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Executive summary
This document contains final S1V3 list of Safety and Performance requirements (SPR) of SESAR
P06.08.04 “Coupled AMAN/DMAN”, within the scope of OFA04.01.01 Integrated AMAN and DMAN. It
addresses SPR requirements that apply to the operational concept elements of P06.08.04.D17 S1V3
Final OSED, edition 00.01.00 [9].
The following operational improvement steps (as described in DS13) are addressed in this SPR:
Solution #53 ‘Pre-Departure Sequencing supported by Route Planning’
TS-0202 - Pre-Departure Sequencing supported by Route Planning
Pre-Departure management has the objective of delivering an optimal traffic flow to the
runway. Accurate taxi time forecasts provided by route planning are taken into account for
TSAT-Calculation before off-block. Pre-Departure sequence (TSAT sequence) is set up by
Tower Clearance Delivery Controllers who will follow TSAT-window when issuing startup
approval.
Solution #54 ‘Flow based Integration of Arrival and Departure Management’
TS-0308 - Flow based Integration of Arrival and Departure Management
Integrated Arrival and Departure management aims at increasing throughput and
predictability at an airport by improved co-ordination between En-Route/Approach and Tower
controllers. Arrival and Departure flows to the same runway (or for dependent runways) are
integrated by setting up fixed arrival-departure pattern for defined periods. The successive
pattern might be chosen by the operators or provided by an optimization algorithm
considering arrival and departure demand. Departure flow to the runway is managed by predeparture sequencing (integrating route planning) while arrival flow to the runway is managed
by arrival metering.
From the safety perspective, the safety assessment intends to analyse two scenarios:
Success: Referred to the pre-existing hazards which by definition exist in the operational
environment before any form of de-confliction has taken place.
Failure: Referred to failure of the change introduced and not with what the change is required
to do in the first place. Therefore this phase includes the conditions under which the system
has to operate in degraded mode
The main results derived from that assessment are:
•

Safety objectives to maximise the safety benefit from the introduction of the concept and to
mitigate the operational effects of system-generated hazards.

•

Safety requirements to meet the above defined safety objectives. They could be seen as risk
mitigation means required to reduce the risk (s) to a tolerable level.

From a performance perspective, the OPA aims at defining the performance requirements associated
to the Coupled AMAN/DMAN. To achieve these objectives, Key Performance Areas (KPAs) and
related Key Performance Indicators (KPIs) expected to be impacted by the Coupled AMAN/DMAN
have been considered as a starting point. At this stage, the main KPAs identified are capacity,
efficiency, predictability, environmental sustainability and cost effectiveness. The concept is not
expected to deliver safety benefits however, no safety detriment is anticipated ((expert judgement).
The Performance Indicators evaluated in this SPR S01V3 according to the Validation reports
available:
P06.08.04.D09 Validation Basic DMAN/A-SMGCS Report v00.01.00 [10],
P06.08.04.D11 S01V2 Validation Report Basic AMAN/DMAN v00.01.00 [11],
P06.08.04.D12 S1V3 AMAN/DMAN/A-SMGCS Validation Report V2 00.01.01 [12],
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P06.08.04-D16 EXE-06.08.04-VP-453 [13].
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1 Introduction
1.1 Purpose of the document
This Safety and Performance Requirements (SPR) document provides P06.08.04 Step 1 Final Safety
and Performance requirements for Services related to the operational processes detailed in the
P06.08.04.D17 S1V3 Final OSED, edition 00.01.00 [9].

1.2 Scope
This SPR document contributes to the Operational Focus Area OFA04.01.01 "Integrated
AMAN/DMAN" as part of the Operational Sub Package "SPC04.01 Traffic Synchronisation" of the
Operational Package "PAC04 End to End Traffic Synchronisation”, and to SESAR solution #15:
“Integrated and throughput-optimised sequence of arrivals and departures”.
This document supports the operational services and concept elements identified in the
P06.08.04.D17 S1V3 Final OSED, edition 00.01.00 [9], being its objective to ensure and demonstrate
that the implemented systems can meet the relevant safety and performance requirements for the
services described in the OSED.
To this aim the document updates the initial analysis of the KPAs impacted by the Coupled
AMAN/DMAN and the specific KPIs involved for each KPA made in SPR S01V2 according to the
results obtained in EXE-06.08.04-VP-453 [13].
This document covers a Success Case Analysis and a Failure Case Analysis for Coupled AMAN and
DMAN.
Success Approach: Referred to the pre-existing hazards which by definition exist in the
operational environment before any form of de-confliction has taken place and which the
concept is expected to mitigate
Failure Case: Referred to risks introduced by the change. Therefore this phase includes the
abnormal operating conditions under which the system has to operate in degraded mode
The main results derived from that assessment are:
•

Safety objectives to maximise the safety benefit from the introduction of the concept and to
mitigate the operational effects of system-generated hazards.

•

Safety requirements to meet the above defined safety objectives. They could be seen as risk
mitigation means required to reduce the risk (s) to a tolerable level.

With the distance based coupled AMAN/DMAN the operational procedures for controllers do not
change compared to current operations with un-coupled AMAN & DMAN systems (as described in the
OSED). What changes is just the underlying planning algorithm of AMAN and DMAN. Therefore only
the same hazards as in current operations can occur. These hazards are already safety assessed for
the existing systems.

The following assumption has to be considered for the SPR:
HMI Design is covered at very high level in the OSED as various specific local implementations
already exist for an AMAN and a DMAN that are uncoupled. The HMI for a coupled AMAN/DMAN
therefore will most probably also be locally different. Therefore the safety objectives and requirements
are at very high level in this document.
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This document does not cover:
•

Time-Based Spacing
TBS is covered by Project P06.08.01 (Flexible and Dynamic Use of Wake Vortex
Separations) and is not addressed in this SPR.

•

An analysis of the baseline scenario (Uncoupled AMAN and DMAN)
The safety objectives and safety requirements that apply for a basic AMAN that is not coupled
to DMAN still apply for the coupled AMAN/DMAN. This is addressed in the assumption made
in chapter 2.6. The baseline systems of AMAN and DMAN (not coupled with each other) are
in operations today and have undergone safety assessments.
This explains why there are not so many safety objectives and requirements for the coupled
AMAN/DMAN.

•

A-CDM
A-CDM is also a baseline for the coupled AMAN/DMAN and is not addressed in the SPR
(except for referencing to TOBT as input to DMAN)

It also needs to be highlighted that the Safety Target for coupled AMAN/DMAN is zero, i.e. the
coupled AMAN/DMAN is not expected to increase safety (compare 6.2 VALS [14]). The concept is not
expected to deliver safety benefits however, no safety detriment is anticipated (expert judgement).

