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Executive Summary

The iFly project is aimed at developing an Advanéetdonomous Aircraft (&) concept
and evaluating the traffic levels that allow safem@tions in the Self-Separation enroute
airspace. The development of an Air Traffic FlowrMgement (ATFM) concept for Self-
Separation en-route airspace makes part of thisisasaddressed in this report.

This ATFM concept is aimed at working in an envirant with user-preferred routing,
and self-separation operations without tacticalugcb support. The ATFM concept is
aimed at giving the airspace users the greatesilpesreedom to choose the best route
from a business point-of-view from TMA to TMA. I$ iassumed that short and medium
term conflict resolution is able to handle mosffitasituations encoutered within self-
separation airspace. Only in certain areas witbifiseparation airspace ATFM will assist
in limiting demand to keep tactical operationshede areas efficient. These areas where
ATFM can be active are (1) the transition areasvbeh self-separation airspace and
managed airspace, (2) at the boundaries of airgeatéctions, and (3) in between closely
spaced airspace restrictions.

The demand in these ATFM areas is limited by apglya novel flexible scheduling
method. The scheduling method can handle the wctes that exist at the long term
view of flow management. It can be applied fluerittym the strategic flow management
time frame well before the actual departure ti# tactical flow management time frame

around half an hour before the actual arrival davftonstraint airspace.

Self-Separation Airspac
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1 Introduction

Air Traffic Flow Management (ATFM) ensures that useemand does not overload the
capacities offered by the air traffic infrastru@uATFM does this by viewing air traffic
centrally from a regional perspective, and restrgcthe traffic movements based on relevant
information.

The problem ATFM is facing is the limited availatyilof capacity to handle traffic in air
traffic control sectors and TMA’s (Terminal Manoeung Area). Furthermore, making the
right choices in restricting traffic is not easy the traffic flow is only predictable within
limits.

Allowing user-preferred routing makes it possibte &irlines to choose the most effective
route from airport to airport. This saves fuel amgroves predictability for the airlines. For
the passengers the delays can be reduced and tarafobe improved. Overall costs for
providing air traffic management can be reduced.

The objective is to describe an Air Traffic Flow Maement concept for Self-Separation
Airspace, which builds upon the philosophy behintbaomous aircraft operations and breaks
away from the centralized doctrine of current dayFM. The concept will aim to minimally
intrude on the user-preferred routing. It will ketbye responsibility for separation assurance
with the autonomous aircraft crew. There where iikely that inefficiencies resulting from
interactions of autonomous aircraft can be moreiefitly solved by flow management than
by the autonomous aircraft collaboratively the FMS8nction will intervene.

1.1 Deliverable D8.2 Scope

The Air Traffic Flow Management concept for Selfg@eation Airspace (FMSSA) will build
on relevant work within iFly work packages 3, 4 @&and will align with the SESAR concept
(Single European Sky ATM Research) for flow managetmas has been available at the
beginning of 2009. The FMSSA concept will focustbe en-route phase of flight as this is
also the scope of the overall iFly project.

Before the concept for FMSSA is developed the airreentralized ATFM system is
described based on available literature. This hetfentifying the ATM (Air Traffic
Management) problems ATFM is focussed on. Aftet,thaderlying principles for an ATFM
concept and the actual concept for ATFM in Selfé8afpon Airspace are defined.

1.2 Document Layout

First of all, the document starts with a descriptid the current centralized flow management
concept in section 2. Based on this descriptioe, ATM problems with the current
centralized flow management are identified in ect8. Section 4 gives a short technical
overview of the underlying principles for the prepd ATFM concept for self-separation
airspace. The actual concept for ATFM in self-sapan airspace is given in section 5.
Operational scenario’s for ATFM in self-separatiaitspace are provided in section 6.
Finally, section 7 gives concluding remarks on gresented concept for ATFM in self-
separation airspace.
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2 Centralized ATFM with ground-based Air Traffic Control

The objective of Air Traffic Flow Management is &édlocate the available resources, like
airport and sector capacity, and to maintain aiciefft traffic flow consistent with controller
workload restrictions. The reason that ATFM is rsseey is that available capacity and
demand are not always in balance due to variosonsa For instance the weather can have a
large influence on short term changes in the algiiia of capacity [Sridhar 2007].

In the Air Traffic Flow Management problem the asrto redistribute the delays in the traffic
system in such a way that controller workload isexcxeeded, that fuel and time related costs
are minimised, that flow management measures amedltequitable, and that banks of flights
into and out of hubs are kept intact [Bertsimas8]99

To alleviate the flow through sectors and termaralas several methods have been developed
over the years. An effective technique is to adjnstrelease times of traffic into the airborne
network. Furthermore, the spacing of flights pagghrough specific sectors can be adjusted
(e.g. metering). Also rerouting flights around lveelather areas is commonly used [Bertsimas
1998].

In the following sub-sections a short descriptidncorrent ATFM aimed at ground-based
centralized Air Traffic Control (ATC) is given byddressing the ATFM responsibilities, the
operational phases, the information streams, arslesys. Furthermore, a summary of
methods for optimizing traffic flow management deohs is given as used for centralized
ATFM.

2.1 C-ATFM Responsibilities

The main objective of ATFM is to support ATC in peating any system overloading and
ensuring an expedited flow of air traffic duringhés when demand exceeds, or is expected to
exceed, the available capacity of the ATC system.

It is the responsibility of the ANSP (Air NavigatidService Provider) regarding ATFM to
provide good estimates on declared capacity of #$exstors or airports, and to comply with
the allocated takeoff slots. It is the respondipitif the airspace users to provide to the ATFM
stable flight plans of sufficient quality, complyittv the allocated takeoff slots, and execute
the flights according to the agreed flight planss lthe responsibility of ATFM to manage the
flight plan data, to monitor the actual trafficusition and update the expected demand data
based on potential and actual changes to the plaprailes of individual flights, and to
allocate flow management measures to alleviate atigmes between expected demand and
declared capacity [ATFCM Evolution Plan] (Air TraffFlow and Capacity Management).

2.2 C-ATFM Phases

The ATFM process can be divided into three phastrategic flow & capacity planning,
optimised capacity management, and tactical flosafacity management [Eurocontrol OCD
Vol. 1] (Operational Concept Description).

In the strategic flow & capacity planning phase #igorts and air traffic service providers
declare initial estimates for the available capadturthermore, the airspace users indicate the
expected demand. This process can start up to I8hsdefore the day of operation and
continue until a week before the actual operations.
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Aircraft Flight Plans ATFM Flight Plans »| Air Traffic
Operators | - gjots / Rerouteing | Operations|  Sectorisation Control
) o Capacities
ATFM Situation P
“——Awareness ATFCM Measures
. Actual Situation . Situation
D Awareness
: Actual Situation .
Airports | _ Airspace / Route | Military
Departure ~Avalilablility | ATC
Planning

Figure 1 Operational Structure with ATFM [SourceFMIU Handbook] (Central Flow
Management Unit)

In the optimised capacity management phase bettmadd information and user capability
data becomes available. This is used to createpemafons Plan. The projected trajectories,
airspace organisation, and allocation of entry/dxites for airspace and airports are
determined. This phase is started a week beforadfual operations.

On the day of operations the tactical flow and cagananagement phase is started. The aim
is to minimise disruptions due to last changes §iignificant weather phenomena, but also
take benefit of opportunities like increased sectpacities.

2.3 C-ATFM Information streams
The ATFM process has connections to the aircradratprs, airports, air traffic control, and
military air traffic control. In Figure 1 a contedéscription of ATFM is given.

The aircraft operators provide flight plans to ATFVhe flight plans are passed on to the
ANSPs. The Military ATC will indicate airspace armlte availability to ATFM. The ANSPs
will indicate sector and airport capacities to ATFMhe ANSP is also informed about
Military airspace and route availability. ATFM caetermine restrictions applicable for the
flights and will inform both the aircraft operatoend the ANSPs about the applicable
restrictions, slots and reroutes. The airport dpesainform ATFM about the departure
planning. The airport operator is informed by ATRlgout the slots.

2.4 C-ATFM systems
A short description of the ATFM system elementgjiigen in [Figure 2] and as a summary
below:

» The ATS Environment Database (Air Traffic Serviceghtains the details on the
ATFM area organisation, ATS routes, and routeingtays, airfields, standard
instrument departures, standard arrival routesga#ion aids, ATC sectorisation, etc.

» The Flight Plan Processing System processes atribdtiss flight plan data.

 The Tactical Flow Management System presents tlaanpld and actual traffic
situation, provides the slot allocation, and assessrouting.

* The Archive system contains performance data armditgundicators for assessment
of ATFM measures.

* The Pre-tactical Flow Management System is useassess the impact of proposed
flow management measures before implementation.
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Within the AIS Database information about the emwinental conditions is collected. The
environmental data is provided to the Tactical FManagement System together with Flight
Plan data from the Flight Plan Processing Systém Route Catalogue, the daily plan from
the Pre-tactical Flow Management System, and ATQlatgd. The Tactical Flow
Management System will produce slots and rerowated,a network situation overview. The
slots and reroutes are provided to the aircraftraipes. The network situation overview is
provided to the aircraft operators, and ANSPs.

2.5 Optimization methods used with C-ATFM

To solve the generic Air Traffic Flow Managemenblgem mathematically a number of sub-
problems have been defined over the years. Odositha first to conceptualize the ATFM
problem in general [Odoni 1987]. Thereafter Richethd Odoni addressed the more specific
Single Airport Ground Holding problem (SAGHP) arte tMulti Airport Ground Holding
problem (MAGHP) [Richetta 1993]. The ground holdimgpblem makes decision on release
times of traffic into the network. The multi airpgoroblem is an extension of the single
airport problem that also takes the network delap@gation into account. The more general
Air Traffic Flow Management Problem (TFMP) does ooty determine release times, but
also optimal speed adjustments for airborne trdffiws in capacity restricted airspace (The
TFMP is a special case of the job-shop schedulimudplpm). The TFMP problem can be
extended to take re-routing into account. This Araffic Flow Management Rerouting
problem (TFMRP) is especially interesting for usagth drastic fluctuations in the available
capacity.

The models show a number of variations. The sinipéethe deterministic static case. This
can be extended with added complexity by takingpact for stochastic capacity levels and
the dynamically updating of the solution. Richedtad Odoni addressed the dynamic and
stochastic case of the SAGHP in 1994 [Richetta L9894nas extended this with the dynamic
version of the MAGHP [Vranas 1994] and Terrab depetl a stochastic version of the
MAGHP [Terrab 1993].

Aircraft P AlS Data AIS Database AlP R Air Traffic
Operators - v Control
/
Air Traffic
Services
Reporting ATS Environment |4
Offices Databas
Flight Plan i Flight Plan
- > Flight Plan - g
< Operational Messages | processing Systen ¢ ATC Flight Plan Changes >

Daily
Route Catalogue Pre-tactical Flow Plar;
Mngt System
Daily Plan A
P Slots Rerouteings \ Network
< —— Tactical Flow Situation >
P Network Situation Mngt System | ¢ ATC Updates

\ Archive System

Figure 2 ATFM Systems Overview [Source: CFMU Hanaljo
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The MAGHP can be extended to take constraints daggrhub connectivity into account.
This allows a flight to arrive at an airport andhtinue after a certain turnaround time as a
different flight. The GHP (Ground Holding Problergn also optimize for minimizing the
“spread” of arrival banks into hub airports [Bemsis 1998].

2.6 Conclusions regarding Centralized ATFM in respect to FMSSA

For the Centralized ATFM it is a considerable peoblto keep traffic levels below the actual
capacity levels in sectors and at airports withresbrting to conservative estimations. This is
the result of the fact that capacity estimationsANSPs, slot compliance by airlines, and
flight plans are all uncertain or biased. This hesim the need for a conservative approach in
centralized Air Traffic Flow Management to be cartégo keep traffic within acceptable
levels.

In self-separation airspace there is no ANSP resipnfor giving capacity estimations and
limits. So FMSSA has to determine the restrictiongraffic flow based on a set of rules for
self-separation airspace. These rules will be baseghysical and agreed boundaries of the
self-separation airspace, special weather condititime navigational performances, and the
traffic characteristics resulting in the consemnvatpproach.

The reallocation of traffic to lower throughput toatch capacity levels, or to reduce
complexity issues, results in the allocation ofagislto flights. This is mostly done on a FCFS
bases to be equitable. This will not necessarilguliein the most efficient solution.
Furthermore, this can be unfair to some typesigits, like short-hauls.

The reallocation of traffic must have clear rulediich are defined beforehand, which are
viewed as being equitable over the long run, amdbmimplemented in a distributed manor,
and which results in efficient solutions.
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3 ATM problem addressed by ATFM

In [SESAR D1] the current situation with the ATMssgm has been identified. It is clear that
airspace users feel the constraints in the cukd@iM system and resultingly can not deliver
the services to their customers they would like Ttbe barriers in the system need to be
broken down. The issues constraining the airspamrsuidentified within SESAR that
addresses or can be addressed with flow managdraeateen summarised in this section.

3.1 Issues identified within SESAR regarding C-ATFM

The current Air Traffic Flow Management (ATFM) pess provides for balancing demand
and capacity in the traffic system. The SESAR obldentification document [SESAR D1]
has identified a number of issues resulting fronerapng the current ATFM system in
Europe. First of all, ATFM in Europe does not addréully the ATM problems for what it

was designed for. Secondly, the system has sonesuralle side effects and shortcomings.

The en-route ATFM delay costs of around 1.3 minateight delay on average are around
€1 Bn. The delays indicate that their is a lackapacity in large parts of European airspace.
Providing ATM, including the ATFM services, resulits high charges on route network
utilization. These charges are considerable highaer in the USA (United States of America).
The level of predictability of flight times, of aNability of capacities, and of demand for
capacities, results in a conservative approachhéohiandling of traffic flow ensuring the
limitation of the workload of controllers.

