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DYNCAT
DYNAMIC CONFIGURATION ADJUSTMENT IN THE TMA

This deliverable is part of a project that has received funding from the SESAR Joint Undertaking under
grant agreement No 893568 under European Union’s Horizon 2020 research and innovation
programme.

Abstract
DYNCAT aims at enabling more environmentally friendly and more predictable flight profiles in the
Terminal Manoeuvring Area (TMA), namely on approach, by supporting the pilots in configuration
management. Approach operations at busy airports are louder and less fuel efficient than they could
be. One way to remedy this is to help pilots cope better with both current restrictions and limitations
and weather conditions. Success hinges on the pilots’ skills and their access to important information
like the optimised flaps sequence. The DYNCAT project set a course for more environmentally friendly
and more predictable flight profiles in the terminal manoeuvring area, or TMA. It supported pilots in
their energy management during the arrival phase. By analysing the mismatch of aircraft and air traffic
control procedures, it proposed improvements to on-board and ground operations. This included the
identification of the possible need of regulatory changes for ATM. The project also assessed their
ecological and economical potential.
The main goal of this document is to consolidate recommendations for the further development and
maturity of the DYNCAT function. The report is based on the Critical Analysis of Current Operations,
the results from the evaluation of the new Flight Management System (FMS) function and its
representation on the Cockpit Display System (CDS) with piloted real-time simulations, the analysis of
the simulated flight data and the pilot’s feedbacks, and the assessment of the impact on noise emission
and fuel burn.
This report also takes into account current developments in the area of future data exchange solutions
between air traffic control and aircraft and also refers to recommendations and initiatives laid down
in the European CCO / CDO Action Plan and the European ATM Master Plan.
This report concludes by outlining a roadmap for the implementation of DYNCAT in an operational
environment to enable the best possible and realistic realisation of the potential for quieter and more
economical approaches.
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1 Introduction
1.1 Background
DYNCAT aims to improve the situation in the TMA related to noise exposure and fuel consumption.
The goal of Work Package 5 is to identify the necessary and desirable improvements of the DYNCAT
function and analysis of the necessary short-term (operational both on ground and on-board) and midterm measures for a future implementation. The goal is further to indicate the necessary enabler for
this new technology function and regulatory changes and improved flight procedures.

1.2 Purpose and Structure of the Document
The document is structured as follows. It starts with a summary of the CDO energy management
efficiency problem and describes the differences between continuous descent and advanced
continuous descent (idle descent). Consequently, it focuses on the lateral path determination problem,
which is the key variable to enable advanced continuous descent operations. Next, the DYNCAT
function blocks are recalled, since DYNCAT is based on the concept of a known lateral path, but can be
used in both radar vector operations and closed path operations. From this, a number of
recommendations are derived for the further development of DYNCAT itself for the flight mechanical
architecture, configuration sequences and HMI aspects. Recommendations are derived for the aircraft
ATM interfaces, for ATC best practices towards advanced CDO, for pilot training, aircraft SOPs, aircraft
developments and regulatory changes. Finally, a roadmap describes a possible implementation
schedule. In a concluding chapter, all recommendations are summarised one more time.
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1.3 Acronyms
The following table contains a list of acronyms used in this report.

Acronym

Meaning

AAL

Above Airport Level

ADS-C

Automatic Dependent Surveillance Contract

AGL

Above Ground Level

AMAN

Arrival Manager

AP

Auto-Pilot

APPR

Approach

ARPT

Airport

ASMA

Arrival Sequencing and Metering Area

ATC

Air Traffic Control

ATCO

Air Traffic Control Operator

ATM

Air Traffic Management

CDA

Continuous Descent & Approach

CDS

Cockpit Display System

CI

Cost Index

CPDLC

Controller Pilot Data Link Communications

CSTR

Constraint

CTA

Controlled Time of Arrival

D<no.>

Deliverable <no.>

DECEL

Deceleration pseudo-waypoint (FMS transition from descent to approach phase)

DME

Distance Measuring Equipment

DTG

Distance to Go

ER

Exploratory Research

EUROCAE

EURopean Organisation for Civil Aviation Equipment

FAF

Final Approach Fix

FCU

Flight Control Unit

FGC

Flight Guidance Computer

FL

Flight Level

FMS

Flight Management System

FPLN

Flight Plan

FT

Feet

H2020

Horizon 2020
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Acronym

Meaning

HDG

Heading

HMI

Human Machine Interface

ITA

Indicated Time of Arrival

LG

Landing Gear

LOC

Localiser

LS

Landing System

MFD

Multi-Functions Display

NAV

Navigation

ND

Navigation Display

NM

Nautical Miles

ODTL

Optimum Distance To Land

PBN

Performance Based Navigation

PFD

Primary Flight Display

PRT

Permanent Resume Trajectory

RF

Radius to Fix

RTA

Requested Time of Arrival

RTS

Real Time Simulation

SESAR

Single European Sky ATM Research

SOP

Standard Operating Procedures

SPD BRK

Speed Brakes

STAR

Standard Terminal Arrival Route

T<no.>

Task <no.>

TBO

Trajectory Based Operation

TBS

Time Based Separation

TMA

Terminal Manoeuvring Area

ToD

Top of Descent

VDEV

Vertical Deviation

VFE

Maximum flaps extension speed

VOR

VHF Omnidirectional Range

V/S

Vertical Speed

WP

Work Package

WPT

Waypoint

Table 1: Acronyms used in this report
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2 The Problem of Energy Management
Efficiency in CDO
Continuous Descent Operation is commonly understood to refer to a descent and approach that is not
interrupted by discontinuous horizontal flight segments. ICAO describes this as follows, quoted in the
European CCO-CDO Action Plan [11]:
«Enabled by airspace design, procedure design and facilitated by ATC, in which an arriving
aircraft descends continuously, to the greatest possible extent, by employing minimum engine
thrust, ideally in a low drag configuration, prior to the final approach fix/final approach point
(FAF / FAP). An optimum CDO starts from ToD (Top of Descent) and uses descent profiles that
reduce Controller / Flight Crew communications and segments of level flight.»
The decisive key phrase in terms of efficiency, i.e. in minimum fuel consumption from top of descent
to the runway, is «by employing minimum engine thrust», which refer not only to the altitude profile
but also to the speed profile of the aircraft. In the Initial Operational Concept (Deliverable D2.4 [3]) a
detail study was conducted of the more than 650 approaches to Zurich airport assessing the different
piloting strategies to energy management problems in real operations.
The goal of keeping the engines at idle throughout the entire descent to the stabilisation altitude of
1,000 ft above ground (depending on operator’s policy) is frequently complicated or made impossible
in daily operations due to a variety of restrictions. It was shown in the analysis which strategies the
pilots may use to keep the engines at idle even when deviating from the optimal profile (altitude,
speed). This includes, for example, a reduction in speed in the case of altitude restrictions which
prevent a further descent. If the aircraft is above the optimum profile, then in addition to using speed
brakes, an increase in speed can increase the aerodynamic drag and thus the angle of descent.
However, both can affect capacity due to altered lateral separation between preceding and following
aircraft. This shows that in both cases, a deviation from the optimal vertical profile compromises
efficiency in terms of fuel consumption, noise emissions and use of airspace capacity.
In the European ATM Master Plan, this problem has been recognised and corresponding development
steps have been defined accordingly, of which DYNCAT is one such partial solution within the entire
ecosystem of improvements.
DYNCAT [1] relates to the key feature ‘Advanced Air Traffic Services’, moving towards further
automation with activities addressing enhanced arrivals and departures. It is complementary to the
work performed by the Project PJ01-W2 Enhanced Arrivals & Departures, and more specifically by the
solutions [11]:
•

PJ.01-03B ‘Dynamic E-TMA for Advanced Continuous Climb and Descent Operations’
«Dynamically attributed use of routes brings together vertical and lateral profile issues in both
the enroute and TMA phases of flight, with a view to creating an end-to-end optimised profile
and ensuring transition between free route and fixed route airspace. The solution will be
supported by new controller tools and enhanced airborne functionalities. The solution includes:
dynamically attributed departure/arrival routes (based on fixed, published, SIDs/STARs and
transitions to final approach) and the development of enhanced ATC procedures.»
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One solution called “Permanent Resume Trajectory” and previously refined in PJ.01-03B was
used as a building block and enabler for the DYNCAT solution [14]. Further recommendations
for the solution of lateral path determination problem are formulated in this report.
•

PJ.01-W2-08 ‘Dynamic E-TMA for Advanced Continuous Climb and Descent Operations and
Improved Arrival and Departure Operations’.
«The objective of this key R&D activity is to improve descent and climb profiles in busy airspace,
as well as the horizontal flight efficiency of arrivals and departures, while at the same time
ensuring traffic synchronization, short-term DCB and separation. This requires a very broad
scope, which includes advances in airspace design, development of ground tools, and
development of ATC and airborne procedures.»
For the current development for DYNCAT, an output from an extended arrival manager (EAMAN) was assumed in the form of a distance-to-go (DTG) information from ATC to the
aircraft. Further possible development steps for this decisive interface will be discussed later
in this report ‘Recommendations and Roadmap’.

Thus, DYNCAT will contribute to cover the following operational improvement (OI) steps:
•

AOM-0702-B – Advanced Continuous Descent Operations
«Advanced CDO are optimal and uninterrupted descents from cruise ToD to final approach,
with use of minimum required thrust setting, normally idle thrust. Although not always
possible, whenever practical, ATC will provide 'Optimal CDO'. This optimises fuel efficiency of
descent.»

•

AO-0703 – Aircraft Environmental Impact Management and Mitigation at and around
Airports
The objectives are to ensure that decisions taken at the local level achieve the optimum
environmental performance from aircraft operations at and around airports, by achieving the
most appropriate balance between social, economic and environmental imperatives. A key aim
will be to balance sometimes conflicting needs for noise and atmospheric emissions reduction
and to account for system wide implications of local decisions. A correctly balanced
environmental regime at an airport can help to ensure that legal compliance to regulation is
maintained, that the rules are harmonised to the extent possible, and the global and local
impacts are minimised to the extent possible. Most importantly, a key objective is to ensure
that non optimal environmental procedures and constraints are avoided and where such
constraints are being considered that the least damaging options are selected. Optimum
environmental efficiency and capacity can be achieved at and around airports through the
collaborative local selection of the most appropriate ATM capabilities and OIs available, within
an overarching and harmonising framework. This framework must involve all operational
stakeholders.
DYNCAT was able to demonstrate in piloted real-time simulations that complete idle descents
and approaches are possible using the new DYNCAT FMS assistance function. Furthermore,
the balance between the requirement for minimum fuel consumption and the requirement
for minimum noise impact was demonstrated. The project thus contributes to both OI steps
AO-0702 B and AO-0703. See Environmental Benefits Report (Deliverable D4.2 [9]).
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•

TS-0307 – Integrated Arrival Departure Management for Traffic Optimisation within the TMA
and Extended TMA Airspace
«Traffic in the TMA and nearby sectors is managed in near real-time, taking advantage of
predicted demand information provided by local Arrival and Departure Management systems
to identify sector/route over-demand or additional capacity, to resolve complex interacting
traffic flows in and nearby the TMA and to balance the sector/flow load by controlling sector
entry times or waypoint times e.g. via TTL, AMAN Allocated Times, speed advisories, CTA,
ground delay and alternate routing, or use of ROC/ROD.»
Having provided evidence in [9] for the efficiency increase with DYNCAT particularly on fuel
burn, this report ‘Recommendations and Roadmap’ will focus specifically on how DYNCAT can
benefit for the next stages of development from the above mentioned data and information
exchange such as entry times, waypoint times, speed advisories, controlled time of arrival
(CTA) and alternate routing.

2.1 Continuous Descent and Advanced Continuous Descent
(Continuous Idle Descent)
As mentioned earlier in the OI step AOM-0702-B, the big challenge is not only to enable CDO, but also
to enable continuous descents at idle speed. These are called Advanced Continuous Descent, Optimal
Continuous Descent or Continuous Idle Descent.
An ideal descent with a continuous idle thrust profile looks as follows ([16] and [17]):

Figure 1: Textbook CDA with engines at idle without any ATC constraints.

Assuming an idle descent, the fuel consumption in the descent phase is a trade-off between the
airspeed in the descent phase determining the initiation of the descent and thus the total time spent
in the air. For this reason, it is important that the total calculation for the assessment of the efficiency
starts before the descent initiation and is always considered in the analysis, which therefore also
includes a phase of the cruise flight. It is a trade-off between early initiation of the descent followed
by a lower descent airspeed or a later initiation of the descent followed by a higher airspeed and
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steeper descent angle (resulting in a longer time spent at cruise level with cruise thrust but less time
in the descent with idle thrust).
The descent includes segments of constant airspeed and segments of deceleration, see Figure 1.
Usually, below FL100, the speed is limited to 250 kt. To perform a descent in continuous idle, either a
vertical restriction can be assigned by ATC (sink rate, flight path angle) or a speed restriction can be
specified, but never both at the same time, see [16]:
Fixed Speed

Free Speed

Fixed Vertical
Profile



✓

Free Vertical
Profile

✓

✓

Table 2: Allowed constraints to provide idle descent segments.

This fact also means that in order to fly an Advanced Continuous Descent, it is imperative for the
deceleration segment to be continuous, especially in the region of the extension of the high-lift
devices.
A particularly complex segment is the final approach segment, where the flight path angle is fixed as
defined by the ILS glideslope angle (or RNP approach angle). Ideally, the aircraft reaches the Final
Approach Fix (FAF) or the glideslope segment (if intercept before FAF) at a speed which results in a
quasi-steady or slightly decelerating speed profile on the 3° angle (with engines still at idle).
This insight also leads to the conclusion that, in order to enable an Advanced Continuous Descent,
constant speed instructions as a means of intervention by ATC for the adjustment of separations are
only possible in the constant Mach/IAS segment and the separation problems must be solved as early
as possible. The speed reduction behaviour is aircraft-specific and weight-dependent, but it can be
calculated on-board, whereby this information could be taken into account in the calculation of
separation by an AMAN via a data exchange. The segment 'Deceleration to approx. 180 kt' differs only
slightly in length between different aircraft types and weights.
Later it will be examined which speed restrictions are possible for Advanced Continuous Descent
Operation. This is because Advanced Continuous Descent is also possible with ATC speed restrictions
to some extent.
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2.2 The Fuel-Noise-Optimum
The FMS computes the Top of Descent (ToD) as a function of the so-called cost index (CI). The higher
the CI:
•

the steeper the descent path (the higher the speed),

•

the shorter the descent distance,

•

the later the top of descent.

