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The EDA have embarked on a long-term strategy to enable the integration of RPAS into European skies alongside manned aviation and this study forms a key part of the work strands aimed at achieving that goal – more information may be found at:
https://www.eda.europa.eu/what-we-do/activities/activities-search/remotely-piloted-aircraft-systems---rpas/
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In 2017, the EDA granted to Team SIRENS the MALE RPAS Accommodation Study (Ref: 17.CPS.OP.017) to define an enhanced Safety Case Assessment Methodology and develop the Generic MALE RPAS accommodation scenario into Implementation Scenarios, and test these in an ATM simulation Environment. The Safety Assessment Method has been developed in Task 1 (Ref. [1]). This ‘Simulation Readiness Report’ documents Task 2, the development of a number of Implementation Scenarios to support testing of the Safety Case Assessment Methodology from Task 1 (Ref. [1]), and Task 3, the set‑up of the ATM simulation environment.
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This study will deliver an enhanced Aviation Safety Case Assessment Methodology for RPAS by assimilating and consolidating current best practice across both manned and unmanned aviation, testing this methodology through Simulation and developing a consolidated version of the generic RPAS Accommodation scenario to allow all aspects of aviation hazard analysis to be exercised for MALE RPAS integration into European skies alongside manned aviation.
Figure 1 illustrates the planned flow of activities to be undertaken during this study programme and the position of Task 2 and 3 within that structure.
The main components of Tasks 2 and 3 are the elaboration of the Generic Accommodation Scenario and the development of a number of Implementation Scenarios, while simultaneously the simulation is being set‑up.
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This report contains the results of the SIRENS Tasks 2 and 3:
· Task 2 concerns the development of the simulation scenarios;
· Task 3 concerns the set‑up of the simulations.
Chapter 2 describes previous RPAS simulation projects that were concerned with integration into the airspace and their results as far as relevant for the work of team SIRENS. These results are input to the development of the scenarios for simulations in Chapter 3, notably for the Safety Case Assessment and for defining the procedures for normal operations and contingencies. 
Chapter 3 described how the Implementation scenarios have been derived from the Consolidated Generic Accommodation Scenarios and how the simulation runs (vignettes) have been designed to cover both normal and contingency operations so that the Safety Case Assessment methodology designed in Task 1 can be exercised.
Chapter 4 is the simulation plan that describes the set-up of the simulation facility and gives further details of the simulation days. 
Chapter 5 describes the facilities employed during the Simulation campaign.
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The topic of simulating RPAS integration has been investigated in earlier projects. NLR and Thales UK have (together) been involved in several initial studies. This chapter will list relevant projects. The main findings and conclusions of these projects will lead to the project objectives of team SIRENS.
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Team SIRENS builds on experiences gained in previous RPAS-simulation projects. All projects up to now concerned tactical RPAS. The main projects and their contributions towards SIRENS are:
· SINUE (2009-2010), ‘Satellites for the Integration in Non-segregated airspace of UAS in Europe’, was a real-time simulation performed to prepare for a real RPAS flight, as a step towards RPAS flight operations outside segregated airspace. The NLR NARSIM Simulator was linked to a custom-built Ground Control Station (GCS) in X-Plane and an RPAS flight dynamics model to simulate an RPAS flight in controlled airspace, in nominal conditions and in emergency situations. Communication between the RPAS pilot and the ATC centre was set-up through a simulated SATCOM link.
· DeSIRE (2012-2013), ‘Demonstration of Satellites enabling the Insertion of RPAS in Europe’, carried out a series of live flights from the military air force base in Murcia (Spain). The aim of the project was to demonstrate to end users (military) and other stakeholders the potential of RPAS for long endurance maritime surveillance missions. The flights and contingency procedures were tested in the NARSIM simulator.
· AIRICA (2014), ‘ATM Innovative RPAS Integration for Coastguard Applications’, was carried out by NLR, together with the Dutch Marine and Dutch Coastguard to investigate the Beyond Visual Line of Sight (B-VLOS) flights of RPAS in non-segregated airspace. By executing a realistic coastguard operation the project investigated operational and technical aspects regarding integration of more complex RPAS operations into non-segregated airspace. The B-VLOS flight required the aircraft to be equipped with appropriate sensors and on-board Detect and Avoid (DAA) capabilities. Interaction with Air Traffic Control has been developed, tested and demonstrated [4].
· CLAIRE (2014-2015), ‘Civil Airspace Integration of RPAS in Europe’, by Thales UK and NLR, in partnership with National Air Traffic Services (NATS) and Civil Aviation Authorities (CAA), completed a series of exercises to investigate how a UAS may be safely inserted into the existing airways structure. This objective was achieved using Watchkeeper which took-off from West Wales Airport, Aberporth embarking on a sortie which operated an unmanned aircraft in mixed traffic airspace for the first time. The flight was controlled with normal Very High Frequency (VHF) voice communications relayed via the air, while the pilot was located some 100 kilometres away. The flight took place in a real airway with regional and oceanic traffic over South Wales. The live flights have been tested in NARSIM, to explore both normal and contingency flight operations and reduce risks, raise awareness and build knowledge.
Other relevant projects are:
· In 2015, EUROCONTROL and the University of Catalunia conducted real-time simulations of RPAS in non-segregated airspace. The main objective was to make a first assessment of the impact that RPAS have on air traffic control [6][7].
· In 2017 and 2018, within the SESAR 2020 RPAS simulations and under the umbrella of PJ10.05 (IFR RPAS Integration), real-time simulation studies have been carried out on adding RPAS to controlled airspace traffic patterns – mainly military types equipped with transponders and communications systems which would be required of any aircraft flying in this environment. The simulations have also looked to the future and have envisaged a possible new generation of civil cargo-carrying UASs which companies such as UPS are considering for night-time deliveries of bulk packages to regional distribution centres [8].
All projects carried out simulations in order to test normal and contingency situations in a realistic airspace environment, with involvement of licenced air traffic controllers. For most controllers, using a simulator was their first experience in handling unmanned aircraft. Many controllers do not have a clear view on what it exactly means to handle an RPAS and the simulations provided insight in the aircraft characteristics and how they should be handled. Their conclusion from the simulations is consistently in that they prove that RPAS are not significantly different to handle for ATC than manned aircraft. Some small issues in handling will be described below.

Simulations provide a good method for learning, prior to performing operational flights. Simulation environments also prove to be a good environment to demonstrate procedures and interaction between ATCo and RPAS pilot as proof of concept. This helps ATC to set up real flights and prove that contingency procedures function as they should and do not cause significant additional workload to controllers. Simulations also provide a proof of concept towards authorities towards flight approval. 

Finally, as the simulations can be managed in any way, they offer good promotion material.

Specific findings from earlier projects are:
· RPAS may fly in controlled airspace without a Detect and Avoid-function as long as both Air Traffic Control and the ground pilot have the same situational awareness picture. The exact role of ATC needs to be further explored [2][3].
· Continuous link between ATC and the RPAS pilot is necessary in the current introduction phase [3].
· Air Traffic Controllers (ATCo’s) will need to know that they are dealing with an RPAS [4]; 
· Tactical RPAS will be separated from civil traffic patterns as they are flying dedicated routes; the application of MALE RPAS on the same routes as other traffic will need further investigation [2][3][4][5].
· Differences in characteristics of dealing with RPAS are speed and performance issues, related to RPAS characteristics and wind conditions (e.g. strong headwind) [6].
· RPAS introduce latency into radio message transmissions, with time lags of different lengths being, depending on the type of RPAS and location of its remote pilot [6].
· The Human Machine Interface (HMI) and the capabilities of the RPAS need to be clearly indicated so that the air traffic controller is aware of the fact that he is dealing with an RPAS and is aware of its specific equipment [6][7].
· ATC is well capable of dealing with contingency situations. However, coupled or chained contingencies will require further investigation, especially when a general contingency follows a loss of the command and control link, or when that command and control failure occurs directly coupled with other contingencies [8].
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It can be concluded from earlier projects that the feasibility of integrating RPAS in IFR airspace is proven at E-OCVM V2-level, although this is not explicitly stated in each paper. The currently proposed simulation will perform validations at E-OCVM (European Operational Concept Validation Methodology) level V3, which is the level of pre-industrial development and integration. The key decision, following the simulations will be to establish the handover from R&D to the Industrialisation process in level V4. Indeed, after the simulations performed, a further step will be made towards building full specifications of the concepts (V4) towards dedicated target ATM platforms. 

The objective of the V3 phase is threefold [9]: 
· Firstly, to further develop and refine operational concepts and supporting enablers to prepare their transition from research to an operational environment; 
· Secondly, to validate that all concurrently developed concepts and supporting enablers (procedures, technology and human performance aspects) can work coherently together and are capable of delivering the required benefits; 
· Thirdly, to establish that the concurrent packages can be integrated into the target ATM system.

The aim of V3 is to provide adequate information, evidence and documentation to permit decision making and planning of further deployment. The manual with the methodology [9] further identifies real-time simulations as one means to validate the proposed operational concept. It needs to be noted that some of the aforementioned studies also performed V3-validations.

Based on the lessons learned from earlier projects, and building on their conclusions, SIRENS will not repeat earlier work, but instead bring simulations in RPAS integration further by developing scenarios based on the Generic Accommodation Scenario (see section 3.2). The Safety Assessment Method that was developed by team SIRENS in Task 1 (see Ref.[1], Section 4) will be applied and delivered to the customer in D3 – Draft Safety Assessment Report.

Furthermore, the project has specific focus on cross-border operations, something that has not yet been explored in earlier projects.  Cross-border operations differ between civilian and military applications and the term “cross-border Operations” is referring to “the operation of transiting across national borders (international transit)”. It is not to be mixed with Military operations into “cross-border areas” which is defined as an airspace reservation/segregation established for specific operational requirements over international boundaries. Cross-Border Areas (CBAs) are established to allow military training and other operational flights on both sides of a border.

In this Simulation campaign, specific attention will be paid to the following aspects:
· Simulate cross border flights and hand overs between different ATC centres;
· Investigate the flights of MALE RPAS at the same routes as other civil traffic;
· Investigate integration of MALE RPAS in a civil ATM environment;
· Investigate the response from ATC and the RPAS pilot in case of double contingency situations;
· Investigate ATC workload in case of double contingency situations;
Table 1 gives an overview of the demonstration objectives as decided by team SIRENS. 
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	Objective
	Demonstration Objective
	Success Criterion

	001
	Raise awareness about the simulations regarding EDA and Member states and other stakeholders activities and objectives to stakeholders
	Demonstration sessions to stakeholders given

	
	
	Final presentation given

	002
	Link the simulations to the Safety Assessment Method that has been developed in D1 of the SIRENS project
	Clear elaboration in the D2 documentation on the derivation of the Safety Assessment Method towards Implementation Scenarios

	003
	Develop the simulations (Implementation Scenarios) from the Generic Accommodation Scenario
	Clear elaboration of the D2 documentation on the derivation of the Generic Accommodation Scenario towards Implementation Scenarios

	004
	Fly MALE RPAS in cross-border, mixed traffic non-segregated environment
	High level CONOPS for cross-border hand-over developed and special cases included in the Implementation Scenarios

	
	
	All participants clear on actions required for cross-border

	005
	RPAS operates at a non-military airport
	High level CONOPS for MALE RPAS airfield operations incorporating emergency procedures

	
	
	RPAS takes off from and lands at non-segregated runway

	006
	Development of Emergency Procedures
	High level CONOPS for emergency procedures developed, incorporating:
· Contingency Procedures for Lost Link
· Radio Comms Failure Procedures
· Transponder Failure Procedures
· Engine Failure Procedures

	
	
	all participants clear on actions required in an emergency situation

	007
	Assess impact of RPAS emergency procedures on airspace management procedures, safety, and controller workload
	Impact assessment of emergency carried out.