Air Traffic Flow Management tries to balance demand capacity in the traffic system. This
has as side effect that restrictions are imposeitigits, like ground delays, airborne holding,
route restrictions, level restrictions, speed retsbns, metering restrictions, and separation
restrictions. Although this is unavoidable for ATFMe actual frequency and severity of the
restrictions is larger than is strictly necessdyrthermore, the restrictions are not always
assigned in an equitable manner as a result otipates. Although the first-come-first-
served principle is used to be able to have some fof equitable assignment of flow
restrictions, this results in deviations from ampschedules and does not comply with user
preferences.

The current ATFM system lacks the availability afcarate and timely data on sector
capacities, and traffic forecasts. Airline operattvequently provide ATFM with inconsistent
flight plans, and unrealistic time estimates. Femthore, the respect for flow and capacity
measures is such that major percentages of fladgyart outside their ATFM slot.

Weather forecasts have considerable influence gulagons although the accuracy of the
forecasts would prompt a more probabilistic appina@cchanging meteorological conditions.
Without this excessive regulations are used intfo@at¢o be on the safe side.

3.2 Issues identified with C-ATFM in the USA

The C-ATFM (Centralized Air Traffic Flow Managemgim the US is aimed at allocating the
various resources in the ATM system to maintaine#fitient traffic flow consistent with
safety targets. To address the ATFM problem a nuntbeATFM measures have been
developed, which can be used depending on thenagtances:

11 September 2012 TREN/O7/FP6AE/S07.71574/037180 IFLY Page 13/71



iFly 6" Framework programme Deliverable D8.2

* Ground Delay Programs (GDP)

o Flights bound for congested airports are delayadr go departure. It is
assumed that delaying traffic at the airport isesdhan delaying flights en
route and also saves fuel [Vossen 2006].

» Airspace Flow Program (AFP)

o Flights going through constrained enroute airspaitlebe issued an expected
departure clearance time to meter the demand thrawpnstrained area [FAA
Order JO7210.690].

* Playbook reroutes

0 A collection of severe weather avoidance routestiage been preplanned and

coordinated with ATC centres [Schwartz 2006].
* Ground Stops (GS)
o Flights meeting specific criteria may not deparS @re normally based on
flying distance [Schwartz 2006].
» Coded Departure Reroutes (CDR)
o Alternate routes to avoid airspace blocked by sewerather [Prete 2007].
* Miles-in-Trail restrictions (MIT)

o The number of miles required between successieeaftirusing a specific part
of airspace or airport [Schwartz 2006]. This is effective, but inefficient
measure.

» Diversions

o Deviation from the original flight plan to the ait&te airport to reduce demand

to a constrained airport.

The GDP, AFP and playbook reroutes can be usettaiegic ATFM actions beyond 2 hours
in the future and the GS, CDR, MIT, and diversiocas be used as tactical actions within 2
hours [Pepper 2003].

The Ground Delay Programs are believed to be rettafe tools for managing large-scale
en-route weather events. GDP is mainly effectivedioport weather issues. The Airspace
Flow Program is more effective for the large-s@ieroute weather events.

Decision making regarding flow measures experiessges as a result of high uncertainties.
Traffic forecasts do not account for weather uraieties, departure times are uncertain, and
airlines react to (expected) flow measures by redglng and cancelling flights. Airlines
even do this when they are not fully aware of icaffonditions and the status of flow
measures. The interaction between various meassirégard to predict; especially when
information is not shared. This makes trajectorgdpstion for flow management purposes
hard to realize [Sridhar 2008].

The flow measures are also not regarded to beimg Far instance long haul flights are
exempted from delays when local flights are subj@gfround delays.

3.3 Performance objectives for FMSSA

Within SESAR a number of Key Performance Areas (KPRAve been defined, which are
closely related to the generic set of KPA used BAQD (International Civil Aviation
Organization). The performance areas from SESAR gmmuped into three different
perspectives [SESAR D2]:
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» Societal Outcome (Safety, Security, Environmentedt&nability)

* Operational Performance (Cost Effectiveness, Capadtfficiency, Flexibility,
Predictability)

» Performance Enablers (Access, Equity, Participatittieroperability)

Not all of the KPAs identified within SESAR are e@elnt to the full extent in respect to
ATFM. So below the most relevant performance aagasdescribed in more detail with a
focus on the flow management related aspects.

3.3.1 Societal Outcome

Safety

Safety is related to the risk, the prevention, #rel mitigation of air traffic accidents. The
overall objective is to improve safety levels sulcat ATM related incidents do not increase
in number with increasing traffic numbers.

Within the A’ concept (Autonomous Aircraft Advanced) it has bdefined that the airspace
users are responsible for separation. Constramt®mly imposed for projected congestion,
excessive complexity, security, safety or environtak reasons. ATFM can operate by
enforcing these constraints, including the safelgted constraints.

ATFM should only impose constraints when there reeessity. ATFM acts when the traffic
complexity or density is expected to become a gafsue in a delimited area of the self-
separation airspace.

Security
Security is about addressing “the risk, preventtbe, occurrence and mitigation of unlawful

interference with flight operations of civil airétaand other critical performance aspects of
the ATM system”. Although this subject needs tcabddressed in the concept for traffic flow

management it is not taken into consideration edbncept design in this report. There is a
requirement to address this performance areaaserndtage in the concept development.

Environmental sustainability

ATM has a limited influence on the impact of awation the environment. Still ATM has an
important role in finding ways to reduce adverseirammental impacts. Allowing flights to
operate with limited constraints imposed by ATFMianth good knowledge on the weather
conditions can close the gap between the optimghtfltrajectory and the actual flight
trajectory. This will minimise gaseous emissionglights.

Allowing flights to aim for their individually bestrajectory will not guarantee a global
minimum in respect to emissions. ATFM can give tfiabal perspective. Though, in practice
it is hard to realize a global optimum due to twajon reasons. First of all, global
optimization gives a need for a considerable amobtin¢levant data from the airspace users.
Secondly, the generic flow management problermismthematically hard problem to solve.

3.3.2 Operational performance

Cost Effectiveness

Cost Effectiveness is the gate-to-gate costs of AMMelationship to the volume of traffic
that is managed. The costs of ATM should be acbépta the airspace users. This includes
the en-route costs for providing the flow managensamvices. The costs of providing and
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having these services should be considerable Ioivan the monetary value of the
performance improvements that flow management gesvio the airspace users.

The cost of ATFM are not only those costs that @rarged for the ATFM service to the
airspace users, but also the costs of providingnéeessary information to ATFM by the
airspace users, the costs for installing the system the airspace user side to allow
interaction by the airspace users with ATFM systeansl the costs as a result of complying to
flow restrictions. Additional costs of ATFM are thevestment costs for developing, and
obtaining the ATFM functionality, including new AMFfunctionality for an A based ATM
system.

For a correct performance evaluation also the @bshot providing ATFM should be
considered. This will have effect on the performeant short and medium term operations in
the A% environment.

Capacity
The ATFM system should be able to allocate airspaaqEacity to meet the demand at the

times when and where it is needed. Capacity igaelt the throughput of traffic per unit of
time, for the applicable safety level.

Airspace capacity in Self-Separation Airspace ndedse determined using objective rules
without the need for human interaction. The rul@sdetermining capacity of airspace will
need to be based on recommendations regardingcteptable levels of Atraffic. These
rules could be dependent on traffic density, arspgtructure, airspace boundary constraints,
weather aspects, and traffic complexity.

For the purpose of the ATFM concept it is therefassumed that the capacity of airspace will
be given, as it is not yet known where the limits #or safe traffic and complexity levels in
A2 airspace.

Efficiency
Efficiency indicates the difference in arrival tin@ad/or fuel usage between the business

optimal trajectory and the actually flown trajegtoAny interactions with other traffic can
introduce the need to deviate from the optimalettgry resulting in changes in the timing
and fuel usage.

ATFM can reduce the efficiency effects on fuel wsagd arrival time increases as a result of
traffic interactions. ATFM can reduce the needrf@dium and short term traffic interactions
by introducing strategic long term modificationstte traffic. ATFM needs to balance the
reduction in short and medium term interactionswiite increase in long term modifications
in such a way that the expected fuel losses amehhtime increases are at a minimum.

Flexibility

Flexibility is defined as the ability of the ATM siem to respond to “sudden” changes in
demand and capacity. These changes are reflectedgth simple and full updates of the
Reference Business Trajectories (RBT), includinthdrawals of flights. The ATM system
should be able to handle also non-scheduled flighish operate more on a demand basis.
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To have flexibility for flights to change trajecoATFM should first of all minimize the need
for constraints in the en-route airspace, and stigdceep options for flights open to change
their current RBTs [Idris 2008].

Predictability
Predictability is the ability to control the varility of the deviation between the actual flown

4D trajectories of aircraft in relationship to tR8T.

Predictability is relevant when forecasting trafiemand. The quality of current traffic
forecasts is such that large safety margins arel usetake into account the upward
uncertainties in the demand levels. Weather is mportant factor in creating these
uncertainties in the availability of airspace catyacPredictability is sensative to the
prediction time [iFly D3.2i]. Furtheraway in timbe predictability decreases.

Trajectory management can provide an increaseddigability when airspace users provide
their RBTs. The airspace users try to comply witese RBTs. This means that there is an
active feedback loop trying to reduce any deviaibetween the actual flown trajectory and
the RBT. For flow management therefore the RBTsimamgortant data to forecast demand
levels with [iFly D3.2i].

The RBTs should indicate expected uncertaintigbedrajectory as this can be used as input
for the flow management process to balance capacdydemand given the uncertainties.

3.3.3 Performance enablers

Access

Not all classes of airspace can be used by alktgpairspace users. Segregation in the access
to airspace should be possible according to thesscailes that apply. ATFM should comply
with these access rules and for instance not agsigacity to non-appropriately equipped
aircraft that want to operate in airspace areals specific reduced weather conditions.

It is the responsibility of the airspace user tmpty with these access rules.

Equity

Equity implies an equal handling of all airspaceeras which have access to a specific
airspace area. With equity it is possible to achien acceptable solution to conflicting
interests of airspace users [Poza 2009]. Priotitimaules can give the airspace users a sense
of equitable treatment.

Within ATFM the assignment of capacity to specifights should be fair. First of all,

prioritization (sub-) classes (emergency, non-ndéyn@md normal) should be wherever
possible complied with when assigning capacity lights. Secondly, within a specific
prioritization class the assignment of capacityflights will be based on a first-come-first-
served basis and will allow exchange of assignedadty between flights through
collaboration. Thirdly, when capacity has to beucatl it is possible that some flights will
have to return their assigned capacity or will haveadjust the limits for their assigned
capacity. A fair method for addressing this willioseded in the ATFM concept.
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Interoperability

ATFM should be interoperable with global standafols flow management, should apply
global and uniform principles. Intercontinentalgfits should be handled no different than
intra-European flights.

3.4 Conclusions regarding ATM problems to be addressed within FMSSA
Based on the ATM problems identified regarding CFM the following conclusions can be
made, and used as input for a FMSSA concept.

The basis of C-ATFM is to keep throughput levelshw the capacity limits. This is first of
all due to safety as the workload of a controlleuld become unacceptable above certain
throughput levels. In self-separation airspacecthr@roller workload is not an issue anymore.
Still safety can be a concern resulting in throughgy complexity limitations.

In order to be on the safe side of acceptable fhput levels currently C-ATFM assigns
restrictions too frequent and too severe. In FMSBA restrictions should only be applied
when it is really necessary.

Forecasting capacity and traffic levels in con#dllirspace is dependent on the availability
of accurate and timely data from the stakeholderself-separation airspace the capacity is
only related to the environmental conditions. Seegithe environmental conditions the self-
separation capacity can be predicted. The tra#iels in self-separation airspace can be
forecasted based on the RBTSs.

Using C-ATFM in practice the compliance to flow nagement measures is limited. This
reduces the effectivity of flow measures. In selparation airspace the compliance to flow
measures can only be ensured through complianR81s.

Although C-ATFM takes a deterministic approach, greblem it tries to address is quite
stochastic. FMSSA should take a more probabiliapproach when assigning capacity to
flights. FMSSA should allow for some level of inacacy.

Within C-ATFM various methods for flow managemerdavl been identified, including
ground holding, miles-in-trail, and rerouting me@su These measures affect different types
of flights on different time frames. For FMSSA tlehoice regarding the flow measure
applicable to a specific flight should be more aich of the airline. As long as the throughput
levels in complex or high density airspaces ar@iwiacceptable limits. Furthermore, FMSSA
should allow to be effective both in the strategiee frame (before takeoff) and in the tactical
time frame (after takeoff). The number of flow meastypes should also be minimal to
reduce complexity of FMSSA, and as such the cospefation.

Trajectory prediction for C-ATFM has a high uncertg. This is mainly due to uncertainties
in respect to the takeoff time. The provision of TRBoy the pilot in FMSSA allows for an
increased certainty in respect to the predictgddtary.

Some flow measures from C-ATFM are not fair for sotypes of flights. For instance, long
haul flights have an advantage in comparison totdtaul flights. Often short haul flights are
given a ground delay where the long haul is untedchVithin FMSSA the operations should
allow also short haul flights to have a reasonaigportunity to get capacity assigned in
restricted airspace in comparison to long hauhtkg
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4 Underlying principles for Flow Management in Self-Separation
Airspace

Before a description of the Flow Management conéeptelf-Separation Airspace is given
in section 5, first a number of novel underlyingnpiples for the FMSSA concept are
developed in this section. In sub-section 4.1 &mduction to three main building blocks for
FMSSA are given. Then in the following three subtems the main building blocks are
described in more detail. These are identifyingac#ty of airspace areas in sub-section 4.2,
identifying demand in sub-section 4.3, and limitdemand in sub-section 4.4.

4.1 The main building blocks for FMSSA

Air Traffic Flow Management is by definition [ref[CAO ECCAIRS 4.2.6 Data Definition
Standard] managing flow in an efficient way to lrough areas where demand is exceeding
the available capacity. This definition containsethmain elements: (1) available capacity, (2)
demand to or through areas, and (3) managing #ow.ATFM concept, including an ATFM
concept for self-separation airspace, addresgasnaiple these three elements.