If the analysis of fuel consumption is carried out without taking into account the time of the ToD, i.e.
assuming that the Initial Approach Fix (IAF) at the begin of the STAR in the TMA is flown over at a
defined speed and altitude, different mathematical solutions for an idle approach are still possible
from this point onwards, whereby the different energy dissipation strategy is defined both by the
choice of the sequence of configuration changes and by the time of the configuration changes. Thus,
from this point on, idle approaches are possible at generally higher speeds with shorter flight times
and higher noise emission or slower speeds with longer flight times but lower noise emissions. This
trade-off was qualitatively illustrated in the Environmental Benefits Reports [9] (see Figure 2).

Figure 2: Exemplary optimum curve and generic events (blue dots) for noise and fuel of approaches.

DYNCAT solution helps to save fuel by maximising the idle thrust first, whereas the flight time can be
seen as the impact of the ATC constraints that affect the energy state of the aircraft which drives the
speed profile adaptation. Consequently, a strategy optimized solely for fuel consumption would aim
at reducing height first and speed later, being in idle all the time. In the end, only a Pareto optimum
between these two criteria can be found along a minimal curve as schematically indicated in Figure 2.
All points on the curve are Pareto efficient, meaning it is not possible to improve one criterion (e.g.
fuel) without negatively affecting the other one (in this case the noise). The advantage of a system like
DYNCAT is that flights that are not Pareto efficient can be avoided, reducing noise emission and/or fuel
consumption for a multitude of flights. In addition, DYNCAT allows to actively choose a situationspecific optimum along this curve. Hence, it is possible to decide for certain arrival routes or time
windows, for example at night, whether noise reduction or fuel consumption should be weighted
higher.
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The specific trade-off is a matter of definition, with the ATCO’s instructions possibly promoting or
preventing certain extremes but the optimum being determined by the onboard system based on a
suitable cost function. As fuel and direct cost go into the same direction, the airline’s choice will usually
be the faster but noisier option; however, this choice could be influenced e.g. by noise-dependent
landing fees. DYNCAT’S current setting already yields a reasonable compromise, allowing for higher
speeds and less fuel consumption in greater distance from the airport, where noise is not that crucial,
but aiming at low sound exposure during the last part of the flight. DYNCAT allows to actively choose
a situation-specific optimum along this curve. Hence, it is possible to decide for certain arrival routes
or time windows, for example at night, whether noise reduction or fuel consumption should receive a
higher weight [9].

2.3 Altitude and Speed Constraints
Occasionally, there is a perception that idle approaches are only possible in situations without altitude
or speed restrictions and therefore can only be enabled during periods of low approach density. Yet
this is not the case. However, the physical constraints depicted in [3] must be considered.
The following geometrical constraints still allow for idle approaches:
•

Required speed in the initial descent (constant Mach/IAS): allows to resolve separation issues
in the early phase before the TMA before IAF on a strategical level.

•

Required speed in the TMA (initial approach speed): allows to resolve separation issues on a
tactical level.

•

Required speed at overfly fix position (FAF or glideslope intercept): allows to resolve
separation issues on the final approach segment, Figure 3.

Figure 3: Advanced CDA with single speed restriction, required speed at overfly fix position

•

At-or-above altitude at Initial Approach Fix (IAF): this may lead to additional energy
dissipation interventions (speed brakes, early landing-gear) if such a constraint is positioned in
a suboptimum way.

•

At altitude at Final Approach Fix (FAF): default.

The following speed constraints allow a near-idle approach:
•
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Figure 4: CDA with reduce-and-maintain speed constraint.

2.4 Time Constraints
Longitudinal separation is in principle a time separation problem. The runway throughput is defined
by the amount of aircraft landing on a runway with minimum time separation. Time constraints at a
defined point in space can be matched by adjusting the speed profile or by adjusting the distance-togo at fixed speed. Both, speed adjustment and lateral flight path adjustment affect the optimum
vertical profile. Thus, the earlier time constraints are known, i.e. by early definition of the arrival
sequence, ideally before the top of descent, the earlier the aircraft can be positioned on its optimum
vertical profile.

2.4.1 Required Time of Arrival and Controlled Time of Arrival
If the entry time into the TMA can be provided to the aircraft before the descent initiation, the
calculation of an optimum ToD is possible by the FMS, allowing for an idle descent in the initial descent
phase until IAF.
Required Time of Arrival (RTA) is an FMS function that enables the adaptation of the airspeed to match
a pre-defined time constraint, i.e. a Controlled Time of Arrival (CTA) issued by ATC. CTA is a time
constraint defined by air traffic control that allows an aircraft to self-manage its speed in order to arrive
at a specific time at a defined point associated with an arrival runway. The controller calculates the
CTA as part of the arrival management process and relays this information to the aircraft.
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2.4.2 Time-Based Separation
Time-Based Separation (TBS) applies to the final approach segment to replace fixed separation
distances by time distances to take into account the impact on wind (headwind extending the time
intervals in fixed distance separation. It provides consistent time-based spacing between arriving
aircraft in order to maintain runway approach capacity. With TBS it is possible to calculate the time of
touchdown. TBS entered into full-time service at London-Heathrow in March 2015 [13].
If an idle descent shall be performed after passing the IAF at a first time gate (and speed) and complying
with a second time constraint at touchdown, it is not possible to constraint both the lateral flight path
and the speed profile. This conflict of interest will be examined in more detail later.

2.4.3 Indicated Time of Arrival
In the DYNCAT piloted real-time simulations (RTS), a demonstration was carried out to calculate the
length of the lateral trajectory within the TMA based on a so-called Indicated Time of Arrival (ITA) at a
capture point (in the RTS at FAF). The ITA is controlled only by one trajectory length adjustment at the
moment it is communicated to the aircraft and entered into the FMS. Consequently, the ITA will be
missed if the ATCO deviates from the originally agreed lateral trajectory under radar vectoring or if the
pilot adjusts the speed profile (e.g. by choosing the timing of an intervention in case of excess energy
affecting the position of the 250 kt DECEL point). Thus, an Indicated Time of Arrival used initially to
estimate the distance could be a viable concept. A Controlled Time of Arrival (or Required Time of
Arrival) at FAF is well suited with an energy management function such as DYNCAT if both the lateral
path is a closed path frozen at the time of ITA transmission and the pilot strictly adheres to the initial
energy dissipation strategy proposed by the DYNCAT function.

2.4.4 Time and Energy Managed Operations (TEMO)
In 2015, the Netherlands Aerospace Centre (NLR), in collaboration with Delft University of Technology
(TUD), investigated a concept with flight tests that aimed to maintain both a continuous descent at
idle and a controlled arrival time in the initial phase of the descent to the IAF and at the runway
threshold in a full lateral closed-path procedure (without radar vectoring) [19]. This concept was called
Time and Energy Managed Operations (TEMO). However, deviations from the optimal vertical path
had to be compensated for either by using speed brakes in idle thrust or by additional vertical speed
segments (V/S) in non-idle thrust. TEMO was also tested on the DLR A320 ATRA in 2016. The results
showed that meeting time constraints required a non-idle thrust profile. This clearly shows that
adjusting the CTA at a defined point in relation to an arrival runway while maintaining idle thrust
requires further research and development.
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3 The Problem of Lateral Path Determination
The decisive parameter for calculating an Advanced Continuous Descent is the knowledge of the lateral
flight path. The lack of this parameter is the main cause for the non-optimised efficiency of Continuous
Descent Operations. Recommendations are developed later in this document on how the lateral flight
path can be determined earlier, and crucially, made available to the flight crew. If there is no
knowledge of the expected flight path in the aircraft, then it is impossible to fly an Advanced
Continuous Descent. The European CCO/CDO Action Plan [11] recognised the problem of lateral path
determination by their recommendation 2.4 addressing to Airspace / Procedure Designers, 3.7 and 3.8
addressing to ANSPs, and 4.4 addressing to Aircraft Operators:
2.4 «When developing an ATC CONOPS, it should ideally be tailored to the implementation of
vertical profile optimisation and should avoid the use of Open-ended STARs as far as possible.
Closed STARs offer the predictability to fly an optimum descent profile.»
3.7 «[…] where Open STARs are implemented, or vectoring is used to tactically control traffic
flows, CDO should be facilitated by a reliable and accurate provision of Distance to Go (DTG)
information to provide maximum predictability of DTG for the Flight Crews and the FMS.
Existing STAR profiles should be used consistently to enable predictability i.e. not to cancel them
on a regular basis.»
3.8 «Promote the provision by ATCOs of accurate Track Miles or DTG during or before starting
Open Path approach segments or when using vectoring wherever possible. This is an essential
requirement to help Flight Crews calculate the optimal descent profile – ideally given before
ToD, together with the publishing of DTG on STAR plates or integration in PBN procedure
design. To help Flight Crews manage their descent, DTG may be provided as follows:
• When first issuing descent clearance from the nominal top of descent point;
• After the aircraft changes frequency; or,
• At any time if a previous estimate has become invalid, e.g. following a new ATCO
instruction or a change in landing sequence.»
4.4 «Encourage Flight Crew to request ATC for track miles or Distance To Go (DTG)
information, especially at lower levels in the descent – should it not be provided, to enable the
Flight Crew to manage aircraft energy and to calculate the optimum descent profile.»
The present report of the DYNCAT Consortium ‘Recommendations and Roadmap’ will go a step further.
The crucial step will be how a distance-to-go can be determined that satisfies both the ATC constraint
for time-based separation over threshold, lateral and vertical deconflicting, and the optimum distanceto-go from an aircraft energy management perspective, and its exchange between aircraft and ATC.
The scenario of the RTS was based on the above mentioned DTG information according CDO Action
Plan recommendation 3.8.
In this chapter, we will look at current operational procedures according to which the lateral flight path
is determined in the TMA.
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3.1 The Potential of a Reliable Path Determination
The final RTS flight in Toulouse with the DYNCAT function demonstrated the feasibility of continuous
idle descent approaches also from an initial condition above the optimum vertical profile. See
Prototype Validation Report (Deliverable D4.2 [7]):

Figure 5: «Perfect» arrival speed/thrust profile with DYNCAT for an approach with known distance-to-go.

Figure 5 shows the engine thrust values N1 which are continuously in idle, changing to approach idle
around 10 NM due to slats extension and a perfect stabilisation at 1’000 ft AGL. Similar results have
been collected during real flight tests on the DLR A320 ATRA aircraft in Zurich in 2019 with the pilot
assistance system LNAS [18] which is the conceptual basis for the development of the FMS function
DYNCAT.
This result confirms the importance of determining the lateral flight path. Without the availability of a
DTG or some other information about the flight path, there is no need to even think about Advanced
CDO. All promises about green descent profiles will be empty if we do not succeed in finding solutions
so that the energy dissipation strategy can be determined on-board based on reliable information from
ground about the lateral flight path, speed and altitude restrictions. This can only be achieved if ATC
experts, experts in avionics systems, operators and regulators work closely together.
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DYNCAT reduces both the average fuel consumption, but also the amplitude variations by eliminating
the outliers, see Figure 6. DYNCAT reduces the standard deviation and makes globally the flights
more efficient and more predictable in terms of fuel consumption.

Figure 6: DYNCAT positive impact on fuel consumption.

3.2 Radar Vectoring and Open-Path STAR
The Critical Analysis of Current Operation (Deliverable D2.3 [2]) showed for Zurich Airport that about
97% of all flights received lateral instructions in the TMA and were thus laterally radar controlled up
to the FAF. The PJ.31 Very Large Scale Demonstration (VLD) project DIGITS data collection showed a
0.6% use of vertical managed mode below FL100 after a heading clearance.
Radar vectoring in the TMA is still the predominant ATC procedure today for aligning the aircraft to the
final approach. At Zurich Airport, no RNAV Approach Transition is published for runway 14 after the
IAF which leads to an early assignment of headings.
At major airports such as London Heathrow all approaches use radar vectoring, although a closed-path
arrival transition is published but only available if the radar is unserviceable:

Figure 7: Closed-path RNAV transition at London Heathrow, available only when radar is u/s.
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In Barcelona (LEBL, Figure 8) and Paris (LFPG, Figure 9) aircraft are often aligned to an open-ended
RNAV transition followed by radar vectors into the base leg and final localizer intercept. The resulting
lateral flight path in the TMA constitutes a so-called trombone.

Figure 8: Open-path approach transition CLE1W, LESBA 1W and RULOS 1W to runway 24R in Barcelona (LEBL).

Figure 9: Open-path approach transition OKIPA 6N and OKIPA6E to runway 08/09 L/R in Paris (LFPG).
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The advantage of an open-ended STAR (or open-path RNAV transition) is that at least the initial descent
can be flown in NAV mode and thus, with reasonable altitude constraints at the IAF, the initial descent
can take place as far as possible in idle thrust provided the optimum ToD is respected.
Nevertheless, the problem of determining the distance-to-go after passing the IAF remains. Without a
precise indication of the DTG, the flight crew has no knowledge of the flight path and thus cannot
optimise their energy dissipation strategy until stabilisation on the final approach. The consequence
of not knowing the remaining flight distance is that flight crews fly overly conservatively with
unnecessary excessive fuel burn and noise emission at critically low altitudes. In dense and/or complex
environments, controllers tend to follow a strategy giving themselves more time and margins to
implement and fine tuning the sequence. This often results in aircraft flying low and slow. In addition,
the lack of a 2D structure generally leads to a tactical management of conflicts with other flows,
inducing intermediate level offs [22].
The examples in Paris and Barcelona show that there has been no real solution to the energy and
configuration management problem within the TMA up to now for real operational scenario with
open-path RNAV transitions, which is the predominant procedure used in current operation. Existing
FMS functions such as Continuous Descent and Approach (CDA) or Descent Profile Optimisation (DPO)
require a closed-path procedure in order to making use of the vertical managed function flown in NAV
mode and therefore cannot exploit its potential in current operations.
DYNCAT now offers for the first time a technical solution for an Advanced Continuous Descent also
from the time of the downwind leg in an open-path STAR, usable also under radar vectoring, under the
provision of the availability of a DTG.
In addition to the topic of data exchange between ATC and aircraft, the follow-up project of DYNCAT
will have to concentrate decisively on how a reliable lateral path can be calculated after passing the
IAF, for example, by means of time constraints at the FAF and a trombone which may be calculated
dynamically on-board with the Permanent Resume Trajectory (PRT) function and the transmission of
new pseudo waypoints such as Base Turn Point (BTP) and Localizer Intercept Point (LIP) and the
transmission of their position to ATC via EPP (it is assumed that a calculation on board on the FMS is
much more accurate due to available of the detailed aircraft performance data). A DYNCAT follow-up
project could therefore be named “Dynamic Configuration and Lateral Path Adjustment in the TMA” DYNCALPAT.

