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Abstract—One way how to overcome the performance
limitations of the current ATM systems is a partial delegation
of the ATM tasks on aircraft equipped with appropriate
airborne systems. The use of such an Airborne Sepaion
Assistance Systems (ASAS) is envisioned both in tB@iropean
Union (SESAR) and in the US (NextGen) for the 2025
timeframe. The primary goal of the EC FP6 project iFy is to
identify safety and performance limitations of theairborne self
separation during the en-route phase of flight. Iraddition, iFly
aims to develop the airborne system requirements eeed for
safe self-separation operations. This paper presentghe
airborne system architecture drafted within the iFly’'s Concept
of Operations and discusses its requirements on thglobal
ATM environment, namely, on the information managemat
services.

Index Terms—ASAS, Avionics, Information Management,
Trajectory Management

I. INTRODUCTION

The current Air Traffic Management (ATM) systemi)l st
based on the principles adopted after World Warelhched
its limits and is already unable to satisfy the reot
worldwide growth of air traffic. The known weakness
include namely:

» Inferior information management

Information Management (SWIM) within SESAR [1]) and
in the U.S. (Net-centric Infrastructure Servicesthw
NextGen [2]). The existence of such information rgita
services together with new airborne and commurunati
capabilities are then key enablers for a more tdec
distribution of ATM tasks between air- and grougdtems.

From an ATM perspective, the airspace can be divide
into two types: the high traffic density areas auan
airport (Terminal Maneuvering Area (TMA)), and tbke-
route airspace. Within TMA, the primary ATM goal tis
ensure an effective use of the airport and thereatfi the
problem thus points to the use of a centralizedtrobn
strategy. The main goal for the en-route airspaceoi
provide an effective flow of traffic which has nataoral
center of operations.

The airspace is further artificially split into sers
(horizontally as well as vertically) based on theea to
overcome the limited capacity of ground-based human
controllers. However, such sector-based approach &a
natural performance limit: although it is possildemanage
higher traffic density by reducing size of the sest this
airspace management process increases the workload
associated with the transfer of aircraft betweeriose and
with the inter-sector planning.

A possible way to overcome these major limitatiem&o
replace (at least partially) the centralized grobaded

* Ineffective or missing automation-human taskontrol by a distributed control system using adesh

distribution

airborne avionics [3]-[5].

. Ineffective distribution of air—ground tasks and The |F|y project aims to provide Safety and perfanq:e

responsibilities.

analysis of an advanced en-route self separat®iM

The information management process is one of th@ masystem. In this context it continues in the theiosdtwork
bottlenecks of the current ATM system. While the MT performed within the project HYBRIDGE[8] and the
tasks are performed by ground-based Air Traffic @Hn yalidation experiments in the Mediterranean Freighkl
(ATC) centers, a lot of information about the atsituation  (MFF) project [9]. For this purpose two design eglare
is known only to the airborne side. For instance,CA envisioned: while the first design cycle (Autonorsou
typically does not receive information about theajrcraft Advanced (A3) Concept of Operations) isfined

instantaneous local conditions (local weather,raftcstate)
as well as about aircraft's intended trajectory. O
contrary, the up-to-date global weather forecastessary
for better airborne trajectory planning is usualyailable
only on the ground. As the ATM community is awafehis
information management bottleneck, new
sharing systems are developed both in Europe (Qy#lale
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on the autonomous aircraft concept, i.e., flighemapions
completely without ATC interventions, the secondsige
cycle aims, apart from a further refinement of A8,study
how A3 equipped aircraft fit within the SESAR
environment.

information

! Self separation is a new separation mode in which aircrews are the
designated separator for a defined segment oftftighing which they shall
assure separation from all other aircraft [1].

2 At this INO workshop, some other innovative resuhat have been
obtained with the help of the HYBRIDGE developmeats presented in
[6] and [7].



This paper aims to present a functional overviewhef
airborne self-separation system drafted in the Ay
Concept of Operations [10] with emphasis on
requirements for the global ATM environment, intfadar,
considering information sharing services.

The goal of this system is to enable a $afed efficient
autonomous flight through an en-route airspaces -
route phase of flight is ended by a flight constrg8D point
with a time interval) at the entry point of the tilestion
TMA. Such a flight
functionalities of the system:

» Separation Managementwhich prevents the loss
of separation (according to

aircraft and the surrounding traffic

e Trajectory Management that takes advantage of
the flexibility provided by an autonomous aircraft

concept for an efficient airborne flight optimizati

e Information Sharing that enables a good
predictability of the own flight trajectory for ath
airspace users.

