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EXECUTIVE SUMMARY
This document describes the SectorLess-1 Operational Concept.

The paradigm that SectorLess investigates is the trajectory-based individual control as opposed to the
airspace-based, sector control currently used. The ultimate unknown for which this project strives to
clarify is that whether or not in the future we could remove sectors, as well as their associated constraints,
so that to respond to the capacity impasse.

One obvious reason supporting the proposed concept is the difficulties in inserting additional sectors
facing the growth in traffic demand. As the maximum number of aircraft in a sector is constrained by
human capacity, increase traffic requires additional sectors to be inserted to accomodate additional traffic.
In the current situation, many sectors are either too small to be broken down further, or will have to accept
a too large number of aircraft which may lead to a degradation of safety or an increase in delay. Human
capacity to handle air traffic complexity is reaching its limit, independent of whatever decision support
tools is added in as an attempt to increase it.

Similar to all other ATM concept investigations, the question of transition from current operating methods
to the future ones is yet another principal unknown. Therefore, the major research topics that SectorLess
is investigating concern not only the future trajectory-based individual control operational concept (so-
called SectorLess), but also the transition from the current sector control to the SectorLess control. The
later is named SuperSector. As one natural change from sector-based to SectorLess be to grow the
sector to larger volumes of several sectors, one could imagine that SectorLess is ultimately a very large
volume of several SuperSectors.

These two major research topics led to the definition of two major, parallel investigations in SectorLess,
note that both are human-centred au lieu of system-centred (NASA’'s AvVSTAR):

1. SectorLess-1: SuperSectors - Regrouping of Sectors

Objectives: to investigate the transitional solutions from the current airspace-based sector control
paradigm to the future.

Time frame scenario: short- to medium-term, i.e. 2005-2015.

Approach :

Airspace Redesign (FL 195 — FL 340)
U SuperSector representing a large volume (replacing 6 small sectors)
U Route design according to flow requirements and flight level allocation

U Alternative procedures for reorganising a large group of aircraft to other
single region in case of disturbing factors such as bad weather

Regulation (traffic organisation)
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U MSP/FMP to manage traffic balancing and tactical flow regulation
0 Regulate en-route traffic using vectoring and speed management techniques
U Sequencing inbound and over-flight traffic using metering and spacing techniques

U Alternative methods of allocating traffic to separate controllers inside a single sector
entity (E.g. by altitude layers, direction of flow )

Controllers roles
U The Inbound Controller manages the information related to the entry traffic
U The Outbound Controller manages the information related to the exit traffic

0 The Planner Controller prepares the traffic from the information received from
the IC

U The Radar Controller manage the end-to-end traffic inside the volume
organised and prepared by the PC

0 The MSP/FMP manages the long-term density to provide an efficient and
safe flow and co-ordinate with the Inbound/outbound controllers (The
advantage of this MSP/FMP role is to manage a large volume in the team
without the classical problem of the hierarchical information exchange in the
classical sectors organisation)

Conflict resolution

U Preferred level to resolve conflict (strategically)

0 Strategic resolution of conflict on cross-points

U Define the types of conflicts, traffic densities and movements in a region that
would optimise the imprecise probability due to incomplete information of
strategic control.

U Types of traffic organisation (to optimise conflict resolution)

Main characteristics are:

0  Without any assumptions concerning the use of new CNS technologies
U Pragmatic changes to current working practices induced by the regrouping of sectors:

0 New organisation of controller working practices to include longer planning time (e.g.
MSP-FMP)
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2. SectorLess-2

New procedures (hand-off, intent, in-bound/out-bound control)
Number of controllers and their roles with respect to SuperSector control,

New traffic management operations (e.g. Convoys, "dynamic" sets of aircraft sectors,
streams that adapt to the shifting demands in flow directions and altitudes)

Realistic technological impacts due to changes in  working organisation and
procedures:

Mapping displays (scales, moving maps?, map objects)

Large-screen to accommodate large volume of airspace and controllers-to-controllers
collaboration

Human-centred

Real scenario and traffic (specify number of sectors around Paris).

: SectorLess Trajectory-Based Control

Objectives: to investigate the operational concept following which aircraft could be controlled
individually from departure TMA to arrival TMA. Individual control includes the possibility of
delegating tasks from controller to controller allowing the regrouping aircraft into convoys,
managed by one controller, as well as its compatibility with ASAS-based autonomous aircraft
operations foreseen to be fully implemented as by 2015.

Time frame scenario: long-term, i.e., beyond 2015-2020.

Approach :

With assumptions about future technologies:

Satellite-based CNS, broadband communications from anywhere at anytime
Broad implementation of ADS-B and high-bandwidth data-link

Broad implementation of ASAS and CDTI

Distributed computing technology

Air-ground trajectory transfer

Hypothesis:

Change in controller role from sector-control to individual control will free more
capacity as sector capacity is limited by human capacity,

Individual control induces better safety since the controller role is similar to the flight
officer,

Gilles Gawinowski, Laurent Guichard SectorLess-1 Operational Concept document 0.1 4

EUROCONTROL




EUROCONTROL Experimental Centre p/

Innovative Research
EUROCONTROL

U Trajectory-based control induces more efficiency since longer planning time would
lead to better organisation of traffic resulting in efficient tactical flow control,

U0 Human-automation trade-off using lessons learnt from SectorLess-1

Common principles for both investigations are:
Airspace Design
0 Large volume (instead small sectors)
0 Routes design according to flow requirements and flight level allocation

U Alternative procedures for reorganising a large group of aircraft into other
single region in case of disturbances such as bad weather.