3.3 Closed-Path Procedures: Closed RNAV Transitions, RNP-to-xLS
and Point Merge
If a closed-path procedure is assigned for the approach with adequate constraints (speed, altitude) if
any, the calculation of the optimum vertical profile and speed schedule can be optimized for an
Advanced Continuous Descent.

3.3.1 Closed RNAV Transitions and Discrete Trombone Lengths
The new airport Berlin Brandenburg (EDDB) provides long-distance closed-path RNAV transitions
which lead the aircraft to a downwind leg along a trombone and a direct-approach closed-path
transition, Figure 10. In reality, the entire long-distance transition is almost never entirely flown which
then translates into a quasi-open-path procedure. Nevertheless, the availability of a sequence of
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waypoints along the downwind leg and the final approach leg allows assigning discrete-length
trombone paths.

Figure 10: RNAV transitions at Berlin Airport with discrete shortcut options.

The longitudinal resolution and distance between the navigation waypoints along the transition (DBxxx
waypoints) defines the capacity of the published procedure of extending or shortening the lateral flight
path while using existing predefined waypoints. A shortcut from a downwind leg waypoint to the
opposite waypoint on the final approach leg reduces the flight path by 8 NM (e.g. via DB563 – DB553
instead of DB563 – DB563 – DB554 – DB553). 8 NM at a typical TMA speed of 220 kt correspond to 2
minutes 10 seconds time separation. The published RNAV transition from the IAF ATGUP hence allows
for 6 different discrete length closed-path procedures, each separated by 8 NM (or approximately 2
NM additional flight time). However, the discontinuity of lateral alterations of trajectories through predefined tactical waypoints does not enable controllers to easily 'fine-tune' spacing between successive
aircraft [22].
Scientific research was conducted by Sáez et al. ([20] and [21]) to achieve optimum separation at the
FAF by an iterative calculation process starting from the aircraft sequence at the FAF with a required
time of arrival (RTA). New air traffic management (ATM) paradigms such as the trajectory based
operations (TBO) defined by SESAR or NextGen by FAA, aim to completely remove open-loop vectoring
and strategic constraints on the trajectories by efficiently implementing a four dimensional (4D)
trajectory negotiation process to synchronize airborne and ground equipment with the aim of
maximizing both flight efficiency and throughput [20].
Another operational method for fine tuning the sequencing along a closed-path RNAV procedure is the
use of direct-to techniques as described in [11], see Figure 11. With the use of the direct-to technique,
paths can be shortened inside the structure. The paths can be changed with the direct-to technique
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provided that the angle of turn when intercepting the remainder of the planned trajectory does not
exceed 90°.

Figure 11: Direct-to technique used at Rome Fiumicino Airport [11].

However, despite being a closed path procedure, this technique if assigned to the traffic flow as a
purely tactical technique does not help in optimizing the vertical efficiency. To perform an Advanced
Continuous Descent, it is imperative to know the route as early as possible, ideally before sequencing
the Top of Descent to reach the global optimum.

3.3.2 RNP-to-xLS and RNP-AR Procedures
In Figure 10, the published direct-approach via DB552 at Berlin still results in a 13 NM final approach
segment (DB552 – TEBGO – RWY 07R). However, there are even shorter approach procedures: RNPto-xLS (for conventional navigation systems such as ILS, GLS with a straight final approach segment)
and RNP-AR (AR: approval required) with ultra-short final approach segments. Figure 12 shows such a
procedure for Frankfurt (RNP-to-ILS) and for Madeira (RNP-AR), see Figure 12.
With both procedures, a short line-up is made possible by means of a radius-to-fix leg (RF) towards the
final approach segment, whereby the aircraft remains in NAV mode (for RNP-to-xLS until the localiser
intercept).

Figure 12: RNP-to-ILS to RWY 07R (ILS X RWY 07R) at Frankfurt (EDDF) with an RF (left) and RNP-AR (RNP Z
RWY 05) at Madeira (LPMA).
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Even though the European CCO/CDO Action Plan explicitly recommends closed-path procedures, this
also tightens the problem of longitudinal spacing to a single degree of freedom which is the speed
profile. Without the availability of variable-length closed path procedures it constitutes a challenge for
approach capacity. Accordingly, predefined closed-path procedures have not become widely
established at airports with high approach densities.
SESAR Solution #9/Release 5 defines RNP-to-xLS solutions (“Enhanced terminal operations with
automatic RNP transition to ILS/GLS”).

3.3.3 Point Merge Procedures
Point Merge procedures are a hybrid between open-path and closed-path procedures. The Eurocontrol
‘Operational Services and Environmental Definition Document’ for ‘Point Merge Integration of Arrival
Flows Enabling Extensive RNAV Application and Continuous Descent’ [22] describes the following. For
the purpose of integrating arrival flows, the building and maintenance of a sequence require the ability
to expedite or delay aircraft in order to achieve longitudinal spacing. When traffic demand rises, and/or
depending on traffic presentation, speed adjustments may not be sufficient and path shortening/path
stretching may become necessary. It is therefore essential in dense terminal airspace, that any arrival
integration technique provides enough flexibility to enable sufficient path stretching/shortening
capability, to the extent of airspace capacity.
Point Merge procedures provide path stretching along an iso-distance, quasi-arcs from the merge point
followed by a direct-to instruction to the merge point, issued when the appropriate spacing is reached
with the preceding aircraft in the sequence.
Point Merge is normally not thought as an open-ended procedure. It shall thus be designed as a closed
STAR, so that if the aircraft reaches the end of the sequencing leg without receiving a direct-to
clearance, it turns automatically towards the merge point.
However, the disadvantage of Point Merge in the context of Advanced CDO is twofold. First, the isoarc segment is flown at constant altitudes and speed because of the separation from the opposite
traffic flows. This means that a-priori CDA is not possible. Second, the time of a direct-to clearance is
not known ab-initio, which means that no Advanced CDO is possible without reliable DTG. In [22],
Eurocontrol gives an outlook to future improvements of Point Merge, which relates to the dynamical
computation of a lateral path by the on-board FMS to respect an assigned RTA suggested later in this
report.
«The frame of future Point Merge improvements, with the support of advanced ground tools,
it may become possible to provide tactical direct-to turn advisories to the controllers, and/or
compute and maintain a DTG estimate before the aircraft are instructed to turn direct-to the
merge point. Eventually, the turn point towards the merge point might be dynamically
determined with a sufficient look-ahead time, enabling an individual route allocation – moving
from a tactical 2D closed loop vector to a more strategic trajectory clearance. In this context,
it is anticipated that Point Merge route structures will also support Trajectory Management
and Precision Trajectory Clearances as envisioned by the SESAR CONOPS.»
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Figure 13: Improvements to Point Merge procedures with pre-defined direct-to waypoint.

Eurocontrol further explains [22]: Future SESAR concepts include the issuance of AMAN advisories in
the form of time constraints on a merge point or an upstream metering point (Controlled time of Arrival,
or CTA), having precedence on the initial time estimate, and to be applied as early as possible, while
flights are still in enroute or in E-TMA.
In approach airspace, initial validation of the Point Merge technique has shown that the same level of
inter-aircraft spacing accuracy can be reached at the FAF, compared to the use of vectors. In this
context, a Point Merge system, aiming at an efficient integration to the runway, could act as a ‘transfer
function’ of time constraints. Indeed, by adhering to:
•

AMAN sequence order advisories,

•

runway and wake turbulence separation constraints,

and following a Point Merge procedure, adherence to a CTA placed before the Point Merge system’s
entry will actually ‘naturally’ result in adherence to the AMAN-scheduled time at the FAF or runway
threshold.
In Figure 13, Eurocontrol is drawing the first idea of a dynamically calculated direct-to waypoint using
advanced support tools. This is described in this document in an adapted concept for the further
development of DYNCAT through an optimal synthesis of airborne and ground-based tools, see
Chapter 6.
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Figure 14: Point Merge Procedure at Dublin Airport (EIDW) for RWY 28L.

However, if one studies this approach chart for Dublin (Figure 14) more closely, one notices that there
is a height restriction along the quasi-arcs with no vertical tolerance. This serves to separate the two
opposing streams vertically. But this also leads to the fact that CDA is no longer possible from the entry
point into the arc segment until the direct-to instruction. Thus, the statement that point merging
enables CDA is only valid with restrictions. As long as the oncoming streams are routed at fixed
altitudes along the arc segments, no advanced CDA is possible. This is illustrated in Figure 15 for typical
approach profiles of a Point Merge procedure.

Figure 15: Typical arrival profiles in a Point Merge System: traffic light (left), moderate (middle) density
conditions and Point Merge with full use of the sequencing legs (from CCO/CDO Action Plan [11]).

Nevertheless, DYNCAT could still optimize the two segments from ToD to begin of the sequencing leg,
and from the direct-to until touchdown, or using an adapted approach procedure with a level segment
such as the Low-Drag Low-Power (LDLP) procedure.

Page I 32

SESAR 2020 DYNCAT - D5.1 ADVANCED CONTINUOUS DESCENT
OPERATIONS - RECOMMENDATIONS AND ROADMAP

3.4 Dynamic Route Structures in TMA
3.4.1 Current Operations
Eurocontrol has conducted an insightful study entitled 'Introducing Dynamicity in Terminal Areas' [23].
This publication analysed approximately 50’000 approaches over the last 50 NM and examined the
lateral flight paths as a function of approach delay and approach density. This research was conducted
for the airports considered earlier in this report (London, Frankfurt, Dublin) and illustrates how in
practice the length of the trombone or point merge path varies dynamically.
A gradual stretching of the path is observed on these airports with increasing traffic density expressed
by ASMA time (Arrival Sequencing and Metering Area: a virtual cylinder with 40 NM radius around the
airport. The actual time spent by a flight between its last entry in the cylinder and the actual landing
time):
London:

Figure 16: Flight trajectories for EGLL clustered for average ASMA time. Source: Eurocontrol [23]

In London, only a small portion of the delay is absorbed via a trombone extension, Figure 16. Once the
aircraft leave the holding, the lateral flight paths are quite similar. London would therefore be a good
candidate for an application of DYNCAT from the time of the holding exit (IAF), at a time when the
effective lateral flight path comes very close to a closed-path. At the same time, London also illustrates
that early sequencing before arrival at the IAF is essential here.
Page I 33

SESAR 2020 DYNCAT - D5.1 ADVANCED CONTINUOUS DESCENT
OPERATIONS - RECOMMENDATIONS AND ROADMAP

Frankfurt:

Figure 17: Flight trajectories for EDDF clustered for average ASMA time. Source: Eurocontrol [23]

We have seen that in Frankfurt it would be possible to assign trombones that have discrete lengths. In
practice, however, the length of the trombone is very dynamic and does not have discrete values (i.e.
no flight paths are assigned by a sequence of assigned waypoints). In contrast to London, Frankfurt has
a very large capacity to absorb arrival delay by stretching of the trombone instead of flying holding
patterns, see Figure 17. The question which arises from this for DYNCAT is what is the earliest time
when the expected trombone length or DTG can be determined and communicated by ATC to the
aircraft for the optimisation of the vertical and speed profile to execute an Advanced Continuous
Descent. If the DTG from the IAF along the trombone to the FAF can be defined by the AMAN, the
Permanent Resume Trajectory (PRT) could than translate this information into a lateral flight path
which can be used for DYNCAT.
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Dublin:

Figure 18: Flight trajectories for EIDW clustered for average ASMA time. Source: Eurocontrol [23]

In Dublin, the point merge procedure becomes applicable as the arrival delay increases. With an
average ASMA time of 0.25, approaches are made in direct approach. With an ASMA time of 10.75,
complete maximum-length flight paths are occasionally flown, see Figure 18. Again, the question for
DYNCAT is at what time the direct-to merge point can be determined and communicated to the
aircraft.
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3.4.2 Tailored Approach Design
The Tailored Approaches (TA) concept has been designed to take advantage of the capabilities
available on today’s aircraft, particularly current FMS functions and data exchange.

Figure 19: Tailored arrival concept (from ICAO).

Extract from [11]: “The ideal TA is a trajectory that allows the aircraft to meet the required time at the
metering fix (if any) while carrying out an idle descent along the optimal lateral path. The TA concept
uses speed and altitude control to adjust the timing and descent profile of an aircraft.
Therefore, the publishing of altitude and speed windows should have aircraft performance limits and
the wind data available to flight crews taken into consideration. It is also advisable to reduce the
number of waypoints so as to heighten compliance with lateral and vertical constraints. Simulations
could help the procedure designer assess the effect of different variables on the TA.
With this airspace design solution, in low peak periods, the same closed TA STAR can be used together
with the tactical facilitation made by the ATCO so that no speed or altitude restrictions apply, allowing
the crew to fly the most optimal profile.
If tactical intervention is still expected in peak hours, the use of path stretching in the design phase is
the preferred option. This gives the ATCO several paths to sequence airplanes and the flight crew can
still adapt the expected distance-to-go before descent is initiated.”
If path stretching is applied to achieve sequencing before reaching the IAF, an Advanced Continuous
Descent could be achieved just after completion of the path stretching, Figure 20

Figure 20: Path stretching methods (source ICAO).
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3.4.3 T-bar and MergeStrip
A very interesting concept was introduced in 2005 by HungaroControl. One of the main problems with
closed-path RNAV transitions is that flight crews almost never know what lateral flight path or how
many miles will be flown along the transition before arriving at the first transition point. Vectoring
without track mile information is the biggest showstopper for the optimisation of CDO [11].
In high level traffic density situations ATCOs still use path stretching along the trombone of the RNAV
transition, but in low and medium traffic most (if not all) aircraft are coordinated and sent from
approximately 150 - 200 NM from the airport to the appropriate IAF points which are only 13 NM away
from the FAF (see Figure 21: ATICO, FUTNA, NICRA). The flight crew immediately (before reaching the
ToD) knows the exact routing that must be flown to touchdown, so and effective CDO or even an
Advanced CDO is made possible from ToD.
However, for sequencing reasons, highly sophisticated speed control is required for T-bar operations,
which is very demanding for the ATCOs. HungaroControl developed a concept and a software, the socalled CDO-enhancement tool called MergeStrip. MergeStrip is not an AMAN but a tool dedicated to
help with speed control and sequencing of the arrival aircraft.

Figure 21: T-bars at Budapest (LHBP).

