

C2 link failure for one RPAS

Contingency 2

C2 link failure for multiple RPAS

Transponder Failure
Contingency 3

4.2.5
Transponder failure for one RPAS

Conflict
Contingency 4

4.2.8
Conflict for one RPAS

Scenarios Nominal 3, as well as Contingency 3 and Contingency 4 were carried out with high C2 link
latency.
The simulation was set to 1 second delay in low C2 link latency conditions, and 2 seconds delay in high
C2 link latency conditions.

3.1.7 NLR Focus: C2 Link and R/T Latency, R/T Loss, Conflicts, Handover
NLR contributed to the validation activities through evaluation of C2-Link and R/T latency situations
during nominal operations, selected contingency situations for R/T voice loss and traffic conflicts, and
specific situations for handover procedures. To that end, NLR used their simulation and validation
platforms for ATC and RPAS operations, NARSIM and MUST.
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In order to be able to better consider the impact of several RPAS in the TMA, an additional nominal
scenario with several low-fidelity RPAS models in NARSIM was executed (without the high-fidelity
MUST simulator). Furthermore, a reference scenario was carried out with only manned traffic.
For execution of the relevant use cases, the simulation elements RPAS, RPIL, ATCOs, controller working
positions (CWP), pseudo-pilots and aircraft models (for manned traffic and additional unmanned
traffic) were all considered. There was a special focus on latency aspects (C2 link and voice, at three
different levels, determined by the chosen architecture) during all flight phases.
This led to the following INVIRCAT solution scenarios that were simulated by NLR:
Table 3-8: Overview of Use Cases for IFR RPAS Operations in the TMA from D2.2 [1]

Identifier

Title

Nominal Use Cases

D2.2
4.1

Nominal 1

Nominal condition with one RPAS (low latency)

Nominal 2

Nominal condition with multiple RPAS (low latency)

Non-nominal Use Cases

4.2

Radio Voice Communication (R/T) Failure

4.2.6

Contingency 1

R/T Failure in Departure phase (R/T Failure restored)

Contingency 2a

R/T Failure in Arrival phase (RPIL contacts ATCO) until loiter point

Contingency 2b

R/T Failure in Arrival phase (ATCO contacts RPIL) until loiter point

Contingency 3

R/T Failure in Approach phase until loiter point

Contingency 4

R/T Failure in Landing phase until loiter point

Contingency 5

R/T Failure in Approach phase and high latency (R/T Failure restored)

Loiter 1

Landing from LTR with R/T Failure restored

Loiter 2

Landing from LTR with R/T Failure not restored

Loiter 3

Landing from LTR with R/T Failure not restored (high latency)

Missed Approach (Go-around)
N/A

Part of Contingency 4 scenario

Conflict

4.2.8

Conflict 1

Conflict in Departure phase with high latency

Conflict 2

Conflict in Arrival phase with high latency

Handover between Remote Pilot Stations
Handover 1

Handover between RPSs (with loiter manoeuvre)

Handover 2

Handover between RPSs (notifying controller)

Handover 3

Handover between RPSs (not notifying controller/seamless)
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It should be noted that most contingency scenarios ended at the loiter point in order to avoid an
unnecessary increase of effort and simulation time for carrying out the same operation from the loiter
point down to the runway. Instead, basic scenarios starting at the loiter point were added.
Further, a missed approach situation was only considered for the case that R/T could not be recovered
in time for the landing.
It should also be noted that Handover use cases were not described in D2.2. Instead the relevant
procedures that were investigated have been described in the Initial CONOPS Document D2.3 (Ref.
[5]).

3.2 Deviations from the Validation Plan
As already mentioned above, it was initially planned to have a common distributed simulation activity
between DLR and NLR for the handover of an RPA flight from one RPS to another inside the TMA of
Rotterdam-The Hague Airport. The idea was to start an RPAS Departure operation with MUST from
Rotterdam simulated by NLR within NARSIM. During handover, a technical switch from the MUST RPS
to the U-FLY RPS of DLR should have taken place, with the necessary U-FLY data being transferred to
NARSIM via a specific server connection. While the transmission of data between DLR and NLR worked,
the server that was supposed to translate the U-FLY data to a NARSIM-readable format did not function
as expected (have a look at the proposed technical solution in Ch. 5 of D3.2, Ref. [4]).
As a consequence, it was decided to carry out the operational handover scenarios at NLR with two
instances of the MUST RPS simulation and two pilots performing the checklist procedure, switching
from one MUST RPS instance to the next (at the same simulator working position). As this technical
solution had no impact on the handover operation itself or what the Rotterdam approach controller
would see on the radar display, this change in the validation plan had no impact whatsoever on the
validation objectives. The only (technical) objective that was not achieved was to demonstrate the
capability of having a second remote RPS simulation (U-FLY) run in the NARSIM environment.

3.3 Validation Results and Document Updates
While the validation results obtained at three sites of CIRA, DLR and NLR are described in the present
document, further analysis of the consequences of the results with respect to the described concept,
use cases and requirements documentation will be performed in other documents. They are:
D4.1: Strategies on IFR RPAS Operations in the TMA: Alternatives, Requirements and Effects
This deliverable aims to give a concise overview of the findings of the INVIRCAT project. It looks at
particular elements of the concept, such as the C2 link architectures, the communication link
architectures, and the ATOL system. Each aspect is described in terms of advantages, disadvantages,
and gaps, so that the reader can easily identify the outcome.
D4.2: INVIRCAT Final Operational and Technical Requirements Definition
Requirements were covered extensively and with great detail in the INVIRCAT Preliminary
Requirements Definition (D2.5) document and will be further refined in D4.2. The final Operational
and Technical Requirements will be described in such a way that information is not repeated but that
the impact of the validation results is highlighted and elaborated.
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D4.3: INVIRCAT Final Report: Impact and Recommendations
This document will contain a final look at the impact of the INVIRCAT project on concepts and
requirements for integrating IFR RPAS in TMA operations and will give valuable recommendations
regarding further refinement and future activities.
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4 Validation Results
In the following chapter, validation results will be presented per each of the KPAs Safety, Human
Performance, Operational Efficiency, Equity, and Capacity first. Subsequently, the results will be
presented per each of the 18 validation objectives. The results are combined from the separate
validation exercises as presented in Appendix C, Appendix D, Appendix E, and Appendix F.

4.1 Validation Results per KPA
Safety: Sixteen objectives (OBJ-INV-VALP-001, OBJ-INV-VALP-002, OBJ-INV-VALP-003, OBJ-INV-VALP004, OBJ-INV-VALP-005, OBJ-INV-VALP-006, OBJ-INV-VALP-007, OBJ-INV-VALP-008, OBJ-INV-VALP009, OBJ-INV-VALP-010, OBJ-INV-VALP-011, OBJ-INV-VALP-012, OBJ-INV-VALP-013, OBJ-INV-VALP014, OBJ-INV-VALP-015, OBJ-INV-VALP-016) concern the safety KPA. The impact of INVIRCAT on this
KPA is assessed by demonstrating that IFR RPAS can be safely introduced within TMA and airport. The
results gathered from the four simulation exercises confirm that, in both nominal and contingency
conditions, the IFR RPAS can be safely introduced since the simulated RPA does not highlight major
performance differences with manned traffic within the TMA environment. .
Human Performance: Fifteen objectives (OBJ-INV-VALP-001, OBJ-INV-VALP-002, OBJ-INV-VALP-005,
OBJ-INV-VALP-006, OBJ-INV-VALP-007, OBJ-INV-VALP-008, OBJ-INV-VALP-009, OBJ-INV-VALP-010,
OBJ-INV-VALP-011, OBJ-INV-VALP-012, OBJ-INV-VALP-013, OBJ-INV-VALP-014, OBJ-INV-VALP-015,
OBJ-INV-VALP-016, OBJ-INV-VALP-017) concern the human performance KPA. Mostly positive
feedback is collected from RPIL and ATCOs through questionnaires, debriefing sessions and over the
shoulder observations. The introduction of IFR RPAS does not negatively affect ATCOs and RPIL during
operations in both nominal and contingency conditions, from ATCO point of view the IFR RPAS is the
same as manned aircraft, from RPIL point of view, the autopilot and ATOL aid allows the RPAS to safely
conduct the operations. Indeed, the IFR RPAS integration into IFR traffic flows does not represent an
issue, especially during nominal situations. RPAS is managed as conventionally-manned traffic for the
ATCOs. Indeed, they were mostly ahead of the traffic situation and evolution .
Operational Efficiency: Five objectives (OBJ-INV-VALP-007, OBJ-INV-VALP-011, OBJ-INV-VALP-015,
OBJ-INV-VALP-016, OBJ-INV-VALP-017) concern the operational efficiency KPA. Generally positive
feedback by pilots and ATCOs was collected through questionnaires. Communication between the RPIL
and ATCO was mostly clear and without misunderstandings. The communication latency, even at the
highest latency level simulated in the exercises, does not represent a real issue for both RPIL and ATCO,
as this already regularly happens in current operations. Regarding the C2 link latency, the ATCOs
claimed that, even the highest latency does not influence their tasks, while RPILs during take-off phase
with high latency (2 seconds) reported some minor issue. However, if the ATOL properly works
(nominal conditions) the C2 latency in take-off and landing phases did not represent a real issue.
Regarding the HMIs used during the experiment, RPIL and ATCOs mostly agreed that they received the
information on time and clearly. Some specific HMI aspects mentioned by NLR and DLR radar ATCOs
in the simulations have been considered worthy of improvement. In addition, the phraseology
proposed for the IFR RPAS inside the TMA was adequate most of the time. However, both RPIL and
ATCO recommend to develop a dedicated phraseology and training for ATCO in case of contingencies.
Equity: One objective (OBJ-INV-VALP-018) concerns the equity KPA. Positive feedback by ATCOs was
collected through the over the shoulder observations and during the debriefing sessions. Indeed, all
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ATCOs in all simulations claimed that the IFR RPAS was managed just like manned traffic and there is
no difference between the two types of traffic, especially during nominal conditions. If necessary, the
RPAS as well as the manned IFR traffic would receive radar vectors in order to maintain separation i.e.
the RPAS was not given priority on purpose. However, during the C2 link loss simulations, ATCOs
recommended to declare an emergency in order to safely conduct the other manned operations.
Capacity: One objective (OBJ-INV-VALP-017) concerns the capacity KPA. Feedback was collected
through questionnaires and platform data. The integration of IFR RPAS into controlled airspace did not
negatively affect runway throughput. However, due to the difference in performance between the
manned and some of the unmanned traffic, it was highlighted that there was a need to provide the
RPAS with vectors to allow them to be inserted into the arrival sequence. In a context where there is
a mix of VFR and IFR traffic this should not represent an issue.
However, further investigations are needed regarding the contingencies which are detailed for specific
objectives.

4.2 Validation Results per Validation Objective
Table 4-1 summarizes the results of the Validation objectives as defined in D3.1 [3]. The validation
objectives are assessed based on the success criteria, also defined in D3.1. The status can be OK, POK
or NOK according to the following definition:
•

OK: Validation objective meets the expectations (success criteria achieved)

•

POK: Validation objective meets the expectations with some exceptions (success criteria
partially achieved)

•

NOK: Validation objective does not meet the expectations (success criteria not achieved)

Table 4-1: Summary of Validation Results
Validation
Objective
ID

Validation
Objective Title

Success
Criterion
ID

Success Criterion

Validation Results

Validation
Objective
Status

OBJ-INV001

Acceptability in
nominal
conditions

CRT-INV001.001

Positive feedback
from ATCOs and
Remote Pilots

Positive feedback is
collected from both ATCO
and RPIL.

OK

OBJ-INV002

Acceptability in
contingencies

CRT-INV002.001

Positive feedback
from ATCOs and
Remote Pilots

Positive feedback is
collected from both ATCO
and RPIL. However, C2L
failure need to be further
investigated

POK

OBJ-INV003

Safety levels in
nominal
conditions

CRT-INV003.001

Positive feedback
from ATCOs and
Remote Pilots

Positive feedback is
collected from both ATCO
and RPIL.

OK

OBJ-INV004

Safety levels in
contingencies

CRT-INV004.001

Positive feedback
from ATCOs and
Remote Pilots

Positive feedback is
collected from both ATCO
and RPIL. ATCO and RPIL
need to be trained regarding
procedures

POK
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OBJ-INV005

ATOL procedures
acceptability in
nominal
conditions

CRT-INV005.001

Positive feedback
from ATCOs and
Remote Pilots

Positive feedback is
collected from both ATCO
and RPIL.

OK

OBJ-INV006

ATOL procedures
acceptability in
contingencies

CRT-INV006.001

Positive feedback
from ATCOs and
Remote Pilots

Positive feedback is
collected from both ATCO
and RPIL.

OK

OBJ-INV007

C2-Link and R/T
voice acceptable
latency

CRT-INV007.001

Positive feedback
from ATCOs and
Remote Pilots

Positive feedback is
collected from both ATCO
and RPIL.

OK

CRT-INV007.002

No airspace/comms
frequency capacity
restriction due to
latency

No frequency capacity
restriction are highlighted.

OK

Positive feedback is
collected from both ATCO
and RPIL. However, if
possible, the handover shall
be performed outside the
TMA

OK

Positive feedback
from ATCOs and
Remote Pilots

OBJ-INV008

Acceptable Safety
Levels during RPA
Handover

CRT-INV008.001

OBJ-INV009

Phraseology
adequacy in
nominal
conditions

CRT-INV009.001

Positive feedback
from ATCOs and
Remote Pilots

Positive feedback is
collected from both ATCO
and RPIL.

OK

OBJ-INV010

Phraseology
adequacy in case
of contingencies

CRT-INV010.001

Positive feedback
from ATCOs and
Remote Pilots

Positive feedback is
collected from both ATCO
and RPIL. ATCO and RPIL
shall be trained regarding all
the possible contingencies

POK

OBJ-INV011

Adequacy of
information
provision in
nominal
conditions

CRT-INV011.001

Positive feedback
from ATCOs and
Remote Pilots

Positive feedback is
collected from both ATCO
and RPIL.

OK

OBJ-INV012

Adequacy of
information
provision in
contingencies

CRT-INV012.001

Positive feedback
from ATCOs and
Remote Pilots

Positive feedback is
collected from both ATCO
and RPIL.

OK

OBJ-INV013

Human
contribution in
nominal
conditions

CRT-INV013.001

Positive feedback
from ATCOs and
Remote pilots

Positive feedback is
collected from both ATCO
and RPIL.

OK

OBJ-INV014

Human
contribution in
contingencies

CRT-INV014.001

Positive feedback
from ATCOs and
Remote Pilots

Positive feedback is
collected from both ATCO
and RPIL.

OK

OBJ-INV015

ATCO Workload

CRT-INV015.001

Positive feedback
from ATCOs.

Positive feedback is
collected from both ATCO
and RPIL.

OK
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OBJ-INV016

ATCO workload in
contingencies

OBJ-INV017

Impact of IFR
RPAS Integration
in TMA/Airport on
Runway
Throughput

OBJ-INV018

Impact of IFR
RPAS Integration
in TMA/Airport on
Equity

CRT-INV016.001

Positive feedback
from ATCOs.

Positive feedback is
collected from both ATCO
and RPIL.

OK

CRT-INV017.001

No Significant
Decrease of Runway
Throughput

Runway throughput is
maintained. However, to
introduce RPAS with
different performance
characteristics as other
traffic, sometimes the ATCO
had to increase track miles
and flight time

POK

CRT-INV018.001

Equitable (Average)
Delay of Manned
and Unmanned
Aircraft

RPAS and manned traffic are
equally managed. No
priority are provided.

OK

4.2.1 OBJ-INV-VALP-001
The validation objective OBJ-INV-VALP-001 is covered by the four exercises (CIRA, DLR, NLR and
distributed simulation). The objective is related to Safety and Human Performance KPAs. The
achievement of the objective with respect to the success criterion is assessed by means of ad-hoc
questionnaires (PRQ and PEQ), standard tool (CARS) debriefing sessions and over the shoulder
observation.
Mostly positive feedback is collected by the four exercises covering this objective. All the simulations
agree regarding the acceptability of IFR RPAS in nominal conditions and provided common feedback.
Both the RPIL and ATCO felt comfortable during the simulation runs and they felt able to plan and
organize their work according to the preferences. In all the simulations, the ATCOs stated that in
nominal conditions, the RPAS is managed as conventionally-manned traffic and it does not represent
an issue even in case it is slower than manned traffic (of course the level of workload increases but in
a mix of VFR and IFR flights, this should not be a problem). CARS evaluation as well as the assessment
of effect on job satisfaction for ATCOs showed positive acceptance in nominal conditions. Generally,
the R/T or C2 link latencies were not noted. Both delays would be comparable to a slowly reacting pilot
in a manned aircraft. Even the distributed simulation (Appendix F), focussed on the handover
procedure, highlighted the acceptability of IFR RPAS into TMA. In particular, the APP ATCO raised that
technically the handover in the TMA is feasible, however it is preferred to take place outside of the
TMA if possible since it represents a crucial procedure.
For further details regarding the results of the simulations please refer to the Appendix C, Appendix D,
Appendix E and Appendix F of each exercise.

4.2.2 OBJ-INV-VALP-002
The validation objective OBJ-INV-VALP-002 is covered by the three exercises (CIRA, DLR, NLR). The
objective is related to the Human Performance KPA. The achievement of the objective with respect to
the success criterion is assessed by means of ad-hoc questionnaires (PRQ and PEQ), standard tool
(CARS) debriefing sessions and over the shoulder observation.
Mostly positive feedback is collected by three exercises (CIRA, DLR and NLR) covering this objective.
All the simulations agree regarding the acceptability of IFR RPAS in contingency conditions. Regarding
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the R/T scenario in contingency situation, positive feedback is provided by the actors: although loss of
communication with manned aircraft is a contingency, the availability of a backup phone connection
between ATC and RPS when there is loss of communication with the RPA offers more possibilities and
flexibility in finding an operational solution to the problem. The direct communication via the backup
phone resulted in the APP controller managing the RPAS as if there was no R/T failure. During the R/T
failure, the transponder squawk code 7600 for radio communication loss was emitted by the RPAS.
The APP ATCO suggest to use this squawk code only when the back-up line is not active to reduce the
level of workload and to identify if there is a back-up line failure. There is a need for a procedure that
the RPA should perform in order for the ATCO to identify the loss of the back-up line such that the
RPAS movements become more predictable. Following the validation run where the back-up line
failed, the ATCOs felt the need to provide clearances to the RPAS earlier than usual fearing another
failure of the back-up line.
However, some issues are highlighted during C2 link loss contingency situations where the RPIL could
not perform any manoeuvre on the RPAS and he/she was not aware regarding the status/trajectory of
the aircraft. Furthermore, the ATCO was aware that he/she could manage only manned traffic. In this
situation, sometimes the RPA interfered with manned traffic. Even the transponder issue is significant
as highlighted by the DLR exercise.
Negative feedback is provided by APP ATCO in conflict situations with manned traffic where RPAS is to
be instructed. However, in case such conflict would occur in actual operations, the ATCO decides how
the conflict is solved and is not forced to give clearances to the RPAS only. Therefore, although this
scenario was induced by the RPAS, the APP controller’s experience would not have been very different
if it did not involve a RPAS.
For further details regarding the results of the simulations please refer to the Appendix C, Appendix D
and Appendix E of each exercise.

4.2.3 OBJ-INV-VALP-003
The validation objective OBJ-INV-VALP-003 is covered by the four exercises (CIRA, DLR, NLR and
distributed simulation). The objective is related to Safety KPA. The achievement of the objective with
respect to the success criterion is assessed by means of ad-hoc questionnaires (PRQ and PEQ),
debriefing sessions and over the shoulder observation.
Feedback from ATCOs and RPIL are positive regarding the safety levels in nominal conditions. The
situational awareness during the overall runs were always excellent/good and no particular issues are
raised. The ATCOs never had the feeling to focus to much on a single problem in the nominal situation.
The ATCOs and RPIL agree/strongly agree that the IFR RPAS integration within TMA will allow a
sufficient level of safety in nominal conditions. Regarding the distributed simulation the RPIL felt that
the safety level deteriorated by not informing ATC that a handover is taking place.
For further details regarding the results of the simulations please refer to the Appendix C, Appendix D,
Appendix E and Appendix F of each exercise.

4.2.4 OBJ-INV-VALP-004
The validation objective OBJ-INV-VALP-004 is covered by the three exercises (CIRA, DLR, NLR). The
objective is related to Safety KPA. The achievement of the objective with respect to the success
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criterion is assessed by means of ad-hoc questionnaires (PRQ and PEQ), debriefing sessions and over
the shoulder observation.
Mostly positive feedback is provided by the ATCOs and RPIL regarding the safety levels during
contingency. However, as already stated, the C2 link failure represent the most critical contingency
that can affect the RPAS. ATCOs stated that they felt “sometimes” comfortable during this contingency.
However, the ATCOs were mostly ahead of the traffic and were able to predict the traffic evolution.
Regarding the level of shared situational awareness, both the ATCO and RPIL agree that it was good.
Furthermore, the ATCOs and RPIL agree that the IFR RPAS integration within TMA will allow a sufficient
level of safety in contingency situations. Negative feedback is provided by APP ATCO in conflict
situations with manned traffic where RPAS is to be instructed. As already stated in the OBJ-INV-VALP002, if the ATCO decides how the conflict is solved this should not represent a real issue. In the NLR
validation run where the RPAS proceeded directly towards the loiter point (CTG5) during the arrival,
both APP controller and RPIL provided negative feedback. The ATCO stated that it was not aware
regarding the procedures to be taken, and the heading change without instruction towards the loiter
point made the situation unpredictable. The ATCO preferred have the RPAS fly the conventional loss
of communication procedure, and wait for instructions via the back-up communication line. The RPIL
did not feel comfortable to change heading without instruction. Even the APP ATCO strongly disagree
regarding the Conflict scenario in the NLR simulation for what stated in the OBJ-INV-VALP-002.
For further details regarding the results of the simulations please refer to the Appendix C, Appendix D
and Appendix E of each exercise.

4.2.5 OBJ-INV-VALP-005
The validation objective OBJ-INV-VALP-005 is covered by the CIRA’s exercises. The objective is related
to Safety and Human Performance KPAs. The achievement of the objective with respect to the success
criterion is assessed by means of ad-hoc questionnaires (PRQ and PEQ), standard tool (SATI), debriefing
sessions and over the shoulder observation.
All the feedback received by the ATCOs and RPIL regarding the ATOL procedures in nominal conditions
are positive. The RPIL felt always comfortable during the execution of ATOL procedures: it works
accordingly to the expected. The ATOL did not affect the work of the ATCOs, they stated that the RPAS
was always as manned traffic during nominal conditions. In general, ATCOs felt safe managing traffic
including an RPAS executing ATOL procedure. In fact, the ATCOs stated that the ATOL does not affect
their work in any manner. The SATI assessment executed in the PEQ confirms the above sentences.
The RPIL and ATCO both agree/strongly agree that ATOL executed by IFR RPAS fits adequately with
current operations in nominal conditions.
For further details regarding the results of the simulations please refer to the Appendix C.

4.2.6 OBJ-INV-VALP-006
The validation objective OBJ-INV-VALP-006 is covered by the CIRA’s exercise. The objective is related
to Safety and Human Performance KPAs. The achievement of the objective with respect to the success
criterion is assessed by means of ad-hoc questionnaires (PRQ and PEQ), standard tool (SATI), debriefing
sessions and over the shoulder observation.
Regarding the assessment of ATOL procedures in contingency situation, the RPIL was always able to
manage ATOL contingency applying proper and timely procedure. However, in one case the RPIL stated
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“often” due to ATOL fail occurred in the departure phase after V1 with high latency. However, no
problem during this exercise have been detected. Even because the considered ATOL concept is fail
operational and is able to continue operations after a single fail. Also, the ATCOs were always able to
prevent critical situations and to safely recover from the ATOL failure. ATCOs claimed that for them
the RPAS is the same as manned traffic and there are no differences in case of ATOL contingency
because also manned traffic performs abort take-off/missed approach procedures. Both ATCOs and
RPIL agree/strongly agree that ATOL contingencies are manageable with current operations. In
addition, the SATI assessment confirms the above-stated results regarding the ATOL acceptability in
contingencies.
For further details regarding the results of the simulations please refer to the Appendix C.

4.2.7 OBJ-INV-VALP-007
The validation objective OBJ-INV-VALP-007 is covered by the four exercises (CIRA, DLR, NLR and
distributed simulation). The objective is related to Safety, Human Performance, and Operational
Efficiency KPAs. The achievement of the objective with respect to the success criterion is assessed by
means of ad-hoc questionnaires (PRQ and PEQ), debriefing sessions and over the shoulder observation.
Mostly positive results are provided by all the actors involved in the exercises. Regarding the R/T voice
latency communications, both RPIL and ATCOs never had an undesirable impact on cooperation among
them. Common comments are provided by ATCOs regarding the feeling that an R/T voice or C2 latency
is similar to a delay of response of pilots in a conventionally manned aircraft. ATCOs and RPIL did not
notice that different levels of voice communication latency were applied to outbound and inbound
RPAS flights within the simulated environment. Therefore, they also did not change their ways of
working with the different types of traffic. Due to the fact that an ATOL is used for take-off and landing,
and the autopilot was functioning in nominal conditions, RPIL and ATCOs claimed that C2 link latency
does not represent a real issue. In the NLR simulations, RPIL stated that even if inputs to the autopilot
are delayed due to the latency, the autopilot will perform its intended trajectory in accordance to the
programmed trajectory without delay. However, as already stated the C2 link contingency represent
the most critical difference between an RPA and a manned aircraft. If the autopilot or ATOL is not
available (during critical phases of flight), C2 link latency would have an increased impact. The ATCOs
stated that extremely high latency levels could potentially cause more operational complications with
overlapping or missed radio calls. However, the C2-Link and R/T voice latency is acceptable to keep
safety conditions within acceptable level in nominal conditions.
For further details regarding the results of the simulations please refer to the Appendix C, Appendix D,
Appendix E and Appendix F of each exercise.

4.2.8 OBJ-INV-VALP-008
The validation objective OBJ-INV-VALP-008 is covered by the distributed exercise. The objective is
related to Safety and Human Performance KPAs. The achievement of the objective with respect to the
success criterion is assessed by means of ad-hoc questionnaires (PRQ and PEQ), debriefing sessions
and over the shoulder observation.
Mostly positive results are provided for this objective regarding the handover procedure in the TMA.
However, even if the handover in the TMA is feasible it is preferred to take place outside of the TMA
if possible. ATC notification of the handover including the duration of the reduced response time of
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the RPIL increased the situational awareness of the APP controller. If the handover was performed
without the use of a loiter pattern, it was noted that the timespan to complete the handover was short.
RPILs had to rush to complete the handover, and APP controller required to monitor the RPAS and
communicate to the adjacent centre that a RPAS may enter their airspace without clearance. An
alternative may be to start the handover procedure in an earlier phase along the SID, and to include a
loiter point at the final cleared waypoint such that the RPAS will never fly beyond its clearance limit.
The ATCO should be aware that a handover will occur at a certain segment of the SID through for
example the flight plan. Furthermore, in case of a R/T failure during the handover, it should be clear
which RPIL is in control and should be contacted by the ATCO in case there is a need for the ATCO to
contact the RPIL. The RPIL felt that the safety level deteriorated by not informing ATC that a handover
is taking place.
For further details regarding the results of the simulations please refer to the Appendix F.

4.2.9 OBJ-INV-VALP-009
The validation objective OBJ-INV-VALP-009 is covered by the four exercises (CIRA, DLR, NLR and
distributed simulation). The objective is related to Safety and Human Performance KPAs. The
achievement of the objective with respect to the success criterion is assessed by means of ad-hoc
questionnaires (PRQ and PEQ), debriefing sessions and over the shoulder observation.
The four exercises provided positive results regarding the phraseology adequacy in nominal conditions,
the actors claimed that current voice communications were effective and not misunderstood. The
ATCOs and RPIL agree that the phraseology is adequate and support the efficient and clear
communication. In DLR simulation the ATCOs in some runs highlighted negative results and they stated
that the RPAS pilot seemed to be less prepared/professional than the other pilot. For this reason, they
recommend to perform a specific training. In the NLR validation run with the voice latency increased
2.5 times, the validation run was workable for the controllers once they understood that there was a
significant latency on the line. They stated that, in distress situations or situations with a higher traffic
load and with more voice communication exchanges between ATCOs and pilots, such extremely high
latency levels could potentially cause more operational complications with overlapping or missed radio
calls. It might be of benefit to the ATCO if latency information can be made available in order to
increase the situational awareness for the ATCO. According to the DLR feedback, ATCOs and RPIL of
the CIRA’s simulation, it was recommended to define a specific phraseology in order to better address
the ATM. In the distributed simulation, a handover procedure phraseology between the RPILs was
prepared before the start of the simulation. However, the phraseology used by the RPIL in real life
operations was used and very positive results are provided.
For further details regarding the results of the simulations please refer to the Appendix C, Appendix D,
Appendix E and Appendix F of each exercise.