The comments provided from EASA on a previous version (D14) were considered.
The hierarchy of the main operational deliverables within SESAR and their relation with the SPR is
presented in Figure 1 below.

Figure 1: SPR document with regards to other SESAR deliverables
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In the Figure 1, the Steps are driven by the OI Steps addressed by the project in the B.01 Integrated
Roadmap [19].

1.3 Intended readership
Following projects could be interested in this Final SPR document:
•

Primary projects P06.07.02 (A-SMGCS Routing and planning) and P06.07.03 (A-SMGCS
Guidance) as a full integration between departure management and Routing and Planning
service is expected to optimize the departing traffic flow;

•

P12.04.04 (Integration of Departure Management and Surface Management), as the safety
and performance requirements related to the integration between departure and surface
management have to be considered for future prototypes development;

•

P10.9.1 (Integration of Queue Management) and P10.09.02 Multiple airport arrival/departure
management to provide the reference set of Coupled AMAN/DMAN safety and performance
requirements describing a basis for further operational improvements;

•

P16.06.01 Safety support and coordination function in order to ensure that the safety aspects
and analysis within this SPR are coherent across SESAR programme.

•

P06.09.02 Advanced integrated CWP (A-CWP) to ensure HMI requirements coherence

•

P06.02 for consolidation,

•

WPB, transverse and federating projects for architecture and performance modelling;

•

And, more generally, the SESAR JU community.

1.4 Structure of the document
The structure of this SPR is as follows:
Chapter 1 (the present section) provides general information about the document.
Chapter 2 provides a summary of the operational concept and services described within the
P06.08.04.D17 S1V3 Final OSED, edition 00.01.00 [9].
Chapter 3 is dedicated to the collection of the safety and performance requirements coming
from both safety and performance assessment
Chapter 4 lists the applicable and reference documents
Appendix A describes the whole safety and performance assessment performed to derive
the related requirements.

1.5 Background
This SPR is the Final SPR developed for the P06.08.04 Step 1. It uses as the main input the
P06.08.04 D17 Final OSED [9], refined with the results obtained in EXE-06.08.04-VP-453 [13].
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2 Summary of Operational Concept (from OSED)
2.1 Description of the Concept Element
The operational concept developed in the P06.08.04.D17 S1V3 Final OSED, edition 00.01.00 [9]
describes the coupling between AMAN and DMAN envisaged for Step 1, which is based in a
master/slave configuration where AMAN acts as master and DMAN as slave.
In this configuration, the AMAN calculates an arrival sequence (understood as a list of TLDTs)
coordinated with the DMAN, that calculates a departure and a pre-departure sequence (understood
as a list of TTOTs and TSATs, respectively). This coordination between them is based on an
integrated arrival/departure sequence which is based on a fixed pattern and on Arrival Free Intervals
(AFIs) which are input by Airport Tower Supervisor or by ACC/Approach Supervisor depending on
local procedures.
Additionally, Step1 concept also sets the baseline for an additional optional support tool, in which the
AMAN, taking into account the departure and the arrival demand, proposes to the Air Traffic
Controllers an arrival and departure pattern sequence that optimize certain selected KPIs (such as
minimum delay or maximal schedule adherence) using Arrival Free Intervals (AFIs) as input by the
Airport Tower Supervisor or by ACC/Approach Supervisor depending on local procedures.
These AFIs would afterwards be filled by the DMAN to set the KPI-optimized Departure Sequence.
This system would assist the operational controllers towards a more objective assessment of the
situation in advance and would improve its management. This additional support tool, however, has
not been validated so far and therefore its associated requirements are set as <In Progress>.
The establishment of an integrated arrival/departure sequence is directly linked to the optimization of
the departure sequence and hence in turn to the optimization of the pre-departure (i.e. from the stand)
sequence. For that reason, this SPR addresses also the integration between departure and surface
management. However, for Step 1 that integration is limited just to a more accurate taxi-out time
provided by Routing and Planning service. This is an improvement respect to the current situation
where DMAN, operating in a standalone solution, takes as input static taxi-out time.
More into detail, this project address two Step 1 Operational Improvements:
•

TS-0202: Pre-Departure Sequencing supported by Route Planning

•

TS-0308: Flow based Integration of Arrival and Departure Management

2.2 Description of Operational Services
The operational processes addressed by P06.08.04 are the Turn-Round and the Surface-Out
processes.
The operational services linked to the Turn-Round and Surface-Out processes in the scope of the
project are triggered after the TOBT has been issued as input by the A-CDM. The services as
described in the OSED and defined in the Airport DOD for Step 1 [15] are:
•
•

RunwayMixSequence service
CalculatedPreDepartureSequenceDelivery service

For more details, refer to the P06.08.04.D17 S1V3 Final OSED, edition 00.01.00 [9]. Although these
operational services are not immediately related to AIM Model functions, the latter are presented indepth with regards to Coupled AMAN/DMAN in section A.1.1.4 Affected AIM functions.
However as there are no services currently listed in the 06.02 DOD [15], these services are not
aligned with a service hierarchy at a higher level and therefore have not been used to structuring the
current version of the document.

16 of 70
©SESAR JOINT UNDERTAKING, 2011. Created by Indra, NATS, and ENAV for the SESAR Joint Undertaking within the frame
of the SESAR Programme co-financed by the EU and EUROCONTROL. Reprint with approval of publisher and the source
properly acknowledged.

Project Number 06.08.04
D18 - S01V3 Final SPR

Edition 00.01.11

2.3 Description of Operational Environment
The detailed operational environment, as defined in the P06.08.04.D17 S1V3 Final OSED, edition
00.01.00 [9], section 4, is given below:

2.3.1 Operational characteristics
This section provides an overlook of the operational characteristics of Step 1 Coupled AMAN/DMAN
concept. More information on this topic can be found in section 4.1 “Operational Characteristics” of
the S1V3 OSED [9].
o
o

o

o

o
o

Airport Layout:
applicable for all layouts, from single to multiple runways.
Runway Operating Mode:
though all mode operations (mixed, segregated) can be handled, the focus will be on
single runway with mixed mode operations.
Route Structure:
The departure routes and missed approach routes do not diverge directly at the end of
the runway.
Separations:
vortex separations have to be respected, although in general the same separations will
be chosen for a certain pattern for a longer time interval (most conservative ones).
Traffic:
provides highest benefits in high traffic density situations.
Weather:
all weather conditions

