EXPLORATORY RESEARCH

Safety and Robustness
Analysis
D5.2
R-WAKE
Grant:
Call:
Topic:
Consortium coordinator:
Edition date:
Edition:

699247
H2020-SESAR-2015-1
SESAR-07-2015
(Separation Management and Separation Standards)
GTD Sistemas de Información SA
[26tht March 2018]
[01.00.00]

1

EDITION [00.02.00]

Authoring & Approval
Authors of the document
Name/Beneficiary

Position/Title

Date

Luca Save (DBLU)

Safety assessment expert

05/03/2018

Victor Ciulei (DBLU)

Safety assessment expert

05/03/2018

Marc Melgosa (UPC)

T5.1 simulations lead

05/03/2018

Reviewers internal to the project
Name/Beneficiary

Position/Title

Date

Javier Busto (GTD)

R-WAKE Project Coordinator

05/03/2018

Sergio Ruiz (GTD)

R-WAKE Technical Coordinator

05/03/2018

Jean Pierre Nicolaon (M3SB)

RWAKE Contributor and ATC Expert

05/03/2018

Marc Melgosa (UPC)

T5.1 simulations lead

05/03/2018

Keith Vickery (A-SYST)

T5.3 Results Assessment lead

05/03/2018

Approved for submission to the SJU By — Representatives of beneficiaries involved in the
project
Name/Beneficiary

Position/Title

Date

Javier Busto (GTD)

R-WAKE Project Coordinator.

05/03/2018

Luca Save (DBLU)

Safety assessment expert and WP5 lead.

05/03/2018

Xavier Prats (UPC)

UPC R-WAKE Project Manager and WP3 lead

05/03/2018

Vic Moore (A-SYST)

A-SYST Project representative

05/03/2018

Jean Pierre Nicolaon (M3SB)

M3SB Project representative

05/03/2018

Rejected By - Representatives of beneficiaries involved in the project
Name/Beneficiary

2

Position/Title

© – 2016 – R-WAKE Consortium
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.

Date

D5.2: SAFETY AND ROBUSTNESS ANALYSIS

Document History
Edition

Date

Status

Author

Justification

00.00.01

01/02/2018

Draft

Luca Save & Victor Ciulei

Working Draft

00.00.02

01/03/2018

Draft

Luca Save & Victor Ciulei

Final Draft

00.02.00

05/03/2018

Edition

Luca Save & Victor Ciulei

SJU Submission

01.00.00

26/03/2018

Edition

Luca Save & Victor Ciulei

SJU Submission final
(small correction on 6.2, re-packing
annexes).

© – 2016 – R-WAKE Consortium
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.

3

EDITION [00.02.00]

R-WAKE
WAKE VORTEX SIMULATION AND ANALYSIS TO ENHANCE EN-ROUTE
SEPARATION MANAGEMENT IN EUROPE

This REPORT is part of a project that has received funding from the SESAR Joint Undertaking under
grant agreement No 699247 under European Union’s Horizon 2020 research and innovation
programme.

Abstract
This report represents deliverable D5.2 Ed.2 'Safety and Robustness Analysis' of the R-WAKE project
and is part of WP5 (Simulation and Analysis) and has the objective to provide an evidence-based
proposal for either maintaining current separations, or adopting new potential separation schemes,
that is, the R-WAKE Concept(s) to be further investigated.
The R-WAKE project addresses the SESAR 2020 Exploratory Research work-programme topic ER-072015 - Separation Management and Separation Standards, within the area of Advanced Air Traffic
Services (ATS). The R-WAKE project overall objective is to investigate the risks and hazards of
potential wake vortex encounters in the En-route airspace, in current and futuristic operational
scenarios, in order to assess potential enhancements for the Separation Standards and Separation
Management methods in Europe.
Deliverable 5.2 'Safety and Robustness Analysis' 2nd Edition covers the preliminary identification of
hazards in the scope defined by R-WAKE, followed by the identification of the impacted Safety
Services. A notable advancement in the SRA is the refinement of the Severity Matrix with Upset
Parameter Threshold (SMUP) with the integration of the ATC point of view. The initial, adapted FAA
Severity Matrix contains also the ATC perspective now. A summary of the second Expert Panel is also
detailed in this document, as well as the results of the ATC focus group conducted in Padova. Finally,
the elaboration of a new AIM model paves the road to the initial development of Safety Criteria, also
present in this deliverable.
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1 Introduction

1.1 Background and objectives
Figure 1-1 highlights (in yellow) the position of this deliverable D5.2 in the overall project work logic.
The deliverable D5.2 is the output of Task 5.2 Safety and Robustness Analysis (SRA). The SRA
methodology has been part of design scope (WP3) and system development (WP4), and is described
as part of the R-WAKE System in D4.2 report. Task 5.2 takes as main subject the model-based
Simulations results and R-WAKE Concept Development provided by D5.1 report and provides Safety
and Robustness Analysis elements in support of the R-WAKE Results Assessment (Task 5.3).

WP2: CONCEPT DEFINITION
D2.1 SYSTEM SPECIFICATION REPORT
1) BACKGROUND REVIEW
 WVE in Airport/TMA OPS : RECAT (P6.8.1 / Pj.02-01)
 WVE in En-Route OPS
 Safety Assessment methods (P16.6.61 SRM, ESARR4)

2) CONCEPT DESCRIPTION & RESEARCH APPROACH
 RWAKE Target Concept (long-term / short-term)
 STEP-1: MICRO study : Severity baseline
 STEP-2: MACRO study : Frequency and Mitigation
assessment per ConOps and Separation Methods

3) SYSTEM SPECIFICATION (FAST-TIME SIMULATOR)

WP5: SIMULATION & ANALYSIS
D5.3 RESULTS ASSESSMENT REPORT
 Knowledge and Concept Claims with CBA
 ATM Feasibility & Fitness, VALS, R&I roadmap

D5.2 SAFETY & ROBUSTNESS ANALYSIS REPORT
 Micro-SRA: SEVERITY BASELINE (with Experts)
 Macro-SRA: RISK FREQUENCY + MITIGATION Analysis

D5.1 SIMULATION DATABASE (PUBLIC)
 Micro-DB : WIAM´s Upset DB
 Macro-DB : Integrated Simulator DB

uDB

mDB

 Architecture, Models, Uncertainty Treatment
 Integration and Interfaces

D2.2 SYSTEM VALIDATION PLAN REPORT
Reference Methodology and Scenarios for System Calibration

D4.3 SYSTEM VALIDATION REPORT


 Micro SYS-VAL PLAN
 Macro SYS-VAL PLAN



D2.3 SCENARIOS DEFINITION REPORT



Methodology and Definition of Scenarios for Concept Research:

 Micro-study-Scenarios
 Macro-study-Scenarios

D3.1 SYSTEM DESIGN REPORT
Step forward in D2.x: aspects:
 Research Approach,
 System Specification,
 (WIAM design prototype development)
 Validation approach

WP3: SYSTEM DESIGN

System Confidence Level (Models validity) =
Assessment of error of simulation output VERSUS a Calibration
Reference (with uncertainty treatment).
Generated data appropriateness = completeness to
perform Safety and Robustness Analysis and CBA.
System Usability and Productivity Level = time and
persons need to perform each type of scenario.

D4.2 SYSTEM RELEASE 2 (DEMO + REPORT)
 Integrated Simulator Framework – Micro & Macro
 SRA Method with Risk Assessment Models
 Concept Definition Update (Standard Dev Method &
Study Scenarios)

D4.1 SYSTEM RELEASE 1 (DEMO + REPORT)
 Micro System (WIAM)
 Micro-SRA Iteration 1 (EP1 & SM-v1)
 (Macro) Integrated Simulator Integration (Partial)

WP4: SYSTEM DEVELOPMENT

Figure 1-1. Context of Deliverable D5.1 in the Project Work logic
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1.2 Scope and Structure
The deliverable is organized in seven chapters corresponding to the different steps followed so far
for conducting the Safety and Robustness Analysis.
Chapter 2 (Approach to the Safety and Robustness Analysis) explains how the different steps of the
SESAR Safety Reference Material (SRM) have been adapted to the specific scope of the R-WAKE
project. It first identifies the scope of the Safety Case, clarifying the link between the evidence that
will provide assurance that the R-WAKE Concept is acceptably safe and the standard Safety Argument
Framework defined by EUROCONTROL. Then it clarifies the scope of the Safety Assessment,
identifying the parts of the ATM system that will be subject to a change and on which the Safety and
Robustness Analysis (SRA) will be focussed.
Chapter 3 (Elaboration of an Accident-Incident Model for Wake induced risk in En-route) describes
a new Accident-Incident Model (AIM) developed for the specific purposes of R-WAKE, i.e. to assess
the risk of Wake induced accidents in En-route airspaces. It also explains how the existing models
covering Wake-induced risk in Approach and Mid-Air Collision were reviewed and integrated in the
new model.
Chapter 4 (Improvement of the Severity Matrix of Upset Parameters) describes how this matrix
(SMUP for the sake of simplicity) has been improved after the conduction of the Expert Panel 2, by
updating the original version developed after Expert Panel 1. To note that the severity classes
identified in the SMUP will be used as input for the R-WAKE simulation, in which quantitative
evidence will be provided of the safety performance of the ATM System, after the introduction of the
new R-WAKE Separation Standards.
Chapter 5 (Preliminary identification of Safety Criteria) describes the Safety Criteria that have been
identified by considering the modifications introduced by the new R-Wake Separation Standards in
the ATM System. Such criteria are linked to the relevant elements of the Accident-Incident Model for
wake-induced risk in En-route.
Chapter 6 (ATC SME Feedback on the Separation Schemes) reports the feedback collected from four
En-route ATCOs on the propose new specific Minimum Wake Separation Schemes (MWS) and on the
strategies that have been proposed in the project to increase capacity and flight efficiency of the
ATM system, whilst maintaining at least the same level of Safety.
Chapter 7 (Conclusion) – summarizes what was covered in the current edition and draws final
conclusions on the Safety and Robustness Analysis
Appendix A contains all the AIM models that were used in the process of developing the WE- ENR
model.
Appendix B presents the adapted FAA severity matrix aggregating the Flight Crew perspective with
the ATC perspective, following the results of the second Expert Panel.
Appendix C details the method by which the Scenarios presented during Expert Panel 2 were created
and selected, in order to ensure that relevant operational situations were analysed by the experts.

© – 2016 – R-WAKE Consortium
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Another criterion was that the scenarios were considered in order to improve the baseline Severity
Matrix with Upset Parameter Thresholds.
Appendix D provides the template for the Consent Forms presented to the Operational Experts
during Expert Panel 2.
Appendix E contains the template used during the same expert panel for assessing the severity of
the scenarios.
Appendix F contains the template used during the ATC Focus Group organized in Padova ACC to
gather operational feedback on the proposed Wake Separation Schemes and various strategies.