Regulation (traffic organisation)
0 MSP/FMP to manage traffic balancing and tactical flow regulation
0 Regulate en-route traffic using vectoring and speed management techniques

U Sequencing inbound and over-flight traffic using metering and spacing
techniques

U Large cluster/convoy management

U Alternative methods of allocating traffic to separate controllers inside a single
sector entity (E.g. by altitude layers, direction of flow )

End-to-end traffic management

U Each tactical or planning controllers responsible for the end-to-end traffic
management across the volume

0 New assistance tool and technology compliant to human-centred criteria
(human factors, cognitive ergonomics aspects)

The differences between the approaches taken for the two concepts are:

The fully human-centred approach i.e., without the use of any new automation from SectorLess-1
to the human-automation trade-offs in SectorLess-2.

Working methods and human factor issues are the priorities in SectorLess-1, while assumptions
about future technologies ground the basis for the development of SectorLess-2.
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1. INTRODUCTION

One strategic axis in the Innovative Research (INO) activities deals with the investigation of new
operational concept to address the capacity issue. Basically how to accommodate increasing number of
aircraft in an already congested airspace, while maintaining safety at least at today level, and improving
the efficiency of Air Traffic Services. The SectorLess project is proposed as part of this strategy.

The paradigm that SectorLess investigates is the trajectory-based individual control as opposed to the
airspace-based, sector control currently used. The ultimate unknown for which this project strives to
clarify is that whether or not in the future we could remove sectors, as well as their associated constraints,
so that to respond to the capacity impasse.

Similar to all other ATM concept investigations, the question of transition from current operating methods
to the future ones is yet another principal unknown. Therefore, the major research topics that SectorLess
is investigating concern not only the future trajectory-based individual control operational concept (so-
called SectorLess), but also the transition from the current sector control to the SectorLess control. The
later is named SuperSector. As one natural change from sector-based to SectorLess be to grow the
sector to larger volumes of several sectors, one could imagine that SectorLess is ultimately a very large
volume of several SuperSectors.

SectorLess is planned to be developed from January 2002 to December 2004, targeting proof of
concepts.

Jan@002 to Jul@003 : SuperSector investigation (SectorLess-1)
Jul@003 to Dec@004 : trajectory-based SectorLess ATM (SectorLess-2)

These two major research topics led to the definition of two major, parallel investigations in SectorLess,
note that both are human-centred au lieu of system-centred (NASA’s AVSTAR):

The project follows recommendations of the “Single Sky” initiative, which stated for the future European
ATM system performance, assets and weaknesses in that field. The initiative actually revealed that there
certainly remained important sources of improvement low-cost and short to medium term achievable,
based on the idea of an optimisation, and adaptability increase to ATM tactical and real-time operations.

The concept is still at a draft stage. The first version described herein is essentially aimed at providing an
idea of the operational orientation, which is currently examined but it should be adapted and modified with
respect next research results. Further consolidations with users as well as simulation campaigns are
indeed planned in the frame of the SectorLess project for 2002. Still the global approach, which was
taken as the working baseline for the present definition work, submitted to users, was so far considered
promising.
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2. TARGETED IMPROVEMENT

With current and foreseen traffic increases, all Europen ATM actors are faced with a common challenge :
to simultaneously generate extra capacity to meet the traffic demand, increase safety and reduce unit
costs in the years 2000+.

Traditionally capacity gains - the main priority after safety - have been obtained by dividing airspace into
smaller control sectors to off-set the increases in workload generated by addional flights. This will remain
a primary means to increase capacity in the short-term. However, this technique is limited as it generates
additional co-ordination workload, reduces the ability of sectors to handle trafic situations independently
and consequently reduce the delivered quality of services. Sector division has already reached its useful
limit on some of the busier airspace areas. Due to this approach, the necessary tasks have been
increased to perform the information transfert between the different sectors and has generated
exploitation guide more and more complex.

By proposing and enhanced infrastructure and exploitation, SectorLess will increase the levels of
anticipation, planning , analysis relevant information, co-operation and co-ordination and consequently a
new way to develop the Controller Collaborative Decision Making.
This study aims at building a strategy dedicated to
The short-term

Enhance the safety

Enhance the capacity of the global ATM system

Improve the regularity

Improve the end-user (passengers) satisfaction
The long-term

To propose innovative technologies

To propose some ecological ATM aid tools
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General Principles

This concept falls within the scope of research based on the hypothesis that the current proliferation of
control sectors has led to more rigid use of airspace, with controllers no longer having the leeway
required to ensure air traffic management in the long term. The size of the sectors, which results in the
multiplication of tasks, and the prior notice given for coordination purposes mean that the same flight is
dealt with simultaneously by several sectors. This in turn entails, at the level of the ATC system as a
whole, a loss of data processing capacity. It has moreover been shown that controllers spend more time
on diagnosing whether the situation they are about to take over is potentially problematic than on
resolving conflicts.

Within the scope of the proposed concept, the current sectors would be replaced by large-scale volumes.
Controllers would manage traffic from its entry into the volume for which they were responsible to its exit.
Silent radar transfers would be automatic where separation was over 15 NM. Wherever possible, the
speed of traffic flows would be regulated at identical levels in similar sequences to those implemented in
approach control. This practice is intended to reduce controllers@vorkload by limiting potential conflicts.
Preferred levels would be determined to strategically resolve some potential conflicts, principally at cross-
over points. Radio silence for Air/Ground messages would be strictly required. Only messages
concerning entry of the volume would be maintained, mainly as a reminder to controllers.