2.3.2 Roles and Responsibilities
This section provides an overlook of the roles and responsibilities of Step 1 Coupled AMAN/DMAN
concept. More information on this topic can be found in section 4.2 “Operational Characteristics” of
the S1V3 OSED [9].
o

o

o

o

o

o

Approach and Tower Supervisor
will agree on sequence pattern and AFI-Size. It is decided at local level if it is the
Approach Supervisor or Tower Supervisor who will input the respective values for pattern
and AFI-Size into AMAN.
Approach controllers
will as in previous operating method establish the landing sequence considering the
agreed sequence pattern and AFI-Sizes.
The Clearance Delivery Controller
will provide start-up approval based on TSAT (considering that TSAT is a window of -/+ 5
minutes) provided by DMAN as in the previous operating method. The only change to
previous operations is that TSAT calculation will be based on more accurate estimated
taxi times provided by routing and planning (OFA 4.1.2).
Tower Runway Controller
as in previous operations verifies that the runway is clear and that the aircraft will meet
arrival/departure separation requirements. It has to be highlighted that it remains the
controller’s task to further optimise the departure sequence whenever possible, i.e.
controllers do not have to adhere to TTOT.
Flight Crew
requests a departure clearance by voice (R/T) or by datalink communications as in
previous operations.
Airspace Users
are required by the A-CDM process to update their TOBT (as in current operations).
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3 Requirements
This section collects all the safety and performance requirements derived from the assessment
illustrated in the Appendix A. The requirements identifiers are set accordingly to the rules defined in
the Requirements and V&V Guidelines 03.00.00
https://extranet.sesarju.eu/Programme%20Library/Requirements%20and%20VV%20Guidelines.doc
The generic pattern applied is as follows:
<Object type>-<Project code>-<Document code>-<Reference number 1>.<Reference number 2>

Where:
•

<Object type> is REQ

•

<Project code> is 06.08.04

•

<Document code> is SPR

•

<Reference number 1> reflects the following organization:

•

o

0131 – Safety Requirements Solution 01 V3

o

0132 – Performance Requirements Solution 01 V3

<Reference number 2> is a sequence number (incremental by 10) for each series of
requirements.

3.1 Safety Requirements
Identifier

REQ-06.08.04-SPR-0131.0010

Requirement

ATCO has to compare the planned sequence with the actual aircraft position in order
to detect any inconsistencies.

Identifier
Requirement

REQ-06.08.04-SPR-0131.0020
A failure (partial or total loss) of the Coupled AMAN/DMAN function shall be
properly notified on approach and Tower Controller and Supervisor HMI.
REQ-06.08.04-SPR-0131.0070
Controllers shall be properly trained in the back up procedures for loss of
AMAN/DMAN functionality

Identifier
Requirement

Identifier
Requirement

REQ-06.08.04-SPR-0131.0210
The coupled AMAN/DMAN shall display any runway closure on the HMI

Identifier
Requirement

REQ-06.08.04-SPR-0131.0220
The coupled AMAN/DMAN shall re-plan traffic if a runway closure is
entered

Identifier
Requirement

REQ-06.08.04-SPR-0131.0230
The coupled AMAN/DMAN shall display any change of runway operating
direction on the HMI

Identifier

REQ-06.08.04-SPR-0131.0240
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Requirement

The coupled AMAN/DMAN shall re-plan traffic if a change of runway
operating direction is entered

Identifier
Requirement

REQ-06.08.04-SPR-0131.0250
The coupled AMAN/DMAN shall re-plan traffic if parameters on AFI-size
and pattern are adjusted due to Abnormal Weather Conditions

Identifier
Requirement

REQ-06.08.04-SPR-0131.0260
The coupled AMAN/DMAN shall re-plan a missed approach (either
automatically or manually by the controller)

Identifier
Requirement

REQ-06.08.04-SPR-0131.1010
Coupled AMAN/DMAN shall support coordination between TWR and
Approach by showing the planned integrated sequence and the selected
sequence pattern.

Identifier
Requirement

REQ-06.08.04-SPR-0131.1020
Approach or Tower Supervisor, depending on local procedures, shall be
able to adjust sequence pattern and AFI-Size in AMAN to provide sufficient
spacing for departures in a mixed mode environment.

Identifier
Requirement

REQ-06.08.04-SPR-0131.1030
AMAN needs to be provided with all relevant information for sequencing
traffic (Flightplan / ELDT / CTOT / TTOT / Sequence Pattern / AFI-Size)

Identifier
Requirement

REQ-06.08.04-SPR-0131.1040
The information provided to the AMAN needs to be correct.

Identifier
Requirement

REQ-06.08.04-SPR-0131.1050
The planned number of arrivals shall not exceed the available arrival
capacity.

Identifier
Requirement

REQ-06.08.04-SPR-0131.1070
The AMAN shall display the arrival sequence to the Approach/En-route
Controller.

Identifier
Requirement

REQ-06.08.04-SPR-0131.1080
DMAN needs to be provided with all relevant information for sequencing
traffic (TOBT/ Flightplan / CTOT / TLDT / Pattern / EXOP)

Identifier
Requirement

REQ-06.08.04-SPR-0131.1100
The planned number of departures shall not exceed the available
departure capacity.

Identifier
Requirement

REQ-06.08.04-SPR-0131.1120
The DMAN shall display the departure sequence to the Clearance Delivery
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Controller

Identifier
Requirement

REQ-06.08.04-SPR-0131.1130
The planned separation between successive arrivals with the coupled
AMAN/DMAN shall not be lower than the applicable minimum separations
between arrivals as used today with AMAN. Considering the departures
shall only result in an increase in arrival separations.

Identifier
Requirement

REQ-06.08.04-SPR-0131.1140
The planned separation between departures with the coupled
AMAN/DMAN shall not be lower than the applicable minimum separations
between departures as used today with DMAN, if baseline DMAN already
includes this function. Considering the arrivals shall only result in an
increase in departure separations

Identifier
Requirement

REQ-06.08.04-SPR-0131.1150
Parameters for adjusting EXOP to specific situations (e.g. slower taxi
speeds due to low visibility conditions) shall be established.

Identifier
Requirement

REQ-06.08.04-SPR-0131.1160
Supervisors shall be able to revert to static taxi time tables (VTT) that were
used before introduction of routing functionality within A-CDM as fall-back.

Identifier
Requirement

REQ-06.08.04-SPR-0131.1170
The integrated sequence shall be compliant with CTOT.

Identifier
Requirement

REQ-06.08.04-SPR-0131.1180
Controllers shall be trained for the case that the sequence does not
consider all minimum separations.

3.2 Performance Requirements
Identifier
Requirement

REQ-06.08.04-SPR-0132.0010
The TOBT information shall be maintained updated by the Airspace User,
based on all the available information about the status of the turn-around
process.