1.3 Intended Readership
The report addresses several aspects of the project, involving three main reader profiles.




ATM expert: involved in concept definition, research approach, study scenarios, results
assessment;
Safety expert: involved hazards risk assessment and concept safety case development;
Simulation expert: involved in development and operation of the simulation models and the
integrated simulator;

The sections of main interest for each profile are, in principle:




ATM expert:
Section 2.3, chapter 4 and Appendix C
Safety expert:
Section 2.3, chapters 3, 5 and 6 and Appendixes A, B and E
Simulation expert: Chapter 7 and Appendix C

1.4 Glossary of Terms and Acronyms in use
This section recalls the main terms and acronyms in use in the document. More extended glossary in
use in the project are in baseline reports (D2.1, D3.1). In general, the use of terminology in the
project follows as much as possible the SESAR Integrated Dictionary available at:
http://www.eurocontrol.int/lexicon/lexicon/en/index.php/SESAR

1.4.1 Acronyms table
Acronym
CIR
D-PWS
DRM
EP
ESARR
ESARR2
ESARR4
EVAIR
FL
FLAS
10

Description
Conditional Individual Risk
Dynamic Pair Wise Separation
Dynamic Risk Model
Expert Panel
European Safety Regulatory Requirements
Reporting and Assessment of Safety Occurrences in ATM
Risk Assessment and Mitigation in ATM
EUROCONTROL Voluntary ATM Incident Reporting
Flight Levels
Flight Level Allocation Scheme

© – 2016 – R-WAKE Consortium
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Category
Safety
ATM
Safety
Research Method
Safety
Safety
Safety
Safety
ATM
ATM
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MTFoO
PFD
PSC
PWS
RA
RSM
RVSM
RWC
SAC
SAM
SAME
SAR
SCN
SDF
SER
SLOP
SM
SMI
SMUP
SO
SRA
SRM
TLS
TM
USC
WIAM
WT
WV
WVE
WXS

Maximum Tolerable Frequency of Occurrence
Primary Flight Display
Project Safety Case
Pair Wise Separation
Risk Assessment
Radar Separation Minima
Reduced Vertical Separation Minima
Reasonable Worst Case
Safety Criteria
Safety Assessment Methodology (EUROCONTROL)
SAM Easy (EUROCONTROL)
Segregated Airspace Risk
Scenario
Scenario Configuration Definition File
System ECAC-wide Risk
Strategic Lateral Offset Procedures
Severity Matrix
Separation Minima Infringement
Severity Matrix with Upset Thresholds
Safety Objective
Safety and Robustness Analysis
Safety Reference Material (from SESAR´s P16.1.6)
Target Level of Safety
Tolerability Matrix
Unit Safety Case
Wake vortex encounter Interaction Aircraft Model
Wake Turbulence
Wake Vortex
Wake Vortex Encounter
Weather simulator

Safety
Simulator
Safety
ATM
Safety
ATM
ATM
Safety
Safety
Safety
Safety
Safety
Research Method
Simulator
Safety
ATM
Safety
ATM
Safety
Safety
Safety
Safety
Safety
Safety
Safety
Simulator
Simulator
Simulator
Simulator
Simulator

Table 1-1 Table of acronyms in use

1.4.2 Definition of specific key terms related to the Safety Assessment and
Concept Development methodology
Table 1-2 recalls Safety-related key definitions from the SESAR safety reference material.
Term

Definition

'Risk assessment'

'Risk assessment' shall mean a sub-process in the overall safety
management process to determine a priori the quantitative or qualitative
value of risk related to the provision of air navigation services for a specific
operational environment.

© – 2016 – R-WAKE Consortium
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'Safety Assurance'

'Safety Assurance' means all planned and systematic actions necessary to
provide adequate confidence that a product, a service, an organization or
a functional system achieves acceptable or tolerable safety – from Article
2(10) of Regulation (EC) No 1035/2011.

'Safety Assessment'

'Safety Assessment' as per the SRM coverage (lifecycle) means an a priori
risk assessment and mitigation of changes to the ATM/ANS functional
system.

'Safety assurance
objective'

'Safety assurance objective' shall mean a goal (or similar) that has to be
achieved in order to satisfy a higher-level safety Argument.

'SAfety Criteria'

'SAfety Criteria' shall mean explicit and verifiable criteria, the satisfaction
of which results in tolerable safety following the change. They may be
either qualitative or quantitative and either absolute or relative. They
include not just specific risk targets but also safety (and other) regulatory
requirements, operational and equipment standards and practices.

'Safety objective'

'Safety objective' shall mean the functional, performance and integrity
safety properties of the air navigation system, derived at the OSED level.
Safety objectives describe what the air navigation system has to provide
across the interface between the service provider and service user in order
that the SAfety Criteria are satisfied. They provide mitigation of the preexisting risks; and limit the risks arising from failures within the air
navigation system. As objectives, they should specify what has to be
achieved – how it is achieved is covered by safety requirements – from
Article 2(11) of Regulation (EC) No 1035/2011;
This definition relates to the broader interpretation of what a hazard. As a
consequence, the safety objectives have to provide mitigation of the preexisting hazards as well as mitigations of the system-generated hazards derived
from the service-level failure analysis.
Currently, in Regulation (EC) No 1035/2011, the following definition applies:
'‘safety objective’ means a qualitative or quantitative statement that defines
the maximum frequency or probability at which a hazard can be expected to
occur

'Safety performance'

'Safety performance' shall mean the performance of relevant and
measurable safety indicators whereby the required SAfety Criteria will be
fully achieved and maintained during the operational lifecycle;

'Safety requirement'

'Safety requirement' shall mean the necessary risk reduction measures
identified in the risk assessment to achieve a particular safety objective.
They describe the functional, performance and integrity safety properties
at the system-design level as well as organisational, operational,
procedural, and interoperability requirements or environmental
characteristics – from Article 2(12) of Regulation (EC) No 1035/2011;

12
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Currently, in Regulation (EC) No 1035/2011, the following definition applies:
'‘safety requirement’ means a risk-mitigation means, defined from the riskmitigation strategy that achieves a particular safety objective, including
organisational, operational, procedural, functional, performance, and
interoperability requirements or environment characteristics'

'Unit Safety Case'

A Unit Safety Case is a Safety Case encompassing an air traffic service unit
(ATSU), or part of it, that provides assurance through evidence that the
provision of an on-going service is deemed acceptably safe.

'Project Safety Case'

A Project Safety Case is used to demonstrate the safety of a substantial
change to an existing safety-related service / system (and/or underlying
system) when a particular substantial change has to be undertaken.

'Severity'

The severity of hazards will be determined by the credible effects on the
safety of aircraft, when the outcome of all the weaknesses, potential
failures and safeguards (barriers) which may exist in the relevant
operational environment have been taken into consideration.

'Mitigation'

Mitigation or Risk Mitigation - steps taken to control or prevent a hazard
from causing harm and to reduce risk to a tolerable or acceptable level.
Table 1-2 Safety key terms definitions (from the SESAR Safety Reference Material)

© – 2016 – R-WAKE Consortium
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2 Approach to the Safety and Robustness
Analysis (SRA)

2.1 Structure of the analysis and tailoring of the SESAR Safety
Reference Material process
The SRA process has been structured in accordance with the principles of the SESAR Safety Reference
Material (SRM), though adapting it to the specific needs of an Exploratory Research project that will
remain at the level of the initial development of a new operational context (corresponding to a TRL2
in terms of Technology Readiness Level and to a V2 in E-OCVM terms).
In accordance with the SRM methodology, the SRA is aimed at supporting the proposal of a new ATM
concept and should combine both the so-called 'success approach' and 'failure approach' [10]. With
the success approach, the SRA will assess how effective the new Separation Standards are when the
system is working as intended – i.e., how much the pre-existing risks in aviation will be reduced by
the ATM changes proposed. This is concerned with the positive contribution to aviation safety that
the ATM changes make in the absence of failure. While with the failure approach the SRA will assess
the potential risks generated by the new Separation Standards, i.e., induced by the ATM changes
failing. This is concerned with the negative contribution to the risk of an accident that the ATM
changes might make in the event of failures.

Figure 2-1. Risk Graph illustrating the combination of success case (green arrow) and failure case (red arrow)

14
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illustrates the success and failure approach in a risk graph. The green arrow represents the
functionality and performance of R-WAKE Separation Standards, that is, the positive contribution of
the success approach (a.k.a., Functionality and Performance of the system). The red arrow
represents the issues of integrity of the ATM system generated by the new separations, which is the
negative contribution, or failure approach (a.k.a., Integrity of the system). The aggregation of the
success and failure contributions of the ATM change determines the safety characteristic of the
change. That is, the change can be safety neutral, safety positive, or safety detrimental. Obviously, RWAKE concept aims to be at least safety neutral, or net positive.
Figure 2-1

Overall, this SRA aims at providing Safety Criteria and associated Severity Classes to be taken into
account in the current and possible future stages of the R-Wake Concept development. The following
sections describe the two initial steps determining how the analysis will be conducted in order to
achieve this goal.
The first step is the Scoping of the Safety Case (Section 2.2) clarifying the link between the safety
evidence that will be collected during the and the standard Safety Argument framework defined in
the EUROCONTROL SAME (see [5], SAME Part 2, Section 3.2 p.20).
The second step is the Scoping of the Safety Assessment (Section 2.3) determining the changes that
will be brought to the ATM System with the introduction of the new R-Wake Separation Standard. It
is composed of a description of the R-Wake Operational Concept, of a definition of its expected
impact on different KPAs (including Safety), on the identification of the Pre-Existing Hazards that are
going to be mitigated (success case), as well as of the ATM Services that are involved in the
mitigation of them.

2.2 Scoping of the R-WAKE Safety Case
Due to the long-term research nature of the project, R-WAKE will not develop a full safety case with
all the safety assurance activities normally required for a new ATM solution to become operational in
a relatively short term. However, in the interest of any Safety Assurance activity that might be
developed on ATM concepts based on the R-WAKE research, it is useful to clarify the link between
the safety evidence that will be collected during the R-WAKE SRA and the standard Safety Argument
framework defined in the EUROCONTROL SAME1 (see [13], SAME Part 2, Section 3.2 p.20). A Safety
Argument is actually used when there is an assumption that the Safety Case of the concerned ATM
system will be presented for formal approval immediately before transfer it into operation.

1

SAME stands for ‘Safety Assessment Made Easier’. It is an extension of the original SAM (Safety Assessment
Methodology) by EUROCONTROL.
© – 2016 – R-WAKE Consortium
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R-WAKE Scope

Figure 2-2. Safety Arguments and the Lifecycle

As highlighted in Figure 2-2, the Safety Argument is a general framework to be used as a principle to
organize any Safety Plan, characterized by an overarching Argument 0 and other lower level
arguments (namely Arguments 1, 2, 3, 4, 5), corresponding to different system lifecycle phases. The
underlying logic is that the top-level Argument (Arg 0) can be claimed to be true if (and only if) Arg 1
to Arg 5 are shown to be true. Argument 0 will normally read as follows '[Subject X] Operations will
be acceptably Safe', when Subject X represents, for example, a specific air traffic control centre or
unit and the Operations are defined at ATM Service Level (e.g. ATC service). On the lower level, the
first two arguments are those of relevance for the scope of R-WAKE SRA. They will normally read as
follows:



Argument 1: '[Subject X] ATM System has been specified to be acceptably safe'
Argument 2: '[Subject X] ATM System has been designed to be acceptably safe'

As shown in the figure, the two arguments are associated to the first two lifecycle phases of an ATM
system, i.e., the 'Definition' and 'Design & Validation' phases. It is in relation with these two phases
that it will be possible to link the evidence collected during the SRA process. Ideally, this will be made
by further specifying the Argument 1 and 2 into lower level arguments pointing at specific sources of
evidence such as those generated by the R-WAKE simulators and by the safety assessment activities
developed in cooperation with representatives of pilots and air traffic controllers.
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2.3 Scoping of the Safety Assessment
According to the SESAR Safety Reference Material, the scoping of the Safety Assessment process is
strongly linked to the OSED (Operational Service and Environment Definition) defining the nature and
scope of the changes proposed to the ATM system. The diagram below Figure 2-3 illustrates the
required methodological phases to derive OSED level Safety Properties. Being a SESAR long-term
research project, R-WAKE is more focused on specific research aspects and less comprehensive than
an OFA in SESAR 1 or a Solution Project in SESAR 2020. Therefore, a complete OSED is not available.
Nonetheless, the project is defining new En-route Separation Standards and the criteria for their
choice by the Air Traffic Control. Fully combined, these elements will determine the R-WAKE
Operational Concept, in accordance with Research Areas originally proposed (see Appendix G of D4.2
System Release 2 Document). The methodological steps presented hereafter take into account the
current understanding of such concept and will be better defined once specific Use Cases will be
made available. These steps include:





A description of the R-Wake Operational Concept as defined so far in the project.
The identification of the Pre-existing hazards on which there is an expectation that the RWAKE changes will have an impact in terms of mitigation (success case)
A description of the ATM Services needed to mitigate the Pre-Existing Hazards (success case)
The identification of the Scenarios that will characterize the use of the new Separation
Standards.
Describe
Operational
Environment

Operational
Operational
Concept
Concept

Indentify
Pre-existing
Hazards
Describe
ATM Services
Model
ATM System

Success
approach

Identify
Scenarios

Eg MAC-related, CFIT-related,
WVE etc
To mitigate Pre-existing Hazards
Which services (Annex 11, PANS ATM)?
To whom provided (users)?
At OSED-level (operational services)
How are services provided (eg which
barriers?)
- Normal operational conditions
- Abnormal operational conditions
- Cases of internal failures i.e.
System-generated hazards

Derive Safety Objectives

Derive Safety Objectives

(functionality & performance)

(integrity/reliability)

Failure approach

Figure 2-3. ATM System Specification Process. Source [10]
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Such scoping phases correspond to the yellow boxes framed with red in the upper part of the
diagram presented in Figure 2-2
Besides the safety arguments that depict an overall picture of the project, in order to derive the full
Operational Concept safety properties of an ATM system, the process is linked with the maturity of
the concept as depicted in Figure 2-4 below.