SectorLess-1 is based on four strong assumptions:

Infrastructure re-design aimed at re-define and optimise the airspace volume and route network.

ATFEM mechanisms

Exploitation re-thinking aimed at define regulation techniques and controller roles and working
methods

Tools to support the proposed concept

In order to support the traffic decomplexification, organisation and management, keypoint of the success
of the ATM global system improvement.
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3. COMPLEXITY CONSTRAINTS

Complexity issues is the core understanding in order to propose relevant solutions to improve the global
ATM system. Complexity is related to the cognitive difficulty of controlling the air traffic situation, which in
turn is tied to the ability of controllers to maintain safe operations under normal and abnormal conditions.
Complexity constraints are represented at different layers :

airspace design (static). These factors are related to properties of the airspace.

ATFM mechanisms (traffic distribution f(time), dynamic strategical mechanism). These factors are
related to the strategical distribution of traffic.

Real-time traffic (dynamic tactical mechanism). These factors represents the instantaneous
distribution of the traffic. It dependant mainly of work organisation and tools.

Radar controler

Tools

Organisation

ATFM

Airspace design

6\ WWP YDUDQFH

SRWIQUDOFRQI CEW

v

Figure 1 : Strategy to decrease the complexity
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Hereafter is described the key factors influencing complexity (described by Hansman & co) relevant to
take into account for the SuperSector approach

Airspace design Sector dimension Shape
Physical size
Standard flow and Spatial distribution | Number of

of routes

Trajectory complexity

Interaction between flows (crossing
point, merges)

Coordination with other controllers

Points out

Hand-off

Number and positions of standard
ingress/egress points

Sector transit time

ATFM mechanims

Buffering capacity

Real-time adjustment

Work Organisation

XXX

XXX

Real-time traffic

Density of aircraft

Number of aircraft in transition
(altitude, heading, speed)

Aicraft encounters

Number of

Distance between aircraft
Relative speed between aircraft
Difficulty in identifying

Sensitivity to controller actions

Range of aircraft performance

Communications (number, time)

It is assumed that the underlying structure of the airspace was identified as the more important complexity
factor. The infrastructure appears to form the basis for abstractions to anticipate and organize the traffic.

Such abstractions should be :

standard flow. It is based on the explicit structural elements in the airspace

Gilles Gawinowski, Laurent Guichard
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grouping. The infrastructure should provide the basis for creating groups of aircraft linked by
commom properties. This type of abstraction can take advantage of properties that are known to
segregate a traffic situation into non- or minimally- interacting groups. Consequently, the aircraft
can be independently projected, reducing the cognitive complexity.

critical points. The infrastructure should provide structure in order to improve the crossing and
merge points of flow in order to concentrate the occurences of encounters at common locations.
Concentrating the location of aircraft encounters at a finite set of spatially localized points
simplifies the analyse of traffic situation.

The basis of the SuperSector approach is to identify and define the complexity constraints (figire 2) at
the different level (Airspace, ATFM, Organisation, tool) in order to define the possible concept
investigation areas (figure 3).

Dynamic tactical
Dynamic strategical

Static

Mathematical models

Real Time Traffic ‘

ATFM | <:>

Infrastructure ‘

Empirical criterias

Figure 2 : Identify and define the constraints

Complexity criterias

Contraints List

Gilles Gawinowski, Laurent Guichard
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Investigation

Investigation ‘ /

/e

Investigation

Figure 3 : Concept investigation f(constraints)
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4, OPERATIONAL SPECIFICATIONS

4.1 Infrastructure

4.1.1 Airspace redesign

The current structuring of airspace into air traffic control sectors complicates planning and coordination of
control across boundaries. Existing plans to update air traffic equipage to accommodate higher traffic
volumes, in many cases, address air traffic controller workload by further dividing the airspace into
smaller control sectors. The proposed concept (similar to the Boeing initiative) envisions a redesign of the
airspace. En route airspace will not be divided and subdivided into sectors in reponse to air traffic volume
fluctuations. Individual air traffic managers will be able to handle more aircraft and larger volume of
airspace, reducing at once the proliferation of sectors, control sector radio frequenies, and the repetitive
routine of handoffs as airplanes cross from one sector to another. SectorLess aimed at designing large
airspace volume (so called SuperSector) to replace the complex and legacy system of control sectors. A
SuperSector is merger of several classical sectors, defining according to traffic flows at the different
sector entry points.

- The vertical limits are between FL (Flight Level) 195 and 340

- For the entry are considered all the flight moving inside the volume

- The military zones can be moved in order to optimise the sectorisation while keep them as the
same density.