3.4.4 Conclusion for DYNCAT
Eurocontrol concludes in [23] that “Replacing vectors with systematic/PBN structures for arrivals in
terminal areas has significant implications. In particular, traffic needs to be properly streamed into
these route structures at their entry points, which induces specific constraints. Moreover, these
constraints, and those that may also exist along the arrival route structure, are the same for all aircraft
using the procedure – whatever the traffic level.
With the simple additional assumption that without dynamic structures, fixed PBN procedures in place
during the day are normally dimensioned towards maximum capacity, each time a transition to a
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‘lower’ operating regime is possible, there is an opportunity for benefits from better trade off with flight
efficiency and environmental impact.”
It seems to be a question of finding a balance for the fixed-path procedures which are adapted to the
respective traffic density between the benefits (availability of a fixed-length lateral flight plan at an
early point in time, if possible before the IAF) and the loss of economic efficiency due to additional
flight distances or additional level segments. It can also be noted that increasing the number of
procedures will considerably impact the size of the worldwide Navigation Database of the FMS and
might cause some implementation issue from the avionics point of view.
It is important to remember that DYNCAT is not solely about optimising the entire approach from ToD
to the runway threshold, but that DYNCAT explicitly opens up the possibility of creating local
optimums. For example, in a local optimum from ToD to IAF, a local optimum in the tactical phase of
spacing in the line-up to the final approach, up to the determination of the optimal time to extend the
landing gear.

3.5 Arrival Manager (AMAN) Solutions
In the paper mentioned before, Eurocontrol gives a summary of the objectives of an arrival manager
[23]: Arrival management (AMAN) processes have historically started to be deployed in the late
1980s/early 1990s around dense TMAs operated using vectoring to final. The aim was to anticipate on
arrival flows integration to the runway by implementing high altitude linear holding rather than
relying on holding stacks closer to the runway.
Within arrival management processes, different functional layers can be identified:
•

When still far from the runway, arrival traffic is metered towards the TMA entry. At this stage
strictly adhering to a sequence order or individual scheduled times is not of prime importance,
and may even prove counter-productive given the uncertainties at large distances from the
destination airport. The objective is to make sure a regulated amount of aircraft eventually
enters the protected airspace, by anticipating on the absorption of arrival management delays
when needed, while keeping a necessary level of runway pressure.

•

Within the TMA or approach, the main objective becomes sequencing and merging, i.e.
deciding/arranging the order in which aircraft will merge towards a common path and
eventually reach the runway. Sequencing, like metering, involves delay absorption in the form
of speed adjustments or path stretching/shortening. It is however more accurate by nature
since it includes the notion of creating the required spacing according to a sequence order,
which ultimately translates into a longitudinal separation requirement on final.

•

Eventually, once the sequence is built, and aircraft merge to their final common path, the
objective is to maintain an accurate inter-aircraft spacing, according to longitudinal separation
requirements, also accounting for such aspects as speed reductions, wake turbulence, etc.

In a non-structured, vectors-to-final environment, the boundaries between arrival management layers
may not be very strict and/or be of a moving nature. Controllers may for instance delay the decision
on sequence order – sometimes until the turn to final. Assuming traffic is properly metered according
to TMA capacity, using vectors, controllers will absorb the remaining arrival management delays
through vectoring, and at the same time accommodate the complexity that arises from e.g. a
multiplicity of flows/entry points.
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In low/medium complexity environments, PBN route structures deployed in TMAs can focus on the
sequencing and merging function, prior to spacing towards the runway. However, especially in
dense/complex environments, adhering to lateral/vertical constraints to join such a route structure
from a multiplicity of entry points may require an intermediate pre-sequencing, or ‘terminal metering’
layer. The objective is then to reduce the complexity of traffic presentation, and account for the
constraints created by the PBN arrival route structure itself.
The concepts and objectives have remained unchanged for many years. As early as 2006, DLR described
in a paper entitled "4D Trajectory Management in the Extended TMA: Coupling AMAN and 4D FMS for
Optimised Approach Trajectories" [24] what is required for matching trajectories between ground and
aircraft, taking into account flight performance and capacities on the ground.
AMAN system provides additional information to the ATC controller with respect to the arriving flights,
e.g. the expected arrival time and the arrival sequence at the TMA entry. To maintain a dedicated
sequence for the arriving flights, AMAN systems are capable to output a time offset for every flight in
the sequence to lose or gain while in the descent and approach phase. The controller is then
responsible for giving an appropriate lateral, vertical or speed instruction to the pilots to apply the
time offsets and accomplish the selected sequencing. This procedure applies up to the arrival
controller handover, whereas further on, the approach controller is responsible for the subsequent
flight sequencing and spacing.
In SESAR PJ.01-W2-08A2 - Efficient Management of Arrival Flows – “Automatic controlled time of
arrival (CTA) for management of arrival in enroute and on the ground” [13] a solution is developed for
an extended arrival manager (E-AMAN) prototype that supports i4D/CTA, TTL/TTG advisories for the
airport and provides sequencing of the traffic flow.
DYNCAT contains the Permanent Resume Trajectory (PRT) solution refined in PJ.01-W1-03B. PRT
allows to translate ATC constraints (CTA, altitude, lateral constraints, speed) resulting from an AMAN
into a lateral trajectory (e.g. length and turning points along the RNAV transition trombone) which is
based on exact flight performance and actual wind data and to send it back to the ATCO via ADS-C EPP.
The follow-up project to DYNCAT will have to deal intensively with these topics.

3.6 Extended TMA (E-TMA)
The SESAR solutions PJ.01wW1-03B “Dynamic E-TMA for Advanced Continuous Climb and Descent
Operations” and PJ01-W2-08 “Dynamic E-TMA for advanced continuous climb and descent operations
and improved arrival and departure operations” provide answers to dynamically attributing arrival
routes based on fixed, published, STARs and transitions to final approach and the development of
enhanced ATC procedures.
An Extended TMA (E-TMA) creates the conditions for improving efficiency for the later arrival phase
already in the ACC terminal interface sector. For the further development of DYNCAT, an assessment
must be made for the impact on economic efficiency and the environment already from the ToD of the
cruise phase.
An AMAN extended into the E-TMA, a so-called Extended AMAN (E-AMAN) allows for the sequencing
of arrival traffic much earlier than is currently the case, by extending the AMAN horizon from the
airspace close to the airport to further upstream and so allowing more smooth traffic management.
Controllers in the upstream sectors, which may be in a different control centre or even a different
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functional airspace block (FAB), obtain system advisories to support an earlier pre-sequencing of
aircraft. Controllers implement those advisories by, for example, instructing pilots to adjust the aircraft
speed along the descent or even before top-of-descent, thus reducing the need for holding and
decreasing fuel consumption. SESAR partners have shown that E-AMAN can be extended up to 200
nautical miles (NM) from the airport. See [13], Figure 22.

Figure 22: Actors in the arrival phase [22].

3.7 Aircraft-ATM Datalink Solutions
3.7.1 CPDLC
An already implemented digital data link between aircraft and ATC is the Controller Pilot Data Link
Communication (CPDLC). For instance, 23% of the traffic crossing the Maastricht Upper Area Control
Centre (MUAC) is using CPDLC on a daily basis. It acts as secondary communication medium, whereas
voice communication remains the primary channel [25]. It enables digital transmission of ATC
clearances, turns heading, transponder code and hand-off instructions but also the possibility to
transmit requests from the aircraft to ATC. These services are provided by different defined Data Link
Services (DLS). While on a European basis these services are provided above flight level 285 (FL285),
some Air Navigation Service Provider (ANSP) also cover more airspace (e.g. Skyguide) [26].

3.7.2 ADS-C EPP
Extract from the SESAR Solution Catalogue 2021, SJU reference #115 [13]: Modern aircraft feature
advanced computerised flight management systems (FMS) to guide their navigation, which can
exchange relevant data with the airline operations centres (AOC). Air traffic control centres, in turn,
have sophisticated flight data processing systems (FDPS) to manage flight data on the ground, but
there is limited data connection between the FMS and air traffic control ground systems.
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The initial trajectory information sharing solution is based on the aircraft downlinking trajectory
information directly from the FMS to the ground systems via an updated standard for the automatic
dependent surveillance contract (ADS-C) that is used today exclusively for oceanic and remote
operations. The newly developed standard is called ATN Baseline 2 and targets all operations. It allows
the i4D FMS to downlink the extended projected profile (EPP), which contains an updated FMS route
prediction. The data in the new standard is much more detailed than in the current ADS-C reports used
in oceanic airspace; it includes, for example, the predicted aircraft weight, as well as the predicted
horizontal and vertical speeds on up to 128 future waypoints along the route.
The use of ADS-C requires an avionics upgrade for FANS C with the following subsystem: display system
to show the Required Time of Arrival (RTA) data, a datalink router with ATS B2 standard, and an FMS
capable of generating ADS-C data, the capability to load a flight plan from CPDLC instruction and the
aircraft guidance to comply with RTA instructions.

Figure 23: ADS-C principle, source: DIGIT Webinar, 1-2 December 2020, T. Harquin and A. Linner.

The SESAR Large Scale Demonstration PJ31 DIGITS from 2016 – 2019 demonstrated the ATM benefits
that can be realised through the use of downlinked 4D trajectory data in ground systems, Figure 23.
Airbus equipped 90 aircraft of the A320 family with Future Air System C (FANS-C) to send 4D
trajectories to ATC. By the end of the project around 20,000 flights successfully used this connection.
The follow-up Large Scale Demonstration PJ38-W ADSCENSIO is further exploiting the benefits of
trajectory sharing between the aircraft and ATC.
For the further development of DYNCAT, ADS-C EPP is an essential component. In particular, it will
have to be investigated how ATC constraints (e.g. time constraints) can be converted into a Permanent
Resume Trajectory and which data can be transmitted in an EPP to the ATC in order to be used
efficiently, especially to the arrival controller (for example base-turn pseudo-waypoint and localizer
intercept pseudo-waypoint, or a deceleration waypoint, all along the RNAV transition trombone).
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4 Key Principles of DYNCAT
4.1 Component Overview
This chapter contains a brief summary of the DYNCAT functionalities (Figure 24) so that this document
can also be read and understood on its own.
DYNCAT contains a multitude of functions which are embedded in 3 different work areas:
1) The calculation of the configuration optimisation and the flight trajectory. This includes all
flight mechanical calculations to determine the speed schedule, vertical profile and locations
of the configuration changes along the Permanent Resume Trajectory (PRT).
2) The airborne display concept to provide visualisations for the flight crew in order to carry out
an Advanced Continuous Descent at idle thrust. The cockpit displays are based on a generic
display and will have to be adapted to the specific aircraft type and aircraft manufacturer
during further development and integration of DYNCAT. The cockpit displays are concepts
which were evaluated within the framework of the RTS and from which important findings for
the aspects in the area of HMI could be drawn.
3) The data exchange or information exchange concept. This includes all aspects of the data
interface between the aircraft and ATC, from distance-to-go to time of arrival, etc.
The DYNCAT concept is described in the deliverables D3.3 “DYNCAT Function Experimental
Implementation Report” [6] and D3.4 “Final System High-Level Specification” [7] for the prototype and
further detailed in D2.5 “Final Operational Concept Document” [10].
The evaluations of the prototype and the analysis of the environmental benefits are described in detail
in the deliverables D4.1 “Prototype Validation Report” [7] and D4.2 “Environmental Benefits Report”
[9].

Figure 24: DYNCAT functionalities.
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The current prototype is embedded in in the scope of a full operational concept which has to be further
developed in the next step of a DYNCAT follow-up project, see Figure 25.

Figure 25: Prototype scope within the full operational concept.

The elements for the roadmap of the further development of DYNCAT include mainly aspects of data
sharing with ATC based on datalink concepts using ADS-C EPP, linking of DYNCAT to operational PBN
concepts, considerations of ATC speed and altitude constraints to also provide local optimisation from
ToD to touchdown.

4.2 Adjustable Permanent Resume Trajectory and Distance-to-Go
For the DYNCAT function, the Permanent Resume Trajectory (PRT) provides a constant closed flight
trajectory in lateral selected mode to resume the flight plan in the most likely way (i.e. at the FAF or to
any pre-defined capture point among the Flight Plan waypoints) according to operational constraints,
Figure 26. The operational constraints for the DYNCAT RTS was the DTG information provided by ATC.
The PRT allows to fly the descent in vertically managed mode.

Figure 26: A continuous lateral path with the PRT is provided in lateral selected mode.
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The shape, particularly the length of the PRT is defined either by a DTG or an ITA (Indicated Time of
Arrival) at the capture point, which in the case of the RTS was always the FAF (OSNEM).

Figure 27: Entry of a DTG (left) or a Time of Arrival (right) during the RTS (simplified version that reuse the
Flight Number and the RTA to minimize the impact on the MFD pages)

4.3 Optimized CDA Profile
DYNCAT implemented a CDA profile that consists of 3 different segments, see Figure 28.
1) The Descent Segment which is an OPEN DES mode segment with the engines fully in idle.
2) The Deceleration Segment which is tuned to a V/S of -500 ft/min
3) The Final Approach Segment which is given by the respective approach procedure (ILS, GLS,
NPA, APV)

Figure 28: Reference CDA profile for DYNCAT.

The configuration changes are dynamically adapted to the actual aircraft energy state. The Descent
Segment depends on the location of the DECEL point, which will be further explained in section 4.5.
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4.4 Permanent Vertical Deviation Symbol
The Vertical Deviation (V/DEV) Symbol is enhanced to be displayed in both managed and selected flight
guidance mode. Consequently, a V/DEV is available along the Permanent Resume Trajectory, Figure
29.

Figure 29: Vertical Deviation symbol in magenta with an altitude indication, i.e. the aircraft is 1’700 ft above
the reference profile.

4.5 Dynamic Flaps Sequence and Pseudo-Waypoints
The Dynamic Pseudo Waypoints are the main feature of DYNCAT. There are 3 major innovations
compared to existing solutions:
1) The Pseudo-Waypoints are computed dynamically depending on the actual aircraft energy
state. The speed for the extension of flaps and slats (VCC: characteristic speed for flaps/slats
extension) are dynamically moved between the upper boundary VFE -5 kt and the lower
boundary Green-Dot, S-Speed and F-Speed.
2) Additionally to the pseudo-waypoints for CONF 1 (slats only in approach) and CONF 2 (slats
and flaps at lever position 2), DYNCAT adds a pseudo-waypoint for the extension of the
landing gear and final flaps/slats, group as a single pseudo-waypoint Final Configuration (L/G
+ F3 + F-FULL).
3) Adaptation of DECEL waypoint to absorb high and low energy. In the current design, in the
high energy scenario (“aggressive strategy”), the flaps/slats extension takes place at VFE-5 kt.
In the low-energy (“smooth strategy”), the flaps/slats are extending at manoeuvring speeds.
The speed difference between these two regimes translates in the different locations of the
DECEL point and thus different reference vertical profiles, see Figure 30.
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Figure 30: The two different vertical reference profile depending on the flaps/slats extension speeds.