Due to the fact that within A3 more tasks and

responsibilities will fall on the operating crevibe whole
airborne system is designed as a pilot’s suppottng This
implies that a certain amount of automation is #alvi
necessity. The system automatically collects therimation
needed for flight optimization (weather, obstacleg, and
about surrounding traffic and helps in detectingeptal
conflicts. The aircrew is provided with all inforti@n which
is necessary to build a high level of traffic sttoa
awareness any time during flight in order to enatble
aircrew to make even critical decisions in a timelyd
accurate manner. In this sense the automated dmsctre
geared to leading the aircrew to safely perforretyadritical
work conditions, instead of taking them out-of-thep. It
will support the crew in the decision making pracds/
providing possible solutions in form of maneuvesggéctory
presented to the flight crew through a suitable Hom
Machine Interface (HMI). The parameters which sigpl
the solutions are alterable according to the fliletv needs
and when finally a maneuver is accepted, it capxszuted

using automated guidance system (FMS, autopilot) or

manually.
This paper is organized as follows: First, we discsome
general aspects of the trajectory information stpr@nd

how this information can be communicated to mamta

traffic situation awareness during autonomous dueTs
Subsequently, a functional description of the Afbhaine
system is provided as well as its role within tRlby iproject
framework.

Il. INFORMATION SHARING ENVIRONMENT

is enabled by the following

For instance, the safety aspects are criticallyeddmg on
the completeness of the traffic information. Fotomomous

itgircraft concept it means to ensure that an airaad its

crew know at any moment abaait flights in its vicinity. In
addition, the capability to predict time evolutiofi the air
traffic situation is reliant on the availability @fformation
about intended trajectories of neighboring aircrafiet
further information is then needed for the trajegto
optimization tasks.

A.Flight Trajectory Information

the applicable
minimum separation standards) between the own

There are two fundamental levels of the trajectory
information: data about the current state, and plamned
trajectory. A range of the planned trajectory madifed
according to its purposes. For example within tMSRhe
trajectory is always generated up to the finalidason.

Within ATM, trajectory information is typically usefor
the following purposes:

e Strategic planning of the load of the resources
(airports, sectors or, more generally, arbitramtpa
of airspace)

Detection of conflicts with other aircraft.

The current ATM system is typically based on the af
state information (and its extrapolation) for cantfl
detection and the flight plan, which contains ausege of
navigation waypoints with estimated take-off anddiag
time, for strategic planning. In the future, itasticipated
that for strategic planning purposes a more detailed up-
to-date trajectory, a so-called Reference Busiiesgctory
(RBT) in SESAR [1], will be provided by each airftrdn
addition, the use of a limited amount of the trageg data is
also envisioned for conflict detection. Conseqlyerthe
following three types of trajectory information are
considered for ATM purposes:

e State information (e.g., position, speed, ...)
Intent information (a part of intended 4D trajegtor
usable for conflict detection purposes)

RBT (planned trajectory for strategic resource load
planning)

Distinct purposes of each level of flight informaeat
impose different requirements on their accuracy and
reliability. For instance, Conflict Detection (CD)

.applications require more accurate information ttaad

planning of airspace and airports. An aircraft caso
provide more accurate trajectory for a shorter fabkad
time where the accurate information from its onkdoar
sensors (mainly about wind) can be used. On théramgn
longer trajectory predictions depend on the avditatof a
global weather forecast whose accuracy is conditera
lower. Although modern aircraft guidance and natiga
sFystems are in principle able to follow a predefirgD+

Safety and performance limits attainable by a seffjectory (3D trajectory with time constraints specified

separation airborne system are directly affected thy
information available onboard of an autonomousraitc

3 The iFly approach to the safety analysis of sgtiasation operations is
discussed, e.g., in [11].

points), this capability should be used with casetee price
for compensation of the Trajectory Prediction (TP)
inaccuracies (especially considering time dimensinay be
high.