Identifier
Requirement

REQ-06.08.04-SPR-0132.0015
TTOT information shall be maintained updated using all information
available from A-CDM (e.g. latest TOBT, CTOT, ASAT) as well as the EXOP,
until the start-up approval has been issued. From this moment the TTOT
shall be kept stable in order to stick to the original departure sequence.

Identifier
Requirement

REQ-06.08.04-SPR-0132.0020
The ELDT information shall be maintained updated as in current operations.

Identifier
Requirement

REQ-06.08.04-SPR-0132.0030
The most appropriate pattern may be automatically calculated by AMAN
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based on the traffic demand and the impact on performances (e.g. the
forecast delay, the forecasted schedule deviation…).

Identifier
Requirement

REQ-06.08.04-SPR-0132.0040
In those cases where automatic implementation of pattern is supported, the
AMAN shall calculate the most appropriate pattern under the following
conditions:
The modified pattern, given the latest available information, has a better
performance impact than the active one, provided that the deviations of the
forecasted KPIs are greater than a specified ∆KPI.
The minimum duration of the pattern is guaranteed (XX minutes).
The earliest flight in the modified pattern has a TLDT at least XX minutes
after the time of modification takes place.
A reasonable value for XX is 20 minutes, although this can be modified (as
preset parameter) depending on the operating environment.

Identifier
Requirement

REQ-06.08.04-SPR-0132.0050
Airport Tower Supervisor or ACC/Approach Supervisor must be able to
modify the pattern. Any change of pattern shall be performed after an
agreement between Airport Tower Supervisor and ACC/Approach
Supervisor, but only one of them shall be allowed to input the pattern into the
AMAN.

Identifier
Requirement

REQ-06.08.04-SPR-0132.0060
In case the system is unable to calculate the optimal pattern, the system
shall activate a default pattern based on a pre-determined list of feasible
ones (e.g. based on a first-come-first-served order).

Identifier
Requirement

REQ-06.08.04-SPR-0132.0070
During phases where traffic demand is well below the available capacity
values, the first-come-first-served (FCFS) principle shall be applied instead
of a pattern, in order to provide a traffic picture to the ATCO which
represents his actual way of working.

Identifier
Requirement

REQ-06.08.04-SPR-0132.0090
To maintain TOBT information updated specific mechanisms may be
adopted as incentive (waiting list for the a/c not requesting start-up approval
at TSAT + x minutes).
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4 References and Applicable Documents
4.1 Applicable Documents
This SPR complies with the requirements set out in the following documents:
[1] Template Toolbox 03.00.00
https://extranet.sesarju.eu/Programme%20Library/SESAR%20Template%20Toolbox.dot
[2] Requirements and V&V Guidelines 03.00.00
https://extranet.sesarju.eu/Programme%20Library/Requirements%20and%20VV%20Guidelin
es.doc
[3] Templates and Toolbox User Manual 03.00.00
https://extranet.sesarju.eu/Programme%20Library/Templates%20and%20Toolbox%20User%
20Manual.doc
[4] SESAR ATM Lexicon
https://extranet.eurocontrol.int/http://atmlexicon.eurocontrol.int/en/index.php/SESAR

4.2 Reference Documents
The following documents were used to provide input / guidance / further information / other:
[5] SESAR Security Reference Material
https://extranet.sesarju.eu/Programme%20Library/Forms/Procedures%20and%20Guidelines.aspx

[6] SESAR Environment Reference Material
https://extranet.sesarju.eu/Programme%20Library/Forms/Procedures%20and%20Guidelines.aspx

[7] SESAR Human Performance Reference Material
https://extranet.sesarju.eu/Programme%20Library/Forms/Procedures%20and%20Guidelines.aspx

[8] SESAR Business Case Reference Material
https://extranet.sesarju.eu/Programme%20Library/Forms/Procedures%20and%20Guidelines.aspx

[9] P06.08.04.D17 S1V3 Final OSED, edition 00.01.00, dated 08/05/2015
[10] P06.08.04.D09 Validation Basic DMAN/A-SMGCS Report v00.01.00 dated 10/01/2013
[11] P06.08.04.D11 S01V2 Validation Report Basic AMAN/DMAN v00.01.00 dated 21/09/2012
[12] P06.08.04.D12 S1V3 AMAN/DMAN/A-SMGCS Validation Report V2 00.01.01
[13] P06.08.04 D16 Validation Report P06.08.04-VP453 Coupled AMAN/DMAN/A-SMGCS
v00.01.01 dated 02/03/2015
[14] P06.02 D105 Airport Validation Strategy Step1 2014 update 00.01.00
[15] P06.02 Step 1 Airport DOD 2014 Update 00.01.01 30th December 2014
[16] P16.06.01 D26 SESAR Safety Reference Material, Edition 00.03.01, dated 7th February
2012
[17]16.06.01 D26 Guidance to Apply the SESAR Safety Reference Material, Edition 00.02.01,
th
dated 30 January 2012
[18] EATMP Air Navigation System Safety Assessment Methodology, Ed. 2.0,
ref. SAF.ET1.ST03.1000-MAN-01, 30 April 2004
[19] B.01 Integrated Roadmap (DS14)
[20] Ball, Michael, Cynthia Barnhart, George Nemhauser, Amedeo Odoni, C. Barnhart, and G.
Laporte. "Air transportation: Irregular operations and control." Handbooks in Operations
Research and Management Science 14, no. 1 (2007): 1-67.
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[21] Dear, Roger G., and Yosef S. Sherif. "An algorithm for computer assisted sequencing and
scheduling of terminal area operations." Transportation Research Part A: General 25, no. 2
(1991): 129-139.
[22]B.04.01. Updated Step 1 Validation Targets; Edition V00.01.00; dated December 2014
[23]P06.05.05-D16; OFA 05.01.01 Operational Service and Environment Definition Part 2;
v00,03.00; April 2015.
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Assessment / Justifications

A.1 Safety and Performance Assessments
A.1.1 Safety Specifications at OSED Level
A.1.1.1 OFA Operational Environment and Key Properties
See chapter 2.

A.1.1.2 Airspace Users Requirements
There are no new AU Requirements as the Flight Crew requests a departure clearance by voice (R/T)
or by datalink communications as in previous operations.
The Airspace users are required by the A-CDM process to update their TOBT (as in current
operations).
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A.1.1.3 SAfety Criteria
The following Safety Criteria were identified from AIM for the coupled AMAN/DMAN (solution #53 and
solution 54):

SAC 1: With the use of AMAN/DMAN integrated sequence, the number of planned tactical conflict
remains constant.
This SAC is related to the barrier B10 of the Mid Air Collision (TMA) Risk model.
Rationale:
Controllers might face high traffic density due to a corrupt sequence in terms of too much traffic that is
planned. This can lead to an increased workload.
Controllers might expect a different situation due a corrupt sequence in terms of the order of flights is
different to what the controller expects based on the current aircraft position

SAC 2: With the use of AMAN/DMAN integrated sequence, the number of imminent runway incursion
remains constant.
This SAC is related to the barrier B4 of the Runway Incursion Risk model.