	008
	Assess the impact of RPAS re-routing procedures (e.g. to avoid bad weather) on airspace management, safety, and controller workload
	Impact assessment of RPAS TMA re-routing procedures carried out

	009
	Assess handover procedures and processing between ATC sectors and FIRs.
	Impact assessment of RPAS handover procedures carried out

	010
	Quantify minimum flight performance requirements for en-route, departure and arrival MALE RPAS flight operations
	MALE RPAS performance requirements quantified
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Figure 2 illustrates the flow of activities in Task 2 ‘Scenario Development’, in which the Generic RPAS Accommodation Scenario is developed, the Safety Case Assessment is performed, and the Implementation Scenarios are developed that will be exercised in the Simulation Campaign in Task 4 of the SIRENS project.
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Figure 2 shows that the consolidated Generic RPAS Accommodation Scenario is derived from the work performed in SIRENS Task 1 [1] by including:
· MALE RPAS Performance characteristics;
· MALE RPAS Concept of Operations;
· Airspace Classifications;
· ‘Standard’ Scenario definitions.
These elements will be described in the following sections.
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The consolidated Generic RPAS Accommodation Scenario is based on the preliminary Generic Accommodation scenario that is described in the Call for Tender and has been further developed during this study programme:
	The RPAS operates a transit in peacetime from a military airfield to a zone of operations or training. Both areas (airfield and operations or training areas) are segregated airspace volumes. The transit takes place in a non-segregated airspace under a civil air traffic control (for example in airspace A to C).

The ground risks are evaluated for B-VLOS operations over a sparsely populated environment (overflown areas uniformly inhabited) and away from critical infrastructures.

The air risks are evaluated for flight plans that avoid high-density airspaces:
· Operations away from a major Flight Levels (FL) and always above a minimum FL;
· Operations away from major airways and aerodrome traffic patterns;
· Operational time restrictions to avoid air traffic density peaks;
· Terminal and mission areas are segregated.

The scenario includes the target air traffic densities and all other elements in place to reduce the overall operational risk.

Lower altitude operations (i.e. the mission area) and terminal operations, including the main portion of the descent, is performed in a segregated airspace. In addition, in terminal operations there is a barrier identified: the RPAS is supported with extended and sufficient surveillance in terminal areas.

Therefore, the assessment of the initial operations of military RPAS IFR in the Accommodation phase is focused on the following particularities of RPAS operations:
· Loss of safe separation and
· Degradation (potentially ‘loss’) of the Command and Control link.

The probability of a loss of safe separation is reduced by different means.
· First, the transit in non-segregated airspace is carried out under ATC control in class C. In this situation, the ATCO is responsible for separation, and no non-cooperative air traffic is expected.
· Second, this probability is further reduced by operating in low-density airspaces (time, airways, and altitude restrictions). Thus, no specific barrier is currently envisaged to mitigate the loss of safe separation threat.

Concerning the data-link degradation threat, data-link performance requirements are mainly driven by the Required Performance Communication between the Remote Pilot and ATCO. Ground based communications are currently being evaluated as the main barrier to ensure Remote Pilot – ATC communication when the primary data-link is degraded. When the degradation of the data-link performance starts affecting the RPA command and control, other barriers - mainly those based on automation and development of link loss emergency procedures - should be developed.



Figure 3 illustrates the flight profile for the preliminary Generic RPAS Accommodation Scenario from the SIRENS Task 1 Report [1]:
· Take-off from an aerodrome, under civil ATC in segregated airspace;
· Standard IFR Departure under the control of ATC;
· Climb in the CTR;
· Transit/cruise in Class A, B or C airspace, under civil ATC;
· Descent into the mission operations area, in segregated airspace, under civil ATC.
The flight profile for the return flight follows these steps inversely.
	[image: ]
[bookmark: _Ref515270416][bookmark: _Toc516147217][bookmark: _Toc516151942][bookmark: _Toc516154074][bookmark: _Toc521409014]Figure 3 – Flight Profile for the Generic RPAS Accommodation Scenario


[bookmark: _Toc521408968][bookmark: _Toc515456993][bookmark: _Toc515530479][bookmark: _Toc516151960][bookmark: _Toc516154092]Scenario Development
[bookmark: _Toc521408969]MALE RPAS Performance Characteristics
The RPAS models will be developed for the simulation campaign. The RPAS that will be simulated in the missions will be of type MALE (Medium Altitude Long Endurance) and, as it will fly in controlled airspace, supposed to be ready to perform its flight and mission. For this, it will adhere to the same standards as manned aircraft in the same airspace and will be able to follow the instructions provided by ATC. The MALE RPAS therefore is assumed to:
· Have a Certificate of Airworthiness/Permit to fly  which certifies the MALE RPAS for flight;
· Flight plans will be authorised for Flight in controlled airspace which will include details of flight over densely populated areas and cross border operations;
· Be equipped equivalent to the equipment that is required for manned aircraft under IFR in the same airspace;
· Have two independent C2-links; after failure of one of these links, it shall divert to the nearest landing location (as indicated in the flight plan) and land as soon as possible, after failure of both links the RPAS automatically follows a lost C2 link procedure and declares an emergency.
· Have one single R/T voice communication link that relays the R/T communication between the RPAS pilot and ATC.
· Always fly with the pilot in the loop, except in the case of failure of both C2 links.

The RPAS model used in the simulations will resemble the current (and future) MALE RPAS characteristics. Annex B shows that there is a range of MALE RPAS including the EuroMALE currently in the definition study phase of development under OCCAR.
[bookmark: _Ref515972528]Table 2 lists the parameter values derived from this for use in the consolidated RPAS Accommodation Scenario.
[bookmark: _Toc516147211][bookmark: _Toc516151936][bookmark: _Toc516154068][bookmark: _Toc521409028]Table 2 –Generic RPAS characteristics used in the consolidated Generic Accommodation Scenario
	Parameter
	Value

	Cruise speed
	170 KIAS

	Climb speed
	100 KIAS

	Rate of climb
	600 fpm

	Rate of descent after engine failure
	500 fpm


[bookmark: _Toc515456994][bookmark: _Toc515530480]
Note that the cruising speed and climb performance of the RPAS are less than those for manned commercial aircraft like the B737.
[bookmark: _Toc516151961][bookmark: _Toc516154093][bookmark: _Toc521408970]MALE RPAS Concept of Operations
The RPAS crew is assumed to be trained for all normal and contingency operations in the CONOPS. 
[bookmark: _Toc515456995][bookmark: _Toc515530481][bookmark: _Toc516151962][bookmark: _Toc516154094][bookmark: _Toc521408971]Airspace Classifications
The flight profile for the consolidated RPAS Accommodation Scenario assumes that the MALE RPAS flies in a CTR where ATC is responsible for separation from all other VFR and IFR traffic, hence of class A, B or C.

The pilot of the MALE RPAS shall at all times be informed of the positions of other relevant aircraft, by ATC or by any other means.
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The standard scenario that will be used by team SIRENS is a generic scenario without anomalies or complexities, designed to test the understanding of RPAS accommodation.
Appendix D contains a list of basic assumptions that will apply to the simulations that will be set up by Team SIRENS.
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[bookmark: _Toc521408974]Introduction
The consolidated Generic Accommodation Scenario is elaborated in a number of Implementation Scenarios which will allow exercising all aspects of the Safety Case Assessment for MALE RPAS integration in European skies along manned aviation by 2030:
· Location – operations in the airspace of at least two EU member states and including cross border activities;
· Time of day – daytime or night time, dawn or dusk;
· Population density – to exercise the assessment of ground risk and the mitigation by threat and/or harm barriers;
· Traffic densities – to investigate maintenance of required separation and to exercise the assessment of air risk and the mitigation by threat and/or harm barriers.
[bookmark: _Toc515530486][bookmark: _Toc515530487][bookmark: _Toc515530488][bookmark: _Toc515530489][bookmark: _Toc515530490][bookmark: _Toc515457002][bookmark: _Toc515457003][bookmark: _Toc515457004][bookmark: _Toc515457005]The RPAS will be operating from Rotterdam/The Hague airport (EHRD) in The Netherlands. This airport is located to the south of the larger airport of Schiphol (EHAM) and, although in principle strategically separated, traffic of both airports may interact.
The RPAS will navigate by GPS, not by beacons.
The RPAS scenarios are based on two flight plans:
Flight plan #1:
DEPT: EHRD	DEST: EHRD	ALTN: EGMD	F240	N0170
REFSO – Z291 – ODROP – STAY1/0300 – SONOG – M183 – REDFA – DCT – MASOS
STAYINFO1/RACETRACK BETWEEN ODROB AND SONOG





Flight plan #2:
DEPT: EHRD	DEST: EHRD	ALTN: EHKD	A030	N0170
COSTA – DCT – DIBRU – STAY1/0300 – VALKO – DCT – ROT
STAYINFO1/RACETRACK BETWEEN STD AND HSD


Flight plan #1 is for an aerial surveillance mission in the London FIR (Flight Information Region), above the North Sea, just west of the border between UK and NL airspace. Flight plan #2 is for an aerial surveillance mission above the North Sea along the Dutch coastline; in flight this mission will be re-tasked for a mission in the London FIR, just west of the border between UK and NL airspace in an area different from the area for flight plan #1. Both flight plans indicate 3 hrs of surveillance, but for the simulations only a few orbits will be flown.
Figure 5 and 6 show the Jeppesen information on the REFSO and COSTA departures, and on the arrivals.
In the simulations, the manned traffic will be based on actual (recorded) traffic samples, mostly operating from and to EHAM. To intervene with the mission in the London FIR, traffic from southern Europe to Scandinavia (and vice versa) will be included on the air routes. This ensures a realistic radar picture, contributing to a recognisable but simulated ATM environment for the ATCo. 
Annex E provides the official aviation charts for EHRD from the AIP of the Netherlands; the scenario descriptions below use Jeppesen charts, see Figure 4 and Figure 5, because these also summarize all relevant textual information.
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[bookmark: _Ref518477358][bookmark: _Toc521409015]Figure 4 – Jeppesen charts of the departures
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[bookmark: _Ref518477365][bookmark: _Toc521409016]Figure 5 –  Jeppesen charts of the arrivals


[bookmark: _Toc521408975]Scenario Derivation
The figure below (Figure 6) is the graphical representation of the Scenario Structure for SIRENS that has been developed for implementation as described in Section 3.3. The scenarios will be assessed against the Study Safety Methodology (as described in D1) to enable Initial MALE RPAS BVLOS flights in non-segregated airspace with defined boundaries relating to equipage, airspace structure, environmental and traffic, ATC services and platform performance characteristics.  

For Implementation Scenario 1 (planned Cross-Border operations), the MALE-type RPAS takes off from Rotterdam, flies out over the North Sea towards the UK under Dutch ATM before crossing over into UK controlled airspace to conduct the ‘Mission’ in a section of segregated airspace on the UK side of the international border. Once the mission is complete the MALE RPAS returns to Rotterdam.
Implementation Scenario 2 begins with the MALE-type RPAS already flying the Mission in the mission area described above expecting to conduct the whole flight under UK ATM but when it leaves the segregated mission area it has to transit across the border into Dutch airspace and fly to Rotterdam effecting an ‘Unplanned’ Cross-Border operation.
A number of ‘Simulation Runs’ will be undertaken for each Implementation Scenario – a ‘benchmark’ will be established to capture normal flight conditions in terms of ATC services, operational planning and Platform performance.  This will be followed by the introduction of various contingency situations to exercise the risk methodology and consequential impact of threats identified.  The standard ATM operating protocols for manned aircraft will be adopted throughout the scenarios in order to clearly identify any deltas with the accommodation of RPAS.