4.2.10OBJ-INV-VALP-010
The validation objective OBJ-INV-VALP-010 is covered by the three exercises (CIRA, DLR and NLR). The
objective is related to Safety and Human Performance KPAs. The achievement of the objective with
respect to the success criterion is assessed by means of ad-hoc questionnaires (PRQ and PEQ),
debriefing sessions and over the shoulder observation.
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In all the simulations, mostly positive results are collected regarding the use of phraseology in case of
contingency situations. Both ATCOs and RPIL claimed that current voice communications were
effective and not misunderstood. Only one negative result is collected in the DLR simulations where
the RPIL claimed that voice communications with ATCO during contingency recovery was “never”
effective and not misunderstood. However, mostly positive feedback by ATCOs and RPIL regarding the
support of the phraseology to the efficient and clear communication in contingency situations. As
already stated, the ATCOs recommend to define a specific phraseology in order to manage any type of
contingency (e.g. C2 link loss, transponder failure) and reduce the time of R/T occupancy.
For further details regarding the results of the simulations please refer to the Appendix C, Appendix D
and Appendix E of each exercise.

4.2.11OBJ-INV-VALP-011
The validation objective OBJ-INV-VALP-011 is covered by the four exercises (CIRA, DLR, NLR and
distributed simulation). The objective is related to Safety, Human Performance and Operational
efficiency KPAs. The achievement of the objective with respect to the success criterion is assessed by
means of ad-hoc questionnaires (PRQ and PEQ), debriefing sessions and over the shoulder observation.
Mostly positive feedback is collected by all the exercises. In particular, CIRA’s simulations the ATCOs
and RPIL were always provided with all the information to understand the situation. In one case the
ATCOs claimed that he/she “often” received information due to C2 link failure, but as already stated
the C2 link contingency is the most critical situation. In DLR’s simulations, the RPIL in one run stated
that he/she “rarely” was provided with all the information to understand the situation. While, the
ATCOs disagree regarding the HMI used in the experiment because they stated that “could be better
to use an HIM with interactive label that could be useful as a remind of altitude clearance to the RPAS
in case of transponder failure” and “HMI should be more open and provides tools for completing the
tasks (e.g. range and bearing) It lacks many tools ATCO relies on to fulfill the task.”. Regarding the NLR’s
simulations, positive results are collected but some comments are provided regarding the use of HMI.
Even the Distributed simulation collected positive results. However, The ATCOs recommend to have
Surface Movement Guidance and Control System (SMGCS) equipment in order to be able to enhance
the concept.
For further details regarding the results of the simulations please refer to the Appendix C, Appendix D,
Appendix E and Appendix F of each exercise.

4.2.12OBJ-INV-VALP-012
The validation objective OBJ-INV-VALP-012 is covered by the three exercises (CIRA, DLR and NLR). The
objective is related to Safety and Human Performance KPAs. The achievement of the objective with
respect to the success criterion is assessed by means of ad-hoc questionnaires (PRQ and PEQ),
debriefing sessions and over the shoulder observation.
Positive results are collected by the three exercises regarding the provision of information during
contingencies. The ATCOs claimed that the information provided allowed to manage the contingency
situations efficiently. However, in DLR simulations in two runs the RPIL stated that the information
provided allowed to manage “very inefficiently” the situation. The RPIL mostly stated the information
provided allowed him/her to efficiently manage the contingency, in addition, both ATCOs and RPIL
agree that HMI used in the experiment support the efficient execution of tasks in contingency
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situation. Mostly positive feedback is collected in the NLR simulations, but some comments are made
by the actors regarding the loss of communication squawk procedure. Squawk 7600 may be not the correct
squawk once communication is re-established via the back-up line. Furthermore, the actors stated that squawking
7700 (emergency) in case of a back-up line failure is not appropriate and 7600 should be squawked such that the
ATCOs are aware that the communication has been lost. .

For further details regarding the results of the simulations please refer to the Appendix C, Appendix D
and Appendix E of each exercise.

4.2.13OBJ-INV-VALP-013
The validation objective OBJ-INV-VALP-013 is covered by the four exercises (CIRA, DLR, NLR and
distributed simulation). The objective is related to Safety and Human Performance KPAs. The
achievement of the objective with respect to the success criterion is assessed by means of ad-hoc
questionnaires (PRQ and PEQ), debriefing sessions, standard tools (CLSA) and over the shoulder
observation.
China Lakes Situational Awareness assessment conducted in all the simulations showed positive results
regarding the overall situational awareness of the actors involved in the simulations. Both RPIL and
ATCOs agree/strongly agree that the concept of IFR RPAS in TMA does not imply additional effort or
abilities. However, common comments provided by all actors of the simulations are regarding the
training: ATCOs and RPIL recommend to execute a training before the introduction of this concept in
a such critical areas. Common comments are also provided regarding the difference of performance
between manned and unmanned aircraft. In particular, the workload may increase in the cases where
an RPAS (or multiple RPAS) is introduced where only IFR traffic is allowed to fly. While if the situation
should allow a mix of flights (IFR and VFR), the RPAS does not represent a limit as the controllers are
used to work with aircraft with varied performance characteristics.
For further details regarding the results of the simulations please refer to the Appendix C, Appendix D,
Appendix E and Appendix F of each exercise.

4.2.14OBJ-INV-VALP-014
The validation objective OBJ-INV-VALP-014 is covered by the three exercises (CIRA, DLR and NLR). The
objective is related to Safety and Human Performance KPAs. The achievement of the objective with
respect to the success criterion is assessed by means of ad-hoc questionnaires (PRQ and PEQ),
debriefing sessions, standard tools (China Lakes Situational Awareness - CLSA) and over the shoulder
observation.
Positive results are provided by all the exercises. The CLSA assessment conducted in all the simulations
provided, even in the contingency conditions, positive results. However, due to contingency in DLR’s
simulation, one ATCO stated that the Situational awareness was insufficient to complete the task.
While in the NLR simulations, in one run, the ATCO was unaware regarding the RPAS status because
during contingency the ATCO dialled the wrong number of the RPIL. This situation resulting in a higher
workload for the ATCO.
For further details regarding the results of the simulations please refer to the Appendix C, Appendix D
and Appendix E of each exercise.
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4.2.15OBJ-INV-VALP-015
The validation objective OBJ-INV-VALP-015 is covered by the four exercises (CIRA, DLR, NLR and
distributed simulation). The objective is related to Safety, Human Performance and Operational
Efficiency KPAs. The achievement of the objective with respect to the success criterion is assessed by
means of ad-hoc questionnaires (PRQ and PEQ), debriefing sessions, standard tools (Bedford scale for
Workload) and over the shoulder observation.
Overall workload experienced during the nominal runs the level of workload is satisfactory in all the
simulations. The Bedford scale assessment confirms that the results are positive regarding the
workload level in nominal conditions for the ATCOs. In addition, common results are provided by the
simulations regarding the attention, skill, effort where the ATCOs agree that mostly was neither
demanding nor undemanding confirming the feeling that the RPAS is managed as conventionally
manned traffic. Furthermore, the level of workload may increase due to difference in performance
between RPAS and manned aircraft.. Due to the fact that an ATOL is used for take-off and landing, and
the autopilot was functioning in nominal conditions, the RPIL and ATCOs claimed that C2 link latency
does not represent an issue. While inputs to the autopilot are delayed due to the latency, the autopilot
will perform its intended trajectory in accordance to the programmed trajectory without delay. If the
autopilot or ATOL is not available (during critical phases of flight), C2 link latency would have an
increased impact in the level of workload. Even the distributed simulations confirmed that the level of
workload is satisfactory.
For further details regarding the results of the simulations please refer to the Appendix C, Appendix D,
Appendix E and Appendix F of each exercise.

4.2.16OBJ-INV-VALP-016
The validation objective OBJ-INV-VALP-016 is covered by the three exercises (CIRA, DLR and NLR). The
objective is related to Safety, Human Performance and Operational Efficiency KPAs. The achievement
of the objective with respect to the success criterion is assessed by means of ad-hoc questionnaires
(PRQ and PEQ), debriefing sessions, standard tools (Bedford scale for Workload) and over the shoulder
observation.
The overall level of workload experienced in all the simulations during contingencies is satisfactory.
Sometimes, the ATCOs claimed that there was enough spare capacity for all desirable additional
actions. Although, the RPAS contingencies such as (Take-off abort and missed approach) for the ATCOs
the RPAS is the same of manned traffic. Indeed, the ATCOs stated that “The RPAS problem during
landing phase doesn't influence the traffic management”. Mostly positive results are collected in the
NLR exercise.
For further details regarding the results of the simulations please refer to the Appendix C, Appendix D
and Appendix E of each exercise.

4.2.17OBJ-INV-VALP-017
The validation objective OBJ-INV-VALP-017 is covered by the two exercises (DLR and NLR). The
objective is related to Capacity, Human Performance and Operational Efficiency KPAs. The
achievement of the objective with respect to the success criterion is assessed by platform data.
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In the DLR simulations the validation exercise covers only an approach sector of the airport EDDL,
instead of runway throughput the sector throughput was evaluated. However, the integration of IFR
RPAS does not negatively affect runway throughput. In the NLR simulations, in both simulation with
one RPA and the simulation with multiple in- and outbound RPA each IFR inbound flight was
compromised in order to establish the landing sequence. This resulted in increased track miles and
flight time. Where possible, the controller provided the RPAS a short turn in, in order to fit the RPAS in
the landing sequence and to impact the other traffic the least possible.
For further details regarding the results of the simulations please refer to the Appendix D and Appendix
E of each exercise.

4.2.18OBJ-INV-VALP-018
The validation objective OBJ-INV-VALP-018 is covered by the two exercises (DLR and NLR). The
objective is related to Access and Equity KPA. The achievement of the objective with respect to the
success criterion is assessed by platform data, questionnaires and debriefing sessions.
In the DLR exercise the introduction of IFR RPAS into TMA does not determine different priority
consideration (within applicable rules) by ATCOs among airspace users. These results are also
confirmed by the ATCOs of the CIRA’s and NLR’s simulations where they stated that the IFR RPASs for
they are the same of manned traffic (the difference is only noticed in terms of performances). As a
consequence, manned IFR traffic incurred more delay than the RPAS, as can be observed in the ground
track plots during nominal operation with a single inbound RPAS. Controllers tried to minimize delay
whenever possible while adhering to the landing sequence. If necessary, the RPAS as well as the
manned IFR traffic would receive radar vectors in order to maintain separation i.e. the RPAS was not
given priority on purpose.
For further details regarding the results of the simulations please refer to the Appendix D and Appendix
E of each exercise.

4.3 Quality of Validation Results
None of the simulation assumptions made in Section 3.1.3 had an adverse effect on the quality of the
results. To the contrary, all assumptions were made in order to increase realism and obtain meaningful
results.
Subjective and objective measurements were made during (logging and observer notes) and after each
simulation run (questionnaires and debriefings). Accordingly, much data was available for analysis. The
confidence in the data was high, mainly due the fact that the questionnaires were based on a proven
method and contained ad-hoc and standard tools/questions that had already been used in previous
research activities. Specific questionnaires to capture some of the subjective data on workload and
situational awareness were also produced. In debriefings, specific disruptive situations and events
were discussed to gain more insight into their consequences for the operation. The quality of the
subjective data obtained from questionnaires and debriefings is thus considered very high. The
objective results from the simulators concerning nominal operations with several RPAS should be
treated with caution, though. The results were achieved for a particular runway configuration and
traffic scenario only, and with RPA models that were of lesser quality. This means that it is not possible
to compare these results with other configurations, environments and traffic situations. Many more
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RTS with varying conditions will have to be carried out to obtain more meaningful results for that
matter.
Simulation data involving a high-fidelity RPAS simulation for a specific situation or event was of very
high quality as was confirmed by the simulation participants. These simulations looked at nominal
situations with a single RPAS and at specific non-nominal situations. While the same caution applies
trying to translate the results of these simulations to other environments, the results point at valuable
issues to be considered when defining operational solutions to the non-nominal situations, in general.

4.4 Limitations of Validation Results
Limitations are related to the simulation activities executed in the INVIRCAT project. They can be
different for each exercise since they were performed in different scenarios and simulating different
contingency situations. Therefore, detailed description of limitations will be performed in this section
taking in consideration limitations of: the simulators, the simulation set-ups, participant and not
considered use cases.
Simulators at the various facilities posed some limitations to the exercises. RPA models at DLR exercises
have been selected to represent Dornier 228 and Boeing 737 as presumably modified manned aircraft
models. The performance of these models is different to usual MALE/HALE RPAS currently available
and operational, but can be seen as a potential future use case. Further, the simulation stopped after
touch down, and no runway vacation or taxiing has been simulated. The Approach ATCO under
investigation had already transferred the RPAS to the Tower ATCO by that time, so that no impact is
expected. Finally, part of the RPAS-specific platform data was corrupted, so that not all data is available
for the assessment of the quantitative objectives. Considering the performances of the RPA used in
the CIRA simulations, the difference between V1 and VR was not very big, and both values were quite
low. This led to some issues in the tests with contingencies during the take-off phase, since this phase
was very fast and the latencies were substantial. However, thanks to the training session the RPIL had
enough confidence in the HMI to be able to operate during these tests despite the time pressure.
Indeed, he answered positively to the related questionnaires.
Before the start of the experiments at NLR, the participating ATCOs received training and were
informed about the experimental HMI. Minor HMI features occurred during the validation runs.
According to the ATCOs, it did not influence the outcome of the validation run, however it was
distracting for the ATCOs. In the validation run with multiple RPAs, a lower fidelity RPA model was used
as compared to the validation run with one in and outbound RPA. Although this was sufficient to
evaluate the impact of multiple RPA in the airspace, validation runs with multiple high-fidelity RPA is
an interesting scenario to consider in future experiments.
The simulation set-up carried some limitations as well. For the assessment of the KPA equity at DLR
exercises, the mean route length for manned aircraft and the RPAS was calculated. As there were four
different arrival routes in use, three of which being used by RPAS, the quality of comparability is
relatively low. In each scenario, only one RPAS entered the TMA per arrival route. At NLR, both
Approach controller and RPIL were in the same NARSIM Radar facility. Although the RPIL was
requested to limit his voice level, hearing the RPIL speak in the same room could have influenced the
perception of voice latency by the ATCO. Additionally, most validation runs at NLR ended when the
RPA had landed. As the landing time depends on how the ATCO has guided the RPA, the number of
landed aircraft varied between validation runs. This resulted in limited quantified data to evaluate and
compare the equity and runway throughput results between validation runs. For this exercise this
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limitation was covered by the questionnaires and debrief questions. However, in future simulations,
to quantify the equity and runway throughput performance, a fixed simulation time could be used.
Finally, during the validation runs, there was a direct telephone line immediately available between
RPIL and the controller when a R/T failure occurred. Similar experiments could be carried out with an
ATSU contact person or a supervisor who would redirect the call to the appropriate ATCO.
Due to the nature of the RPS used in the DLR simulation, not all RPIL were certified pilots, and/or
owners of an R/T licence. This may have led to slower or less accurate responses to ATCO requests.
Not all use cases identified in the preparation phase have been ultimately considered. At NLR exercises,
the airspace was representative for the simulated airport. Future experiments could be carried out in
busier airspace in terms of traffic or frequency load. This should be airspace that can practically be
used for RPAS operations (i.e. not necessarily a hub operation). In addition, a scenario with multiple
RPAs with simultaneous R/T failure should be simulated to evaluate ATCO workability in future
experiments.
During the distributed simulation, no actual handover of control was performed between different
RPS. If this is to be performed in future simulations, clear guidelines should be defined stating how and
what information is necessary to perform the handover of control. In addition, it should be clear for
the RPILs and the ATCO when exactly the R/T and C2 link should be transferred.
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5 Conclusions and Outlook
Four simulation campaigns at three different facilities with separate focuses were carried out in the
INVIRCAT project, with a total of 72 scenario runs and numerous participants: RPILS, ATCOs, pseudopilots, human factors experts, supervisors and observers.
During the planning stage, a Validation Plan (D3.1), the Simulation Architecture (D3.2) and the Use
Cases Simulation Plan (D3.3) paved the way for a well planned and executed simulation campaign.
Although the simulations were carried out at different facilities, a collaborative approach for the
assessment of validation objectives and the creation of validation results allowed for a concise
validation report. All 18 validation objectives have been addressed and assessed with only small
limitations encountered, mostly caused by limitations of the simulation platforms.
The validation activities showed that the integration of IFR RPAS into TMA and airports is feasible with
the proposed CONOPS.
Safety is not negatively impacted according to the validation results. The results indicate that IFR RPAS
can be safely introduced, and no major performance differences with manned traffic are detected.
Human Performance received mostly positive feedback from RPIL and ATCOs. The introduction of IFR
RPAS does not negatively affect ATCOs and RPIL during operations in both nominal and contingency
conditions. ATCOs stated that IFR RPAS can be treated as manned aircraft, and they were mostly ahead
of the traffic situation and evolution. RPILs stated that the autopilot and ATOL allows for and enabled
safe operations.
Operational Efficiency received generally positive feedback by RPILs and ATCOs. Communication was
mostly clear and without misunderstandings. Communication latency did not represent a real issue.
ATCOs reported that C2 link latency did not influence their tasks. RPILs reported minor issues with high
C2 latency during the take-off. Information through the HMI was mostly on time and clear. Some
specific HMI aspects have been considered worthy of improvement. The proposed phraseology was
adequate most of the time, while a dedicated phraseology and training was recommended for
contingency cases.
Equity was ensured throughput the simulations. ATCOs reported they made no difference between
RPAS and manned traffic. If required, RPAS and manned traffic would receive radar vectors to ensure
separation.
Capacity, measured through runway throughput, was not negatively affected. Due to performance
differences ATCOs reported that they had to provide the RPAS with radar vectors for efficient arrival
stream integration, but for VFR/IFR traffic mixes this is not deemed problematic.
The assessment of the validation objectives showed that most (14 of 18) success criteria could be met
and received the status OK. Only for four objectives, the success criteria were only partially met:
•
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OBJ-INV-002 (Acceptability in contingencies): Although mostly positive feedback was collected
during the exercises execution, RPILs and ATCOs involved in the simulation activities claimed
that the C2 link failure of an RPAS represents the most critical situation that they can face. In
particular, RPILs stated that they cannot perform any clearances/instructions released by the
ATCOs and in addition they are not aware about the status of the IFR RPAS (positioning, fuel
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and any kind of issue), but they must rely on what the ATCOs see on the radar screen. In this
case the RPILs can only declare to the ATCO which procedure the IFR RPAS will perform during
the C2 link failure. From ATCOs point of view, as stated during CIRA exercise, they have to act
only on manned traffic and be very far from the IFR RPAS, especially if the C2 link failure
happens during final approach phase. In this case, they recommend to declare emergency
situations in order to safely conduct all the other operations. However, it is recommended to
further investigate the C2 link failure.
•

OBJ-INV-004 (Safety levels in contingencies): Regarding the safety levels during contingency
runs, mostly positive feedback was collected from the executed exercises but, during some
contingency situations (e.g. C2L failure, R/T failure, etc.), the actors involved in the simulations
reported about some potential safety related issues . However, in order to maintain safety
levels, the ATCOs and RPILs recommend to be trained for all the contingency situations that
can affect IFR RPASs. For this reason, further investigations are needed regarding the safety
levels during contingencies.

•

OBJ-INV-010 (Phraseology adequacy in case of contingencies): Only one negative result has
been collected where the RPIL claimed that voice communications with ATCO during
contingency recovery was “never” effective and not misunderstood. This can be interpreted
as a misunderstanding of the question, as the same RPIL answers in the same questionnaire
that he/she felt “always” comfortable during the flight, was “always” able to execute their
tasks during contingency procedures, and was "always" able to safely manage critical
situations. Additionally, no negative feedback regarding inadequate phraseology has been
stated in the debriefing or free-text fields in the questionnaire.

•

OBJ-INV-017 (Impact of IFR RPAS Integration in TMA/Airport on Runway Throughput): IFR
inbound flights were often compromised in order to establish a landing sequence including the
significantly slower RPA in some simulation runs. This resulted in increased track miles and
flight time for all other manned aircraft.

In general, the quality of the achieved results is expected to be high. The results base on questionnaires
made with a proven method and include standardized questions and scales. Debriefings
complemented the assessment through questionnaires, enabling the participants to state their
opinions and thoughts freely.
Objective results from the simulations, however, are based on data collected through simulations with
a fixed airport/runway configuration (although varying across the respective simulation facilities).
Further, the RPA model was not varied with all potential performance data. For a complete objective
assessment, more real-time-simulations with a higher number of traffic scenarios and a bigger variety
are required.
Some limitations encountered throughout the simulations leave room for additional research. For
example, selected RPA models with differing performance have been used in the simulations, but the
variety of available RPA models and performances has not been fully covered. Multiple RPA have been
simulated, but sometimes with only lower-fidelity models. HMI prototypes were lacking some
functionality or showed strange behaviour or malfunctions during the exercises. ATCO performance
might have been rated higher with their usual and familiar environment. Some simplifications have
been made regarding the length of simulation and when to stop the simulation, e.g. taxiing was not
fully simulated, and scenarios sometimes ended prematurely after the RPA has been safely guided to
the landing, resulting in differing simulation duration. Finally, some elements of the set-up could be
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more realistic, e.g. spatial separation of participants, or a dedicated ATSU supervisor for redirection of
back-up phone calls.
The results of the simulation campaigns aimed at the validation of the initial concept of operations for
RPAS in the TMA of airports presented in D2.3. Based on the observations and findings of the
simulations, the final concept of operations will be compiled in D2.4, to be published later this year. In
addition, key findings on alternatives and effects linked to IFR RPAS integration into the TMA in in the
thematic topics of C2 link, communication link, ATOL systems, and taxi systems is presented and
discussed in deliverable D4.1. Based on the results of the simulations and the validation of the
CONOPS, a set of high level operational and technical requirements will be derived in D4.2. The
recommendations regarding refinement and future activities will be published in D4.3.
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Appendix A

Acronyms

Term

Definition

A-FUA

Advanced – Flexible Use of Airspace

ACAS

Airborne Collison Avoidance System

ACC

Area Control Centre

ACL

ATC Clearances Service

ACM

ATC Communications Management Service

ADS-B

Automatic Dependent Surveillance - Broadcast

ADS-C

Automatic dependent surveillance - Contract

AES

Aeronautical Earth Station

AH

Alert Height

AHRS

Attitude and Heading Reference System

AIP

Aeronautical Information Publication

AMC

Acceptable Means of Compliance

ANSP

Air Navigation Service Provider

AoR

Area of Responsibility

APP Exe. ATCO

Approach Executive Air Traffic Controller

APR

Approach

ASBU

Aviation System Block Upgrade

ASR

Air Surveillance Radar

ATC

Air Traffic Control

ATCO

Air Traffic Controller

ATCS

Air Traffic Control Service

ATFCM

Air Traffic Flow and Capacity Management
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ATM

Air Traffic Management

ATOL

Automatic Take-Off and Landing

ATS

Air Traffic Service

ATSU

Air Traffic Services Unit

AU

Airspace User

BADA

Base of Aircraft Data

BLOS

Beyond Line-of-Sight

BRLOS

Beyond Radio Line-of-Sight

BVLOS

Beyond Visual Line-of-Sight

C2

Command and Control

CA

Collision Avoidance

CAA

Civil Aviation Authority

CDM

Collaborative Decision Making

CDTI

Cockpit Display of Traffic Information

CIRA

Centro Italiano Ricerche Aerospaziali (Italian Aerospace Research Centre)

CFIT

Controlled Flight Into Terrain

CLS

Calculated Level of Safety

CNS

Communication, Navigation and Surveillance

CNPC

Control and Non-Payload Communication

CPDLC

Controller Pilot Data Link Communications

CONOPS

Concept of Operations

CWP

Controller Working Position

DA

Decision Altitude

DAA

Detect and Avoid

DCL

Departure Clearance
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DGPS

Differential Global Positioning System

DH

Decision Height

DLIC

Data Link Initiation Capability

DLR

Deutsches Zentrum für Luft- und Raumfahrt
(German Aerospace Center)

DLS

Data Link Services

DMA

Dynamic mobile area

DME

Distance Measuring Equipment

DMZ

De-Militarized Zone

DOF

Degrees of Freedom

DSC

Downstream Clearance Service

DTA

DAA Terminal Area

DWC

DAA Well Clear

EASA

European Aviation Safety Agency

EAT

Estimated Approach Time

ECAC

European Civil Aviation Conference

ECAM

Electronic Centralized Aircraft Monitoring

EGNOS

European Geostationary Navigation Overlay Service

EMI

Electromagnetic Interference

ESC

Electronic Speed Controller

EVLOS

Extended Visual Line of Sight

FCC

Flight Control Computer

FDPS

Flight Data Processing system

FIS

Flight information service

FIS-B

Flight information service broadcast

Page I 49

INVIRCAT EXPLORATORY RESEARCH VALIDATION REPORT

FLARE

Flight Laboratory for Aeronautical REsearch

FMS

Flight management system

FPV

First-Person View

FSS

Fixed Satellite Service

FSTD

Flight Simulation Training Device

FTP

Flight Termination Points

GA

General Aviation

GAST

GBAS Approach Service Type

GAT

General Air Traffic

GBAS

Ground Based Augmentation System

GCS

Ground Control Station

GDPR

General Data Protection Regulation

GES

Ground Earth Station

GLS

GBAS Landing System

GNSS

Global Navigation Satellite System

GPS

Global Positioning System

HD

High Definition

HIL

Human-in-the-Loop

HMI

Human Machine Interface

HP

Holding Pattern

HW

Hardware

IAF

Initial Approach Fix

ICAO

International Civil Aviation Organization

ICL

Initial Climb

ICT

Information and Communication Technology
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IEEE

Institute of Electrical and Electronics Engineers

IFF

Identification Friend or Foe

IFR

Instrument Flight Rules

ILS

Instrument Landing System

INVIRCAT

Investigation of IFR RPAS Control at Airports and in the TMA

I/O

Input/Output

ISF

Integrated Simulation Facility

LIDAR

Light Detection and Ranging

LPV

Localizer Performance with Vertical guidance

MA

Missed Approach

MALE

Medium altitude long endurance

MAS

Managed Airspace

MCM

Maintenance Control Manual

METAR

METeorological Aerodrome Report

MFD

Multi-Function Display

MLS

Microwave Landing System

MOPS

Minimum Operational Performance Specifications

MTOW

Maximum Take-Off Weight

MUST

Multi UAV Simulated Testbed

NAA

National Aviation Authority

NARSIM

NLR ATC Research SIMulator

NDB

Non-Directional Beacon

NLR

Nederlands Lucht- en Ruimtevaartcentrum
(Netherlands Aerospace Centre)

NM

Network Manager
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NOP

Network Operations Plan

NOTAM

Notice to Airmen

NPA

Notice of Proposed Amendment

OAT

Operational Air Traffic

OCD

Operational Concept Document

OSED

Operational Services and Environment Definitions

OTW

Out-the-Window

PA

Precision Approach

PAR

Precision Approach Radar

PBN

Performance Based Navigation

PFD

Primary Flight Display

PIC

Pilot in Command

PIO

Pilot-induced oscillation

PPS

Packets Per Second

PPS

Precise Positioning Service

PSR

Primary Surveillance Radar

R/T

Radio/Telephony

RAIM

Receiver Autonomous Integrity Monitoring

RCP

Required Communication Performance

RF

Radio Frequency

RLOS

Radio Line of Sight

RNAV

Area navigation

RNP

Required Navigation Performance

ROC

RPAS Operator Certificate

RPA

Remotely Piloted Aircraft
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RPAS

Remotely Piloted Aircraft System

RPIL

Remote Pilot

RPS

Remote Pilot Station

RTB

Return to Base

RTO

Rejected take-off

RTS

Real Time Simulation

RWC

Remain Well Clear

SAA

Sense And Avoid

SARP

Standard And Recommended Practice

SATCOM

Satellite Communication

SBAS

Satellite Based Augmentation System

SCB

Stakeholder Consultation Body

SERA

Standardised European Rules of the Air

SESAR

Single European Sky ATM Research Programme

ShMem

Shared Memory

SID

Standard Instrument Departure

SIP

Structural Integrity Program

SiS

Signal in Space

SJU

SESAR Joint Undertaking (Agency of the European Commission)

SMGCS

Surface Movement Guidance and Control System

SMR

Surface Movement Radars

SMS

Safety Management System

SPR

Safety Performance Requirements

SPS

Standard Positioning Service

SSR

Secondary Surveillance Radar
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STAR

Standard Terminal Arrival Route

SVS

Synthetic Vision System

SW

Software

SWaP

Size, Weight, and Power

SWIM

System Wide Information Management

TAR

Terminal Approach Radar

TCAS

Traffic Alert and Collision Avoidance System

TCP

Transmission Control Protocol

TIS

Traffic Information System

TLS

Target Level of Safety

TMA

Terminal Manoeuvring Area

TRL

Technology Readiness Level

TSA

(Static) temporary restricted area

TWR

Tower

UAM

Urban Air Mobility

UAS

Unmanned Aircraft System

UHF

Ultra High Frequency

USP

U-Space/UTM Service Provider

UTC

Universal Time Coordinated

UTM

Unmanned Traffic Management

V&V

Verification & Validation

V1

Take-off Decision Speed for Multi Engine Aircraft

VFR

Visual Flight Rules

VHF

Very high frequency

VLD

Very Large Demonstration
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VLL/VHL

Very Low Level/Very High Level

VLOS

Visual Line-of-Sight

VOIP

Voice Over Internet Protocol

VOR

VHF Omnidirectional Range

VR

Rotation Speed

VTOL

Vertical Take-Off and Landing

WAGE

Wide Area GPS Enhancements

WP

Work Package

WRC-15

World Radiocommunication Conference 2015

XPDR

Transponder
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Appendix B

Glossary of Terms

Term

Definition

Source of the Definition

ADS-B

Automatic dependent surveillance —
broadcast (ADS-B): A means by which
aircraft, aerodrome vehicles and other
objects can automatically transmit and/or
receive data such as identification, position
and additional data, as appropriate, in a
broadcast mode via a data link.