Figure 2-4 Safety Process project maturity mapping. Source [1]
Figure 2-4 is

meant to emphasize the link with the maturity phases, while the red ribbon in the same
figure highlights the scope of the R-WAKE analysis done in this document.
Clearly, a V1 project maturity as per the E-OCVM maps directly to the definition of Safety Criteria and
vice-versa. The current project maturity, as agreed by all R-WAKE partners, is V1, hence the Safety
Analysis in this deliverable will focus on defining the preliminary Safety Criteria. Safety Objectives
and Safety Requirements, however, map to V2 and V3 project maturity, respectively, hence it has
been deemed that this is outside of the scope of the current R-WAKE project. In addition, the
maturity of the concept did not allow for a Hazard Identification process involving the relevant
Operational Expert. However, an initial collection of feedback on the proposed R-WAKE Separation
Schemes and Strategies to increase capacity and safety are was conducted after the R-WAKE
Operation concept presented in Deliverable 5.1 'Simulation Results Database' Chapter 3 was
18
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developed. The collection of feedback was done in the context of a Focus group involving 4 en-route
Air Traffic Controllers whose results are documented in Chapter 6.

2.3.1 R-WAKE Operational Concept
The R-WAKE Concept aims at defining new standard Separation Minima for En-route airspaces to be
applied in a pairwise manner depending on the categories of aircraft that are flying in the same
sector or in neighbouring sectors. The new Separation Minima are designed to enable performance
improvements in traffic and trajectory management, whilst protecting En-route traffic against the
risk of wake vortex encounter hazards. The design of the new standards is considering first the
possibility to reduce the separation minima on the vertical and horizontal dimensions and then to
explore the possibility to combine reduced vertical separation minima with revised horizontal
separation minima to be applied in combination (i.e. both reduced vertical and horizontal
separations to be complied with at the same time). In addition, the R-WAKE Concept is considering
the possibility to increase the applicable Separation Minima in specific cases and with specific
categories of aircraft for which the current separation minima are considered inadequate to protect
against the risk of wake induced encounters (Some initial discussions about the R-WAKE concept can
be found in in the Appendix G of the deliverable D4.2 System Release 2 [1]. At this stage, the R-WAKE
concept is considered in the context of the current ATM operational environment and with the
intention to minimize the changes with respect to the current ATM concept of operations
Identification of Pre-Existing Hazards
The new Separation Standards proposed by R-WAKE will apply to En-route airspaces and will
determine changes to the applicable separation minima compared to Baseline operations. Therefore,
the following pre-existing (aviation) hazard is the one that will be considered among the ones
identified in [10]– Section F2.2, page 61. This hazard is actually the one that the new separation
standards should contribute to mitigate, according to the success approach.

Pre-existing Hazard

Relevant AIM model

Hp#1 'A situation in which the intended 4D Trajectory of an Aircraft is Wake induced risk in
about to infringe the airspace volume potentially affected by the wake En-route (WE – ENR)
vortex of another aircraft.'
Table 2-1. The pre-existing hazard relevant for R-WAKE and the corresponding AIM model

The hazard is linked to an Accident-Incident Model (AIM) named 'Wake induced risk in En-route' (see
right column of the table above) that did not exist in the SESAR SRM and which has created with the
occasion of the R-WAKE project. As a matter of fact, a tailored wake model existed only for Approach
airspaces and not for En-route ones, which are those of interest for this project. As described in
Chapter 3, the new model was developed by taking into account elements of both the existing Wakeinduced Risk on Final Approach model and Mid -air Collision in En-route model.
It is worth noting that the change brought by the R-WAKE Concept – and specifically by the new
Separation Schemes – is not expected to impact the hazard 'Wake Vortex Encounter (WVE)' directly,
which is one of those indicated in the SESAR SRM (see [10] Guidance to Apply the SESAR SRM –
© – 2016 – R-WAKE Consortium
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Section F2.2, page 62). Actually, the wake encounter avoidance is not part of the ATM services
influenced by the R-WAKE Concept (for example the R-Wake Concept does not envisage any tool for
detection and avoidance of a wake turbulence). Therefore, the R-WAKE concept is only affecting
indirectly the mitigation of such hazard, due to the role played by the new Separation schemes in
preventing the risk of ending up in a wake encounter. This can be specifically observed in the Safety
Criteria as detailed in Section 5.

2.3.2 Identification of the ATM Services needed to mitigate the Pre-Existing
Hazard
The table below identifies the ATM service involved in the mitigation of the pre-existing hazards
previously identified. The relevant actor involved in the provision of this service is the En-route ATCO
(considering both the Planner and Executive ATCO).

ID

ATM operational service

Actor

Pre-existing Hazard

ATM#01

Wake Spacing Provision

En-route control
service

Hp#1

Table 2-2. Identification of the ATM Service involved in the mitigation of the pre-existing hazard

Consistently with what has been said previously, the ATM service level at which pre-existing hazards
have been identified is the Wake Spacing Provision. Whereas other services, such as B2 'Wake
Encounter Avoidance', are only impacted indirectly.

2.3.3 ATM System models and Scenarios
Two different ATM models will be analysed in the context of R-WAKE, one representing the current
ATM operations (baseline operational environment) and another representing an ATM system similar
to the baseline but introducing the new separation standards and concepts developed in the project.

2.3.3.1 Baseline Operational Environment
The safety assessment of the R-WAKE concept is a relative (or comparative) safety assessment which
envisages the assessment of concept introduction against the pre-change (or baseline) ATM
operations. The baseline operational environment against which the new separation standards will
be assessed corresponds to the following characteristics:
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Current traffic demand;
Structured routes (horizontal trajectory planning constraint);
Flight levels Scheme (vertical trajectory planning constraint);
Current separation standards (5NM / 1000ft).
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2.3.3.2 R-WAKE Operational Environment
The changes proposed by the R-WAKE concept refer to the new vertical and horizontal separation
minima for different aircraft categories with intention to minimize changes to the current ATM
operations. Therefore, the characteristics of the new operational environment will be the following:





Current traffic demand;
Structured routes (horizontal trajectory planning constraint);
Flight levels Scheme (vertical trajectory planning constraint);
R-WAKE separation standards.

© – 2016 – R-WAKE Consortium
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3 Elaboration of an Accident-Incident Model
for Wake induced risk in En-route

The Accident – Incident Models aim at depicting the total safety risk picture of a part of the ATM
system. The model is made up by precursors encountering various events or barrier failures until a
top-level event (i.e. accident, runway collision, CFIT etc.) has occurred. It can be used to show the
current risk situation and has also a predictive analysis capability, accounting for complex operational
environment and the factors (human, machine or procedural) that affect the safety of the
operations. The AIM can be viewed as a tool that allows for:
-

Setting safety design targets such as Target Level of Safety (TLS)

-

Ensuring overall TLS compliance (e.g. at Unit of Operations Level, FAB-/ECAC wide)

-

Identify where and how operational changes will impact positively or negatively the safety of
ATM provision

-

Hazard identification, severity and risk classification

In order to construct the AIM for the Wake - induced occurrences in the En-route phase of the flight,
other existing models were analysed and used:


Wake – induced risk on Final Approach (WE – FAP) AIM 2017, developed by EUROCONTROL



Mid - air collision risk in En-route (MAC – ENR) AIM 2017, developed by EUROCONTROL



Wake – induced risk AIM Draft 2012, developed by EUROCONTROL

All models that were used during this project are presented in Appendix A. Although many elements
coincide across multiple models, the different perspective they take on hazards is what makes them
useful. For the scope of R-WAKE, the Wake induced risk AIM served as a general picture of the wake
risk in En-route and was a blueprint for the newly-developed model. The FAP AIM contains specific
Wake – related elements and barriers (e.g. Management of Imminent Infringement) and was useful
to tailor the more general AIM model to the specific phase of flight and operational particularities.
Finally, the AIM MAC model offered a comprehensive overview of the detailed evolution of a conflict
up to the top-level event, together with a detailed list of base events and contextual factors.
These were adapted and integrated all in the WE – ENR model presented in Section 3.2 in order to
present the current En-route operations from a wake induced risk perspective. Finally, the model will
assess whether the change proposed by R-WAKE is acceptably safe by comparing the quantifications
when they will be incorporated in the document.

22

© – 2016 – R-WAKE Consortium
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.

D5.2: SAFETY AND ROBUSTNESS ANALYSIS

3.1 Review of existing MAC and Wake Models
This section details how the AIM logic of the already existing AIM models and how they were used to
build the Wake En-route model.

3.1.1 Wake - induced Risk on Final Approach (WE – FAP) AIM 2017
As mentioned in the previous section, this model was used as a general reference. It provides the
basis of the structure of the En-route wake model was as it provides the most comprehensive set of
information in terms of wake encounter elements and barriers. The sequential development of
situations in the worst-case scenario follows the same logic, more specifically:
Contextual
Factors

Traffic

Wake Spacing
Infringement

Conflict

Wake
Encounter

Wake induced
accident

Figure 3-1 Evolution of Safety Critical Situations

Most precursors were re-used in the En-route model and adapted to the specific operational
environment. The barriers are also relevant, as the separation service provided by ATC is the same,
including the wake spacing particularities that were taken into account. The generic barriers are
listed below, starting from the first barrier that comes into action first:
-

Wake Spacing Management Barrier

-

Wake Detection Barriers

-

Wake Encounter Avoidance Barrier

-

Wake Encounter Recovery Barrier

Each barrier failure is analysed by means of a fault tree, as can be observed in the model presented
in Annex A. The barriers relate to actual actions or envisaged procedures that could be carried out as
part of the ATM service provided, together with procedures and some technical support components
(tools).
One notable difference, as explained in section 3.2 can be observed in the upper parts of the model,
where Wake encounters are distinguished by severity yet considered part of the same Severity Class
(WE FAP), whereas in the WE – ENR they are treated separately. This is the result of the Expert Panel
2 and the added value of integrating the various SME assessment in the model.

3.1.2 Mid - air Collision in En-route AIM 2017

© – 2016 – R-WAKE Consortium
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The Mid-Air Collision Model is the most comprehensive model and showcases the barrier failures and
precursors’ base events with a high granularity. Specifically, the MAC model provided three
elements:
-

Comprehensive and complete Wake spacing conflicts and the actors generating them

-

Detailed Base Events linked to precursors

-

Tactical Planning barrier, extending the time horizon to pre-tactical conflicts

Since the scope of the AIM models in this project is limited to the direct impact the change proposed
by R-WAKE will have on the current system, the pre-tactical timeframe has not been specifically
analysed. It has been recognised that new separation minima will influence the planning sequence,
however this will be acknowledged by mentioning the relevant precursor(s).
As mentioned previously, the MAC model has been used to detail the lower part of the En-route
model, more specifically to identify the relevant conflicts as well as the barrier failures by which they
can propagate and generate an imminent wake spacing infringement:
-

Crew/AC induced conflict

-

ATCO induced Conflict

-

Planning induced conflict

-

ASAS induced conflict

-

VFR – IFR Conflict

The conflicts provide a complete picture on what can potentially lead to an infringement and later,
an encounter or even a serious incident. For the purpose and scope or R-WAKE, mainly the ATCO
generated wake spacing conflict has been analysed since, in operational terms, a pilot is not changing
its modus operandi.

3.1.3 Wake - induced Risk Draft AIM 2012
This model has been consulted and used as a link between the other two models. Although a draft
version and developed in 2012, it provided useful information regarding contextual factors that are
present when a wake encounter occurs. Moreover, it was the only model that considered wake
events also in the En-route environment, hence deemed as a useful resource.
The structure, as with all other AIM models, follows the development of a conflict generated by one
of the ATM actors (pilots or ATCOs) as it potentially passes multiple barriers. This model can be found
in Appendix A.4.

3.2 Development of the Wake Encounter En Route Model (WEENR)
As previously mentioned, the R-WAKE Safety Analysis includes a method to assess whether the
proposed change is acceptably safe. This has been initiated by developing an En-route Wake Accident
Incident model, that depicts the potential situations which can lead to safety – critical incidents or
accidents. These situations are captured as precursors and, similar to the barriers (or services) put in
place to prevent the precursors from developing further, they feature a frequency or probability of
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occurrence. These probabilities are linked by the model architecture, 'reacting' to changes in the
different areas of the model, presenting the chain of events in a realistic manner. By doing so, an
analysis of the proposed is affecting the level of safety by comparing the baseline probability with the
resulting change that has been introduced in the model, at a particular level. This quantification will
be achieved through the simulation of Wake Encounters as reported in Deliverable 5.1.
The model will be analysed in two sections starting from the lower part – called the point in time
further away from the worst-case situation.