[bookmark: _Ref520994969][bookmark: _Toc521409017]Figure 6 – Derivation of the Implementation Scenarios & Simulation runs
[bookmark: _Toc521408976]RPAS normal Procedures
Appendix C.1 provides the normal procedures for an MALE RPAS flying under IFR.
It is assumed that the MALE RPAS:
· Complies with all procedures and constraints for manned aircraft flying under IFR, and
· Is tasked to perform aerial surveillance, either visually (and hence below the clouds) or by radar (from any altitude).
For the scope of the SIRENS simulations, it is assumed that:
· Meteorological conditions are within limits for the RPAS;
· The RPAS operates in airspace where only cooperative traffic is allowed (i.e. in a Transponder Mandatory Zone (TMZ)) and VHF voice communication is required (i.e. a Radio Mandatory Zone (RMZ)), and hence ATC or the RPAS pilot can separate the RPAS from all other air traffic;
· The air traffic density en-route is as normal to busy, based on recorded traffic.
Non-normal operations like ‘diversion to an alternate’ are an inextricable part of flight preparations and therefore part of the ‘normal procedures’.
[bookmark: _Toc521408977]RPAS contingency procedures
Threat Assessment
There exists no unique set of RPAS contingency procedures because the possible contingencies and the procedures to mitigate these are intimately linked with the design of the RPAS and the applicable airworthiness requirements. Also, not every contingency also has an impact on ATM. Hence team SIRENS had to define a set of generic contingencies and procedures for demonstrating the safety case, but may contain contingencies that only apply to some specific RPAS, not to all.
The Threats that should be adequately mitigated for MALE RPAS integration into European skies have been assessed, leading to a number of Implementation Scenarios to be simulated. In Table 3, eleven scenarios are identified (including one benchmark scenario) that together will demonstrate all relevant events for the SIRENS simulations and thus together will allow an assessment of the proposed Safety Assessment Method of SIRENS.
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	Scenario
	Threat
	Remarks

	1
	Benchmark; flight to and from London
	-
	Benchmark scenario

	2
	R/T voice communications failure on return while in UK airspace
	2a-1
	

	3
	Deviation from flight plan due to change of mission objective
	7
	No emergency

	4
	Diverting manned aircraft + single C2 link failure
	4a
	Potential dual C2 link failure

	5
	Diverting manned aircraft + single C2 link failure + poor quality of R/T voice communication
	2a-2, 4a
	Potential dual C2 link failure + use of backup phone

	6
	RPAS unsafe gear indication
	9
	Potential gear up landing

	7
	Impact of slow RPAS speed - loss of horizontal separation because climbing RPAS is overtaken by a faster aircraft
	3-1
	

	8
	Loss of vertical separation because of emergency descent of a higher aircraft before border crossing
	3-2
	

	9
	Two RPAS with simultaneous R/T voice communications failure while still in UK airspace
	2a-3
	Multiple telephone lines needed

	10
	Transponder failure
	1
	

	11
	Navigation system failure
	8
	



Appendix C.2 provides the guidelines for the RPAS pilot and ATC for the following contingencies and emergencies that were developed for SIRENS:
R/T Comm failure
An R/T failure leads to not being able to establish contact between the controller and pilot through VHF radio. The contingency is to set up contact by phone.
Observations:
· RPAS will automatically switch to squawk 7600
· Controller remembers last clearance and will assume the RPAS will continue on this clearance
· The controller will normally ask his assistant to take over the actions for the RPAS
· A good phone procedure is necessary: who will initiate contact between controller and pilot
· A good phone procedure is necessary: where to find the appropriate phone numbers (probably, there will be a need to define this in the flight plan)
· At first contact by phone: confirm last clearance and ask for intentions
Conclusions:
· Phone procedures take some training. After some time of using the phone, it became more easy to use
· It will be necessary to keep a phone line open or can it be closed after each clearance and read-back
· An assistant controller will be necessary
· One suggestion was made: the transponder or Mode-S (if available) can be used to transmit special messages to ATC
· If R/T failure is one direction, only from pilot to controller, it may be decided to cancel the need for read-back
· A secondary frequency may be required
Loss of horizontal separation
The loss of horizontal separation has been simulated through an overtaking aircraft that is handed over from the APP-sector too early. The simulated ACC-sector needed to solve the issue. 
Observations:
· Controllers do not consider this a major problem (“it’s my job”)
· In case of another simultaneous emergency, a larger problem may arise
· In case of another error, e.g. from the pilot, a larger problem may arise
Conclusions:
· This should be further investigated, maybe through other means as real-time simulations
· Controllers need good briefing on routes from the RPAS
Two RPAS with simultaneous communications failure
Two RPAS will both be experiencing an R/T communications failure simultaneously. The controller will need to open two phone lines (thus doubling the effort to establish comms and to check clearances and intentions).
Observations:
· See R/T comm failure for one RPAS
· When the two RPAS are operated by one GCS pilot, the controller may link the both flights (if they are flying in the same area), thus giving instructions to the first and asking the second to follow (just one clearance for the second RPAS necessary)
Conclusions:
· No more difficult than one R/T failure; workload was not doubled
Navigation system failure
A GNSS failure cause the drone to lose own navigation. It will need to receive vectors from the controller in order to continue its course.
Observations:
· Controller asks GCS pilot several questions to find out what is still possible concerning navigation (“can you fly towards a waypoint (answer = no)” and “are you able to determine your heading (answer is yes))
· Controller asks about the effect on the performance of the RPAS
· Other traffic in the vicinity was informed about the problem with the drone
· Amsterdam ACC has usually several aircraft flying vectors; one other aircraft to do so is no problem.
Conclusions:
· Should this be a pan-call? In the discussion, the tendency was no
· It may be decided to define standard phraseology for this (or use “unavailable RNAV”, which is standard ICAO 
Single C2 failure
One single C2 failure occurs, which will require the aircraft to return home. This will avoid a larger problem if the only one remaining C2-line gets lost as well.
Observations:
·  Controllers handled the RPAS to land as soon as practicable
· Neither controllers nor GCS pilot considered the situation an emergency
· Call on the lost C2-comm was considered as “information on”
Conclusions:
· This is of little concern to ATC. Maybe the information does not even have to be provided as ATC will not consider any priority as long as the aircraft does not state an emergency
Loss of vertical separation
In the simulations, this event was set up through a decompression of an aircraft that was flying above the aircraft, after which it made an emergency descent. The event is difficult to simulate as it requires good timing. It did not work out well and the results of this part of the simulations cannot be further analysed.
Transponder failure
A transponder failure causes the RPAS to disappear from the radar screen. In our case, the primary radar was not able to catch the RPAS and the controller needs to build the picture of the situation himself.
Observations:
· Controller directly notices the missing transponder at the screen
· Controller ask GCS pilot to confirm position and asks to state intentions. This will be done on a regular basis
· The controller will normally ask his assistant to take over the actions for the RPAS
· Controller will increase separation with other traffic significantly
Conclusions:
· An assistant controller will be necessary
· Additional localising equipment (ADS-B) may be required
· If available: R/T with a DF can be used to localise the RPAS at each moment (not very accurate)
[bookmark: _Toc521408978]Air Systems Safety Case Assessment
[bookmark: _Toc521408979]Overall Safety Case Argument
The overall Air System Safety Case for MALE-type RPAS Accommodation will be developed and reported in D3, using the methodology developed in D1, based on a holistic analysis of the safety of the entire proposed system (as outlined below)  using the Implementation Scenarios as the initial set of detailed Use Cases.
[image: V:\999 - Future Business\002_Projects\03 EDA RPAS MALE Accom\11 Technical\Pictures and Drawings\Holistic Safety Case.png]
[bookmark: _Toc520200358][bookmark: _Toc521409018]Figure 7 – Key Tenets of MALE RPAS Accommodation Safety Case
At the top level this will be a broad-based: Claim, Evidence, Argument treatment but the assessment will also contain ‘deep-dives’ into low-level detail, where the risk assessment leads to the development of BowTies etc., to provide sufficient evidence that the Safety Case Assessment methodology works and is a valid toolset to support the drive towards full MALE RPAS Integration into European skies.
[bookmark: _Toc521408980]Assessment of Risk
As described in ref. [1], task 1 of SIRENS proposes to apply the Bow Tie Methodology as Risk Assessment and Mitigation Methodology, see the visual representation in Figure 8: threats could cause the Top Level Event (TLE) to occur, which in turn will lead to a Hazard. Barriers (or controls) are identified which serve to mitigate and protect against the threats which could result in the increased Risk to Life (RtL). Consequences are also identified to understand the level of RtL which could result from the Hazard.
	[image: ]
[bookmark: _Ref515443879][bookmark: _Ref515443850][bookmark: _Toc516147218][bookmark: _Toc516151943][bookmark: _Toc516154075][bookmark: _Toc521409019]Figure 8 – Populated Bow Tie for ‘Loss of Separation with the Ground (Unintentional CFIT)



The BowTies are analysed using a semi-quantitative analysis approach whereby Layers Of Protection Analysis (LOPA) is used for analysing and assessing risk of Barriers & Controls. It uses an order of magnitude technique to evaluate the adequacy of existing or proposed layers of protection against known hazards.

The Task 1 Report identifies a series of Top Level Events that affect the RtL to people on the ground and to people in the air (in other aircraft). Since SIRENS addresses MALE RPAS integration into the European skies, the focus is on the RtL of people in the air, notably the following Top Events where the ‘other airspace user’ then would be the ‘Hazard’:
· Loss of separation with other airspace users;
· Collision in mid-air with another airspace user.

Team SIRENS assumes that the RPAS pilot manoeuvres his RPAS by remote control, using vectors received from an ATCO, leading to the following assumptions:
· The RPAS pilot has limited means to directly interrogate and interact with other airspace users in the controlled airspace. In addition to the ATC primary surveillance radar the MALE RPAS is likely to have a level of Cooperative Detect and Avoid (DAA) functionality based on ADS-B transponder technologies to broadcast positional information that may be received by other aircraft to provide situational awareness and allow self-separation. Though enabling technologies are available and are currently being trailed in unmanned aircraft, there is still a pressing need to develop and agree a set of common procedures and operating standards. The availability of non-cooperative sensing techniques (such as optical or radar) will positively contribute to the situational awareness picture compilation and enable RPAS to detect non-equipped air traffic which may have inadvertently entered the controlled airspace (or possibly to mitigate against situations whereby the RPAS may have strayed outside controlled airspace – such as in emergency conditions forcing decent into Class G airspace). It is assumed that necessary procedures and equipment standards to support Non-Cooperative Detect and Avoid (DAA) will not be readily available in the 2020-2025 timeframe.   
· ATC detects and vectors all aircraft;
· The RPAS has no on-board means to automatically manoeuvre to achieve self-separation until appropriate procedures are developed and agreed, in the meantime such systems will require a ‘person in-the-loop’ to ensure avoidance manoeuvres are authorised in cognisance of rules of the air and other considerations such as weather, airspace structures and traffic.
· DAA is not considered during the simulations as it is considered that for accommodation of 1, or 2, RPAS into controlled airspace that the ATM organisation area control standard operating procedures (SOP’s) are capable of providing appropriate de-confliction with manned aircraft.  However, progression from accommodation of 1, or 2, RPAS to full integration of multiple RPAS into controlled airspace the introduction of a DAA system, in line with manned aviation requirements, will need to be developed and introduced.
[bookmark: _Toc521408981]Threats and Barriers
Further analysing the Threats leads to one or more possible actions to mitigate the consequences of these threats for the two Top Events. The Threats and mitigation measures lead to elements that need to be included in the simulations, hence in the Implementation Scenarios. The list of Threats is indicated in Table 4, together with the proposed mitigation measures and elements to be included in the simulations. The Threats are numbered, where the numbers can be further subdivided if several mitigation actions and/or several situation elements are possible.

[bookmark: _Ref515456074][bookmark: _Toc515466210][bookmark: _Toc516147212][bookmark: _Toc516151937][bookmark: _Toc516154069][bookmark: _Toc521409030]Table 4 –Threats and barriers to be exercised for MALE RPAS integration in European skies
	#
	Threat
	Mitigation
	Simulation event

	1-1
	ATC is unable to detect the RPAS or the other airspace user.
	If RPAS visible to ATC on primary radar, ATC can ask to squawk IDENT to check functional status of the equipment. Else the pilot has to report the RPAS position to ATC or ATC instructs RPAS to leave controlled airspace.
	RPAS visible on primary radar: not simulated in SIRENS because procedure for RPAS is the same as for manned aircraft, and hence there are no specific issues to simulate.

	1-2
	
	
	RPAS not visible on primary radar: simulated in SIRENS.

	2a-1
	ATCo is unable to communicate with the pilot of the RPAS or the other airspace user.
	RPAS pilot and ATC may communicate by telephone.
	RPAS pilot phones ATC: simulated in SIRENS.

	2a-2
	
	
	ATCo phones RPAS pilot: simulated in SIRENS.

	2a-3
	
	
	If ATCo and RPAS pilot unable to communicate by telephone: this is not simulated in SIRENS because then the ‘lost comm’ procedures of manned aviation apply, and hence there are no specific issues to simulate.

	2b
	
	Other airspace user: The pilot of a manned aircraft squawks 7600 and follows a prescribed ‘lost comms’ procedure.
	Not simulated in SIRENS because manned aircraft is beyond scope of SIRENS.

	3-1
	The pilot of the RPAS or the other airspace user does not maintain separation.
	ATC monitors the flights of individual aircraft and issues vectors before separation is compromised.
	ATC anticipation of potential loss of horizontal separation is simulated in SIRENS.

	3-2
	
	
	ATC anticipation of potential loss of vertical separation is simulated in SIRENS.