ICAO Doc 4444 PANS-ATM

AH

The alert height (AH) is a specified radio
N/A
height for CAT III operations, based on the
characteristics of the aeroplane and its failoperational landing system. In operational
use, if a failure occurred above the alert
height in one of the redundant operational
parts of the landing system in the aeroplane
or relevant ground equipment, the
approach would be discontinued and a goaround executed unless reversion to a
higher decision height is possible. If a
failure in one of the required redundant
operational systems occurred below the
alert height, it would be ignored and the
approach continued

AoR

Area of Responsibility: An airspace of
defined dimensions within which an ATC
unit provides air traffic services.

EUROCONTROL ATM Lexicon

ATS surveillance
system

A generic term meaning variously, ADS-B,
PSR, SSR or any comparable ground-based
system that enables the identification of
aircraft.

ICAO RPAS CONOPS for
international IFR Operations

BVLOS operation

Beyond visual line-of-sight (BVLOS)
operation. An operation in which the
remote pilot or RPA observer does not use
visual reference to the remotely piloted
aircraft in the conduct of flight

ICAO RPAS CONOPS for
international IFR Operations

C2 Link

Command and Control Link: The datalink
used for the purpose of command and
control (C2) functions in an RPAS.

JARUS: RPAS Required C2
Performance (RLP) Concept
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DAA

Detect and avoid (DAA): The capability to
see, sense, or detect conflicting traffic or
other hazards and take appropriate action.

ICAO RPAS CONOPS for
international IFR Operations

Drone

Synonym for UAS. Any aircraft and related
systems without a pilot on board, either
remotely piloted or autonomous.

N/A

Exercise

The term exercise is used to describe an
activity intended to improve understanding
and progress some elements of the concept
further through the Concept Lifecycle
Model (CLM). An exercise may have
different foci depending on where the
activity is within the lifecycle. An exercise
may exploit different techniques in order to
achieve its objectives, i.e. analysis,
modelling, fast-time simulation, etc.

E-OCVM Version 3.0
Volume II Annexes [6]

Experiment

An experiment is a procedure carried out to
support or refute a hypothesis. Experiments
provide insight into cause-and-effect by
demonstrating what outcome occurs when
a particular factor is manipulated.
Experiments vary greatly in goal and scale,
but always rely on repeatable procedure
and logical analysis of the results.

Wikipedia

GCS

Ground Control Station: RPS are sometimes
named Ground Control Stations (GCS)

JARUS: RPAS Required C2
Performance (RLP) Concept

Handover

The act of passing the control of an
operation from a human operator to
another. The handover could be executed
between Air Traffic Control Officers (e.g. in
the control transfer from one sector to
another, or from ACC to APP controllers).
Namely for RPAS operations, the handover
refers to passing piloting control from one
remote pilot station to another.

N/A

PA

A precision approach (PA) is an instrument
ICAO Annex 6: Operation of
approach and landing using precision lateral Aircraft, extended
and vertical guidance with minima as
determined by the category of operation,
namely CAT I, CAT II, CAT III operations,
each related to progressively reducing
decision minima.
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RPA

Remotely Piloted Aircraft: An unmanned
aircraft which is piloted from a remote pilot
station.

ICAO Annex 2: Rules of the Air

RPAS

Remotely Piloted Aircraft System: A set of
configurable elements consisting of a
remotely-piloted aircraft, its associated
remote pilot station(s), the required
command and control links and any other
system elements as may be required, at any
point during flight operation.

ICAO Cir 328

RPIL

Remote Pilot: A person charged by the
operator with duties essential to the
operation of a remotely piloted aircraft and
who manipulates the flight controls, as
appropriate, during flight time.

ICAO Doc 10019: Manual on
Remotely Piloted Aircraft
Systems (RPAS)

ICAO Doc 10019: Manual on
Remotely Piloted Aircraft
Systems (RPAS)

JARUS: RPAS Required C2
Performance (RLP) Concept

RPS

Remote Pilot Station: The component of the ICAO Doc 10019: Manual on
remotely piloted aircraft system containing Remotely Piloted Aircraft
the equipment used to pilot the
Systems (RPAS)
remotely piloted aircraft.

Segregated airspace

Airspace of specified dimensions allocated
for exclusive use to a specific user(s).

ICAO RPAS CONOPS for
international IFR Operations

TMA

Terminal Manoeuvring Area (TMA):
Controlled airspace around an airport.

N/A

TWR ATCO

Tower Air Traffic Controller

N/A

UAS

Unmanned Aircraft System (UAS): Any
aircraft and related systems without a pilot
on board, either remotely piloted or
autonomous.

N/A
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Appendix C

CIRA Validation Exercise Report

C.1 Summary of CIRA Validation Exercise Plan
Simulation activities at CIRA focused on:
•

Take-off,

•

Final approach and landing

The RPAS used for investigation in CIRA test campaign had the characteristics and performance
addressing the tactical class of RPAS. The RPAS was equipped with an ATOL system, that is supposed
always in use, and excluded only under Remote Pilot command.
The number of actors in the CIRA exercises at a given time were:
•

1 RPIL

•

1 Tower ATCO

•

Two pseudo-pilots, steering manned aircraft traffic and communicating with Tower ATCO
involved in the simulations,

with Tower ATCO and the RPIL as primary actors under investigation.
Use cases under investigation for CIRA simulation activities are presented in Table below.
Identifier

Title

Nominal Use Cases

D2.2
4.1

UC-INV-VALP-NMN.002

ATOL Take-Off

4.1.2

UC-INV-VALP-NMN.006

ATOL Approach

4.1.6

UC-INV-VALP-NMN.007

ATOL Landing

4.1.7

Non-nominal Use Cases

4.2

Automatic Take-Off and Landing System Occurrences

4.2.3

UC-INV-VALP-NON.003.001

Take-Off Before V1

4.2.3.1

UC-INV-VALP-NON.003.002

Take-Off After V1

4.2.3.2

UC-INV-VALP-NON.003.003

Approach above AH

4.2.3.3

Added to D2.2 Use-Cases

Approach Below AH

new

Missed Approach (Go-around)
UC-INV-VALP-NON.007

4.2.7
Missed Approach

Conflict

4.2.7
4.2.8

UC-INV-VALP-NON.008.001

Take-Off Conflict

4.2.8.1

UC-INV-VALP-NON.008.006

Landing Conflict

4.2.8.6

Command and Control (C2) Link Failure

4.2.4

UC-INV-VALP-NON.004.007

4.2.4.7
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Two different levels of C2 link latency were considered representative of a low and high delay with
respectively 0.5 and 2 s of simulated C2 link latency.
Two different levels of were also considered for traffic density 4 and 5 operation/15 min,
representative of medium and standard traffic respectively.
In summary, a total number of 17 different test conditions have been analysed, each characterized as
detailed in the following table.

I-REF 1
I-ATOL-2
I-ATOL-3
I-ATOL-4
I-ATOL-5
I-ATOL-6
I-ATOL-7
I-ATOL-8
I-ATOL-9
I-ATOL-10
I-ATOL-11
I-ATOL-12
I-ATOL-13
I-ATOL-14
I-ATOL-15
I-ATOL-16
I-ATOL-17

Flight
Phase
No_RPAS
TO
LDG
TO
TO
TO
TO
LNG
LNG
LNG
LNG
TO
TO
LNG
LNG
LNG
LNG

Traffic
density

C2L latency

ATOL Failure

Conflicting C2L failure
traffic

medium
standard
medium
medium
medium
standard
standard
medium
standard
medium
medium
standard
medium
standard
standard
both

low
low
low
high
low
high
low
high
low
high
low
high
low
high
high
low

NO
NO
BV1
BV1
AV1
AV1
BAH
BAH
AAH
AAH
NO
NO
NO
NO
NO
NO

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
YES
YES
YES
YES
YES
NO

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
YES

A total number of 19 simulated scenarios have been run, in two blocks (9-10 Dec and 15-17 Dec) for a
total of 5 full days of activities, excluding “familiarization tests”. Few selected scenarios have been rerun, in order to countercheck measures and results.

C.2 Deviations from CIRA Validation Exercise Plan
Generally speaking, no relevant deviations from the plan have been experimented. Moreover, some
changes can be accounted as improvements with respect to the initially planned conditions.
The main deviation in CIRA RTS from the Exercise Plan regards the use case UC-INV-VALPNON.003.002, ATOL occurrence during take-off above V1. Differently from the use case defined in [1],
the ATOL considered occurrence didn’t prevent the ATOL system to continue the operation
automatically. Consequently, once the occurrence happens the RPIL was not in charge to manually
operate the take-off, as reported in [1], but was allowed to manually command the ATOL to operate
an RTO until VR.
This deviation was decided because manual operation of RPIL was out of the scope of CIRA RTS and,
moreover, can be considered as increasing the tested use cases considering a possible operation not
present in the original Exercise Plan
In addition, In the test list the ATOL occurrence during the approach phase has been separated in two
different test conditions, before and after Alert Height, because during test design the two conditions
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was considered as different and, in principle, they could have been resulted in different evaluations by
Pilot and Tower ATCO.
The familiarization phase also let to identify some improvements on the simulations facilities in order
to made some improvements to the RTS implementation.
Some implementation resulted possible also if initially it was not considered for the test: namely, the
flashing-red label for the RPAS in C2L conditions has been implemented and used in the test campaign,
also if initially it was excluded to be realizable on the CIRA facilities.
Facilities performed generally correctly, either simulations facilities and audio/video systems.

C.3 Summary of CIRA Validation Exercise Results
C.3.1 Validation Results per KPA
Safety: Fifteen objectives (OBJ-INV-001, OBJ-INV-002, OBJ-INV-003, OBJ-INV-004, OBJ-INV-005, OBJINV-006, OBJ-INV-007, OBJ-INV-009, OBJ-INV-010, OBJ-INV-011, OBJ-INV-012, OBJ-INV-013, OBJ-INV014, OBJ-INV-015, OBJ-INV-016) concern the safety KPA. The impact of INVIRCAT on this KPA is
assessed by demonstrating that IFR RPAS executing ATOL procedures can be safely introduced within
TMA and airport. The results gathered from CIRA’s exercise confirm that, in both nominal and
contingency conditions, the IFR RPAS executing ATOL procedures can be safely introduced since the
RPA does not highlight any difference with manned traffic. However, the C2 link loss represents the
most critical contingency especially during the approach phase and for this reason need to be further
investigated.
Human Performance: Fourteen objectives (OBJ-INV-001, OBJ-INV-002, OBJ-INV-005, OBJ-INV-006,
OBJ-INV-007, OBJ-INV-009, OBJ-INV-010, OBJ-INV-011, OBJ-INV-012, OBJ-INV-013, OBJ-INV-014, OBJINV-015, OBJ-INV-016concern the human performance KPA. Positive feedback by pilots and ATCOs
were collected through questionnaires. The ATOL system affect positively ATCOs and pilots during
operations in both nominal and contingency conditions. Indeed, this system is completely transparent
to the ATCO and represents for the RPIL an important help-system to perform landing and departure
even with high latency. The number of sensors in the GCS increase the situational awareness of the
RPIL. ATCOs managed the RPA always as manned traffic. Indeed, they were always ahead of the traffic
situation and evolution. Thus, the RPA does not increase workload or reduce situational awareness for
both pilots and ATCOs.
Operational Efficiency: Five objectives (OBJ-INV-007, OBJ-INV-011, OBJ-INV-015, OBJ-INV-016)
concern the operational efficiency KPA. Positive feedback by pilots and ATCOs were collected through
questionnaires. The communications between the RPIL and ATCO, during the CIRA’s exercise, were
always executed through ground-ground architecture. Since, it has the lowest communication latency,
the RPIL and ATCO does not record any issue with this architecture. Regarding the C2 link latency, the
ATCOs claimed that, even the high latency does not influence his tasks, while RPIL during take-off phase
with high latency (2 seconds) stated some issue. Regarding the HMI used during the experiment, both
RPIL and ATCO agree that they received the information in time and clear. In addition, the phraseology
proposed was adequate for the IFR RPAS into TMA. However, both RPIL and ATCO recommend to
develop a dedicated phraseology and training for ATCO in case of contingencies.
Equity: Even if not directly connected to any of the objectives assessed by the CIRA RTS, positive
feedback by ATCOs were collected through over the shoulder observations and during the debriefing
sessions. Indeed, they claimed that the IFR RPAS in completely managed as manned traffic and there
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is no difference with them. However, only during the C2 link loss they recommend to declare
emergency in order to safely conduct the other manned operations.

C.3.2 Validation Results per Validation Objective
1. OBJ-INV-001 Results
The validation objective OBJ-INV-001 is partially covered by the CIRA’s simulation campaign since the
exercises only cover selected phases of flight in the TMA and were focused specially on ATOL
operations. This objective is related to Safety and Human Performance KPAs. The achievement of the
objective with respect to the success criterion is assessed by means of ad-hoc questionnaires (PRQ and
PEQ) and standard tool (CARS).
The feedback provided by the ATCOs and RPIL involved in the CIRA RTS regarding the acceptability of
IFR RPAS in nominal conditions were all positive. Indeed, ATCOs and RPIL felt always able to
plan/organize tasks according to their preferences. In addition, according to ATCOs feedback, the RPAS
never interfered with other traffic.
ATCO
The impressions of the ATCOs involved in the CIRA RTS about the acceptability of the integration of IFR
RPAS in TMA during nominal conditions are reported in the graphs shown in the following figures.
The graph below shows on the Vertical axis the 5 points Likert scale, representative for answers from
“never” to “always”, while on the horizontal axis the number of runs executed are reported.
The ATCOs felt “always” able to plan and organize his/her work according to his/her preferences.
Especially in nominal conditions, ATCO’s were able to manage the RPA as manned traffic. Even if the
RPA used in the CIRA’s RTS was slower than the emulated manned traffic, no difficulties were recorded
in the management of the nominal exercises. In both of the nominal scenarios, representative of the
landing and departure of an RPAS, everything worked properly.

Figure C-1 - ATCO PRQ Q1
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The positive results regarding the acceptability of IFR RPAS into TMA, are also confirmed by graph
reported in the following figure, reporting that in the ATCOs point of view the IFR RPAS in 77,8% of the
tests (14 runs) “never” interfered with conventionally-manned aircraft. Only in 16,7% of the cases (3
runs) the ATCOs reported that IFR RPAS “rarely” interfered with other traffic while in 5,6% of cases (1
run) they feel as if IFR RPAS “sometimes” interfered with manned traffic. Anyhow, the cases in which
ATCOs replied “rarely” and “sometimes” were connected to tests with contingency situations. Hence
looking at the ATCOs feedback, in nominal conditions the RPAS never interfered with other manned
traffic. Moreover, the ATCO claimed that from their point of view IFR RPAS in nominal conditions can
be considered as manned traffic.

Figure C-2 - ATCO PRQ Q2

The PEQ, that was filled in at the end of the simulation campaign, confirms the positive results reported
above. In fact, as shown in the graph reported in the following figure, the ATCOs always felt
comfortable in managing IFR RPAS in the TMA.
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Figure C-3 - ATCO PEQ Q2

The standard tool used for evaluate the acceptability of IFR RPAS into TMA is the Controller Acceptance
Rating Scale (CARS), that was filled in by the ATCOs at the end of the CIRA RTS. The scale encompasses
a hierarchical decision tree that guides the ATCO through a ten-point rating scale (1 lowest- 10 highest),
where each point is accompanied by a descriptor of the associated level of acceptability. For the
interpretation of the results, scores of 1 is considered as if improvements are mandatory, 2-4 represent
as adequate performance are not achievable with tolerable workload levels, responses in a range of 57 report that improvement are needed while between 8-10 are considered as if improvement are not
necessary.
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Figure C-4 - CARS assessment

The results of this tool are reported in the figure below and report that, from the ATCOs prospective
the IFR RPAS integration into controlled airspace is desirable, the consequent traffic situation is
acceptable and compensations are not required to achieve the desired performance, in both nominal
and contingency situations.
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Figure C-5 - ATCO PEQ Q1

The following graph represents a five-points agreement scale on the vertical axis, representative for
answers from Strongly disagree to Strongly agree, while on the horizontal axis the number of answers
are reported. In this is reported that the ATCOs agree/strongly agree that integrating IFR RPAS in TMA
will not negatively affect their job satisfaction levels.

Figure C-6 - ATCO PEQ Q3

RPIL
Looking at the RPIL replies to the same questionnaires presented above, he/she felt “always”
comfortable executing his/her tasks during the procedures executed during the test. Replies
connected to the considered objective are the ones connected to tests under nominal conditions, both
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landing and take-off procedure were executed. During these tests the latency was set to low (0.5
seconds) and the ATOL system worked properly executing automatically the required operations.

Figure C-7 - RPIL PRQ Q1

These results are confirmed by the reply of the RPIL to the PEQ, filled in at the end of the simulation
campaign. In this the RPIL stated that he/she agrees on the fact that integration of IFR RPAS into TMA
is feasible. During the debriefing sessions, the RPIL was along with the ATCOs stating that IFR RPAS
especially during nominal conditions, when everything works properly, can be considered as manned
traffic.

Figure C-8 - RPIL PEQ 1

2. OBJ-INV-002 Results
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The validation objective OBJ-INV-002 is partially covered by the CIRA’s simulation campaign since the
exercises only cover selected phases of flight in the TMA and were specially focused on ATOL
operations. This objective is related to Safety and Human Performance KPAs. The achievement of the
objective with respect to the success criterion is assessed by ad-hoc questionnaires (PRQ and PEQ) and
standard tool (CARS). During the CIRA’s simulation campaign sixteen runs representative for
contingency situations were executed. In particular, three different contingencies were simulated:
ATOL fail, C2 link failure and runways incursion. The questionnaires related to the object under
investigation were different between ATCOs and RPIL in order to assess acceptability of the IFR RPAS
into TMA in contingency situations for their own professional figures.
The feedback provided by the ATCOs and RPIL were mostly. In general, for ATCOs IFR RPAS during
contingency situations can almost be considered as equivalent to conventionally-manned traffic.
Remarkable differences were only found in test cases with failure of the C2 link during which the RPIL
didn’t receive any information from the RPA regarding its status/position and he/she can’t comply with
ATCOs clearances/instructions. During a C2 link failure the RPIL can only provide information regarding
the procedure that will be followed by the RPA. The ATCO recommend to consider the C2 link failure
as an “emergency” in case it happens in the final approach phase. The RPIL recommend to have GCSs
available in all of the airports in order to reduce the possibility of a C2 link failure and, moreover, to
have more than one C2 link fail procedure.
ATCO
The impressions of the ATCOs involved in the CIRA RTS about the acceptability of RPAS integration into
TMA during contingencies are reported in the graphs shown in the following figures.

Figure C-9 - ATCO PRQ Q3

As reported in Figure C-1 and in the image above, the ATCOs felt “always” able to plan and organize
his/her work according to his/her preferences and to manage the traffic in contingency situations. In
their opinion RPAS contingencies didn’t represent a limit in the management of traffic. The CARS
assessment (Figure C-5), confirms that the integration of RPAS operated through ATOL into controlled
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airspace is desirable, the traffic situation is acceptable and compensations are not required to achieve
the desired performance.
Furthermore, the ATCOs agree that the integration of IFR RPAS in TMA allows an efficient management
of contingency situations. According to the Figure C-2, in one test the ATCOs replied that IFR RPAS
operations “sometimes” interfered with other traffic in contingency situations, and specifically this
was the case of a failure of the C2 link. The ATCOs stated that this represents the most critical
contingency situation, because the RPIL cannot receive any status/position information regarding the
RPA and he/she cannot perform any required action. Furthermore, he/she is aware that the RPIL only
can provide information regarding the procedure that will be followed by the RPA to support him/her
in managing the rest of the traffic. In the CIRA simulation campaign, operating only in the final
approach phase, the simulated procedure in case of C2 link failure foreseen for the IFR RPAS to keep
executing autonomously the procedure until the Missed Approach Point (MApt). If the link is not reestablished at this point, the RPA would perform a MA/GA procedure heading to a dedicated holding
pattern. In the test executed at CIRA the IFR RPAS recovered the link before the MApt and the RPIL
was able to keep performing the nominal landing procedure. Instead, the ATCOs recommend to
consider a C2 link failure during the final approach as an “emergency” until the link is re-established
and the RPAS lands in order to safely conduct the other operations.

Figure C-10 - ATCO PEQ Q4

RPIL
The good results regarding the acceptability of IFR RPAS integration into TMA during contingency are
also confirmed by the RPIL. Indeed, the RPIL “always” felt able to execute his/her tasks during
contingency procedures in the optimal way.
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Figure C-11 - RPIL PRQ Q2

The above results are also confirmed by the RPIL in the PEQ. As shown in the graph shown in the
following figure, the RPIL agree that the integration of IFR RPAS into TMA allows the efficient
management of contingency situations. the ATCOs and RPIL in the debriefing sections agreed that the
most critical contingency is the C2 link loss. In order to safely manage this kind of contingency, the RPIL
strongly recommends to install a RPS in the airport to avoid, or at least reduce, the probability of a C2
link failure. Furthermore, the RPIL suggested to test more than one procedure for the C2 link failure
and that in order avoid to declare “emergency” when the C2 link failure happens the ATCOs should be
trained for this kind of contingency.

Figure C-12 - RPIL PEQ Q2
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3. OBJ-INV-003 Results
The validation objective OBJ-INV-003 is partially covered by the CIRA’s simulation campaign since the
exercises only cover selected phases of flight in the TMA and were specially focused on ATOL
operations. This objective is related to KPA safety. The achievement of the objective with respect to
the success criterion is assessed by ad-hoc questionnaires (PRQ and PEQ). Different questionnaires
were made for ATCOs and RPIL in order to better assess their own safety levels in nominal conditions.
All of the feedback from ATCOs and RPIL are positive regarding the safety levels in nominal conditions.
The situational awareness during the runs was always excellent. The ATCOs never had the feeling to
focus to much on a single problem in nominal conditions. The ATCOs and RPIL strongly agreed that the
IFR RPAS integration within TMA will allow a sufficient level of safety in nominal conditions.
ATCO
As reported in the graph shown in the figure below, the ATCOs in 94,7% of the cases (18 runs) felt
“always” comfortable during the runs. While in 5,3% of the cases (1 run) “sometimes” felt comfortable
during the runs. This only case refers to a contingency situation. Hence, during nominal conditions, the
ATCOs were always comfortable, confirming the previous results for IFR RPAS nominal procedure
executed by ATOL. In fact, when all the systems work properly, the RPA is managed as a manned traffic.

Figure C-13 - ATCO PRQ Q4

These results are also confirmed by the graph in the following figure where is reported that the ATCOs
felt “always” able to predict the traffic evolution and ahead of the traffic situation. In this graph also
contingency situations are taken into account.
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Figure C-14 - ATCO PRQ Q5

Moreover, as reported in the graph below the ATCOs in 94,7% of the cases (18 runs) “never” had the
feeling to focus to much on a single problem or a specific area during the work. Only in 5,3% of the
cases (1 run) the ATCOs “rarely” felt the feeling to focus too much on a single problem. Anyhow, this
reply refers to a contingency. Hence, no problems were reported by the ATCOs regarding nominal
operations of IFR RPAS.

Figure C-15 - ATCO PRQ Q6

As reported in the graph below the ATCOs average situation awareness was “excellent” in 89,5% of
the cases (17 runs) and “good” in 10,5% of the cases (2 runs) was. So, only positive feedback was
provided. Moreover, as above, only considering nominal conditions the situational awareness was
always considered “excellent” by the ATCOs.
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Figure C-16 - ATCO PRQ Q7

Finally, both the ATCOs involved in the simulation campaign reported positive feedback in the PEQ
considering that the integration of IFR RPAS in TMA will allow a sufficient level of safety in nominal
conditions.

Figure C-17 - ATCO PEQ Q5

RPIL
As shown in the graphs below all of the feedback provided by the RPIL regarding this objective are
positive. In fact, he/she felt “always” comfortable during all of the flights. In addition, the RPIL claimed
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that his/her situational awareness was improved respect to a comparable manned aircraft due to the
number of internal sensors.

Figure C-18 - RPIL PRQ Q3

The low impact of the introduction of IFR RPAS operated through ATOL on the safety level is confirmed
by the graph shown in the following figure. The RPIL in 94,4% of the cases (17 runs) was “never”
surprised by an unexpected clearance from the ATCO. The only run, representative for 5,6% of the
cases, when the RPIL felt “rarely” surprised by the unexpected clearance, was due to a contingency.

Figure C-19 - RPIL PRQ Q4
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In addition, also the RPIL like the ATCOs, agreed that the integration of IFR RPAS in TMA will allow a
sufficient level of safety in nominal conditions. Hence, no issues were reported regarding the safety
level in nominal conditions as all of the feedback provided by the ATCOs and RPIL are positive.

Figure C-20 - RPIL PEQ Q3

Hence, for what above stated, the IFR RPA does not represent a limit for the safety integration into
controlled airspace.

4. OBJ-INV-004 Results
The validation objective OBJ-INV-004 is partially covered by the CIRA’s simulation campaign since the
exercises only cover selected phases of flight in the TMA and were specially focused on ATOL
operations. This objective is related to safety KPA. The achievement of the objective with respect to
the success criterion is assessed by ad-hoc questionnaires (PRQ and PEQ). The questionnaires were
different for ATCOs and RPIL in order to assess the safety level of the IFR RPAS into TMA in contingency
situations.
The feedback provided by the ATCOs and RPIL regarding the safety levels during contingency are
mostly positive. C2 link failure represents the most critical contingency affecting RPAS. However, the
ATCOs felt always ahead of the traffic and were always able to predict the traffic evolution. For the
ATCOs, the situational awareness during contingency situations were mostly “excellent”, only twice
they stated that was “good”. In addition, the RPIL claimed that shared and his/her personal situational
awareness were always satisfactory. Furthermore, the ATCOs and RPIL agreed that the IFR RPAS
integration within TMA will allow a sufficient level of safety in contingency situations.
ATCO
As reported in the graph shown in the figure below, in 87,5% of the cases (14 runs) the ATCOs were
“always” able to safely manage critical situations and to safely recover after a contingency. Only in
12,5% of the cases (2 runs) the ATCOs felt “often” able to safely manage critical situations and in all of
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these cases the contingency under test was the C2 link failure. Therefore, the feedback provided by
the ATCOs are generally positive and C2 link failure represents the most critical contingency situation
connected to the integration of IFR RPAS into TMA.