3.2.1 Assumptions
A few assumptions are explicitly considered when building the model, as they are also implicit to the
R-WAKE project. These are:
1. A fully functional 4D trajectory Management system
2. Higher Vertical Navigation Accuracy systems
3. On-board aircraft equipment fully compliant with RNP1
4. An ATC tool that assists the ATCO in selecting and managing the applicable Separation
Schemes with an appropriate alerting system
While navigating through the AIM, the reader might find that the ATC or ATCP term refers to both
the Executive Controller alone, as well as to the team of Executive and Planner together. This has
been considered a reasonable simplification as the model does not address ATC interaction as this is
not in the scope of the project. Nevertheless, the situations developed and characterized are not
subject to major changes due to this simplification.
Due to purely linguistic and conceptual reasons, in the model the reader might observe the reference
to wake spacing scheme instead of wake separation scheme. This is purely to illustrate that still a
separation will be applied, only with a difference to the current one, referred to as spacing.

3.2.2 Accident-Incident Model
below depicts the part of the model that is the 'furthest' from the top event, corresponding
to a timeframe that describes potential situations that might occur long before the top-events. The
lower part of the AIM shows how ATCO induced wake spacing conflict can occur and includes
multiple types of base events and contextual factors.
Figure 3.2

The description of the events takes into account a variety of reasons and interactions, either
between human operators and tools or between the human operators themselves. The most
detailed event, 'WE5.1.2 Trajectory Management Instruction creates wake spacing conflict'
represents a focus point of the project. The approach explores potential slips or erroneous
information propagation, as well as timing discrepancies or misapplication of various schemes or
rules within the schemes further explained in Deliverable 5.1 'Simulation Results Database'. The
robustness of this approach is confirmed by the introduction of the contextual factors. These expand
the readers' view, put the situations in their right circumstances and play a role in the quantitative
aspect of the model, which is out of the scope of the current project.
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Figure 3-2 Tactical Conflict Management Barriers and tactical conflicts precursors
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Progressing through the model in the same figure above, the barrier failures are detailed and
analysed. As with the precursors, the ATCO – related barrier is under scrutiny, as the Pilot – induced
Wake spacing conflicts do not differ much from the current, Radar Separation conflicts as the pilot
mode of operation will generally remain the same. For the ATCOs on the other hand, a new concept
needs to be taken into account, most like with the aid of a tool.
Barrier 5 'ATCO induced wake spacing conflict Management' takes into account multiple possibilities
from mainly two perspectives: the human operator either processing information with or without the
aid of an envisaged tool. The tool would, in this case, assist the ATC in recognizing and applying the
correct wake separation scheme. Finally, the interaction with the pilot represents in itself a form of
barrier and having ways of failing, hence the rightmost part of the barrier takes these into account.
The legend of the model explains that the differential colour scheme serves to highlight the new
additions in the AIM model (with blue) while the black font means that the events or failures were
adopted from previous AIM models, described in Section 3.1.
The second barrier detailed in this part of the model, Barrier 9 'VFR-IFR Wake spacing conflict
Management' is of particular interest for current and future operations. Although not entirely in the
scope of R-WAKE, which is focusing on commercial aviation altogether, the Wake – related incidents
are common among VFR flights and should be treated accordingly. Moreover, from an ATC
perspective, it implies some differences with respect to managing commercial flights and is worthy of
mentioning.
Another noteworthy fact is the similarity between the barrier failures and the base events of the
precursor, or the induced conflict from ATC perspective. This is the case, because the ATC is the
provider of the safety critical service but acts also as a potential disruption to normal operations. This
fact is accepted throughout safety assessments and is regarded as a strength of the system, due to
the human operator resilience and creativity. The WE-ENR model captures the complexity of the
work done by the ATC through this feature.
Starting from the bottom of the figure, the main precursor WE4F followed by two contextual factors
can be observed. The contextual factors are a key point here, as conceptually, no wake detection or
avoidance can occur (Barriers 3 and 4) if the situation does not imply a wake turbulence. In order to
encounter a wake turbulence, specific parameters such as decay and transport are needed, as well as
the trajectory of the follower to be in the 'right' position. Therefore, the situation cannot develop if
the contextual factors are not present.
Moving on, Barriers 3 and 4 related specifically only to the detection of the potential wake. The
avoidance or recovery action are treated separately as the model takes into account the success and
failure case. The ATC detection relies heavily nowadays on knowledge of wake categories which is
believed to represent an increase in workload, whereas the future practice might involve a tool that
might highlight potential wake spacing issues. Similarly, pilots nowadays use visual inspection during
daytime to detect potential wake, but have no external support in the en-route environment.
If detection is successful, independent by which actor, ultimately the Pilot in Command must execute
the avoidance. The failure of the above-mentioned barrier is analysed mainly from a pilot
perspective, taking into account interactions with the controller, a potential on-board alerting tool
and pilot situational awareness. One noteworthy mention is that pilots may request a lateral offset in
order to avoid a potential wake encounter, as mentioned during the focus with the ATCO, detailed in
Chapter 6. This additional barrier event might be obsolete in a complex or highly dense traffic
situation, captured by the Contextual factors F2.1 'Other Aircraft in proximity' and F2.2 'Traffic
Geometry'.
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If Barrier 2 works as intended, a 'no safety critical' outcome is expected, hence the safety analysis will
not delve deeper. On the other hand, if avoiding is not possible, a wake encounter situation is bound
to occur. The final Barrier of the model refers mainly to the crew ability to recover and takes into
consideration aircraft control limits and flight crew control capabilities.
The outcomes of the wake encounter are classified in two main categories. If the recovery barrier has
performed as expected or partially, then the outcome is an incident, classified after the output of the
second expert panel by the adjacent contextual factors. The case in which also the last barrier fails is
the most severe and refers to a potential accident induced by a wake encounter. Notice that also
after a Wake Encounter has occurred, technically there is a possibility of a non-safety-critical event to
occur.
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Figure 3-3 Final barriers and precursors of the WE - ENR Mode
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4 The Severity Matrix of Upset Parameters

4.1 Organization and conduction of Expert Panel 2
This section describes how the Expert Panel 2 (EP2) was organized and used to improve the Severity
Matrix of Upset parameter Thresholds, to be used as input for the R-WAKE simulation. The
subsection
4.1.1 explains which was the input received from the previous EP1. The subsections
4.1.2 and 4.1.3 describe respectively the novelties of EP2 and the way it was structured. The
subsection 4.1.4 explains how the Scheme of Severity Levels adapted from the original FAA version
has been further modified to incorporate the ATC perspective. Finally, the subsection 4.1.5 presents
the final version of the SMUP resulting from the joint discussion between pilots and controllers
during the EP2 workshop.

4.1.1 Input from Expert Panel 1
The R-Wake Expert Panel 1 was conducted in Rome on the 2nd and 3rd of March 2017 as part of
WP4. It was organized by involving two short-medium haul airline pilots in a workshop with
representatives of the R-Wake consortium and it was aimed at the following goals:
-

Analysing a set of WE scenarios generated by the R-WAKE simulator, in order to assess their
impact on safety for the follower aircraft involved in the encounter.
Classifying the severity of the consequences of each encounter scenario
Developing a severity matrix associating each severity level to a group of relevant upset
parameters characterizing the consequences of the simulated encounters
Collecting feedback on the set of WV scenarios generated by the R-WAKE simulator in order
to make them more fit for the purpose of severity assessment in the following Expert Panel 2
(e.g. by improving data presentation from an operational perspective and by increasing the
realism of the scenarios themselves).

The results of Expert Panel 1 (EP1) were documented in [4]. The main output was the Severity Matrix
of Upset parameter Threshold (SMUP) highlighted in Table 4-1. The matrix is currently being used as
an input for the macro model analysis to be developed with the R-Wake simulator.
Upset
param.

No safety
effect

Minor

Major

Hazardous

Catastrophic

ΔΦ [deg]

< 25º

25 º < ΔΦ < 30 º

30 º < ΔΦ < 45 º

45 º < ΔΦ < 60 º

> 60 º

ΔH [ft]

< 100ft

100ft < ΔH< 500ft

500ft < ΔH <1000ft

> 1000ft

> 1000ft

Vzmax
[ft/min]

< 500ft/min

500<Vzmax<1000

1000<Vzmax<3000

3000<Vzmax<6000

> 6000ft/min

ΔV [kn]

< 10kn

10kn<ΔV <15kn

15kn<ΔV <25 kn

> 25kn

> 25kn

Table 4-1 Preliminary Severity Matrix of upset parameter Thresholds mapped into severity levels
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As mentioned before, each column of the SMUP refers to a level of the Scheme of Severity Levels
which was adapted from the FAA one (see Annex B.1). Such matrix includes five severity levels (No
Safety Effect, Minor, Major, Hazardous, Catastrophic) which were specifically tailored for the
severity of wake turbulence phenomena, with a description of the possible safety effects on the
aircraft, on the flight crew and on the safety occupants. While each row represents a different upset
parameter among the four which were presented to the pilots and which were measured – in the
simulation - 10 second after the beginning of each encounter. At the time of conducting EP1, the four
upset parameters taken in to consideration for the assessment of severity were: (i) Bank angle, (ii)
Altitude loss, (ii) Vertical speed and (iv) Roll rate. In correspondence of each severity level, the pilots
proposed threshold values for each of these upset parameters. For example, if the bank angle of the
follower aircraft resulting from the WE was higher than 30° but lower that 45°, the severity of the
event was classified as ‘Major’. While if the bank angle was higher than 45° but lower than 60°, the
event was classified as ‘Hazardous’.
As mentioned before, in addition to the SMUP, the EP1 provided also recommendations on how to
improve the set of data shown to the operational experts for each of the scenarios as well as their
presentation. The improvements mainly pointed at facilitating a more accurate assessment of the
severity of each event, also by increasing the level of realism of each scenario from an operational
perspective.

4.1.2 Expert Panel 2 novelties
Starting from the input of EP1, the EP2 was organized in Rome on the 9th of November 2017. The
main goals of this second panel were the following:
-

Showing to the operational experts a more advanced set of simulated encounter scenarios to
facilitate a more accurate assessment of severity

-

Improving the presentation of each scenario by taking into account the recommendations
emerged from EP1

-

Including in the severity assessment of each encounter scenario the ATC perspective, to be
combined with the one of the flight crew

-

Refining the SMUP taking into account all of the above.

The improvement of the set of scenarios was made by selecting 12 representative cases of wake
encounters, which were to be presented in three different session, with 4 cases each. The first
session included scenarios in which the follower aircraft was climbing at the moment of the
encounter. The second session included descending aircraft. Finally, the third session included cases
of levelled aircraft. The specific process for their generation is described in 4.1.2.1.
The inclusion of the ATC perspective was made by inviting two En-route Air Traffic Controllers from
one of the four Italian ACCs. The controllers participated in the workshop together with the two
airline pilots who had already attended the EP1. The joint discussion between the two categories of
operational experts allowed to both complement the Scheme of Severity Levels with a consideration
of the safety impact also on the ATC (see the following section 4.1.4) and to reflect the different
perception of severity of the two actors in the refinement of the SMUP (see section 4.1.5).
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4.1.2.1 Selection of new scenarios
As with a new Expert Panel assessment, new scenarios where created that integrated the latest
developments of the simulator, as well as to permit the Subject matter experts to add value to the
previous version of the SMUP with the new assessments.
In order to obtain all the possible upset ranges, a new set of simulations was performed. A new tool
developed by UPC is used to calculate the maximum wake vortex circulation (created by the
generator) that a follower can encounter at certain altitude with a offset from the generator. This
module called Circulation Generator Module (CGM) can be summarized as the following function:
(𝛤, 𝑠, 𝑟𝑐 ) = 𝐶𝐺𝑀(𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟, ℎ, 𝛥𝐻)
The CGM function explores internally the following operational conditions in order to find the worstcase circulation that can appear.
For the Design of Experiments, the number of the scenarios from the vortex point of view is:
𝐶𝐺𝑀𝐷𝑜𝐸 = 4(𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟) · 3(%𝛤𝑚𝑎𝑥 ) · 3(𝑒𝑙𝑒𝑣) = 36
The 4 geometries mentioned above are shown in Fig 7. They consist in:


Along track encounter



Coaxial encounter



Cross-track encounter



Combined encounter

Figure 4-1 Geometries considered in the micro-analysis simulations
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Thus, the final number can be detailed as:
𝐹𝑜𝑙𝑙𝑜𝑤𝑒𝑟𝐷𝑜𝐸 = 2(𝐹𝑜𝑙𝑙𝑜𝑤𝑒𝑟𝑠) · 3(𝑚𝑎𝑠𝑠) · 3(𝑎𝑖𝑟𝑠𝑝𝑒𝑒𝑑) · 3 (𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒) · 4(𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑦) · 3(𝑅𝐶) =
648
The total number of scenarios to perform is:
𝑀𝑖𝑐𝑟𝑜𝐷𝑜𝐸 = 𝐶𝐺𝑀𝐷𝑜𝐸 · 𝐹𝑜𝑙𝑙𝑜𝑤𝑒𝑟𝐷𝑜𝐸 = 23328
After applying the algorithm to exclude impossible operational scenarios, only 20302 scenarios
were simulated.
The relevant variables used to group the scenarios are the following:
1. Maximum change in altitude
2. Maximum change in the bank angle
3. Maximum change in the airspeed
4. Maximum change in the vertical speed
The maximum upsets grouped by the previous variables of study can be observed in Figure 4-2. It can
be noticed that there are some scenarios with values of bank angles which are very big, and it is
assumed that the severity of scenarios with more than 100° of bank is the most disturbing severity.
The resulting scenarios are shown in Figure 4-3.