To be able to provide flow management in self-sajam airspace therefore these three main
building blocks need to be reflected (see Figure=8¥t of all, the airspace areas need to be
known for which flow restrictions are applicablehel admissible density or complexity for
the airspace areas has to be known. Secondly,elmart for the airspace areas has to be
known. And thirdly, when applicable the flights dlmgh the airspace areas need to be
constrained to be able to keep demand and capadlance.

In the following three sub-sections these thredding blocks are addressed sequentially. In

sub-section 4.2 a method is developed for idemifyihose airspace areas that are prone to
density or complexity issues. In sub-section 4.8 tremand for these airspace areas is
identified, and in sub-section 4.4 a method foritimy demand for airspace areas is

developed.

4.2 Flexible airspace cells with flow restrictions

In managed airspace there is a need for sectams#ébi demarcate the boundaries of the
responsibility of a controller. In self-separatiamspace there is no need for sectorisation to
demarcate the controller responsibilities. Thoufghh, ATFM there is a need to limit the
demand to specific airspace regions when the deoasitomplexity of that region is expected
to become problematic. So without an imposed sisetibon in self-separation airspace there
needs to be a method to identify potential probtemwagions for ATFM purposes.

|dentify
airspace area|
and capacity

Demand >

> Capacity—

Limit demand

Identify
Demand for
airspace area|
A

Figure 3 Simplified concept for Air Traffic Flow Magement.
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NI O
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a. Open airspace b. Constrained airspace
Figure 4 Adding airspace restrictions to an opespaice introduces traffic focal points.

In this sub-section a method is described for iflgng these potential problematic regions in
self-separation airspace. Furthermore, a straftmic measure for these problematic regions
is identified to limit complexity in these regions.

In sub-section 4.2.1 three types of airspace edlls potential density or complexity issues
are introduced. Sub-section 4.2.2 gives a defimitd the capacity of an airspace cell with
density or complexity issues. Then in sub-sectidh34the first type of airspace cells in
between restricted areas is developed, and dedciibemore detail. Sub-section 4.2.4
develops internal flow measures for this first tygeirspace cell with density or complexity
issues. Finally in sub-section 4.2.5 and 4.2.@radting airspace cells with density or
complexity issues are developed.

4.2.1 Regions with potential density or complexity issues

Flexibility is defined as the extend to which agecdory can be modified without causing a
conflict with neighboring aircraft or entering astected airspace area [iIFly D3.2i]. When
operating closer to neighboring aircraft or restdc airspace areas the flexibility of
trajectories reduces.

An open airspace is defined as an airspace witkexternal and internal constrains (see Figure
4a). Traffic can use the whole airspace without i@sgrictions. In an open airspace the traffic
is distributed more or less random.

With traffic being distributed more or less randone regions with complexity or density
issues also arise more or less random. Traffictémcan or near regions with these random
complexity or density issues can manoeuvre outede regions without being constrained by
airspace restrictions. Aircraft have a considerélbability.

In an airspace where airspace restrictions exestréffic can not use the whole airspace (see
Figure 4b). Although traffic may origin from andsti@e for random locations, the traffic will
tend to show concentrations around the airspad¢ectems. The concentrations will intensify
in between airspace restrictions.

Traffic located near airspace restrictions can anta&r complexity or density issues. This
traffic can manoeuvre out of these problematicaes)i but the airspace restrictions may limit
the manoeuvring options. The concentration of itadind the nearby airspace restrictions
reduce the flexibility of the aircraft.
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Three types of airspace regions can be identifigd potential density or complexity issues.

These are (1) random regions in open airspaceg(yns near airspace restrictions, and (3)
regions between airspace restrictions. These ttyges of regions are described more in
detail in the following three sub-sections withoaitth sub-section with concluding remarks.

Random regions with density or complexity issuegpen airspace

Traffic operating in an open airspace behaves mastlependent from other traffic. Only
when conflict situations are identified traffic Wihitiate manoeuvres to remove the conflict.
Due to the fact that the traffic in an open airgpecoperating mostly independent the regions
with density or complexity issues arise more os lesadomly.

With the RBTSs of the flights known it is possibterhake a prediction of the future locations
of these random regions with density or compleisgsues. In theory this prediction can be
made a considerable time before the actual evemg. gredictive value of RBTs reduces
further away in time. Similarly, the prediction m#gions with density or complexity issues
becomes less accurate further away in time.

Anticipating on an uncertain future may be an ilceght strategy. It could result in
unnecessary adjustments to RBTs based on expestatitich not materialise. An alternative
strategy is to wait until the uncertainties redusaq the predictive value of RBTs increases.
Close to the actual time the short and medium teonflict resolution mechanisms start to
act.

It is assumed that ATFM is not applied in opengace with random regions having density
or complexity issues. It is assumed that short amedium term conflict resolution
mechanisms are effective strategies for resohegnaffic situation in an open airspace.

Regions with density or complexity issues nearpaicg restrictions

A flight operating through an airspace with airspaestrictions is influenced considerable by
the airspace restriction. The trajectory passedattepace restriction is quite stable near the
airspace restriction (see Figure 5). Even with @swterable inaccuracy in the RBT of a flight
it is reasonable certain that the trajectory willajong the contours of the airspace restriction.
Only the moment of arrival at the edge of the aicgprestriction varies considerable with the
inaccuracies in the RBT.

Overlapping
i region
zv?élr?pplng Airspace g
g Restriction
a. Open airspace b. Constrained airspace

Figure 5 Two possible futures (red and green) dlight are given. Near an airspace
restrictions the certainty in respect to the futuogation of an aircraft is increased
considerable in comparison to operation in an Gespace.
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Traffic
concentration

Airspace
restriction

Figure 6 Several flights can be influenced by tihhespnce of an airspace restriction. This
results in traffic concentrations on the edge efdirspace restriction.

The contour of the airspace restriction will haeamaentrations of traffic (see Figure 6). This
is the result of flights being pushed away fromirtloptimal flight trajectory by the airspace
restriction. The new optimal flight trajectory givéhe airspace restriction will likely go along
part of the contour of the airspace restriction.thfs is true of several flights traffic

concentrations can be expected at the contourssplage restrictions.

It is assumed that ATFM near an airspace restrictimay be applied when density or
complexity issues are expected. It is furthermossumed that ATFM near an airspace
restriction can handle time uncertainties.

Regions with density or complexity issues in betwagspace restrictions

A flight operating through an airspace with seveaalspace restrictions is influenced
considerable by the airspace restrictions (seer&igy Similarly as with the operation near a
single airspace restriction the trajectory is qustable near the airspace restrictions. The
stability is in general increased in comparisoth®single airspace restriction.

Even with a considerable inaccuracy in the RBT dlight it is reasonable certain that the
trajectory will go along and in between the consoof the airspace restrictions. Only the
moment of arrival at the edges of the airspacericisns varies considerable with the
inaccuracies in the RBT.

Furthermore, the room to manoeuvre in between tlepace restrictions is quite limited.
Conflict resolution manoeuvres to the left or righn be restricted or even unavailable. The
need for short and medium term conflict resolutioranoeuvres in between airspace
restrictions should therefore be minimised.

It is assumed that ATFM in between closely spadespace restrictions will be applied. It is
furthermore assumed that ATFM near an airspaceagsh can handle time uncertainties.

Also it is assumed that in between closely spadespace restrictions additional strategic

flow measures will be applied to limit the need $twort and medium term conflict resolution
manoeuvres.
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a. Single restriction b. In between restrictions

Figure 7 Two possible futures (red and green) dlight are given. In between airspace
restrictions the certainty in respect to the futlweation of an aircraft is increased in
comparison to operation near a single airspacecesh.

Conclusions regarding regions with potential dgnsitcomplexity issues
Based on the description in the previous threesaations on regions with potential density
or complexity issues the following can be concluded
« ATFM is not applied in open airspace with randongioas having density or
complexity issues. Short and medium term confliesotution mechanisms are
assumed to be effective strategies for resolving tifaffic situation in an open
airspace.
 ATFM near an airspace restriction may be appliegmtiensity or complexity issues
are expected.
« ATFM in between closely spaced airspace restristioitl be applied.
* In between closely spaced airspace restrictiongiaddl strategic flow measures will
be applied to limit the need for short and mediemmt conflict resolution manoeuvres.
* ATFM near an airspace restriction can handle timeettainties.

4.2.2 Capacity of an airspace cell with potential densitycomplexity issues
The capacity of an airspace cell is defined asntmaber of flights that can pass through an
airspace cell over a given time period.

Once a region with a potential density or complexssue has been identified the acceptable
capacity or complexity for that region needs toithentified. The acceptable capacity or

complexity depends on the acceptable traffic limased on short and medium term conflict
resolution, the airspace restrictions, and theiag@dditional strategic flow measures.

The acceptable capacity or complexity limits of @rspace cell are not yet known. Other
research within the iFly project still has to idgnthese limits. It is therefore assumed that the
rules to determine acceptable capacity limits arergfor usage within FMSSA.

4.2.3 ATFM in between closely spaced airspace restristion

In the sub-section above it was concluded that ATikBasures are necessary in between
closely spaced airspace restrictions. In this fdbi@n a method is developed for defining a
flow restricted region in between closely spacesdpaice restrictions.
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Self-separation airspace can contain and be adjdocemarious airspace restrictions and
hazardous airspace areas. As was identified iralloge sub-section, the region between the
airspace restrictions has potential to attracfic@bws to a confined airspace.

Before we continue, we will define the term “airspacell” as an airspace region to which
flow restrictions maybe applied. An “airspace cédl'a sub-area of a self-separation airspace.

So the question is how to define topologically arspace cell to which potentially flow
measures will be applied?

Below we will develop a topology for a novel airspacell design. Furthermore, strategic
flow measures for our airspace cell design wilblegeloped.

Triangular airspace cells in between closely spaepace restrictions

We define a triangular airspace cell in betweenciretres of three closely spaced restricted
areas (see Figure 8). Flow restrictions can beiegpb the triangular airspace cell. This
includes the novel scheduling method, which wilifteoduced in sub-section 4.4.

We assume that the three closely spaced restrarteas will be convex. (In this way the

centre of the restricted area is always within boeindaries of the restricted area.) The
triangular airspace cell will always cover a settmf the trajectory of flights passing in

between the three closely spaced restricted aidas.means that flow restrictions for the
triangular airspace cell will be applicable to #ijhts passing in between the three closely
spaced restricted areas.

In the next sub-section we will introduce a novedtegic flow measure that can be applied to
the triangular airspace cell. After that, we witiosv that the triangular airspace cell can be
used also in areas with more then three restreteds.

Strategic flow measures for triangular airspacescel

The triangular airspace cell has a property whitdwe it to pass traffic through the triangular
airspace cell without the need for crossing traffiwvs inside the airspace cell itself. By
geometrically ordering traffic patterns the comexvithin the triangular airspace cell can
be reduced [iFly D3.2i]. The crossing of traffiofls can and should be done outside the
airspace cell where is sufficient open airspaceamoeuvre and resolve conflicts in the short
and medium term. It is assumed that in the opespage short and medium term conflict
resolution methods are adequate. Within the aiespzadl traffic flows can be separated
strategically (see Figure 9).

Restricted
Areas

’ Triangle  constructed
from centers
of restricted Areas

Figure 8 Triangular airspace cell in between cendfaestricted areas.
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Figure 9 Triangular airspace cells can handleitrdfom all directions without the need for
crossings within the triangular airspace cell. Gmogs can be accommodated in the open
airspace.
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Figure 10 Using Delaunay triangulation the airspheéween restricted airspaces can be
covered with triangular airspace cells. Large operas will not be taken into consideration
for flow restrictions.

Airspace areas with multiple restricted airspaces

The triangular airspace cell defined above can ladésapplied to airspace areas with multiple
restricted airspaces. Using a Delaunay triangulaticee 1980] between the centres of the
restricted airspaces the airspace area can beetbweth non-overlapping triangular airspace
cells between the closely spaced restricted assgsKigure 10).

The triangulation will result in a set of triangulairspace cells. Not all triangular airspace
cells will need flow management restrictions. Tgalar airspace cells which cover large open
areas will not be taken into consideration for fl@sgtrictions.

The Delaunay triangulation maximizes the minimumglanof all the angles of the
triangulation. This will avoid skinny triangles. fuermore, the Delaunay triangulation
ensures that there will be no other centres ofiotstl airspaces within the circumcircle of
any triangle of the Delaunay triangulation.
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4.3 ldentifying demand for airspace

Once the capacity of the airspace has been idemtithe demand for the airspace has to be
determined. To be able to determine the demandifspace it is necessary to know what the
expected flight paths of all flights within the fsséparation airspace are. Within SESAR the
SBT and RBT have been defined. The SBT and RBTaarepresentation of the expected

flight path in route, altitude and time through #edf-separation airspace.

With the use of the complete set of SBTs and/or KBTS possible to estimate the location of
flights over time. The demand for local airspace lba estimated in this way.

There are drawbacks of this method for determitivegdemand for local airspace. First of all,
all SBTs and/or RBTs have to be known. Flights aitha SBT and/or RBT are not taken into
account for the demand estimation. This resultsain underestimation of the demand.
Secondly, SBTs and RBTs have a certain level okuamty. Due to this the determined
demand for local airspace has also a level of waicsy. This level of uncertainty increases
with time.

For the purpose of the scheduling technique thHtbei presented in the next sub-section it
will be required to not only let flights providedite SBT and RBT, but also let flights indicate
their expected uncertainty in respect to the SBI RBT. This should be in regarding route,
altitude and time. The level of uncertainty canyvaith time. So further away in time the
uncertainty can increase. Furthermore, the flightsuld also indicate their level of flexibility
in respect to the time along the route. The le¥dlexibility can vary with time.

4.4 Flexible schedules for flow restrictions

In this sub-section a novel method for the flexilsleheduling of flights through flow
restrictions is developed. The method allows batanthe demand with the available capacity
for an airspace cell. Before the method is expthinemore detail (see sub-section 4.4.2) the
problems with two current methods, Flow Control #rdval Management, are explained in
sub-section 4.4.1.