Rationale:
The Tower Runway Controller might be provided with a sequence, which does not correctly consider
the separation constraints.

SAC3: With the use of AMAN/DMAN integrated sequence, the number of planned pre-tactical taxiway
conflict remains constant.
This SAC is related to the barrier B5 Taxiway Collision Risk model.
Rationale:
Wrong taxitimes provided by the Routing functionality might have an impact on the number of taxiing
aircraft (too many aircraft taxiing at the same time) which could increase workload of Ground
Controller.

SAC4: With the use of AMAN/DMAN integrated sequence, the number of separation minima
infringements remains constant
This SAC is related to the barrier B8 of the Wake-Induced Risk model.
Rationale:
If wrong wake vortex separations are considered in the planning this might lead to additional workload
for the controller as he has to adjust his expectation when separating traffic.
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synchronisation
arrivals
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SO-0008

A planned tactical conflict
could occur (MF5.1).

SO-0009

MACSC4.b
(1e-2)

of

OH-09

AMAN is provided
with
inadequate
information

SO-0009

A planned tactical conflict
could occur (MF5.1).

n/a

MACSC4.b
(1e-2)

OH-10

Inadequate
synchronisation
departures

SO-0010

A planned tactical conflict
could occur (MF5.1).

SO-0011

MACSC4.b
(1e-2)

S0-0011

A planned tactical conflict
could occur (MF5.1).

n/a

MACSC4.b
(1e-2)

OH-11

of

DMAN is provided
with
inadequate
information

Table 9: System-Generated Hazards and Analysis
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30% · 60% · 75% =
13,5%

MB10.2.1a
MAC TMA

10%

B10
MB10.2.2b

Taxiway
Collision
Runway
Incursion

8% · 15% · 75% =
0,8438%

10%

MF5.1

1,50E-02

TB5.1.5

B5

5% · 50% = 2,5%

80%

TPB4

1,6

MB9.3.4

B9

5% · 75% = 37,5%

80%

RP9

0,4

MRB4.1.3.1

B4

8% · 11% = 0,88%

0,0023%

RP4A

9,10E-06

Table 11: Input data for the calculation of the likelihoods of each of the identified Operational
Hazards

A.1.1.8 Impacts of 04.01.01 OFA operations on adjacent airspace or on
neighbouring ATM Systems
As neither the operating method nor the information provided to neighbouring ATM-System changes
with coupling AMAN/DMAN, this chapter is not applicable.

A.1.1.9 Achievability of the SAfety Criteria
The achievability of the safety criteria was mainly based on subjective controller assessment. No
issues regarding safety were mentioned by the controllers for the distance based coupled
AMAN/DMAN except for the following two points:
•

CTOT was missing (that was due to the design of the simulation – in real life the same
information for CTOT as for uncoupled DMAN is available.)

•

The pattern change needs to be allocated to an aircraft rather than to a point in time. (this is
now reflected in a new requirement in the OSED)

A quantitative evidence of the achievability of the safety criteria through the specification of the safety
objectives was given indirectly by the measures of stability of the sequence (compare D16 VALR).
Stability is the pre-requisite for the following safety objectives: SO-0001 / SO-0002 / SO-0003 / SO0007 – SO-0011

A.1.1.10

Validation & Verification of the Safety Specification

The Requirements for solution #53 were validated in the following exercises:
o

EXE-06.08.04-VP231 V2 DMAN/A-SMGCS – Paris Charles de Gaulle (RTS)

o

EXE-06.08.04-VP298 V2 DMAN/A-SMGCS – Malpensa Milano (RTS)

o

EXE-06.08.04-VP339 V2 AMAN/DMAN/A-SMGCS – Gatwick (FTS)

o

EXE-06.08.04-VP453 V3 AMAN/DMAN/TBS – Gatwick (RTS)

The Requirements for solution #54 were validated in the following exercises:
o

EXE-06.08.04-VP338 V2 AMAN/DMAN – Munich (Shadow Mode)
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EXE-06.08.04-VP339 V2 AMAN/DMAN/A-SMGCS – Gatwick (FTS)

o

EXE-06.08.04-VP663 V2 AMAN/DMAN/TBS – Gatwick (RTS)

o

EXE-06.08.04-VP453 V3 AMAN/DMAN/TBS – Gatwick (RTS)

Edition 00.01.11

The results from these exercises have allowed the project to obtain evidence on the validity of the
specification for normal operating conditions, but limited evidence concerning abnormal conditions
operations and degraded modes (related to internal system failure) has been obtained.
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A.1.2 Safe Design at SPR Level
A.1.2.1 Scope
The functional model of the coupled AMAN/DMAN is provided in the next subchapters.

A.1.2.2 The OFA 04.01.01 Functional Model
This section contains a global functional model updated according to the basis of the information
found in the P06.08.04.D17 S1V3 Final OSED, edition 00.01.00 [9]. While the functional model in
10.9.1-D02 Technical Specification describes the AMAN functions, the one in the 6.8.4 OSED covers
the coupling of AMAN/DMAN.
A functional model is a structured flow-representation of the main functions of a system (application)
with the aim to define the relationships between the related inputs and outputs. The functions broadly
translate into processes that transform input to output. Therefore, the functional model is sometimes
referred to as a process model.
It provides an efficient baseline for functional assessment (safety and performance assessment)
because it decomposes the system (application) into structured subsystems and processes and
hereby visualises the critical transactions. Therefore, the functional model will be used as a baseline
for a systematic assessment of a system (application).
As regards the Operational Performance Assessment, the functional model of figure 2 will be used as
a support to develop the OPA. The different interactions between R&P functionalities and input/output
information will be analysed, thus leading to the identification of causes underpinning potential
performance issues. The approach assumes that the Coupled AMAN/DMAN functionalities operate as
expected under nominal conditions and assesses potential drops on performance levels caused by
incorrect or non-existent input/output parameters. The new AMAN/DMAN operating method expected
for Step 1 aims at optimizing traffic flow rather than providing a proper integrated arrival/departure
sequence. It means that a flow-based integration will not be achieved until Step 2. Therefore, one of
the expected benefits will be related to the number of movements on the runway (take-off and
landing) realized in a given period. The solution reflects the scenario based on a Master/Slave
configuration. Master/Slave is a model of communication where one device (the master) has
unidirectional control over one or more other devices (slaves). In our case AMAN will act as master in
the coupling and DMAN will act as slave. It means that no further coupling functionality will be
introduced. Moreover, AMAN and DMAN planning horizons might be different. Synchronisation of the
planning horizons is not expected since TOBT will always be provided as input to AMAN coupling
before AMAN starts planning activities.

