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Graph-Search Descent and Approach Trajectory
Optimization Based on Enhanced Aircraft Energy
Management

Ramon Andreu Altava* and Jean Claude Meref
Airbus Operations SAS, Toulouse, 31300, France

Daniel Delahaye* and Thierry Miquel®
ENAC, University of Toulouse, 31400, France

ir Traffic growth requires a modernization of current Air Transportation System in
A.order to cope with the increasing demand, and thereby its impact on the environ-
ment poses aviation development at risk. Under this context, trajectory optimization
projects constitute a relevant mean to reduce fuel consumption and decrease the likelihood
of go-around events as a result of a non-stabilized approach. The generation of a contin-
uous optimal trajectory would provide flight crews with an useful tool to manage aircraft
flight path or directly automate the trajectory management. This papers proposes a novel
methodology based on a tailored version of A* algorithm that generates upstream optimal
trajectories with the certainty of terminating at current aircraft position, and solves energy
errors during the approach phase through flap and airbrakes adjustments. Three use cases
are presented: two concerning the calculation of the vertical profile for a complete arrival
procedure and one regarding the computation of a trajectory that dissipates the excess of
energy of an aircraft located close to the runway threshold. On one hand, results show
fuel savings of 6% and 12% for the analyzed case studies accompanied by a reduction of
3% descent time, which are obtained due to enhanced energy management; on the other
hand, during high-energy situations the function design prioritizes safety instead of fuel
optimization, and proposes a flight strategy to stabilize the aircraft energy-state before
landing.

Nomenclature

= Airbrakes position

= Aircraft acceleration

= Aerodynamic flight path angle
= Total flight path angle

= Cost Index

= Aerodynamic drag force

= Distance span

FF = Fuel flow

= Gravitational constant
= Geomeftric altitude

= Alircraft mass

= Flight time

Thr = Thrust force
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Viw = Wind airspeed
V = True airspeed

I. Introduction

IR traffic is continuously increasing over the years' and, in the more likely scenario, is predicted to double
Ain the next 20 years® . Airspace congestion requires more efficient standards and designs to manage the
increasing number of operations® . Besides, current Air Transportation System (ATS) lacks of sustainability
in the long-term and its impact on climate change is still one of the main challenges to cope with. The
environmental footprint of aviation industry already constitutes a 3.6 % of the total European greenhouse
emissions® . Whilst most disrupting technologies are still on papers, several projects propose immediate
actions and solutions to mitigate the environmental impact of aviation. From an airlines perspective, strong
market competition makes that any fuel reduction is relevant for their business, since these savings rapidly
escalate when considering the global picture of their operations and ultimately they can propose more com-
petitive prices and operate new routes.

In recent years, flight efficiency has been largely improved through initiatives such as Free Route Airspace
(FRA)® or the introduction of Continuous Descent Operations (CDQO)° | which have demonstrated to be
generally more efficient than conventional step-down operations in terms of noise and gas emissions’ . In
major airports surrounded by large residential areas, airspace designers have introduced noise abatement
procedures based on CDO that are operated during certain periods of time, usually in night time. The high
workload and complex environment in descent and approach flight phases lead pilots to fail in managing
optimally the aircraft trajectory, with the consequent impact on flight efficiency and, occasionally, on safety.
This study aims at optimizing descent and approach phases based on CDO paradigm, and supporting pilots
with energy management tasks in order to ensure the efficiency of the flight.

The Flight Management System (FMS) entered into service in the early 1980s® and reduced navigation
workload so that flight crew was reduced from three to two people. The system performs relevant functions’
such as navigation, flight planning (both lateral and vertical), performance and transmission of guidance and
display commands. Regarding descent and approach phases, state-of-the-art FMS compute a path based on
several parameters like the Cost Index (CI), cruise flight level, estimated mass at arrival and pilot-entered ar-
rival procedure. This path consists of a concatenation of idle and geometric segments, the latter being those
generated when an altitude constraint restricts the construction of the (idle) path. In general, geometric
segments require auto-thrust adjustments to maintain a speed target while the elevator guides the aircraft
through the vertical path. In contrast, idle segments set auto-thrust to idle while the elevator maintains the
target speed. The integration of the equations of motion is performed with a set of simplifying hypotheses,
which are relatively independent of the aircraft maneuvering capabilities for a given arrival procedure. More
specifically, decelerations are computed by a fixed Energy Share Factor (ESF) that distributes the available
energy between altitude and speed, permitting the aircraft to descend and decelerate at the same time. It
supports CDO where aircraft no longer decelerate to approach speed in a level-flight segment at glide-slope
capture altitude but along the profile as they descend. The main limitation of this approach is that depend-
ing on the aircraft performance and the arrival procedure, deceleration to approach speed might be initiated
above 7000 feet, which requires to anticipate flap extension and leads to long approach procedures that, in
some cases, require more fuel than conventional step-down profiles. Hence, FMS hypotheses are in practice
not sufficient to obtain optimal trajectories, so the design could be enhanced taking into account aircraft
weight, performance and the arrival procedure as proposed in this paper.