4.4.1 Current Flow Control and Arrival Management

Flow Control

Flow Control allows balancing capacity and demapddtting limits to the number of flights
within a bounded airspace for a defined periodraét For instance, 4 aircraft are allowed in
a bounded airspace over a period of 12 minutes. adhrtyaft beyond the 4 aircraft has to be
delayed to enter the airspace in the next perio@i2zofminutes. In Figure 11 an example is
shown for twelve flights being assigned each to airtree time blocks.

Time -
KLM123 AF432
AF456 KLM532 BA998

BA789 LH434 AF934

LH101 BA455 KLM934
12 min 12 min 12 min
Figure 11 Flow Control assigns a fixed number wgfhfls in a fixed time period to a bounded
airspace. In this example 12 flights are assignech o one of three time blocks of 12
minutes.

'des 105
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Figure 12 Arrival Management sequences and schedligats. In this example 12 flights are
sequenced with time intervals of 3 minutes.

3 33 33 3 3 3 3 3 3 min

Arrival Management

Arrival Management sequences and schedules flightsalance demand and capacity. The
above example for Flow Control is replicated heneArrival Management. It is assumed that
an interval of three minutes is used for each fligh Figure 12 an example is shown of
twelve flights being sequenced with an intervalloée minutes.

Issues with Flow Control and Arrival Management

Flow Control works in the time frame of several luUArrival Management works in the
time frame of around 20 minutes. Flow Control alkofer a considerable level of uncertainty.
Arrival Management works best if the level of uriaerty is limited. Flow Control gives
flights some degree of flexibility. Arrival Managemt introduces some hard constraints to
flight trajectories. It would be desirable to havenethod which has the advantages from Flow
Control and Arrival Management and has less offieadvantages from both methods.

4.4.2 A hybrid method of Flow Control and Arrival Managemh

In this sub-section we will develop a novel schedpuimethod that is a hybrid between flow
control and arrival management. The method workbéntime frame from tens of minutes to
several hours till the time frame before departiirallows for a varying level of uncertainty
and flexibility over time.

Capacity is defined as resource per time period
To understand the hybrid method we will first itoee a fundamental property of capacity
through an example.

Consider an airspace cell with a capacity of fatgraft per twelve minutes. One could assign
four aircraft in each block of twelve minutes. Buis also possible to assign two aircraft in a
block of six minutes, or one aircraft in a blocktbfee minutes. Effectively the same capacity
is assigned to a flight using a flexible slot tltain vary in block size. This example is
visualised in a schedule in the following Figure 118 this schedule the same capacity, or
flexible slot, is assigned to four aircraft in tardifferent ways where the block size is varied.

Time -

KLM123 KLM 0
AF456 101 | <k ]
BA789 BA AF §
LH101 789 456 '
12min émin  6min 3 3 3 3 min

Figure 13 Assignment of flexible slots to a numbgflights with varying block sizes (3, 6,
and 12 minutes).
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More flights at Incr'eg.sed
the same time l flexibility

Figure 14 When more flights can be accommodatdtieasame time also the flexibility is
increased, and vice versa less flights at the dam@eresults in less flexibility.

From the example it is clear that having varyingcklsizes also varies the flexibility given to

a flight (see Figure 14). So a large block sizerespnts a large flexibility. An aircraft is
allowed to arrive early in the block, but also latehe block. Furthermore, there where it is
only possible to accommodate a limited number @frait at the same time the block size can
be limited. So if only two aircraft can be accomratadl at the same time the block size is
limited in the example to 6 minutes, and if onheaircraft can be accommodated at the same
time the block size is limited in the example tonthutes. This simultaneously limits the
flexibility given to the flight in the schedule.

Having flexibility in assigning flexible slots tdights opens up a number of opportunities.
First of all, regarding the flexibility towards op¢ing RBTs. Secondly, the flexibility in
assigning flexible slots depending on the timeroival to the specific airspace. Thirdly, it is
possible to mix various levels of time intervalstie same schedule. This is explained in the
following two sub-sections.

a. Flexibility depending on time till actual arriva

Being able to assign slots to flights in a flexillay allows taking aspects of uncertainty and
flexibility in to account when aiming for a certaime of arrival into account [iFly ConOps
D1.3]. First of all, the uncertainty that a fligll arrive to a specific part of airspace at a
certain time will increase with time to arrival tiee airspace. Wind, weather, and interaction
with other traffic will increase uncertainty oveme. Assigning the slots to a specific flight
with more flexibility in time can reflect this untainty. Secondly, the range of arrival times
that an aircraft can aim for, increases with timeetiperiod until arrival. Close to the actual
arrival it is not possible anymore to move a lothivi the arrival time, but a few hours before
the actual arrival an aircraft can easily moveva fieinutes with the arrival time by changing a
cruise speed a little. So also here it is possbkessign flexible slots to a specific flight oer
larger time interval reflecting the flexibility iheing able to reach both the earliest, and also
the latest times of the interval. This flexibilitggarding time of arrival is reflected in the
schedule in Figure 15.
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2 hrs to arrival 1 hr to arrival 20 min to arrival
KLM123 KLM 0
AF456 101 | %
BA789 BA AF g
LH101 789 456 8

12 min 6min  6min 3 3 3 3%

ETA with decreasing
Flexibility flexibility >

v vl1ld

1
(18D @oedsiy

A

Time to actual arrival

Figure 15 Assignment slots flexible over time. Avflours prior to arrival a flight can still
vary with its arrival time. When the time until aal decreases the level of flexibility
regarding the arrival time decreases.

b. Flexibility in having different time interval®i different flights

Due to flexibility in assigning slots to specifiights, and at the same time being able in
assigning a specific time interval to a specifigtit it is possible to mix various levels of time
intervals in the same schedule [Figure 16]. In ékample BA455 has a flexibility of 12
minutes, but the LH434 has only a flexibility ofnutes.

Dynamic scheduling of the hybrid schedule

Once it is clear that it is possible to populateyarid schedule with individual flights having
individual levels of flexibility there is a need t@ave a scheduling technique that handle this
scheduling problem. Such a scheduling techniqué fimdéa feasible schedule. The schedule
has to comply with the slot capacity constraints {(hstance it is only allowed to have two
aircraft in each six minutes block at the time ofval). Furthermore, the flexibility a flight
has varies in time. With progressing time the fhdiy available to a flight decreases. So the
schedule has to be adjusted dynamically to reflecprogression in time and the reduction in
flexibility.

The hybrid schedule not only has to be feasibld, ddso optimal. The objective for the
schedule is to minimise fuel penalties as a regfulestrictions imposed by ATFM. Therefore,
the schedule is assumed to be optimal when thedangpssible flexibility is given to the
flights in the schedule.

Time -
KLM123
AF456 LH
KLM532 434

LH101

3 33 3 3 3 3 3 3 3 3 3 min

Figure 16 Each flight can be assigned an individena! of flexibility in the schedule for the

specific airspace cell.
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5 Concept for Flow Management in Self-Separation Airspace

The aim of the following Concept of Operations @ develop a novel Air Traffic Flow
Management concept applicable to Self-Separatiaspace (FMSSA). The flights ensure
their own separation from other aircraft and camfielements. Flights also provide their
Shared and Reference Business Trajectory to FMSSA.

The time frame for FMSSA is varying from severalut® before departure until tens of
minutes prior to an aircraft reaching a specificaliion. The large time frame makes it
impractical to perform actual conflict resolutidnd far in the future. Therefore, the objective
of the FMSSA concept is to address the issue alveg congestion [iFly D5.1] without
addressing long term conflict resolution.

The FMSSA concept does not try to provide a fullPM concept applicable to all aspects
that ATFM encompasses inside and outside self-agparairspace. The emphasis of this
FMSSA concept aimes on those aspects that basichifgr between self-separation
operations and operations in managed airspace.

First of all a short overview is given of the FMS8é&ncept in sub-section 5.1. Secondly, the
airspace definition for the FMSSA concept is giwersub-section 5.2. Then the assumptions
in sub-sections 5.3 are discussed. In sub-sectibra hasic operational description is given
followed by an operations description in sub-sectob. Sub-section 5.6 and 5.7 describe in
more detail the flexible airspace cell and flexibtdedules for FMSSA operations.

5.1 Overview of FMSSA

As was defined in sub-section 4.1 Air Traffic Fladanagement is managing flow in an
efficient way to or through areas where demandxiseeding the available flexible slot
capacity. To be able to provide FMSSA service ff-separation airspace we identify four
main functions:

1. Identify airspace areas (defined as airspace dellsglf-separation airspace that has
the potential for density or complexity issues.

2. Determine the allowed traffic density or complexiy the airspace cells.

3. ldentify the demand for the airspace cells.

4. Limit the demand to the airspace cells when thewadt traffic density or complexity
is exceeded.

The four main functions of the FMSSA concept arscdbed in more detail within the sub-

sections below. The two novel methods, flexiblesaice cells and flexible schedules,
identified in section 4 will be incorporated withiine FMSSA concept. It will be shown that

the two novel methods can be generically appliduatadle various types of flow management
issues.
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1. 2.
Identify Demand> traffic density
Airspace —» Determine allowed—, Limit Demand

cells traffic density

Identify m
eman
4.
A

Constraints to specific flights

A 4

Figure 17 Four main functions for Air Traffic FloMlanagement in Self-Separation Airspace.

5.2 Self-Separation Airspace with Flow Managed Airspace Cells

The FMSSA concept is applicable to Self-Separat#tarspace (SSA) where flights are
responsible for their own separation from othecraft and other conflict elements [iFly
ConOps D1.3].

The iFly A®> ConOps does not cover the airspace around airpdetsce it is assumed that the
terminal airspaces are still managed by Air Traffiontrol and are not relying on self-

separation operations. The ATFM concept describethis section does therefore not take
account of terminal airspaces and airport operatathough the operations around airports
are of utmost importance for an overall ATFM opienat

In Self Separation Airspace the airspace userghareeparators. The airspace has no binding
flight level structure. Within the airspace air¢refin use their user-preferred routing as long
as they separate themselves from the other trafid, they comply with constraints applied
by flow management on their RBTs.

Some airspace areas will be considered to be comftivironments [Figure 18] from which
self-separation flights should in general keep afsamy. Those are:
» Restricted airspace areas (RAA), which are non-ngpeonflict zones. In some cases
only specific flights or priority classes are alleavinto the restricted areas.
* Weather hazard areas (WHA), are dynamic confliatezo Weather areas can be
accessible to some certified aircratft.
» Protected airspace zones (PAZ) belong to otheradircwhich are not equipped
properly for operating in the SSA.
» Terrain and other obstacles.

For flow management purposes the following airsaea is identified:
* High density areas (airspace cells, AC) provideoasierable reduced flexibility to
flights such that self separation gets to the Bnoit what is considered to be safe for
separating traffic from each other.
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The airspace information is distributed by diffaremtities through SWIM (System Wide
Information Management) to the airspace users. PM$8n also access the airspace
information. FMSSA is the responsible source fer liigh density area information.

5.3 Assumptions FMSSA is based on

The design of this concept of operations for FMS@thin Self-Separation Airspace for self
separating traffic is based on a number of assem@tiThe assumptions are divided into three
categories (1) airspace cell related, (2) dematatedy, and (3) related to flow constraining
flights:

Airspace cell related assumptions

* Under specific circumstances, like bad weathersatieégs possible that certain parts of
airspace have actual restrictions on the numberadirthat can be handled per unit of
time. Although in principle the airspace users @&ponsible for self separation and
therefore must be able to handle these kinds oatsains on their own it is assumed
that it is more efficient to apply in these regivie areas flow management.

* Flow management for Self-Separation Airspace dadshave to take account for
capacity restrictions due to workload limitations managed airspaces. The only
restrictions that apply are those identified astérfor self-separation operations under
specific circumstances (e.g. weather cells / aogspboundaries / entry and exit
conditions / traffic focal areas).

» Aircraft operating in SSA use self-separation. Trhisans that any flow measure must
not restrict self-separating aircraft in their fleen to manoeuvre and make altitude
changes to resolve conflicts in the medium and tskeam [iFly ConOps D1.3].
Strategically deconflicted routes can be usedHerttajectory planning through flow
restricted airspace.

* The flights are responsible themselves to handexiBp weather conditions. The
crowding of traffic in certain areas due to intéi@c with weather systems can result
in capacity issues. These issues need to be addrbgsATFM.

<)

TERRAIN

Figure 18 Self-separation airspace [Source iFly@mnD1.3] including airspace cells (AC)
to which flow restrictions can be applied.
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» Airspaces with constraints can result in trafficinige re-routed around restricted
airspaces [Van Balen 2008]. Flow measures cantrigstiie creation of airspaces that
have restrictions. It is assumed that the sklf-separation concept can handle the
specific type of conflicts resulting from re-routewound restricted airspaces
(including airspaces with flow measures). As tlasoutside the airspace cells with
flow management restrictions it is outside the gcopthe flow management concept.
It should be addressed within the more genefaldnOps.

Demand related assumptions

» The use of trajectory based operations (TBO) faod8icting traffic tactically within
the time frame of FMSSA will not be practical ag tlncertainties grow in time and
circumstances easily change over time. Agreeinghupdime range instead upon a
specific moment is far easier to comply to for amraft FMS (Flight Management
System) and it gives more flexibility to fly an aptl regime.

* Predicting demand in specific parts of airspacgulgect to a considerable uncertainty
due to various influences on the actual ground dspeeparture delays, feed forward
effects, and specific airline policies [Masaloni302]. The RBT provided from the
aircraft or airline will give in principle a bettestimate of the trajectories than ATFM

can provide itself by prediction. So these RBTsl ¢ the bases for the flow
management demand estimations.

Assumptions related to flow constraining flights

* When traffic density in a bounded part of airspaedelow a certain limit it is
assumed that short and medium term conflict resoiutan handle traffic efficiently
without inflicting significant delays on trafficfly D3.2i].