	4a
	The pilot of the RPAS or the other airspace user is unable to manoeuvre his RPAS/aircraft.
	The RPAS is equipped with a dual C2 link for the manoeuvring of the RPAS.
	Single C2 link failure is simulated in SIRENS.

	4b
	
	If both C2 links are lost, the RPAS is equipped with an on-board system to automatically fly a predetermined procedure.
	Dual C2 link failure is not simulated in SIRENS because already demonstrated in CLAIRE.

	4c
	
	The pilot of the manned aircraft may issue a mayday call and squawk 7700.
	Not simulated in SIRENS because manned aircraft is beyond scope of SIRENS.

	5
	Loss of performance.
	Abort mission and return, divert or perform an emergency landing.
	No specific role for ATC, ATC asks pilot about his intentions, and facilitates (re)routing. Not simulated in SIRENS because procedure for RPAS is the same as for manned aircraft, hence no specific issues to simulate.

	6
	Loss of manoeuvrability.
	Inform ATC about the reduced manoeuvrability. 
	Not simulated in SIRENS because RPAS can still perform manoeuvres.

	7
	RPAS pilot wishes to deviate from assigned route.
	ATC assigns route that does not conflict with the routes of other aircraft.
	Request of RPAS pilot for rerouting is simulated in SIRENS.

	8
	RPAS unable to navigate to waypoint because GPS unable to determine position.
	ATC provide RPAS pilot with vectors.
	Simulated in SIRENS.

	9
	The RPAS experiences an issue for which ATC support is requested.
	Depends on the issue and on how RPAS is designed to deal with it.
	Simulated in SIRENS.



[bookmark: _Toc515456998][bookmark: _Toc515456999][bookmark: _Toc515530484]This way, using the BowTies method, a number of events are found that one-on-one is a translation of the mitigation measures to the Threats identified. The events will now be included in the SIRENS-simulations in order to evaluate the corresponding Threat. In the next section, a number of scenarios will be elaborated, based on these events.
[bookmark: _Toc515457006][bookmark: _Toc515530491][bookmark: _Toc516151967][bookmark: _Toc516154099][bookmark: _Toc521408982]Scenario Definitions
[bookmark: _Toc521408983]Scenario 1 (Benchmark; flight in traffic to and from London)
	Objective
	Familiarisation: demonstrate handling of cross‑border RPAS flight

	Scenario summary
	This scenario is used to assess the transfer from Amsterdam (EHAA) FIR to London (EGTT) FIR and vice versa, where the RPAS will be performing a racetrack search pattern that crosses several airways with traffic. The scenario starts in EHRD APP (Approach), while the RPAS is on the REFSO departure. The scenario stops when EHAM ACC Sector 4 hands the RPAS over to EHRD APP. 

	Flight plan
	#1

	Simulation event
	Not applicable

	Active sectors/ATCCs
	· EHRD APP (feeder)
· EHAM ACC sector 4
· EGTT FIR

	RWY in use at EHRD
	RWY 24

	Traffic sample (manned aircraft)
	Realistic traffic in EHAM sector 4 and in EHRD TMA (no VFR traffic)
Realistic traffic in EGLL FIR

	Order of events
	· BEGIN: RPAS on REFSO departure, RTM 262 to REFSO, passing 2000, climbing to 3000, has just been transferred from EHRD TWR to EHRD APP
· EHRD APP clears RPAS to FL50
· At TMA boundary, EHRD APP transfers control to AMSTERDAM ACC (sector 4)
· EHAM ACC clears RPAS to FIR-boundary at REFSO and FL240
· EHAM ACC transfers control to LONDON ACC
· LONDON ACC clears RPAS to ODROB
· Near ODROB the RPAS starts a racetrack pattern to the North with turning points near ODROB and SONOG, remaining in FIR EGTT at FL240
· These racetracks cross several airways with traffic; ATC has to separate
· After several racetracks, the RPAS requests to return to EHRD for landing
· LONDON requests to hand over the RPAS at FL230
· RPAS is cleared to cross the FIR boundary at REDFA, FL230
· At REDFA, LONDON transfers control to EHAM ACC
· EHAM ACC clears RPAS (for STAR) to MASOS and to descend to FL60
· The RPAS crosses UL980, which has busy traffic between FL140 and FL180
· RPAS pilot ensures reception of ATIS of EHRD
· During the descent, no later than MASOS, EHAM ACC transfers control to EHRD APP
· END: the RPAS reports established on the approach and is transferred to EHRD TWR

	Considerations for ATC
	No special considerations




[bookmark: _Toc521408984]Scenario 2 (R/T voice communication failure on return while in UK airspace)
	Objective
	Demonstrate handling of RPAS R/T voice communication failure just before FIR boundary crossing

	Scenario summary
	Scenario 2 expands on scenario 1. After leaving the racetrack pattern:
10 NM before FIR boundary, the RPAS experiences R/T voice communication failure. RPAS follows standard ICAO procedures for en route communications failure[footnoteRef:2] and while doing so crosses the FIR boundary. The transponder is (automatically) set on 7600, and following the contingency procedure for this, the RPAS pilot calls ATCo by telephone. [2:  Annex 2 - Rules of the Air, paragraph 3.6.5.2 Communication failure:
[...], maintain the last assigned speed and level, or minimum flight altitude if higher, for a period of 7 minutes following:
i) The time the last assigned level or minimum flight altitude is reached; or 
ii) Time the transponder is set to Code 7600; or
iii) The aircraft’s failure to report its position over a compulsory reporting point;
whichever is later and thereafter adjust level and speed in accordance with the filed flight plan.] 


	Flight plan
	#1

	Simulation event
	2a-1

	Active sectors/ATCCs
	· EHRD APP (feeder)
· EHAM ACC sector 4
· EGTT FIR

	RWY in use at EHRD
	RWY 24

	Traffic sample (manned aircraft)
	Realistic traffic in EHAM sector 4 and in EHRD TMA (no VFR traffic).
Realistic traffic in EGLL FIR

	Order of events
	· BEGIN: as scenario 1, until 10 NM before crossing the FIR boundary from EGTT FIR to EHAM FIR
· RPAS detects R/T voice communication failure
· Transponder automatically switches to 7600
· RPAS pilot contacts LONDON by phone (backup communications) and states intentions
· RPAS pilot intends to continue flight as planned and return to EHRD
· LONDON contacts EHAM ACC about R/T voice communication failure
· LONDON hands over RPAS and telephone communication to EHAM ACC
· RPAS pilot attempts re-establish R/T voice communication, but in vain
· EHAM ACC coordinates transfer to EHRD APP
· EHAM ACC hands over RPAS and telephone communication to EHRD APP
· END of scenario

	Considerations for ATC
	· Which other traffic should remain clear from the RPAS?
· Additional separation margin needed?
· What if RPAS pilot does not contact UK controller by telephone?
· How do UK controller and NL controller coordinate the return flight?


[bookmark: _Toc514946407][bookmark: _Toc515265119]
[bookmark: _Toc521408985]Scenario 3 (Rerouting in‑flight due to change of mission objective)
	Objective
	Demonstrate the handling of flight plan change of RPAS while it is already airborne

	Scenario summary
	This scenario is used to assess the transfer from EHAA FIR to EGTT FIR after change of the flight plan while the RPAS is in the air. Initially the RPAS is on a surveillance mission in the Rotterdam TMA at 3000 ft. The RPAS operator re‑tasks the RPAS pilot for a mission in UK airspace. The RPAS pilot updates the flight plan with ATC, and ATC NL coordinates this change with ATC UK. 

	Flight plan
	#2

	Simulation event
	7

	Active sectors/ATCCs
	· EHRD APP (feeder) 
· EHAM ACC sector 4
· EGLL RID

	RWY in use at EHRD
	RWY 24

	Traffic sample (manned aircraft)
	Realistic traffic in EHAM sector 4 and in EHRD TMA3 (RMZ + TMZ, hence no uncontrolled VFR traffic)
Realistic traffic in EGLL FIR

	Order of events
	· BEGIN: RPAS on COSTA departure, passing 2000, climbing to 3000, has just been transferred from EHRD TWR to EHRD APP
· The RPAS enters a search pattern in the EHRD TMA3 between COSTA and VALKO
· After one orbit the RPAS is re-tasked for a mission in UK airspace; the RPAS pilot updates the flight plan with ATC to exit EHAM FIR via MIMVA at FL240
· At TMA boundary, EHRD APP transfers control to EHAM ACC
· The new flight plan is coordinated with ATC UK
· EHAM ACC clears RPAS to FIR-boundary at MIMVA and FL240
· At FIR boundary, EHAM ACC transfers control to LONDON
· LONDON clears RPAS to KUBAX
· At KUBAX the RPAS starts a racetrack pattern with turning points KUBAX and BUKUT, remaining in FIR EGTT at FL240
· These racetracks cross several airways with traffic; ATC has to separate
· After several racetracks, the RPAS requests to return to EHRD for landing
· RPAS is cleared to cross the FIR boundary at REDFA
· [further as scenario 1]

	Considerations for ATC
	· Contact UK ANSP for coordination of changed flight plan.


[bookmark: _Toc521408986]Scenario 4 (Diverting manned aircraft + single C2 link failure)
	Objective
	Demonstrate handling of RPAS with a single C2 communications link failure

	Scenario summary
	This scenario expands on scenario 1. While the RPAS is performing the racetrack pattern over ODROB and SONOG:
The RPAS has a single C2 failure, and requests to return to EHRD. This is not an emergency, but the RPAS shall land as soon as possible because it has reduced safety margins. Simultaneously, because of fog in Amsterdam (EHAM) aircraft divert to EHRD. 

	Flight plan
	#1

	Simulation event
	4a

	Active sectors/ATCCs
	· EHRD APP
· EHAM ACC sector 4
· EGLL RID

	RWY in use at EHRD
	RWY 24

	Traffic sample (manned aircraft)
	Realistic traffic in EHAM sector 4 and in EHRD TMA (no VFR traffic)

	Order of events
	· BEGIN: as scenario 1, until orbiting over ODREB and SONEG
· EHAM is closed due to fog; some aircraft divert to EHRD
· During an orbit (in UK airspace), the RPAS experiences a single C2 failure
· RPAS automatically squawks 7601
· Pilot requests ATC to return to EHRD
· LONDON contacts EHAM ACC about single C2 link failure
· LONDON hands over RPAS to EHAM ACC
· RPAS pilot attempts re-establish C2 link failure, but in vain
· EHAM ACC coordinates transfer to EHRD APP
· END of scenario

	Considerations for ATC
	· Diverting aircraft that have filed EHRD as alternate shall be facilitated
· Reduced safety margins of the RPAS may aggravate into a total C2 failure causing a ‘return home’ without possibilities to interfere
· Reroute RPAS to its alternate (not being EHAM!), assuming that this also will become the destination for the ‘return home’.


[bookmark: _Toc514946410][bookmark: _Toc515265122]
[bookmark: _Toc521408987]Scenario 5 (Diverting manned aircraft + single C2 link failure + poor quality of R/T voice communication)
	Objective
	Demonstrate handling of handling of RPAS with single C2 communication link failure and R/T voice communication that is degraded one‑way

	Scenario summary
	As scenario 4, except that the RPAS suffers a single C2 failure combined with a degraded R/T communication at level 2 (out of 5), while ATC is dealing with the aircraft diverting from EHAM. ATC needs ‘SAY AGAIN’ on several occasions. The RPAS pilot receives ATC 5/5. As back‑up a telephone line is available.

	Flight plan
	#1

	Simulation event
	2a-2 and 4a

	Active sectors/ATCCs
	· EHRD APP
· EHAM ACC sector 4
· EGLL

	RWY in use at EHRD
	RWY 24

	Traffic sample (manned aircraft)
	Realistic traffic in EHAM sector 4 and in EHRD TMA (no VFR traffic)

	Order of events
	· BEGIN: but simultaneous with single C2 failure ATC does not receive clear transmissions (2/5)
· RPAS switches transponder to 7601
· RPAS requests return home
· LONDON ACC does not receive clear transmissions (2/5)
· LONDON ACC initiates telephone call with the RPAS pilot and asks for intentions
· RPAS states intentions: to continue flight as planned and return to EHRD

Further events similar to scenario 2:

· LONDON contacts EHAM ACC about single C2 link failure and poor R/T voice communication
· LONDON hands over RPAS and telephone communication to EHAM ACC
· RPAS pilot attempts re-establish C2 link and improve R/T voice communication, but in vain
· EHAM ACC coordinates transfer to EHRD APP
· EHAM ACC hands over RPAS and telephone communication to EHRD APP
· END of scenario

	Considerations for ATC
	· Switch to the telephone, which may complicate the lines of communication between ATC and the pilots of the diverting aircraft (note: RPAS pilot has good reception so will not initiate this action)
· Remain on R/T radio, with increased workload because of the various ‘SAY AGAINs’.
· Reroute RPAS to its alternate (not being EHAM!), assuming that this also will become the destination for the ‘return home’.