SuperSector

Highways

N

Figure 4 : A Super Sector
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4.1.2 Route network

Route network are grouped to define highways within the SuperSector. We choose the higway/trunk
solution compared to have an important number of small route more or less parallel. The higways are
defined as they do not cross the military zones and the number of the crossing points are removed as
much as possible. The highways/routes are designed on prefered level to resolve the conflicts (strategic
resolution of conflict on cross-points) and use of fixed level flight and level parity (flow and flight level
allocation) to discriminate the circulation orientation)

View at FL 230

{ -_— } Highway

Figure 5 : Parallel flights

— FL 320
b FL 310
— FL 300

Figure 6 : Parity Level to Discriminate the circulation orientation

Concerning the flight behaviour related to the route network, we have
Fixed level flight (figure 7)
Aircrafts only fly on these highways, except for occasional separation purposes.. It is possible for

conflict resoluton that several aircrafts can fly on parallel at the same level using the offset separation
mechanism

Changing level flight (figure 8)

Simulations will determine wether specialised sector or specialised zones within the Super Sector are
needed to perform level changing

Entering/Exiting flights at all sectors limits (horizontal and vertical) (figure 9)
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195

340
- 195
Figure 7 : Fixed Level Flights
P — 340
. > | 195
Figure 8 : Changing Level Flights
\ / 340
—> » —>
“— < —

T~

Figure 9 : Entering/Exiting Flights
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4.1.3 Parameters and constraints associated to the airspace and route design

SuperSector design : the parameters

Route network organization (fundamental)

Military areas distribution (external constraint)

Limit FL 195 — FL 340

Expected traffic patterns (actual control traffic complexity, thus sector capacity)

Traffic organisational measures, e.g. constraints placed upon traffic, in order to limit traffic
complexity (flight level allocation)

Layer sector should be avoided

SuperSector Route network design : basic principles

Take into account external constraints (military areas)

Identify major traffic flows. One way trunk route built for each of these flow from departure
keypoint to arrival keypoint in order to implement convoy/tunneling mechanism

Avoid transiting less than 150-200 NM in one sector (or apply silent transfer procedures)
No two way route
Ingress/egress points separated

Distance between two convergence points (same altitude level) > 50 NM

SuperSector Morphology

Large sector

Using RVSM
NS (FL210, 250, 290)

SN (FL220, 260, 300, 320)
EW (FL230, 270, 310, 330)

WE (FL200, 280, 340)
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Emergency-degraded situation (FL 240)

SuperSector Loads

80 aircraft/hour/SuperSector provided by the ATFM

Traffic sequencing

Consists in adjusting aircraft sppeds in order to deliver smootly metered traffic towards a fix

Needs 100 to 150 NM to be performed (for traffic converging towards major airports)

44—

Overflying Traffic

G—

Landing Traffic

-—

Mixed Traffic

Non optimized Optimized

Figure 10 : Interface with military airspace — segregate activity as much as possible
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Super High Sector

FL > 340
SuperSector 1 SuperSector 2 FL 195 - FL 340
Lower Sector
FL 155
APP

FL 125

Very Low Sector CTR
When necessary a Very Low Sector
sector is being created

~ M

Figure 11 : Structure of the Airspace
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4.2 ATFM mechanisms

The current ATFM system is based on a ground-delay planning activity performed by the CFMU. The
basic principle is the application of ATC protection on airspace for which the demand for flying through a
certain airspace in a certain period of time is higher than the available caPacity. Current philosophy and
mechanisms would not be challenged but an extension to SuperSectors™ would be realised. However,
new working methods may come out from SectorLess concept, in particular through increased
collaborative procedures between FMPs, ATC Controllers (both en-route and at airports), CFMU, airport
authorities and aircraft operators.

An important efficiency assumption under SectorLess concept is the capability of the ATM system to stick
to plans, and if not, the early detection of deviations to plans for efficient reaction.

If a better en-route traffic organisation would result in traffic fluidity and an increasing number of aircraft
handled by traffic controllers, data accuracy, reliability and predictability is a compelling problem. The
data quality challenge (in particular regarding departure information) is being addressed under
Collaborative Decision Making at airports, where different concepts have been developed. The
implementation of a milestones approach for sharing reliable off-block times, the development of
European enablers such as taxi-time predictorz, the systematic tracking of CDM disencentives®, the
implementation of CDM unifiers (such as CFMU ETFMS4) will participate in:

Providing reliable take-off times at European airports,

Reducing non-adherence to CTOT (and possibly overdeliveries close to the airport)

Enhancing aircraft operators’ flexibility face to ATFM constraints.
Air Traffic Flow Management will progressively extend its capability from slot allocation and reactivit
versus disruptions towards dynamic real-time ATFM including en-route ATFM measures’.
Complementary concepts exist in SectorLess, Future ATFM measures, En-Route Manager and

Collaborative Decision Making. Exchange of information is required between EEC related projects to
ensure consistency of developments.

! As itis done today, the CFMU would be in charge of re-adjusting the demand rate to the available ATC capacity on
the super-sector as well as computing associated departure times according to slot allocation process and algorithm.

2 CTOT = EOBT + Taxi-Time + ATFM Delay; the current system suffers from inaccuracy of EOBT and Taxi Time,
where CTOT is the computed take off time, EOBT is the estimated off block time.

® As an example, clear disencentive exist for aircraft operators to distribute real EOBTSs in all situations.
* Enhanced Traffic Flow Management System.

® FAM project (Future ATFM Measures)
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4.3 Exploitation

4.3.1 Working Methods of the Air Traffic Manager

As new wider sectors have been defined, new controller organisation is necessary. Nine (9) controllers
will be in charge of a SuperSector :

- 1 Supervisor (MSP/FMP)

- 2 Inbound Controllers (IC)

- 2 Outbound Controllers (OC)

- 2 Planning Controllers (PC)

- 2 Tactical Controllers (TC)

The Inbound Controller (IC) manages the information related to the entry traffic

The Outbound Controller (OC) manages the information related to the exit traffic

The Planner Controller (PC) prepares the traffic from the information received from the IC

The Radar Controller (TC) manage the end-to-end traffic inside the volume organised and
prepared by the PC