A second enhancement of current design is related to the fact that these trajectories are rarely followed
in real operations, since Air Traffic Control (ATC) provide radar vectors that assure aircraft separation and
the management of the arrival sequence, temporarily deviating aircraft from their intended routes. In this
situation, flight crews manage aircraft trajectory without a reference as the vertical profile is computed based
on a given lateral path that is no longer valid, and it is their responsibility to stabilize the aircraft before
landing. Aircraft energy state is defined as the sum of potential and kinetic energy, so high-energy occurs
when the aircraft is too fast, too high or both, while low-energy state implies that the aircraft is low or below
its target speed. In flight operations, the term energy management refers to the continuous transformation
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of energy that occurs due to the use of flight controls as the aircraft descends to the destination. In the
absence of a reference trajectory, pilots are responsible for managing aircraft energy state through control
devices such as thrust levers, airbrakes, landing gear and flap settings that modify the aircraft energy rate.
Thus, the decision-making process depends exclusively on their experience and expertise, and may lead to
non-optimal energy management or go-around procedures in case of an unstabilized approach'” . In the
presence of unexpected winds or certain ATC instructions this situation can be degraded, which justifies
the fact that decision-making aid tools would help pilots to manage efficiently aircraft energy-state, reduce
workload or even automate energy management tasks, yielding important fuel savings and reducing the
number of non-stabilized approaches.

Trajectory optimization is an Optimal Control Problem (OCP)'! that is generally solved through direct,
indirect or dynamic programming methods’? . The Time and Energy Management Operations (TEMO)'?
concept proposes a pseudo-spectral algorithm to compute trajectories that reduce the number of energy
corrections in the presence of a required time of arrival. Noise and pollutant emissions are reduced and
compared with real flight data at Frankfurt airport'* . Concerning indirect methods, they are implemented
in a real-time algorithm whose results are compared with those of a FMS'® in wind conditions® . A* al-
gorithm has been successfully implemented'”**® to compute optimal trajectories but they rely on simple
heuristic functions that represent no advantage with respect to classic Dijkstra’s algorithm. In general and
independently of the solving method, works in literature divide the trajectory optimization problem in a
series of bounded segments, so they are not applicable to any procedure, and optimality is degraded due to
the imposed boundary conditions. In order to obtain the global optimal trajectory for any arrival procedure,
a tailored version of the well-known A* algorithm® for the fuel minimization problem is presented in this
paper. The search space is defined by a graph that contains the whole set of aircraft states that are pro-
gressively generated by the application of a certain control value. The objective of the paper is twofold: on
one hand, the algorithm proves that fuel savings can be obtained by applying enhanced energy management
concepts to generate the vertical profile. On the other hand, the algorithm aims to propose an optimal
flight strategy to pilots in order to arrive stabilized before landing no matter what the energy-state of the
aircraft is, so the trajectory generator defines the optimal sequence for flap extensions and deploys airbrakes
if necessary accounting for safety aspects.

The paper is divided as follows; the complete mathematical formulation of the problem is presented in
section II. The algorithm functioning principles are depicted in section III. Then, several case studies are
presented and analyzed in section 1V; two related to pure vertical profile optimization and one applied to
high-energy scenarios in approach. Finally, section V draws the conclusion and defines the future work and
perspectives.