[bookmark: _Toc514946412][bookmark: _Toc515265124][bookmark: _Toc521408988]Scenario 6 (RPAS unsafe gear indication)
	Objective
	Demonstrate handling of RPAS with technical failure (unsafe gear indication)

	Scenario summary
	As scenario 1, except that the RPAS in the landing phase experiences an unsafe gear indication. The RPAS requests a go-around with an inspection of an observer at the RWY holding point.

	Flight plan
	#1

	Simulation event
	6

	Active sectors/ATCCs
	· EHRD APP
· EHRD TWR

	RWY in use at EHRD
	RWY 06

	Traffic sample (manned aircraft)
	Little but realistic traffic in EHRD TMA and at EHRD TWR

	Order of events
	· BEGIN: same as scenario 3, EHAM ACC has transferred control to EHRD APP
· At MASOS, the RPAS is cleared to RTM and to descend to 2000 ft.
· After RTM, the RPAS is cleared DCT RR
· At RR, the RPAS is cleared for the ILS approach RWY 06
· Controller clears to intercept ILS RWY06 (Note that EHAM ACC may line up aircraft for RWY06 at EHRD)
· After extending the gear, the pilot receives an ‘unsafe gear’ error message
· Pilot informs ATC
· RPAS requests go-around to inspect gear condition
· END of scenario

	Considerations for ATC
	· Controller will ask RPAS pilot to state its intentions when reporting the problem with the RPAS.


[bookmark: _Toc521408989]Scenario 7 (Impact of slow RPAS speed - loss of horizontal separation because climbing RPAS is overtaken by a faster aircraft)
	Objective
	Demonstrate handling of impact of slow RPAS speed (with potential loss of horizontal separation)

	Scenario summary
	RPAS is departing from EHRD and de-conflicted from a next faster aircraft on the same SID by EHRD APP on basis of his filed cruise speed of 170 KIAS. After departure of both aircraft, the RPAS appears to fly at a lower climb speed of 100 KIAS, causing the RPAS to be overtaken by the faster aircraft. Under APP control the aircraft remain well separated, but under ACC control separation is lost.

	Flight plan
	#1

	Simulation event
	3-1

	Active sectors/ATCCs
	· EHRD APP
· EHAM ACC sector 4
· EGLL

	RWY in use at EHRD
	RWY 24

	Traffic sample (manned aircraft)
	Realistic traffic in EHAM sector 4 and in EHRD TMA (no VFR traffic)

	Order of events
	· BEGIN: RPAS on REFSO departure, RTM 262 to REFSO, passing 2000, climbing to 3000, has just been transferred from EHRD TWR to EHAM ACC
· After 6 minutes, the faster aircraft is transferred from EHRD TWR to EHAM ACC; initially the separation between the two aircraft is OK (faster aircraft climbing to 2000 ft.) but is rapidly decreasing.
· Continue as Scenario 1.

	Considerations for ATC
	· Either the RPAS or the faster aircraft has to temporarily leave the REFSO departure; which of the two? And how is this performed?


[bookmark: _Toc521408990]Scenario 8 (Loss of vertical separation because of emergency descent of a higher aircraft before border crossing)
(This scenario can be combined with any of the other scenarios)
	Objective
	Demonstrate handling of loss of vertical separation

	Scenario summary
	A manned aircraft flying above the RPAS unexpectedly needs to descend (e.g. because of decompression) and thus causes a loss of vertical separation. 

	Flight plan
	#1 or #2

	Simulation event
	3-2

	Active sectors/ATCCs
	· EHRD APP
· EHAM ACC sector 4
· EGLL

	RWY in use at EHRD
	RWY 24

	Traffic sample (manned aircraft)
	Realistic traffic in EHAM sector 4 and in EHRD TMA (no VFR traffic)

	Order of events
	· BEGIN: RPAS and, at a higher FL, a manned aircraft behind RPAS on the same airway
· The higher aircraft suddenly starts a rapid descend and squawks 7700, does not contact ATC
· Risk of MAC between descending aircraft and RPAS
· ATC vectors RPAS for separation.

	Considerations for ATC
	· Either the RPAS or the faster aircraft has to temporarily leave the route; which of the two? And how is this performed?
· Inquire the manned aircraft about the problem and its intentions, or instruct the RPAS pilot to leave the route?
· Coordination with the next sector


[bookmark: _Toc521408991]Scenario 9 (Two RPAS with simultaneous R/T voice communications failure while still in UK airspace)
	Objective
	Demonstrate handling of two RPAS with simultaneous R/T voice communication failure

	Scenario summary
	As scenario 2, except with two MALE RPAS, operated by the same ground station. The two RPAS follow the same route, and simultaneously have an R/T voice communication failure

	Flight plan
	#1

	Simulation event
	2a-3

	Active sectors/ATCCs
	· EHRD APP
· EHAM ACC sector 4
· EGTT

	RWY in use at EHRD
	RWY 24

	Traffic sample (manned aircraft)
	Realistic traffic in EHAM sector 4 and in EHRD TMA (no VFR traffic)

	Order of events
	RPAS 1
· BEGIN: as scenario 1, until 10 NM before crossing the FIR boundary from EGTT FIR to EHAM FIR
· RPAS detects communication failure, 10NM before FIR boundary crossing
· RPAS intends to continue its mission
· Controllers discuss to allow mission continuation
· Transponder switches to 7600
· RPAS pilot detects the same problem (communication failure) with the second RPAS
· RPAS pilot contacts Amsterdam by phone (secondary comms)
· Attempts are made to re-establish primary comms on R/T voice communication
· Boundary crossing through phone communication
· One of the RPAS will continue to the emergency point
· Coordination to set up the next phone communication with London
· After some time, the communication is re-established and the mission continues
· END of scenario

	Considerations for ATC
	· Which other traffic should remain clear from the RPAS?
· Additional separation margin needed?
· What if the RPAS pilots do not contact UK controller by telephone?
· What if one of the RPAS pilot does not contact UK controller by telephone, or is not able to because he can only deal with one telephone line?
· How do UK controller and NL controller coordinate the return flight?


[bookmark: _Toc521408992]Scenario 10 (Transponder failure)
	Objective
	Demonstrate handling of an RPAS transponder failure

	Scenario summary
	As scenario 2, except that before returning into NL airspace the RPAS has a transponder failure. Assume that the primary radar return is insufficient to locate the RPAS. The pilot still has GPS position information.

	Flight plan
	#1

	Simulation event
	1

	Active sectors/ATCCs
	· EHRD APP
· EHAM ACC sector 4
· EGLL

	RWY in use at EHRD
	RWY 24

	Traffic sample (manned aircraft)
	Realistic traffic in EHAM sector 4 and in EHRD TMA (no VFR traffic)

	Order of events
	· BEGIN: same as scenario 1
· RPAS has transponder failure
· RPAS not visible on primary radar
· RPAS will be indicated at strip list (to indicate that it has lost radar position information)
· ATC indicates the RPAS to stop climb and start a left hand orbit
· ATCo and RPAS pilot consult on way ahead
· ATC will use procedural control to keep guiding the RPAS
· ATCo will keep all traffic clear of the last known position of the RPAS
· END of scenario

	Considerations for ATC
	· Which other traffic should remain clear from the RPAS?
· Additional separation margin needed?
· How do UK controller and NL controller coordinate the return flight?


[bookmark: _Toc521408993]Scenario 11 (Navigation System Failure)
(This scenario can be combined with any of the other scenarios)
	Objective
	Demonstrate handling of RPAS navigation system failure

	Scenario summary
	The RPAS is instructed to fly to a waypoint but because of equipment or, cannot establish its own position because of GPS jamming.

	Flight plan
	#1 or #2

	Simulation event
	8

	Active sectors/ATCCs
	· EHAM ACC sector 4

	RWY in use at EHRD 
	RWY 06

	Traffic sample (manned aircraft)
	Realistic traffic in EHAM sector 4 and in EHRD TMA (no VFR traffic)

	Order of events
	· BEGIN: as scenario 1
· RPAS in sector 4 experiences GNSS failure
· RPAS requests vectors to land on RWY 06
· ATCo vectors the RPAS to PS
· At PS ATCo transfers responsibility for landing to RPAS pilot
· END of scenario
· RPAS pilot uses homing device for final landing phase

	Considerations for ATC
	· Workload increase because of additional activity to determine the vector for the RPAS



[bookmark: _Toc515457007][bookmark: _Toc515530492][bookmark: _Toc516151968][bookmark: _Toc516154100][bookmark: _Toc521408994][bookmark: _Ref514940184]Simulation Plan
This chapter describes the plan for the simulation campaign.
Objective of the simulations is to investigate the proposed Safety Assessment Method (Ref. 1) in a real‑time simulation environment. Focus of the simulations is twofold:
· Can RPAS be safely integrated in existing air traffic using specified contingency situations for the RPAS?
· How is controller workload affected by the introduction of unmanned systems?
A non-functional objective is to demonstrate to EDA Member States the possibilities that real‑time simulations offer in bringing RPAS Airspace Integration to a further level, where all stakeholders will be enabled to discuss all aspects in the safe and controlled environment.
[bookmark: _Toc515457008][bookmark: _Toc515530493][bookmark: _Toc516151969][bookmark: _Toc516154101][bookmark: _Toc521408995]Task 3 – Simulation Set up
[bookmark: _Toc515457009][bookmark: _Toc515530494][bookmark: _Toc516151970][bookmark: _Toc516154102][bookmark: _Toc521408996]Overview
Task 3 will establish the Simulation Environment required for testing of the Safety Case Assessment methodology. The Implementation scenarios as developed in Task 2 will be exercised against the Safety Assessment Methodology defined in Task 1.
The following diagram () illustrates the flow of activities to be performed during Task 3. The simulation environment will be built using existing facilities at NLR:
· The NLR ATC Research Simulator (NARSIM);
· The Multi UAS Supervision Testbed (MUST).
Having established this facility and fully tested it, Task 3 will then define the Simulation Scenarios and vignettes required to model the RPAS Scenarios. Each scenario will run in a simulation environment as provided by the NLR NARSIM. The scenario will be run completely, starting from the zero-situation, where the goal of the exercise has not yet started. Simulations run in real-time with experienced air traffic controllers’ in-the-loop. Traffic will be handled by pseudo-pilots, who can handle multiple aircraft in the simulation. The RPAS-pilot will be handling the MALE RPAS using the MUST piloting station.
[image: ]
[bookmark: _Toc516147219][bookmark: _Toc516151944][bookmark: _Toc516154076][bookmark: _Toc521409020]Figure 9 – Flow of activities during Task 3
[bookmark: _Toc515457010][bookmark: _Toc515530495][bookmark: _Toc516151971][bookmark: _Toc516154103][bookmark: _Toc521408997]Task 3.1a – Simulation Set-Up (Facilities)
In this task, the facility will be set up, consisting of the elements as described above. Included are set-up of the working positions for controllers (which controller will be responsible for what part of the airspace), the RPAS pilot and pseudo-pilots. Also included in this task is the set-up of the geographical area (NL and UK FIR) in the simulation facilities.
[bookmark: _Toc515457011][bookmark: _Toc515530496][bookmark: _Toc516151972][bookmark: _Toc516154104][bookmark: _Toc521408998]Task 3.1b – Simulation Set-Up (Campaign)
In this task, the simulations will be performed. All organisational issues are described in the Simulation Plan in chapter 3 of this document.
[bookmark: _Toc515530497][bookmark: _Ref515455113][bookmark: _Toc515457012][bookmark: _Toc515530498][bookmark: _Toc516151973][bookmark: _Toc516154105][bookmark: _Toc521408999]Simulation set up
Actors involved in the SIRENS simulations are
· Two air traffic controllers
Air Traffic Controllers will be organising the flight of the MALE RPAS in the other traffic. Their task is to ensure a safe and efficient traffic flow for all aircraft, including the RPAS. They will be using the NARSIM simulator. In each simulation run, two controllers will participate. Depending on the scenario, they will be handing an en-route (ACC = Area Control Centre) or approach (APP = Approach) position. 
· One RPAS pilot
The RPAS pilot will be using the MUST facility. One pilot will be able to control one or two RPAS, through the RPAS Remote Pilot Station (RPS). The RPAS pilot has contact with the air traffic controllers through a simulated voice communication over R/T to respond to ATC instructions. In case of problems with the R/T, a back-up phone line is available.
· Two or three pseudo pilots (for piloting the other traffic) 
The pseudo pilots will steer traffic in the vicinity of the RPAS, from the ATC instructions. They will be using the NARSIM simulator with a dedicated simplified aircraft control panel. They are in contact with the air traffic controllers through simulated R/T.
· One supervisor
The simulation supervisor will act as ATC supervisor as well. As simulation supervisor, he will be able to start and stop the simulation and, if necessary, influence the simulation to initiate scripted events. As ATC supervisor, he will talk with the Air Traffic Controller in case of contingency situations. He will also be the point of contact for the RPAS pilot in case a land telephone line needs to be used. He may transfer the line to the Air Traffic Controller.
An overview of the simulation environment is given in Figure 10. A detailed overview of these facilities is in chapter 5.