Figure C-21 - ATCO PRQ Q8

As stated in the previous objective 3 in Figure C-13, the ATCOs in 94,7% of the cases (18 runs) felt
“always” comfortable during the runs. While in 5,3% of the cases (1 run) “sometimes” felt comfortable
during the runs. This only case refers to a contingency situation. In particular, the scenario had a
runway incursion while the RPAS was performing a take-off. Although, the latency was high (2
seconds), the RPIL, thanks to the ATOL system, was able to abort the take-off in time and avoid
complications.
Referring to Figure C-15, ATCOs in 1 case “rarely” felt the feeling to focus too much on a single problem.
Anyhow this reply refers to a contingency situation where the RPAS abort his take-off due to an ATOL
fail occurred before the V1 speed. In this contingency, the ATCO had to re-organize the ground traffic
in order to insert again the RPA in the traffic. During the second try the RPA executed the take-off
without any issue.
Positive feedback is also provided by the ATCOs in the PEQ. where the ATCOs agreed that the
integration of IFR RPAS in TMA will allow a sufficient level of safety in case of contingency because,
from his/her point of view, the RPA didn’t represent an issue for managing the other traffic also in case
of contingency and the safety level was maintained at an acceptable level.
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Figure C-22 - ATCO PEQ Q6

The above results are also confirmed by the graph shown in the following figure where ATCOs
agree/strongly agree that the integration of IFR PAS in TMA will allow a satisfactory personal situational
awareness. This figure confirms that the personal situational awareness experienced by the ATCOs at
the end of the RTS was very positive, also because, as already claimed, they were able to manage the
RPAS as if it was a manned traffic.

Figure C-23 - ATCO PEQ Q7
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Finally, positive feedback is also shown in the graph in the following figure where the ATCOs
agree/strongly agree that there is a satisfactory shared situational awareness with pilot. Although the
RPIL didn’t receive any status/position information from the RPA during C2 link failure, the ATCOs
stated that thanks to the coordination with the RPIL he/she was aware about the procedure followed
by the RPA

Figure C-24 - ATCO PEQ Q8

RPIL
As reported in the graph shown in the figure below, the RPIL in 93,8% of the cases (15 runs) was
“always” able to safely manage critical situations and to execute the procedures in case of contingency.
Only in 6,3% of the cases (1 run), the RPIL felt “Often” able to safely manage critical situations and to
execute the procedures in case of contingency. Specifically, this reply was connected to a run with an
ATOL fail after V1 during an automatic take-off though ATOL with C2 link set to high (2 seconds). The
high latency caused to the RPIL command for the ATOL to perform a RTO procedure to arrive to the
RPA after VR, when the require procedure was inhibited. However, considering that the ATOL is fail
operational and is able to continue operations after a single fail, the RPA was able to perform the takeoff and no further issues were reported for this exercise.
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Figure C-25 - RPIL PRQ Q5

Moreover, the RPIL agrees that the integration of IFR RPAS in TMA will allow a sufficient level of safety
in case of contingency. So, this result complies with the answers provided by the ATCOs regarding the
safe integration of IFR RPAS into controlled airspace.

Figure C-26 - RPIL PEQ Q4

In addition, the RPIL agrees that the integration of IFR RPAS in TMA allow a satisfactory personal
situational awareness. In fact, he/she claimed that the situational awareness regarding the status of
the RPAS is improved by the number of sensors present. Of course, during the C2 link loss he/she does
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not receive any information about the RPAS and must rely on the ATCOs. Hence, the C2 link loss
represent the most critical contingency situation as expected.

Figure C-27 - RPIL PEQ Q5

Finally, according to the previous feedback provided by the ATCOs, the RPIL agrees that the integration
of IFR RPAS in TMA will allow a satisfactory shared situational awareness with ATCO. RPIL claimed that
even if during the failure of the C2 link when he/she didn’t receive any information from the RPA,
thanks to the coordination with the ATCO he/she was aware of the RPA position/status. The RPIL was
instead in charge to share with the ATCO the RPA procedure until the link is re-established. However,
the RPIL recommend to train the ATCOs for this kind of situation in order to be ready in case of a C2
link failure.
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Figure C-28 - RPIL PEQ Q6

5. OBJ-INV-005 Results
The validation objective OBJ-INV-005 is fully covered by the CIRA’s simulation campaign since the
exercises cover both departure and landing phases of flight and were specially focused on ATOL
operations. This objective is related to Safety and Human Performance KPAs. The achievement of the
objective with respect to the success criterion is assessed by ad-hoc questionnaires (PRQ and PEQ) and
standard tool (SATI). The questionnaires were different for ATCOs and RPIL in order to assess their
specific level of acceptability of IFR RPAS operated through ATOL in TMA.
All of the feedback received by the ATCOs and RPIL regarding the ATOL procedures in nominal
conditions are positive. The RPIL felt always comfortable during the automatic execution of ATOL
procedures when it works as expected. The use of the ATOL did not affect the work of the ATCOs, in
fact they stated that the RPAS was always equivalent to manned traffic during nominal conditions. In
general, ATCOs felt safe managing traffic including an RPAS executing ATOL procedure. In fact, the
ATCOs stated that the ATOL does not affect their work in any manner. The SATI assessment executed
in the PEQ confirms the above sentences. The RPIL and ATCO both agree/strongly agree that ATOL
operations executed by an IFR RPAS fits adequately with current operations in nominal conditions.
ATCO
As reported in the graph shown in the figure below, the ATCOs in 94,4% of the cases (17 runs) felt
“always” safe in managing traffic including an IFR RPAS executing ATOL procedure, while in 5,6% of the
cases (1 run) felt “Often” safe. Being this 5,6% of the cases connected to a contingency situation the
results are very positive . In particular, the contingency situation is a C2 link failure that represents, for
the ATCOs, the real difference between a RPAS and manned traffics. However, the feedback provided
by the ATCOs in nominal conditions are very positive. In addition, the ATCOs claimed that for them the
ATOL system is completely transparent. Furthermore, they provided many comments reporting that
ATOL system does not impact their job in any manner. It actually represents an help for the RPIL.
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Figure C-29 - ATCO PRQ Q11

The SHAPE Automation Trust Index (SATI) assessment is a group of questions made in order to provide
an assessment of trust and confidence on the ATOL system. The scale encompasses six questions rated
on a Likert scale ranging from 0 to 6, corresponding to response options ranging from “Never” (0) to
“Always” (6) (negative to positive). The SATI assessment was conducted at the end of the RTS
campaign.

Figure C-30 - SATI assessment

As reported in the graph shown in the figure below, the results collected confirm what the ATCOs
stated regarding the ATOL system. In addition, they agree that the ATOL system was reliable and that
it works “always” accurately. In other words, they “always” felt confident when working with the ATOL
system.
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Figure C-31 - SATI Assessment ATCO results

RPIL
As reported in the graph shown in the figure below, the RPIL in 94,4% of the cases (17 runs) “always”
felt comfortable executing ATOL procedure, while in 5,6% of the cases (1 run) he/she “often” felts
comfortable. These 5,6% of the cases was connected to a contingency situation hence, the results are
very positive and confirms the feedback provided by the ATCOs regarding the reliability of the system
in nominal conditions.
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Figure C-32 - RPIL PRQ Q7

The RPIL SATI assessment confirms his/her feedback provided in the PRQ questionnaires. In fact, the
ATOL system presented for the RPIL a very useful system that was “always” reliable, worked “always”
accurately and was easy to understand.
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Figure C-33 - SATI Assessment RPIL results

In addition, as shown in the graph in the figures below, the RPIL “agrees” that IFR RPAS ATOL
operations fits adequately in current operations.

Figure C-34 - RPIL PEQ Q8

Hence, for both RPIL and ATCOs the ATOL system represents a very useful system providing a big help
to the RPIL in nominal conditions.

6. OBJ-INV-006 Results
The validation objective OBJ-INV-006 is fully covered by the CIRA’s simulation campaign since the
exercises cover both departure and landing phases of flight and were specially focused on ATOL
operations. This objective is related to Safety and Human Performance KPAs. The achievement of the
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objective with respect to the success criterion is assessed by ad-hoc questionnaires (PRQ and PEQ) and
standard tool (SATI). In particular, eight ATOL contingencies were executed in both landing and
departure phases. The questionnaires were different for ATCOs and RPIL in order to assess their
specific level of acceptability of the ATOL procedures during contingencies.
In almost all of tests the RPIL felt “always” able to manage ATOL contingency applying timely the proper
procedure. Only in one case the RPIL reported “often” after an ATOL failure occurred in the departure
phase after V1 with high latency. However, no problems during this exercise have been detected. Also,
the ATCOs were always able to prevent critical situations and to safely recover from ATOL failure.
ATCOs claimed that for them the RPAS behave in the same way as manned traffic and there are no
differences in case of an ATOL contingency because the consequent procedures are performed also by
manned traffic (i.e. Rejected Take-Off/Missed Approach procedures). Both ATCOs and RPIL strongly
agree/agree that ATOL contingency is manageable with current procedures. In addition, the SATI
assessment confirms the above-stated results regarding the ATOL acceptability in contingencies.
ATCO
As reported in the graph shown in the figure below, in 75% of the cases (6 runs) the ATCOs was
“always” able to prevent critical situations and to safely recover after an ATOL contingency, while in
25% of the cases (2 runs) the ATCOs was “often” able to prevent critical situations. hence, the feedback
provided regarding ATOL operations in case of contingencies are positive.

Figure C-35 - ATCO PRQ Q12

The SATI assessment performed by the ATCOs (Figure C-31), is also very positive regarding the ATOL
system during contingencies. These results are also confirmed by the ATCOs during the PEQ and the
debriefing sessions where they claimed that they “strongly agree” that ATOL contingencies are
manageable within current operations.
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Figure C-36 - ATCO PEQ Q11

RPIL
As reported in the graph shown in the figure below, the RPIL in 91,7% of the cases (11 runs) felt
“always” able to manage ATOL contingency applying timely the proper procedure, while in 8,3% of the
cases (1 run) he/she was “often” able to manage ATOL contingency. This case, as already reported
above, is connected to an ATOL fail occurred during take-off after V1 with C2 link latency set to high.
Due to this high latency the RPIL RTO command arrived late to the RPA that executed anyway the
departure, in this case, the RPIL felt “often” comfortable. However, the RPIL claimed that the ATOL fail
didn’t represent a critical condition and the system remain very reliable.

Figure C-37 - RPIL PRQ Q8
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The results are also confirmed by the SATI assessment (Figure C-33. In addition, the RPIL, together with
the ATCOs, agrees that ATOL contingency is manageable within current operations.

Figure C-38 - RPIL PEQ Q9

In conclusion, very positive feedback is provided regarding the ATOL system in both nominal and
contingency conditions. The ATOL system is considered as very reliable. Furthermore, ATOL fail doesn’t
represent a critical contingency since the considered ATOL concept fail operational .

7. OBJ-INV-007 Results
The validation objective OBJ-INV-007 is partially covered by the CIRA’s simulation campaign since the
exercises only cover selected phases of flight in the TMA and were focused specially on ATOL
operations. Moreover, in the CIRA’s simulation campaign, the R/T voice communications architecture
considered between the RPIL and ATCOs use a ground-ground voice link that, according to the section
3.4.3.2 Communications Architecture of the D2.3 INVIRCAT – Initial ConOps, represents the one with
the lowest latency and the highest reliability when compared to all of the other considered options.
This objective is related to Safety, Human Performance and Operational efficiency KPAs. The
achievement of the objective with respect to the success criterion is assessed by ad-hoc questionnaires
(PRQ and PEQ). In addition, the questionnaires were different for ATCOs and RPIL in order to assess
their own opinion whether the C2 link and R/T voice communication latencies is acceptable to keep
safety conditions within acceptable levels into TMA.
Both ATCOs and RPIL agreed that C2 link and R/T voice latencies consequent with the architectures
used in the CIRA simulations are acceptable. Indeed, the R/T voice latency communications never had
an undesirable impact on cooperation between RPIL and ATCOs. The ATCO’s regarding both C2 link
and R/T voice latency never had the feeling that he/she focused too much on a single problem. In
addition, the RPAS never had a surprising behaviour that had a negative impact on his/her work.
However, for him/her only in one case RPAS “rarely” assumed a surprising behaviour as consequence
to a C2 link failure. For the RPIL, the R/T voice latency never had an undesirable impact on executing
piloting tasks. The same is for C2 link latency but in two cases the RPIL claimed that “sometimes” the
C2 link latency impacted on the execution of his/her tasks: both of these replies were given after a run
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when latency was set to high (2 seconds), during the departure phase and in both cases the RPIL had
a very short time to react to the ATCO’s instruction to abort the take-off. However, both agreed that
R/T voice latency didn’t have unexpected effect for the integration of RPAS into TMA. Regarding the
C2 link latency the RPIL stated that if the ATOL is active there are no particular issue.
ATCO
As reported in the graph shown in the figure below, the ATCOs in all of the 18 runs reported that the
C2 link latency “never” had an undesirable impact on cooperation with RPIL. Moreover, during the
debriefing sessions the ATCOs claimed that even the highest latency didn’t represent a limit in
managing traffic because also for manned traffic there is a different delay of response for each pilot.

Figure C-39 - ATCO PRQ Q13

As expected, for the ATCOs the R/T voice latency “never” had an undesirable impact on cooperation
with RPIL.
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Figure C-40 - ATCO PRQ Q14

The ATCOs in 94,4% of the cases (17 runs) stated that they “never” had the feeling to focus too much
on a single issue due to the delay in aircraft responses. Only, in 5,6% of the cases (1 run) the ATCOs
“rarely” had a feeling to focus too much on a single issue.

Figure C-41 ATCO PRQ Q15

The ATCOs stated that in 94,4% of the cases (17 runs) they “never” had the feeling to focus too much
on a single issue due to voice communication latency, while in the 5,6% of cases (1 run) they “rarely”
had the feeling to focus too much on a single issue due to voice communication latency.
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Figure C-42 - ATCO PRQ Q16

The ATCOs in 94,4% of the cases (17 runs) stated that the IFR RPAS “never” had a surprising behaviour
that negatively impacted on their work. While, in 5,6% of the cases (1 run) they report that the IFR
RPAS “rarely” had a negative impact on their work. these 5,6% of cases where the ATCOs stated that
the IFR RPAS “rarely” had a negative impact on their work is connected to a C2 link loss failure that, as
already reported above, is considered as the most critical contingency for IFR RPAS.

Figure C-43 - ATCO PRQ Q17

The positive results provided until now by the ATCOs are also confirmed in the PEQ where at the
question “Do you see any unexpected effect regarding the C2 link and R/T voice latency for the IFR
RPAS integration in TMA?” they replied that there is no particular issue under this point of view. In
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general, positive feedback was provided by the ATCOs regarding the C2 link and R/T voice
communication link.
RPIL
As reported in the graph shown in the figure below, in 94,4% of the cases (17 runs) the RPIL stated that
the C2 link latency “never” had an undesirable impact on cooperation with ATCO while in 5,6% of the
cases (1 run) it “sometimes” had an undesirable impact. These 5,6% of the cases where the RPIL stated
that sometimes the aircraft had an undesirable impact are connected to a contingency situation in a
test where the RPA was executing the take-off procedure and a runway incursion occurred. In that
case, due to the high latency (2 seconds) the RPIL was not able not stop the aircraft. However, no
particular issues have been reported by the actors.

Figure C-44 - RPIL PRQ Q9

The RPIL confirms the results of the ATCOs since the R/T voice communication latency “never” had un
undesirable impact on cooperation with ATCO.
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Figure C-45 - RPIL PRQ Q10

The RPIL stated that in 88,9% of the cases (16 runs) the C2 link latency “never” had an undesirable
impact on the execution of piloting tasks, while in 11,1% of the cases (2 runs) it “sometimes” had an
undesirable impact. These 11,1% is connected to a contingency scenario. In both the scenario, the C2
link latency was 2 seconds and the RPA was executing a take-off. Hence, even the results are positive,
the C2 link latency, during departure phase, represents a critical situation, compared to the landing,
and the RPIL sometimes have undesirable impact to perform piloting tasks. For this reason, the RPIL
recommend to install a RPS in all of the airports where RPAS should operate to reduce the possibility
to have a major latency or a C2 link failure.

Figure C-46 - RPIL PRQ Q11
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Furthermore, for the RPIL the R/T voice communication latency “never” had an undesirable impact on
the execution of piloting tasks.

Figure C-47 - RPIL PRQ Q12

Finally, in the PEQ e during the debriefing sessions the RPIL replied to the question: “Do you see any
unexpected effect regarding the C2 link and R/T voice latency for the IFR RPAS integration in TMA?”
with “The R/T voice latency have a minor impact. For C2 link latency no significant problems in ATOL
mode”. However, analysing the RPIL questionnaires the departure phase seems to represents the most
critical phase for an RPAS affected to high latency, at least with the RPAS used in the CIRA RTS.
However, it seems that thanks to the ATOL system the aircraft is able to perform the required
procedure. In general, very positive results have been provided by both ATCO and RPIL regarding the
C2 link and R/T voice latencies, but an investigation is required for the departure phase with high C2
link latency.

8. OBJ-INV-009 Results
The validation objective OBJ-INV-009 is partially covered by the CIRA’s simulation campaign since the
exercises only cover selected phases of flight in the TMA and were focused specially on ATOL
operations. This objective is related to KPAs Safety and Human Performance. The achievement of the
objective with respect to the success criterion is assessed by ad-hoc questionnaires (PRQ and PEQ). In
addition, the questionnaires were different for ATCOs and RPIL in order to assess their own perception
on the adequacy of phraseology in nominal conditions.
Both ATCOs and RPIL claimed that voice communications were effective and not misunderstood. The
ATCOs and RPIL agreed/strongly agreed that the phraseology is adequate and support the efficient and
clear communication. However, the ATCOs recommended to define a specific phraseology in order to
better address the ATM.
ATCO
As reported in the graph shown in the figure below, the ATCOs claimed that the voice communications
with RPIL were “always” effective and not misunderstood.
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Figure C-48 - ATCO PRQ Q20

In addition, in the PEQ the ATCOs confirmed the previous results. In particular they agree/strongly
agree that the proposed phraseology is efficient and clear in nominal conditions. However, in the
debriefing sessions, they recommend developing a specific phraseology in order to better address the
ATM.

Figure C-49 - ATCO PEQ Q14

In general, the ATCOs provided very positive results regarding the adequacy of phraseology in nominal
conditions.
RPIL
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As reported in the graph shown in the figure below, the RPIL confirms the results provided by the
ATCOs regarding the adequacy of phraseology. Indeed, he/she stated that the voice communications
with ATCO were “always” effective and not misunderstood.

Figure C-50 - RPIL PRQ Q13

These results are also confirmed by the RPIL in the PEQ where he/she agrees that the proposed
phraseology supports the efficient and clear communication in nominal conditions.

Figure C-51 - RPIL PEQ Q12
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Very positive results provided by both ATCOs and RPIL regarding the adequacy of proposed
phraseology in nominal conditions. However, the ATCOs recommend to develop a specific phraseology
to better address the ATM.

9. OBJ-INV-010 Results
The validation objective OBJ-INV-0010 is partially covered by the CIRA’s simulation campaign since the
exercises only cover selected phases of flight in the TMA and were focused specially on ATOL
operations. This objective is related to KPAs Safety and Human Performance. The achievement of the
objective with respect to the success criterion is assessed by ad-hoc questionnaires (PRQ and PEQ).
During the CIRA’s simulation campaign a total of nineteen runs were executed where three of them
were in nominal conditions. on the other hand, sixteen contingency runs were executed. The
questionnaires were different for ATCOs and RPIL in order to assess their own perception on the
adequacy of phraseology during contingencies.
Both ATCOs and RPIL claimed that voice communications were effective and not misunderstood in
case of contingency. ATCOs and RPIL agreed that phraseology fitted for efficient and clear
communications in contingency situations. However, the ATCOs recommended to define a specific
phraseology for all of the contingencies.
ATCO
As reported in the graph shown in the figure below, the ATCOs stated that also during contingencies
the voice communications with RPIL was “always” effective and not misunderstood.

Figure C-52 - ATCO PRQ Q21

In addition, also in the PEQ they agree that the proposed phraseology support the efficient and clear
communication in contingency. However, during the debriefing sessions they claimed that a dedicated
phraseology should be defined in order to manage any type of contingencies.
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Figure C-53 - ATCO PEQ Q15

RPIL
As reported in the graph shown in the figure below, the RPIL in the PRQ reported that the voice
communications with ATCOS during contingencies was “always” effective and not misunderstood.

Figure C-54 - RPIL PRQ Q14

These results are also confirmed in the PEQ where the RPIL agreed that the proposed phraseology
supports the clear and efficient communications during contingencies.
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Figure C-55 - ATCO PEQ Q13

10.

OBJ-INV-011 Results

The validation objective OBJ-INV-011 is partially covered by the CIRA’s simulation campaign since the
exercises only cover selected phases of flight in the TMA and were focused specially on ATOL
operations. This objective is related to Safety, Human Performance and Operational Efficiency KPAs.
The achievement of the objective with respect to the success criterion is assessed by ad-hoc
questionnaires (PRQ and PEQ). The questionnaires were different for ATCOs and RPIL in order to assess
if the HMI satisfies the information requirements for RPIL and ATCOs in nominal conditions.
In almost all of the tests ATCOs and RPIL stated to feel “always” provided with all the information to
understand the situation. In one case the ATCOs claimed that he/she “often” received information
consequently to a C2 link failure. However, both the ATCOs and RPIL agreed that the HMIs used in the
experiment support the efficient execution of tasks in nominal conditions. However, the ATCOs
recommended to have SMGCS equipment in order to be able to enhance the concept.
ATCO
As reported in the graph shown in the figure below, the ATCOs in 94,7% of the cases (18 runs) were
“always” provided with all the information they needed to understand the situation while in 5,3% of
the cases (1 run) they were “often” provided with this information. During nominal conditions,
represented in three runs (one of these was the reference scenario) the ATCOs were always provided
with all the information to understand the situation. In fact, the 5,3% of cases where the ATCOs stated
that he/she was “often” provided with all the information is connected to a contingency situation. In
particular, it was the C2 link failure during which the RPIL wasn’t provided with RPAS flight information.
However, very positive results were provided.

Page I 103

INVIRCAT EXPLORATORY RESEARCH VALIDATION REPORT

Figure C-56 ATCO PRQ Q22

The results previously detailed, are also confirmed in the graph shown in the following figure reporting
that the ATCOs in 94,7% of the cases (18 runs) “always” received information in time and complete. In
the same way as in the previous questionnaires the only case for which the ATCOs replied “often” is
connected to a C2 link failure.

Figure C-57 - ATCO PRQ Q23

In the PEQ, the ATCOs agree that the HMI used in the experiment supports the efficient execution of
the tasks in nominal conditions. However, the ATCOs recommend the SMGCS equipment for the tower
controller tasks.
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Figure C-58 - ATCO PEQ Q16

RPIL
As reported in the graph shown in the figure below, the RPIL stated that he/she was “always” provided
with all the information to understand the situation.

Figure C-59 RPIL PRQ Q15

In addition, he/she felt as he/she always received information in time and complete
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Figure C-60 - RPIL PRQ Q16

Furthermore, he/she agrees that the HMI used in the experiment supported the efficient execution of
the tasks in nominal conditions.

Figure C-61 - RPIL PEQ Q14

Hence, both ATCOs and RPIL agree that they were always provided with all the information they
needed to understand the situation. However, the ATCOs recommended SMGCS equipment in order
to better understand the situation for tower controller tasks.

11.
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The validation objective OBJ-INV-011 is partially covered by the CIRA’s simulation campaign since the
exercises only cover selected phases of flight in the TMA and were focused specially on ATOL
operations. This objective is related to Safety, Human Performance and Operational Efficiency KPAs.
The achievement of the objective with respect to the success criterion is assessed by ad-hoc
questionnaires (PRQ and PEQ). The questionnaires were different for ATCOs and RPIL in order to assess
that HMI satisfies the information requirements for Remote Pilots and ATCOs in contingency situation.
For almost all of the tests the ATCOs claimed that the information provided allowed to manage the
contingency situations “very efficiently”. Only in two cases, they stated that the information provided
allowed to manage “efficiently” the situation. The RPIL mostly stated that the information provided
allowed him/her to “efficiently” manage the contingency, and only in two cases he/she declared that
was “very efficiently”. In addition, both ATCOs and RPIL agreed that the HMIs used in the experiment
supported the efficient execution of tasks in contingency situations. The ATCOs stated that “The radar
information was very useful to manage the manned and unmanned traffic particularly when a C2 link
failure happens or during other contingencies/emergency situations”
ATCO
As reported in the graph shown in the figure below, the ATCOs in 87,5% of the cases (14 runs) were
“very efficiently” provided with information to manage the contingency situation, while in 12,5% of
the cases (2 runs) they felt like these information were “efficiently” provided . Even if these are positive
results, they need to be investigated. In both of these scenarios where ATCOs gave a lower score to
the adequacy of the information provision the RPAS was in the departure phase. Hence, also in this
case the departure phase seems to be more critical if compared to the landing for the information
provision to manage the contingency.

Figure C-62 - ATCO PRQ Q24

In the PEQ, the ATCOs agreed that the HMI used in the experiment supports the efficient execution of
their tasks. In fact, during the debriefing sessions, they claimed that “The radar information was very
useful to manage the manned and unmanned traffic and in particular in lost link or other contingency
situations”
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Figure C-63 - ATCO PEQ Q17

RPIL
As reported in the graph shown in the figure below, the RIL stated that in 87,5% of the cases (14 runs)
the information were provided efficiently and allowed him/her to manage the contingency, while in
12,5% of the cases (2 runs) the information provided were provided in “very efficiently” to manage the
contingency.

Figure C-64 - RPIL PRQ Q17

These positive results are also confirmed by the PEQ. Indeed, the RPIL stated that he/she agrees that
HMI used in this experiment supported the efficient execution of RPIL tasks in case of contingency. In
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addition, during the debriefing session he/she stated that the number of sensors, bigger respect to an
equivalent aircraft of the same category of the one used in the RTS, increase the situational awareness
of the RPIL. Finally, the RPIL HMI worked properly from his/her point of view and he/she was always
well-aware of the contingency.

Figure C-65 - RPIL PEQ Q15

12.

OBJ-INV-013 Results

The validation objective OBJ-INV-013 is partially covered by the CIRA’s simulation campaign since the
exercises only cover selected phases of flight in the TMA and were focused specially on ATOL
operations. This objective is related to Safety and Human Performance KPAs. The achievement of the
objective with respect to the success criterion is assessed by ad-hoc questionnaires (PRQ and PEQ) and
standard tools (China Lakes Situational Awareness – CLSA). In addition, the questionnaires were
different for ATCOs and RPIL in order to assess if their own requested human contribution to the
overall system in nominal conditions is compatible with human capabilities.
In the China Lakes assessment regarding the situational awareness, ATCOs claimed that in all of the
exercise the SA with respect to the tasks was excellent and they were able to perform the tasks
extremely well and on time. Instead, the RPIL reported that his/her SA was excellent only in four tests
and excellent/very good in the remaining tests. Moreover, the RPIL stated that the time pressure
experienced during all of the flights was undemanding throughout the flights. Only the reference
scenario was reported as completely undemanding for the ATCOs as no RPAS was present. However,
both ATCOs and RPIL agreed that the introduction of IFR RPAS in TMA does not require additional
effort or abilities in nominal conditions. The ATCOs recommend for specific training of human resource
to allow safe IFR RPAS integration in TMA. While the RPIL claimed that “ATCO should be trained about
the C2 link failure procedure”
ATCO
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Situational awareness represents the perception of elements in the environment within a volume of
time and space, the comprehension of their meaning and the projection of their status in the near
future. During the exercise this indicator was assessed through China Lakes Scale questionnaires and
debriefing. The China Lakes Scale indicates the perceived level of situational awareness (SA) of the
ATCOs after each run. The scale encompasses a hierarchical decision tree that guides the ATCOs
through a ten-point rating scale, where each point is accompanied by a descriptor of the associated
level of SA.
The following questionnaire was used:

Figure C-66 - China Lakes situational awareness assessment

The image below shows on the vertical axis the China Lakes ten rating scale while on the horizontal
axis the run number, and describes the average SA results obtained. The ATCOs stated that, in all of
the runs, their SA was excellent and they were able to perfrom their task extremely well all of the time.
In addition, the ATCOs stated that, they were always ahead of the traffic situation and that all of the
information were good. Furtermore, the RPAS didn’t influence their abilty to manage the rest of the
traffic.
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Figure C-67 - ATCO PRQ Q25

These positive results, are also confirmed by the graph reported in the following figure. The ATCOs
stated that the time pressure they experienced was in 84,2% of the cases (16 runs) neither demanding
nor undemanding. In fact, in these cases they explained that the traffic situation was balanced and the
RPA was always managed as if it was a conventionally-manned traffic. The time pressure in 5,3% of the
cases (1 run) was defined as completely undemanding, in particular for the reference scenario where
no RPAS was included and the number of operations was set to low (4 movements for 15 minutes). In
the 5,3% of cases (1 run) the time pressure was undemanding due to nominal scenario. While in 5,3%
of the cases (1 run) where they felt the time pressure as demanding it is connected to a contingency
situation. In particular, this result was reported after a run with a C2 link failure that, as already stated,
is considered as the most critical contingency for IFR RPAS.
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Figure C-68 - ATCO PRQ Q26

Finally, during the PEQ one of the ATCOs agrees that the introduction of IFR RPAS in TMA does not
imply additional effort or abilities in nominal conditions while the other ATCO disagrees on this aspect
and stated that a specific training should be provided to ATCOs in order to feel comfortable with RPAS
traffic. For this reason, he/she recommends to developing a specific ATCOs training for the IFR RPAS
into TMA.