Appendix C details the options and methods that were used to choose the scenarios used for the
second expert panel.
1. OPTION A: the clustering is applied taking into account all the scenarios (12 clusters)
2. OPTION B: the clustering is applied differentiating the operation condition of the follower (12
clusters at each operation condition, total of 36 scenarios)
3. OPTION C: the clustering is applied differentiating the operation condition of the follower (4
clusters at each operation condition, total of 12 scenarios)
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Figure 4-2 All scenarios parameters simulated

Figure 4-3 Scenarios considered in the micro-analysis
34
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A. Clustering using only upset parameters (12 scenarios)
The scenarios have been grouped in clusters with similar upsets, considering the four parameters of
study. The K-means algorithm was used for the grouping process and the results can be observed in
Figure 4-4.

Figure 4-4 Scenarios grouped by similar upsets

In the second expert panel, only 12 cases (i.e. clusters) have been considered, as analysis and
discussion of a greater number have proved unfeasible during the previous expert panel. The
centroid of each cluster is the representative scenario; hence it was deemed appropriate to include it
in the assessment. Figure 4-5 shows the selected scenarios. One crucial improvement that was
included in the latest EP was the order of the scenarios in terms of anticipated severity: the scenarios
were mixed
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Figure 4-5 Centroids of the clusters or the upset parameters of the scenarios. Source: 0

All the relevant centroids are plotted against the entire batch of simulations and presented in Figure
4-6.
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Figure 4-6 All scenarios and all operation conditions centroids'

4.1.3 Expert Panel 2 Protocol
Similar to EP1, the EP2 was structured in a way to allow the experts to assess severity levels for each
of the scenarios. The assessment was made firstly individually and independently to avoid bias
among the expert’s opinion, and then based on shared discussions among the members of the group.
The workshop encompassed the following phases:


Initial familiarization session
o Introduction of participants
o Workshop objectives



Project presentation
o R-WAKE Approach and Objectives
o Micro-analysis simulation



Introduction to the Severity Assessment method
© – 2016 – R-WAKE Consortium
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o
o
o

Analysis of individual scenarios
Use of the Matrix of Severity Levels (adapted from FAA)
Use of Severity Assessment Form



Conduction of Interactive Sessions
o Presentation of a set of WVE scenario situations
o Individual assessment of severity of consequences for safety using severity Matrix
o Joint discussion on the way each participant assessed



Discussion and wrap up of interactive session achievements

During the Interactive Sessions, the scenarios were presented using three distinctive groups of
information: (i) Input Conditions, (ii) Primary Flight Display (PFD) representation, (iii) Upset
Parameters and associated diagrams.
The Input conditions are the parameters characterizing the flying condition of the follower aircraft
entering into the wake vortex of the other aircraft in the moment of the encounter:
a. Aircraft Type (F100 or A320)
b. Mass of the aircraft [kg]
c. Flight level [ft]
d. Rate of climb [ft/min]
e. Speed [M]
f. Mach Maximum Operating [MMO]
They are intended to provide to the experts with the most relevant information required to
understand the context in which the wake vortex encounter occurs in each scenario.
The Primary Flight Display (PFD) representation is a short video showing the evolution of the WV
encounter in a replica of a PFD screen. The dynamic view of the PFD display image simulates the
behaviour of a real display assembled in modern aircraft cockpits, in order to present the situation as
close as possible to the real instruments that pilots would use if they were in the cockpit. The
duration of the PFD videos is 10 seconds, which is enough time to observe the aircraft upset
consequences in the presence of an encounter plus other additional 7 seconds that were introduced
beforehand to allow the pilots getting used to the flying conditions and feeling the scenario more
realistically.
The Upset Parameters represent in a quantitative way the consequences suffered by the follower
aircraft as a result of the encounter:
a. Altitude loss [ft]
b. Bank angle [deg]
c. Rate of Climb or Descent [ft/min]
d. Airspeed Change [kts]
e. Lateral Deviation [nm]
For all of them the operational experts could see the maximum values achieved during the
encounter. Then, specifically for the Altitude Loss, Lateral Deviation and for the Speed Change, a
chart representing their dynamic evolution during the encounter was also shown.
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Table 4-2 PFD dynamics; horizontal and vertical evolution of the flight

To note that differently from EP1, the roll rate has been replaced with the airspeed change, which is
considered more relevant from a flight crew perspective. In addition, a measurement of the lateral
deviation has been also included to enrich the ATC perspective.
During the interactive sessions the pilots and the controllers were asked to analyse separately each
of the 12 encounter scenarios mentioned before and to reflect individually on the severity level they
would have assigned to them. In order to do this assessment, they were provided with both the
Scheme of Severity Levels (see Appendix B.1) and a Severity Assessment Form (see Appendix E).

4.1.4 Integration of the Scheme of Severity Levels (adapted from FAA) with
ATC perspective
The Scheme of Severity Levels used during the EP1 included information on the criteria to assess the
severity of the consequences of a wake encounter only from the perspective of the flight crew, of the
aircraft and of the cabin occupants. Since EP2 also involved two ATCOs, it was agreed to integrate the
scheme with criteria relevant from an ATC perspective. The initial scheme (which was already
adapted from the original one by the FAA) was sent to the ATCOS previously to the expert panel
workshop, so to give them a possibility to come with proposals on how to integrate it. The proposals
were then discussed together with the pilots, in order to compare the two different perspectives
when considering the impact on safety of a given encounter. The results of this discussion were then
integrated in the scheme by adding a row called 'ATC' (see B.1). From the perspective of the ATCOs
the main factor affecting their perception of severity is the impact on the way they can assure
separation, as well as the time and space a flight crew would require to recover from an upset. For
example, upsets causing an altitude deviation of more than half of the prescribed separation minima
(e.g. >500Ft in RVSM) or of more than one flight level (e.g. >1000 ft in RVSM) are considered
Hazardous, respectively Catastrophic. This is mainly because of their potential of increasing the risk
of collision with other surrounding aircraft, independently of the actual capability of the flight crew
to recovering from the upset itself.
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4.1.5 Integration of the SMUP with the ATC perspective
In line with what was already done for the Scheme of Severity Levels, during the EP2, the ATCOs
were also asked to integrate their perspective into the SMUP, in order to refine the original version
of this matrix which was produced as output of the EP1.

Figure 4-7 Updated SMUP (Severity Matrix of Upset parameter Thresholds) with ATC perspective
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Altogether, the two airlines pilots, the two Air Traffic Controllers and the operational expert part of
the R-WAKE Consortium2 compared their assessments of all of the 12 scenarios presented during the
interactive sessions. They analysed and discussed the criteria that each of them considered more
important to classify a specific event in a way or the other. The results from this discussion are
collected in the new version of the SMUP, presented above in Figure 3.9. From the discussion it came
out that there is a good level of agreement on the way the value intervals for each parameter were
defined, but a considerable difference in the way pilots and controllers classify the severity of some
of the intervals. Therefore, when the final version of the matrix was produced, it was decided to
highlight such differences at the border between one severity level and the other (see the yellow
arrow in Figure 3.9 above and the text boxes associated to them). In a short summary, the following
main differences have been identified:





For the pilots there is a difference between the 'No Safety Effect' and the 'Minor' severity
levels, while ATCOs do not consider relevant this difference. In this respect the ATCOs are
less conservative than the pilots
When looking specifically at the altitude loss parameter, the ATCOs classify the same interval
value as more severe than the pilots. For example, an event classified as 'Minor' by the
pilots, is considered 'Major' by the ATCOs. An event classified as 'Major' by the pilots, is
considered 'Hazardous' by the ATCOs and so on. Such difference can be explained by the fact
that pilots mainly do their assessment based on the perception of their actual capabilities to
recover from an upset, while the ATCOs focus their attention on the potential of the upset to
cause a collision with surrounding traffics. This potential is of course different when the
altitude loss exceeds half of a flight level, one entire flight level or more than one flight level.
This difference is of course relevant both in terms of altitude being lost and in terms of
time/space needed to recover from the upset and return to the original flight level.
The altitude loss is the only parameter considered relevant by the ATCOs for the
determination of the severity, among the four identified in the SMUP. While the pilots assign
the same importance at the bank angle and consider very important the vertical speed and
the speed change.

The final version of the SMUP takes into consideration such differences, but always adopts the most
conservative assessment when mapping the different interval values of the upset parameters onto
the severity classes.
It is to be noted that during the development of the final version of this deliverable, significant
progress was made relative to the simulation analysis presented in Deliverable 5.1 resulting in the
identification of the load factor as a fifth Upset Parameter. Since it has not been present at the time
of the second Expert Panel, it was not integrated in the matrix and but will be taken into account in a
future R-WAKE research.

2

As for the EP1, the experiences of the two airline pilots and of the two ATOCs were integrated with the one of
Jean-Pierre Nicolaon, a former Air Traffic Controller, representing the R-Wake consortium member M3 System
Belgium.
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5 Preliminary identification of Safety Criteria

This section details the Safety Criteria as well as their relation to distinct precursors. Safety Criteria
refer to explicit and verifiable criteria, the satisfaction of which results in tolerable safety levels
following the proposed change. They can be either qualitative or quantitative and either absolute or
relative. In the case of R-WAKE, the preliminary Safety Criteria have been set using a relative
methodology, whereas an absolute approach will be sought after if the necessary simulation results
will be available. [10]

Figure 5-1 ATM Barrier Model with Safety Criteria. Source [1]

The safety criteria mentioned in Figure 4-1 above are:



SAC#04 The number of wake spacing minima infringements shall not increase despite the X%
increase in En-route Sector(s) Capacity enabled by R-WAKE Separation Scheme
SAC#03 The number of imminent Wake Encounters shall not increase despite the X%
increase in en-route Sector(s) capacity enabled by the R-WAKE Separation Scheme.

The reference to capacity is made here in order to ensure that the increase is not made in the
detriment of safety.
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As mentioned in the introductory part of this document, due to the V1 project maturity, it has been
decided to focus the Safety Analysis on Safety Criteria rather than Safety Objectives and preliminary
Safety Requirements.
Due to the unforeseen constraints encountered during the development of the project, partial
completion of the safety cycle has been obtained, whose overview and links with the E-OCVM are
presented below. The approach is based on the methodology proposed in Annex D of the Safety
Reference Material [1].A more detailed picture of the safety cycle and its links to the E-OCVM can be
seen in Figure 2-4 in Section 2.3
1. The Definition of Concept, including a number of Use Cases to define the way the concept
would be integrated in current and/or future operations. At this stage, the initial scoping and
Solution Safety Plan has been developed, integrating the SAC (Safety Criteria) after the first
iteration. The AIM model was used at this stage for the identification of pre-existing hazards,
determination and validation of the SAC that will be integrated in the solution OSED,
Validation Plan and Report, all in the V1 maturity phase of the project.
2. The V2 maturity phase can be considered when the Functional Hazard Assessment done in
collaboration with Subject Matter Experts (pilots, ATCO or Engineers) is used to identify the
system generated hazards and to refine the Concept of Operations and reach a mature
design of the concept. A stage often characterized by many simulations, it is also the point
where Safety Objectives are to be proposed. Due to the lack of a Concept of Operations and
Use Cases, the analysis is set to stop before this stage.
3. Finally, the Preliminary System Safety Assessment and System Safety Assessment can be
done under the V3 maturity phase. At this point, the project would have shown how the
envisioned increase in Safety is obtained, practically, and by which means of hardware,
software or procedures this will be obtained.
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6 ATC SME Feedback on the Separation
Schemes

6.1 Feedback by ATCOs on the R-WAKE Concept
This section describes the feedback collected from four En-route ATCOs on two different elements of
the R-WAKE concept. The first element is the proposals of new specific Minimum Wake Separation
(MWS), to be combined with the Minimum Radar Separations (MRS). The second element refers to
the strategies that have been proposed in the project to increase capacity and flight efficiency of the
ATM system, whilst maintaining at least the same level of Safety. The four ATCOs involved in the
Focus Group are all working at Padova ACC, i.e. one of the four Area Control Centres of Italy, and
were all informed about the contents and objectives of the R-WAKE projects. Two of them also
participated actively in the 2nd Expert Panel organized in Rome on 9th of November 2017 and
contributed to the development of the SMUP (see Section 4.1.5). While the other two were involved
together with their colleagues in the review of the consolidated version of the SMUP which was
prepared by the R-WAKE team after the 2nd Expert Panel.
The feedback provided refers to the Evidence-based proposals for Separation schemes further
detailed in Deliverable 5.1 'Simulation Results Database', Chapter 4. The second part of this chapter
presents the comments and feedback of the participating SMEs with respect to the various strategies
that stem from the schemes mentioned above.