[image: ]
[bookmark: _Ref515523682][bookmark: _Ref518549302][bookmark: _Toc516145815][bookmark: _Toc516147220][bookmark: _Toc516151945][bookmark: _Toc516154077][bookmark: _Toc521409021]Figure 10 – Overview of the simulation set-up
In order to comply with the specific elements in the Implementation Scenarios, the simulation facilities must be able to accommodate for a number of special situations, of which the most important are:
· Emergency procedures must be carried out;
· Communication must allow for use of a telephone between the RPAS pilot and the ATC;
· Poor R/T communications (2/5) must be possible to simulate;
· A change of transponder code must be possible;
· The aircraft must know its exact GPS-position.
[bookmark: _Toc515530499][bookmark: _Toc515530500][bookmark: _Toc515457014][bookmark: _Toc515530503][bookmark: _Toc516151974][bookmark: _Toc516154106][bookmark: _Toc521409000]Schedule for the simulation days
Three simulation days are scheduled, where the simulations will be carried out in increasingly complex environment. Each run is preceded with a briefing and is followed by a short interview with all participants. At the end of the simulation campaign, a longer briefing is planned.
Visitors will be welcome during the simulation days.
The schedule gives the possibility to run nine simulations; Table 5 gives an overview of the simulation days. Timing is indicative; exact timing will depend on progress made and discussions.  During the simulation days, some scenarios may be switched, if considered more suitable; while some scenarios do not necessarily require a full run. Specifically, scenarios 7, 8 and 10 can be included in any of the other scenarios.
For the simulations, two operational air traffic controllers will be involved and one RPAS ground station pilot; all experienced to the task at hand.
	Day
	Time
	Action
	Involved Participants

	1




	09:00 - 11:00
	Introduction of the project and the simulation scenarios, briefing of the participants
	All

	
	11:00 - 12:30
	Run familiarisation scenario 1
(benchmark, training)
	All

	
	12:30 - 13:00
	Questionnaire (after run)
	Controller
RPAS pilot

	
	14:00 - 15:30
	Run of scenario 2
	All

	
	15:30 - 16:00
	Questionnaire (after run)
	Controller
RPAS pilot

	2





	09:00 - 10:00
	Run of scenario 3
	All

	
	1000 - 10:30
	Questionnaire (after run)
	Controller
RPAS pilot

	
	10:30 – 11:30
	Run of scenario 4
	All

	
	11:30 – 12:00
	Questionnaire (after run)
	Controller
RPAS pilot

	
	12:00 - 13:00
	Lunch
	All

	
	13:00 – 14:00
	Run of scenario 5
	All

	
	14:00 – 14:30
	Questionnaire (after run)
	Controller
RPAS pilot

	
	14:30 – 15:30
	Run of scenario 6
	All

	
	15:30 - 16:00
	Questionnaire (after run)
	Controller
RPAS pilot

	3




	09:00 - 10:00
	Run of scenario 7
	All

	
	10:00 – 10:30
	Questionnaire (after run)
	Controller
RPAS pilot

	
	10:30 – 11:30
	Run of scenario 8
	All

	
	11:30 – 12:00
	Questionnaire (after run)
	Controller
RPAS pilot

	
	12:00 – 13:00
	Lunch
	All

	
	13:00 – 14:00
	Run of scenario 9
	All

	
	14:00 – 14:30
	Questionnaire (after run)
	Controller
RPAS pilot

	
	14:30 - 16:00
	Discussion and comments
	All


[bookmark: _Ref515523253][bookmark: _Toc515466212][bookmark: _Toc516147214][bookmark: _Toc516151939][bookmark: _Toc516154071][bookmark: _Toc521409031]Table 5 – Simulation Campaign
[bookmark: _Toc515457015][bookmark: _Toc515530504][bookmark: _Toc516151975][bookmark: _Toc516154107][bookmark: _Toc521409001]Measurements and recordings
In order to enable analysis of the simulations, information will be recorded and logged. The measurements taken will be set up such that they provide proof of reaching the objectives of the project as stated in section 2.2. Apart from recordings that will enable analysis of the simulations, photo and video material will be collected that can serve as promotion material.
The simulators NARSIM and MUST both provide full recording of events and states. The simulations can be replayed, including voice communication between ATC and the RPAS pilot/pseudo pilots.
After each run, a questionnaire will be provided to the air traffic controller and to the RPAS pilot to make an assessment of the simulations in general and to review workload of the simulation run. The questionnaires will be followed with a debriefing and interview. The questionnaires used can be found in Annex F.
NLR will make photo and video material during the simulation days.



[bookmark: _Toc515457017][bookmark: _Ref515525241][bookmark: _Toc515530505][bookmark: _Toc516151976][bookmark: _Toc516154108][bookmark: _Toc521409002] Simulation facilities
The Simulation consists of NARSIM which simulates the air traffic and ATC and MUST which simulates two RPAS. There is a connection between NARSIM and MUST so that the RPAS are visible for ATC and the other air traffic is visible for the RPAS sensors. Simulation facilities will be coupled, as indicated in the set up in section 4.2. The architecture as depicted below (Figure 11) indicates the components of the simulation and the communication channels between each of them. Components are:
· ATC is the air traffic control facility, where in a simulated environment the aircraft will be indicated on the radar screens of the controllers. ATC may have a planning display, which represents the specific scenario and specific operational procedures relevant for the situation at hand (e.g. the contingency procedures and routes). Furthermore, ATC will be provided a traffic situation display and communication means.
For ATC, the NARSIM facility will be used.
· UAV GS. The RPAS ground station will be manned by the MALE RPAS ground pilot. He will have a view on the mission and the status of the RPAS. The ground control station will mainly consist of the command and control panels to control the aircraft in the nominal situation, where all is well, and in the contingency situation, where possibly some of the control links are lost. Furthermore, he will be provided with a communication interface.
For the UAV GS, the MUST facility will be used.
· The RPAS simulator will contain the flight model of the MALE RPAS. The model will contain information on the flight dynamics of the aircraft and will contain the voice communication relay, which is mainly concerned with delay in communication between the ATCo and the RPAS pilot.
For the RPAS simulator, a new representative MALE RPAS model will be constructed.
· The Aircraft simulator contains flight models for all other aircraft in the simulation, which are operated by the pseudo pilots.
For the Aircraft simulator, the NARSIM facility will be used.
[image: ]
[bookmark: _Ref518934919][bookmark: _Toc521409022]Figure 11 – Simulation facilities
[bookmark: _Toc515457018][bookmark: _Toc515530506][bookmark: _Toc516151977][bookmark: _Toc516154109][bookmark: _Toc521409003]NARSIM (ATC and Aircraft simulator)
[image: ]NARSIM (Figure 12,Figure 13) is the NLR air traffic research simulator. NARSIM offers a realistic environment for the ATC and also offers multiple pseudo pilot stations.  
[image: ]Its aim is to evaluate new operational procedures, new controller assistance tools, and new human machine interfaces. There are six ATC consoles and up to 12 pseudo pilot positions, each of which can control up to 15 aircraft. The ATC consoles and pseudo pilots are connected by a voice communication net. The computers driving each station are connected to the main NARSIM computer. The NARSIM software simulates most important aspects of a real air traffic control system, including realistic radar information. It has the capability to use actual recorded radar data, computer-generated data, pseudo pilot generated data, or combinations of the three. [bookmark: _Ref516210739][bookmark: _Toc521409023]Figure 12 – NARSIM Tower

With NARSIM, the Air Traffic Control process can be simulated with the air traffic controller and the pilot in the loop. The NARSIM Radar facility has been in operation since its start in 1987, for a wide variety of customers. Based on advanced object-based client/server architecture, NARSIM allows for easy configuration and integration of third party systems whilst maintaining scalability and performance. All software is developed fully in-house with a focus on modularity and configuration, resulting in a platform which can be used to simulate various current and, most important, future ATC concepts and working positions. From large scale validation trials to small scale (even laptop based) prototyping and visualisation. [bookmark: _Ref516210743][bookmark: _Toc521409024]Figure 13 – NARSIM radar

For more information:
· http://www.nlr.nl/capabilities/atm-and-airports/index.html
· http://www.narsim.org
 An overview of the facility is given in Figure 14. Participants will, during the exercise, not be able to have visual contact with each other.

[image: ]
[bookmark: _Ref515455977][bookmark: _Toc516145817][bookmark: _Toc516147222][bookmark: _Toc516151947][bookmark: _Toc516154079][bookmark: _Toc521409025][bookmark: _Toc498336631]Figure 14 – Overview of NARSIM facility (note radar on the left and tower on the right) 
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MUST (Figure 15) is the Multi UAV Simulation Tool. MUST is developed by the NLR as a reconfigurable generic UA Control Station (CS) research simulation facility. The simulator can easily be adjusted to research demands and is used for research on all kinds of human factors. The purpose of this research is to improve human(- machine) performance in order to reduce the human error, so unmanned flight becomes safer and more efficient.
For more information:
· http://www.nlr.nl/capabilities-iii/uas-human-effectiveness/index.html
[image: U:\must\00 - General\02 - Public Relations\Fotos\Must_pics\IMG_1200.jpg]
[bookmark: _Ref516210794][bookmark: _Toc521409026]Figure 15 – MUST Ground Control Station
MUST offers an RPAS ground control station. Two RPAS systems participate in the simulation simultaneously and are controlled by one RPAS operator. 
[image: ]
The RPAS operator has the following control possibilities:	
· Operator has a map display which shows the following:
· Geographical map
· Pre-planned route of two RPAS
· Actual (GPS) position of two RPAS
· Active waypoint of both RPAS
· Route of active/controlled RPAS is high lighted
· RPAS control panel in which Operator can switch between the two RPAS and for each RPAS operator can switch between FMS and AP mode:
· In FMS mode: 
· Pre-planned route with fixed waypoints, each has a pre-planned height and speed.
· RPAS autonomously follows the waypoints/route, next waypoint is automatically selected when passing current waypoint
· Any pre-planned waypoint can be activated as next (direct to)
· Auto land/auto take-off can be activated.
· AP mode (Auto-Pilot):
· Heading, Altitude and Speed values can be adjusted independently with sliders
· Heading, Altitude and speed Select can be activated independently
· Loiter can be activated at current position.
· Operator has a radio panel and headset with a push to talk button to communicate with ATC
· Operator has a telephone (land line) to call ATC in case of loss of communication.
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	ARF
	Airworthiness Regulatory Framework