The MSP/FMP manages the long-term density to provide an efficient and safe flow and co-
ordinate with the Inbound/outbound controllers (The advantage of this MSP/FMP role is to
manage a large volume in the team without the classical problem of the hierarchical information
exchange in the classical sectors organisation)

The traffic management inside the SuperSector is split in two parts:
- One team made of 1 IC, 1 OC, 1 PC and 1 TC is in charge of even levels
- One team made of 1 IC, 1 OC, 1 PC and 1 TC is in charge of odd levels
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Inbound Outbound Planner Radar

Inbound Outbound Planner Radar

%V

MSP/FMP

Figure 12 : Exploitation
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4.3.2 Filtering and Regulation Techniques

SuperSector propose 3 filtering level using some regulation techniques.
Filtering 1 (traffic decomplexification)

The MSP/FMP will have the general traffic overview and should be able to predict the traffic flow 15 mn
ahead. It is required to have a workload indicators on the waypoints composing the Airspace (the
guestion to use a tool as a Tactical Load Smoother is still open). Depending of the prediction, the
MSP/FMP will be in charge to perform the traffic balancing on the relevant SuperSector or choice of team
in the SuperSector.

The MSP/FMP take the necessary measures to perform an efficient and safe traffic flowing and act at the
request of the other controllers (IC, OC, PC, TC).

Filtering 2 (traffic organisation)

The IC in charge of the entry coordination (active or passive) and take the necessary measures to start
the traffic regulation. The principle is to perform the same regulation technique mechanisms used in the
Terminal Manoeuvre Area based on the vectoring and speed management (metring and spacing). It
consists in using a station keeping ground-based mechanisms.

Filtering 3 (traffic tuning)

The PC will be in charge to make the tuning on the regulation to deliver a clear and clean traffic to the TC.
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Figure 13 : Filtering

4.3.3 Working Method Models

Several models can be done to describe complex tasks. Several models corresponding to conceptual
points of view will be developed here :

- Controller tasks

- role model

- interaction model

- flight life model

4.3.3.1 Controller Tasks

The Multi-Sector Planner/Flight Manager Process (MSP/FMP)

The MSP/FMP will have the general traffic overview and should be able to predict the traffic flow 15 mn
ahead. It is required to have a workload indicators on the waypoints composing the Airspace (the
guestion to use a tool as a Tactical Load Smoother is still open). Depending of the prediction, the
MSP/FMP will be in charge to perform the traffic balancing on the relevant SuperSector or choice of team
in the SuperSector.

The MSP/FMP take the necessary measures to perform an efficient and safe traffic flowing and act at the
request of the other controllers (IC, OC, PC, TC).
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Traffic balancing
% % Tactical flow regulation

Inbound Planner Radar

Figure 14 : MSP/FMP role

The Inbound Controller (IC)

The Inbound Controller is in charge of the inbound traffic. He receives a strip of a flight 10 minutes
before it enters the SuperSector. He has to perform speed and level sequencing in order to minimise
conflicts in the SuperSector.

To perform sequencing and to solve entry/exit problems, he collaborates with the Outbound
Controller of the previous sector and negotiates entry conditions with the Planning Controller. If FL
changing is necessary, he collaborates with the OC of the second team.

If the IC detects future conflicts, he indicates it to the PC. In this case, the IC can force strip
transmission to the PC (in normal case, the PC receives the strip 5 minutes before the entry of the
flight in SuperSector ).
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Figure 15 : Inbound role

The Outbound Controller (OC)

The Outbound Controller is in charge of outbound traffic. He receives a strip of a flight when it enters
the SuperSector. He has to perform speed and level sequencing in order to minimise conflicts in the
following SuperSector.

To perform sequencing and to solve entry/ exit problems, he collaborates with the Inbound Controller
of the following sector and negotiates exit conditions with the Planning Controller. If FL changing is
necessary, he collaborates with the IC of the second team.

The Planning Controller (PC)

The Planning Controller prepares traffic for the Tactical Controller. He receives a strip of flight from
the IC 5 minutes before it enters the SuperSector or earlier if a conflict is detected. He has to regulate
TC workload by preparing traffic according to IC and OC instruction and assisting him on conflict
detection and resolution.

To prepare traffic, he negotiates with IC and OC entry/exit conditions. To do so, he has to ask TC for
exit conditions.

If the PC detects future conflicts, he indicates it to the TC. He transmits the strip to the TC when the
flight enters the SuperSector or earlier if a conflict is detected.

When the flight is in the SuperSector, the PC can help the TC by negotiating FL changing with the PC
of the second team. He can also indicate potential conflicts.

Gilles Gawinowski, Laurent Guichard SectorLess-1 Operational Concept document 0.1 26




EUROCONTROL Experimental Centre

Innovative Research

w' Rl

MSP/FMP Inbound

Groung-based station keeping
% Tuning

Radar

Figure 16 : Planner role

The Tactical Controller (TC)

The Tactical Controller controls the traffic. He receives a strip of a flight from the PC when it enters
the SuperSector or earlier if a conflict is detected.

He controls the traffic by following PC instructions, detecting and solving conflicts. He speaks to plane
to guide them across the SuperSector according to traffic, meteorological, sequences constraints. If
FL changing is necessary, he can collaborate with the TC of the second team or ask the PC to do so
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Figure 17 : Radar role

Management ...
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4.3.3.2 RoleModes

The controllers role can be modelled into three view points :

-Manipulated concepts

-Objectives

-Ways of communicating
Scenario completeness check will consist in identifying each point of the following tables in at least
one scenario.

NOTA : the MSP/FMP role and interaction are not described in the current document version.