Figure 31: Display of the pseudo-waypoints colour changes and the impact on the vertical deviation.

If the slats/flaps are extended at VFE-5kt, they are in full green, if the extension speed is at the
manoeuvring speed, the pseudo-waypoints are in empty-black. The difference between these two
regimes (see Figure 30) allows to absorb a vertical deviation of 700 ft (energy-equivalent) in the case
studied. In other words, there is a margin of 700 ft to still perform an Advanced Continuous Descent
by purely adapting the extension speeds of the high-lift devices. Recommendations for a further
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development of this feature will be exploited in chapter 5. If the energy state is above the limits, the
pseudo-waypoints turn amber:

4.6 Distance-to-Go Margins
The indication of the vertical deviation is one way to express the deviation from the optimum aircraft
energy state. An additional way for illustration of the energy state is a distance margin. For the current
DYNCAT implementation, the Optimum Distance corresponds to the distance at flaps/slats
configuration changes at the manoeuvring speeds i.e. not the adapted configuration sequence to
absorb over-energy described in the previous section. A negative margin in green still allows
stabilisation at 1’000 ft with the current standard configuration sequence, but it may request the use
of ½ speed brakes. A negative margin in amber indicates that more than ½ speed brakes or the
adaptation to a non-standard configuration changes sequence is needed (e.g. L/G before F2). For the
DYNCAT prototype, the distance margin is displayed on the navigation display.
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4.7 Excessive Energy Alert (Speed Brake Message)
Additionally, to configuration pseudo-waypoint colour coding, vertical deviation display and distance
margin display, there is a fourth HMI element for energy management and support of the pilots to
conduct advanced CDO: an excessive energy alert displayed as a Speed Brake Message. A message
requesting to extend or retract the speed brakes is displayed on the PFD, Figure 32. This message is
displayed at the last possible moment required to reach the approach without over-energy (correct
altitude and speed at the DECEL point) considering half speed brakes. This choice of using this message
as a “last line of defence” has been performed in order to let the pilots free to use the speed brakes
earlier if they wish to do so, but also to avoid any toggling due to aircraft performances and weather
uncertainties.

Figure 32: Extend Speed Brakes message on the PFD.
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5 Recommendations
In the previous chapters, the fundamentals were laid for a holistic understanding of the operational
environment of the pilot assistance function DYNCAT, which supports the flight crews in executing
Advanced CDO. The interfaces (approach procedures, data exchange) that have to be dealt with for
this purpose were explained in detail. In the previous chapter, the main functionalities of DYNCAT were
summarised. This allows us to formulate detailed recommendations in this chapter, on the one hand
for the further development of DYNCAT function itself in the next project phase and on the other hand
for the integration of DYNCAT into an operational scenario based on existing ground and procedural
building blocks. In addition, recommendations are given for Advanced Continuous Descent Operations
which are insights from the numerous workshops with pilots and air traffic controllers. They
complement the recommendations of the European CCO/CDO Action Plan in that they have a very
focus with flight crew perspective to optimise CDO also in very local domains (e.g. avoidance of
transitory engine spool-ups).
The recommendations are based on:
1) The extensive analysis of real flight operations (D2.3 “Critical Analysis of Current Operations”
[1])
2) Initial workshop to assess the present situation and shortcomings with pilots and air traffic
controllers
3) Real-time simulations (RTS) in Toulouse for the evaluation of the DYNCAT solution using
simulation flight data and sophisticated acoustic analysis
4) Evaluation of extensive pilot questionnaire provide feedback about the effectiveness and
usability and written statements with suggestions for improvement
5) Final debriefing and closure workshop with the RTS participants

5.1 Flight Management System (FMS) Evolutions
The first set of recommendations covers all aspects of the flight mechanical design principle of DYCNAT
and the computation of the optimized vertical and lateral trajectory. These are all aspects related to
the core functionality that have to do with the computation of the energy state, vertical profile,
sequence and location of the pseudo-waypoints. The recommendations for visualisation derived from
these core functionalities are then primarily addressed in a separate chapter with recommendations
to the aircraft manufacturer.
Other recommendations formulated in this report include the further development of already existing
building blocks from the overall DYNCAT concept as shown in Figure 25.
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5.1.1 Dynamic Pseudo-Waypoints
5.1.1.1 Non-Standard Sequence of Configuration Changes
Reference: REQ-DYNCAT-FMS-001 / 002 / 003 / 004
In the current DYNCAT design, the sequence of configuration changes is determined by a standard
sequence, starting with CONF 1, CONF 2, L/G, CONF 3, CONF FULL. This is an optimal sequence for the
vast majority of situations and allows optimisation both in terms of fuel consumption and noise
reduction (depending on weighting factors). However, there are situations where even more fuel can
be saved if the approach is faster and the landing gear is extended following CONF 1. Likewise, there
are situations, especially on the glide path, where a speed of 160 kts with CONF offers too little drag,
but with CONF 3, flying is more energy-optimised than with the L/G down.
The current DYNCAT design limits landing gear extension to maximum VFE-5kt of F3, because the L/G
is grouped as a single pseudo-waypoint ‘F’ for Final, which corresponds to maximum 180 kt whereas
the maximum extensions and operating speed of the L/G VLO/VLE are much higher (i.e. respectively
250/280 kts).
An analysis of the airspeeds at which the landing gear is extended for Zurich Airport (12’794
approaches to runway 14) shows different speed clusters: 240 kt, 210 kt and 160 - 180 kt. The third
cluster corresponds to the current DYNCAT solution.

Figure 33: Distribution of the landing gear extension speed in daily operation.

Decoupling the connection of L/G to CONF 3 and CONF FULL would not necessarily mean that the L/G
shall be extended before CONF 2, but it would also allow the partial aerodynamic drag to be split across
the entire glideslope, respectively to shift the aerodynamic load of CONF 3/FULL when close to VFE
more to the L/G. See Table 3 for these speeds.
F1 (slats only)

F2

F3

FULL

A320

230

200

185

177

A321ceo

230

215

195

190

A321neo

243

215

195

186

Table 3: Airbus single-aisle maximum speed for slats and flaps extension during approach.
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This leads to the formulation of the following set of recommendations for the evolution of sequence
of configuration changes, also confirmed by one of the evaluation pilot’s feedback:
«Consider changing configuration sequence. Especially if there is a speed constraint on the ILS (e.g.
160 kt) it could be advantageous to select flaps 3 before gear down.»
R1

It is recommended to decouple the landing gear extension from CONF 3/CONF 4 and to
decouple CONF 3 and CONF 4 from each other (to facilitate an optimum drag configuration
with speed restrictions on the glideslope segment).

R2

The implementation of a non-standard configuration sequence (L/G before CONF 2 or CONF
3 before L/G) can extend the operational range of DYNCAT in both fuel optimisation and noise
reduction.

5.1.1.2 Speed Extension Range of Flaps
Reference: REQ-DYNCAT-FMS-005
For an Airbus aircraft, in the current DYNCAT design, the extension of flaps into CONF 2 is limited by
the autothrust minimum speed in CONF 1, the so-called S-speed (which is also the minimum speed for
slats retraction). This is also the managed speed target before flaps extension. After moving the flap
lever to position 2, the approach speed becomes the autothrust target speed. However, the
aerodynamical operational envelope of CONF 1 is not limited by this autothrust speed. CONF 2 is a
crucial configuration, particularly to establish on the 3° glideslope (optimum drag configuration for
non-accelerated flight). The VFE of CONF 2 can be close to S-speed which gives little margin.
Consequently, it is frequently observed that the autothrust commands an early thrust rise in the flight
phase of glideslope intercept before the flap lever is moved to position 2 while being close to S-speed.

Figure 34: Extended range for F2 extension (green)

This recommendation does not necessarily have to be in ATA Chapter 22 Auto Flight and could also be
a combined recommendation to the aircraft manufacturer (ATA 27 Flight Controls).
R3
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It is recommended to allow some margin (e.g. down to the speed corresponding to minimum
lift-drag ratio of CONF 2) for the selection of CONF 2 and the target speed of the pseudo
waypoint ‘2’ below the S-speed while avoiding a thrust rise during glideslope intercept.

SESAR 2020 DYNCAT - D5.1 ADVANCED CONTINUOUS DESCENT
OPERATIONS - RECOMMENDATIONS AND ROADMAP

5.1.2 Optimised Vertical Profile
5.1.2.1 Implementation of Additional Vertical Profiles
Reference: REQ-DYNCAT-FMS-007 / 008
The current DYNCAT design implements a CDA profile (OPEN DES, -500 ft/min V/S, G/S). This CDA
profile is an excellent compromise between fuel efficiency and noise reduction. In earlier DLR studies,
it was shown that a higher sink rate (or sink angle) with a longer deceleration phase leads to more fuel
consumption. At the same time, a horizontal DECEL segment (Low-Drag Low Power LDLP) is still
somewhat more fuel-optimal due to the shorter deceleration phase, but also a bit louder due to the
lower altitude and the higher speed (the deceleration is initiated closed to the runway since
deceleration on a horizontal segment is shorter compared to a descending segment). In addition, a
horizontal DECEL segment is less robust to ensure a minimum idle against disturbances such as wind
information inaccuracies compared to a slanted DECEL segment, because less additional thrust is
required on the latter to maintain a constant speed.
An evolution of DYNCAT would be to extend the envelope in such a way that, depending on the energy
state, limit vertical profiles can also be calculated, in particular to enable Low-Drag Low-Power (LDLP)
and Steep Continuous Descent Approach (SCDA), see Figure 35.

Figure 35: Different approach procedures.

R4
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It is recommended to investigate to extend the variants of the approach procedures in DYNAT
in order to propose piloting solutions even from a very high energy state of the aircraft (SCDA)
or to calculate an optimal solution in situations where a level flight segment is required (e.g.
parallel runways, point merge).
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5.1.2.2 Implementation of a Computation of the Actual Vertical Trajectory Profile
Reference: REQ-DYNCAT-FMS-010
In the current design, DYNCAT takes into account the actual energy state for the positioning of the
pseudo waypoints. However, as long as the pilot is not on the reference profile, he gets no indication
of the actual course of the future vertical trajectory if the deviation from the reference profile is not
reduced. We have seen in the RTS that it is often advantageous to intercept the glideslope slightly
ahead of the FAF, provided this intercept point is not before the localiser intercept point. This prevents,
for example, the aircraft from going into ALT* mode just before the intercept.
DYNCAT could be extended to predict the trajectory in real-time using a complete 6DOF flight model.
In the example of Figure 36, the pilot begins the speed reduction before the V/S point. A dynamical
vertical profile is adapted with this new situation. This may replace the current concept of having
reference vertical profiles moving between the “smooth” and “aggressive” boundaries.

Figure 36: A dynamically computed forward trajectory could take into account the deviations from an initial
trajectory planning. In this example an early speed reduction by ATC.
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Another possibility of an actual «virtually-piloted» forward trajectory could be to evaluate the energy
state at the FAF instead of indicating the V/DEV along the reference trajectory. Figure 37 shows this
concept:
a) The glideslope is intercepted with a little ‘positive energy’ before FAF with a -500 ft/min DECEL
segment (while still being an idle descent).
b) The forward trajectory does not intercept the glideslope between the localizer intercept point
and the FAF with the same CDA -500 ft/min segment due to ‘excess energy’ (no trajectory
closure at FAF).
c) The aircraft is ‘below energy’ which can be recognised by the pilot by the V/S segment starting
before DECEL.

a)

b)

c)

Figure 37: Concept to predict the forward trajectory in a Vertical Display as a «virtually-piloted» forward
trajectory.

R5

A 6DOF forward simulation could enable a closed path forward vertical trajectory while still
being compliant with an idle descent. This path could additionally be shown on a Vertical
Display to increase the situation awareness whether glideslope intercept can be achieved
between the localizer intercept point and the FAF. However, if the procedure requires flying
along the reference profile with a -500 ft/min segment to intercept exactly at the FAF, then a
small altitude offset (e.g. +100 ft) is sufficient to avoid an unwanted ALT*.

5.1.2.3 Implementation of Glideslope Intercept Pseudo-Waypoint
If a forward computation for the actual vertical profile is provided, and if no vertical display is available,
the situation awareness could still be increased by displayed a new pseudo-waypoint, which is the
location of the glideslope intercept point.
R6
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If the aircraft is on a trajectory above the reference vertical profile the G/S capture point
should be displayed. If the G/S cannot be captured within the extended localizer axis of the
PRT trajectory it may be displayed in amber.
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5.1.3 Lateral Path Determination
Reference: REQ-DYNCAT-FMS-015 / 016 / 017 / 018
The calculation of the lateral flight path is currently based on the input of a DTG or a time indication at
a waypoint, whereby a PRT in the shape of a trombone is calculated from the current aircraft position
in the direction of the selected heading to the capture point (in the RTS of the FAF). The development
in the area of flight procedures, on the other hand, is to increasingly rely on PBN procedures within
the TMA.
On the test bench, first attempts were made to determine the PRT via the DTG on an approach in the
downwind leg of an RNAV transition, so that the flight path still corresponds to the published RNAV
procedure. However, this requires an evolution in the concept of PRT calculation.
To take the example of the RNAV transition from Berlin (EDDB) again, it should be possible to initially
guide the aircraft along a PRT from the current aircraft position along the published procedure and
adjust the length only via two new pseudo waypoints, a Base Turn ‘T’ and the localizer axis intercept
‘I’, see Figure 38.

Figure 38: Recommendation of PRT computation for PBN procedures (left: RNAV STAR, right: Point Merge).

R7
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The PRT should be consistent with the corresponding PBN procedures, with its total length
calculated by either a DTG or a time constraint from ATC at any point in the published
procedure ahead to the current aircraft position.
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5.1.4 Speed Restrictions
5.1.4.1 Speed Constraints at Glideslope Intercept
Reference: REQ-DYNCAT-FMS-019
In the current DYNCAT design, the overfly speed at FAF depends on the random initial conditions and
is subject to a bandwidth between the upper and lower speed limits defined first by the envelope of
slats/flaps extension VFE-manoeuvring speeds, and second by the current standard configuration
sequence. It is a bandwidth that still allows continuous idle segments on the glideslope. This is
illustrated in the following Figure 39.

Figure 39: Speed profile envelope for an A320 for a continuous idle segment on the glideslope without speed
brakes.

The resulting speed on the 3° glideslope segment is therefore subject a certain bandwidth ( of 30 kt
at G/S intercept for the RTS results with DYNCAT function activated, 50 kts otherwise) if no constraints
are defined, see Figure 40.