A.1.2.2.1

Description of Functional Model

In order to identify the concept of the Coupled AMAN/DMAN function, as well as its inputs, outputs,
internal processes and interaction with external agents (Routing and Planning Function, ATC) in a
visual way, a block diagram was defined based on the functional description provided in the final
OSED [9]. Afterwards, the different performance issues identified will be referred to the different
unique functions of this diagram.
Generally speaking, the AMAN, as master, will be in charge of calculating the arrival sequence
according to the pattern and the AFI sizes that are input by Airport Tower Supervisor or by
ACC/Approach Supervisor depending on local procedures.
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A.1.2.3 The OFA 4.01.01 SPR-level Model
A.1.2.3.1

Description of SPR-level Model

The SPR-level Model for the coupled AMAN/DMAN is described in the figure below.

Figure 5: OFA 04.01.01 SPR-level Model

A.1.2.3.1.1 Aircraft Elements
There are no new Aircraft Elements in the coupled AMAN/DMAN

A.1.2.3.1.2 Ground Elements
The Ground Element Introduced with coupled AMAN/DMAN is the coupling function based on the
master-slave configuration between AMAN and DMAN.
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A.1.2.3.1.3 External Entities
The External Entities do not change compared to uncoupled AMAN/DMAN

A.1.2.3.2

Task Analysis

The task analysis shows that the tasks for all controllers remain as they are with the uncoupled
AMAN/DMAN. Only the Approach and Tower Supervisors will input the parameters into the system.
o

o

o

o

o

Approach and Tower Supervisor
will agree on sequence pattern and AFI-Size. It is decided at local level if it is the Approach
Supervisor or Tower Supervisor who will input the respective values for pattern and AFI-Size into
AMAN.
Approach controllers
will as in previous operating method establish the landing sequence considering the agreed
sequence and AFI-Sizes.
Clearance Delivery Controller
will provide start-up approval based on TSAT (considering that TSAT is a window of -/+ 5
minutes) provided by DMAN as in the previous operating method. The only change to previous
operations is that TSAT calculation will be based on more accurate estimated taxi times provided
by routing and planning service.
Tower Runway Controller
as in previous operations verifies that the runway is clear and that the aircraft will meet
arrival/departure separation requirements. It has to be highlighted that it remains the controller’s
task to further optimise the departure sequence whenever possible, i.e. controllers do not have to
adhere to TTOT.
Flight Crew
requests a departure clearance by voice (R/T) or by datalink communications as in previous
operations.

A.1.2.3.3 Derivation of Safety Requirements (Functionality and
Performance – success approach)
The following results were provided in the VALR for VP-453 and need to be considered in the Safety
Requirements:
•

•
•

Runway Policy (Pattern) needs to be displayed based on aircraft (SR-001)
Integrated sequence needs to be compliant with CTOT (SR-17)
Controller needs to be trained that sequence does not consider all minimum separation (SR-18)

Safety Objectives (Functionality
and Performance
approach)

from

Safety Requirement

Reference

SR-001 Coupled AMAN/DMAN
shall
support
coordination
between TWR and Approach
by showing the planned
integrated sequence and the
selected sequence pattern
(with a pattern change to be

FM - HMI

success

SO-0001
Coupled
AMAN/DMAN shall support
coordination between TWR
and Approach

50 of 70

©SESAR JOINT UNDERTAKING, 2011. Created by Indra, NATS and ENAV for the SESAR Joint Undertaking within the frame
of the SESAR Programme co-financed by the EU and EUROCONTROL. Reprint with approval of publisher and the source
properly acknowledged.

Project Number 06.08.04
D18 - S01V3 Final SPR

Edition 00.01.11
allocated to a flight rather than
point in time)

SO-0002
Coupled
AMAN/DMAN shall support
effective
ATC
runway
management

SO-0003
Coupled
AMAN/DMAN shall support
managing the sequence in
mixed mode environment.

SO-0004
Coupled
AMAN/DMAN shall be provided
with accurate wake vortex
information

SO-0005
Coupled
AMAN/DMAN shall be provided
with wake vortex information

SR-002 AMAN shall display
the arrival sequence to the
Approach/En-route Controller

FM- HMI

SR-003 DMAN shall display
the departure sequence to the
Clearance Delivery Controller

FM- HMI

SR-100 ATCO has to compare
the planned sequence with the
actual aircraft position in order
to detect any inconsistencies.

Causal Analysis

SR-103 Controllers shall be
properly trained in the back up
procedures
for
loss
of
AMAN/DMAN functionality

Causal Analysis

SR-18 Controllers shall be
trained for the case that the
sequence does not consider all
minimum separations.

Causal Analysis

SR-004 Approach or Tower
Supervisor, depending on local
procedures, shall be able to
adjust sequence pattern and
AFI-Size in AMAN to provide
sufficient
spacing
for
departures in a mixed mode
environment.

FM HMI-Supervisor

SR-102
The
Coupled
AMAN/DMAN function must
allow reverting to uncoupled
AMAN/DMAN

Causal Analysis

SR-006 Coupled AMAN/DMAN
shall consider wake vortex
separation between successive
arrivals

FM – AMAN /DMAN

SR-007 Coupled AMAN/DMAN
shall consider wake vortex
separation between successive
departures (if basic DMAN also
considers them)

FM – AMAN /DMAN

SR-008 Coupled AMAN/DMAN
shall be provided with flightplan
information; including wake
vortex information

FM - AMAN

51 of 70

©SESAR JOINT UNDERTAKING, 2011. Created by Indra, NATS and ENAV for the SESAR Joint Undertaking within the frame
of the SESAR Programme co-financed by the EU and EUROCONTROL. Reprint with approval of publisher and the source
properly acknowledged.

Project Number 06.08.04
D18 - S01V3 Final SPR

Edition 00.01.11

SO-0006
Coupled
AMAN/DMAN shall be provided
with correct wake vortex
information

SR-008 Coupled AMAN/DMAN
shall be provided with flightplan
information; including wake
vortex information

FM - AMAN

SO-0007 DMAN shall be
provided with reliable demand
prediction

SR-009
Parameters
for
adjusting EXOP to specific
situations (e.g. slower taxi
speeds due to low visibility
conditions)
need
to
be
established.

FM - Routing

SR-010 Supervisors should be
able to revert to static taxitime
tables (VTT) that were used
before introduction of routing
functionality within A-CDM as
fallback.