IC oC PC TC
- Aircraft - Aircraft - Aircraft - Aircraft
- Flow - Flow - Conflicts / Solutions - Conflicts / Solutions
- Sequences - Sequences - Workload - Sequences
- Flow Conflict Flow Conflict

Figure 15 : Concepts manipulated by controllers

IC Sequence inbound traffic (speed and level) in order to minimise conflicts

ocC Sequence outbound traffic (speed and level) responding to IC demand

- Prepare traffic for TC : workload regulation
PC
- Alert TC after detection of future conflicts

- Control traffic
TC|- Follow IC, OC, PC constraints

- Detect and solve conflicts

Figure 16 : Controllers objectives
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IC ocC PC TC
- Write on strip Write on strip Write on strip Write on strip
dialo - Telephone Telephone Telephone Telephone
gue Speak with TC Speak with PC
Speak with pilots
- Radar Radar Radar Radar
Ways
of |- Readstrip Read strip Read strip Read strip
CSHSC - Telephone Telephone Telephone Telephone
infor |- Hearing Hearing : :
et frequency frequency Hearing frequency Hearing frequency
n - Speakwith TC Speak with TC
Speak with pilots

Figure 17 : Controllers ways of communicating

Two interaction models have been identified corresponding to two types of interactions :

- Usual interaction
- Occasional interaction

Scenario completeness check will consist in identifying each arrows of the following figures in at least

one scenario.

Usual interaction types :

1: IC and PC negotiate entry conditions

IC indicates future conflicts to PC

2: PC indicates future conflicts to TC
PC asks TC for exit conditions
TC asks PC to negotiate FL changing
PC helps TC to solve conflicts

3: OC and PC negotiate exit conditions

Gilles Gawinowski, Laurent Guichard
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4 OC and IC of two different sectors solve Entry/Exit problems

5: OC and IC of two different teams negotiate FL changing

6: PCs of two different teams negotiate FL changing

7: TCs of two different teams negotiate FL changing

8: IC/OC negotiate entry/exit conditions with the organic controller of a classical sector

+“—> Interaction within the same team

+----» Interaction between the two teams
D > Interaction between two sectors
Super Sector A Super Sector B Sector C (classic)
1
2 ‘ 3
OC ¢—A-Lm 1C, TC,«—>— PC; «—— OCi,
4 4 4 4 A s
i's 51 i7 i6 i's . .
| | i i | o0 — Rad
i i 1 1 i ' rg a
v . v v , v ) Yo 4
IC, < » OC, TC, «—» PC, «—» [C, ¥
t : t

Figure 18 : Usual interaction
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Occasional interaction types

9: IC and OC negotiate entry/exit conditions if a part of a sector is so thin that they have to
manage same flights at the same moment

10: TC and Tactical controller of a classical sector collaborate to control flights at sector limits
+—> Sporadic interaction
—>

Super Sector A Super Sector B 9 Sector C (classic)
; ; } |
4 2 3
OC ¢t |Cq TC,«—>» PC; «—» OCy
4 4 4 4 4 8
: 5 51 i 7 : 6 : 5 .
| | : ' | org — Rad
: : : ‘ 10 ;
‘* . v v , v . v A
IC, €poap QCoy TC, «—» PC, «—» [C ¥
t 4 i t
\ ‘ - |

Figure 19 : Occasional interaction
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4.3.3.3 Flight Life Model

To follow flight life through a SuperSector, controllers will use time based strips : DynaStrip.
Each one will have different presentations and different functions to manage it. According to their roles
they will also receive strips at different times.
Two flight life models have been identified according to two types of flight lives :
- Without conflict
- With conflict

Flight life without conflict
If no conflict is detected, strips will be edited as described bellow :

T-10 IC receives the strip of the flight
T-5 PC receives the strip of the flight
T TC and OC receive the strip of the flight
T the strip is deleted for all controllers
Super Sector A Super Sector B
Timing events l T-10 l l T5 l l T : flight enters SS B l l T : flight leaves SS B
Flight >
IC
[ PC
Strips Tc
l ocC

Figure 20 : Flight life without conflict
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Flight life with conflict
If a conflict is detected, strips will be edited as described bellow :

T-10 IC receives the strip of the flight
t, 1 [T-10, T-5] IC sends the strip of the flight to PC
t, 1 [T-5, T] PC sends the strip of the flight to TC and OC
T the strip is deleted for all controllers
Super Sector A Super Sector B
::ai?:rr:e%ces l T-5 ‘ l T : flight enters SS B ‘
Tngens 130 ;
l IC
[ PC
Strips T
l oC

Figure 20b : Flight life with conflict
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Strip vizualisation f(time)

————1 Possible actions
E==="=3 No actions

T-30 T-15 T-10 T-5 TO TS
Flight list + load prediction \
MSP | Strips on Derdand |
| | Ranked strips/ tO |
IC
] Ranked strips / FL \
PC
] Ranked strips / FL \
TC
] Ranked strips / TS \
ocC

Figure 21 : Strip vizualisation f(time)
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4.4 Tools & Technologies

The requested tools are dedicated to the controller working position environment. They are represented
by

The radar image, which is classical to the current one, except to be able to visualise a large amount
of aircrafts

The strip tools on a dedicated devices (sensitive large flat screen), which is innovative in proposing a
time-based method in order to be able to provide information to the controller and detect in a very
efficient way the potential conflicts.