Figure 40: Speed profiles of the RTS flights with and without the DYNCAT function.
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In addition, for each aircraft weight there is an optimum 'neutral' speed (mostly in CONF 2) for nonaccelerated or a slightly decelerating flight along the glideslope. This can be seen on the following liftdrag plot see Figure 41. This also shows for the example of an A320 with 60t, the optimum lift-drag is
around 170 kt.
Additionally, for this example for an A320, in CONF 1 below 200 kt the drag increases steadily with
decreasing speed (induced drag). With CONF 2, on the other hand, the drag in this speed range first
decreases until it reaches a minimum at approx. 170 kt. This characteristic must be taken into account
for the design of speed constraints.

Figure 41: Optimum lift-drag ratio for an A320 at 60t.

R8

For DYNCAT it is recommended to set a speed constraint at the G/S intercept or at the FAF to
reduce the speed bandwidth for FAF overfly. This also allows ATC to separate flights with
DYNCAT very precisely. The speed constraint should correspond to an optimum lift-drag ratio
for the 3° glideslope applicable for most aircraft.

Figure 42: Addition of a speed constraint at glideslope intercept.

Page I 57

SESAR 2020 DYNCAT - D5.1 ADVANCED CONTINUOUS DESCENT
OPERATIONS - RECOMMENDATIONS AND ROADMAP

5.1.4.2 At-or-above Speed Restriction
Many approaches in European airspace do not always occur at peak times. We have seen that in the
current DYNCAT design, energy deviation is primarily absorbed by moving the pseudo waypoints along
the speed envelopes. A fixed speed limit at the FAF reduces this absorption potential. In the FMS there
are currently only constraints as at-or-below.
R9

It is recommended to introduce at-or-above speed limits for the Final Approach Fix in a next
development step.

5.1.4.3 Reduce-and-Maintain Speed on Glide
Final separation in high-intensity minimum runway occupancy times is achieved by ATC speed control.
Any speed control on the glideslope segment will most likely lead to a non-idle segment. However,
with an optimum selection of configurations, such constraints can be flown at near-idle. In London
common speed constraints are “160 kt to 4 NM”, in Zurich “160 to 5 NM” are often used.

Figure 43: A constant speed segment on the glideslope leads to a non-idle thrust segment to maintain the
constant non-accelerated speed. On the other hand, it may facilitate aircraft sequencing.

In this case, the constant speed restriction may lead to a slight thrust increase to maintain the assigned
speed from FAP to the speed release point. The landing gear absorbs the excessive energy.
R10 DYNCAT should consider after initiating the DECEL to a selected speed instead of the managed
speed, that the subsequent pseudo-waypoints are calculated continuously, either with
knowledge of the speed release point to VAPP or without knowledge of it (upon ATC advice).

5.1.4.4 Noise-Fuel Cost Index (CI) Speed Function
«How important is the reduction of noise compared to the reduction of fuel?»
R11 Today, noise charges are calculated on the basis of the aircraft noise category. If the actual
noise emissions measured at aerodromes were to be taken into account, a speed constraint
could be determined via the Cost Index (CI) function, to be used in DYNCAT for the overflight
of the FAF, for example. Today, the CI is not considered for the approach phase.
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5.2 Evolutions of DYNCAT Aircraft-ATM Interfacing
In order to use DYNCAT effectively in a real-word environment, it is essential that it is integrated into
existing and future flight procedures and ATM concepts in the best possible way. This will be a key
element in a DYNCAT follow-up project.
We have seen at the beginning of the report which RNAV/PBN procedures exist today and which
advantages and disadvantages they offer. The ideal case is of course always a closed-path procedure,
additionally with as few restrictions as possible. Restrictions, however, do not always mean
disadvantages. The RTS have shown very well that the position of DECEL, for example, has a very small
geographical spread with DYNCAT function activated. This makes it very predictable for air traffic
control, as it renders the profiles with DYNCAT very homogeneous. See e.g. Figure 44 for the position
of the DECEL waypoint:

Figure 44: Arrival speed profiles: reference vs DYNCAT flights

In the concept of FANS C, ADS-C EPP and the use of CPDLC a few recommendations are therefore
formulated.

5.2.1 Uplink of ATC Constraints to the FMS
DYNCAT can take into account and should be capable in the further development to taken even more
ATC related constraints into account. We received several feedbacks from the evaluation pilots
suggesting a direct connection of ATC constraints and requests into the FMS:
«ATC working method has a significant impact on the use of the function. It raises the need for
an ATC involvement with a representative traffic flow to confirm concept usability.»
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«Without a clear plan from ATC and without providing the required information to the
pilots/aircraft, an optimized profile cannot be calculated neither from the pilots nor from the
FMS. That means: precise approach planning from ATC would be desirable.»
«If the DTG is transmitted via CPDLC it would be nice if they were transferred automatically to
the FMS. If the ATC controller could also transmit a speed schedule for the approach - even
better. Then DYNCAT could calculate even more precisely. Generally, I consider it as good if the
ATC gives as much information as possible via CPDLC which can be transferred automatically
into the FMS after acknowledged by the flight crew.»
«It would indeed make sense if ATC could just uplink their wishes (lateral path, ETO, speed
constraints) into the FMS. This would allow for more complex clearances that would be
impossible to transmit by radio. Of course, not such uplink should be able to be activated
without the pilots approval. One solution: ATC proposal of DYNCAT clearance (including lateral
path, ETO, speed & altitude constraints) via CPDLC → then acknowledge by pilot and
subsequent activation into FMGS.»
R12 It is recommended to uplink via CPDLC multiple time constraints, altitude constraints, speed
constraints, or DTG advices to the FMS upstream of the current aircraft position, to allow the
FMS to compute a corresponding reliable Permanent Resume Trajectory.

5.2.2 Downlink of PRT Pseudo-Waypoints along PBN Procedure
In Recommendation R7 it was suggested to calculated the PRT along the published PBN procedure.
With the Extended Projected Profile (EPP), three new additional pseudo-waypoints are suggested to
be transmitted via ADS-C.

Figure 45: Pseudo-waypoints of the PRT along a published PBN procedure (left: RNAV trombone at EDDB,
right: Point Merge at EIDW).

R13 DYNCAT should provide a way for the pilot to transmit the pseudo-waypoints of the baseturn ‘T’ and the localizer axis intercept point ‘I’ (both for RNAV procedures with a parallel
downwind trombone), or on a Point Merge procedure the direct-to turn ‘T’ to ATC via ADS-C
EPP.
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5.2.3 Wind Uplink
An important prerequisite for calculating the position of the configuration change with higher precision
on the one hand, and on the other hand for ensuring that time constraints are precisely met, is to have
precise wind information available in the FMS. DLR has developed a prototype with which the
approaching aircraft record the wind profiles and make them available on a server via data link. Aircraft
approaching later can use this recorded wind profile to carry out an Advanced CDO. This prototype is
currently being tested in flight operations at Lufthansa, see Figure 46.

4

Optimal approach
related to energy
management with the
latest wind profile

Wind Data Package
Request + Download

3

1

Server

Recording
Wind Data
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Upload

Figure 46: Wind profile exchange.

R14 It is recommended to implement a solution that measures the 4D wind data of all preceding
aircraft and makes it available to following aircraft via data link in the FMS for use in the
DYNCAT function.
There are already similar crowd-sourcing solutions on airliners, for example the IATA Turbulence
Aware platform where aircraft transmit turbulence data in real time, or the AMDAR solution for wind
data from weather services, both via ACARS. The Airbus Braking Action Computation Function also
works according to the principle of crowd-sourcing.
R15 At aerodromes with few aircraft movements, it is recommended to develop solutions to
upload highly accurate wind profiles from the numerical weather forecasts into the FMS.
These two recommendations are in line with the enablers for the OI AOM-702-B Advanced CDO:
•

METEO-03c — Provision and monitoring of real-time airport weather information for timebased separation and curved approaches
ATM-MET ground based sub-system dedicated to acquire, collect, combine, provide and
monitor Meteorological (MET) information from real time sensors (in situ and remote sensing)
relevant for the Airport/TMA operational environment including advanced wake turbulence
applications, low visibility operations and advanced operations that are more sensitive for wind
such as time-based separation and curved approaches. This ATM-MET ground based subsystem enables ATM-MET systems or ATM systems directly by providing real time MET sensor
information in a SWIM compliant manner or via direct provision of the legacy / native sensor
data feed(s).
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5.2.4 Arrival Manager (AMAN) Functions
R16 For the further integration of DYNCAT it is important that the existing and future AMAN
functionalities are studied in detail and aligned with DYNCAT in another project working
group. Only if FMS and AMAN specialists work closely together can an optimal solution be
found.

5.3 Recommendations to Aircraft Manufacturer
As part of the development of DYNCAT, numerous Cockpit Display System (CDS) prototype concept
solutions have also been developed to enable pilots to perform Advanced CDO. The insights from the
pilot feedback from the RTS in Thales facilities in Toulouse relating to the CDS solutions are discussed
in this chapter. Findings and recommendations concerning aircraft systems outside of the scope of the
FMS (e.g. autothrust) are discussed in the second section. And last but not least, recommendations
regarding Standard Operating Procedures are discussed.

5.3.1 Cockpit Display
The cockpit display is the interface to the flight crews. With numerous cues described in Chapter 4, we
collected a large amount of feedbacks from the evaluating pilots. The aim of the CDS cues is to enable
pilots to recognise deviations from the optimal energy state, to receive indications when an energy
limit cannot be met due to a missed intervention and to intuitively understand when the next
configuration changes are due.

5.3.1.1 Optimum Distance-to-Land (ODTL) Display
Reference: REQ-DYNCAT-CDS-004 / 005
The pilots globally considered that the ODTL and the associated margin facilitates the energy
management in descent and approach in lateral selected mode, and understand well the meaning of
this information that is judged unambiguous. However, 40% of the pilots did not agree with the fact
the information provided as a text information on the Navigation Display is useful.

R17 It is recommended to investigate the concept of ODTL representation in workshops with
pilots and to improve it in a next project step.

5.3.1.2 Configuration Pseudo-Waypoint Display
Reference: REQ-DYNCAT-CDS-008 / 009

5.3.1.2.1 Colour-Coding
The pseudo-waypoints are colour coded in the current version of DYNCAT, which changes to full green
when the configuration changes occur at VFE-5 kt and to black when the configuration change occurs
at the manoeuvring speeds. We have received various feedbacks on this.
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Figure 47: Current types of colour coding.

«Currently flying A320 only, I would prefer that “full green” means “on profile with reserves”
and green/black means “sporty but possible”.»
«I recommend only two colour options for the pseudo-waypoints. Either “green” or “amber”.
(No “green” and “full green” distinction).»
Based on these evaluation pilot feedbacks we are formulating the following recommendation:
R18 The concept of colour coding the pseudo-waypoints should be refined in user evaluations to
ensure that the energy state of the aircraft can be intuitively detected along the trajectory.

5.3.1.2.2 Execution Time
Another aspect of the presentation is the perception of when the action of the pseudo waypoint should
be performed. We received the following feedback on this:
«Better display of when a pseudo waypoint is reached (countdown, distance to go, command
of setting flaps/ V/S).»
«It is however a little difficult to judge when the pseudo-waypoint is indeed passed.»
Based on these evaluation pilot feedbacks we are formulating the following recommendation:
R19 A representation should be found, for example by means of a distance display, to support
the pilots to carry out the configuration changes exactly at the required time.
In the current version of DYNCAT, the pseudo waypoint of the configuration changes is not flown over
but always remains in front of the aircraft symbol on the ND (i.e. it is “pushed” by the aircraft symbol)
if the configuration changes is not performed. This leads to confusion.
R20 It is recommended to move the configuration pseudo-waypoint in behind the aircraft symbol
(i.e. “pulled” by the aircraft symbol), if the corresponding action is not executed. A solution
should be elaborate in a workshop.

5.3.1.2.3 Combination of DECEL and V/S into Single Waypoint
In the current version of DYNCAT, for the CDA profile, DECEL and V/S are two separate pseudowaypoints. This makes sense if the aircraft is in an under-energy situation, i.e. where the V/S segment
is extended to a non-idle thrust segment, with the DECEL point upstream of the V/S segment. However,
when the deceleration is initiated at the same time as the V/S vertical profile changeover, the pilots
reported a single waypoint would be sufficient.
« V/S or DECEL point -> 1 is enough, preferably DECEL.»
R21 It is recommended to group the waypoints V/S and DECEL into a single pseudo-waypoint.
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5.3.1.3 Display of Vertical Profile and Vertical Deviation
Reference: REQ-DYNCAT-CDS-010 / 011
Currently, the reference vertical profile is displayed on the altitude tape, combined with a numerical
display. We have received a number of suggestions on how this display could be extended, in particular
to show the upper and lower limits on the altitude tape showing the envelope within which and
Advanced CDA (idle approach) is possible:
«Possibility to see the desired vertical path as a bracket or band instead of a point.»
«Relative to the current energy level, a lower (= Smooth Scenario) and upper (= Aggressive
Scenario) limit can be displayed below or above it (according to the current speed). In addition,
a lower and upper limit for a slow and fast descent (e.g. 250kt and 320kt until FL100) could be
displayed in other colours [editor’s note: at the speed tape]»
«Although already very useful, but with the current setup with the OPT DTG / margin and the
VDEV scale the information regarding the energy state and vertical deviation needs to gathered
from two different location. Additionally, for me it was not clear, when looking at the OPT DTG
/ margin when the changeover between the smooth and aggressive strategy happens. […] An
option could be to implement a moveable scale in the PFD representing the total energy state
of the aircraft.»
«It is helpful if the pilot knows where he is in regards to his energy state. Is the aircraft flying
more at the low or high side of the envelope? An indication could be similar to the speed target
during managed descents with managed speeds. […] information about smooth and aggressive
scenario could be displayed as lower and upper limit on the PFD in the altitude band instead of
on the ND.»
In summary, this leads to the following slightly generic recommendation for the further development
and integration of DYNCAT in a CDS:

R22 It is recommended to add a visualisation of the energy envelope at the altitude and speed
tape of the PFD.

5.3.1.4 Display of Speed Brakes Message
Reference: REQ-DYNCAT-CDS-012
In the current version of DYNCAT, the message EXTEND SPD BRK appears on the Flight Mode
Annunciator (FMA) when the DECEL waypoint can no longer be reached at the current speed without
the aid of speed brakes. As soon as the aircraft is back on the reference vertical profile in the correct
energy state, the reminder message RETRACT SPD BRK appears.
The following pilot feedback sums up that the choice of message limits the scope of action to correct
a high-energy situation:
«Extend SPD brake message suggests the pilot to use the speed brake, but there would be other
option. I prefer a message like "high energy".»