Figure C-69 - ATCO PEQ Q18

RPIL
The positive results regarding the situational awareness are also confirmed by the RPIL. Indeed, as
reported in the graph shown in the figure below in 66,7% of the cases (12 runs) the RPIL stated that
the SA with respect to his/her task was very good and he/she was able to perform the task well all of
the time. In 22,2% of the cases (4 runs) the RPIL stated that the SA was excellent and he/she was able
to perfrom the task extremely well all of the time. Finally, in 11,1% of the cases (2 runs) the SA with
respect to task was very good and he/she was able to perform the task well most of the time. These
11,1% of the cases refers to the contingency situation that will be detailed in the next section related
to the next objective. However, results for SA during nominal conditions are positive.
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Figure C-70 - RPIL PRQ Q18

In addition, as reported in the graph shown in the figure below the RPIL stated that time pressure
experienced during all of the flights was undemanding confirming the positive results regarding the
SA.

Figure C-71 - RPIL PRQ Q19

The RPIL stated that in 55,6% of the cases (10 runs), he/she never had the feeling to focus too much
on a single issue, while in 44,4% of the cases (8 runs) he/she rarely had the feeling to focus too much
on a single issue. Since these 44,4% of cases are connected to contingency situations, the results
connected to nominal operations are very positive.
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Figure C-72 - RPIL PRQ Q20

Finally, the RPIL agrees that the introduction of IFR RPAS in TMA doesn’t imply additional effort or
abilities in nominal conditions.

Figure C-73 - RPIL PEQ Q16

13.

OBJ-INV-014 Results

The validation objective OBJ-INV-014 is partially covered by the CIRA’s simulation campaign since the
exercises only cover selected phases of flight in the TMA and were focused specially on ATOL
operations. This objective is related to Safety and Human Performance KPAs. The achievement of the
objective with respect to the success criterion is assessed by ad-hoc questionnaires (PRQ and PEQ) and
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standard tools (China Lakes Situational Awareness – CLSA). In addition, the questionnaires were
different for ATCOs and RPIL in order to assess if their own requested human contribution to the
overall system in case of contingency is compatible with human capabilities.
Even regarding contingencies, from the China Lakes assessment regarding the situational awareness
ATCOs claimed that in all of the exercises the SA with respect to the tasks was excellent and they were
able to perform the task extremely well all of the time. In addition, the ATCOs stated that “RPAS
problems during landing phase don't influence the traffic management”. The RPIL claimed that his/her
SA was very good or good in the test with a C2 link failure. For the ATCOs the time pressure in almost
all of the tests was neither demanding nor undemanding because the tasks were balanced. Only for
the test with a C2 link failure, they stated that the time pressure was demanding. Almost for all of the
tests the ATCOs stated that forgetting something important due to a contingency was never a risk.
Only in the case of C2 link fail they stated that they “rarely” felt the. Regarding the risk for the RPIL of
forgetting something important there are a balanced number of replies between “rarely” and “never”
that will be investigated in the next iterations.
ATCO
The figure below shown the SA experienced by the ATCOs during the overall runs. The ATCOs stated
that they were always ahead of the traffic situation and all of the information were good even during
the contingency situations.

These results are also confirmed by the graph shonw in the following figure where in 93,8% of the
cases (15 runs) the ATCOs never had the feeling to forget something important due to the contingency.
Only in 6,2% of the cases (1 run) they “rarely” had the feeling to forget something important due to
the contingency. This case was connected to an ATOL fail occurred during departure phase. As already
stated, the departure phase for the RPAS reprents the most critical phase and it is reccomended to
further evaluate this phase. Anyhow, the general results are very positive.
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Figure C-74 - ATCO PRQ Q27

RPIL
The positive results regarding the SA are also confirmed by the RPIL as reported in the analysis of the
Figure C-70 in the previous chapter. From there, 11,1% of the cases in which the RPIL reported a very
good SA were connected to contingencies. In particular, one was reported after a test with a C2 link
failure regarding which the RPIL stated that SA was reduced due to the lost link but was improved by
the communication/coordination with the ATCOs. Instead, the other case was reported in a test in
which during a landing phase the ATCO required a missed approach procedure for the RPA. In that
case, due to the high latency the RPIL experienced some doubts on the activation of the Missed
Approach procedure, but actually the system worked properly.
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Figure C-75 - RPIL PRQ Q18

These results are confirmed by the graph shown in the following figure where the RPIL stated that in
50% of the cases (8 runs) he/she “never" felt the risk of forgetting something important due to the
contingency while in 50% of the cases (8 runs) he/she “rarely” felt the risk of forgetting something
important due to a contingency. However, the results are very positive.

Figure C-76 - RPIL PRQ Q21

14.

OBJ-INV-015/016 Results

The validation objective OBJ-INV-015 and OBJ-INV-016 are partially covered by the CIRA’s simulation
campaign since the exercises only cover selected phases of flight in the TMA and were focused specially
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on ATOL operations. these objectives are related to Safety, Human Performance and Operational
efficiency KPAs. The achievement of these objectives with respect to the success criterion is assessed
by ad-hoc questionnaires (PRQ and PEQ) and standard tool (Bedford scale). The assessments for these
objectives are conducted only on the ATCOs. The objective to assess is that ATCO workload remains
within acceptable levels.
For Workload the Bedford Scale was used to identify the ATCOs spare mental capacity while
completing a task. The scale encompasses a hierarchical decision tree that guides the ATCO through a
ten-point rating scale (1 lowest- 10 highest), where each point is accompanied by a descriptor of the
associated level of workload. For the interpretation of the results, scores in the range of 1-3 are
considered as satisfactory workload, 4-6 represent tolerable but not satisfactory workload, responses
above 6 require further investigation (the workload was not tolerable but it was possible to complete
the task) and 9-10 are considered as unacceptable (it was not possible to complete the task).
The following questionnaire was used:

Figure C-77 - Bedford scale workload assessment

The ATCOs stated that in 68,7% of the cases (13 runs) the workload was low, in 5,3% of the cases (1
run) the workload was insignificant (specifically during the reference scenario) and in 26,3% of the
cases (5 runs) they had enough spare capacity for all desirable additional tasks. These results are very
positive for both nominal and contingencies conditions. Furthermore, during the debriefing sessions
the ATCOs claimed that they felt no difference between IFR RPAS and "manned traffic" and they had
no particular issues for managing RPAS together with other manned traffic. Since all of the answers
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are between 1-3, the workload is considered satisfactory workload. For this reason, the workload
remains in acceptable level.

Figure C-78 - ATCO PRQ Q28

The results are confirmed by the graph shown in the following figure, where the ATCOs claimed that
the workload in terms of attention, skill or effort was in 89,5% of the cases (17 runs) neither demanding
nor undemanding. These results explain that the workload was well-balanced e they were able to focus
on all of the traffic. In 5,3% of the cases (1 run), the workload was reported as completely undemanding
(specifically in the reference scenario) and in 5,3% of the cases (1 run) the workload was reported as
demanding (specifically in the run with a C2 link failure). Regarding the scenario with C2 link failure the
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ATCOs recommended further investigations on the procedure connected to this contingency in order
to decide if the C2 link failure should be managed as a contingency or an emergency.

Figure C-79 - ATCO PRQ Q29

These results are also confirmed in the graph shown in the next figure, where is reported that the
ATCOs agree that the workload remains in an acceptable level with the integration of IFR RPAS
operated through ATOL into TMA. For these reasons, the overall workload remains an acceptable level
during both nominal and contingencies conditions.

Figure C-80 - ATCO PEQ Q20
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C.3.3 Limitations of Validation Results
The considered use cases foreseen for the ATOL to be enabled only in final approach. Consequently,
in all of the test performed at CIRA the RPAS was injected nearby the Final Approach Fix point. Because
of this, also the test with C2 link failure could only be performed with the failure happening in the final
approach section generating some concern to the ATCOs regarding how to consider the failure under
test, whether an emergency or a contingency. The former foreseen for the ATCO to abort all of the
other operations in the TMA since the emergency is over, as preferred by the ATCOs, while the latter
foreseen the continuation of all of the operations in the TMA, as per the considered procedure. This
kind of evaluation surely requires a further investigation perhaps also considering the possibility of
autonomous landing during a C2 link failure under pre-determined circumstances and if enabled by
the RPIL when confident on the situation.
The traffic density used for the simulations was representative for the simulated airport. Future
experiments could be carried out in busier airspace in terms of traffic.
In addition, a scenario with multiple RPAs landing though ATOL one right after the other mixing the
considered contingencies should be simulated to evaluate ATCO workability in future experiments.
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Appendix D

DLR Validation Exercise Report

D.1 Summary of DLR Validation Exercise Plan
Simulation activities at DLR were planned to be focused on approach and arrival phases of an IFR RPAS
flight, with the APP Exe. ATCO and the RPIL under investigation [2]. The number of actors in the DLR
exercises at a given time were planned to be:
•
•
•
•

1 - 3 RPILs
1 APP Exe. ATCO
1 pseudo ATCO (representing tower ATCO, en-route ATCO)
Several pseudo-pilots (steering manned aircraft traffic)

Use cases under investigation for DLR simulation activities are presented in Table D-1.
Table D-1: Use Cases covered in the DLR Exercise

Identifier

Title

Nominal Use Cases

D2.2
4.1

UC-INV-VALP-NMN.004

Arrival via STAR

4.1.4

UC-INV-VALP-NMN.005

Holding

4.1.5

UC-INV-VALP-NMN.006

Approach

4.1.6

Non-nominal Use Cases

4.2

Command and Control (C2) Link Failure

4.2.4

UC-INV-VALP-NON.004.003

Arrival via STAR with C2 Link Recovery

4.2.4.3

UC-INV-VALP-NON.004.004

Arrival via STAR with Flight Termination

4.2.4.4

UC-INV-VALP-NON.005

Transponder Failure

4.2.5

Conflict
UC-INV-VALP-NON.008.003

4.2.8
Conflict during Arrival via STAR

4.2.8.3

These use cases have been varied with the following parameters:
•

Number of RPA: 1 to 3

•

C2 latency: low/high

It is notable that voice communication between RPIL and ATCO has been assumed to be stable and
with low latency at all times, that no effects of wind/weather have been simulated, and that no other
contingencies apart from the ones described in the covered use cases have been included.
The 8 validation scenarios planned for the DLR validation exercise as described in [2], one of which
being a reference scenario without RPAS, can be derived from Figure D-1.
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Figure D-1: DLR Validation Scenarios

A total of four validation days have been planned, resulting in the 32 simulated scenarios (excluding
training sessions).
The simulation was carried out for in the environment of Düsseldorf airport (EDDL). Using the airspace
structure from 2019 status. Some changes have been applied to the airspace in 2020. Regarding
extensive training of the pseudo-pilots and verification of the simulation environment the airspace
structure from 2019 was chosen. Respectively the operation configuration of runway 23L in use.
According to the most used configuration during the year 2019 at EDDL. Within the simulation
environment no wind, no guests and no deviation traffic from EDDF was assumed. The RPAS have been
modelled as fixed-wing aircrafts, respectively as Dornier 228 and Boeing 737 as aircraft type. The
software NARSIM have been applied as simulation model in version 8.3. In terms of flight performance,
the simulation model utilizes performance characteristics of EUROCONTROL’s base of aircraft data
(version 3).
The flight plan as simulation traffic have been modelled based on recorded IFR traffic at EDDL in 2019.
With a mean flight movement derived from airport capacity parameter for normal demand of 33
arrivals per hour at EDDL. Consequently, a traffic flow of 35 aircraft per hour have been selected.
Aircrafts are injected continuously during the simulation. Regarding the baseline scenario, one to three
IFR aircraft have been substituted by RPA for the seven additional validation scenarios.
When the data link is lost for any reason, the RPA should follow pre-programmed procedures and
routes. Thus, the RPA shows predictable behaviour. To that aim, the current publication of the
approach routes has been complemented with three different contingency loiter patterns, labelled N,
S, and W (November/North, Sierra/South, And Whiskey/West, respectively). Figure D-2 depicts a
sketch of the loiter areas with EDDL approach chart.
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Figure D-2: Exemplary contingency loiter areas for EDDL approach runway 23L (not to scale)

D.2 Deviations from DLR Validation Exercise Plan
Due to limitations in personnel, only one RPIL was available per simulation day. As described in [4], an
RPIL operating DLR’s RPS U-FLY is technically enabled to control more than one RPA. With the scenarios
planned with up to three RPA in the air at a time to assess some of the linked validation objectives,
this possibility was applied, and the RPIL was controlling three RPA simultaneously in the respective
scenarios. However, according to the assumptions in [5], only one RPA shall be controlled by one RPIL
at a time. Not all questions to the RPIL from the questionnaire were applicable for that reason and are
excluded in the assessment.
Further, the flight termination from UC-INV-VALP-NON.004.004 was not fully simulated (in terms of
actual simulation of the controlled flight into terrain). After loss of C2 link in scenario “C2 link loss with
3 RPA”, all RPA automatically entered contingency loiter areas and remained there until either the C2
link has been restored, or the simulation has ended. Two RPA experienced a C2 link loss without regain
and would continue the loiter pattern for more time than the total scenario runtime allowed for. The
simulation ended with these RPA still in the loiter area, planned for a flight termination. The one RPA
that regained the C2 link re-entered the arrival stream as advised by the ATCO.
The overall goal of objective results was not affected by these deviations. Some objectives have a lower
number of answers in the questionnaires, but the subjective assessment of objectives is not impacted.
Also, the deviations do not have a negative impact on objective quantitative numbers.

D.3 Summary of DLR Validation Exercise Results
D.3.1 Validation Results per Validation Objective
In the following section, the results of each conducted validation scenario from DLR real-time
simulation will be explained and further discussed in detail according to the validation results per
validation objective. The results of the objectives are evaluated based on the simulation data analysis
as well as the answers and responses of the simulation participants, including ATCOs and RPILs
depending on the objective. The questionnaire and simulation data analysis results will be provided as
graphs, clustered by post-run questions to RPIL and ATCO first, and post-exercise questions to RPIL and
ATCO afterwards. If comments as free-text have been given, they are stated in the original wording.
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1. OBJ-INV-001: Acceptability in nominal
conditions
The validation objective OBJ-INV-001 addresses the acceptability of IFR RPAS integration in
TMA/airport in nominal conditions. This objective addresses the KPAs Safety and Human Performance.
It is analysed by results of post-run-questionnaires and post-exercise questionnaires.
RPIL – PRQ

Figure D-3: RPIL PRQ Q3

ATCO - PRQ

Figure D-4: ATCO PRQ Q2
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Figure D-5: ATCO PRQ Q4

RPIL - PEQ

Figure D-6: RPIL PEQ Q1
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ATCO - PEQ

Figure D-7: ATCO CARS

Figure D-8: ATCO PEQ Q2
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Figure D-9: ATCO PEQ Q3

Observation: RPILs as well as ATCOs assessed the IFR RPAS integration in TMA/airport during nominal
conditions as positive and feasible. RPILs and ATCOs felt comfortable during all simulation runs
regarding the proposed procedures. Occasionally, ATCOs noticed only slightly interference of RPAS
with conventional traffic. Further, ATCOs felt over 80% able to plan their work according to
preferences. CARS evaluation as well as the assessment of effect on job satisfaction for ATCOs showed
neutral and positive acceptance.
Discussion: In principle, the acceptability in nominal conditions is evaluated positively by RPILs and
ATCOs. The proposed procedures for integration of one or multiple RPA in TMA/airport under IFR
conditions is feasible and do not affect the planning and work routine from ATCOs significantly. Once
only an issue appeared, sending RPA into holding due to control problems and handling of the RPA
HMI. This issue did not occur according to the followed integration procedures. There was a small
interference evaluated by ATCOs between RPA and conventional traffic. One ATCO tried to work using
only point merge technique, which led to more complex work for correct spacing without vectoring.
Furthermore, besides the discussed points only a small number of simulation issues appeared, like
small overshoot of the localizer by RPA, which was noticed and commented by ATCOs. One ATCO was
rarely able to plan his/ her work according to preferences. There was no possibility provided in this
simulation setup to write down the cleared levels/ altitudes and to have the STAR procedures
highlighted on the radar screen or the possibility to show the trajectory of the flight yielding to the
assessment.

2. OBJ-INV-002: Acceptability in contingency
conditions
The validation objective OBJ-INV-002 addresses the acceptability of IFR RPAS integration in
TMA/airport in contingency conditions. This objective addresses the KPA Human Performance. It is
analysed by results of post-run-questionnaires and post-exercise questionnaires.
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RPIL – PRQ

Figure D-10:RPIL PRQ Q2

ATCO – PRQ

Figure D-11: ATCO PRQ Q3
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RPIL – PEQ

Figure D-12: RPIL PEQ Q2

ATCO – PEQ

Figure D-13: ATCO CARS
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Figure D-14: ATCO PEQ Q4

Observation: RPILs were able to execute their simulation tasks during contingency conditions in the
optimal way. 91.4% of ATCOs assessed the management of traffic during contingency conditions as
optimal. Only 8.6% evaluated the management as rarely or sometimes optimal. RPIL assessed the
concept for integration IFR RPAS in TMA/airport as efficient during contingency situations. ATCOs
showing different acceptance for the concept during contingencies. The answers range from positive
feedback to rather neutral valuation. Same counts for the assessment of efficient management of the
contingency situations. Whereas, the neutral answers (75%) predominated the rather positive (25%).
Discussion: The acceptability in contingency conditions is positively evaluated by RPILs and ATCOs. For
RPIL some issue occurred to enter holding pattern, which does not influence by the proposed concept
for contingency situations. The criticality of the final approach, including localizer intercept for ILS
landings, was deemed to be important to be supervised according to an additional comment in the
questionnaire. One ATCO assessed the performance during contingency situation rarely optimal due
to his own performance of sequencing. He/ She did not mention any issues according the operational
concept. Executed contingency events, such as C2 link loss or transponder failure, were evaluated as
significant. The most impacting effect was not any latency dimension, but the different flight
performance of Do228, flying considerably slower than conventional aircraft, resulting in a more
difficult situation to sequence the arrival stream safely and efficiently.

3. OBJ-INV-003: Safety levels in nominal
conditions
The validation objective OBJ-INV-003 addresses that safety remains within acceptable levels in nominal
conditions. This objective addresses the KPA Safety. It is analysed by results of post-run-questionnaires
and post-exercise questionnaires.
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RPIL – PRQ

Figure D-15: RPIL PRQ Q1

Figure D-16: RPIL PRQ Q4
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ATCO – PRQ

Figure D-17: ATCO PRQ Q1

Figure D-18: ATCO PRQ Q6
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Figure D-19: ATCO PRQ Q7

RPIL – PEQ

Figure D-20: RPIL PEQ Q3
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ATCO – PEQ

Figure D-21: ATCO PEQ Q5

The concept of the loiter areas is good in this situation, but it has to be expanded and the
ATCO needs to know how the RPAS is supposed to get there

Observation: RPILs felt comfortable almost over all simulation runs (94.8%). No unexpected clearance
from ATCO occurred. A comparable behaviour can be observed among ATCOs response. 96.8% from
ATCOs felt comfortable over all simulation runs. A mixed field of answers can be seen for ATCO PRQ
Q6, asking if the focus laid too much on single problems/ areas. Whereas the higher percentage
(90.2%) only felt sometimes to never distracted by a single problem/ area. Generally, situational
awareness was evaluated as good from ATCO over all simulation runs. Furthermore, RPIL as well as
ATCO agreed that the applied concept for integration of IFR RPAS in TMA/airport will allow a sufficient
level of safety in nominal conditions.
Discussion: The safety levels in nominal conditions were evaluated as high. No problems occurred and
ATCOs as well as RPILs were able to manage and guide the traffic. Single ATCOs sometimes felt they
focused too much on a single area. This effect most likely appeared due to the rather new HMI and
difference in flight performance of the Do228, but did not yield any critical safety situation.

4. OBJ-INV-004: Safety levels in contingencies
conditions
The validation objective OBJ-INV-004 addresses that safety remains within acceptable levels in case of
contingency. This objective addresses the KPA Safety. It is analysed by results of post-runquestionnaires and post-exercise questionnaires.
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RPIL – PRQ

Figure D-22: RPIL PRQ Q5

Figure D-23: RPIL PRQ Q6
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ATCO – PRQ

Figure D-24: ATCO PRQ Q8

RPIL – PEQ

Figure D-25: RPIL PEQ Q4
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Figure D-26: RPIL PEQ Q6

ATCO – PEQ

Figure D-27: ATCO PEQ Q7
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Figure D-28: ATCO PEQ Q8

Observation: RPILs were able to manage critical situations and execute proposed procedures. Further,
around 27.3% of RPIL were not able to prevent critical situation. The other 72.7% were often, always
able to prevent critical situations. ATCOs felt able to prevent critical situations. Only one ATCO
answered never. RPIL assess a sufficient level of safety as well as satisfactory shared situational
awareness for contingency conditions according to the applied concept. 75% of ATCOs see a
satisfactory personal situational awareness according to the applied concept. Remaining 25%
disagrees. A comparable picture accounts for the shared situational awareness. 50% of ATCO agree on
a satisfactory level, 25% disagrees, 25% do not stake out any position.
Discussion: The safety levels in contingency conditions were evaluated as high. Difference in answers
for prevention of critical situation of RPAS occurred due to different assessment of the question RPIL
PRQ Q6. RPIL did not see any possibility to prevent C2 link loss and regain it. However, this was part of
the simulation setup and the question did not aim an answer on the possibility of C2 link loss
prevention, but rather other critical situations occurring during the simulation. Same counts for ATCO
responses. ATCO evaluating never as an answer to prevent critical situations, commented that all active
conventional traffic was already vertically separated. Thus, no recovery had to be applied in short term.
Even though the RPIL assessed a sufficient level of safety and a good situational awareness, they
remarked that it is difficult to judge from one-sided perspective.

5. OBJ-INV-007: C2-Link and R/T voice
acceptable latency
The validation objective OBJ-INV-007 addresses whether the C2-Link and R/T voice latency, based on
a representative value of this latency, is acceptable to keep safety conditions within acceptable levels.
This objective addresses the KPAs Safety, Human Performance, and Operational Efficiency. It is
analysed by results of post-run-questionnaires and post-exercise questionnaires.
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RPIL – PRQ

Figure D-29: RPIL PRQ Q4

Figure D-30: RPIL PRQ Q7
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Figure D-31: RPIL PRQ Q8

Figure D-32: RPIL PRQ Q9
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Figure D-33: RPIL PRQ Q10

ATCO – PRQ

Figure D-34: ATCO PRQ Q9
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Figure D-35: ATCO PRQ Q10

Figure D-36: ATCO PRQ Q11
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Figure D-37: ATCO PRQ Q12

Figure D-38: ATCO PRQ Q13

RPIL – PEQ
7. Do you see any unexpected effect regarding the C2 link and R/T voice latency for the IFR RPAS
integration in TMA/Airport? Please provide a comment and explain:
Could be confusing if a command is not executed immediately. Maybe report indicated latency
at first contact?
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Could have an impact if actions are performed too late. Could increase required
communication
No, good concept. Refer to comment question 2
Latency should be kept to a minimum -> but IFR RPAS operations are feasible
Latency can be critical when commands are not executed in time
Latency should be kept to a minumum (e.g. < 5 sec)
RPAS motion seems to have too much inertia, check simulation model

ATCO – PEQ
9. Do you see any unexpected or unwanted effect regarding the C2 link and R/T voice latency for the
IFR RPAS integration in TMA/Airport? Please provide a comment and explain:
No - The simulation has latency itself so is difficult to find differences
Just to establish: Some standards that pilots will follow so controllers know to manage the
situation
I didn't notice a greater R/T voice latency for the RPAS pilot that that experienced with other
traffic

Observation: RPILs were almost never surprised by ATCO clearances, only in 10.5% of the scenarios,
clearances were “rarely” surprising. They never saw any impact of R/T latency on their cooperation
with the ATCO, and only 15.8% “rarely” or “sometimes” an impact of C2 latency on said cooperation.
Piloting tasks were impacted rarely (63.2%) by C2 link latency, and almost never (94.7%) by R/T latency.
ATCOs reported an undesirable impact on cooperation with the RPIL sometimes (14.3%) or rarely
(42.9%). The R/T latency had mixed impact on the cooperation with the RPIL, one answer being
“often”, and less than 50% did not notice an undesirable impact. ATCOs were focused on a single issue
due to delay of aircraft responses (i.e. C2 link latency) rarely, and voice communication took their focus
sometimes or rarely in 50% of the cases. The remaining half did not see any effect. The RPAS did not
surprise the ATCO with unexpected behaviour in 50%, and only rarely or sometimes else.
Discussion: The C2-Link and R/T voice latency is acceptable to keep safety conditions within acceptable
level. The reported impact of R/T latency is surprising, as there was no additional latency added to the
system. This can be due to the fact that some personnel had slower reactions in the simulation
environment than experienced pilots in their usual workplace. C2 link latency had some impact,
without responses above “sometimes”. It was reported that an indication on expected latency could
be given during the initial call by voice, or in the system (e.g. labels). Latency was considered to be
critical if too high and should be kept to a minimum. ATCOs mentioned a slight increase in workload
to absorb the delay caused by the RPAS overshooting the Localizer. This represented an exception.
Thus, not concerning the C2-Link and R/T voice latency in general. For some ATCOs it was difficult to
notice the latency, since the simulation has a minimum latency anyway. Further, ATCOs indicated that
a not immediately executed command could be confusing and might increase the required
communication. Consequently, proposing a report of indicated latency at first contact and keeping the
latency lower than a minimum of five seconds. In total, ATCOs assess the C2-Link and R/T latency as
not safety critical. No greater latency was noticed during the simulations.
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6. OBJ-INV-009: Phraseology adequacy in
nominal conditions
The validation objective OBJ-INV-009 addresses the adequacy of phraseology in communications
between ATCOs and Remote Pilots in nominal conditions. This objective addresses the KPAs Safety and
Human Performance. It is analysed by results of post-run-questionnaires and post-exercise
questionnaires.
RPIL – PRQ

Figure D-39: RPIL PRQ Q11
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ATCO – PRQ

Figure D-40: ATCO PRQ Q14

RPIL – PEQ

Figure D-41: RPIL PEQ Q8
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ATCO – PEQ

Figure D-42: ATCO PEQ Q10

Observation: Almost all RPILs assessed the communication between ATCO and RPIL as efficient and
not misunderstood (89.5%). Only 10.6% rated the communication as rarely/ never effective. A
comparable picture can be seen from ATCOs response. 78.5% evaluated the communication as
effective. However, the remaining 21.5% rated communication as “never” effective. Furthermore, the
proposed phraseology meets all of the requirements for a efficient and clear communication according
to RPIL and ATCOs response.
Discussion: The adequacy of phraseology in communications between ATCOs and Remote Pilots in
nominal conditions is evaluated as suitable. One ATCO indicated the feeling of a not so well prepared
RPIL, yielding to the assessment of never for an effective communication. The effect could also be
explained by a misunderstanding of the question, i.e. an answer to a question “Was the
communication misunderstood?” The qualitative feedback, including the debriefing sessions, did not
anticipate such negative answers. Overall no further suggestions to improve phraseology were
provided, underlining the fact of an adequate phraseology for nominal conditions.

7. OBJ-INV-010: Phraseology adequacy in case
of contingencies
The validation objective OBJ-INV-010 addresses the adequacy of phraseology in communications
between ATCOs and Remote Pilots in case of contingency. This objective addresses the KPAs Safety
and Human Performance. It is analysed by results of post-run-questionnaires and post-exercise
questionnaires.
RPIL – PRQ
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Figure D-43: RPIL PRQ Q12

ATCO – PRQ

Figure D-44: ATCO PRQ Q15

Page I 149

INVIRCAT EXPLORATORY RESEARCH VALIDATION REPORT

RPIL – PEQ

Figure D-45: RPIL PEQ Q9

ATCO – PEQ

Figure D-46: ATCO PEQ Q11

Observation: The majority of RPIL (88.9%) assessed the voice communication as effective and not
misunderstanding during contingency recovery. Remaining 11.1% selected “never” as evaluation. A
comparable picture can be seen for the ATCOs response. 85% felt voice communication during
contingency recovery was effective and not misunderstood. 15% selected “never” as evaluation.
Regarding the efficiency, 87.5% of RPIL felt voice communication as clear and efficient. Remaining
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12.5% do not stake out a position and stayed neutral (neither agree nor disagree). 50% of ATCOs
agreed on an efficient and clear voice communication. Remaining 50% stayed neutral.
Discussion: The adequacy of phraseology in communications between ATCOs and Remote Pilots in
case of contingency is rated as effective, efficient and clear. ATCOs as well as RPIL felt comfortable
using the proposed phraseology in contingency situation. The phraseology supported an efficient and
effective handling of contingency situations. No further proposals according the phraseology were
provided by ATCOs neither RPILs. As in the evaluation of the previous objective, the responses stating
that communication was “never” effective may have been a misunderstanding, as again such answers
could not be anticipated based on the feedback and debriefing.