	ATC
	Air Traffic Control/Controller

	ATCO
	Air Traffic Control Officer

	AMC
	Acceptable Means of Compliance

	ANSP
	Air Navigation Service Provider

	ATI
	Air Traffic Integration

	ATM
	Air Traffic Management 

	BVLOS
	Beyond Visual Line of Sight

	CAA
	Civil Airworthiness Authority

	C2
	Command and Control

	CFSP
	Common Foreign and Security Policy

	CLAIRE
	CiviL Airspace Integration of RPAS in Europe

	CM
	Commercial Management

	CS
	Certification Standard

	CTA
	Control Area

	DAA
	Detect and Avoid

	DARTeC
	Digital Aviation Research and Technology Centre

	EASA
	European Aviation Safety Agency

	EC
	European Commission

	EDA
	European Defence Agency

	E-OCVM
	European Operational Concept Validation Methodology 

	ESARR
	EUROCONTROL SAfety Regulatory Requirements 

	FL
	Flight Level

	FTS/RTS
	Fast /Real Time Simulation

	GAT
	General Air Traffic

	ICAO
	International Civil Aviation Organization 

	IFR 
	Instrumental Flight Rules

	IPR
	Intellectual Property Rights

	ISR
	Intelligence, Surveillance and Reconnaissance

	JARUS
	Joint Authorities for Rulemaking on Unmanned Systems

	LOS
	Line of Sight

	MAA
	Military Airworthiness Authority

	MALE
	Medium Altitude Long Endurance

	MFTP
	Military Flight Test Permit

	MOD
	Ministry Of Defence

	MPR
	Monthly Progress Reports

	MRAS
	MALE RPAS Accommodation Study

	NARSIM
	NLR ATC Research Simulator

	NATO
	North Atlantic Treaty Organization 

	NATS
	National Air Traffic Services

	NLR
	Netherlands Aerospace Centre

	OAT
	Operational Air Traffic

	e-OCVM
	European Operational Concept Validation Methodology

	PM
	Programme Management

	PMO
	Programme Management Office

	QA
	Quality Assurance

	R&D
	Research & Development

	RBS
	Risk Breakdown Structure

	RM
	Resource Management

	RPAS
	Remotely Piloted Aircraft Systems

	SAIL
	Safety Assurance and Integrity Levels

	SAM 
	Safety Assessment Methodology

	SAME
	Safety Assessment Made Easier

	SCG
	Stakeholder Consultation Group

	SEC 
	SESAR Expert Community

	SESAR
	Single European Sky ATM Research

	SID
	Standard Instrument Departure

	SORA
	Specific Operations Risk Assessment

	SPR
	Safety and Performance Requirements

	STAR
	Standard Terminal Arrival Route

	sUAS
	Small UAS

	TCAS
	Traffic Collision Avoidance System

	TMA
	Terminal Manoeuvring Area

	UAS
	Unmanned Aircraft System

	UA
	Unmanned Aircraft

	UTM
	Unmanned Traffic Management

	VAT
	Value Added Tax

	VFR
	Visual Flight Rules

	VLOS
	Visual Line of Sight

	WG
	Working Group



[bookmark: _Toc515296780][bookmark: _Toc515342957][bookmark: _Toc515347147][bookmark: _Toc515296781][bookmark: _Toc515342958][bookmark: _Toc515347148][bookmark: _Toc515296782][bookmark: _Toc515342959][bookmark: _Toc515347149][bookmark: _Toc515296783][bookmark: _Toc515342960][bookmark: _Toc515347150][bookmark: _Toc515296784][bookmark: _Toc515342961][bookmark: _Toc515347151][bookmark: _Toc515296785][bookmark: _Toc515342962][bookmark: _Toc515347152][bookmark: _Toc515296786][bookmark: _Toc515342963][bookmark: _Toc515347153][bookmark: _Toc515296787][bookmark: _Toc515342964][bookmark: _Toc515347154][bookmark: _Toc515296788][bookmark: _Toc515342965][bookmark: _Toc515347155][bookmark: _Toc515296789][bookmark: _Toc515342966][bookmark: _Toc515347156][bookmark: _Toc515296790][bookmark: _Toc515342967][bookmark: _Toc515347157][bookmark: _Toc515296791][bookmark: _Toc515342968][bookmark: _Toc515347158][bookmark: _Toc515296792][bookmark: _Toc515342969][bookmark: _Toc515347159][bookmark: _Toc515296793][bookmark: _Toc515342970][bookmark: _Toc515347160][bookmark: _Toc515296794][bookmark: _Toc515342971][bookmark: _Toc515347161][bookmark: _Toc515296795][bookmark: _Toc515342972][bookmark: _Toc515347162][bookmark: _Toc515296796][bookmark: _Toc515342973][bookmark: _Toc515347163][bookmark: _Toc515296797][bookmark: _Toc515342974][bookmark: _Toc515347164][bookmark: _Toc515296798][bookmark: _Toc515342975][bookmark: _Toc515347165][bookmark: _Toc515296799][bookmark: _Toc515342976][bookmark: _Toc515347166][bookmark: _Toc515296800][bookmark: _Toc515342977][bookmark: _Toc515347167][bookmark: _Toc515296801][bookmark: _Toc515342978][bookmark: _Toc515347168][bookmark: _Toc515296802][bookmark: _Toc515342979][bookmark: _Toc515347169][bookmark: _Toc515296803][bookmark: _Toc515342980][bookmark: _Toc515347170][bookmark: _Toc515296804][bookmark: _Toc515342981][bookmark: _Toc515347171][bookmark: _Toc515296805][bookmark: _Toc515342982][bookmark: _Toc515347172][bookmark: _Toc515296806][bookmark: _Toc515342983][bookmark: _Toc515347173][bookmark: _Toc515296807][bookmark: _Toc515342984][bookmark: _Toc515347174][bookmark: _Toc515296808][bookmark: _Toc515342985][bookmark: _Toc515347175][bookmark: _Toc515296809][bookmark: _Toc515342986][bookmark: _Toc515347176][bookmark: _Toc515296810][bookmark: _Toc515342987][bookmark: _Toc515347177][bookmark: _Toc515296811][bookmark: _Toc515342988][bookmark: _Toc515347178][bookmark: _Ref515292414][bookmark: _Ref515292421][bookmark: _Toc515457150][bookmark: _Toc515530513][bookmark: _Toc516151982][bookmark: _Toc516154114][bookmark: _Toc521409007]MALE RPAS Performance Characteristics

	RPAS
	Watchkeeper WK450
	IAI Heron 1
	IAI Heron TP
	GA MQ-9 ‘Reaper’
	EuroMALE

	Type
	Tactical (High-end)
	MALE
	MALE
	MALE (High-end)
	MALE

	Reference
	www.thalesgroup.com
	www.iai.co.il
	www.iai.co.il
	www.ga-asi.com
	www.occar.int/programmes/male-rpas

	Airworthiness
	
	
	STANAG 4671
	STANAG 4671
	

	Max Speed 
	95 KIAS (176 km/h)
	120 KIAS
	220 KIAS
	240 KIAS  (482 km/h)
	340KIAS (below FL300),
Mach 0.9 (above FL300)

	Cruise Speed 
	70 KIAS (130 km/h)
	60 – 80 KIAS (loiter)
	
	170 KIAS (313 km/h)
	TBA

	Rate of climb
	900 ft./min
	
	
	400 ft./min (assumed)
	1500 ft./min (ref.)

	Range 
	300 km
	350 km (LOS)
1000 km (BLOS)
	7400+ km
	1852 km 
	TBA

	Endurance
	20-30 hrs
	45 hrs
	>30 hrs
	27 hrs
	TBA

	Wingspan 
	10.5 m
	16.6 m
	26 m
	20 m
	TBA

	Power plant
	R802/902 wankel
	Rotax 914
	PT6 Turboprop
	Honeywell TPE331-10
	Twin turboprop

	MTOW
	450 kg
	1270 kg
	5400 kg
	4763 kg
	TBA

	Ceiling
	FL180
	FL 300
	FL 450
	FL 500
	> FL300



A generic MALE RPAS platform will be assumed in the simulations that have the generalised performance characteristics of the aircraft described above. The performance parameters will be taken reasonably high to match the performance of manned aircraft.

	Parameter
	Value

	Cruise speed
	170 KIAS

	Climb speed
	100 KIAS

	Rate of climb
	1200 fpm

	Rate of descent after engine failure
	500 fpm



[bookmark: _Toc515457151][bookmark: _Toc515530514]	
[bookmark: _Toc516151983][bookmark: _Toc516154115][bookmark: _Toc521409008]Concept of Operations
The Concept of Operations (CONOPS) provides input to the Safety Case Assessment. The CONOPS in this annex focusses on issues for the safe insertion of the MALE RPAS into non‑segregated, controlled airspace.
[bookmark: _Ref515287602]Normal Operations
SERA and ICAO Annexes provide the information for the regular execution of IFR flight operations; the MALE RPAS shall comply with these. 
In case of a cross‑border flight, the RPAS flight is handed over from one ATCC to another by (digitally) exchanging relevant actual flight plan data. For RPAS flights, the hand-over may require additional coordination by telephone. Coordination between ATC centres by telephone is day-to-day routine. 
[bookmark: _Ref515286264]Contingency Procedures
The contingency procedures in this annex only apply to the RPAS model for the SIRENS simulations; other RPAS may have other contingencies, behave differently, or need different procedures.
The following contingencies may occur during the simulations: 
	Par.
	Contingency
	Indication

	C.2.1
	Loss of propulsion power
	Transponder: 7700

	C.2.2
	Loss of R/T voice communication
	Transponder: 7600, 7603 or 7604

	C.2.3
	Single C2 link failure
	Transponder: 7601 or 7603

	C.2.4
	Dual C2 link failure
	Transponder: 7602, 7604 or none

	C.2.5
	Loss of transponder
	No secondary radar information

	C.2.6
	Loss of position information
	Detected by RPAS pilot


Loss of propulsion power
Background
If the RPAS engine loses propulsion power, the flight control system will increase the aircraft’s attitude in order to ensure level flight until the speed has dropped to 70 KIAS. If the speed drops below 70 KIAS, the flight control system will adjust the aircraft’s attitude for 70 KIAS in descent. 70 KIAS is the optimum glide speed to ensure that as much time as possible is available for troubleshooting by the FCS and the pilot; the average rate of descent is 500 fpm.
The FMS automatically sets the transponder to 7700. If the FMS is unable to do so, the remote pilot can enter this code manually if the C2 link is available.
The alternator current may be insufficient to fully load the batteries, hence be prepared for loss of electric power and subsequent loss of control.
At lower altitude, the C2 link and R/T voice communication with the RPAS may get lost due to loss of line of sight or loss of electric power. After loss of the C2 link during a propulsion failure, the automatic return home mode (see Par. C.2.4) is not activated because it is inhibited.
Guidelines for the pilot
· Monitor engine indications for possible causes, and act accordingly
· Verify that transponder is set to 7700
· Inform ATC as soon as practicable by R/T voice communication or by telephone, and state status and intentions
· If unable to restore propulsion power: reduce electric power consumption as much as possible
· Be prepared for loss of C2 link and R/T voice communication at lower altitude due to loss of line of sight or loss of electric power(e.g. contact ATC by telephone).

Guidelines for ATC
· Assume that the RPAS flies at 70 KIAS with a rate of descent of 500 fpm.
· RPAS pilot may request guidance to an area where the risk of a collision with other aircraft and objects on the ground is minimized
· Be prepared that pilot may lose C2 link and R/T voice communication at lower altitude due to masking by obstacles
Loss of R/T voice communication
Background
After detecting a loss of R/T voice communication, the FMS automatically sets the transponder code to 7600. If the FMS is unable to do so, the remote pilot can enter this code manually if the C2 link is available.
A telephone backup shall be available; contact details of the RPAS pilot shall be filled in on the flight plan. This phone offers a teleconference possibility, where the telephone line with the pilot is merged into the R/T. More than one telephone lines can be activated simultaneously.
Guidance for the pilot
· Verify system operation and/or circuit breakers in the remote pilot station
If unable to restore R/T voice communications:
· Verify that transponder assigns
· 7600
· 7603 if combined with a single C2 link failure
· 7604 if combined with a dual C2 link failure
· Wait for ATC to establish contact by telephone and state intentions