Page I 64

SESAR 2020 DYNCAT - D5.1 ADVANCED CONTINUOUS DESCENT
OPERATIONS - RECOMMENDATIONS AND ROADMAP

As long as there are no time limits at the FAF (Controlled Time of Arrival), the method of "speed
trading" mentioned in Deliverable D2.4 “Initial Operational Concept” and often observed in practice is
a possibility to dissipate excessive energy.
R23 The FMA message to advise for speed brake extension/retraction may be renamed into
something like HIGH ENERGY.
This message is computed in real-time depending on the actual energy state based on the forward
predictions. The following pilot feedback leads to the next recommendation:
«Whenever well above profile, it would be advantageous to receive a recommendation when
it might be the best time to use speed brakes.»
R24 It is recommended to investigate whether the upcoming position of such a HIGH ENERGY
message, representing a last line of defence before the DECEL waypoint, could be displayed
on the ND to indicate how much distance margin there is for the High Energy intervention to
start.

5.3.2 Other Aircraft Systems
5.3.2.1 Autopilot Evolution for Managed Descent in HDG Mode
One of the great advantages of the PRT function is that it allows a lateral flight path to be used for
energy optimisation at any time, i.e. HDG mode. Currently, however, it is not possible to fly a managed
descent in HDG mode.
R25 It is recommended to expand the autopilot operational envelope to be able to use a vertical
managed descent mode with an active and validated PRT.

5.3.2.2 Coupling of Approach Phase Activation to DECEL&V/S Pseudo-Waypoint
The new CDA V/S mode was generally welcomed by the evaluation pilots as reflected in the following
feedbacks:
«V/S is a good mode but it needs to be actively monitored. A managed mode would probably
improve the optimization but I don’t know of it would be possible in HDG mode.»
«V/S and DECEL WP are overlapping. It should be considered if it is necessary to display the
DECEL point if the change to V/S automatically activates the approach phase (→ which is
necessary to prevent engine spool-up).»
R26 It is recommended to automatically activate the approach phase in the transition from OPEN
DES to the combined DECEL&V/S segment in order to avoid an unintentional engine spoolup.

5.3.2.3 Autothrust Improvement in V/S Mode from CONF 1 to CONF 2
On the A320 it can be observed that in V/S mode, even if the autothrust target speed is significantly
below the current airspeed, the thrust control gives power very early when changing from CONF 1 to
CONF 2. This is perceived by flight crews as an undesirable behaviour because it leads to significant
Page I 65

SESAR 2020 DYNCAT - D5.1 ADVANCED CONTINUOUS DESCENT
OPERATIONS - RECOMMENDATIONS AND ROADMAP

engine spool-ups in an often noise-sensitive area in the glideslope intercept region. Only a change to
OPEN DES can remedy this. For this reason, the following recommendation is formulated:
R27 It is recommended to optimise the behaviour of the automatic thrust control in the transition
area from CONF 1 to CONF 2 in the V/S mode to avoid unnecessary early engine spool-up.

5.3.3 Aircraft Standard Operating Procedures (SOP)
On Airbus aircraft, the so-called Flight Crew Techniques Manual (FCTM) contains a chapter on "Green
Operating Procedures". This contains a chapter with various recommendations for economical aircraft
operation. The topic of Descent and Approach together covers just 1 page:

Figure 48: Extract from the Airbus A320 FCTM “Green Operating Procedures” for Descent and Approach.

R28 In addition to the FCTM chapter, Airbus has written a detailed document called “Getting to
Gribs with Fuel Economy” [17]. Considering the complexity of the whole topic of fuel- and
noise-optimised descent and approach procedures, as shown by the DYNCAT project, shown
by the frequent observations of unstable approaches, and shown also by the developments
of Eurocontrol for the European Action Plan for CCO/CDO [11]. It is desirable to extend the
best practices in the FCTM.
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5.4 Recommendations for ATC Advanced CDO Best-Practices
Recommendations for ANSPs to enable Advanced CDO are laid down in great detail in the European
Action Plan for CCO/CDO [11]. In this chapter, only the most important recommendations, which are
essential for an operational integration of the DYNCAT concept into the real world, will be presented
and partly revised.

5.4.1 Reliable DTG and Expected Lateral Trajectory
A reliable DTG is the key to being able to carry out an Advanced CDO. Recommendation 3.8. from the
above-mentioned action plan is therefore also fully valid for DYNCAT and is taken copy-paste from
Eurocontrol:
R29 Promote the provision by ATCOs of accurate Track Miles or DTG during or before starting
Open Path approach segments or when using vectoring wherever possible. This is an
essential requirement to help Flight Crews (or FMS) calculate the optimal descent profile ideally given before ToD, together with the publishing of DTG on STAR plates or integration
in PBN procedure design. To help Flight Crews manage their descent, DTG may be provided
as follows: At or before first issuing descent clearance from the nominal top of descent point;
After the aircraft changes frequency; or, At any time if a previous estimate has become
invalid, e.g. following a new ATCO instruction or a change in landing sequence (source:
Eurocontrol).
In practice, it is also very rarely observed that air traffic controllers give clearances for the approach
along the existing waypoints of an RNAV transition. However, this is an ideal example, an equivalent
to DTG, but with a higher degree of accuracy.
R30 If possible, an approach along a closed trajectory should be given. For the example of Berlin
(EDDB), a complex but complete clearance could be as follows: “Proceed direct DB563 to
follow the transition via DB564, DB554, TEBGO, maintain 220 kt to reach 180 kt at TEBGO.”
This could be provided by CPDLC to avoid any misunderstanding.
This corresponds to the following flight path in the example given in the recommendation:

Figure 49: Example of a closed-path clearance.
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5.4.2 Speed Margins
If a speed is instructed to the aircraft by the ATCO, it makes a big difference whether this speed must
be flown exactly or whether there are margins that facilitate the execution of an Advanced CDO.
R31 For the OPEN DES segment phase, a TMA speed should only be instructed once during the
initial descent phase if possible (above the speed of clean configuration). This initial TMA
speed may be transmitted by the arrival controller via datalink.
R32 If possible, the speed margins should be communicated. E.g. “Reduce to 180 kt or less”,
“Maintain 180 kt or more until XY”.

5.4.3 Anticipation of Speed Changes
R33 Just as speed margins help, or knowledge of the upcoming flight path is essential, it is also
very valuable not to receive speed reductions only at the time of the instruction, but to have
them communicated in advance by the ATCO to the flight crew, if possible. For instance:
“Reach OSNEM at 180 kt or less”. It helps, of course, if the sequence and separation are
created as early as possible, so that the published standard speeds can be flown (e.g. 160 kt
at 5 NM). Constraints might then be entered into the FMS to be considered in both selected
and managed modes (cf. 5.1.4).
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5.5 Recommendations for Pilot Training
The pilots who took part in the DYNCAT workshops and simulator tests have repeatedly emphasised
how insightful these participations were. The subject of energy management is something that is
treated very stiffly in basic pilot training, in route familiarisation, but also in recurrent training. On the
one hand, this is due to the fact that few recommendations are published in the SOPs for fuel- and
noise-optimised approaches, as was shown earlier.
This report also shows how complex this whole subject is. It is also important to note that the primary
goal of the flight crew is to perform a safe and stable approach and landing. An optimisation towards
idle descent always reduces the margin for energy dissipation. However, it must also be noted that the
CDA procedure implemented in DYNCAT leaves more than enough reserves, as it is designed for a
standard configuration sequence. In practice, approaches that are far too close to the flight
mechanically possible are very often observed, mainly due to the lack of the corresponding energy
cues. This is the primary reason why, on average, approaches consume more fuel than necessary.
Optimal approaches require a deep understanding of flight mechanics, a lot of experience and intuition
for flight behaviour and motivation to fly economically. This motivation requires that the crew have
adequate capacity reserves, which are not always given in times of either very few flying practice or in
times of excessively long working days.
We have also seen that without information about the expected flight path, mainly DTG information,
it is simply impossible to optimise an approach. While the crew can be encouraged to ask ATC for the
DTG if they are unclear, this should not be left to chance depending on who is in the aircraft or on the
radar.
From the various discussions with DYNCAT evaluation pilots, the following recommendations are
formulated.
R34 It is recommended that the topic of Aircraft Energy Management is covered in more depth
in recurrent training with appropriate modules, for example with the help of the Eurocontrol
CCO/CDO training.
R35 It is recommended to develop specific simulator training modules in order to train various
descent and approach procedures (Advanced CDO, LDLP, Intercept-from-Above, etc.) and
related energy dissipation strategies. This does not necessarily have to be done on a full flight
simulator (FFS), but can also take place on an FNPT II with an accurate flight model. Such a
module can make sense, for example, one year after the line introduction of newly-trained
first officers.
R36 It is recommended to give pilots access to feedback on their flying efficiency by evaluating
flight data. However, it must be ensured that no counter-effects arise that are detrimental
to flight safety.
R37 It is recommended that the various airlines train subject matter experts (e.g. performance
engineers, fuel efficiency specialists, training captains) who can deepen and pass on the
relevant know-how to the pilot community.
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5.6 Recommendations for Regulatory Changes
The regulatory recommendations for the further development of DYNCAT are somewhat more difficult
to assess. Two recommendations are formulated for this project with regard to an operational
integration of DYNCAT from a regulatory perspective.
R38 It should be ensured that the published speed constraints along an RNAV transition are in
line with Advanced CDO. This means, for example, that after the initial TMA speed, only one
other speed constraint should be specified either at the FAF or at any other waypoint along
the glideslope segment that allows a continuous deceleration from the TMA clean speed to
this intermediate speed constraint.
In this report we have outlined the potential that can be achieved through synergy between ground
(AMAN) and airborne (FMS) functionalities, see also the next Chapter 6 containing a sketch of a
roadmap for the DYNCAT-ATM integration. In the recommendation of this report, it was shown that
PRT can enable a base leg turn and localiser intercept point to be calculated along an RNAV transition
trombone or point merge trajectory in such a way that time constraints up to touchdown can be met.
The next recommendation is in line with the OI step for the work area AOM-0702-B — Advanced
Continuous Descent Operations:
•

Downlink of trajectory data according to contract terms (ADS-C) compliant to ATN baseline
2 (FANS 3/C)
Downlink of trajectory data (waypoints or pseudo waypoints with associated constraints
and/or estimates, gross mass, min/max speed, etc. as defined in WG78/SC214 standards)
according to contract terms (e.g. change of route and/or constraints, deviation of onboard
predictions more than thresholds specified by ATC, or on request or on periodic basis) e.g. via
ADS-C (EPP or ETA min/max).

R39 In the further development of the EPP standards, it should be investigated and made possible
that pseudo-waypoints can also be transmitted via EPP to ATC. From this, ATC can recognise
at which point the aircraft would plan to reduce speed or turn into the base leg, taking into
account the ATC constraints. With an adapted deconfliction tool on ground, it might also
prevent from some useless restrictions that are fuel consuming.
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6 Roadmap DYNCAT-ATM Integration
6.1 Building Blocks
The building blocks for an integration of DYNCAT into an operational and future ATM environment are
outlined in the SEAR ATM Master Plan in the respective Operational Improvement (OI) steps. DYNCAT
provides a solution for the work area concerning Airspace Organisation and Management (AOM):
•

AOM-0702-A — Continuous Descent Operations (CDO)
Progressive implementation of procedures for CDO in higher density traffic or from higher
levels, optimised for each airport arrival procedure, assisted by airspace design which
integrates arrival and departure streams.

•

AOM-0702-B — Advanced Continuous Descent Operations
Advanced CDO are optimal and uninterrupted descents from cruise ToD to final approach, with
use of minimum required thrust setting, normally idle thrust. Although not always possible,
whenever practical, ATC will provide 'Optimal CDO'. This optimises fuel efficiency of descent.

6.2 The Two-Step Aircraft Sequencing Solution for DYNCAT 4D TBO
For the roadmap to integrate DYNCAT into the 4D Trajectory Based Operation (TBO) ATM environment,
a concept was initially formulated by one of the RTS evaluation pilots Capt Thomas Hirt. It is based on
the premise that the sequence is created in the E-TMA already before the IAF using the Requested
Time of Arrival (RTA) function. From the IAF onwards, an update of the DTG takes place in the tactical
phase of the approach controller, which remains master for the approach until the FAF.
This 2-phase approach thus consists of:
1) Initial traffic flow metering, sequencing and separation (enroute before ToD) with RTA to be
met at IAF.
2) Secondary traffic flow separation with variable-length TMA transitions along PBN structures
using Permanent Resume Trajectory (PRT) with transmission of pseudo-waypoints to ATC to
comply with PBN route structure and, if available time constraint at FAF or runway threshold
(with margins depending on arrival density).
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This is now illustrated by an exemplary flight from Berlin to Zurich:
No.

Phase

Process ATC-Aircraft

Tools

1

Taxi

The flight crew aims to depart in an Airport Collaborative Decision
Making (A-CDM) process in accordance with a Target Take-Off
Time (TTO) defined by the planned arrival time at IAF (RILAX).

A-CDM

2

Enroute

After take-off, the time restriction at the IAF may be relaxed by
ATC to fly the Cost Index (CI). The flight is primarily metered
towards the E-TMA entry point.

CI or RTA

In the case of early sequencing through the enroute sector, the
aircraft flies RTA to meet either a controlled time at a waypoint
ahead before ToD or the RTA over IAF RILAX.

Figure 50: RTA speed computed by the FMS to reach IAF RILAX at
the requested time.
3

Before ToD

The high-resolution wind profile is automatically uplinked to the
aircraft’s FMS from the crowd-sourcing wind server, based on insitu measurements from proceeding aircraft on the same inbound
leg.

FMS Wind
Uplink

Figure 51: Wind uplink to comply with time targets, source: MIT
[28].
4
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ToD and
Initial Descent

The ToD is initiated based on the time constraint at IAF using the
DYNCAT idle profile for the constant Mach/Speed segment. The
descent is flown entirely in idle thrust. RTA is adhered to by
adjusting the speed during the idle segment if vertical separation
is assured in the sector.

RTA
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No.

Phase

Process ATC-Aircraft

Tools

5

Arrival

Before passing the IAF and handover to the arrival sector, ATC
uplinks via CPDLC a direct-to clearance (initial lateral
deconfliction), an initially TMA speed, the FAF overfly time or the
DTG. ATC may assign a FAF overfly speed if not defined per default
by the published approach procedure.

CDPLC,
FMS PRT,
ADS-C EPP

Figure 52: CPDLC message before reaching IAF RILAX at RTA.
The pilot enters the DTG or FAF RTA into FMS. The FMS then
computes the Permanent Resume Trajectory (PRT) and transmits
the lateral trajectory via ADS-C EPP message containing 3 pseudowaypoints: the Base turn (T) along the trombone, the LOCintercept-point (I) and the DECEL point, see Figure 53. These 3
pseudo-waypoints are based on the actual on-board aircraft
performance data and respect all the ATC constraints for lateral
separation (first direct from IAF to RNAV transition point, initial
TMA speed) and for time separation (RTA at FAF which defines the
length of the PRT along the trombone and its associated T- and Ipoints.
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No.