The sequencer algorithm, integrated in the strip tools and radar picture, dedicated to the IC in order to
support the decision-making for the regulation techniques. Such algoritms closed to the MAESTRO
system will be developped, to perform the right regulation and permit the silent radio tradeoff.

The Tactical Load Smoother, dedicated to the MSP-FMP, in order to balance correctly the traffic
between the SuperSectors.

The ANOTO tool in order to offer work method flexibility to the controller

The Radio/Telephone for all the actors with the Computer Telephony/Radio Integration in the strip
tools in order to enhance the communication links.

Radar screen Strip tool Sequencer Tactical Load
Smoother
MSP-FMP X X (for information) X
IC X X X
ocC X X
PC X X
TC X X

NOTA : The tools and technologies requested are/should available in the very short-term timeframe. It is
important to point out, that there are no assumptions and requests concerning the use of new CNS
technologies, and aircraft retrofit.
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4.4.1 The Radar picture

Face to the density of aircrafts in the SuperSector, DynaStrip is expected to become the main tool
of the controller working position. To avoid an overload of information on the radar screen, only
the plot of aircraft present in the SuperSector are vizualised.

Functionalities

From electronic strip designation (DynaStrip), highlight the associated aircraft on the radar
screen (label displayed ? which information ?)

From aircraft designation on the radar screen, display the associated label
Display all the labels of the associated flight plan displayed on DynaStrip
Display the aircrafts depending of the level altitude

Display the Short Term Conflict Alert

For the MSP/FMP, visualization of a new aircraft entering in the area of interest

For the IC, PC, TC, OC, visualization of a new aircraft, when the strip is displayed on
DynasStrip

4.4.2 The Strip Tool : DynaStrip

4.4.2.1 Classical strip

For example, the strips used in French ATC centres comprise several boxes:

an "identification" box, showing the aircraft callsign, transponder code, velocity, aircraft type,
aerodromes of departure and destination, etc.

a series of boxes available for levels (AFL, CFL, PFL, etc.)

a series of boxes used to visualise the route followed by the aircraft and the beacons with the
actual or estimated time over. The beacons are printed in predetermined boxes. On any given
strip, only certain boxes are used, depending on the route followed.

NB: This system does not provide the controller with an isomorphic representation of the routes,
since time and distance intervals are not respected. Only the order of the beacons is shown.
Consequently, beacons which appear close on the strip may be far apart in space or time. Since
strips are read from left to right, two aircraft on opposite routes may be analysed as though they
were flying in the same direction.

Gilles Gawinowski, Laurent Guichard SectorLess-1 Operational Concept document 0.1 37




EUROCONTROL Experimental Centre

Innovative Research

4.4.2.2 DynaStrip (figure 25, 26)

The DynasStrip is identical to the previous one in terms of identification box.

Beacons no longer appear in the boxes showing ETO. They are presented on a time line,
graduated in minutes. The point of reference for the time line is a fixed point on the strip which
corresponds to the present time. The fixed reference point is situated on the left of the time line.
Beacons are positioned on a time line according to their ETOs, which are currently determined
from radar coverage. All the time lines of the strips have the same reference, which is the
present time. Beacons are presented chronologically in the direction of flight.

The time lines and beacons as a whole move towards the fixed point on the left during the course
of the flight plan. The route part of the strip with the time line is updated every minute.

This method of presenting flight plan data on the strip has the following characteristics:

distances between beacons comply strictly with the time taken to fly the corresponding
distances;

in the case of a chart of current strips, a column corresponds to a given beacon, whereas in
the case of DynaStrip, a column corresponds to a given time;

DynasStrip provide an isomorphic representation of the space travelled as a function of time,
unlike the pseudo-isomorphic geographical representation set out in the current strips.
Traditional strips do not ensure any compatibility with the airspace travelled as a function of
time, but rather try to recreate a sort of geographical space, which is clearly not real space.
The positioning of the beacons is arbitrary (in the order of flight, as it progresses) and does
not respect the location of the routes in the airspace plan, nor does it give the intervals
between the beacons along the same route. The fact that all strips are read in the same
direction does not enable aircraft on opposing routes to be distinguished, without taking
account of their ETOs and flight levels.

Without any reference having to be made to time, the direction of travel and the relative
position of the aircraft can be seen at any time using a DynaStrip. This makes it easier to
project the progress of aircraft, which facilitates analysis of future traffic developments.

The analytical mechanisms of DynaStrip go beyond the simple issue of data gathering and speed
of reading, and concern the very nature of the mental processes which favour this method of
presentation given the nature of the activities undertaken by controllers. The underlying
argument for the use of DynaStrip is that they present controllers with data in a way which is
more functional, since closer to their cognitive requirements. The expected benefit is to allow
them to obtain a more effective and rapid overview of the traffic situation and any potential
conflicts.

The DynaStrip concept can currently only be envisaged with computer support to take account of
continuous traffic developments and thus allow the strips to be constantly updated. The
computer support would have to allow controllers to interact with the strips in order to update
them in line with the decisions taken.
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With regard to the route part, the DynaStrip imperceptibly "slides along" every minute to ensure
that the controller has an overall view of the next 40 minutes of flight for the position concerned.
The actual and estimated times over the beacons are correlated with radar coverage.

In a single column (or between columns), it is therefore possible at any moment to determine the

relative present and future positions of various aircraft.

—
Aircraft
r Tendency
o
Aircraft
Heading
335 JL 320
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Figure 22 : Dynastrip
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Figure 23 : Dynastrip

The advantage of DynaStrip should be resumed as :

Airspace representation. Strips holders allow easy discrimination between main flows.
The classification of the strips may be slightly different from the relative geographical positions
of the aircraft. Indeed the controller mental representation of the traffic often differs from the
pure geographical classification.