II. Mathematical Formulation

A. Optimization Problem

In this study, the aircraft is represented as a point-mass model, which presents a sufficient level of represen-
tativeness with a relatively low level of complexity”' . The optimization problem aims at minimizing the
flight cost, which is defined as the sum of fuel consumption and time along the trajectory:

5 CclI 1
= mi FF+ —) ————— 1
J = min /SO ( + 60) VeosyT Vo ds (1)

where C1I is expressed in %7;:; = Ekf; and FF in %‘1

However, since fuel is of prime interest for airlines and additionally reduces the environmental footprint,
this paper considers that CI = 0, so the problem is restricted to the optimization of fuel expenditure. The
FMS trajectory is computed through an Airbus Performance Database (PDB) that contains engines, aerody-
namics and performance data in a set of look-up tables and loaded in the aircraft. The algorithm presented in
this paper accommodates an Airbus FMS model through a genuine PDB, nevertheless, performance-related
data is not displayed for.confidentiality reasons.
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B. Aircraft Model

The Airbus FMS mode] integrated in the PDB contains an engine, aerodynamic and performance model of

the given aircraft type.

Engine Aerodynamic Performance

L _/
b

.

Performance Database

Figure 1. Models contained within a FMS Performance Database (PDB).

The engine model contains thrust maximum and minimum (idle) settings whose use depends on the flight
phase. The Thrust Setting Parameter (TSP) is a scalable factor independent of the engine type, which is
defined by: ‘

TSsz’n,maz = f(h JV[) (2)

Thrust minimum and maximum ratings are computed by means of Eq. (2).
Th'rmin‘,ma»z = f(TSP M) (3)

In certain cases, thrust is computed by general equations of motion and TSP value is iterated from
Eq. (3). Eventually, fuel flow is computed through the following expression:

FF = f(TSP,h, M) (4)

Energy-state representations are usually a preferred manner to simplify the formulation of the equations
of motion. Defining aircraft specific energy as the sum of potential and kinetic energy independent of aircraft
mass, the derivation of the term with respect to time yields the energy rate, also known as energy height:

ETZEk+Ep=VSin’y+Yg£ (5)
0

The Energy Share Factor (ESF) is defined as the percentage of total energy rate attributed to kinetic
energy whilst the remaining goes to potential energy:

ESF = _ I

_ 6
EE (6)

The combination of Eqgs. (5) and (6) lead to the following expression:

(L-ESF) V

ESF do (7)

siny =

A farther simplification is done through the introduction of the total flight path angle {(~vr), which is
defined as the sum of the aerodynamic flight path angle and the resulting acceleration or deceleration:

. . 14 siny Thr — D(h7 V, 5ab)
sinyr = siny + % =1"ESF T (8)

In this paper, the classic time-dependent equations of motion for a point-mass aircraft model are rewritten
in terms of distance-dependent as procedure constraints are easily managed. The introduction of Egs. (7)
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and (8) results in the following formulation:

o YA ESF)yr
Vcosy+Vy

go ESF ~p
Vcosy+ Vy,
dm —FF
ds =~ Vecosy+V,

As a result of the distance-dependent equations of motion presented in Eq. (9), the state vector is defined

as z(s) = [s, h, V,m,t, Conf], thereby u(s) = [ESF,yr, ] describes the control variables of the problem.

v/ =

/

C. Problem Constraints

Constraints on state variables are dictated by the arrival procedures design and contained in an Airbus Nav-
igation Database (NDB)?? under the form of altitude and speed constraints, the former imposing restrictions

on aircraft altitude:
AT OR ABOVE —  hpmaz > h > heostr

AT OR BELOW —  hApin < h < hestr (10)
AT —» h= hCSTR
Similarly, a speed constraint limits aircraft speed below a certain value:
Veasmm < Voas < Voascsrn (11)

Furthermore, ATC regulation generally imposes a maximum speed of 250 kt Calibrated Airspeed (CAS)
for all aircraft below FL100:

VCASmm < Veas < VC'ASSPDLIM Vh < FL100 (12)

For operational reasons, minimum speed is limited to 250 kt when aircraft is above FL100. In addition
to previous boundaries, aircraft speed is limited according to the flight envelope that is defined by the stall
speed (Vrs) and the maximum operating speed (Varo) -

Vis < Veoas £ Vo (13)

During the approach phase, flap configuration is sequentially changed, resulting in an increase of the stall
speed (Vzs) and upper bounded by the maximum flap extended speed (Vrg):

Vis < Vous < Veg VYConf # clean = Conf € [clean,1,2,3,4] (14)
In order to account for passenger comfort, longitudinal accelerations are limited by:
V <0.07 g0 (15)

Control variables vz and ESF are bounded between a maximum and minimum value; thrust power limits
the total flight path angle while ESF is operationally limited for passenger comfort purposes:

Timin <V < VTonin (16
v Thr=Thr;qe . K Thr=Thrmax )

Climb segments (y > 0) are forbidden per design so that any v > 0 corresponds to a speed acceleration.