FM - Routing

SO-0008 AMAN needs to be
provided with all relevant
information for sequencing
traffic

SR-011 AMAN needs to be
provided with all relevant
information for sequencing
traffic (Flightplan / ELDT /
CTOT / TTOT / Sequence
Pattern / AFI-Size))

FM - AMAN

SO-0009 Synchronisation of
arrivals should not be worse
than in current operations with
standalone AMAN

SR-012 The planned number
of arrivals shall not exceed the
available arrival capacity.

FM - AMAN

SR-013
The
planned
separation between successive
arrivals with the coupled
AMAN/DMAN shall not be
lower than the applicable
minimum separations between
arrivals as used today with
AMAN.
Considering
the
departures shall only result in
an
increase
in
arrival
separations.

FM -AMAN

SR-101 A failure of the
Coupled AMAN/DMAN function
shall be properly notified on
approach and Tower Controller
and Supervisor HMI.

Causal Analysis

SR-014 DMAN
provided with
information for
traffic (TOBT/
CTOT / TLDT
EXOP)

FM – DMAN

SO-0010 DMAN needs to be
provided with all relevant
information for sequencing
traffic

needs to be
all relevant
sequencing
Flightplan /
/ Pattern /

IERs

IERs
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SR-15 The planned number of
departures shall not exceed
the
available
departure
capacity.

FM - DMAN

SR-16 The planned separation
between departures with the
coupled AMAN/DMAN shall not
be lower than the applicable
minimum separations between
departures as used today with
DMAN.
Considering
the
arrivals shall only result in an
increase
in
departure
separations.

FM - DMAN

SR-101 A failure of the
Coupled AMAN/DMAN function
shall be properly notified on
approach and Tower Controller
and Supervisor HMI.

Causal Analysis

SR-17
The
integrated
sequence shall be compliant
with CTOT.

Causal Analysis

Table 16: Mapping of Safety Objectives to Safety Requirements

Safety Requirement ID

Requirement

REQ-06.08.04-SPR-0131.1100

SR-001 Coupled AMAN/DMAN shall support coordination
between TWR and Approach by showing the planned
integrated sequence and the selected sequence pattern (with
a pattern change to be allocated to a flight rather than point in
time)

REQ-06.08.04-SPR-0131.1070

SR-002 AMAN shall display the arrival sequence to the
Approach/En-route Controller

REQ-06.08.04-SPR-0131.1120

SR-003 DMAN shall display the departure sequence to the
Clearance Delivery Controller

REQ-06.08.04-SPR-0131.1020

SR-004 Approach or Tower Supervisor, depending on local
procedures, shall be able to adjust sequence pattern and AFISize in AMAN to provide sufficient spacing for departures in a
mixed mode environment.

REQ-06.08.04-SPR-0131.1130

SR-006 Coupled AMAN/DMAN shall consider wake vortex
separation between successive arrivals

REQ-06.08.04-SPR-0131.1140

SR-007 Coupled AMAN/DMAN shall consider wake vortex
separation between successive departures (if basic DMAN
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also considers them)

REQ-06.08.04-SPR-0131.1030

SR-008 Coupled AMAN/DMAN shall be provided with
flightplan information; including wake vortex information

REQ-06.08.04-SPR-0131.1150

SR-009 Parameters for adjusting EXOP to specific situations
(e.g. slower taxi speeds due to low visibility conditions) need
to be established.

REQ-06.08.04-SPR-0131.1160

SR-010 Supervisors should be able to revert to static taxitime
tables (VTT) that were used before introduction of routing
functionality within A-CDM as fallback.

REQ-06.08.04-SPR-0131.1030

SR-011 AMAN needs to be provided with all relevant
information for sequencing traffic (Flightplan / ELDT / CTOT /
TTOT / Sequence Pattern / AFI-Size)

REQ-06.08.04-SPR-0131.1050

SR-012 The planned number of arrivals shall not exceed the
available arrival capacity.

REQ-06.08.04-SPR-0131.1130

SR-013 The planned separation between successive arrivals
with the coupled AMAN/DMAN shall not be lower than the
applicable minimum separations between arrivals as used
today with AMAN. Considering the departures shall only result
in an increase in arrival separations.

REQ-06.08.04-SPR-0131.1080

SR-014 DMAN needs to be provided with all relevant
information for sequencing traffic (TOBT/ Flightplan / CTOT /
TLDT / Pattern / EXOP)

REQ-06.08.04-SPR-0131.1100

SR-15 The planned number of departures shall not exceed the
available departure capacity.

REQ-06.08.04-SPR-0131.1140

SR-16 The planned separation between departures with the
coupled AMAN/DMAN shall not be lower than the applicable
minimum separations between departures as used today with
DMAN. Considering the arrivals shall only result in an increase
in departure separations.

REQ-06.08.04-SPR-0131.0020

SR-101 A failure of the Coupled AMAN/DMAN function shall
be properly notified on approach and Tower Controller and
Supervisor HMI.

REQ-06.08.04-SPR-0131.0030

SR-102 The Coupled AMAN/DMAN function must allow
reverting to uncoupled AMAN/DMAN

REQ-06.08.04-SPR-0131.0070

SR-103 Controllers shall be properly trained in the back up
procedures for loss of AMAN/DMAN functionality

REQ-06.08.04-SPR-0131.0010

SR-100 ATCO has to compare the planned sequence with the
actual aircraft position in order to detect any inconsistencies.

REQ-06.08.04-SPR-0131.1170

SR-17 The integrated sequence shall be compliant with
CTOT.

REQ-06.08.04-SPR-0131.1180

SR-18 Controllers shall be trained for the case that the
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sequence does not consider all minimum separations.

Table 17: Derivation of Safety Requirements (functionality and performance) from Safety
Objectives
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1

Total Loss of Coupled AMAN/DMAN function

OH-01, OH-02

2

Corruption of Coupled AMAN/DMAN function

OH-01, OH-02

Table 21: List of causes leading to operational hazards

As part of the top-down identification of internal system failures that could lead to a hazard, the causal
analysis includes a description of these system failures supported by fault trees including the basic
causes of such failures. Additionally, Safety Objectives have been included associated to the hazard
causes where applicable.