A very important research parameter is the optitila¢ airborne CD&R.
horizon of the intent information (usually referréal as a Another issue emerges in the case when an airdoaf$
Mid Term timeframe) as it determines the effectimme not communicate at all, or information transmissfaits,
horizon of the corresponding Conflict Detection &e.g., due to interference problems. Within the entrrATC
Resolution (CD&R) tools. Although it is affected bysystem the continuity of monitoring of all aircrafs
multiple factors the accuracy of the available ecéjry guaranteed by the transfer procedure between sector
information (influenced by stochastic factors agdipment Within the A3 ConOps this problem is solved by alSW
limitations) and trajectory reliability (with longéook-ahead ground application which monitors all traffic and
time, the probability that the trajectory will besabject of periodically provides each aircraft with a compléist of
an ATM intervention increases) are crucial chamggties. flights in its vicinity. The aircraft's area of irest is
Unfortunately, the second aspect cannot be in iplimc described by so-callellid Term Awareness Zonedefined
evaluated without the validation of the whole ATys&em. to cover all traffic that could potentially causecanflict
The Mid Term timeframe considered within the cutrenwithin the timeframe considered for trajectory-tthseD
ATM research is usually affected by the typicalesef the (Mid Term). The traffic list is dynamically compdeusing
current ATC sectors (typically about 20 minutesflfht).  up-to-date RBTs available in SWIM.

The most suitable intent timeframe for distributeshtrol In addition, an aircraft can obtain information abother
system can be different (e.g., 10 minutes used ASA flights using any of the following communicatiomgees:
research [12]). It is essential that both airboand ground- * Reception of (periodical) broadcasts of other
based applications are considered in developingnint aircraft (e.g., ADS-B)

communication standards for future ATM system. « Direct querying another aircraft (e.g., an Air -+ Ai

equivalent of ADS-C)
B. Traffic Situation Awareness e Querying ground infrastructure (e.g., SWIM).

The critical requirement of an airborne CD&R is to While the broadcast is still considered as a pynsaurce

. ) . of information, there are two additional possiEktto query
guarantee that every aircraft will continuously @av. . . L )
> : L . . information about aircraft on the traffic list fovhich the
information about all traffic in its neighborhoodsually, it

is assumed that this goal can be achieved througbegption broadcast communlcajuon fails: Air — Air datalininca
of the datalink broadcast of other aircraft (e 4DS-B). ground systems (see Figure 1).

However, a distributed system based uniquely antiime of

communication may be considerably affected by teldgy

limitations. First, the range and reliability of tmoadcast

transition may be insufficient for the requirement$
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Figure 1: Overview of communication services consated for maintaining the onboard situation awarenes.



C.Onboard Flight Planning

One of the most important advantages of the autonsm
aircraft concept is a higher flexibility for dynami
optimization of the flown trajectory. An essential
prerequisite of such trajectory optimization is wfisient
knowledge of the weather forecast, flight obstacdéspace
restrictions and other strategic factors. In thiurki ATM
systems, the access to these information is aat&ip
through a ground-based information sharing systeow) as
SWIM. The aircraft’'s area of interest considerihggs tkind
of information is defined in A3 as a so-calledng Term
Awareness Zonecovering the neighborhood of the actual
RBT up to the predefined time horizon/range or vidole
self-separation part of flight (up to the TMA enprgint).

Potential risks are represented in terms of aeasbid.
They may include restricted areas, weather hazéedsin,
etc. Furthermore, within the A3 Concept of Operraidt is
considered that this information can be complentebie a
strategic information about air traffic in the forrof
congested areas (detected by an automated grostehgy

D.Communications Overview

Figure 1 depicts the overview of the communication
channels anticipated for maintaining the airbornaffi
situation awareness. This figure represent a sitngtek view
on the data transfer problem, namely, only datzmatlly
used by own aircraft are shown.

[ll.  AIRBORNESYSTEM DESCRIPTION

The architecture of the A3 airborne system disalisse
this paper is shown in Figure 2. The purpose & thiapter
is not to describe a possible implementation ohsusystem
but rather to provide a high level analysis of rezbd
functionalities. The whole system can be dividet ifive
functional units:

» Information Management

» Conflict Detection

» Conflict Processing

»  Conflict Resolution

» Trajectory Update Management (Trajectory
Synthesizer and Trajectory Management)

A. Information Pre-processing (Information Management
Unit)

As discussed in the previous chapter,
Separation Assistance System (ASAS) is dependernh®n
information sharing technologies and proceduresvéver,
the typical development cycles of avionics and ghabal
communication standards are quite different. The gbthe
Information Management Unit is to hide technolobiaad
operational details of the communication servigesnfthe
remaining parts of the airborne system. For thigpepse it

an Airborne

manages the communication channels to collect anckeps
all required information.