8. OBJ-INV-011: Adequacy of information
provision in nominal conditions
The validation objective OBJ-INV-011 that the HMI satisfies the information requirements for Remote
Pilots and ATCOs in nominal conditions. This objective addresses the KPAs Safety, Human Performance,
and Operational Efficiency. It is analysed by results of post-run-questionnaires and post-exercise
questionnaires.
RPIL – PRQ

Figure D-47: RPIL PRQ Q13
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Figure D-48: RPIL PRQ Q14

ATCO – PRQ

Figure D-49: ATCO PRQ Q16
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Figure D-50: ATCO PRQ Q17

RPIL – PEQ
Not applicable due to described deviations and limitations.
ATCO – PEQ

Figure D-51: ATCO PEQ Q12

[Could be better to use an HIM with interactive label that could be useful as a remid of altitude
clearance to the RPAS in case of transponder failure] [Nominal run, comment not applicable.]
HMI should be more open and provides tools for completing the tasks (e.g. range and bearing)
It lacks many tools ATCO relies on to fulfill the task
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Observation: The majority of RPILs (94.7%) assessed the provided information as fully consistent and
timely to understand the current situation. One RPIL answered both (consistency and time) on “rarely”.
ATCOs responded differently on that aspect. 87.1% evaluated the provided information as consistent.
The remaining ATCOs assessed the completeness of provided information as “sometimes” (3.2%),
“rarely” (6.5%) or “never” (3.2%). Regarding the timing when information is provided, 96.9% of ATCOs
felt information as “often” or “always” timely. Remaining 3.1% assessed a “rarely”. Furthermore,
ATCOs evaluated the HMI regarding an efficient execution of tasks in nominal conditions as not highly
supportive. 75% disagreed on a supporting HMI for task execution, 25% stayed neutral.
Discussion: Overall the RPIL HMI provides sufficient and timely information for execution the
simulated task in an efficient way. ATCOs HMI is lacking some supporting information. While
information was provided timely and consistent, ATCOs would like to have higher provision of
additional information. Furthermore, ATCOs criticize the usability of their HMI. Missing interactive
labels that could be useful as a reminder of altitude clearance to the RPAS, as well as the possibility of
additional tools, such as bearing and range tool, for completing the tasks.

9. OBJ-INV-012: Adequacy of information
provision in contingencies
The validation objective OBJ-INV-012 addresses that the HMI satisfies the information requirements
for Remote Pilots and ATCOs in case of contingency. This objective addresses the KPAs Safety and
Human Performance. It is analysed by results of post-run-questionnaires and post-exercise
questionnaires.
RPIL – PRQ

Figure D-52: RPIL PRQ Q15
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Some more infor on C2 regain status would help

ATCO – PRQ

Figure D-53: ATCO PRQ Q18

I could manage the situations better. I should ask to RPAS pilot what is the drone performing

RPIL – PEQ
Not applicable due to described deviations and limitations.
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ATCO – PEQ

Figure D-54: ATCO PEQ Q13

Could be better to use an HIM with interactive label that could be useful as a remid of altitude
clearance to the RPAS in case of transponder failure
The flights during contingency situation don't follow what reported in the documentation (e.g.
holding turns)
As before the HMI needs to be improved with loiter areas (all of them) and maybe minimum
height corridors to reach them

Observation: 85.5% of RPIL assessed the provided information as efficient or very efficient to manage
the contingencies occurred during the simulation, while the remaining 12.5% felt information as
almost efficient. Regarding the ATCOs response, 81.8% saw an efficient management of contingencies
with provided information. 9.1% felt provided information as “almost efficient” to manage
contingencies and 9.1% as “very inefficient”. Additionally, 75% of ATCOs disagree on an efficient
support by HMI to execute the tasks during contingencies. Remaining 25% do not stake out a position
and stay neutral.
Discussion: The adequacy of information provision in contingencies is evaluated differently from RPILs
and ATCOs. RPIL generally evaluate the provided information as sufficient and supporting a good
management of contingencies. One RPIL would like to see additional information on C2 Link regain
status. ATCOs assess the provided information as sufficient and supporting, too. However, ATCOs HMI
is missing some additional information and assistant tool to plan and manage their working such as
bearing and ranging tools. An interactive label could be helpful as remind of altitude clearance for
RPAS, especially in case of transponder failure. It has to be noted that some issues appeared during
the simulation entering the holding turns such as reported in the documentation. As a proposal ATCOs
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would like to see all of the loiter areas in HMI and a minimum height corridor to reach those areas
could be helpful.

10.
OBJ-INV-013: Human contribution in
nominal conditions
The validation objective OBJ-INV-013 addresses that requested human contribution to the overall
system in nominal conditions is compatible with human capabilities. This objective addresses the KPAs
Safety and Human Performance. It is analysed by results of post-run-questionnaires and post-exercise
questionnaires.
RPIL – PRQ

Figure D-55: RPIL PRQ China Lake (nominal)
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Figure D-56: RPIL PRQ Q16

Figure D-57: RPIL PRQ Q17
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ATCO – PRQ

Figure D-58: ATCO PRQ China Lake (nominal)

Figure D-59: ATCO PRQ Q19
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Figure D-60: ATCO PRQ Q6

RPIL – PEQ

Figure D-61: RPIL PEQ Q12

13. Do you see any need for change in training or human resource management to allow the IFR RPAS
integration in TMA/Airport? Please provide a comment and explain:
Yes, latency effects and contingencies should be trained beforehand
Training for handle RPAS integration is needed with focus on new functions and its possible
failures and management.
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Contingencies should be trained. Expected latency implications should be trained.
Yes, the situations and procedures must be trained.
On the ground station side definitely -> you need to train the ground station operator. On ATC
side maybe not -> ATCOs should handle the RPAS in the same way as a manned aircraft
Yes, some training should be required
Training for ground station operator has to be established
Sure. Everybody needs to be trained on this

ATCO – PEQ

Figure D-62: ATCO PEQ Q14

15. Do you see any need for change in training or human resource management to allow the IFR RPAS
integration in TMA/Airport? Please provide a comment and explain:
No - The management is practically the same
At this step is not necessary
It depends, the closer the RPAS is able to fly like a normal aircraft, then little training is
needed.

Observation: RPILs assessed their situational awareness according to the china-lake scale. 85.7% of
RPILs assessed their situational awareness with a 9 (very good) on china-lake scale. 14.3% saw their
situational awareness on a 10 (excellent). Further 84.2% of RPIL did not feel any time pressure during
the whole flight. 10.5% did not stake out a position and stayed neutral. 1 RPIL (5.3%) felt some time
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pressure resulting in a demanding flight. 66.7% of RPILs felt they never focused too much on a single
issue. The remaining 33.3% focused rarely too much on a single issue. Overall, RPIL identify no
additional effort or abilities are needed for the proposed concept of integration (62.3% agree, 37.5%
strongly agree). The ATCOs assessed their situational awareness positively, too. 66.7% submit a good
(8) situational awareness and 33.3% a very good situational awareness (9). According the experienced
time pressure, the majority of ATCOs felt in a suitable level of time pressure (68.8% neutral). 18.8%
experienced a demanding time pressure and 12.6% a rather undemanding or completely undemanding
situation. ATCOs answers regarding their focus are distributed. 9.4% never focused too much on a
single issue, 53.1% rarely, 28.1% sometimes and 9.4% often or always. Moreover, ATCOs do not see
any additional effort or abilities needed for the proposed integration concept (50% neutral, 50%
agree).
Discussion: The required human contribution to the overall system in nominal condition is compatible
with the human capabilities. RPIL and ATCOs show good up to excellent situational awareness during
the simulation runs. Furthermore, there was no real time pressure experienced by both sides.
Whereas, the majority of ATCOs stayed neutral on the topic of time pressure. What shows a desired
outcome, since ATCOs should stay in their comfort zone (not too demanding, not too undemanding)
to be focused but not mentally overloaded. Additionally, ATCOs do not see any needed change in
training or human source management. The more the RPA flight performance closes up to
conventional ones, the less training is needed. However, RPILs see a bigger need for general training.
Especially latency effects and contingencies with their possible failures should be trained beforehand.

11.
OBJ-INV-014: Human contribution in
contingencies
The validation objective OBJ-INV-003 addresses that requested human contribution to the overall
system in case of contingency is compatible with human capabilities. This objective addresses the KPAs
Safety and Human Performance. It is analysed by results of post-run-questionnaires and post-exercise
questionnaires.
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RPIL – PRQ

Figure D-63: RPIL PRQ China Lake (contingency)

Figure D-64: RPIL PRQ Q18
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ATCO – PRQ

Figure D-65: ATCO PRQ China Lake (contingency)

Figure D-66: ATCO PRQ Q20

RPIL – PEQ
n/a
ATCO – PEQ
n/a
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Observation: RPILs assessed their situational awareness for the most part as good 25%, as very good
66.7% and 8.3% as excellent. The risk of forgetting something important due to any contingencies was
evaluated as never from 87.5% and as rarely from 12.5%. From ATCOs perspective there is a
comparable evaluation observed. 81.3% of ATCOs had a good situational awareness, 12.5% a very
good. Only one ATCO (6.3%) assesses his/her situational awareness as insufficient. For 26.9% of ATCOs
a risk of forgetting something important due to occurred contingencies never existed. 65.4% saw a
rarely potential and 38% evaluated the risk as sometimes. Only 3.8% felt quite often the risk to miss
some important information due to contingencies.
Discussion: The required human contribution to the overall system in contingency condition is
compatible with the human capabilities. RPIL as well as the majority of ATCOs evaluated their
situational awareness from good to excellent. No further proposals were given. The risk of forgetting
or missing some important information due to the contingency situations is assessed as pretty low.
Overall, the human contribution to the overall systems during contingency conditions is located within
the human capabilities from RPILs and ATCOs, too.

12.
OBJ-INV-015: ATCO workload in nominal
conditions
The validation objective OBJ-INV-015 addresses that ATCO workload remains within acceptable levels.
This objective addresses the KPAs Safety, Human Performance, and Operational Efficiency. It is
analysed by results of post-run-questionnaires, post-exercise questionnaires and platform data
analysis.
ATCO – PRQ

Figure D-67: ATCO PRQ Bedford Scale (nominal)
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Figure D-68: ATCO PRQ Q21

ATCO – PEQ

Figure D-69: ATCO PEQ Q16
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Figure D-70: ATCO ISA (Baseline)

Figure D-71: ATCO ISA (one RPA with low C2 link latency)

Figure D-72: ATCO ISA (three RPAS with low C2 link latency)
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Figure D-73: ATCO ISA (one RPA with high C2 link latency)

Observation: 83.3% of ATCOs assessed their experienced workload during the nominal conditions with
a three, meaning that enough spare capacity for all desirable additional tasks is available. 16.7% rated
a two on the Bedford rating scale, assessing the workload as low. In terms of attention, skills and effort,
18.6% of ATCOs evaluated the experienced workload as demanding, 65.6% as neutral (neither
demanding, neither undemanding), 12.5% as undemanding and remaining 3.1% as completely
undemanding. Further, 75% of ATCOs assessed the experienced task as feasible and workload in
acceptable levels with often. 25% of ATCOs saw the workload always in an acceptable level.
Additionally, the results from instantaneous self-assessment show lower numbers as during the
baseline scenario. The results are calculated as a mean value for all four ATCOs within five-minute
periods with the mean square deviation depict by the error bar. Generally, the perceived workload
does not increase or decrease significantly due to RPA integration.
Discussion: The ATCO workload remains within acceptable level during nominal conditions. According
to ATCOs response, the carried-out tasks were feasible and workload stayed in acceptable levels,
meaning that the attention from ATCOs were not too low, thus, time passes slowly and some tasks can
be missed nor too high, thus, the ATCO is overloaded and some tasks are not completed and controller
does not fell in control. Comparable results are seen for the question regarding the attention, skills
and effort. The majority of ATCOs experience a suitable level of workload.

13.
OBJ-INV-016: ATCO workload in
contingencies
The validation objective OBJ-INV-016 addresses that ATCO workload remains within acceptable levels
in case of contingency. This objective addresses the KPAs Safety, Human Performance, and Operational
Efficiency. It is analysed by results of post-run-questionnaires, post-exercise questionnaires and
platform data analysis.
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ATCO – PRQ

Figure D-74: ATCO PRQ Bedford Scale (contingency)

ATCO – PEQ
Same as above

Figure D-75: ATCO ISA (Baseline)
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Figure D-76: ATCO ISA (one RPA with C2 link loss)

Figure D-77: ATCO ISA (three RPAS with C2 link loss)

Figure D-78: ATCO ISA (one RPA with transponder loss)
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Figure D-79: ATCO ISA (one RPA with conflict)

Observation: 12.5% of ATCOs assessed their experienced workload during the contingency conditions
with a four, 81.3% with a three and the remaining 6.3% with a two. Additionally, the same response
regarding the task feasibility and acceptable level of workload is given by ATCO. 75% see workload
often in acceptable levels and 25% always. Results analysis from instantaneous self-assessment shows
that perceived ATCO workload only increases slightly after a contingency event occurs. The point in
time from the events are depicted with a red dashed line. Workload stays within the range from two
to three.
Discussion: The ATCO workload remains within acceptable level during contingency conditions. ATCOs
evaluate the integration as a feasible task even though some contingency situations appeared and
changed the traffic picture. Within the instantaneous self-assessment results, a slight increase of
workload can be seen. Biggest impact was measured by the C2 link loss from three RPAS and when
conflict situation occurred. However, the mean workload does not exceed a value of three. This
indicates that ATCOs workload maintains in their comfort zone (around three) where they work most
efficiently even though contingency situation had to be handled.

14.

OBJ-INV-017: Runway throughput

The validation objective OBJ-INV-017 addresses that the integration of IFR RPAS does not negatively
affect runway throughput. This objective addresses the KPAs Operational Efficiency, Human
Performance, and Capacity. It is analysed by results of the platform data.
From D3.3: As the validation exercise covers an approach sector of the airport EDDL, instead of runway
throughput the sector throughput will be evaluated.
Discussion: According to the platform data recorded during all simulation runs the sector throughput
was not significantly influenced by the proposed and carried-out concept for IFR integration of RPA
within TMA and airport. The sector throughput from baseline scenario and nominal conditions do not
show any significant deviation. Sector throughput might change slightly between the nominal
scenarios. This effect occurs due to changing scenarios length (deviation of five minutes). Same
behaviour is seen for the contingency scenarios, apart from the fact that during the C2 link loss only
one of the three RPAS is fully reintegrated into the arrival and landing stream. In conclusion, it can be
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stated that the IFR RPAS integration does not negatively affect sector throughput. Thus, IFR RPAS
integration does not negatively affect runway throughput.

15.

OBJ-INV-018: Equity

The validation objective OBJ-INV-017 addresses that the integration of IFR RPAS does not determine
different priority consideration (within applicable rules) by ATCOs among airspace users. This objective
addresses the KPA Access and Equity. It is analysed by results of the platform data.
Discussion: As the validation exercise covers an approach sector of the airport EDDL, the mean flown
distance in the sector is evaluated. For that purpose, the following figures show the mean flown
distance from conventional traffic and RPAS traffic for each simulation day. Including only the nominal
condition scenarios, since RPAS receive different priority consideration during contingency conditions
among other airspace users. Further, the mean flown distances for conventional traffic and RPAS are
separately depicted by their used initial approach fix (TEBRO, XAMOD, DOMUX) to enter the TMA.
Transitions to runway depending on the initial approach fix have different distances to cover.
Therefore, RPAS flown distances should only be comparted to conventional aircraft entering and flying
in TMA through the same transition. In this way, a higher comparability is provided according to priority
considerations. It has to be stated that for conventional aircraft the mean flown distance was
calculated only for aircraft who successfully landed. All aircraft still airborne at the time of simulation
end were excluded. For RPAS the mean flown distance was calculated until the final approach fix
(REGNO). Whereas around 8.5NM should be added to the depict values. Furthermore, some RPAS
specific mean flown distances are missing, due to invalid recording data.
For all simulation days no different priority consideration can be observed. The mean flown distances
show no significant deviation. For TEBRO integration the highest deviation occurred during the first
simulation day (around 9%). For XAMOD integration the highest deviation moves around 9% as well
(simulation day 4) and for DOMUX integration the highest deviation lays around 34% lower. This data
appeared during the scenario three (integration of three RPAS with low C2 link latency) on simulation
day one. Generally, no significant different priority consideration is seen. The quality of comparability
is relatively low, since the number of RPAS integrated through one specific initial approach fix is on
average one. Nevertheless, this platform data analysis provides an estimation an assessment if there
were significant different handling between conventional traffic and RPAS from ATCO.
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Figure D-80: Day 1 Mean flown distance (conventional – RPAS)

Figure D-81: Day 2 Mean flown distance (conventional – RPAS)

Figure D-82: Day 3 Mean flown distance (conventional – RPAS)
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Figure D-83: Day 4 Mean flown distance (conventional – RPAS)

D.3.2 Validation Results per KPA
The SESAR KPA including Safety, Human Performance, Operational Efficiency and Equity are analysed
through this validation campaign and their simulation runs. All INVIRCAT validation objectives were
allocated to the KPA. This allocation is additionally shown in the following table. Subsequently each
KPA will be discussed in the following according to the validation results.

Objective

KPA

OBJ-INV-001

S, HP

OBJ-INV-002

HP

OBJ-INV-003

S

Safety levels in nominal conditions

OBJ-INV-004

S

Safety levels in contingencies

OBJ-INV-007

S, HP, OE

OBJ-INV-009

S, HP

Phraseology adequacy in nominal conditions

OBJ-INV-010

S, HP

Phraseology adequacy in case of contingencies

OBJ-INV-011

S, HP, OE

OBJ-INV-012

S, HP

Adequacy of information provision in contingencies

OBJ-INV-013

S, HP

Human contribution in nominal conditions

OBJ-INV-014

S, HP

Human contribution in contingencies

OBJ-INV-015

S, HP, OE

ATCO workload in nominal conditions

OBJ-INV-016

S, HP, OE

ATCO workload in contingencies

OBJ-INV-017

OE, HP
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OBJ-INV-018

E

Equity

Safety
The KPA Safety is evaluated through the validation objectives: OBJ-INV-001, OBJ-INV-003, OBJ-INV004, OBJ-INV-007, OBJ-INV-009, OBJ-INV-010, OBJ-INV-011, OBJ-INV-012, OBJ-INV-013, OBJ-INV-014,
OBJ-INV-015 and OBJ-INV-016. Assessment is performed through questionnaires after each simulation
run and after the whole simulation day. In total no critical safety situations occurred through all
simulation runs. IFR RPAS can be safely integrated within TMA and airports. This counts for nominal
and contingency conditions, too. Results show that a safe integration is possible. Furthermore, the
concept provides good and sufficient procedures to separate airspace users safely, even in contingency
situations. Major impact was noticed by different flight performance of conventional traffic and RPAS
(Do228), resulting in a slightly more complex situation. In case, conventional traffic and RPAS provide
comparable flight performance, no safety-critical situations appeared. No big difference in handling
traffic from ATCO is stated. However, the concept should provide enough information about
contingency situations to ensure safe RPAS procedures.

Human Performance
The KPA Human Performance is evaluated through the validation objectives: OBJ-INV-001, OBJ-INV002, OBJ-INV-007, OBJ-INV-009, OBJ-INV-010, OBJ-INV-011, OBJ-INV-012, OBJ-INV-013, OBJ-INV-014,
OBJ-INV-015 and OBJ-INV-016, OBJ-INV-017. Assessment is performed through questionnaires after
each simulation run and after the whole simulation day. Additionally, platform data was analysed
regarding the workload. In total human capabilities are compatible to human contribution to the
system needed in nominal and contingency situation. No timely pressure during traffic handling
appeared. ATCOs stayed in their workload comfort zone. Even contingency situations did not
significantly decrease the situational awareness or increase the workload perceived by ATCO and RPIL.
Only a slight increase could be measured. Workload stayed on acceptable level. However, RPIL noted
that intensive training is needed for RPAS pilots. Phraseology and procedures were comfortable to
handle and supported a clear communication, not resulting in a more difficult situation. Latency was
rarely noticed by ATCOs. Thus, no real effect on human performance could be measured. Still the
latency might be one of the most impacting issues on human performance. Therefore, latency should
be kept to a minimum.

Operational Efficiency
The KPA Operational Efficiency is evaluated through the validation objectives: OBJ-INV-001, OBJ-INV003, OBJ-INV-004, OBJ-INV-007, OBJ-INV-009, OBJ-INV-010, OBJ-INV-011, OBJ-INV-012, OBJ-INV-013,
OBJ-INV-014, OBJ-INV-015 and OBJ-INV-016. Assessment is performed through questionnaires after
each simulation run and after the whole simulation day. In total the feedback showed a positive
response to the concept regarding the operational efficiency. The concept was evaluated as feasible
and not affecting planning and working routines, thus supporting a suitable and efficient handling of
traffic. Moreover, the proposed phraseology can be used comfortable and easily, supporting an
efficient and clear communication, which improves operational efficiency of RPAS management. The
latency was evaluated to have an impact on operational efficiency, too. Latency should be kept to
minimum to reduce delays and simplify the sequencing within the arrival stream. Some additional
information for ATCOs, such as providing the loiter areas within the radar display, could improve
efficiency according to the questionnaire results.

Equity
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The KPA Equity is evaluated through the validation objective OBJ-INV-018. Assessment is performed
through platform data analysis. In total conventional traffic and RPAS traffic were handled equally. No
big difference could have been analysed through the platform data for nominal condition. During
contingency situations RPAS obviously receive priority considerations as any aircraft during emergency
situations. In total, conventional traffic and RPAS traffic were handled equally. No big difference could
have been analysed through the platform data for nominal condition. During contingency situations
RPAS obviously receive priority considerations as any aircraft during emergency situations.

Capacity
The KPA Capacity is evaluated through the validation objective OBJ-INV-017. Assessment is performed
through platform data analysis. In DLR simulations, sector throughput was measured. The sector
throughput was not significantly influenced by the integration of IFR RPAS within TMA and airport.
Numbers on sector throughput from baseline scenario and nominal conditions do not show any
significant deviation, with only minor deviations in contingency situations, as not all RPAS with a C2
link loss have been re-integrated according to the scenario. In conclusion, it can be stated that the IFR
RPAS integration does not negatively affect sector throughput, and thus runway throughput, and in
consequence capacity.

D.3.3 Limitations of Validation Results
Post Exercise Questionnaires excluded for INVIRCAT scenarios Nominal 2, Contingency 2. If one of
these scenarios was part of the simulation runs, the corresponding PEQ is not assessed.
The ATCOs have been briefed to make use of the contingency loiter patterns when a transponder
failure occurs. In two of four cases, ATCOs did not remember this advice when the transponder failed
for the simulated RPA and applied their usual workflow by requesting current altitude and guiding the
RPA to the final without usage of the contingency loiter patterns. Thus, answers to questions assessing
contingency situations in the transponder failure case may not always have the same operational flow
as background.
Additional tools, such as bearing and spacing measurement, were missing in ATCOs HMI. Therefore,
ATCOs had to apply their own usual workflow without assistance. The qualitative feedback received
mentioned the discussed issue twice.
Holding patterns, although available and briefed, were only used at one occasion by the ATCO.
Unfortunately, during this holding activation, technical issues prevented the simulation from running
realistically, and the aircraft/RPA that have been commanded to enter the holding pattern showed
unrealistic performance and behaviour. The qualitative feedback received mentioned the lack of
realism in the simulation, but no negative effect of the usage of holding patterns.
Finally, conflicts during arrival were difficult to realise, as the set-up was much dependent on the
performance of the ATCO that led to the situation envisaged. Scenarios were planned to have
aircraft/RPA with similar callsigns on the downwind legs of the trombones simultaneously, and then
to have both aircraft react to one single instruction of the ATCO to turn to final. A backup strategy was
to announce an “FMS failure” with a sudden turn to final of a manned aircraft, trying to threaten
separation to the RPA. These actions only partially led to a real conflict due to reasonable ATCO
performance.
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Appendix E

NLR Validation Exercise Report

E.1 Summary of NLR Validation Exercise Plan
The NLR validation exercise on the NARSIM and MUST real-time simulation platforms focussed on
investigations regarding communication latency with respect to C2-Link and R/T voice communication.
Nominal operations with very low latency values and related to advanced communication technologies
being used have been carried out as well and were investigated for all flight phases (see Table 3-5).
The latency aspects in some of these flight phases have been covered in detail to compare their impact
on traffic safety and efficiency in general and ATCO and RPIL workload in particular. Table E- shows the
relationship between the validation objectives of the INVIRCAT project and the NLR validation exercise
scenarios:
Table E-1: NLR Validation Exercise Objectives Overview per Scenario

X
X

X

X

X

X

OBJ-INV-004

X
X

X

OBJ-INV-005

Not covered in this exercise (ATOL related)

OBJ-INV-006

Not covered in this exercise (ATOL related)

OBJ-INV-007

X

X

OBJ-INV-008
OBJ-INV-009

X
X

X

X

OBJ-INV-010
OBJ-INV-011

X

X

X

X
X

X

X

X

X
X

X

OBJ-INV-016
OBJ-INV-017

X

X

X (NOM)

OBJ-INV-018

X

X

X
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X
X

X

X

X

OBJ-INV-014
OBJ-INV-015

X
X

OBJ-INV-012
OBJ-INV-013

Handover (HND)

X

OBJ-INV-002
OBJ-INV-003

Conflict (CFL)

X

Contingency (CTG)
& Loiter (LTR)

Reference(REF) –
Multiple RPAS

X

Nominal (NOM) &
Latency (LCY)

Reference (REF) –
No RPAS

OBJ-INV-001

X
X

X

X

X
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In order to achieve the validation objectives covered by NLR, the real-time simulations have been
carried out on NARSIM and MUST. While NARSIM was used as simulation platform for ATC operations
in the Tower (Tower Control) and the TMA (Approach Control), MUST was used for control of one
specific RPAS movement inside the ATC simulation. This means that the main value in using the RPAS
simulator lies in the validation of the operational procedures specified as part of the use cases, i.e. the
processes necessary to efficiently and safely conduct the flight from both the RPIL and ATCO point of
view in both nominal and non-nominal situations.
Objectives that look at the efficiency and equity of the operation as a whole in terms of delay values,
have been validated by adding more RPAS into the simulation. These additional RPAS flights considered
the specific characteristics of an RPAS but simulated inside NARSIM without an RPIL. These simulated
RPAS therefore show less fidelity as regards to the cockpit operations. Pseudo-pilots communicated
with ATC and controlled the aircraft via the NARSIM pseudo-pilot interfaces in the same way they
control other IFR flights, just with a different performance.
The agenda of the validation runs of the NLR exercise were as presented in Table E-2. Each run took
around 45 minutes.
Table E-2: NLR Validation Exercise Agenda of Runs

Day 1

Day 2

Day 3

Day 4

Day 5

9:00

Welcome

Daily Briefing

Daily Briefing

Daily Briefing

Daily Briefing

9:30

Intro Briefing

LCY1

LCY2

REF

REF

10:30

Training/Briefing
ATCO/PP/RPIL

LTR1

Pictures

NOM2

HND1

11:30

Test Run

Debriefing

LTR3

CTG2B

HND2

12:30

Lunch break

Lunch break

Lunch break

Lunch break

Lunch break

13:30

LCY3

CTG1

Debriefing

Debriefing

HND3

14:30

NOM1

LTR2

CTG2A

CFL1

LCY4

15:30

CTG3

CTG4

CTG5

CFL2

Final Debriefing

16:30

Debriefing

Debriefing

Debriefing

Debriefing

Final Debriefing

17:00

End of Day

End of Day

End of Day

End of Day

End of Day
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Table E-3: NLR Validation Run Description

Validation
run Full scenario name
abbreviation

Description

REF

Reference

Manned Traffic (no RPAS)

NOM1

Nominal 1

MUST RPAS

NOM2

Nominal 2

Multiple NARSIM RPAS

CTG1

Contingency 1

R/T Failure on Departure (until LTR)

CTG2A

Contingency 2

R/T Failure on Arrival – RPIL contacts ATCO (until LTR)

CTG2B

Contingency 2

R/T Failure on Arrival – ATCO contacts RPIL (until LTR)

CTG3

Contingency 3

R/T Failure on Approach (until LTR)

CTG4

Contingency 4

R/T Failure on Landing (until LTR)

CTG5

Contingency 5

R/T Failure and C2 Latency on Approach (and restored)

LTR1

Loiter 1

Landing from LTR with R/T Failure restored

LTR2

Loiter 2

Landing from LTR with R/T Failure not restored

LTR3

Loiter 3

Landing from LTR with R/T Failure not restored (BRLOS)

LCY1

Latency 1

RLOS Operation

LCY2

Latency 2

BRLOS Operation

LCY3

Latency 3

Ground Relay Operation

LCY4

Latency 4

BRLOS+ Operation

CFL1

Conflict 1

Departure Phase

CFL2

Conflict 2

Arrival Phase

HND1

Handover 1

Loitering and ATC notification

HND2

Handover 2

ATC notification

HND3

Handover 3

No ATC notification
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On day 5, three Handover (HND) scenarios have been performed. These scenarios are part of the
distributed simulations, and are covered in Appendix F and addressed the handover objective OBJ-INV008. The remaining project validation objectives for ATOL (OBJ-INV-005/006) were not part of the NLR
assessment and have been addressed by other partners.
The simulation environment is Rotterdam The Hague Airport (EHRD), with traffic on all SIDs and STARs
defined for that operation (as can be found in the AIP of the Netherlands [7]). The ATCOs were former
EHRD controllers and the pseudo-pilots were real Dutch pilots. Both ATCOs and pseudo-pilots were
very familiar with the airport environment.
All scenarios assume the following assumptions:
•
•
•
•

CAVOK weather with no wind
No interference with Schiphol (EHAM) traffic
Simulated RPAS has performances comparable but not identical to a General Atomics MQ-9
Reaper with a gross take-off weight of about 5,000kg (Class VI, WTC L)
Departures and arrivals only on runway 24

In case of complete loss of all voice communication options (including backup communication
methods), the RPIL had to turn the RPA towards a defined loiter waypoint (LTR) with a surrounding
loiter area (at a distance of about 10 km to the Northwest, with sufficient radar separation from ILS
and runway, and perpendicular to the runway, as shown in Figure E-1).