* For having a good demand estimation based on RBTs af importance that the
aircraft and airlines provide realistic trajectsrigvhich are not biased by gaming
motives [Hoffman 2003]. The approach is thereftwa &ircraft may not pass through
flow restricted airspace that has not been allacébethe airspace user. This gives
aircraft users the motive to provide realisticacapries otherwise they will not be able
to pass through flow restricted airspaces.

» Aircraft that fail to consume their assigned fldgislot to a specific airspace cell will
have to find new flexible slot capacity. This camppen due to various reasons like
higher priority flights requesting a flexible slair deteriorating weather conditions
reducing capacity. The reason to do this is to lssdyedules for airspace cell capacity

robust without resulting in the trickling down ofredule changes to other airspace
cells.

5.4 Basic FMSSA Operations

The basic operations of flow management for sedasation airspace are explained in this
sub-section. The strategic flow management probassa number of phases it goes through
(see Figure 19). It starts long before the actepldture to adjust the airspace organisation to
the expected demand. In the hours before the adéyarture the demand is adjusted for those
airspace areas where density or complexity issuesegpected. Once in flight the flow
management process continues as the availabiligirepace cells and trajectories still can
change during flight.
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SBT RBT
A . A
Airspace Flow RBT Update Airspacg Update Flow
SBT Organisation Constraints Cells Constraints
A
Strategic Tactical
Flow Management Flow Management

Figure 19 Overview of the Flow Management procése strategic flow management phase
is before departure, and the tactical flow managemlease is beyond departure.

Strategic Flow Management Phase

In the weeks and days before the actual departer&hared Business Trajectories (SBT) are
collected. The Network Operations Plan (NOP) isated and the demand for airspace can be
identified. The airspace organisation (e.g. managespace, restricted airspace, and self-
separation airspace) can be adjusted accordinglynatch the expected traffic flows.
Regarding the self-separation airspace the Netwtakager will identify any parts in the
airspace for which density or complexity issues barexpected given the set of SBTs (see
Figure 20). For the volumes with density or comiiexssues triangular airspace cells are
defined and the flexible slot capacity for the parse cells is determined (see Figure 21).

For the airspace cells the available flexible slats assigned to flights according to the
priority and taking account of the time boundariedicated by the airspace users. Any
trajectories that will not fit into flow schedulder airspace cells may be adjusted by the
airspace users.

Self-Separation
Airspace

Managed
Airspace

Restricted
Alrspace

'S
~ . '.'
N
‘ééljust airspace

Figure 20 Airspace organisation is adjusted basedemand reflected by SBTs.

., Density issu
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M Strategically
. deconflicted
“ inside flow

* restriction

Flexible Slot Schedule for Airspace Cell

Individual Flexible Slots
for individual flights

Figure 21 Bounded airspace with a high demand onpbexity will be subject to flow
restrictions (airspace cells). To each airspadeadéxible slot schedule will be assigned.

In the hours before the actual departure the SBE&supdated to reflect new scheduling
information and the availability of weather foretsasThe NOP will show the updated SBTs.
Based on the weather forecasts additional airspalé® will be created. For the new airspace
cells the flexible slot capacity is determined. Bwailable flexible slot capacity is assigned to
flights according to the priority and taking accowh the time boundaries indicated by the
airspace users. Any trajectories that will notirito the schedules for the airspace cells must
be adjusted by the airspace users [Figure 22].

Tactical Flow Management Phase

Upon execution of the flight the aircraft will puslack, taxi, and take off. Once the take off
time is known the RBT is generated based on the. SB& time boundaries of the RBT are
updated regularly to reflect the updated information the current position, but also
indicating the room to manoeuvre by slowing downspeeding up along the nominal
trajectory. The flow schedules for the constraiagdpace cells are updated accordingly.
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Reduced capacity
due to weather

Schedule adjusted \

m — m

Figure 22 In the hours before the actual arrivahmoenroute position new flow restrictions
can be created as a result of forecasted weathas.afhis can have effect on the available
capacity for the flexible slot schedule.

Once in flight the timing information regarding tlieom to manoeuvre for the RBT is
updated regularly. The schedules for the constdamiespace cells are updated accordingly
[Figure 23]. The flexibility given to flights is deiced when time passes. The updated
constraints from the schedules are distributetiecairspace users to take into account into the
flight management systems.

In the following sub-section FMSSA operations agedtibed in more detail.

5.5 Detailed FMSSA operations

The previous sub-section gave a general overvietheoFMSSA operations. This sub-section
describes the FMSSA operations in more detail tiftam sub-section 5.5.1 on the roles and
responsibilities of relevant stakeholders in respe¢MSSA. Sub-section 5.5.2 describes the
flight rules that are applicable for flow managemeub-section 5.5.3 gives an overview of
the priority rules which need to be applied by FMS§&inally, sub-section 5.5.4 shows the

link between military operations and FMSSA.

5.5.1 Roles, and responsibilities
In respect to FMSSA there are four main stakehelti@ving a role in the flow management
process. The four stakeholders are the network gesinghe ANSPSs, the flight operations
centre, and the flight crew. Their roles and resgalities are described below:

2hrs before arrival 1hr before arrival 30min before arrival

Figure 23 The flexible slot schedule for a spediiispace cell is updated regularly reflecting
new information on the time flexibility of the flgs.
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Network Manager for Self-Separation Airspace
The role of Network Manager in respect to self-safian airspace is

* To place constraints on the flight plans of aircogferating in self-separation airspace
to ensure that the medium and short term con#éisblution systems will not be faced
with a situation that they can not handle effidigfiFly D5.3].

» To place constraints on traffic going from self-@egtion airspace towards managed
airspace entry points. In this way the flight vatiter the managed airspace complying
with the entry conditions given by the ANSP of thanaged airspace.

« To maximise overall performance of global operatian self-separation airspace
taking into account the uncertainties of traffic.

The Network Manager for self-separation airspacectenforce any route compliance, but
only the timing restrictions for a certain areaegit point.

It is the responsibility of the Network Manager gmif-separation airspace:

» To be aware of high complexity or high density areaself-separation airspace.

* To determine an applicable flow management regiricarea for regulating high
complexity or high density areas.

* To be able to limit traffic to the high complexity high density area to acceptable
levels by applying fair restriction rules.

* To schedule traffic to the flow management resoictarea in such a way that it
complies with priority rules. The only conflicts &mwn in FMSSA are scheduling
conflicts.

* To identify the need for having strategic decomdiicroutes in the flow management
restriction area.

* To identify the applicable strategic deconflictedites through the flow management
restriction area, and provide the route informatibrough SWIM to the applicable
flights.

ANSP’s influencing self-separation airspace
The role of ANSP’s in respect to flow managements#if-separation airspace is the
following:
* ANSP’s have no direct role in respect to self-safyan airspace.
* ANSP’s provide the entry conditions for traffic enhg managed airspace from self-
separation airspace.
* ANSP’s provide relevant airspace organisationabrimation influencing the self-
separation airspace.

Flight Operations Centres operating in self-sepamadirspace

The role of FOCs operating in self-separation aicgpn respect to flow management is:
* Providing and updating SBTs for the Network Manager
» Providing and updating data in respect to the lfigity of the time along the SBT.
* Adapting the SBTs to comply with the flow consttaiprovided in the NOP.

Flight Crew operating in self-separation airspace
The role of the flight crew operating in self-segt@n airspace in respect to flow management
is:

* Providing and updating RBTSs for the Network Manager

* Providing and updating data in respect to the [fidity of the time along the RBT.
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* Adapting the RBT time flexibility to comply with & flexible slot constraints to
specific airspace cells.

5.5.2 Autonomous Flight Rules for Flow Management Resines
Autonomous aircraft that operate in self-separatérspace have to comply with the
following rules:

* Autonomous aircraft are responsible for maintairsegaration with all other aircraft.
ATFM has no role in tactically separating traffic.

* Autonomous aircraft are required to comply withdigonstraints from ATFM. In case
it is not possible for the flight crew to complytivithe applicable flow constraint the
flight crew will have to request an altered flowmagement time restriction.

» Autonomous aircraft that are not given access #oflibw restricted area should not
enter the flow restricted area and should mairdaimnimum separation from the flow
restricted area.

» Trajectory Management can use the strategic daectadlroutes provided by ATFM
for planning trajectories through flow restrictedta@s. The flight crew is not required
to use the strategic deconflicted routes throughflbw restricted areas. The flight
crew can expect considerable levels of conflictiragfic when operating outside the
strategic deconflicted routes.

» Aircraft operating in the self-separation airspatell not enter Managed Airspace
through the dedicated exit points without approviathe responsible ANSP on the
Managed Airspace.

» Aircraft with a raised priority should, wheneverstlis operational feasible, not try to
enforce a passage through the flow restricted awside the strategic deconflicted
routes in the flow restricted area.

* In case there is no flexible slot capacity in avflestricted area and an aircraft with a
raised priority wants to pass through the flowniettd area it is allowed to the ATFM
to withdraw the assigned flexible slot from a lowarority flight through the flow
restricted area. This flexible slot will then beigsed to the raised priority flight.

5.5.3 Periority rules for FMSSA

When flights are assigned flexible slots in airgpaells with flow restrictions a number of
priorities have to be taken into account. Firsalbthere is a distinction between the following
classes: normal, non-normal and emergency. Secomdtiin a class there are different
categories.

Aircraft higher in class and category have priodtyove aircraft lower in class and category
when being assigned flexible slots in airspacescalVhen flexible slot capacity is not
available in the airspace cell then one or morerait with assigned flexible slots and a lower
priority and/or category will have to return the@served flexible slots. The higher priority
aircraft will be assigned this flexible slot. Thiecaaft that have to return their flexible slot to
FMSSA will have to find capacity at another timéenval or will have to find an alternative
route around the restricted airspace cell. Thid pievent the propagation of scheduling
adjustments through the network.

Normal operations

Under normal conditions the flight crew is ableprform all self-separation operations and
comply with the restrictions applicable to airspalecey are operating in. Aircraft operating
with a normal priority level can be divided intonamber of categories: ambulance flight,
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military aircraft in a national defence mission litary ordnance transport, special transport,
scene of search, priority VIP aircraft (Very Imgort Person), and normal aircratft.

Non-normal operations

There are two non-normal categories. These areomonsurveillance capable and non-self
separation capable. The predictability of these-mamal flights is highest when the number
of trajectory changes is minimised. This is alsoassary due to the reduced update rate on
data available through SWIM on the non-normal ofegaaircraft. Therefore giving these
flights priority when assigning flexible slot cajtgan airspace cells will reduce the need for
trajectory changes due to the unavailability ofxite slot capacity. The flexible slots
reserved for the non-normal categories will probdi® larger than is necessary for aircraft in
the normal category.

The need for assigning flexible slots to aircraftthe non-normal categories will be low as
these aircraft are required to leave self-separatispace as soon as possible. The timeframe
for flow management restrictions will be probable beyond the time needed to exit to
managed airspace.

Emergency operations

An aircraft in an emergency condition has a degradaof equipment, crew, or aircraft
performance in such a way that the aircraft cancoatinue to operate under the assumption
that it can maintain its own separation from ottnaffic [iFly ConOps D1.3]. A degradation
of the SWIM network performance can result in areegancy condition for several aircraft at
the same time.

In case of an emergency condition the aircraféagling in determining the need for trajectory
changes. The unpredictability of the trajectory emslich circumstances beyond the medium
time frame makes it that flow management can natlyecontribute to the situation. It
therefore has no real advantage to put any flotvicéens on the other aircraft to increase the
room to manoeuvre for the aircraft in the emergermydition. The aircraft in an emergency
condition will try to leave self-separation airspa@s soon as possible towards to land at a
suitable airport. We therefore assume that theatitn will be handled using the available
medium and short term procedures for handling a@firarith a higher priority and dynamic
restricted areas.

In case there is a degradation of the SWIM netwaiformance it can affect several aircraft.
This means that it is possible that those airdnafte no up-to-date information regarding
airspace cells with a reduced capacity. Any updaeggarding schedules for specific
restrictions should take into account that thecdfé aircraft can not be rescheduled.

5.5.4 Military operations

Military aircraft which are properly equipped foglsseparation operations in SSA will also
have to comply with the flow management measurée. friorities of military aircraft are
taken into account in the flow management schedapgdicable to flow restricted airspace
cells.

When operating an interception mission through ftestricted airspace without requesting a

flexible slot in the flow restricted airspace schiedthe interception mission should try to use
the strategically deconflicted routes through tbe/frestricted area as much as possible.
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a. b. C.

Figure 24 Triangular airspace cells used a.) invbeh closely spaced airspace restrictions in
between centres of restricted areas, b) near saigdpace restrictions, and c) for transition
areas from self-separation airspace to managegbais

Head-of-state aircraft can request a larger simatieel available flexible slot capacity in a flow
restricted airspace if this necessary to be abladoommodate the larger than normal
separation distance within the flow restricted fzacse.

5.6 ldentifying Airspace Cells

In sub-section 4.2.3 the concept of triangularpaice cells was developed. This concept is
applied in three different ways in the FMSSA coricey) between closely spaced airspace
restrictions, b) for flow management near airspasgrictions, and c) for transition areas from
self-separation airspace to managed airspace (geeR24).

In the following sub-sections the three differerdy® that the triangular airspace cells are
applied are explained in more detail.

5.6.1 Triangular airspace cells in between closely spaaiesipace restrictions

The triangular airspace cell can be applied in betwclosely spaced airspace restrictions.
Flow restrictions can be applied to the triangaaspace cell. As vertices of the triangular
airspace cell the centres of a set of three closeiced airspace restrictions will be used. In
this way the triangular flow restriction will be @lcable to all flights passing in between the
three closely spaced restricted areas.