A.1.2.6.1.1 Total Loss of Coupled AMAN/DMAN function
Total Loss of Coupled AMAN/DMAN function describes a situation where a total unavailability of
AMAN/DMAN function occurs.
Two barriers have been considered to mitigate the effects of the hazard:
1. An alert is sent to the ATCO HMIs in order to allow the detection of the failure.
SR-101 A failure (partial or total loss) of the Coupled AMAN/DMAN function shall be properly
notified on approach and Tower Controller and Supervisor HMI.
2. In case the alert has not been sent, the ATCO can always detect on the HMI that the aircraft
sequence has not been calculated.
SR-100 The ATCO has to compare the planned arrival sequence with the actual aircraft
position in order to detect any inconsistencies.
In both cases, ATCO can contact the technical personnel to communicate the failure and can revert to
the today procedures used in case of failure of AMAN or DMAN. Both cases should envisage just a
slight impairment of working conditions due to an increase of ATCOs workload as in current
operations. The increase in ATCO workload in turn will be compensated by reduced traffic throughput.
Regarding the identification of the basic causes, fault tree analysis has led to the following outcomes:
BC1.

– No aircraft sequence is calculated due to failure of Coupled AMAN-DMAN Server.
SR-102 The Coupled AMAN/DMAN function must allow reverting to uncoupled
AMAN/DMAN

BC2.
– Aircraft sequence is calculated but ATCO cannot be able to see it due to failure of
controller HMI.
SR-106 Controllers shall be properly trained in the back up procedures for Loss of
AMAN/DMAN functionality
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SR-103 The Coupled AMAN/DMAN function must allow reverting to uncoupled
AMAN/DMAN

Figure 7: OH 02. Fault tree
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•

On the one side, a list of Performance Indicators is defined in relation to the Coupled
AMAN/DMAN

•

On the other hand, a set of performance issues is derived by analysing the functional model
described in XXX. Issues will lead to performance mitigations, which will be eventually
formally expressed as requirements.

The formal outcome of the OPA will be taken into account in the definition of the operational concept
in future V-phases (i.e., Final OSED).
Finally, in the last section of this chapter, the most relevant conclusions extracted from this
Operational Performance Assessment & Requirements are illustrated.

A.4.2 Performance aspects implied by the concept
In a single runway with mixed mode operations environment a trade-off exist between the arrival and
departure capacities depending on the applicable separation requirements (IMC, VMC, wake vortexes
categories, mix of movements, etc.). The capacity envelop is typically approximated by a piecewise
linear boundary as depicted in Fig. 2 (source [20]). Points 1 and 4 indicate the capacity of the runway,
when it is used only for arrivals and only for departures, respectively. Point 2 is known as the “free
departures” point because it has the same capacity for arrivals as Point 1 and a departures capacity
equal to the number of departures that can be inserted into the arrivals stream without increasing the
separations between successive arrivals – and, thus, without reducing the number of arrivals from
what can be achieved in the all-arrivals case. These “free” departures are obtained by exploiting large
inter-arrival gaps between two consecutive arrivals.
Point 3 represented in Fig. 2 can be attained, in principle, by alternating arrivals and departures, i.e.,
by performing an equal number of departures and arrivals through an A-D-A-D sequence. This
sequencing strategy can be implemented by “stretching,” when necessary, inter-arrival (interdeparture) gaps by an amount of time just sufficient to insert a departure (arrival) between two
successive arrivals (departures). Because it is difficult for air traffic controllers to sustain this type of
operation for extended periods of time, Point 3 can be viewed as somewhat theoretical. However, it
provides a useful upper limit on the total achievable capacity (landings plus takeoffs) when arrivals
and departures share a runway in roughly equal numbers.

Figure 8: Capacity envelop for a single runway (source [20])
Once the most suitable pattern has been selected and activated to best meet the expected demand
profile, this constitute a framework for Coupled AMAN/DMAN to schedule specific aircraft target times
in accordance, thus permitting enhanced coordination between the involved controllers (e.g. APP and
TWR ATCOs).
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Whilst separation requirements constitute hard constraints which are inviolable, the scheduled and
target times represent an example of weak constraints, since they allow some flexibility in their
management. The degree of violation of these constraints determine how far from the optimality the
system will be driven, depending on the KPIs optimized. Therefore during actual operations some
degree of flexibility is always guaranteed for the ATCO to deal with deviations from the plans, by
modifying the order of aircraft in the sequence or as a last recourse to apply late tweaks in the
management of arrivals. In these cases the Coupled AMAN/DMAN itself could forecast that an
extension or reduction of the pattern duration would be recommended due to a positive effect on the
KPI figures.
It is important to highlight that the application of a pattern is no longer providing benefits in the case
that the demand is well below the capacity. In this case in fact the pattern just constitutes a not
necessary (soft) constraint for the controller to be applied, being the capacity constraint relaxed. The
application of the first come first served (FCFS) principle in these cases generally guarantees
scheduling efficiency, scheduling fairness and controller preference since it represents his actual way
of working.
A slight variation of FCFS principle is the concept of constrained positioning shifting (CPS) [21], which
consist in a limit over the number of positions that an aircraft can deviate from its First-come-firstserved position in the arrival queue. For instance, an aircraft in the 16th position in an FCFS queue,
would have to land in one of the positions 14 through 18, if the specified maximum position shift is 2.
Through many numerical examples and for several reasonable objective functions, it has been
showed in [21] that by setting MPS to a small number, such as 2 or 3, one can obtain most (e.g., 6080%) of the potential benefits offered by unconstrained optimal sequences and, at the same time,
ensure reasonable fairness in accessing runways.

A.4.3 Performance Indicators definition
SESAR Programme Strategic Guidance establishes the existence of 11 KPAs classified into 3 blocks
according to their scope, as illustrated in Figure 8.

Figure 9: SESAR Performance Areas (KPA)
The P06.02 Airport Validation Strategy for Step 1 P06.02 D105 Airport Validation Strategy Step1
2014 update [14] stated that for OI Step TS-0203 the relevant KPAs are Capacity, Efficiency,
Predictability and Safety for the Coupled AMAN/DMAN function. However, safety is considered out of
scope of the OPA as it has already been analysed in detail in the Safety Assessment.
These KPAs have been compared with those set out in the OFA 05.01.01 P06.05.01 OSED [23]
which tried to identify the generic Key Performance Indicators as a part of the Airport Operations Plan
(AOP).
Additionally, Cost Effectiveness and environmental sustainability have been included as the fourth
and fifth KPA for the coupled AMAN/DMAN function, as this project is clearly focused on increasing
predictability values, thus decreasing associated delays and thereby increasing capacity and reducing
fuel consumption. Furthermore, tower controller’s workload would be reduced, increasing their
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Table 27: Cost Effectiveness KPA – parameters under assessment
The identification of airport KPIs analysis for different KPAs in project P06.05.01 was not performed
for the cost effectiveness KPA. However, the improvements in this area were defined in project
B04.01 through the direct ANS costs KPI, which is expected to reduce a 6.3% in Step1.
Out of this 6.3%, only a 0.02% is expected to come directly from the Integrated AMAN/DMAN
OFA04.01.01.
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