Figure E-1: R/T Failure Loiter Area (LTR)

All validation scenarios were carried out with a comparatively high traffic load for EHRD. Traffic was
tuned in consultation with operational experts in order to have a good balance between IFR and VFR
traffic in both TMA and CTR. Similar traffic samples were used in order to compare results of the
different validation runs. This meant that, in order to create a traffic sample that could be used with an
RPA, one inbound and one outbound manned flight in the reference scenario had to be replaced with one
RPA. The remaining traffic was not changed. In the validation run with 6 RPA, 6 IFR flights have been
replaced by 6 RPA.
The outbound RPA was the second departure in the traffic mix, departing runway 24 on a COSTA 1B
SID until leaving the TMA. The ground track of this SID is presented in Figure E-2.
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Figure E-2: RPA COSTA 1B SID ground track

The inbound RPA was on the STAR PUTTY 2R (Figure E-3) and the RPA would land from its intended
spot in the arrival sequence with other IFR and VFR traffic on RWY 24.

Figure E-3: RPA PUTTY 2R Arrival and Approach ground track
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The inbound RPAS was generated once the outbound RPAS was on a straight course, heading outside
of the TMA such that only 1 RPAS was controlled by MUST at any time.

E.2 Summary of NLR Validation Exercise Results
E.2.1 Deviations from NLR Validation Plan
No major deviations from the validation plan have been performed during the experiment. The
changes made during the experiment relate to improvements to the initially planned conditions.
•

In the post validation run debrief, discussions were raised what influence the failure of the
back-up telephone line would be. As the ATCOs where getting familiar with the R/T failure
procedure, it was decided to alter the validation run CTG2A to also include a failure of the
back-up line.

•

At the end of all planned validation runs, there was room for an additional run. To evaluate
the influence of a noticeable voice communication latency on the operation, an additional
latency validation run, LCY4, was created. In this validation run, the maximum one-way voice
latency for BRLOS was multiplied by a factor of 2.5, increasing that voice latency to 1.75s. Such
extreme levels of latency may be observed in case of a BRLOS connection that is relayed via
multiple satellite connections.

E.2.2 Validation Results per KPA
The KPAs are divided into Human Factors, namely Safety and Human Performance, and Efficiency in
the form of Operational Efficiency and Equity. The validation objects have been mapped to their
according KPA in the Validation Plan, D3.1. [3]. The KPAs are elaborated per validation scenario
performed in this exercise. In case the APP controller, TWR controller and RPIL experienced the KPA in
a different manner, this is highlighted as well.
Table E-4: Key Performance Area and Objectives Mapping

X

OBJ-INV-002

X

OBJ-INV-003

X

OBJ-INV-004

X

OBJ-INV-005

X

X

OBJ-INV-006

X

X

OBJ-INV-007

X

X

OBJ-INV-008

X

X

OBJ-INV-009

X

X
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X

Equity

Human
Performance

X

Capacity

Safety

OBJ-INV-001

Operational
Efficiency

KPA
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X

OBJ-INV-011

X

X

OBJ-INV-012

X

X

OBJ-INV-013

X

X

OBJ-INV-014

X

X

OBJ-INV-015

X

X

X

OBJ-INV-016

X

X

X

X

X

OBJ-INV-017
OBJ-INV-018

Equity

Human
Performance

X

Capacity

Safety

OBJ-INV-010

Operational
Efficiency

KPA

X

X
X

Safety
The evaluation of the Safety KPA is performed through questionnaires. In the different scenarios, no
major safety concerns have been identified and the demonstration objectives have been satisfactory
evaluated.
Nominal scenario: The controller was very positive about the KPA safety: the addition of one or
multiple RPAS did not deteriorate their experienced safety levels given that the RPAS has similar
capabilities as the other traffic or the traffic the controller is used to handle in his daily job. The RPIL
was very satisfied with the experienced safety levels.
Latency scenario: As the critical flight phases (take-off and landing) were performed by the ATOL
function, the ATCOs and RPIL mainly experienced the R/T latency. The experienced safety levels by the
ATCOs were positive.
The delay times in voice communication were suspected to have an impact on the work of air traffic
controllers as any delay in communication would slow down both pilot readbacks and pilot reactions
to controller instructions. It was thought that this would force ATC to consider additional safety buffers
between an RPA and surrounding traffic or when timing merge operations to establish an approach
sequence. However, the applied latency values were not high enough and both controllers and pilots
said that they did not notice any delays.
With increasing latency levels and increasing traffic density, the chance for overlapping calls increase.
To ensure the perceived safety levels can be maintained, precautionary measures should be taken to
minimise the latency levels were possible during critical phases of flight. A mean to do so is having the
RPIL (RPS) stationed in the vicinity of the airport.
Contingency scenario: In general, a positive response was received on the KPA safety. Based on this
validation scenario, the ATCOs and RPIL experienced that a R/T failure and loss of voice communication
of an RPAS is not as critical as a loss of communication with manned aircraft since there are various
backup means for recovery.
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The perceived safety levels in case the RPIL and ATCO were connected via the back-up line, was similar
to perceived safety level in the nominal operation. A reduced safety level was observed in the
validation runs where the RPAS headed directly towards the loiter point without establishing the backup connection and without instruction form the ATCO.
The perceived safety level by the APP controller when the back-up communication link failed, while
the ATCO and RPIL were not briefed, resulted in the need of a procedure such that the intention of the
RPA will be clear to the ATCO. Both pilots and controllers were adamant that the IFR RPA should follow
the same procedures defined for manned IFR traffic.
Conflict scenario: When aircraft are in conflict, safety is always involved. The ATCO decides how the
conflict is resolved. Within the validation scenario, the ATCO was requested to resolve the conflict by
instructing the RPAS. The ATCO experienced a worse safety level when the RPAS had to perform an
avoiding action in the vertical plane. However, the APP controller mentioned that his perceived safety
level would not have been different if a similar conflict would occur between manned aircraft.

Human Performance
The evaluation of the Human Performance KPA is performed through questionnaires. Although the
integration of IFR RPAS with other IFR and VFR traffic results in an increased workload, the ATCOs still
have spare capacity to perform their tasks. In addition, with the positive feedback from the ATCOs, the
demonstration objectives have been satisfactory evaluated.
Nominal scenario: The controllers were very positive about the KPA human performance: 1 or multiple
RPAS did not deteriorate the experience given that the RPAS has similar capabilities as the other traffic
or the traffic the controller is used to handle in his daily job. Anticipation based on aircraft performance
did increase the workload but still very well manageable. The RPIL was very satisfied with the
experienced human performance levels.
Latency scenario: The difference in R/T latency levels introduced in the Use Case Definition [1] were
not observed by the ATCOs and did not result in deterioration of the human performance. However, if
the latency levels are increased, the ATCOs can still perform their task however they have to anticipate
on the latency level.
When latency levels where increased beyond the largest latency value as defined in the Use Case, it
was observed that The APP controller tried to minimize the frequency of communication exchanges
with the RPIL The TWR controller could accept the latency level in the nominal condition as the number
of calls to outbound and inbound RPAS was limited. The R/T volume on the frequency allowed for the
R/T communication with latency. If RPAS is operated in airspace where the R/T volume on the
frequency without the RPAS is already very full, then it is likely to impact the human performance KPA.
As the RPIL participating in this experiment is an active Royal Netherlands Air Force Pilot, the
experienced latency levels were acceptable and thus the perceived human performance level was
positive.
Contingency scenario: During the contingency scenario, the workload of the APP controller increased
in comparison to the nominal scenario, however it was still satisfactory to perform all desirable
additional tasks. There was coordination between the APP controller and TWR controller via the
intercom in order to ensure that the connection with the RPIL was not closed when for example
transferring the RPAS between the ATCOs.
Besides the coordination with the APP controller, if the RPIL does not contact the TWR ATCO, then
there are no changes in the work performed by the TWR controller.
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Conflict scenario: Any conflict scenario requires additional attention from the ATCO compared to the
nominal scenario. Based on the APP controller, a conflict involving RPAS does not increase the amount
of effort that is required to monitor and resolve the conflict. Accordingly, the APP controller could
accept the human performance required during a conflict situation between RPAS and manned
aircraft.

Operational Efficiency
The evaluation of the Operational Efficiency KPA is performed through questionnaires. Positive
response was received on the simulation architecture, latency levels, the timing and presentation of
the information on the ATC display and phraseology for this validation exercise. In addition, ideas to
further improve the HMI have been received. Following this feedback from the ATCOs and RPIL, the
demonstration objectives have been satisfactory evaluated.
Nominal scenario: Positive feedback from the ATCOs were received on the KPA Operational Efficiency
due to adequate information provision i.e. it was easily identified what the aircraft type was and that
it was Remotely Piloted. The phraseology was satisfactory.
Latency scenario: Positive feedback from the ATCOs were received as the 3 different latency values
were not observed during the simulation. Thus, similar feedback was received as in the nominal
scenario.
Contingency scenario: Positive feedback from the ATCOs were received on the back-up
communication line used during when the R/T communication line was not available. The HMI was
sufficient for the performed validation scenario and in addition, the ATCO have provided their thoughts
on improvements to the HMI when working with the back-up communication line. Feedback has been
received on the preferred procedure to follow in case there is a failure of the back-up communication
line.
Conflict scenario: During the conflict situation, the ATC display and according phraseology were not
different as to when presenting a conflict between manned aircraft. The ATCOs did not have the need
to introduce other display options or phraseology and would like to have the same procedure as in
manned aircraft. Considering this, the operational efficiency KPA was received positively by the ATCOs.

Capacity and Equity
The evaluation of the Capacity and Equity KPA is assessed through questionnaires and by reviewing
the actual track miles flown of the different flights in the nominal scenario as compared to the
reference scenario.
Nominal scenario: For the KPA equity, the ATCOs have responded positively. The RPAS was treated
the same as other IFR traffic, although it was necessary to consider speed differences when building
the landing sequence. As a consequence, manned IFR traffic incurred more delay than the RPAS, as
can be observed in the ground track plots during nominal operation with a single inbound RPAS in
Figure E-6. Controllers tried to minimize delay whenever possible while adhering to the landing
sequence. If necessary, the RPAS as well as the manned IFR traffic would receive radar vectors in order
to maintain separation i.e. the RPAS was not given priority on purpose.

E.2.3 Validation Results per Validation Objective
In the next sections, each validation scenario (reference, nominal, contingency and loiter and conflict)
and associated objectives are discussed in more detail, as well as the key discussion topics. The
discussion is divided per scenario per actor, to identify specific findings.
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The objectives are mainly evaluated by the means of questionnaires. Questions were mostly arranged
for use with a six-point Likert scale with the highest value indicating strong agreement. In addition,
standard questionnaires and assessment techniques were used to get a more detailed view on
Situational Awareness (SA), workload and acceptability. After each of the validation runs a quick
assessment of SA and workload of both ATCOs and RPIL was performed using a modified Bedford rating
scale developed by ISSNOVA. In addition to very specific questions on the topic after each of the
validation runs, acceptability of the general concept was assessed using a CARS rating scale [8] that
was slightly adapted by NLR for use with novel operational procedures.
For the sake of comparison of the different scenarios, a colour code is assigned to the participants sixpoint Likert scale response.
Table E-5: Questionnaire six-point Likert scale

Strongly
disagree

Disagree

Slightly
disagree

Slightly
agree

Agree

Strongly
agree

Color
code

Reference scenario
The results of the reference scenario are used to compare the RPIL and ATCO experience in the other
scenarios and serves as a baseline. The traffic mix in the scenario is without RPAS and thus no RPAS
related latencies are experienced.
Table E-6: Reference Scenario Description

Run ID

RPAS

C2 latency R/T latency

REF

None N/A

N/A

ATCOs and RPIL described the simulation environment as very realistic and the traffic samples were
considered adequate in traffic volume and typical for a busy day at EHRD with a mix of VFR and IFR
traffic with different performance characteristics. Both ATCOs experienced an excellent situational
awareness, were able to perform the tasks extremely well all of the time and experienced an
insignificant workload. Positive feedback was received by both ATCOs on the acceptability, safety
levels, adequate phraseology, adequate information provision, human contribution and ATCO
workload. The runway throughput (OBJ-INV-017) was good and the equity (OBJ-INV-018), average
delay of manned aircraft with respect to average delay of unmanned aircraft, serves as reference for
the average manned aircraft delay to be compared with the other scenarios.
Discussion – The APP ATCO had enough workload available to send two inbound aircraft to arrive from
the west instead of following the STAR and Approach procedure, as presented by the ground tracks in
Figure E-4. This resulted in reduced track miles and flight time for these two flights as compared to the
procedure via the IAF.
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Table E-7: Reference Scenario Air Traffic Controllers Objective Evaluation

Reference (REF) – No RPAS
OBJ-INV-001

Acceptability in nominal conditions

OBJ-INV-003

Safety levels in nominal conditions

OBJ-INV-009

Phraseology adequacy in nominal conditions

OBJ-INV-011

Adequacy of information provision in nominal conditions

OBJ-INV-013

Human contribution in nominal conditions

OBJ-INV-015

ATCO workload in nominal conditions

OBJ-INV-017

Runway throughput

OBJ-INV-018

Equity

ATCO
(TWR)

ATCO
(APP)

Figure E-4: Reference Scenario Ground Tracks

The reference scenario has been run 2 times. Before the exercise commenced, the ATCOs were briefed
that runway 24 would be in use for take-off and landing. It was not mentioned explicitly that runway
06 cannot be used. In combination with the ‘no wind’-condition assumption and the ATCOs effort to
optimise the traffic flow, aircraft were aligned for a 06 arrival for flights incoming from the west and
when the departure traffic allowed such landing. However, the simulation platform had been
programmed to not allow landings on runway 06, resulting in missed approaches for several aircraft.
To obtain a clean baseline reference, this scenario has been re-run.

Nominal scenario
Within the nominal scenario, two validation runs have been performed. Both runs ended when the
final RPAS had landed.
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•
•

NOM1: 1 outbound and 1 inbound MUST controlled RPAS
NOM2: 3 outbound and 3 inbound RPAS controlled by the pseudo pilots (RPIL not involved)

The RPAS operated in nominal conditions with no contingencies or conflicts, and with RLOS latency
values when controlled by the MUST. Validation run NOM1 allows for a comparison with the reference
scenario to evaluate the interference of 1 RPAS with manned traffic. Validation run NOM2 allows for
such comparison with multiple RPAS.
Table E-8: Nominal Scenario Description

Run ID

RPAS

C2 latency (roundtrip)

R/T latency (one-way)

NOM1

1

1s [RLOS]

290ms [RLOS]

NOM2

6 (not controlled by MUST)

N/A

N/A

ATCOs said that the aircraft performance of the MALE RPAS operating under IFR was similar to that of
general aviation aircraft, but with lower speeds than manned IFR traffic. The integration of the RPAS
did not lead to significant changes to both controller’s perceived situation awareness: a very good to
exceptional situational awareness was experienced and their tasks could be performed (extremely)
well all of the time. Both controllers experienced a satisfactory workload, where the tower controller
experienced a low workload and the approach controller had enough spare capacity for all desired
tasks. The RPIL experienced a very good situational awareness, could perform the task well all of the
time and experienced a low workload.
The TWR controller did not experience major differences as compared to the REF scenario. For the APP
controller, due to the speed differences between the RPAS and other IFR traffic, the workload
increased as the landing sequence had to be managed. This was especially the case for the inbound
RPAS, where the RPAS was overtaken by IFR traffic while on the STAR and approach. With increasing
simultaneous inbound RPAS to manage, the experienced workload increased.
Table E-9: Nominal Scenario Air Traffic Controllers and Remote Pilot Objective Evaluation

Objective ID

Objective

OBJ-INV-001

Acceptability in nominal conditions

OBJ-INV-003

Safety levels in nominal conditions

OBJ-INV-009

Phraseology adequacy in nominal
conditions

OBJ-INV-011

Adequacy of information provision
in nominal conditions

OBJ-INV-013

Human contribution in nominal
conditions

OBJ-INV-015

ATCO workload in nominal
conditions
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ATCO (TWR)
OBJ-INV-017

Runway throughput

OBJ-INV-018

Equity

ATCO (APP)

RPIL

Discussion - According to the ATCOs, the traffic movements were typical for Rotterdam The Hague
Airport (EHRD). Controllers are used to a large number of slower VFR movements in Rotterdam, but
the RPAS was a bit quicker and it was following the IFR routes, which made it more difficult to manage
than the VFR traffic. Controllers did not apply different buffers between manned and unmanned
flights. There was a notable increased workload as compared to the REF scenario, but it could be safely
handled with the given amount of traffic.
Generally, the R/T or C2 link latencies were not noted. Both delays would be comparable to a slowly
reacting pilot in a manned aircraft. However, during the NOM1 validation run, the outbound RPAS had
a conflicting R/T call. In a busier traffic situation, that may have been a problem as the time on the
frequency increases. As this particular validation run was the second validation run to be performed
of this validation exercise, there might be a chance that the participants have unintentionally
anticipated with the R/T communication in the onwards validation runs. The C2 link latency would
perhaps have been observed by the RPIL if the take-off and landing was performed by hand instead of
the ATOL. During departure and approach, the RPAS can fly a pre-programmed trajectory via the
autopilot, minimising the effect of C2 link latency.
The human contribution and the workload for the APP controller increased mainly due to the
difference in speed on approach between the RPAS (160 kts or less) and IFR traffic (250 kts) and the
‘slow’ final approach speed of the RPAS. Thus the introduction of an aircraft with different
performance characteristics resulted mainly in the increased workload, not the latency of the RPAS.
When an airport operates mainly ‘fast’ aircraft, the integration of the MALE RPAS type as considered
in this validation exercise would lead to an increased challenge to the ATCOs. This challenge should be
smaller when operating such RPAS into an airport which often have a mix of IFR and VFR traffic with
different performance characteristics.
If traffic would have been higher, the initial thoughts of the controllers was to delay the RPAS and
prioritise manned traffic as a service from the ANSP to the airlines. Main reasoning is that in manned
traffic, there are passengers and goods on board, while the RPAS (MALE in this exercise) should have
a high endurance. Furthermore, the RPIL is not on-board the aircraft thus it might are less of an urge
to land.
In the NOM1 validation run, no flights approached from the west resulting in increased track miles and
flight time as compared to the REF scenario, as seen in Figure E-5. The RPAS followed the Approach
procedure, resulting in IFR aircraft approaching from the same direction to overtake the RPAS in the
horizontal plane. This resulted in an slight increase in flight time and track miles for these IFR flights.
This again has a slightly worse effect on the throughput as compared to the REF scenario.
The outbound RPAS did not affect other traffic as the departure behind the RPAS followed a different
SID, and the RPAS had already cleared the initial common section of the SID. Inbound VFR traffic
received instructions to proceed with the arrival without additional circuits around the airport in order
to have them on the ground before the RPAS arrived.
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Figure E-5: Validation Run NOM1 Ground Tracks of Inbound RPAS and IFR Flights

In the NOM2 validation run, with 3 low fidelity RPAS each for inbound and outbound, it was noted that
one RPAS approached from the west, as seen in Figure E-6. Due to the spread of RPAS throughout the
simulation, each IFR inbound flight was compromised in order to establish the landing sequence. This
resulted in increased track miles and flight time. Where possible, the controller provided the RPAS a
short turn in, in order to fit the RPAS in the landing sequence and to impact the other traffic the least
as possible.

Figure E-6: Validation Run NOM2 Ground Tracks

Equity wise, the RPAS was kept on its original approach trajectory, while providing a short turn-in
where possible. IFR traffic was instructed to fly around the RPAS, thus the IFR traffic is incurring more
delay compared to the RPAS. However, the ATCOs mentioned that it mainly depends on the build-up
of the landing sequence and how each flight fit together. If necessary, the RPAS, as well as the other
IFR traffic, will receive vectors in order to maintain separation.
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Latency scenario
Four latency validation runs have been performed. All validation runs consist of 1 in- and 1 outbound
MUST controlled RPAS.
•
•
•
•

LCY1: C2 Link and R/T Latency during RLOS operation
LCY2: C2 Link and R/T Latency during BRLOS operation
LCY3: C2 Link and R/T Latency during Ground Relay operation
LCY4: C2 Link and R/T Latency during BRLOS via multiple satellites operation

The RPAS operated in nominal conditions with no contingencies or conflicts, and with varied latency
values. The four validation runs can be compared against each other to identify the effect of different
latency levels on the integration of RPAS in the traffic. LCY1 is the same validation run as NOM1,
however both validation runs have been performed separately.
During the LCY1 validation run, an IFR flight performed a landing while not cleared by the controllers.
At the exact same moment, coincidentally, the RPAS was on final approach resulting in a loss of
separation (unplanned conflict scenario). The RPAS initiated the missed approach procedure for
manned aircraft and landed safely thereafter. Due to this occurrence, the controllers overall feedback
to the LCY1 run was slightly more negative than in the other simulations.
Table E-10: Latency Scenario Description

Run ID

RPAS

C2 latency (roundtrip)

R/T latency (one-way)

Latency architecture

LCY1

1

1s

290ms

RLOS

LCY2

1

2s

700ms

BRLOS

LCY3

1

1.5s

No artificial latency

Ground-Ground

LCY4

1

4s

1.75s

BRLOS via multiple satellites

For the TWR controller. the introduction of latency did not lead to a deterioration of the perceived
situation awareness: a (very) good situational awareness was experienced and their tasks could be
performed (extremely) well all of the time. the workload was satisfactory with most of the time enough
spare capacity for all desired tasks or a low workload. When the RPAS initiated the missed approach in
validation run LCY1, the workload was slightly higher. However, TWR controllers always consider that
a missed approach might happen and thus the controller was not surprised.
For the APP controller and the RPIL, the introduction of latency did not change the perceived
situational awareness and workload as compared to the NOM1 validation run.
During the validation runs of LCY1, LCY2 and LCY3, the ATCOs and RPIL did not notice that different
levels of voice communication latency were applied to outbound and inbound RPAS flights within the
simulated environment. Therefore, they also did not change their ways of working with the different
types of traffic They stated that a reason for not noticing any latency could have been that ATCOs were
used to pilots in manned aircraft that do not immediately read back or respond to their instructions.
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In the BRLOS via multiple satellites validation run, LCY4, both controllers noticed the R/T latency. The
RPIL did not notice the latency in R/T nor C2 link.
Table E-11: Latency Scenario Tower Controller Objective Evaluation

ATCO - TWR
OBJ-INV-001

Acceptability in nominal conditions

OBJ-INV-003

Safety levels in nominal conditions

OBJ-INV-007

Latency in C2-Link and R/T Voice
Communication

OBJ-INV-009

Phraseology adequacy in nominal
conditions

OBJ-INV-011

Adequacy of information provision in
nominal conditions

OBJ-INV-013

Human contribution in nominal
conditions

OBJ-INV-015

ATCO workload in nominal conditions

LCY1

LCY2

LCY3

LCY4

NOM1

LCY2

LCY3

LCY4

NOM1

LCY2

LCY3

LCY4

NOM1

Table E-12: Latency Scenario Approach Controller Objective Evaluation

ATCO - APP
OBJ-INV-001

Acceptability in nominal conditions

OBJ-INV-003

Safety levels in nominal conditions

OBJ-INV-007

Latency in C2-Link and R/T Voice
Communication

OBJ-INV-009

Phraseology adequacy in nominal
conditions

OBJ-INV-011

Adequacy of information provision in
nominal conditions

OBJ-INV-013

Human contribution in nominal
conditions

OBJ-INV-015

ATCO workload in nominal conditions

LCY1

Table E-13: Latency Scenario Remote Pilot Objective Evaluation

RPIL
OBJ-INV-001

Acceptability in nominal conditions

OBJ-INV-003

Safety levels in nominal conditions
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RPIL
OBJ-INV-007

Latency in C2-Link and R/T Voice
Communication

OBJ-INV-009

Phraseology adequacy in nominal
conditions

OBJ-INV-011

Adequacy of information provision in
nominal conditions

OBJ-INV-013

Human contribution in nominal
conditions

LCY1

LCY2

LCY3

LCY4

NOM1

Discussion – The controllers did not experience major differences in R/T latency between the
validation runs LCY1, LCY2 and LCY3. In validation run LCY4, both ATCOs immediately noticed the voice
latency and anticipated accordingly. The TWR controller could accept the latency level in the nominal
condition as the number of calls to outbound and inbound RPAS was limited. The APP controller tried
to minimize the frequency of communication exchanges with the RPIL. ATCOs felt that the additional
waiting time resulted in inefficiencies for handling the manned traffic. In addition, they were irritated
when they did not receive an immediate response to simple inquiries.
The LCY4 validation run was workable for the controllers once they understood that there was a
significant latency on the line. They stated that, in distress situations or situations with a higher traffic
load and with more voice communication exchanges between ATCOs and pilots, such extremely high
latency levels could potentially cause more operational complications with overlapping or missed radio
calls. It might be of benefit to the ATCO if latency information can be made available in order to
increase the situational awareness for the ATCO.
In the simulation environment of validation runs LCY1, LCY2 and LCY3, R/T latency might not have been
noticed as the voice traffic on the frequency was not that busy. In congested airspace, where there is
little room on the frequency, latency might become an issue.
The RPIL and ATCOs experienced the C2 link latency as positive. This is mainly due to the fact that an
ATOL is used for take-off and landing, and the autopilot was functioning in nominal conditions. While
inputs to the autopilot are delayed due to the latency, the autopilot will perform its intended trajectory
in accordance to the programmed trajectory without delay. If the autopilot or ATOL is not available
(during critical phases of flight), C2 link latency would have an increased impact.
Due to the conflict on final approach and the missed approach procedure performed by the RPAS in
validation run LCY1, the TWR controller had a slightly less positive experience. The RLOS latency level
did not negatively influence the action taken during the conflict: the RPAS communicated its intentions
to perform a missed approach procedure in accordance with the existing procedure for manned
aviation, which was confirmed and facilitated by the ATCOs.