As was explained in sub-section 4.2.3 crossingdfitrafan be handled outside the flow

restriction in the open airspace. Inside the tridagairspace traffic from all directions can be
strategically deconflicted (see Figure 25a).
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Figure 25 Triangular flow restrictions can in piple handle traffic from all directions
without the need for crossings within the trianguéarspace cell (a. and b.). When the
entrances to the triangular airspace cells geatoow it is possible to restrict traffic which is
in the anti-clockwise (c.) or clockwise directiah)(

Limited lateral space for strategically deconflett®utes

When the lateral space available for the stratégidaconflicted routes through the airspace
cell becomes too narrow the number of routes thrdbg airspace cell has to be reduced. To
always have an exit through the airspace celllieist to restrict the strategically deconflicted
routes only in the clockwise or anti-clockwise difen. This is illustrated in Figure 25c and
d. Traffic going in the opposite direction canlgtéss the restriction by choosing a new route
going in the opposite direction (see Figure 26).

Two closely spaced airspace restrictions

In the special case that there are only two clospiced airspace restrictions it is not possible
to create flow restriction triangles between thailable airspaces. In this case it is possible to
choose for a single line restriction instead oflawfrestricted airspace in the shape of a
triangle. The line restriction is enough to resttiaffic in between the two adjacent restricted

airspaces without unnecessarily restricting traifiiche larger area around the two airspaces
[Figure 27].

No crossings No clockwise No clockwise
New route
\ S anti-
~ .
S o clockwise
~ -
\
|
|
I
I
I
1
I
a. b. stricted g | C. é

Figure 26 When the entrances to the triangulapags cells get to be narrow it is possible to
restrict traffic to for instance the anti-clockwideection. It is still possible for traffic to pgs
the restriction by flying a different route and enmig the restriction from another side.
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c

a.

Figure 27 Flow restrictions between two closelycgghairspace restrictions can be handled
by a line restriction (b.). The line is one of gdes of a triangle (a.).

Dynamic airspace cells

The use of triangulation, as explained in sub-sac#i.2.3, has an additional advantageous. In
case of dynamic airspace cells like hazardous weadheas the triangular flow restricted
airspace cell can adjust dynamically to the newfigamation without the need to create new
and eliminate old flow restrictions all the timehél accompanying schedules to the flow
restricted airspace cells can stay relatively intacthis way. This reduces the need for an
increasing number of schedules due to dynamic teus (see Figure 28). Flights have to
adjust their routes though to reflect the new sidua

Interaction with adjacent airspace cells

Adjacent triangular airspace cells with flow resions can not guarantee to be strategically
deconflicted. A minimum set of strategic confliase left over. As Figure 29 shows the

strategic conflicts consist of two types: mergimgfticts and crossing conflicts. Both can be

dependent.

The strategic conflicts should not be a problemntlier self-separation concept. This should be
validated though.

routes adjust

“m =

Figure 28 The dynamic nature of hazardous weatreasaresults in dynamic adjustments
(from situation a. to b.) to the triangular flowstection area.

ﬁ
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Figure 29 With adjacent triangular airspace celth Wow restrictions it is not possible to get
a completely strategically deconflicted airspacemiimum set of strategic conflicts is left
over.

The strategic setup of the adjacent triangulampars cells has the advantageous that in case
the self-separation algorithm can not find a satisfry solution without creating additional
conflicts there is always a strategically decotdiitroute out of the flow restricted area. This
strategically deconflicted route is to not crossraw another route. This can be seen in Figure
29.

Adding additional flow restriction triangles to at®f two adjacent flow restriction areas will
not change the situation. The same types of sicategflicts will remain. So this means that
additional flow restriction triangles can be addethout actually adding complexity to the
situation.

The number of possible routes through two adjatesbgular airspaces is 12 (see Figure
29.b). Of these possible routes 4 are only thraughngle airspace cell and 8 are through two
adjacent airspace cells. This means roughly thatthivds of the routes through two adjacent
airspace cells have dependent schedules. Addinge nadjacent airspaces with flow
restrictions will increase the dependency rate duether. This suggests that it is probable
best to have a single schedule for a set of adjaiespace cells with flow restrictions. This
eliminates the need to synchronize dependent stdedid adjacent airspace cells, which
would add unwanted complexity.

5.6.2 Airspace cells near single airspace restrictions

As was identified in sub-section 4.2.1 traffic centrations are to be expected near airspace
restrictions. It is possible to use the airspachs cgefined for closely spaced airspace
restrictions also as flow restrictions near singjispace restrictions. This includes the usage
of strategically deconflicted routes through thspace cells.

In this sub-section we will explain how the airspaells will be used near single airspace
restrictions. We will show where they are applieduad the single airspace restrictions. We
furthermore show how the strategically deconflictedtes are defined through the airspace
cells.

The triangular airspace cells will be applied aban airspace restriction at the vertices at the
edge of the airspace restriction. The size ofil@gular airspace cell will be such that one
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a. b.

Figure 30 Triangular airspace cells used near siagspace restrictions (a.). One strategically
deconflicted route can pass through the airspalieQ@ither traffic passes freely outside the
airspace cell (b.).

laterally spaced route can pass through the triangirspace cell (see Figure 24b.). Only this
laterally spaced route is put inside the airspaak it is assumed that other traffic flows can
pass outside the airspace cell unrestricted usimyg short and medium term conflict
resolution methods.

5.6.3 Airspace cells for transitions from self-separattormanaged airspace

Transition operations involve the movement of aificfrom one airspace to another airspace.
Two specific variants are discussed here. The itransfrom managed airspace to self-
separation airspace and vice versa the transitiom fself-separation airspace to managed
airspace.

In this transition there is both a role for flow magement in self-separation airspace and ATC
of the managed airspace. The detailed proceduresnang ATC during the transition will
not be considered. Only the aspects regarding fltamagement in self-separation airspace
will be described [iIFly ConOps D1.3].

In this sub-section it is shown that the triangwaspace cell, which was developed in sub-
section 4.3.2., can also be applied to transitiperations. For the transitions operations also
the strategically deconflicted routes will be apgli

Transition from managed airspace to self-separatiapace

An aircraft exiting managed airspace into self-sapan airspace will do this at a specific
MA exit point. The ANSP of the managed airspace bl responsible for both separation and
flow management for the aircraft inside their MAis therefore that the ANSP will issue and
update the exiting restrictions in order to maimtaafe and efficient operations inside the
managed airspace.

The ANSP has to ensure that the business trajeutibrype conflict free for a limited time
when exiting managed airspace. As the ANSP is eggiansible for active separation control
in self-separation airspace this means that the AN&s to ensure the separation in another
way.

An option to do this is to define a small airspaed which is restricted [Beers 2002]. Only
the aircraft exiting from the managed airspace al@ved to enter the restricted airspace.
Aircraft within self-separation airspace are nddv\aed to enter the restricted airspace or have
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to leave the restricted airspace as soon as itbkesme active. The following Figure 31
illustrates this process. The shape and stratdgidaconflicted routes within the restricted
airspace cell are the same as with a triangulapadae cell for flow restrictions in between
restricted airspaces.

This means that the ANSP is activating the restichirspace at the MA exit point. For
aircraft in the self-separation airspace the rettt airspace at the MA exit point can be
viewed just as any other restricted airspace withllaestriction to traffic flow from Managed
Airspace.

Flow
Restricted
Alrspace

Managed Managed
Airsnace Airspace

Flow Flow
Restricted Restricted
Airspace Alrspace

Matr. .ged Managed
Airsnace Airsnace

Figure 31 The ANSP creates a restricted airspatsdauthe MA exit point (b.). The aircraft
in managed airspace can now exit to the self-sgparairspace being assured of separation
from other traffic (c.). Once inside the restric@tspace the aircraft is made responsible for
its own separation when exiting the restrictedpaice (d.).

Transition from self-separation airspace to manaeace

An aircraft exiting self-separation airspace intanaged airspace will do this at a specific
MA entry point. The ANSP of the managed airspack lvé responsible for both separation
and flow management for the aircraft inside theik.Nt is therefore that the ANSP will issue

and update the entry restrictions in order to nainsafe and efficient operations inside the
managed airspace.

The ANSP must always have the option to not all@ifit into the managed airspace at the
last minute due to operational reasons. This mdéaaisthe transition from self-separation
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airspace to managed airspace must allow for ant abanoeuvre which can safely be
executed. In other words, a strategically decatefticabort route within the transition region
back into the self-separation airspace is needed.

Abort
trajevctory

7’

Flow
A Restricted
Airspace \g

Managed

Airspace

Figure 32 The Managed Airspace entry trajectorjuishes an abort trajectory.

5.7 Limiting demand within Airspace Cells

In sub-section 4.4.2 a hybrid method for flow cohaind arrival management was developed.
This hybrid method, called flexible scheduling, Iviié applied to the FMSSA concept. Each
airspace cell within self-separation airspace faich it is expected that there will be density
or complexity issues a flexible flow schedule v created.

It was shown in sub-section 4.4.2 that the flexddbedule can handle flexibility of arrival

times to the flow restriction dynamically. Far awaythe future a large flexibility is allowed.

When getting closer the schedule is dynamicallystéd to reflect the decreased flexibility of
flights to move with the time of arrival to the Warestriction.

The flexible scheduling also can be applied toasituns where flexible slot capacity of an
airspace cell is changing dynamically. Furthermdris, possible to use flexible scheduling in
a probabilistic setting where weather can influetiee availability of airspace cell capacity
stochastically.

Flexibility for dynamic capacity

The flexibility in assigning slots to specific fligs allows also to adjust the flow schedule in
such a way that it can adjust to dynamically chaggiapacity [Figure 33b]. In the example
the capacity is reduced for a specific time rafige flexible slots assigned to specific flights
can be adjusted to cope with the temporary redoctio
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Figure 33 Flexible slot capacity in the flexibldhedule can be adjusted dynamically (a. to b.).
When demand is exceeding flexible slot capacityesdiights will have to be removed from

the schedule.

Assigning traffic to more than one piece of airgpac

In the situation that in a certain area unfavowgakéather conditions are forecasted there is
always an uncertainty regarding the specific larataind severity of the predicted weather
cells. To approach this uncertainty it is in thepossible to assign parts of flexible slots to a
specific flight at a specific time in several a@msps. So when time elapses and the certainty
regarding which airspace will be available the pament trajectory can be chosen with having
already part of the flexible slots reserved.
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6 Scenarios
FMSSA addresses a number of events that can atsetfiseparation airspace and which can
be a solved are alleviated through flow managemBEme. main events are identified in the
following scenarios:

* No restrictions.

» Airport weather events, which temporarily close &éimport for traffic.

» Airport weather events, which reduce the acceptaateeof the airport.

» Temporary airport closures and reduced acceptates fexpected and unexpected)

» Large-scale en-route weather events.

» Small-scale en-route weather events.

» Demand exceeds the available flexible slot capadigirspace cells.

* Demand exceeds the indicated flexible slot capaxdithe airport.

The scenarios are explained in more detail in dlewing sub-sections. Only the en-route
scenarios are elaborated in further detail.

6.1 No restrictions

In the event the local Self-Separation Airspace ri@asestrictions due to weather or airspace
boundaries no flow management restrictions wilhkeessary. It is assumed that the room to
manoeuvre is enough for self-separation operatioie able to handle safely the traffic load

with only medium and short term manoeuvres [Blor@7Z0

There is a chance that the use of only medium &t $erm manoeuvres will result in
inefficient solutions to pass a certain part ofpace. The probability of this happing is quite
low. In most cases the medium and short term swiatwill be very efficient. This means that
the expected cost for passing a certain airspat®eviow [Barmore 2003].

Enforcing flow management restrictions on aircrafipected to pass through unrestricted
airspace will result in a limited cost, with a highobability. It is expected that beyond a
certain time to conflict it is more efficient to w#han it is to react early. The uncertainty in
the trajectories at that time to conflict is thatge that it is more advantageous to wait until
the uncertainties have decreased [Figure 34].

It is probable It is probable

1 more efficient to more efficient to
3 resolve the wait then to
C . .

[ conflict earlier resolve the
= :

5 conflict now

<

More time to conflict—

Figure 34 The expected added distance to resateaftict depending on the time to conflict.
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In case of weather cells or airspaces boundamafictcan be bundled at the edges of the
boundaries. The probabilities of conflicts in thedium and short term will increase by this

bundling. Furthermore, the efficiency of the mediand short term resolutions decrease as
there is less room to manoeuvre. In these situaibhecomes more efficient to resolve the

expected conflicts at a greater time to conflict.ifere flow management resolutions can take
an important role.

6.2 Airport weather event resulting in temporarily closure

In the event of local weather areas, like thundenss, local air traffic control can order to
close the movement in and out of the airport templgr They do this based on weather
forecasts. The actual timing of the closure anchoypeis done by watching the movement of
the local weather area on the weather radar anishgl inspection.

The problem with this scenario is that it is novays clear if a local weather cell will pass
over the airport. The movement and timing of a lloseeather cell has not a high
predictability. This means that it is very possithat the airport will not have to be closed
temporarily. Furthermore, the start, ending, antlopleof the closure is not clear, until the last
moment.

Although this is a very important scenario regagdinmaffic Flow Management it is outside
the scope of iFly being aimed at en route operatidimerefore, this scenario is not further
elaborated.

6.3 Airport weather event resulting in reduced acceptance rate

In the event of local reduced visibility conditiorilke morning fog, local air traffic control
can order to reduce the acceptance rate to theraififhey do this based on weather forecasts.
The actual timing of the reduction is done by watghthe weather station data and by visual
inspection.

The problem with this scenario is that it is nova@ys clear if reduced visibility conditions
will become real as forecasted. The timing of redueisibility conditions has not a high
predictability. This means that it is very possithat the airport will not have to reduce the
acceptance rate temporarily. Furthermore, the ,startding, and period of the reduced
acceptance rate is not clear, until the reducadiliig conditions start to build up or reduce.

Although this is a very important scenario regagdiraffic Flow Management it is outside
the scope of iFly being aimed at en route operatidmerefore, this scenario is not further
elaborated.

6.4 Unexpected temporary airport closure or reduced acceptance rate

Due to other reasons then weather local air traffictrol can decide to close or reduce the
acceptance rate to the airport. This can be unésgpexs a result of some event (e.g. runway
closed due to aircraft emergency). The traffic fimithin the vicinity of the terminal area has
not enough margins to anticipate on the changesirmistances. The traffic will encounter
serious delays or will even have to deviate tortakernates.