6.2 Feedback on R-Wake Separation Minima Scheme
The proposals of new Minimum Vertical Separation (MWS) were presented to the ACTOs in separate
blocks, following an initial overview presentation. The different blocks are:


MWS Lateral Separations



MWS Vertical Separations



MWS Longitudinal Separation (A)



MWS Longitudinal Separation (B)

The following subsections describe the feedback provided by the ATCOs on each block of
separations. Each subsection is introduced by an illustration of the slide that was used to present the
specific group of separation minima. To note that the Longitudinal Separations were divided in two
blocks (A and B) since they address separation minima for different types of geometries of the
encounter.
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It should be also highlighted that the proposed MWS are intended to be combined with Minimum
Radar Separation (MRS) smaller than the ones of nowadays standards for En-route, i.e. 3NM for the
Horizontal Separation and 500ft for the Vertical Separation. It is assumed that in each operational
situation, the most conservative one between the MRS and the MWS will need to be applied.

6.2.1 Feedback on MWS Lateral Separations

Figure 6-1 MWS Lateral Separations

Overall the ATCOs are not against the differentiation between a lateral separation and a longitudinal
separation, despite this would require them to change nowadays habit to work with only one
category of horizontal separation. Generally speaking all actions to be done on the horizontal plan
are more manageable for the ATCOs compared to analogous actions on the vertical plan. This can be
explained with the fact that the radar screen gives a two-dimensional representation of traffic,
bringing the controllers to always reason in terms of horizontal layers (or flat surfaces) on which they
can organize the flights they are controlling. Therefore, also the increasing complexity that might be
generated by the split of the horizontal separation in lateral and longitudinal separation is seen with
less concern compared to the proposals to increase the complexity
of traffic on the vertical plan.
On the other hand, the ATCOs expressed the need to have
confirmation that the lateral separation will be always applicable in
case of two a/c flying on parallel tracks, such as in a lateral offset. In
other words, they highlighted the importance to have a very clear
differentiation between the cases in which the lateral separation
can be applied and the cases in which it is necessary to apply also
the longitudinal one. If the 3NM are always applicable, without any
risk for the follower to enter into the vortex of the generator, the
application of the procedure will be quite straightforward. On the
other hand, if there are cases in which also the longitudinal
separation will need to be applied, the ATCOs might end up in a

65°

Figure 6-2 'Grey Area'
Separation
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situation of uncertainty when one aircraft flying in a given trajectory will be overcoming the aircraft
flying in the parallel trajectory separated of 3NM (see the example in figure). The example in figure
shows the potential ‘grey area’ (the triangular one) in which the ATCO passes from a situation in
which only the Lateral Separation can be applied, to a situation which also (or only) a Longitudinal
Separation (for example 7NM) will be needed.
On the other hand, the application of a longitudinal separation might become convenient if
supported by a tool showing clearly when it is possible to apply this separation or the lateral one. The
tool may highlight a bubble in which the flight should remain in order to maintain the lateral
separation in a parallel offset procedure. For example, the tool could work in a way to advise the
ATCO when the angle between the vector representing the lateral separation between the two
trajectories and the slant vector connecting the follower and the generator becomes lower than 65°.
Below such angle it may become mandatory to apply the longitudinal separation to prevent the
follower to enter into the trail of the generator.

6.2.2 Feedback on MWS Vertical Separations

Figure 6-3 MWS Vertical Separations

Applying these separations does not seem to be an issue if the a/c are considered two by two. Once
the improvement of navigation capabilities is achieved, they are perfectly manageable from an
ATCO’s point of view. Having a level every 500ft does not appear to be an issue (it would be
beneficial from a Capacity point of view). It is remarked that already today the phraseology considers
levels every 500ft when VFR traffic is managed. On the other hand, when one considers more a/c at
the same time, this mechanism is manageable only if the ATCO is allowed to apply always the same
separation –either 500ft, 1000ft or 1500ft – and not a different separation for each category of flight.
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As a matter of fact, such heterogeneity would be managed in two ways, both implying a considerable
increase in workload:
-

With radar vectoring instructions, on the horizontal plan;

-

With coordination exchanges between different sectors on the vertical plan.

It should be noted that the coordination among controllers of different sectors on the vertical plan
implies losing part of the independence among sectors. The independence among sectors on the
vertical plan is critical for managing the traffic in an efficient manner. As a consequence, if reduced, it
has negative impact on Capacity. This is particularly relevant in a centre like Padova ACC, in which
you can have up to 4 sectors opened on the vertical plan (with technical capabilities to arrive up to
6).
Operational Example 1: The analogy is very clear with the way nowadays non-RVSM flights are
controlled in a RVSM airspace. This happens (quite infrequently, i.e. less than 1% of the time) in
Padova ACC, with State flights operated with non-RVSM equipped a/c. Such flights need to be
separated 2000ft vertically and this is achieved via radar vectoring, i.e. by separating them from
other a/c also on the horizontal plan. This procedure is manageable only thanks to the fact that it
occurs quite rarely, but it does not appear manageable if applied on a systematic basis.
Operational Example 2: if an A380 and a Cessna Citation fly at the same level and the ATCO wants to
separate a third a/c from them, s/he will need to apply a separation of 1500ft from the first and a
separation of 500ft from the second. For example, if s/he wants the third aircraft to descend and
pass through their level, the flight crew of such flight will be asked to descend much earlier than in
today’s situation, in which the vertical separation is always 1000ft.
If the differentiation between 500ft, 1000ft and 1500ft is needed, from an operational point of view
it appears more sensible to maintain 1000ft as a reference value for the vertical separation, then to
increase up to 1500ft when you have to separate vertically a CAT RA aircraft and to use the
opportunity to decrease down to 500ft when you have to separate vertically a CAT RC.
Ideally there should be a tool advising or supporting you in the identification of those cases in which
it is possible to apply a separation of 500ft in order to improve the efficiency and have benefits on
the capacity in the medium-long term. On the other hand, a sort of safety net would be needed to
highlight those cases in which there is a need to separate an aircraft of 1500ft from an A380 or
another aircraft in CAT RA.
For what concerns the possibility to increase the safety ‘case by case’ by applying a 1500ft separation
(when needed) – or on the contrary to improve the capacity by instructing a 500ft separation when
applicable – one should also consider that for the flight crew of a single flight it may be convenient to
accept a proposal to (for example) descend of 500ft and then climb back at the previous flight level.
This option might be considered preferable if compared to a radar vectoring on the horizontal plan,
requiring the flight to considerably extend the duration of its flight and possibly cause a delay of
some minutes, as it is sometimes needed. Compared to nowadays changes of 1000ft, a 500ft altitude
change might be considered much more acceptable from the perspective of the flight crew.
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6.2.3 Feedback on MWS Longitudinal Separations (A)

Figure 6-4 MWS Longitudinal Separations (A)

The same considerations made for Lateral Separation (see 6.2.1) are valid here. All types of
separations on the horizontal plan are easier to apply compared to vertical separations. The ATCO is
used to work with a two-dimensional representation of traffic and to think of it in terms of horizontal
layers on which many radar vectoring instructions can be given. On the other hand, the importance
to have a very clear differentiation between the cases in which the lateral separation can be applied
and the cases in which it is necessary to apply also (or only) the longitudinal one has been highlighted
again.

6.2.4 Feedback on MWS Longitudinal Separations (B)

Figure 6-5 MWS Longitudinal Separations (B)
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In relation to this type of separations two main issues have been highlighted:


The first issue is the strong impact that the application of these separation would have on
the sector capacity, especially when the generator a/c will own to either the RA or the RB
category. As an example, in the case of the RA category, it was remarked that applying a
longitudinal separation of 17NM in a Padova ACC sector, might imply the need to allocate no
more than 5 a/c on the same level, considering that the average sector dimension is of
100NM (width) x 50NM (height). The ATCOs have acknowledged the fact that nowadays
separation may not be entirely safe from a wake separation point of view in the case of
generator a/c owing to the RA and RB categories. On the other, based on day-by-day
experience, they consider unlike that it will be possible to apply such a wide separation
scheme in all the cases in which either the generator is climbing/descending or the follower
is climbing/descending.



The second issue is the transition between the control of levelled flights to the control of
climbing and descending flights and vice-versa. From an operational point of view, the
proposed horizontal separations are much more manageable when the flights are levelled.
For examples a/c could flight in parallel off-set trajectories separated of 3NM or maintain
3/5/7 NM of longitudinal separation. But what happens with the flights that are still climbing
and need to reach that level? If In such circumstances, if it is necessary to apply longitudinal
separation such as 17 or 13NM, the reduction of capacity is too abrupt and might be difficult
to manage. In other words, the proposed separations seem to fit very well to static
configurations of a/c (e.g. levelled flights in trail or levelled flights in parallel tracks), but are
much more difficult to apply to evolving configurations (e.g. climbing flight that have to reach
a certain level).

6.3 Feedback on R-Wake Strategies to increase capacity and flight
efficiency
The collection of ATCO’s feedback on the proposed R-WAKE Strategies to improve Capacity and Flight
Efficiency has been described in five different subsections:


Strategy 1: Offset reduction in Parallel tracks (Section 6.3.1)



Strategy 2: Wind-dependent Lateral Separations (Section 6.3.2)



Strategy 3: Vertical separation reduction to increase vertical physical capacity and support to
advanced altitude rules (Section 6.2.3)



Strategy 4: Vertical Separation + Lateral offset in order to ‘compress traffic vertically’
(Section 6.2.4)



Strategy 5: Optimized use of flight levels according to aircraft category (Section 6.3)

Each subsection is introduced by an illustration of the slide that was used to present the specific
strategy.
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6.3.1 Strategy 1: Distance reduction in Parallel tracks

Figure 6-6 Distance reduction in parallel tracks

The ATCOs showed interest for the proposed approach, but highlighted the difficulties already
mentioned in section 6.2.4. In particular, if the improvement of P-RNAV capabilities in en-route are
achieved, they don’t see any particular issue with the increased utilization of today’s airways on the
horizontal plan (e.g. parallel tracks of a/c separated of 3NM). On the other hand, they do not see a
clear indication of how such configurations should be reached when aircraft are still climbing or
descending. The proposed separation schemes for the geometries including either a
climbing/descending generator or a climbing/descending follower do not seem to be fully compatible
with the geometries proposed for levelled aircraft flying in parallel trajectories.

6.3.2 Strategy 2: Wind-dependent Lateral Separations
This strategy has been strongly criticized by the ATCOs. According to them, even in the case that
ATCOs will be provided with a tool indicating the cross-wind component impacting on a given flight,
the variability of wind conditions is too wide and too quick for considering it when organizing the
traffic. In other word, a strategy for separating a certain number of a/c which is based on
consideration of the wind in a given moment may become outdated too quickly and may require
excessive workload to apply the necessary adjustments. Therefore, the ATCOs are convinced that
defining separation minima based on a consideration of wind conditions is too challenging and may
not be a fruitful strategy.
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Figure 6-7 Wind-dependent lateral Separations

6.3.3 Strategy 3: Vertical separation reduction to increase vertical physical
capacity and support to advanced altitude rules

Figure 6-8 Vertical Separation reduction strategy
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As highlighted in 6.2.2, the idea of doubling the number of levels is not seen as an issue from an
operational point of view and certainly not from the point of view of the phraseology, provided that
the improvement of P-RNAV capabilities in en-route is ensured. The application of the semi-circular
rule appears feasible (although there was no in-depth analysis of this concepts in all its details and
implications). On the other hand, it is highlighted that the new potential rules concerning the flight
levels should be consistent with the rules relating the applicable separation minima. For example, it
would be quite problematic to have one FL every 500ft of altitude and then being obliged to apply
three different vertical separation minima, including separation minima greater than the spacing
between two levels (e.g. 500ft, 1000ft and 2000ft). As mentioned before, the amount of tactical
vectoring instructions required to compensate for the difference between different separations
being applied on the vertical plan is likely to strongly increase the workload of the ATCO. In addition,
the introduction of separation minima exceeding the standard altitude spacing between one level
and the other is likely to reduce the independence between one sector and the other on the vertical
plan, i.e. it is likely to oblige ATCOs controlling flights at the boundary between one sector and the
other to coordinate more frequently, therefore reducing the efficiency (and overall the capacity) of
the ATM system.