In particular, the Information Management Unit is

responsible for the following tasks:

1. Process all incoming data broadcasted from
surrounding aircraft

2. Periodically process the list of neighboring traffi
(obtained from an automated ground tool) and
detect missing information traffic

3. Complement missing traffic information
querying the corresponding aircraft or SWIM

4. Process areas-to-avoid information and weather
forecast data uploaded from ground and provided
by onboard sensors (weather radar, Ground
Proximity Warning System, etc.)

5. Monitor the conformance of surrounding aircraft to
their intended trajectory (if available).

by
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Figure 2: Functional overview of the airborne systm
architecture drafted within the iFly A3 Concept of
Operations.

The output of this information management process i

represented by four information sets:

e State information setwill contain all up-to-date
state information obtained from the broadcast of
surrounding aircraft.

* Intent information set will contain the best
estimate of intended trajectories of all aircraft
within the Mid Term Awareness Zone. This



information will be complemented by conformance It is anticipated that the system can generatekings of
parameters obtained through a comparison of statee flight trajectory changes:

and available intent information. e Closed maneuver which can be described in terms
» Areas information set will contain information of a new consistent trajectory up to the destimatio
about all areas-to-avoid (e.g., restricted areas, This is a preferable method in order to solve
weather hazards, congestion areas, etc.). conflicts as the up-to-date trajectory information
e« Meteo set will contain up-to-date information may be immediately provided to other airspace
about the weather forecast. users.

The primary goal of the Information Management Usit *  Open maneuver solves a detected conflict situation
to ensure that the airborne system has intent rirdtion but a continuation of the flight after the maneuver
about all aircraft inside its Mid Term Awarenessngaand is not considered. This method is used only for
an efficient data fusion. urgent conflicts when a short time-to-conflict

exclude more optimized closed solutions. The A3
airborne system is designed to minimize the delay
before an open maneuver is completed and
) . transformed into a closed one.

In_the_ system, there_ are three CD functions wr_nuh a  apparently a consistent update of the trajectolpsed
running in parallel and independently. All detecteahflicts maneuver) typically requires a more complex siamti
are provided to the integrative Conflict Procesdimaction  ;qsessment  than  a single open maneuver. These
which ensures the overall situation analysis anerdenes ., siqerations are reflected in the two CR modirelsided

B. Conflict Detection

the appropriate actions. in the system:
» Long Term CD detects conflicts with areas-to-avoid . Short Term CR generates open maneuver
provided by a ground support and onboard sensors. solutions with an execution delay typically abo0t 3
This kind of conflict is used both for Trajectory seconds (exact value to be determined).
f'md Separation Management. * Mid Term CR provides closed maneuver solutions
* Mid Term CD module represents the key part of the with an execution delay (research parameter)
CD process for Separation Management. As the typically about 1-2 minutes.

intent information set contains the best available

estimate of the trajectories of neighboring airraf

the majority (ideally all) of the Separation _ /_\/\
Management tasks should be performed within this /\/ e
timeframe. In addition to a detection of potential , . A Long Term
Losses of Separation, it is anticipated that this -Onboard Trajectory S

module will also detect situations that could - .Management
potentially represent a risk for system's CR , ,
functionality. Two possible approaches are . :
considered: a detection of the situations with high ' -
traffic complexity [13] or the situations that rextu D o
significantly aircraft's flexibility of maneuvering '

[14].

» Short Term CD module uses an extrapolation of the
state information for a short look-ahead time (the
parameter to be determined but typically about 2
minutes) and plays a role of the Separation
Management safety backup.

Separation
Management

A simplified overview of the described CD process i
shown in Figure 3.

C.Conflict Resolution

Depending on the urgency of the conflicting sitoati
there are two different Conflict Resolution (CRnhdtions
able to generate possible solutions. The urgeneyaainflict
is reflected by the execution delay parameter, vkiefines
the maximum delay in starting the execution of the
resolution maneuver. The execution delay is necgdsa . .
the flight crew to assess and understand both ithatisn Figure 3: Overview of the Conflict Detection Proces.
and the proposed solution(s) and to prepare itsutica.