Although this is an important scenario regardingffic Flow Management it is outside the

scope of iFly being aimed at en route operatiortserd@fore, this scenario is not further
elaborated.
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6.5 Expected temporary airport closure or reduced acceptance rate

Due to other reasons then weather local air traffictrol can decide to close or reduce the
acceptance rate to the airport. This can be expextea result of some event (e.g. runway
inspection). The information regarding the closoreeduction is available in a timely manor.
The actual start time of the closure or reductian loe adjusted to be outside traffic peaks.

Although this is an important scenario regardingffic Flow Management it is outside the
scope of iFly being aimed at en route operatiorfseré@fore, this scenario is not further
elaborated.

6.6 Large-scale en-route weather event

In the event of a large-scale weather system thsuck of large volumes of airspaces and/or
reduction of acceptance rates of volumes of aiespagcll be necessary. This is done based on
weather forecasts and nowcasts. The timing is bastally on the forecasts and adjusted
according to the nowcasts. The large-scale weatjstem is that large that routing around the
system is for a number of flights not an option.

The problem with this scenario is that it is noivays clear if closures/acceptance rate
reductions of volumes of airspace will become ne@es Furthermore, it is uncertain if the

right volumes of airspaces are selected. The timingjosures and reductions has not a high
predictability. Furthermore, the start, ending, aperiod of the closures and reduced
acceptance rates is not clear, until a relativetdhoe before it is actually happening.

So FMSSA will make schedules for airspace cellhenweather area reflecting the expected
capacities. With time passing and uncertaintiesedsing the expected capacities of the
airspace cells are adjusted to the updated infeomaFlights can change their trajectories
accordingly and choose to allocate a flexible sidhe airspace cells with enough flexible slot
capacity.

Large-scale en-route weather events will resulhiee major issues (see Figure 35): (1) some
flights are not able to fly around the weather af@x many flights will aim for available
openings in the weather area, and (3) many flighltsly around the weather area.

Weather trajectory
area

Alternate

. . openin
airport P 9

a. unable b. through opening c. around weather area

Figure 35 A large-scale en-route weather eventesanit in flights being unable to go around,
and flights going through or around the weatheaare
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Before deviation After deviation to alternate

Figure 36 A large-scale en-route weather areatresal flight being unable to go around the
area and deviates to the alternate airport. Thve $lchedule is updated accordingly.

a. Unable to go around weather area

In case an airspace user identifies that the dtailuel is not enough to go around a large-
scale en-route weather area the airspace usedewiidie to turn around to the departure airport
or go to an alternate airport. Any flexible sloli®@ated by the airspace user will be freed (see
Figure 36 a.).

b. Go through opening in weather area

Some weather areas have openings large enouglgfiisfto pass through (see Figure 36 b).
If there is a certain demand for flexible slot azipain the opening airspace FMSSA will
define an airspace cell and accompanying schedrde.the airspace cell the allowable
flexible slot capacity limits are defined basedtba weather forecasts and probabilities, the
airspace size and boundary properties and eventihalexpected complexity of traffic. The
flights with a trajectory through the airspace dmdfore the schedule was defined will be put
on the schedule according to the available infoionarom their RBTs. Any new flights will
need to allocate a flexible slot in the schedutdlie airspace cell.

c. Go around the weather area

A large-scale en-route weather area will resulaimonsiderable number of flights going
around the weather area (see Figure 36 c.). Thisely to result in a concentration of flights
at the edges of the weather area (see Figuref3iperk is a certain demand for flexible slots
at the edge of the weather area FMSSA will defime @re more airspace cells and
accompanying schedules. For the airspace cell lgéxéble slot capacity limits are defined
based on the weather forecasts and probabilities, airspace cell size and boundary
properties. The flights with a trajectory throudte tairspace cell before the schedule was
defined will be put on the schedule according ® dkailable information from their RBTs.
Any new flights will need to allocate flexible sloaipacity in the schedule for the airspace
cell(s).

Airspace élrﬁpsce
Cell A £
L
a. around weather area b. around weather area

Figure 37 A large-scale en-route weather area &sctrsjectories at the edge of the weather
area. Airspace cells with flow restriction are adlde
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6.7 Small-scale en-route weather event

In the event of a small-scale weather system FM&&®Aorder the closure of an airspace cell
and/or reduction of the acceptance rate of anaespell. This will be done based on weather
forecasts and nowcasts. The timing is based ilyitaal the forecasts and adjusted according
to the nowcasts.

The problem with this scenario is that it is noways clear if closure/acceptance rate
reduction of an airspace cell will become necessHng timing of closure/reduction has not a
high predictability. Furthermore, the start, endiagd period of the closure/reduction is not
clear, until a relative short time before it iswdty happening.

So FMSSA will make schedules for airspace cellhenweather area reflecting the expected
capacities. With time passing and uncertaintiesedsing the expected capacities of the
airspace cells are adjusted to the updated infeomaFlights can change their trajectories
accordingly and choose to allocate available fliexglot capacity in the airspace cells with
enough capacity.

Example scenario of small-scale en-route weathentev

For a large Performance Based Airspace a smak-smalroute weather event is forecasted.
The forecasts will consist of a number of probahii weather cases [Lindholm 2009]. Based
on the cases and the probabilities specific aiespadls can be defined and the applicable
flexible slot capacity can be determined.

In Figure 38 the weather forecast provided two philistic cases both with a probability of
50%. Part of the weather cell is specified hazasdand part has reduced flexible slot
capacity. At the time the forecast is providedsitniot clear which of the two cases will
develop. So therefore two possible trajectories degermined by the airspace user. A
Northern and a Southern trajectory. Both trajeerjo through airspace that has a 50%
probability of O aircraft per time unit and a 50%@lpability of 4 aircraft per time unit. So
ATFM defines two airspaces A and B with both 509#®0%*4 = 2 aircraft per time unit.
The airspace user in the example chooses to $ipkiation of flexible slot capacity both on
the Southern and Northern trajectory [Figure 38hew time passes by and new forecasts
come available the actual development of the weailés becomes clearer. The airspace user
can decide with the improved forecast to decidgdofully for example for the Northern
route. The airline user tries to find the neededitamhal flexible slot capacity in the schedule
for Airspace A. ATFM can also decide to updatedapacities for Airspace A and B based on
the updated forecasts (see Figure 39). Flightsggthirough airspace with a lowered flexible
slot capacity can switch to go through a neighbauairspace with increased capacity [Figure
38].
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Airspace A

Airspace B

a. 50% b. 50% c. 100%

Figure 38 Two probabilistic weather cases (a. & bBre combined in graph c. The possible
trajectories around the weather cells are indicpsesing through Airspaces A & B.

Forecasted constraints overestimated or underdsiima

Based on a weather forecast the flexible slot agpercairspace cells is adjusted accordingly.
The forecast can be over- or underestimated. Tais result in flights not being allowed
through some airspace cells or initially being &ka through some airspace cells and later on
have to change trajectory to fly around the airspeell. The forecasted constraints have a
certain probability. Once the constraints are coméd to be (non-)existent the flexible slot
capacity can be set to the right level [Lindholn®2D

When the flexible slot capacity was originally urelimated airspace users can request for
the reclaimed flexible slot capacity to optimiseithflights. When the flexible slot capacity
was originally overestimated some airspace usdrhare to change their business trajectory
on a short notice (see sub-section 5.7).

In the [Wanke 2007] study a technique based orcside tree was suggested to indicate the
best strategy for using probabilistic weather fasts. The study showed that wait and see
strategies are less effective then strategies shggest earlier action in the presence of
weather forecast uncertainty.

Airspace A 2hrsto arrival  Airspace A 30 min toival

‘des 10|S

Airspace B 2hrs to arrival Airspace B 30 min toival

‘des 10|S

Figure 39 Assignment parts of flexible slots tdight in two airspaces at the same time until
the uncertainty has decreased.
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This strategy is also an option for the FMSSA cphc@&ased on the weather forecast
uncertainties the capacities in certain airspadls can be adjusted accordingly. Airspace
users can then independently decide which is tse RBT under the knowledge of weather
forecast uncertainties. The best strategy for trgpace user can be developed and improved
over time without any need to change the FMSSA eptic

6.8 Demand exceeds the capacity of an airspace cell

In the event the demand for flights through anpaice cell exceeds the flexible slot capacity
of an airspace cell FMSSA will not accept thesghfis from neighbouring airspace or
terminal areas. These flights will have to holdra neighbouring airspace or at the airport
until the number of flights in the constraint amsp cell has dropped to acceptable levels. The
airspace users will need to allocate flexible skpacity for themselves that is still available
or to find an alternative trajectory around the gested airspace cell. Furthermore, the
flexible slot capacity can drop below the demand.

Reallocate flexible slot capacity at a differentei

In case at the requested time interval no flexshi¢ capacity is available it is possible to find
the needed flexible slot capacity outside the tinterval. This can be at an earlier time, by
speeding up, or at a later time by reducing speed.

It is up to the airline user to determine what leskespeed change is still acceptable and
allows still maintaining the downstream scheduleelfado 2009] showed that a speed
reduction is possible within limits without incréag fuel flow per distance unit. It can even
decrease fuel flow if the speed is reduced to atdba speed for maximum range.

Determine an alternate trajectory
In case at the requested time interval no flexdbi¢ capacity is available in the airspace the
airspace user can define an alternate trajectoyynarthe restricted airspace cell.

Flexible slot capacity drops below demand

In case the flexible slot capacity in an airspaek @rops due to a certain reason the demand
level in the airspace cell can get above the avigillexible slot capacity level. At this point it

is needed to redistribute the flights in the schedusuch a way that demand and capacity is
in balance again.

6.9 Demand exceeds the regular capacity of an airport

In the event the demand for landings/departuremadirport exceeds the regular capacity of
an airport air traffic control will not accept atldnal flights into the terminal area or to leave

the gate. These flights will have to hold at oné¢hef holding stacks outside the terminal area
or at the airport gate until the demand has droppedceptable levels.

The problem with this scenario is that holdingftcain a holding stack is a measure of last
resort. Airborne holding is not efficient and shibbk kept to a minimum.

Although this is an important scenario regardingffic Flow Management it is outside the

scope of iFly being aimed at en route operatiortserd@fore, this scenario is not further
elaborated.
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7 Concluding remarks
This section summarizes the objective of this regbe FMSSA concept developed, and the
follow-on work on creating essential techniquesAEBISSA in self-separation airspace.

7.1 Objective of this report

The objective of this report is to describe an Aiaffic Flow Management concept which
allows for autonomous aircraft operations. The ephds aiming at intruding minimally on
the user-preferred routings. Furthermore, it kedesresponsibility for separation assurance
with the autonomous aircraft crew. The Air Traffilbow Management concept only acts upon
the traffic when it is likely that this is more kfent then solving the traffic situation using
short and medium term solutions.

The Air Traffic Flow Management concept describalles into account the available iFly
Autonomous Aircraft Advanced A ConOps, the view of SESAR and AP23 on flow
management, and concepts described in iFly WP5damhéong term conflict resolution in
self-separation airspace.

7.2 FMSSA concept developed
The FMSSA concept can be seen as a possible comtejgscription of a future (2025+)
flow management operation in a self-separationrenment in the en-route phase of flight.

The FMSSA concept is aimed at working in an enviment with user-preferred routing and
self-separation operations without tactical grosagport. This environment aims at giving
the airspace users the greatest possible freedchotise the best route from a business point-
of-view from airport to airport. In principle theelé-separation concept with the short and
medium term view should be able to handle mosfi¢raftuations encountered within the
self-separation airspace. In certain areas in dlfessparation airspace, like in the transition
areas and in confined airspaces, it is foreseen ahaeed for restricting traffic levels is
necessary. This would keep traffic interactionsitiah to a safe level and would make
operations more efficient.

The FMSSA concept only provides restrictions tdficdlows where traffic interactions are
predicted to be above a certain level. The sizdkwf restrictions areas are kept to minimum
to be just effective enough to capture the conggdtiaffic flows. Traffic flows close by are
not affected by the flow restriction areas. Theasgt allows for flexibility in the scheduling
limits of the business trajectories. In this way M will minimally intrude on the user-
preferred operations, and will only do that in #itiations where it is preferable from an
efficiency point-of-view.

The FMSSA concept only restricts within limits thiening of flights in self-separation
airspace. This means that flights are still ableddotheir own trajectory management and
conflict resolution without restricting the curreht concept of operations.

The FMSSA concept consists of three main elemé&mtst of all, it tries to detect congestion
areas with a high complexity or a high density.delty, it will define a flow restriction area,
which captures the flows through the congested.arféerdly, it will limit traffic by
establishing a flexible schedule for the flow reséd area.

FMSSA is in principle ground based and uses SWIMctmmunicate with the flight
operations centres, flights, and ANSPs of Managisipaces. A major source of information
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for the FMSSA is the shared and reference busit@gsctories provided by the flight
operations centres and flights.

7.3 Follow-on work

The FMSSA concept described in this report is ddpehon three important aspects. First of
all, regarding the specific triangular design o flow restriction areas. Secondly, regarding
the flexible scheduling techniques used for thevflestriction areas. And thirdly, regarding

the use of strategically deconflicted routes inftbe restriction areas.

The triangular flow restriction areas should begedor their applicability to restricting traffic
in a congested area. Furthermore, it should bedeshat the relationship is between the size
and design of the triangular flow restriction aaeal the level of acceptable traffic through the
flow restriction area. This should also be perfainfier adjacent triangular flow restriction
areas.

It will be necessary to identify an operationaleash methodology which can be applied to
the flexible scheduling technique as proposed ismidbcument. It is also necessary to test the
applicability of the scheduling technique for a@ffic management. It is necessary to test if
the resulting traffic will be flyable through corsjed flow restriction areas. Furthermore, it
needs to be tested if the predicted flexibility tbe scheduling technique is working in
practice. Also it needs to be possible to use tieduling technique in a dynamic fashion
when getting closer the actual time of arrival.