Phase

Process ATC-Aircraft

Tools

Figure 53: Cleared lateral flight plan after PRT length
computation based on FA RTA.
After transmission of the EPP message, ATC issues the clearance
accordingly.
6

Approach

The aircraft follows the DYNCAT profile in managed mode. The
energy cues on the CDS are used by the pilots for monitoring the
approach. Slats/flaps and landing gear are extended according to
the DYNCAT computation. The aircraft is stabilised at 1’000 ft AGL.

7

After Landing

ATCO and Flight Crew are proud to have conducted a minimum
fuel/minimum noise DYNCAT approach.

Table 4: An optimum flight from Berlin to Zurich.
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7 Summary
An Advanced Continuous Descent is an idle descent from ToD to a stabilisation altitude of 1'000 ft with
a minimum fuel consumption. It depends on the vertical and speed profiles. Fuel burn minimisation
and noise reduction are interdependent, with the two optima being non-identical. For Advanced CDO,
there are speed and/or time constraints that are compatible with an optimised approach. Time
constraints affect both the lateral and vertical profile. The critical element for enabling efficient
Advanced CDO is the determination of the lateral flight path. There are numerous procedures (open,
closed), with/without PBN structures, which are differently suitable for Advanced CDO using the FMS
function DYNCAT. It can be seen that current ATC procedures affected by the airspace structures vary
greatly from airport to airport. This shall be taken into account in the integration of DYNCAT into the
operational ATM world. Another important element is the Arrival Manager (AMAN) for calculating
sequence and separation. A connection of AMAN and the FMS with DYNCAT needs to be examined. To
operate this interface, the use of data link solutions via CPDLC and ADS-C EPP is necessary.
Based on the evaluation and workshops of the DYNCAT function, 39 recommendations are formulated
in this report, on the one hand for the further development of the function itself, but also
recommendations directly to the aircraft manufacturer, to the ANSPs, regulators and airlines. These
recommendations are summarised in the table below. Finally, a roadmap outlines the concept of how
DYNCAT can become effective in an operational environment.
No.

Recommendation

Stakeholder

Timeline

Reference to REQ

R1

It is recommended to decouple the
landing gear extension from CONF 3/CONF
4 and to decouple CONF 3 and CONF 4
from each other (to facilitate an optimum
drag configuration with speed restrictions
on the glideslope segment).

Consortium

Follow-Up
Project

REQ-DYNCAT-FMS-001
REQ-DYNCAT-FMS-002
REQ-DYNCAT-FMS-003
REQ-DYNCAT-FMS-004

R2

The implementation of a non-standard
configuration sequence (L/G before CONF
2 or CONF 3 before L/G) can extend the
operational range of DYNCAT in both fuel
optimisation and noise reduction.

Consortium

Follow-Up
Project

REQ-DYNCAT-FMS-001
REQ-DYNCAT-FMS-002
REQ-DYNCAT-FMS-003
REQ-DYNCAT-FMS-004

R3

It is recommended to allow some margin
(e.g. down to the speed corresponding to
minimum lift-drag ratio of CONF 2) for the
selection of CONF 2 and the target speed
of the pseudo waypoint ‘2’ below the Sspeed while avoiding a thrust rise during
glideslope intercept.

Consortium

Follow-Up
Project

REQ-DYNCAT-FMS-005
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No.

Recommendation

Stakeholder

Timeline

Reference to REQ

R4

It is recommended to investigate to
extend the variants of the approach
procedures in DYNAT in order to propose
piloting solutions even from a very high
energy state of the aircraft (SCDA) or to
calculate an optimal solution in situations
where a level flight segment is required
(e.g. parallel runways, point merge).

Consortium

Follow-Up
Project

REQ-DYNCAT-FMS-007
REQ-DYNCAT-FMS-008

R5

A 6DOF forward simulation could enable a
closed path forward vertical trajectory
while still being compliant with an idle
descent. This path could additionally be
shown on a Vertical Display to increase
the situation awareness whether
glideslope intercept can be achieved
between the localizer intercept point and
the FAF. However, if the procedure
requires flying along the reference profile
with a -500 ft/min segment to intercept
exactly at the FAF, then a small altitude
offset (e.g. +100 ft) is sufficient to avoid
an unwanted ALT*.

Consortium

Follow-Up
Project

REQ-DYNCAT-FMS-010

R6

If the aircraft is on a trajectory above the
reference vertical profile the G/S capture
point should be displayed. If the G/S
cannot be captured within the extended
localizer axis of the PRT trajectory it may
be displayed in amber.

Consortium

Follow-Up
Project

REQ-DYNCAT-FMS-010

R7

The PRT should be consistent with the
corresponding PBN procedures, with its
total length calculated by either a DTG or
a time constraint from ATC at any point in
the published procedure ahead to the
current aircraft position.

Consortium

Follow-Up
Project

REQ-DYNCAT-FMS-015
REQ-DYNCAT-FMS-016
REQ-DYNCAT-FMS-017
REQ-DYNCAT-FMS-018

R8

For DYNCAT it is recommended to set a
speed constraint at the G/S intercept or at
the FAF to reduce the speed bandwidth
for FAF overfly. This also allows ATC to
separate flights with DYNCAT very
precisely.

Consortium

Follow-Up
Project

REQ-DYNCAT-FMS-019

R9

It is recommended to introduce at-orabove speed limits for the Final Approach
Fix in a next development step.

Consortium

Follow-Up
Project

REQ-DYNCAT-FMS-019
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No.

Recommendation

Stakeholder

Timeline

Reference to REQ

R10

DYNCAT should consider after initiating
the DECEL to a selected speed instead of
the managed speed, that the subsequent
pseudo-waypoints are calculated
continuously, either with knowledge of the
speed release point to VAPP or without
knowledge of it (upon ATC advice).

Consortium

Follow-Up
Project

REQ-DYNCAT-FMS-019

R11

Today, noise charges are calculated on the
basis of the aircraft noise category. If the
actual noise emissions measured at
aerodromes were to be taken into
account, a speed constraint could be
determined via the Cost Index (CI)
function, to be used in DYNCAT for the
overflight of the FAF, for example. Today,
the CI is not considered for the approach
phase.

A/C Manufacturer

Longterm

N/A

R12

It is recommended to uplink via CPDLC
multiple time constraints, altitude
constraints, speed constraints, or DTG
advices to the FMS upstream of the
current aircraft position, to allow the FMS
to compute a corresponding reliable
Permanent Resume Trajectory.

ANSP

Midterm

N/A

DYNCAT should provide a way for the pilot
to transmit the pseudo-waypoints of the
base-turn ‘T’ and the localizer axis
intercept point ‘I’ (both for RNAV
procedures with a parallel downwind
trombone), or on a Point Merge
procedure the direct-to turn ‘T’ to ATC via
ADS-C EPP.

Consortium

N/A

ANSP

Follow-Up
Project

System Provider

Midterm

It is recommended to implement a
solution that measures the 4D wind data
of all preceding aircraft and makes it
available to following aircraft via data link
in the FMS for use in the DYNCAT
function.

Consortium

At aerodromes with few aircraft
movements, it is recommended to
develop solutions to upload highly
accurate wind profiles from the numerical
weather forecasts into the FMS.

Consortium

R13

R14

R15

A/C Manufacturer
System Provider
Regulator

Regulator

ANSP

Follow-Up
Project

A/C Manufacturer

Midterm

System Provider
Regulator
ANSP

Follow-Up
Project

A/C Manufacturer

Midterm

System Provider
Regulator
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No.

Recommendation

Stakeholder

Timeline

Reference to REQ

R16

For the further integration of DYNCAT it is
important that the existing and future
AMAN functionalities are studied in detail
and aligned with DYNCAT in another
project working group. Only if FMS and
AMAN specialists work closely together
can an optimal solution be found.

Consortium

N/A

ANSP

Follow-Up
Project

A/C Manufacturer

Midterm

R17

It is recommended to investigate the
concept of ODTL representation in
workshops with pilots and to improve it in
a next project step.

A/C Manufacturer

Follow-Up
Project

N/A

R18

The concept of colour coding the pseudowaypoints should be refined in user
evaluations to ensure that the energy
state of the aircraft can be intuitively
detected along the trajectory.

A/C Manufacturer

Follow-Up
Project

N/A

A representation should be found, for
example by means of a distance display,
to support the pilots to carry out the
configuration changes exactly at the
required time.

A/C Manufacturer

It is recommended to move the
configuration pseudo-waypoint in behind
the aircraft symbol (i.e. “pulled” by the
aircraft symbol), if the corresponding
action is not executed. A solution should
be elaborate in a workshop.

A/C Manufacturer

It is recommended to group the waypoints
V/S and DECEL into a single pseudowaypoint.

A/C Manufacturer

It is recommended to add a visualisation
of the energy envelope at the altitude and
speed tape of the PFD.

A/C Manufacturer

The FMA message to advise for speed
brake extension/retraction may be
renamed into something like HIGH
ENERGY.

A/C Manufacturer

It is recommended to investigate whether
the upcoming position of such a HIGH
ENERGY message, representing a last line
of defence before the DECEL waypoint,
could be displayed on the ND to indicate
how much distance margin there is for the
High Energy intervention to start.

A/C Manufacturer

R19

R20

R21

R22

R23

R24
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Midterm

Follow-Up
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Midterm
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Midterm
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SESAR 2020 DYNCAT - D5.1 ADVANCED CONTINUOUS DESCENT
OPERATIONS - RECOMMENDATIONS AND ROADMAP

No.

Recommendation

Stakeholder

Timeline

Reference to REQ

R25

It is recommended to expand the
autopilot operational envelope to be able
to use a vertical managed descent mode
with an active and validated PRT.

A/C Manufacturer

Follow-Up
Project

N/A

It is recommended to automatically
activate the approach phase in the
transition from OPEN DES to the
combined DECEL&V/S segment in order to
avoid an unintentional engine spool-up.

A/C Manufacturer

It is recommended to optimise the
behaviour of the automatic thrust control
in the transition area from CONF 1 to
CONF 2 in the V/S mode to avoid
unnecessary early engine spool-up.

A/C Manufacturer

In addition to the FCTM chapter, Airbus
has written a detailed document called
“Getting to Gribs with Fuel Economy” [17].
Considering the complexity of the whole
topic of fuel- and noise-optimised descent
and approach procedures, as shown by
the DYNCAT project, shown by the
frequent observations of unstable
approaches, and shown also by the
developments of Eurocontrol for the
European Action Plan for CCO/CDO [11]. It
is desirable to extend the best practices in
the FCTM.

A/C Manufacturer

Promote the provision by ATCOs of
accurate Track Miles or DTG during or
before starting Open Path approach
segments or when using vectoring
wherever possible. This is an essential
requirement to help Flight Crews (or FMS)
calculate the optimal descent profile ideally given before ToD, together with
the publishing of DTG on STAR plates or
integration in PBN procedure design. To
help Flight Crews manage their descent,
DTG may be provided as follows: At or
before first issuing descent clearance from
the nominal top of descent point; After
the aircraft changes frequency; or, At any
time if a previous estimate has become
invalid, e.g. following a new ATCO
instruction or a change in landing
sequence (source: Eurocontrol).

ANSP

R26

R27

R28

R29
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Midterm

Follow-Up
Project

N/A

Midterm

Airlines

Follow-Up
Project

N/A

Midterm

Immediate

N/A
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No.

Recommendation

Stakeholder

Timeline

Reference to REQ

R30

If possible, an approach along a closed
trajectory should be given. For the
example of Berlin (EDDB), a complex but
complete clearance could be as follows:
“Proceed direct DB563 to follow the
transition via DB564, DB554, TEBGO,
maintain 220 kt to reach 180 kt at
TEBGO.”

ANSP

Immediate

N/A

R31

For the OPEN DES segment phase, a TMA
speed should only be instructed once
during the initial descent phase if possible
(above the speed of clean configuration).

ANSP

Midterm

N/A

R32

If possible, the speed margins should be
communicated. E.g. “Reduce to 180 kt or
less”, “Maintain 180 kt or more until XY”.

ANSP

Immediate

N/A

R33

Just as speed margins help, or knowledge
of the upcoming flight path is essential, it
is also very valuable not to receive speed
reductions only at the time of the
instruction, but to have them
communicated in advance by the ATCO to
the flight crew, if possible. For instance:
“Reach OSNEM at 180 kt or less”. It helps,
of course, if the sequence and separation
are created as early as possible, so that
the published standard speeds can be
flown (e.g. 160 kt at 5 NM).

ANSP

Midterm

N/A

R34

It is recommended that the topic of
Aircraft Energy Management is covered in
more depth in recurrent training with
appropriate modules, for example with
the help of the Eurocontrol CCO/CDO
training.

Airlines

Immediate

N/A

R35

It is recommended to develop specific
simulator training modules in order to
train various descent and approach
procedures (Advanced CDO, LDLP,
Intercept-from-Above, etc.) and related
energy dissipation strategies. This does
not necessarily have to be done on a full
flight simulator (FFS), but can also take
place on an FNPT II with an accurate flight
model. Such a module can make sense, for
example, one year after the line
introduction of newly-trained first officers.

Airlines

Immediate

N/A
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No.

Recommendation

Stakeholder

Timeline

Reference to REQ

R36

It is recommended to give pilots access to
feedback on their flying efficiency by
evaluating flight data. However, it must be
ensured that no counter-effects arise that
are detrimental to flight safety.

Airlines

Midterm

N/A

R37

It is recommended that the various
airlines train subject matter experts (e.g.
performance engineers, fuel efficiency
specialists, training captains) who can
deepen and pass on the relevant knowhow to the pilot community.

Airlines

Immediate

N/A

R38

It should be ensured that the published
speed constraints along an RNAV
transition are in line with Advanced CDO.
This means, for example, that after the
initial TMA speed, only one other speed
constraint should be specified either at
the FAF or at any other waypoint along
the glideslope segment that allows a
continuous deceleration from the TMA
clean speed to this intermediate speed
constraint.

Regulators

Midterm

N/A

R39

In the further development of the EPP
standards, it should be investigated and
made possible that pseudo-waypoints can
also be transmitted via EPP to ATC. From
this, ATC can recognise at which point the
aircraft would plan to reduce speed or
turn into the base leg, taking into account
the ATC constraints.

Regulators

Midterm

N/A

Table 5: Summary of recommendations, stakeholders, implementation timeline and reference to DYNCAT
high-level system requirements.
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