Contingency and loiter scenario
During the contingency scenario, the R/T communication would fail and transponder squawk code
7600 for radio communication loss was emitted by the RPAS. The squawk code was displayed and
highlighted on the ATC radar displays. The back-up communication line should was used to regain
connection between the ATCO and RPIL. As the contingency procedure instructs the RPAS to fly to a
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loiter point to attend and to try to resolve the failure, the validation runs were split into different
sections in order not to repeat similar situations for identical traffic patterns. Thus, most of the
scenarios were only defined up to the point where the RPA reached the loiter area. Additional
scenarios were devised where the RPA would start circling in the loiter area and needed to be
integrated into the arrival sequence with either regained R/T connection or the backup phone as
communication means in order to land at the airport.
Six contingency validation runs have been performed with R/T communication failures during different
flight phases and three validation runs have been performed where the run started with the RPAS at
the loiter point.
Each validation run consist of 1 MUST controlled RPAS. The six contingency validation runs are the
following:
•
•
•
•
•
•

CTG1: R/T Failure during Departure phase - direct to loiter point
CTG2A: R/T Failure during Arrival phase – failure of back-up R/T
CTG2B: R/T Failure during Arrival phase and RPIL does not contact ATC
CTG3: R/T Failure during Approach phase
CTG4: R/T Failure during Landing phase
CTG5: R/T Failure on Approach and restored (BRLOS) – direct to loiter point

The three validation runs starting at the loiter point are the following:
•
•
•

LTR1: R/T is restored during Arrival, Approach and Landing phase
LTR2: R/T not restored during Departure, Arrival, Approach and Landing phase
LTR3: R/T not restored during Departure, Arrival, Approach and Landing phase (BRLOS)

During the R/T failure, use is made of a back-up telephone. In this validation exercise, the back-up
telephone was a conventional telephone line and the call could be initiated by either RPIL or ATCO
using a list of available phone numbers. For practical reasons, the experiment did not foresee an ATSU
contact person or a supervisor who would redirect the call. The RPIL would either call the last controller
who was contacted on the frequency or the tower or approach controller would call the RPIL.
The RPAS operated without conflicts. The scenarios can be compared against each other to evaluate
the R/T failure contingency procedure and to identify the impact of a R/T failure to the ATCOs and RPIL
workload and situational awareness.
R/T failure restored – Validation runs CTG1 (departure) and CTG5 (approach)
First the validation runs CTG1 and CTG5 are evaluated. In validation run CTG1, a R/T failure occurred
while on the SID. The RPAS moved away from the SID and went direct to the loiter point before contact
was established between ATC and RPIL via the back-up line. After the failure had been resolved, the
RPAS re-joined the SID and proceeded with its intended mission.
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Figure E-7: Validation Run CTG1 Indicative Ground Tracks

In validation run CTG5, the R/T failure occurred while on approach. Instead of proceeding the
approach, the RPAS went direct to the loiter point. After holding at the loiter point, the R/T failure was
resolved and RPAS proceeded with the landing. As this was the only validation run within the
contingency scenario with BRLOS latency levels, the simulation was not stopped at the loiter point but
proceeded until landing.

Figure E-8: Validation Run CTG5 Indicative Ground Tracks
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Table E-14: Contingency Scenario Description – Validation Run CTG1 & CTG5

Run ID

RPAS

C2 latency (roundtrip)

R/T latency (one-way)

Latency architecture

CTG1

1

1s

290ms

RLOS

CTG5

1

2s

700ms

BRLOS

For the TWR controller, the APP controller and the RPIL, the R/T failure did not affect the overall
perceived situational awareness and workload as compared to the operation in the nominal scenario.
The APP controller was in contact with the RPIL via the back-up line during landing of the RPAS, whilst
the TWR controller coordinated with the APP controller to provide the landing clearance.
Table E-15: Contingency Scenario ATCO and RPIL Objective Evaluation – Validation Run CTG1 & CTG5

ATCO (TWR)
Objective
ID

Objective

OBJ-INV002

Acceptability in contingency
conditions

OBJ-INV004

Safety levels in contingency
conditions

OBJ-INV010

Phraseology adequacy in
contingency conditions

OBJ-INV012

Adequacy of information
provision in contingency
conditions

OBJ-INV014

Human contribution in
contingency conditions

OBJ-INV016

ATCO workload in contingency
conditions

CTG1

CTG5

ATCO (APP)

RPIL

CTG1 CTG5 CTG1 CTG5

N/A as no contact with
RPIL required

N/A for RPIL

Discussion – In general, the controllers had an equally positive experience as in the nominal scenario.
As the R/T failure occurred while the RPAS was under control of the APP controller, the TWR controller
did not experience any noteworthy difference in the validation runs as compared to the nominal
scenario. Once a connection via the back-up telephone line was established, the line was kept open
such that both RPIL and ATCO could communicate at any time.
The location of the loiter point was in the vicinity of the SIDs heading northbound after an initial right
turn on departure. While the RPAS was loitering, the northbound SIDs were not used, and a northernly
departure trajectory with a left turn on departure was facilitated by the TWR controller, as presented
in Figure E-9. In real operations, this could lead to additional noise emission as the departing aircraft
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was not on its SID. Although this had an impact, this was caused by the location of the loiter point, and
not necessarily by the RPAS.

Figure E-9: Validation Run CTG1 Ground Tracks for RPAS and Outbound IFR Traffic

In both validation runs, the RPIL was instructed by the exercise leader to immediately head towards
the loiter waypoint before initiating a call on the backup phone (as was described in the relevant use
case). Both the controller and RPIL noted that this is not desired as:
1) the situation was unpredictable because the RPAS changed heading towards the loiter
waypoint without instructions from the controller.
2) the ATCOs would prefer to guide the RPAS towards the loiter waypoint via the backup phone.
3) instead of defining a dedicated loiter waypoint, the existing holding stack could be used as the
RPAS was still controllable and there was a direct communication link.
Instead, a procedure should be in place that defines what the RPAS should do in case of a R/T failure
whilst on the SID or on STAR/approach to increase the predictability of the RPAS trajectory. Even the
current manned loss-of-communication-procedure would suffice, which is flying to the holding at the
IAF at EHRD for this particular simulation environment.
Based on the location of the loiter point, the RPIL and APP controller did not identify a decrease in
safety level while a direct towards the loiter point was performed during the SID. However, while on
approach, a direct to the loiter point results in crossing a SID, resulting in a decrease in safety level
when no clearance is provided.
Unlike loss of communication with manned aircraft, the availability of a backup phone connection
between ATC and RPS when there is loss of communication with the RPA offers more possibilities and
flexibility in finding an operational solution to the problem. Although not being as efficient as
conventional R/T communication, the direct communication via the backup phone resulted in the APP
controller managing the RPAS as if there was no R/T failure.
Both RPIL and ATCO had to get familiar with the use of the conventional telephone. For the APP
controller to efficiently perform all duties, the backup phone was switched to speaker mode to allow
the ATCO to use his hands (as presented in Figure E-10). To avoid overlap between ATCO instructions
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to the RPIL via the backup phone and manned aircraft calling in on the frequency, the ATCO
broadcast his instructions to the RPIL to all pilots by talking on the frequency. This reduced the
possibility of the ATCO missing calls on the frequency and increased the situational awareness of all
other pilots.

Figure E-10: Approach Controller in Contact with RPIL on the Backup Phone

The back-up telephone fulfilled its job, however for an actual implementation into operation, the HMI
should be investigated. If such system can be integrated into the CWP, it would reduce the workload
of the controller.
R/T communication loss is not as critical as a loss in communication in conventional aircraft as there
are various back-up means to recover the communication as the RPIL is on the ground. Other back-up
means could be a chat function or directly calling the ANSP. However the back-up line must be via a
secure connection.
As the communication can be re-established via the back-up telephone, there was no need for a loiter
point according to the ATCOs and the RPIL.
RPAS to loiter point after R/T failure – Validation runs CTG2A, CTG2B, CTG3 and CTG4
The four contingency validation runs were designed such that a R/T failure will occur either during the
arrival, approach or landing phase of the flight. Each validation run considers 1 inbound RPAS with the
validation run ending when the RPAS has reached the loiter point. All validation runs have the same
RLOS latencies as observed in validation run CTG1 (R/T loss while on SID). In all validation runs, the
RPAS would be in contact with the controller before heading towards the loiter point.
The TWR controller experienced a similar perceived situational awareness as in the nominal scenario.
The perceived workload was still satisfactory, but a slightly higher workload was experienced as in the
nominal scenario. The APP controller and the RPIL experienced a satisfactory level of situational
awareness and workload, however both experiences were slightly worse as experienced in the nominal
scenario.
As in the CTG1 and CTG5 validation runs, the APP controller was mainly in contact with the RPIL via the
back-up line, whilst the TWR controller coordinated with the APP controller to provide the landing
clearance. Except for the validation run CTG4, where the RPIL contacted the TWR ATCO as the TWR
controller was the last controller the RPIL was in contact with before the R/T failure occurred (as
instructed to the RPIL by the experiment leader).
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Figure E-11: Validation Run CTG3 Indicative Ground Tracks
Table E-16: Contingency Scenario Description – Validation Run CTG2A, CTG2B, CTG3 & CTG4

Run ID

Phase of failure

Comment

Observation during scenario

CTG2A

Arrival (while on STAR) RPIL to contact ATCO

Back-up R/T failure

CTG2B

Arrival (while on STAR) ATCO to contact RPIL

ATCO dialled the wrong
number/could not get into
touch with the RPIL

CTG3

Approach

Instead of going to the loiter
point, ATCO guided RPAS using
back-up telephone

CTG4

Landing

RPIL to contact TWR ATCO

TWR requested RPIL to contact
APP

Table E-17: Contingency Scenario Tower Controller Objective Evaluation – Validation Run CTG2A, CTG2B, CTG3
& CTG4

ATCO - TWR CTG2A

OBJ-INV002

Acceptabilit
y in
contingency
conditions

OBJ-INV004

Safety
levels in
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ATCO - TWR CTG2A

CTG2B

CTG3

CTG4

contingency
conditions

OBJ-INV010

Phraseology
adequacy in
contingency
conditions

OBJ-INV012

Adequacy
of
information
provision in
contingency
conditions

OBJ-INV014

Human
contributio
n in
contingency
conditions

OBJ-INV016

ATCO
workload in
contingency
conditions

N/A as no contact with RPIL required

Table E-18: Contingency Scenario Approach Controller Objective Evaluation – Validation Run CTG2A, CTG2B,
CTG3 & CTG4

ATCO - APP

OBJ-INV002

Acceptabilit
y in
contingency
conditions

OBJ-INV004

Safety
levels in
contingency
conditions

OBJ-INV010

Phraseology
adequacy in
contingency
conditions

OBJ-INV012

Adequacy
of
information
provision in
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ATCO - APP

CTG2A

CTG2B

CTG3

CTG4

contingency
conditions

OBJ-INV014

Human
contributio
n in
contingency
conditions

OBJ-INV016

ATCO
workload in
contingency
conditions

Table E-19: Contingency Scenario Remote Pilot Objective Evaluation – Validation Run CTG2A, CTG2B, CTG3 &
CTG4

RPIL
OBJ-INV002

Acceptability in
contingency
conditions

OBJ-INV004

Safety levels in
contingency
conditions

OBJ-INV010

Phraseology
adequacy in
contingency
conditions

OBJ-INV012

Adequacy of
information
provision in
contingency
conditions

OBJ-INV014

Human
contribution in
contingency
conditions

CTG2A

CTG2B

CTG3

CTG4

Discussion - In the validation runs, the RPAS awaited instructions from the ATCO before proceeding to
the loiter point. This was received positively by the ATCOs. In general, the TWR ATCO and RPIL had a
positive, or similar experience as in the nominal scenario. The APP ATCO had a more worse experience
during the R/T failure during the Arrival phase (validation runs CTG2A and CTG2B).
It was expected that the ATCO would wait for the call of the RPIL as the ATCO was busy controlling the
TMA traffic. However, in some situations, the ATCO had the impression that it was preferable to
understand the intentions of the RPAS before instructing other traffic to perform avoiding
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manoeuvres. This impression was supported by the fact that backup communication could easily be
established.
When validation run CTG2A was performed, the controllers already had experience with R/T failures
and the use of the back-up line. The ATCOs were not briefed beforehand that the back-up line would
fail and what to do in case of a failure of the back-up line. When the back-up line failed (as instructed
by the experiment leader), the RPAS emitted emergency squawk 7700 and followed the radio
communication loss procedure for conventional manned aircraft (i.e. without turning to a loiter point).
The choice for squawk code 7700 was made by the RPIL as it was expected that the RPA would need
to land without landing clearance and to indicate to controllers that the backup phone had failed.
Since the APP controller was not aware whether the RPAS indeed had an emergency or suffered a loss
of backup communication, the squawk was interpreted such that emergency measures had to be
taken. This meant that the APP controller expected the RPAS to either land without clearance or move
towards an emergency waypoint (usually a loiter waypoint above an unpopulated area) where the
RPAS could perform a Controlled Flight Into Terrain (CFIT) procedure, as would be necessary if the
RPAS became completely uncontrollable and initiated an automated emergency procedure.
Accordingly, the APP controller cleared the entire airspace for the RPAS, instructing other traffic to
enter the IAF holding. This resulted in a significant increase in workload.
The ATCOs commented that, instead of squawking 7700, the RPAS could have squawked 7600 and
should have proceeded with the loss of communication procedure as defined for manned aircraft.
Furthermore, they identified the need for an indication that communication via the backup phone was
not possible. ATCOs might lose valuable time trying to reach the RPIL on the backup phone. In addition,
an instant messaging service as a backup of the backup phone would have sufficed to communicate
the intention of the RPIL, which again had made RPAS movements more predictable.
Following this validation run, the ATCOs felt the need to provide clearances to the RPAS earlier than
usual fearing another failure of the back-up line.
In validation run CTG2B, the RPIL was instructed by the experiment leader to await for the ATCO to
contact the RPIL. When ATCO dialled the number of the RPIL, he could not get connected. Reason for
this might be that the ATCO dialled the wrong number. The ATCO did not review what number was
dialled and did not try to dial the RPIL again as he expected that the RPIL will contact the ATCO when
the situation permits. Until the RPIL contacted the ATCO, the ATCO was not entirely sure what the
RPAS would do and had to ensure that there was enough separation with other traffic around the
RPAS, resulting in a higher workload.
The validation run CTG3 was the first contingency simulation run performed during this validation
exercise. The APP controller decided to guide the RPAS to the airport via the back-up telephone in
coordination with the TWR controller as if the flight did not experience a R/T failure. Main reasoning
for this was that the controller rather has the aircraft on ground than in the air, and if communication
via the back-up telephone is available, there is no need for the use of the loiter point.
In the validation run CTG4, the RPIL contacted the TWR controller while performing a missed approach.
The missed approach was not an issue for the controller as any flight could perform a missed approach
at any time. The TWR controller waited for RPIL to call as RPIL must be busy performing the missed
approach procedure or resolving the issue. The TWR controller could manage the phone call, but the
TWR controller mentioned that it would have been preferred if the RPIL contacted the APP controller
as the RPAS would soon enter the controlled airspace of the APP controller. After coordination
between TWR and APP controllers via the intercom, the RPIL was instructed by the TWR controller to
call the APP controller on the backup phone. While the RPIL was contacting the APP controller, the
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backup phone connection with the TWR controller was closed. Losing communication (on the back-up
line) is a risk.
RPAS from loiter point to landing – Validation runs LTR1, LTR2 and LTR3
Three validation runs have been performed where the RPAS proceeds from the loiter point towards
landing; in 1 validation run the R/T is restored, while in the other 2 validation runs, the R/T is not
restored and RPAS is instructed via the back-up telephone. All validation runs considered 1 RPAS.
Both ATCOs and RPIL experienced a situational awareness and average workload similar as to the
nominal scenario. Furthermore the experience was similar to operation with a R/T failure, as discussed
in the paragraphs above. There was no major difference in on the workload of the ATCOs whether the
RPAS is guided via R/T or via the back-up line. ATCOs are aware that RPAS can loiter for a while, thus
there was no rush in guiding the RPAS back to the runway.
The APP controller suggested several times to the RPIL to use the existing backup phone connection
to continue the flight and land at the airport. The ATCO stated that the main reason for doing this was
the preference to get the aircraft to land as quickly as possible to clear the airspace. Furthermore, the
ATCO said that, in some cases, he spotted a gap in the inbound traffic that would have allowed the
RPIL to land the RPAS without delaying manned traffic or having to wait in the loiter area.

Conflict scenario
Two conflict validation runs have been performed; 1 for a departing RPAS and 1 for arriving RPAS.
•
•

CFL1: Conflict in Departure phase during BRLOS operation
CFL2: Conflict in Arrival phase during BRLOS operation

The RPAS operated in nominal conditions with no contingencies with varied BRLOS latency values. The
conflict in CFL1 was simulated by releasing an aircraft on the same SID slightly too early by the TWR
controller. In CFL2, the conflict was simulated by having the RPAS and multiple other flights arrive at
the same time at the merge point of the STARs.
It was a challenge to simulate conflicts as ATCOs are trained to avoid them. Thus the ATCOs were
instructed to accommodate the conflict, and then resolve it by instructing the RPAS.
The main actor in the two validation runs was the APP controller. In the CFL1 validation run, the APP
controller had space to vector the RPAS to resolve the conflict. Thus his experienced workload and
situational awareness were similar as to the nominal scenario. For the CFL2 validation run. there was
limited space to vector the RPAS and thus the controller had to resolve the conflict by instructing the
RPAS in the vertical plane. As conflict resolution by instructing an aircraft to perform a manoeuvre in
the vertical plane is not the quickest way to resolve the conflict, this has incremented his experienced
situational awareness (albeit still satisfactory), and the experienced workload to non-satisfactory levels
i.e. insufficient spare capacity for early attention to additional tasks.
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Table E-20: Conflict Scenario Description

Run ID Conflict description

Observation during scenario

CFL1

RPAS overtaken by follower
aircraft on same SID

Follower aircraft climbed to same altitude as RPAS.
RPAS received 90 degree heading change to let follower
aircraft overtake.

CFL2

Multiple aircraft and RPAS to
arrive at merge point along
the STAR

RPAS requested to descend to let faster aircraft
overtake. No room for heading change due to other
aircraft in vicinity.

Table E-21: Conflict Scenario Approach Controller Objective Evaluation

ATCO - APP
OBJ-INV-002

Acceptability in contingency conditions

OBJ-INV-004

Safety levels in contingency conditions

OBJ-INV-007

Latency in C2-Link and R/T Voice Communication

OBJ-INV-010

Phraseology adequacy in contingency conditions

OBJ-INV-012

Adequacy of information provision in contingency
conditions

OBJ-INV-014

Human contribution in contingency conditions

OBJ-INV-016

ATCO workload in contingency conditions

CFL1

CFL2

Discussion – The simulated conflicts could have been resolved before the conflict had occurred.
Furthermore, the assumption is made that the RPAS is equipped with DAA technology. This would have
indicated to the RPIL how to resolve the conflict in the horizontal plane. Furthermore, the other aircraft
are equipped with TCAS, which would have provided a conflict resolution in the vertical plane in order
to avoid such conflict situation to occur.
The APP controller noted that in the cockpit, the response is usually immediate. Due to latency
experienced by the RPAS, although not effectively noticed, response time of the RPAS is slower than a
crewed aircraft in critical situations. As the separation minima in flight of crewed aircraft also considers
the pilot response time, perhaps separation minima with RPAS should consider the latency levels
observed. Nonetheless, within the TMA, it has to be ensured that the link with the RPAS should always
be the one with the lowest latency available.
In this scenario, the ATCO was requested to solve the conflict by instructing the RPAS. In case such
conflict would occur in actual operations, the ATCO decides how the conflict is solved. This may resolve
the need to resolve the conflict in the vertical plane by instructing the RPAS, as was observed in
validation run CFL2.
The experienced acceptability, safety level and workload would have been similar as if there was a
similar conflict between manned aircraft where one of the actors does not respond immediately to a
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request of the controller. Thus although this scenario was induced by the RPAS, the APP controller’s
experience would not have been very different if it did not involve a RPAS.

E.2.4 Limitations of Validation Results
Before the start of the experiment, the participating ATCOs received training and were informed about
the experimental HMI. Minor HMI features occurred during the validation runs. According to the
ATCOs, it did not influence the outcome of the validation run, however it was distracting for the ATCOs.
Both Approach controller and RPIL were in the same NARSIM Radar facility. Although the RPIL was
requested to limit his voice level, hearing the RPIL speak in the same room could have influenced the
perception of voice latency by the ATCO.
In the validation run with multiple RPAs, a lower fidelity RPA model was used as compared to the
validation run with one in and outbound RPA. Although this was sufficient to evaluate the impact of
multiple RPA in the airspace, validation runs with multiple high fidelity RPA is an interesting scenario
to consider in future experiments.
There was a direct telephone line immediately available between RPIL and the controller when a R/T
failure occurred. Similar experiments could be carried out with an ATSU contact person or a supervisor
who would redirect the call to the appropriate ATCO.
The airspace was representative for the simulated airport. Future experiments could be carried out in
busier airspace in terms of traffic or frequency load. This should be airspace that can practically be
used for RPAS operations (i.e. not necessarily a hub operation).
In addition, a scenario with multiple RPAs with simultaneous R/T failure should be simulated to
evaluate ATCO workability in future experiments.
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Appendix F

Distributed Validation Exercise Report

F.1 Summary of Distributed Validation Exercise Plan
The distributed validation exercise at the NARSIM and MUST real-time simulation platforms focussed
on validation of the operational procedures, i.e. the processes necessary to efficiently and safely
conduct the flight and handover procedure from both the RPILs and ATCO point of view.
The handover procedure was performed between the RPIL and the simulation leader. The RPIL
performed the departure and initiated the handover procedure with ATC (except in scenario HND3
where ATC was not notified). The RPIL and the simulation leader went stepwise through the handover
procedure where after the simulation leader was ‘in control’ and the scenario ended.
The handover scenarios cover the objectives as mentioned in Table E- and have been performed on
the fifth day of this validation exercise (Table E-2). All validation runs were performed in nominal
condition and RLOS latency levels. The same real-time simulation set-up and simulation environment
has been used as for the simulations performed by the NLR (as discussed in Appendix E).
The handover was performed on the INKET1B SID, departing from runway 24 of Rotterdam the Hague
airport. A waypoint INVIR has been established along the final segment of the SID (between waypoint
EH165 and INKET) where the handover procedure would be initiated.

Figure F-1: RPAS INKET1B SID ground track

F.2 Summary of Distributed Validation Exercise Results
F.2.1 Deviations from NLR Validation Plan
The handover scenario as described by the validation plan included the transferring of control to a
second RPIL as well as the transferring of the RPS in control from the MUST at the NLR facilities to the
U-FLY at the DLR facilities. On the day of the handover scenario, there were technical difficulties to
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connect the MUST and the U-FLY facilities. It was decided to proceed with the validation runs as the
handover between the RPS in control was not the main validated item in this scenario. The flight
procedure and ATCO procedure could still be validated by performing the handover between RPILs at
the same RPS.
Due to the above, the validation runs were ended after the handover had been successfully performed
and the RPAS has left the airspace in control of the ATCO.

F.2.2 Validation Results per KPA
Safety
In the different validation runs, no major safety concerns have been identified and the demonstration
objectives have been satisfactory evaluated. In case no notification is provided to ATC before the
handover procedure is initiated, the APP controller may be surprised by the delayed response from
the RPIL Furthermore, if a R/T failure occurs during the handover procedure it is unknown for the APP
controller which RPIL to contact. For the validation runs performed in this scenario, the demonstration
objectives have been satisfactory evaluated.

Human Performance
Positive feedback by pilots and ATCO were collected through questionnaires. The controller
commented that the handover procedure performed during the validation scenario did not result in
an increase in workload. However if the handover loiter waypoint procedure would be established, the
workload would increase as the already limited airspace within the TMA will be more congested. As
the RPIL response may be delayed due to the performance of the handover, in case the handover
procedure initiation is not communicated to ATC, workload may increase due to multiple calls to the
RPIL. For the validation runs performed in this scenario, the demonstration objectives have been
satisfactory evaluated.

Operational Efficiency
The APP controller commented that the HMI was sufficient and the latency level was not noticed by
the controller and RPIL, resulting in positive feedback to the questionnaires. In case no handover loiter
waypoint is used during the handover and multiple handovers are taking place at the same time, the
possibility to mention that the RPIL is performing the handover procedure in the aircraft label (HMI)
may be beneficial. The phraseology for the communication between the controller and RPIL was
sufficient.

Equity
The performance of the handover procedure did not impact the Equity. The handover occurred near
the end of the SID and not crossing any STAR. Loitering at the handover waypoint could result in a
slight delay to manned aircraft in case of vector operations near the handover loiter waypoint. This
can be mitigated by defining a handover loiter altitude, such that the controller can ensure vertical
separation at any time when performing vector operations.

F.2.3 Validation Results per Validation Objective
The different validation runs have been performed to evaluate different handover procedures. All
three validation runs required the handover procedure to take place while the RPAS is in control of the
APP controller. Although the TWR position was used in the validation runs, the TWR controller was not
involved with the handover procedure.
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Table F-1: Handover Scenario Description

Scenario abbreviation

Description

HND1

Loitering at waypoint INVIR and ATC notification

HND2

ATC notification, start handover procedure at waypoint INVIR

HND3

No ATC notification

During the three scenarios, both APP controller and the RPIL had an excellent situational awareness
and were able to perform their tasks extremely well all of the time. Also the workload was satisfactory
without reduction for both, where the controller experienced a low workload and the RPIL experience
an insignificant workload.
Table F-2: Handover Scenario Approach Controller Objective Evaluation

ATCO - APP
OBJ-INV-001

Acceptability in nominal conditions

OBJ-INV-003

Safety levels in nominal conditions

OBJ-INV-007

Latency in C2-Link and R/T Voice Communication

OBJ-INV-008

Safety levels in RPA handover

OBJ-INV-009

Phraseology adequacy in nominal conditions

OBJ-INV-011

Adequacy of information provision in nominal
conditions

OBJ-INV-013

Human contribution in nominal conditions

OBJ-INV-015

ATCO workload in nominal conditions

HND1

HND2

HND3

HND1

HND2

HND3

Table F-3: Handover Scenario Remote Pilot Objective Evaluation

RPIL
OBJ-INV-001

Acceptability in nominal conditions

OBJ-INV-003

Safety levels in nominal conditions

OBJ-INV-007

Latency in C2-Link and R/T Voice Communication

OBJ-INV-008

Safety levels in RPA handover

OBJ-INV-009

Phraseology adequacy in nominal conditions

OBJ-INV-011

Adequacy of information provision in nominal
conditions

OBJ-INV-013

Human contribution in nominal conditions
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Discussion – In the validation run HND1, the RPAS loitered at a predefined waypoint along the SID. The
loiter pattern is predictable, however the APP controller commented that the TMA should not be
unnecessarily congested. Technically, the handover in the TMA is feasible however it is preferred to
take place outside of the TMA if possible. ATC notification of the handover including the duration of
the reduced response time of the RPIL increased the situational awareness of the APP controller. The
APP controller commented that monitoring the RPA in its holding pattern and the limitation in airspace
limitation surrounding the loitering RPA could increase the workload.
A handover procedure phraseology between the RPILs was prepared before the start of the simulation.
However during the simulation, the phraseology used by the RPIL in real life operations was used.
In validation run HND2 and HND3, with the handover taking place on the SID without the use of a loiter
pattern, it was noted that the timespan to complete the handover was short. The distance between
the handover initiation point (INVIR) and the final point on the SID (INKET) was around 5.5 NM. The
RPILs had to rush to complete the handover, while the APP controller monitored the process and was
prepared to provide an instruction to the RPIL in case the RPA would reach the final SID waypoint. If
the RPA is not held at the final SID waypoint, the RPA would enter the airspace of the adjacent centre.
To avoid the rushing of the handover, the handover procedure could have been initiated in an earlier
phase along the straight segment, and to include a loiter point at the final cleared waypoint such that
the RPAS will never fly beyond its clearance limit.
Based on these two validation runs, the ATCO commented that it should be aware that a handover will
occur at a certain segment of the SID. This awareness can be raised by the RPIL through R/T
communication, or it could be included in the filed flight plan. Both APP controller and RPIL raised their
(safety) concern in case no notification is provided to ATC before the handover procedure would be
initiated. In case ATC is notified, APP controller can anticipate on a delayed response from the RPIL.
Furthermore, if a R/T failure occurs during the handover procedure, when ATC is notified of the
initiation of the handover procedure, ATC will know which RPIL to contact. The RPIL commented that
in case ATC is not notified of the handover, the APP controller may be surprised to hear a different
voice corresponding to the RPA.

F.2.4 Limitations of Validation Results
During the simulation, no actual handover of control was performed between different RPS. If this is
to be performed in future simulations, clear guidelines should be defined stating how and what
information is necessary to perform the handover of control. In addition, it should be clear for the
RPILs and the ATCO when exactly the R/T and C2 link should be transferred.

Page I 209

INVIRCAT EXPLORATORY RESEARCH VALIDATION REPORT

Page I 210