6.3.4 Strategy 4: Vertical Separation + Lateral offset in order to ‘compress
traffic vertically’

Figure 6-9 Vertical Separation and Lateral Distance for vertical traffic compression

The ATCOs have acknowledged the fact that the idea of the subliminal offset is still under
development and that the associated on-board system has not been specified yet. However, they see
it as a potential improvement with respect to today’s situation in which there is no specific
prescription for the ATCO to instruct pilots on how to prevent a wake encounter in en-route. The
52
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provision of information to pilots of a follower aircraft regarding the potential risk of an encounter is
currently only a good practice, not defined by any clear rule. In today’s operations, ATCOs are used to
agree on a certain amount of later offset that the flight crew of a follower a/c may request after
being informed by the ATCO.

6.3.5 Strategy 5: Optimized use of flight levels according to aircraft category
Due to limited time availability and to the complexity of the overall proposal, the envisaged strategy
for an optimized use of flight levels was not analyzed in depth. However, it was presented to the
ATCOs the idea of allocating higher FLs to lighter a/c and lower FLs to heavier a/c in order increase
sector capacity, while minimizing the risk of wake-encounters. The ACTOs criticized this idea from the
point of view of its operational applicability for at least two reasons:


Lighter a/c are more likely to be used for short-medium haul flights with a smaller number of
passengers, while heavier a/c are more likely to be used for medium-long haul flights.
Therefore, with the proposed FL occupation criteria, lighter a/c will have to pass several FL
levels to both climb and then descend in a relatively limited time frame, thus increasing the
complexity of traffic and the workload needed to keep it properly separated.



Flying at higher levels is known to remarkably reduce fuel consumption and this effect is of
course stronger for heavier a/c that by definition require more trust – and therefore more
fuel – in order to fly. Therefore, the negative effect of the proposal on fuel efficiency (not to
consider the negative impact on environmental sustainability) is likely to make the
acceptability of it very low for all the airlines using heavier a/c, in medium-long haul flights. A
extreme example is the one of very heavy a/c (for example A380s) flying on trans-oceanic
routes that – if obliged to fly at lower FLs – will not be able to actually complete their routes
due to excessive fuel consumption.
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7 Conclusion

Edition 2 of Deliverable 5.2 'Safety and Robustness Analysis' covers:
-

Preliminary identification of hazards

-

Identification of operational and technological assumptions

-

Development of the Wake En-route AIM (WE-ENR)

-

Impact on the newly developed En-route wake (WE-ENR) AIM structure

-

Development of preliminary Safety Criteria

-

Refinement of the Severity Matrix with Upset parameters during Expert Panel 2

-

Interviews with ATCOs to collect feedback on the Use Cases and refine the operational
concept presented in D5.1 'Simulation Results Database'

-

Second iteration of Review of Accident Incident Model with EUROCONTROL Safety Experts

-

Integration of various simulation results in the WE- ENR AIM and the Safety Analysis

The most significant achievements of the second edition of this deliverable consist in successfully
mapping the output of the Expert Panel to the refined AIM, including both Operational Experts'
opinions. This allowed to capture the different perspectives in the assessment and to accurately map
the failures and base events, generating a consistent architecture that paves the way for a
quantitative study that will be integrated in the AIM.
Another key point is the output of the Focus group and the analysis of the various impacts that the
proposed schemes have on ATCOs. One such example is the heterogeneity of the applicable vertical
separation that is expected to considerably increase ATX workload, with a negative effect on
efficiency and capacity. In addition, the introduction of separation minima exceeding the standard
altitude spacing between one level and the other is likely to reduce the independence between one
sector and the other on the vertical plan, i.e. it is likely to oblige ATCOs controlling flights at the
boundary between one sector and the other to coordinate more frequently, therefore reducing the
efficiency (and overall the capacity) of the ATM system.
All these elements are to be further analysed in deliverable D5.3 'Results Assessment' for a maturity
analysis and a final conclusion on the R-WAKE project.
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Appendix A AIM Models

This Appendix details the existing Accident Incident Models that were analysed in order to create the
Wake – ENR model, one of the outcomes of the R-WAKE project. The WE - ENR model captures the
main dependencies between the services provided, their performance variability and outcomes,
taken as they occur in the current ATM system. The quantitative part (frequency, probability) of the
precursors, base events and barrier failures is not relevant for this first, initial version of the model as
the main goal was to identify the parts of the model that are influenced by the change proposed by
R-WAKE.
More about the resulting AIM model can be read in Section 3.2

A.1 WE-ENR Model
The WE – ENR Model has two main functions: first, it draws a picture capturing the current
operations from a Wake Encounter perspective. Second, it identifies the potential impact the
potential new wake separation minima could have.
Annexed file name:
RWAKE-WP5-DEL_D5.2_A.1_AIM - WE-ENR-v2.0_Jan2018.pdf

WE - ENR v2.0 Jan
2018 AIM Model FULL.pdf

A.2 Wake FAP Model
The WAKE Final Approach Model is one of the three models used as a basis for the development of
the WE- ENR Model. It presents the precursors and incidents from a wake perspective on the final
approach.
Annexed file name:
RWAKE-WP5-DEL_D5.2_A.2_AIM - WE-FAP-v2.0_Sep2017

WE FAP_AIM2017_Sept-17.pdf
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A.3 MAC-ER Model
The Mid-Air Collision Model is a comprehensive model, encompassing the majority of accidents and
incidents, as well as barrier failures and base events. The model and its logic were used as a
reference when building the En-route wake model.
Annexed file name:
RWAKE-WP5-DEL_D5.2_A.3_AIM - MAC-ENR-v1.0A_Sep2017

MAC ENR_AIM2017_Sept-17.pdf

A.4 Wake induced risk AIM (draft 2012)
This model serves as a blueprint and general reference for the Wake – ENR Model. It contains
information related to both approach and En-route phase. It connects with several other models and
highlights the interdependencies among models.
Annexed file name:
RWAKE-WP5-DEL_D5.2_A.4_AIM - WAKE-induced risk AIM v0.2
draft_2June2012.pdf
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Appendix B Scheme of Severity Levels
adapted from FAA

This Annex contains the initially adapted FAA Severity Matrix used during the first Expert Panel for
the baseline SMUP, followed by the integration of the ATC point of view in the current edition.

Perception of event

FLIGHT CREW

B.1 FAA Severity Matrix (Barnes,2012)
NO SAFETY
EFFECT

MINOR
(Light)

MAJOR
(moderate)

HAZARDOUS
(severe)

CATASTROPHIC
(extreme)

Distinguished
from
background
turbulence
only through
association
with
conditions
likely
to
produce WVE.

Perceivable as a
WVE,
though
does
not
approach normal
roll, pitch and/or
yaw
limits.
Aircraft control is
never in doubt.
Flight crew do
not feel a need
to
make
an
announcement
to passengers.

Aircraft
movements
clearly identify
event as WVE.
May approach or
slightly exceed
normal roll, pitch
and/or
yaw
limits.
Aircraft
control is not
lost, but may be
in doubt before
control
inputs
are
applied.
Flight crew may
or may not feel
an
announcement
to passengers is
in order.

Aircraft
movements may
be abrupt or
extreme, but are
recognizable as a
result of WVE.
Aircraft motions
will
exceed,
perhaps
significantly,
normal roll, pitch
and yaw limits.
Aircraft control
will be lost for
the duration of
WVE, exceeding
full
control
authority;
though will be
regained
after
exiting the WV.
Flight crew will
be concerned for
the safety of all
on board.

Aircraft movements
are violent and
disorienting. Crew
may
attribute
motions to control
surface
detachment. Pitch,
roll and yaw limits
will
likely
be
exceeded, as well
as, potentially g
limits.
Aircraft
control will be lost,
normal flight will be
impossible
even
after WVE has
concluded. Great
skill
will
be
required
to
continue flight of
any nature.
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MINOR
(Light)

MAJOR
(moderate)

HAZARDOUS
(severe)

CATASTROPHIC
(extreme)

None

Effective
response to all
pilot/autopilot
control
inputs.
Inputs
immediately
restore desired
flight path.

Effective
response to all
pilot/autopilot
control
inputs,
though
full
control authority
may
be
necessary. Inputs
do
not
immediately
restore desired
flight path, but
do
arrest
excursions and
quickly restores
desired
flight
path.

Full
control
authority inputs
will not counter
roll, pitch and
yaw
motion
while the aircraft
is within the WV.
Effective control
authority
is
regained
after
exiting WV.

Full
control
authority has no
effect on aircraft
motions. Abnormal
control input may
be required in
order to continue
flight following the
WVE.

None

Momentarily
causes
slight
changes
in
aircraft attitude.
These changes
result in minimal
departure from
original
flight
vector.

Changes
in
aircraft attitude
and/or altitude
occur
which
result in aircraft
deviating
substantially
from
original
flight vector.

Significant
changes
in
aircraft attitude
and/or altitude
occur
which
result in aircraft
momentarily
departing from
controlled flight.
Aircraft
movements may
be abrupt or
extreme.
Controlled flight
may be regained
after exiting the
WVE.

Extreme changes in
aircraft
attitude
and flight path
occur which result
in aircraft departing
controlled
flight,
potentially into a
flight regime from
which
control
cannot be regained.

None

None

Structural
damages as a
direct result of
the WVE are
unlikely.

Structural
damage of a
non-critical
nature as a direct
result of the
WVE is possible.

Structural failures
occur.
Complete
destruction is likely.
Significant
components may
detach from the
aircraft.

Flight path disruption
Structural failure

AIRCRAFT

Control input required

NO SAFETY
EFFECT
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NO SAFETY
EFFECT

MINOR
(Light)

MAJOR
(moderate)

HAZARDOUS
(severe)

CATASTROPHIC
(extreme)

Unable
to
distinguish
from
background
turbulence.
Food service
may
be
conducted
and little or
no difficulty is
encountered
in walking.

Passengers may
notice, but would
be unable to
distinguish from
benign
turbulence
or
windshear. Cabin
attendants would
note occurrence
but not feel
obligated
to
comment
to
flight crew or
make
an
announcement
to
passengers.
Food service may
be
conducted
and little or no
difficulty
is
encountered in
walking.

Passengers
perceive clearly
unplanned
aircraft motions.
Cabin attendants
anticipate
passenger
anxiety, dislodges
articles
and
possible minor
injuries resulting
from loose article
impact.
Cabin
attendants feel
compelled
to
make
an
announcement
to
passengers.
Food service is
disrupted
and
walking
is
difficult.

Passengers
perceive abrupt
and
extreme
aircraft motions
and
display
anxiety.
Cabin
attendants
express anxiety
and anticipated
dislodged articles
and
possible
minor injuries to
those
seated,
possible major
injuries
from
those not seated.
Food service and
walking
are
impossible.
Unsecure items
become
potential sources
of
injuries.
Secured objects
may
become
liberated from
restraints.

Passengers
and
cabin
attendants
are concerned with
the potential for a
crash. Unsecured
items
become
potential sources of
injuries.
Secured
objects and aircraft
components may
become liberated
from restraints.

None

None

Injuries as a
result
of
impacting walls,
overhead
bins
and seats may
occur to persons
who are not
seated, or as a
result of loose
article impact.

Major
injuries
are
expected,
both as direct
result of aircraft
motions to all
unseated, as well
as
to
all
occupants as a
result of loose
object
impact.
Life threatening
injuries
are
possible.

Injuries as a result
of impacting walls,
seats
and
the
aircraft ceiling, as
well as aircraft
components
are
probable for those
all. Fatalities are
likely.
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NO SAFETY
EFFECT

MINOR
(Light)

MAJOR
(moderate)

HAZARDOUS
(severe)

CATASTROPHIC
(extreme)

The
ATCO
cannot detect
any deviation
caused by the
wake
encounter on
radar screen.