An important operational issue of any airbornerttisted only the trajectory beyond the Mid Term timeframeorder
control system is a coordination of the conflicsotaition not to interfere with the separation managementtfans.
maneuvers among the conflicting aircraft. Usualyeé
possible types of coordination are considered: iexpl
coordination based on the negotiation among cdimitic V. CONCLUSION
aircraft, implicit coordination based on the conilpitity of

algorithms  (typically geometrical) ensuring a mitua The jdea of an autonomous aircraft concept is eut [3].
complementariness of the CR maneuvers applied ke main obstacle to its realistic flight testimgia potential
conflicting aircraft, and priority rules. The advages and implementation is its critical dependence on thealdity
drawbacks of different approaches are discussef, i ang efficiency of the Air — Air communication and ¢he
[15]. The A3 operational description is based om Wise of 4yajlability of information in general. This is alseflected
priority rules for closed CR maneuvers and implicity the anticipated implementation timeframe withiine

coordination for open CR maneuvers. SESAR [16] and NextGen [17] frameworks, as the-Aikir
datalinks are deployed later than Air — Ground
D.Conflict Processing communication services. However, as discussed withis

paper, a lot of information requirements (espegiall
trajectory related) are common for the ASAS and the
ground-based automated tools (in particular Meditenm
CD&R). In this context, it is desirable that boihbarne and
ground applications are considered in developingveat
communication standards, e.g., for the flight itten

The proposed system aims to maximally benefit ftben
communication technologies and information sharing
services anticipated in the future ATM system. Hesve it

determine if the situation requires a modificatioh the IS @S0 designed in the scalable way allowing ftece the

current trajectory. In this case one of the coivecactions js Situation where the information sharing service ar
selected: degraded. Similarly, it is possible to envision eV

airborne capability levels. For instance, genexétan or
aircraft flying in low density airspace may relynapletely
n the availability of the state information obtinfrom
roadcasts of surrounding aircraft. A key reseaygbstion
is to determine and classify performance limitsfexting

Some situations may not represent a conflict at tvealld safety criteria) of the airborne system faffedent

moment but there is a possibility that they canheveo a evels of available information and available imf@tion

dangerous situation under specific conditions. his tase management support.
9 ) sp . The iFly project has two main objectives: to assbes
some of the surveillance actions can be taken:

L : ._highest level of en-route traffic demand in whicteliw
e Situation is registered and further analyzed durmg . .
L : quipped aircraft can safely self separate, amtet@lop the
following iterations . .
A o ided to fliah airborne system requirements that must be metgorerthe
caution Is provided to flight crew. safe operations in our future airspace (2025+).
Additional requirements result from the mixed eqge
E. Trajectory Update Management operations. Currently both SESAR and NextGen cemsid
possibility that IFR and self separating aircrafé dlying

As discussed in the previous chapter, the key rement simultaneously within the same part of airspacergb this
of the information sharing airspace is that altwift provide topic is out of the iFly scope, the trajectory feed
up-to-date information about their intended trajegt The a@pproach adopted in the design of the presentetérsys
goal of the Trajectory Synthesizer module is to agenall should considerably simplify such mixed operatiasswell
flight changes and ensure that a consistent RBTatepis @ limited delegation aspects (ASAS separation).
available (and shared) as soon as possible. Feances ~ 'he airborne system presented in this paper aims to
when an open CR maneuver is executed, the Trajectdifovide  separation and trajectory — management
Synthesizer immediately initiates a generatiorhefguitable functionalities. In the current form it does nonsiler the
maneuver continuation in order to obtain a closej¢tory Collision Avoidance capability that essentially yeets a
updates. For these purposes it can call other rayst&ollision in the case of a Loss of Separation. T
functions (not shown in Figure 2). Concept of Operations assumes the presence of auch
The Trajectory Synthesizer also manages thystem (e.g., TCAS) onboard in the role of an irtelent
optimization-driven updates generated by the Ttajgc Safety backup.
Management module. These updates are generatecﬁome of the presented functionalities are completel
periodically, on-demand, or on the event-basis. (eppated missing in the existing avionics, others are astigrartially
weather forecast). The related trajectory modifizet affect implemented in the current systems (e.g., partagectory

The Conflict Processing module is the heart of A%
airborne system. It processes information comimgnfrall
three CD functions and determines the approprietiorgs).
It is performed by prioritizing detected conflictand
balancing the safety and the false alarm rate &spét
addition, this module controls information displdy® the
flight crew to maintain its situation awareness.

The main goal of the Conflict Processing functisntd

» Short Term CR (short execution delay)

» Mid Term CR (longer execution delay)

» Trajectory Management for (area) conflicts beyontl?)
Mid Term timeframe.



optimization in FMS). The discussion whether reedir
functionalities should be implemented as an enharoé of
the existing systems or as a completely new sys&emt of
scope of this paper.

The iFly project began its work in May 2007, and win
for 39 months. The public deliverables and othsults will
be available alttp://iFLY.nir.nl .
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