Monitoring. The controller needs to know the current clearance provided to each aircraft,
in order to verify that pilots follow the given orders. When he builds his conflict resolution plan,
the controller must assume that pilots will execute the orders. However some drift is always
possible and therefore the monitoring task is essential to ensure safety. Moreover, the
monitoring task is also aimed at detecting potential problem with a flight.

Conflict detection. Just by studying a few parameters on the strip, controllers can
forecast most of the conflicts. This first detection is not as accurate as using the plan view
display, but the aim of this task is to identify flights that need more attention. This task is very
important during high workload periods, as the planner will play with the entry and exit
parameters to minimize the number of potential conflicts.

Collaboration between planner and executive. According to the countries, the
collaboration and task allocation between the planner and the executive is more or less
codified and used. However, controllers are often working in pairs and need a medium to
collaborate, even if this aid is used only during high workload periods. Moreover, the planner
can be aware of the intention of the executive just by the strip classification and the
annotations made by the executive. So the strips are an important support for mutual
awareness.
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Strategy working out. Annotated strips reflect the "life" of the flight within the sector.
Controllers try to restrict the number of clearance given to a particular flight, insofar as it is
compatible with the optimization of the global traffic in secure conditions.

Workload smoothing. Controllers can note down actions to do on the strips. For
example, within a moderate workload framework, if an aircraft is near his arrival airport, the
controller will anticipate the pilot descent request by preparing a flight level for this flight. In this
case, when the pilot calls to request the descent, the controller just has to check if the situation
has evolved as he anticipated and to give the flight level to the pilot. As controllers feel when
the workload will increase, this working method is interesting to balance the workload.

DynasStrip technology is based on high-quality graphical design and natural animation using large flat
screens with touch-input facilities combined with gesture recognition (figure 27) Thanks to these
techniques, natural interactions with the system are created. DynaStrip provides touch-input facility
with gesture recognition on these large screens to work naturally and reduce mental effort.

Figure 24 : Dynastrip
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4.4.2.3 Example of tools related to Inbound and Planner Controller

Inbound Controller Planner Controller

Figure 25 : Collaboration mechanism
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443

4.4.4

The Sequencer Tool

The sequencer tool should be able to fix the sequence 15 mn ahead. This approach should
permits to anticipate and to perform the efficiency the regulation, and to coordinate with the
previous SuperSector the time to respect the time at the transfert/convergence points, and in
case of conflict between two aircrafts, the delay to perform in order the aircraft keep iin the
sequence. The controller of the previous adjacent SuperSector try to respect the requested
sequence and perform the regulation.

The Tactical Load Smoother

It consists in an traffic complexity predictor-tools to deal with the notion of traffic density and
complexity. It will support the MSP-FMP to identify traffic load prediction and the congestion risk it
represents. The congestion risk depends on complex ATC factors reflecting the difficulty of
controlling the traffic expected to enter a sector. Other R&D activity at EEC are already working
on that topic; a Tactical Load Smoother tool is being developped; FAM (Future ATFM Measures)
is planned to work with.
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Figure 26 : Traffic Load Prediction (figure from the FAM project)
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445 The ANOTO facility (www.anoto.com)

The Application

To be completed

The Technology

ANOTO provide a digital and very flexible support to write information instantaneously on paper
and send it to the computer system. It consists to use a digital paper which is printed the Anoto
pattern, consisting of very small dots slightly displaced from a grid structure. A minute section of
the pattern will give you your exact location on the full pattern. As you write or draw on the paper
with your digital pen, the pen creates a digital trace of whatever you do. This information is stored
in the pen until you tick the Magic box. The information is then forwarded from your digital pen
directly to your nearby personal computer, or by a Bluetooth™ device - such as a Bluetooth
enabled mobile phone - to any computer, mobile phone or information bank in the world via the
Internet.

Figure 27 : ANOTO
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4.4.6 The Computer Telephony/Radio Integration

Classical Controller Working Position environment is composed of separated input devices for data and
voice (radar, strip paper, radio/telephone system). The Computer Telephony Integration approach allows
a seamless integration into the main user interface of the ATC workstation (radar screen, electronic
stripping). This integration into the graphical interface becomes really significant when using the message
associated to each call. For example, press on specific area of an electronic flight plan, it will send the
phone call to the operator of the adjacent sector, while highlighting the concerned flight on the screen of

this remote operator.
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Figure 28 : Press the sector to call (SS3)
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5. DESCRIPTION OF THE DYNAMIC INTERACTIONS & ASSOCIATED
SCENARIOS

In order to support the design and validation process, based on ecological safety considerations, the
dynamic part of the interaction between actors (supporting the implicit/explicit co-operation, collaboration)
supported by relevant scenarios will be described and detailled in order to provide a better understanding
of the concept.

TO BE COMPLETED IN MAY'2002

6. CONCLUSION

The conceptual baseline presented herein is a first version of what could be concretely proposed to
achieve the objectives pursued in SectorLess. The concept presented here essentially results in a
qualitative analysis of the current operating system and perceived enhancement potentials offered by
Infrastructre re-design, ATFM and ATC know-how. The quantitative analysis should still be followed since
many questions remain opened in the document: procedural validity, organisational evolution, technical
requirements...

Quantitative results are now targeted. Such results are expected to reveal feasibility limits, costs and
benefits, which may be expected from the concept.
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