It has to be identified what the requirements dlIfor the strategically deconflicted routes. It
also needs to be known if the strategically dedctefll routes are necessary in practice, or that
the limiting of traffic density through the scheuhgl is enough to get safe levels of traffic
through the flow restriction areas.
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9 Glossary of terms

9.1 Abbreviations

Abbreviation Description

4D Four dimensional (position, altitude, and time)
A’ Autonomous Aircraft Advanced Concept

AFP Airspace Flow Program

AlIP Aeronautical Information Publication

AIS Aeronautical Information Services

ANSP Air Navigation Service Provider

AP23 FAA/Eurocontrol Action Plan 23

ATC Air Traffic Control

ATFCM Air Traffic Flow and Capacity Management
ATFM Air Traffic Flow Management

ATM Air Traffic Management

ATM Air Traffic Management

ATS Air Traffic Services

BDT Business Development Trajectory

BT Business Trajectory

C-ATFM Centralized Air Traffic Flow Management
CDR Coded Departure Reroute

CFMU Central Flow Management Unit

CTA Controlled Time of Arrival

E-OCVM European Operational Concept Validation Meliblogy
FAA Federal Aviation Administration

FCFES First Come First Served

FMSSA Flow Management for Self-Separation Airspace
FRA Flow Restriction Area

FMS Flight Management System

FOC Flight Operations Centre

GDP Ground Delay Program

GHP Ground Holding Problem

GS Ground Stop
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HMI Human Machine Interface

ICAO International Civil Aviation Organization
KPA Key Performance Area

MA Managed Airspace

MAGHP Multi Airport Ground Holding Problem
MIT Miles-in-Trall

NOP Network Operations Plan

OCD Operational Concept Description

PAZ Protected Airspace Zone

RAA Restricted Airspace Area

RBT Reference Business Trajectory

RTA Reference Time of Arrival

SAGHP Single Airport Ground Holding Problem
SBT Shared Business Trajectory

SESAR Single European Sky ATM Research
SSA Self-Separation Airspace

SWIM System Wide Information Management
TFMP Air Traffic Flow Management Problem
TFMRP Air Traffic Flow Management Rerouting problem
TMA Terminal Manoeuvring Area

USA United States of America

VIP Very Important Person

WHA Weather Hazard Area

9.2 Definitions
Term

Definition

Airspace Cell Delimited airspace to which flow regions are applied
Flexible Slot Flexible entry conditions for a fligtinrough an airspace cell
Air Traffic Flow ATFM manages flow in an efficient way to or througheas
Management where demand is exceeding the available capacity
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11 Appendix A: FMSSA System Description

In this appendix the systems necessary for FMS®Adascribed. First in sub-appendix A.1
the enablers for FMSSA are described. Secondhguimappendix A.2 the communication
systems are described. Thirdly, in sub-appendix & information flows to and from
FMSSA are described. Next, sub-appendix A.4 gives ocaerview of the functional
architecture for FMSSA. Furthermore, sub-appendi® ahows the relationship with the
SESAR ATM system of FMSSA. Finally, sub-appendi Ahows the relationship between
trajectory management and FMSSA.

A.1 Enablers

The ATFM enablers are those elements that are deedslow ATFM in SSA airspace to be
possible. The ATFM enablers are a subset of thE@nOps enablers [iFly ConOps D1.3].

» System Wide Information Management System: SWIM.

(0]

(0]

(0]

o

o

SWIM will provide the airspace users, ATFM, andasthelevant stakeholders
with the data that is needed for flow managemerdratpns. The data is
provided in a timely and reliable fashion.

Air-Ground Data Link Communications

SWIM is connected to the aircraft in SSA throughAanGround Data Link.

Ground-Ground Data Link Communications

SWIM is connected to ATFM through a Ground-GrouratdLink.

On-board Decision Support Tools

The A% airborne decision support tools will aid the fligliew in the decision
making process including trajectory management.

The trajectory management system can independedetigrmine alternative
trajectories to identify the bandwidth of schedglioptions (e.g. earliest and
latest time of arrival to a specific airspace cellexit point) and the fuel cost
associated. This information can be used in detengischeduling options for
ATFM.

The trajectory management system can create toajestthat comply with the
time restrictions that are applicable to high caampl areas, congested areas,
and exit points. If this is not feasible, the systehould indicate that it can not
comply with the restrictions.

» Air Traffic Flow Management Tools for Self-SepacatiAirspace

(0]

(0]

(0]

0]

(0]

The airspace cell identifier will identify airspacells which have potentially
traffic density or complexity issues.

The Airspace cell capacity estimator will identthe allowable traffic density
or complexity for a given airspace cell.

The Demand estimator will estimate the expectezpate demand of flights in
the various airspace cells.

The flow scheduler will schedule flights to airspaells taking into account
the allowable traffic density.

The flow limiter will apply constrains to flights iling to pass through
airspace cells based on the flow schedule foritispace cell.

* Advanced Human Machine Interfaces

o

The Advanced HMI (Human Machine Interface) whichiimed at allowing A
operations will also provide the relevant flow mgeaent information to the
pilots. This includes the constraints on the RBasda on the flow schedule.
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* New Procedures
o The new procedures and flights rules féraberations will include procedures
and rules for ATFM operations.

A.2 Communications with FMSSA
Air traffic flow management will communicate witlne flight operations centre and the

aircraft through the SWIM network.

The communication will be utilized for:

» Data exchange with SWIM regarding the SBT or RBT

« Data exchange with SWIM regarding the active flowstricted areas, the
recommended strategically deconflicted routes enattive flow restricted areas, and
the availability of flexible slot capacity in thetave flow restricted areas.

* Requests for a flexible slot and the associated timdow to FMSSA

» Assignments of flexible slots and the associatex twindow to the requesting flights
or denials of flexible slots.

The information that is communicated is describedhie next sub-section on information
flows.

FOC SBT > SWIM SBT FMSSA
P CTA RBT | (Self-separation
: RTA CTA q airspace)
N . RTA g
Flow Restriction Areas >
Flow Restriction Areas FRA

Schedules for FRAs
Schedules for FRAs

Strat.deconflicted routes
Strat.deconflicted routes

Airspaces incl. WHA

RBT
Aircraft >
< SBT SBT
b CTA > ANSP
< RTA RBT » | (Managed Airspacq)
< CTA
Flow Restriction Areas RTA

Schedules for FRAs

Strat.deconflicted routes

Figure 40 FMSSA is connected through SWIM to therait, flight operations centres, and
the ANSPs of the Managed Airspaces.

A.3 Information flows

The FMSSA process is dependent on information fileenANSPs, FOCs (Flight Operations
Centre), and aircraft on the SBTs and RBTs throsgh-separation airspace, the exit
conditions, and the existing airspace definitionluding weather hazard areas (see Figure
40).
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The FMSSA process provides information on the fi@stricted areas, the accommodating
schedules, and the strategically deconflicted sotliteough the flow restricted areas.

All information to and from FMSSA is passed throlgWwIM.

A.4 Functional architecture

This sub-section gives an overview of the main fiomal architecture for FMSSA (see Figure
41). This architecture is only aimed at the creatid airspace cells, and the limiting of
demand based on flexible flow schedules. Other FMBi®cesses are not described.

S/RBT +
time window

Flow
restricted are
on trajectory?

Possible
congestion?

Raised
priority
flight?

Define flow
restricted areas

Is there
capacity in
the schedule?,

no no

\ 4

Unassign capacityf

and time window
from conflicting

flight (low priority)

A 4

»  schedule to flight

Assign capacity angl Create initial

time window in

Inform about denial
of access through

—— FRA within given

v

Inform flight about
assignment of
capacity

schedule for FRA
+ strategically
deconflicted routeg

v

Inform current
flights through new
flow restricted area|

o7

time window. about assignment$

Figure 41 FMSSA process regarding the creatiorlosf festricted areas, and the assignment
or denial of flexible slots to the flow restrictaceas.

Identify flow restricted areas on the trajectory
This function will identify based on the given SBiid the associated time window if an
aircraft trajectory will pass through a known amti\ge flow restricted area.

Identify possible congestion on the trajectory

If there is no known flow restriction on the traj@wy it is possible that the new or updated
business trajectory will get traffic density or qolexity at some point along the trajectory to a
level that it becomes necessary to establish aféstriction area.

Define flow restricted areas

If a flow restriction area has to be establisheaeids to be first defined. This means that the
flow restriction area needs to be designed baseth@hocation of the identified congestion
area and the location of the surrounding restriciespaces. The flow restriction area should
be able to restrict all traffic flows passing thgbuthe identified congestion area. For the flow
restriction area also the applicable flight levaisuld be identified.
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Create initial schedule for flow restricted areas

For the new flow restriction areas schedules valcbeated based on the already known traffic
(e.g. known SBTs) through the flow restriction aredhe already known traffic will be
assigned to the schedules. As there was no coagqstedicted until then all known traffic
can be assigned to the schedule without any denials

Define strategically deconflicted routes througiwflrestricted area

When the flow restriction area has been defineditigdforeseen that the traffic complexity
or traffic density is above certain limits it isgsible to use strategically deconflicted routes
within the flow restricted area. These routes redak defined.

Inform current flights through new flow restrictaceas about assignments

The known flights through the area with the newnfligestriction will be informed that they
will operate in a flow restricted area. Furthermateey will be informed about the time
window they can operate in. From that point on khewn flights will have to comply also
with the time window in the flown restricted area.

Find a flexible slot in the schedule of the flovgtrected area

In case a flow restricted area has a given schatidepossible to find if a new or updated
business trajectory will be able to find a flexiklet in the schedule. In principle the available
flexible slot capacity in the flow restricted arésa known through SWIM to the flight
operations centre. This allows the flight to dineecequest a flexible slot of which is known
that it is available.

Assign a flexible slot in the schedule of the flmsgtricted area

When flexible slot capacity is available in the sdhle of the flow restricted area this can be
assigned to the flight. The assigned flexible slmhplies with the indicated time window as
much as possible. A larger time window is no optimut a smaller time window is.

Inform flights about assignment of a flexible slot

The decision about the assigned flexible slot i sichedule of the flow restricted area is
provided through SWIM to the flight operations aenénd to the aircraft. The information

includes the applicable flow restriction area, #issigned time window for the flow restricted

area, and the suggested strategically deconflicietes through the flow restricted area. The
aircraft can take the information into considenativhen determining and updating its

business trajectory.

Has the flight a raised priority?

In case there is initially no flexible slot availalto a flight in the schedule for the flow
restricted area it is possible to check if thelipas a raised priority. This allows the flight to
be provided with the flexible slot of an alreadgigaed flight with normal priority.

Unassign a flexible slot from conflicting flight thi a lower priority

In case there is no flexible slot available forlight with a raised priority it is possible to
unassign a flexible slot from a conflicting fligfwith normal priority) in the schedule. This
flexible slot becomes available and can be assigodte flight with a raised priority. The
flight with the unassigned flexible slot has to wha its business trajectory and find new
capacity to be able to fly through the flow redgtarea.
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Inform flight about denial of access through flosgtricted area.

The flight that is known to be unassigned its ftdsislot in the schedule will need to be
informed about the denial of access through the flestricted area within the requested time
window. The flight has to provide the ATFM with apdated business trajectory.

A.5 SESAR ATM architecture for network management

The SESAR ATM concept uses trajectory-based omeraitas its core element (see Figure
42). The trajectory represents the intent of thepaice users in compliance with the ATM and
airport constraints. The trajectory is shared tgloa system wide ATM network. Using a

Collaborative Decision Making process the trajecte agreed upon using an iterative

process [SESAR D3].

The Network Manager has as a goal to achieve aedgnd stable balance in demand and
capacity.

Years 6 months Minutes
Business Trajectory
owned by the BDT » SBT » RBT »| Tactical
Airspace Users
A
Network % 2 Partially
SBT lconstraints Renegotiation accepted
Y Flyed
Inside N
. Has visibility
A
irspace Dsers NOP on demand Affected by:
and capacity - Impacting events
: - De—conflicting
A Ne‘;wnrk C‘OI’;SF;&II‘I?:S% - Real time queuing
QIEEmen: OLnegoralto. o - Local capacity management
changes if not deal with capacity,
Negotiation on Schedules. / AgT SBT
Airports and Airspace Users
Routes, Resourcgs
Network | o ANSP
Manager | Negotiation if =
demand/capcity
imbalance Airspace configuration:

- Definition of routes
- Definition of Airspace Configuration

Resource
situation

BDT: Business Development Trajectory NOP: Network Operations Plan
SBT: Shared Business Trajectory ANSP: Air Navigation Service Provider
RBT: Reference Business Trajectory

Figure 42 Concept of operations of SESAR [Souradg&do 2009]

A.6 Trajectory Management and ATFM
The basic architecture for trajectory based opamatiusing self separation in a context of
traffic flow management can be based on three coems [Prevot 2003]:

1. Using time-based flow management to regulate traléinsity.
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2. Using trajectory-based operations to create trajext which comply with traffic
management constraints and which indicate the rahgptions for flow management.
3. Maintain local separation using self separatiorragoens.

In the following diagram (Figure 43) the relatioipshetween the three components is given.

Traffic flow Trajectory planning Flight execution
management

Self separate

Reference Trajectory and boundaries

\ 4 A 4

SBT, boundaries, airspace state

Evaluate Create trajector Evaluate Self
<p|airspace cel!s/ > cpmphant - trajectory  an separation
time boundaries| time boundaries| local traffic| needed
Trajectory [situatio
¢ Boundaries 4 and boundaries 4
= Continue alon
2 <+—> trajectory

No

Trajectory
within
boundarie

Aircraft state

Figure 43 The basic architecture for trajectoryedagperations using self separation in
relation to traffic flow management.

Using the SBT, the RBT, and the accommodating bares specified by Airline Operations
or by the aircraft trajectory planning a Traffioll Management schedule can be created. For
this also knowledge on the airspace boundariegiapgse airspace, and weather forecasts is
necessary. The Traffic Flow Management schedulevshibe time boundaries which are
applicable for a flight through specific airspaedi< subject to flow management measures.
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