The
altitude
change remains
within tolerance
limits (<200ft in
RVSM or <300 ft
in
non-RVSM
airspace) but is
noticed by the
ATCO.

The
altitude
change causes a
Level
bust
requiring a report
to be issued. It
has the potential
to provoke a
separation
minima
infringement,
although
not
exceeding 500 ft
(half of normal
separation
minima).
It
causes a situation
of stress, but the
ATCO can still use
500ft
in
contingency
(Radar
failure,
Weather
limitations, etc.).

The
altitude
change causes a
Level Bust that
can lead to a
Separation
Minima
Infringement of
more than 500 Ft
and
to
an
Airprox.

The altitude change
causes a Level Bust
that can lead to a
Separation Minima
Infringement
of
more than 1000ft
and to an NMAC.

No
risk
collision.

of

Table 8-1 Adapted and Integrated FAA Severity Matrix (Barnes,2012)
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one flight level is
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and the recovery
manoeuvre
(if
successful)
Increases the risk of
collision with other
aircraft.
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Appendix C Design of Experiments

This Annex details the process by which the 12 Operational Scenarios were selected, as mentioned in
Section por encima de4.1.2.1. The intermediate stage, in which 36 scenarios were identified: 12 for
each operational condition of the follower (Level, climbing or descending). The final stage (Option C)
consists in reducing the 36 previously identified scenarios to 12 which were then presented to the
Operational Experts.

B. Clustering per operational condition (36 scenarios)
This method applies the same methodology explained previously, but separating in different
operation conditions of the follower. It means that the clustering will be applied 3 times:
1. Clustering for levelled follower
2. Clustering for climbing follower
3. Clustering for descending follower
This was considered useful in order to give a bit more context to the assessment and to increase the
accuracy of the assessment, as the phase of flight influences the evolution of the event. Figure 8-1 and
Figure 8-2 depict the clusters and the centroids in this case.
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Clustering for level follower

Figure 8-1 Level flight scenarios grouped by similar upsets

Figure 8-2 Level flight scenarios centroids
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Clustering for climbing follower

Figure 8-3 Climbing flights scenarios grouped by similar upsets

Figure 8-4 Climbing scenarios centroids
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Clustering for descending follower

Figure 8-5 Descending flights scenarios grouped by similar upsets

Figure 8-6 Descending flight scenarios centroids
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C. Differentiating operational condition (4 clusters)
Having 36 scenarios to assess during the EP2 was deemed unfeasible, hence a further refinement
was needed. Each operational condition was divided in 4 clusters based on upset parameters. This
new approach generated scenarios that were close to the limits of the initial SMUP, generating
relevant discussions and contributing to the improvement of the matrix.

Clustering for level follower

Figure 8-7 Level scenarios grouped by similar upsets

Figure 8-8 Level scenarios centroids
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Clustering for climbing follower

Figure 8-9 Climbing flight scenarios grouped by similar upsets

Figure 8-10 Climbing flight scenarios centroids
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Clustering for descending follower

Figure 8-11 Descending flight scenarios grouped by similar upsets

Figure 8-12 Descending flight scenarios centroids
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Appendix D Consent Form

R-WAKE PROJECT
EXPERT PANEL WORKSHOP #2 ON EN-ROUTE WAKE ENCOUNTER RISKS AND SAFETY ANALYSIS

Information Sheet and Information Consent Form

You are kindly asked to consent to take part in the EXTERNAL EXPERT PANEL WORKSHOP #2 ON ENROUTE WAKE ENCOUNTER RISKS AND SAFETY ANALYSIS of the R-WAKE project

Procedure description
The workshop will last 1 day in total.
The exercise will include:
-

Presentations
Use of questionnaires
Focus groups and debriefings

INTRODUCTION
The R-WAKE project (http://www.rwake-sesar2020.eu/) framed within the SESAR 2020 Exploratory
Research work-programme topic of Separation Management and Separation Standards (ER-07-2015),
within the area of Advanced Air Traffic Services (ATS), addresses the investigation of the risks and
hazards of potential wake vortex encounters (WVE) in the En-route airspace, in current and
futuristic ATM operational scenarios, in order to propose potential enhancements to the Separation
Management and Separation Standards in Europe. The project is focused primarily in the analysis of
the ATM Safety aspect of the given hazard, but also in the potential improvements in other areas like
ATM Efficiency and Capacity.
PURPOSE OF THE ACTIVITY
The proposed workshop is planned with the purpose of presenting refined results of scenarios
simulation of En-route wake encounters, and on this basis, discussing the risks and safety issues
involved. The main expected outcome of the workshop will be a refined and matured encounter risk
assessment baseline, assessing the aerodynamic effects of the turbulence on aircraft, flight crew,
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ATCO ,passengers and the severity and tolerability of those effects.
WHAT WILL BE REQUIRED TO THE PARTICIPANTS
The participants will be asked to provide their input regarding severity assessment of the scenarios
which will be presented during the workshop. The information will be collected through discussions
and dedicated questionnaires custom designed for the sole purpose of the workshop.
Some pictures can be taken during the workshop, which might be published in the R-WAKE website
for activity dissemination purpose.
BENEFITS TO TAKING PART IN THE WORKSHOP
The participation to this workshop will allow you to discuss about En-route wake vortex encounter
risks with other subject experts, and to know in detail the research activities being performed in the
R-WAKE project.
CONFIDENTIALITY
All data collected during the workshop using surveys will be technical data (opinions), and will not
include personal data unless provided in a voluntary basis.
Personal data of bank account can be collected for the only purpose of reimbursing travel expenses.
All personal data collected in the R-WAKE project will be treated subjected to:


The Protection of Personal Data Spanish law, given by the Spanish Royal Decree 1720/2007
of 21 December, and the Organic Law 15/1999, of 13 December,
 The Italian Personal Data Protection Code, given by the Legislative Decree 127/2001.
Personal data will be accessible only to UPC, as the project Research lead and project Data
Controller, to DBLU as workshop organisation partner, and GTD as Project Coordinator (‘Data
Processors’).
The personal data collected will be processed and stored in the RECERCA data protection file owned
and controlled by the UPC to carry out a proper management of administrative tasks, organization of
the workshop and dissemination activities.
HTTP://APD.CAT/CA/REGISTRE_FITXA_PUBLIC.PHP?ID_NOTIFICACIO=52045
All personal data collected will be stored until the end of the administrative and legal life of the RWAKE project.
SHARING THE RESULTS
The conclusion from the workshop will be included in project deliverables to be submitted to SESAR.
In addition, research results will be published in journal articles, conference presentations and via
any other mode of scientific exchange and dissemination that will be seen as appropriate by the
researchers, while protecting the participants’ anonymity.

HOW TO WITHDRAW FROM THE ACTIVITY
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You may exercise the right to access, rectify, cancel or object to the personal details collected and
stored by the UPC by writing to
Dr. Xavier Prats, to the email: xavier.prats@upc.edu, who acts as the Data Protection Officer.
Furthermore, the participants are free to choose not to participate, or to withdraw from the
workshop at any moment without any consequence.

CONTACTS FOR QUESTIONS
For more information you can contact


Javier Busto (R-WAKE project coordinator, javier.busto@gtd.eu),



Xavier Prats (R-WAKE Research Coordinator and Project Data Protection Officer,
xavier.prats@upc.edu)



Luca Save (R-WAKE Safety Analysis coordinator, and Workshop organization focal
point, luca.save@dblue.it)

CONSENT OF SUBJECT
Having read, understood and accepted all of the above,


I agree to participate to R-WAKE workshop;



I agree to some pictures being photographed during the workshop, which might be
published on the R-WAKE website for activity dissemination purpose



I agree to the workshop discussions being audio taped



I agree that my words may be quoted in reports, publications, web pages, and other
research outcomes in anonymous or pseudonymous form only (no name or other
personal identifiable data will be mentioned).

Place ___________________________________ Date: _______/________/_________

Signature of the Participant: _______________________________________
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Appendix E Severity Assessment Forms

Below, an example of Severity Assessment Form used during the first of three interactive sessions in
which the Operational Experts were assessing the severity of a total of 12 encounter scenarios.

SEVERITY ASSESSMENT FORM / SESSION 1
Expert Name: _____________________________________________________________

SCENARIO 1 (Ref. xxxxx )

Maximum height loss(ft):
Maximum bank angle(deg):
Maximum vertical speed(ft/min):
Maximum airspeed change(kts):
Maximum lateral deviation(nm):

No Safety Effect

Minor

4

Major

Hazardous

Catastrophic
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Please annotate below your motivation for the assigned severity

Please indicate below which upset parameter or operational factor (if any) you consider more relevant in
determining the assigned severity
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Appendix F Informed Consent ATC Focus
Group Template

R-WAKE PROJECT
FOCUS GROUP TO COLLECT FEEDBACK ON R-WAKE SEPARATION STANDARD PROPOSALS

Information Sheet and Information Consent Form

You are kindly asked to consent to take part in the FOCUS GROUP TO COLLECT FEEDBACK ON RWAKE SEPARATION STANDARD PROPOSALS of the R-WAKE project

Procedure description
The workshop will last 1 day in total.
The exercise will include:
-

Presentations
Focus groups and debriefings

INTRODUCTION
The R-WAKE project (http://www.rwake-sesar2020.eu/) framed within the SESAR 2020 Exploratory
Research work-programme topic of Separation Management and Separation Standards (ER-07-2015),
within the area of Advanced Air Traffic Services (ATS), addresses the investigation of the risks and
hazards of potential wake vortex encounters (WVE) in the en-route airspace, in current and
futuristic ATM operational scenarios, in order to propose potential enhancements to the Separation
Management and Separation Standards in Europe. The project is focused primarily in the analysis of
the ATM Safety aspect of the given hazard, but also in the potential improvements in other areas like
ATM Efficiency and Capacity.
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PURPOSE OF THE ACTIVITY
The proposed focus group is planned with the purpose of collecting feedback on the new Separation
Standards and on the Strategies to enhance Capacity and Efficiency proposed by the R-WAKE project.
On this basis, the focus group will also discuss the risks and safety issues involved.

CONFIDENTIALITY
All data collected during the focus group will be technical data (opinions), and will not include
personal data unless provided in a voluntary basis.
All personal data collected in the R-WAKE project will be treated subjected to:


The Protection of Personal Data Spanish law, given by the Spanish Royal Decree 1720/2007
of 21 December, and the Organic Law 15/1999, of 13 December,
 The Italian Personal Data Protection Code, given by the Legislative Decree 127/2001.
Personal data will be accessible only to UPC, as the project Research lead and project Data
Controller, to DBLU as workshop organisation partner, and GTD as Project Coordinator (‘Data
Processors’).
The personal data collected will be processed and stored in the RECERCA data protection file owned
and controlled by the UPC to carry out a proper management of administrative tasks, organization of
the workshop and dissemination activities.
HTTP://APD.CAT/CA/REGISTRE_FITXA_PUBLIC.PHP?ID_NOTIFICACIO=52045
All personal data collected will be stored until the end of the administrative and legal life of the RWAKE project.
SHARING THE RESULTS
The conclusion from the focus group will be included in project deliverables to be submitted to
SESAR. In addition, research results will be published in journal articles, conference presentations
and via any other mode of scientific exchange and dissemination that will be seen as appropriate by
the researchers, while protecting the participants’ anonymity.

HOW TO WITHDRAW FROM THE ACTIVITY
You may exercise the right to access, rectify, cancel or object to the personal details collected and
stored by the UPC by writing to
Dr. Xavier Prats, to the email: xavier.prats@upc.edu, who acts as the Data Protection Officer.
Furthermore, the participants are free to choose not to participate, or to withdraw from the
workshop at any moment without any consequence.
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CONTACTS FOR QUESTIONS
For more information you can contact


Javier Busto (R-WAKE project coordinator, javier.busto@gtd.eu)



Xavier Prats (R-WAKE Research Coordinator and Project Data Protection Officer,
xavier.prats@upc.edu)



Luca Save (R-WAKE Safety Analysis coordinator, and Focus Group organization focal
point, luca.save@dblue.it)

CONSENT OF SUBJECT
Having read, understood and accepted all of the above,


I agree to participate to R-WAKE Focus Group;



I agree to some pictures being photographed during the workshop, which might be
published on the R-WAKE website for activity dissemination purpose



I agree that my words may be quoted in reports, publications, web pages, and other
research outcomes in anonymous or pseudonymous form only (no name or other
personal identifiable data will be mentioned).

Place ___________________________________ Date: _______/________/_________

Signature of the Participant: _______________________________________
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R-WAKE Consortium Partners
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