Guidance for ATC
· Contact RPAS pilot by telephone, and ask for intentions.
· Issue further ATC clearances as normal R/T communications
· In case of transfer to another ATC sector, also arrange transfer of telephone connection with the RPAS pilot
Single C2 link failure
Background
The remote pilot station frequently verifies the status of the two C2 links, and informs the pilot whether each link is ‘normal’, ‘relay by satellite’, or ‘failed’. The frequency of this verification depends on the flight phase.
After failure of a C2 link, the pilot remains able to provide all control inputs, and receives all control information. The on-board FMS will automatically try to restore the failed link by satellite relay, assuming that the link was lost due to loss of line of sight.
The ‘return home’ mode is not activated.
Depending on which component causes of the C2 communications failure, the R/T voice communication failure may also be affected; be prepared to contact ATC by telephone.
The FMS automatically sets the transponder to 7601 or 7603. If the FMS is unable to do so, the remote pilot can enter this code manually because the other C2 link is still available.
In case the remote pilot station indicates ‘failed’ for one of the two C2 links, the C2 link is not redundant anymore and the RPAS should land as soon as possible. The pilot should be prepared for a dual C2 link failure, and consider diverting to an alternate.
Guidelines for the pilot
· Verify system operation and/or circuit breakers in the remote pilot station
· Verify that transponder assigns 7601
· Verify that transponder assigns
· 7601
· 7603 if combined with an R/T voice communication failure
· If the transponder does not assign 7601 or 7603, contact ATC by R/T voice communication or by telephone.
If unable to restore C2 communications:
· Land as soon as possible; consider diverting to the alternate
· If R/T voice communication still available, be prepared for an R/T voice communications failure (e.g. contact ATC by telephone).
Guidelines for ATC
· The RPAS pilot will detect the failure and state his intentions
· The FMS will automatically set the transponder to 7601. If the transponder indicates 7603, then also the procedure for ‘loss of R/T voice communications’ applies
· The RPAS pilot may intend to land as soon as possible, and hence request to divert to an alternate
· In case the other C2 link would also fail, the RPAS pilot is unable to command the RPAS, and it will enter a return home; hence consider giving priority to an RPAS with a single C2 link failure.
Dual C2 link failure
Background
The remote pilot station frequently verifies the status of the two C2 links, and informs the pilot whether each link is ‘normal’, ‘relay by satellite’, or ‘failed’. The frequency of this verification depends on the flight phase. 
After failure of both C2 links, the pilot will not be able to provide control inputs or receive control information, or both. The on-board FMS will automatically try to restore the failed link by satellite relay, assuming that the link was lost due to loss of line of sight.
The ‘return home’ mode is automatically activated and the RPAS returns to the departure airport via an on-board calculated route. If one of the C2 links is restored again, the return home mode remains active and the pilot is informed about the restored link. It is recommended not to resume the originally intended mission but land as soon as possible and determine the cause of the failure. 
Depending on which component causes of the C2 communications failure, the R/T voice communication failure may also be affected; be prepared to contact ATC by telephone.
The FMS automatically sets the transponder to 7602 or 7604. If the FMS is unable to do so, the remote pilot cannot enter this code manually if the C2 link is available and shall inform ATC by R/T voice communication or by telephone.
Guidance for the pilot
· Verify system operation and/or circuit breakers in the remote pilot station
· Verify that transponder assigns
· 7602
· 7604 if combined with an R/T voice communication failure
· If the transponder does not assign 7602 or 7604, contact ATC by R/T voice communication or by telephone.
· Inform ATC about the failure and provide details about the procedure that the RPAS will automatically follow.
Guidance for ATC
· The RPAS pilot will detect the failure and state his intentions
· The FMS will automatically set the transponder to 7602. If the transponder indicates 7604, then also the procedure for ‘loss of R/T voice communications’ applies
· The RPAS is in an automatic mode and cannot be controlled by the pilot unless one of the C2 links is restored; ask the pilot for the procedure that the RPAS will automatically follow.
Loss of transponder
Background
After loss of transponder, or if the transponder is unable to transmit mode C, ATC may not be able to locate the RPAS, and hence not be able to separate it from other aircraft. If the C2 link is still operational, the pilot can provide ATC with position information based on the on-board GPS, by R/T voice communication (if still available) or by telephone.
ATC may be able to facilitate the flight if the RPAS is still visible on primary radar, using procedural control to keep guiding the RPAS.
Guidance for the pilot
The pilot may be unaware of loss of transponder and be informed by ATC about the failure. If the pilot suspects a transponder failure, contact ATC for verification.
· Verify system operation and/or circuit breakers in the remote pilot station, recycle transponder
· Provide altitude and position based on GPS data.

Guidance for ATC
If RPAS is visible on primary radar:
· Contact the pilot (by R/T voice or telephone) and request position reports based on GPS data
· Consider larger separation distances.
If RPAS is not visible on primary radar: then instruct pilot to
· Stop climb, and
· Enter left-hand turn,
Until pilot confirms that the RPAS has left the controlled airspace, keep the sector around the last known position clear of other traffic.
Loss of position information
Background
The RPAS uses GNSS for position information. There RPAS is not equipped for determining its position by beacons or on basis of visual information. Hence loss of GNSS implies that the RPAS is also unable to navigate to waypoints. The RPAS remains controllable in altitude and heading. For landing, the RPAS is equipped with a back-up system for dedicated ground‑based guidance. 
Guidance for the pilot
· Verify system operation and/or circuit breakers in the remote pilot station
· Inform ATC by R/T voice communication or by telephone about the status and state intentions; request vectors.

Guidance for ATC
· The RPAS is still visible on secondary radar and can navigate by vectors provided by ATC.
[bookmark: _Toc516151984][bookmark: _Toc516154116][bookmark: _Toc521409009][bookmark: _Ref515291507][bookmark: _Toc515457152][bookmark: _Toc515530515]Scenario Assumptions
The following basis assumptions are made for the simulations:
· The RPAS
· Has a Certificate of Airworthiness which certifies it for flights over densely populated areas and is ready to fly
· Has a Permit to Fly
· Is equipped equivalent to the equipment that is required for manned aircraft under IFR in the same airspace
· Has two independent C2-links
· Has one R/T voice communication link
· Is equipped with an FMS that automatically sets the transponder to indicate
7700:	RPAS failures that may lead to an uncontrolled flight or landing
7600:	Loss of R/T voice communications
7601:	Single C2 link failure
7602:	Dual C2 link failure
7603:	Loss of R/T voice communications + single C2 link failure
7604:	Loss of R/T voice communications + dual C2 link failure
· Is equipped with a retractable gear
· Will always fly with the pilot on the loop, except in the case of failure of both C2 links;
· Is equipped with GPS for navigation; there are no means for navigating by beacons
· Is equipped with a ground-based system that provides guidance for landing, as a back‑up
· The RPAS pilot(s) participating in the simulation runs is/are well-trained RPAS pilots 
· The Air Traffic Controllers participating in the simulation runs are well-trained controllers
· Voice communications between ATC and the RPAS pilot are
· By R/T voice, relayed by the RPAS
· By telephone as back‑up; the telephone number of the RPAS pilot is mandatory provided in the flight plan, and the RPAS pilot is required to be contactable by telephone during the entire flight
· In case of lost R/T voice communication and no telephone back‑up, the ‘lost comm’ procedures from manned aviation apply
· The weather conditions will be within the RPAS operation limits
· The RPAS operations are
· In airspace where ATC or the RPAS pilot can fully segregate the RPAS from all other air traffic because only cooperative traffic is allowed (i.e. in a TMZ)
· Daytime only
· The air traffic density en-route is normal to busy, based on recorded traffic
· Location – operations in the airspace of at least two EU member states and including cross border activities
l
[bookmark: _Ref515345075][bookmark: _Toc515457153][bookmark: _Toc515530516][bookmark: _Toc516151985][bookmark: _Toc516154117][bookmark: _Toc521409010]Aviation charts for EHRD[footnoteRef:3] [3:  Source: AIP Netherlands] 

EHRD standard instrument departure chart – overview[image: ]


EHRD standard instrument departure chart – RWY24 
[image: ]


EHRD standard instrument departure chart – RWY06

[image: ]
[image: ]
EHRD standard arrival chart
[image: ]



EHRD Instrument approach chart ILS or LOC RWY 24

[image: ]
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EHRD Instrument approach chart ILS or LOC RWY 06
[image: ]

[bookmark: _Toc515457154][bookmark: _Ref515522652][bookmark: _Toc515530517][bookmark: _Toc516151986][bookmark: _Toc516154118][bookmark: _Toc521409011]Questionnaire
Three questionnaires will be provided to each controller who participates in the experiment:
· One PreExperiment questionnaire to assess the level of competency of the controller and to verify training was sufficient;
· One PostRun questionnaire to ask about the specific scenario that was just handled;
· One PostExperiment questionnaire to make an assessment of the full experiment and to initiate further discussion.
Each run will be complete through filling out the questionnaire and by a dedicated interview with the ATCo and RPAS pilot. The pseudo pilots of the other aircraft may join the discussions.

	[bookmark: _Toc515457155]PreExperiment: SIRENS questionnaire
	



	[bookmark: v1]1.
	Name:
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	[bookmark: v2]2.
	Licenses/Ratings (including sectors):
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	[bookmark: v3]3.
	Professional experience (in years):
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	[bookmark: v4]4.
	Previous involvement in (RPAS) research:
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	[bookmark: v5]5.
	What do you think of the simulation so far?



	Please select:
	bad
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	good
[image: ]



	[bookmark: v6]6.
	Do you think the training was sufficient?



	Please select:
	yes
[image: ]
	no
[image: ]
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[bookmark: _Toc404172943]


PostRun: SIRENS questionnaire
	1.
	Name:
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	2.
	I was able to handle the traffic in the simulation efficiently



	Please select:
	never
[image: ]
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	always
[image: ]



	3.
	I was satisfied with my level of control in the simulation



	Please select:
	never
[image: ]
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	always
[image: ]



	4.
	I did not experience interference with my work as controller



	Please select:
	never
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	always
[image: ]



	5.
	I experienced safety during the simulation as:



	Please select:
	very
low
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	very
high
[image: ]



	6.
	I was able to plan and organise my work as I wanted



	Please select:
	never
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	always
[image: ]



	7.
	What is the impact of RPAS on Situation Assessment?



	Please select:
	No
impact
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	Very
high
[image: ]



	[bookmark: v7]8.
	What is the impact of RPAS on your workload?



	Please select:
	No
impact
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	Very
high
[image: ]



	9.
	What is the impact of the RPAS emergency procedure?



	Please select:
	No
impact
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	Very
high
[image: ]



	[bookmark: v8]10.
	What is the impact of RPAS on Problem solving and Decision making?



	Please select:
	No
impact
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	Very
high
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	[bookmark: v9]11.
	What is the impact of RPAS on required controller actions? (e.g. system inputs, RT calls, coordination)



	Please select:
	No
impact
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	Very
high
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	[bookmark: v10]12.
	I was surprised by an event I did not expect



	Please select:
	never
[image: ]
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	always
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	[bookmark: v11]13.
	During normal operation of the RPAS, did something interfere with your work as controller? If yes, please specify.
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	[bookmark: v12]14.
	Were contingency procedures applied? If yes, which problems did occur?
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	[bookmark: v13]15.
	Which modifications or improvements do you suggest for contingency procedures?
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	[bookmark: v14]16.
	Please provide any comments or suggestions here:
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PostExperiment: SIRENS questionnaire
	1.
	Name:
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	2.
	Do you think the training was sufficient?



	Please select:
	yes
[image: ]
	no
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	3.
	What do you think of the simulation



	Please select:
	bad
[image: ]
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[image: ]
	good
[image: ]



	4.
	The traffic samples were realistic



	Please select:
	never
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	always
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	5.
	The traffic behaviour was realistic



	Please select:
	never
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	always
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	6.
	I was confident when working with RPAS



	Please select:
	never
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	always
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	7.
	I rate the acceptability of the RPAS operating procedures as



	Please select:
	very
low
[image: ]
	
[image: ]
	
[image: ]
	
[image: ]
	
[image: ]
	
[image: ]
	very
high
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	8.
	I rate the acceptability of the RPAS operational concept as



	Please select:
	very
low
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	very
high
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	9.
	I experienced communication with the RPAS as 



	Please select:
	very
easy
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	very
difficult
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	10.
	Did you experience differences between communicating to RPAS and to manned aircraft?
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	11.
	Which aspects of RPAS related procedures did you miss or would you change in the present set-up?
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	12.
	Do you have any more comments about the way that the RPAS was operated during the experiment?
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	13.
	In which way do RPAS affect the capacity of the airspace?
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	14.
	In which way do RPAS affect your workload as controller? Did you need to carry out additional tasks?



	

	[image: ]



	15.
	Do you think the introduction of RPAS will affect safety of current aviation?
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	16.
	Which important changes do you think are required when RPAS will be introduced in controlled airspace?
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	13.
	Do you think the contingency procedures for RPAS operations were adequate for the following events:
· Loss of propulsion power
· Loss of R/T voice communication
· Single C2 link failure
· Dual C2 link failure
· Loss of transponder
· Loss of position information
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	14.
	Would you work live traffic with RPAS flights?
In your opinion, what changes are necessary so that your thrust and confidence would be increased?
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