ESF € [-05,...,1] (17)

A decelerated level-flight segment corresponds to a value of ESF = 1, while ESF < 0 leads to an
acceleration as a result of a drastic energy potential loss. ESF = 0 keeps constant true-airspeed as aircraft
descends. Airbrakes extension impacts on the aerodynamic force and the deflection angle is limited between:

0<64B < 04Bmas (18)
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III. Trajectory Optimization Algorithm

The algorithm implemented for the computation of optimal trajectories is a version of A* completely
adapted and generalized*® to comply with any existing arrival procedure, and assure that the path reaches
aircraft position. A* algorithm uses a heuristic function that estimates for each node the cost-to-go to attain
the target node. This estimation shall be always lower (optimistic) than the actual cost to comply with
admissibility criterion. Furthermore, a consistent heuristic function decreases along the path and permits
to introduce a closed list that contains all the visited nodes, so the computation is generally faster but
requires additional memory to store the nodes. In this paper, the heuristic function is an estimation of the
optimal fuel consumption and is calculated considering the Manhattan distance from any node to the target
multiplied by the fuel flow at target altitude, which represents the lowest value from all search space, and
represents an optimistic estimation of the actual optimal value for each node.

The calculation is performed backwards and starts at the stabilization point, which for Instrumental
Meteorological Conditions (IMC) is defined 1000 feet above airport elevation with the aircraft in landing
configuration, and finishes at the aircraft position. Nodes are generated according to discrete control values
and the search space is pruned by means of problem constraints. Control variables are usually continuous
functions discretized for generating next-nodes array based on a span distance defined by a set of events;
for instance, an event occurs when a node matches or crosses an altitude constraint as in Fig. 2(a), or a
speed limitation as displayed in Fig. 2(b). Additionally, any node dropping within the neighborhood limits
of another is considered to be the same state, so if the existing node is in the open lists, path costs are
compared and that with the lowest value is retained, while if the node is already in the closed list, the new
node is discarded. This neighborhood zone is defined as the ellipsoid formed by distance, altitude and speed
increments around the former node (gray-stripped node), which is illustrated in Fig. 2(c).

’

leAs

(a) Altitude constraint cross- (b) Flight envelope matching. (¢) Neighborhood zone around a node.
ing.

Figure 2. Examples of events related to the discretization of the control.

The resulting search space at the end of the com-
putation is displayed in Fig. 3, which terminates when

a node falls within the neighborhood zone around the .4 O Optimal Trajectory
target and there is no more promising node in the 0. % O Children Nodes
Open list. From that node, parents are retrieved un-  _ s @ ParenkNodes

til the start node is attained, so the projections on the - g 1o, L = Aflitucie Prafile
planes form the altitude and speed profile. The con- % o000 | 1S = Spoed Profiie
straints (magenta triangles) prune the search space 5000 ol g | 4 N

as the trajectory complies with the procedure design. A e I | %y

From an operational point of view, flight crew would 00 4T o

follow the computed path manually or automatically R NS —_— --';;0/ 0

except when any circumstance forces the aircraft to cASSpeed i P ygo

Distance to Destination {(NM)

deviate from the intended route. In that case, the cal-
culation shall be relaunched to adapt the flight strat-
egy to the dynamic aircraft state (tactical approach).
In case that a solution does not exist due to the pro-
cedure design and aircraft performance, the algorithm explores all candidate nodes and produces an error
message, which generally takes large computation times.

Figure 3. Search Space graph.
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IV. Results and Findings

This chapter presents a series of use cases selected that permit to analyze the generated trajectories.
Results are compared with those of a standalone Airbus FMS simulator hosted in a computer, which is
representative enough for vertical profile comparison purposes. The optimization variable for this study
is the fuel consumption. Three use cases are presented: A and B optimize the arrival path and C solves
an aircraft over-energy scenario. The general parameters of the simulation used for the generation of the
optimal trajectory are gathered in table 1.

Table 1. General simulation parameters for the case studies.

Parameter
Aircraft type A320
Cost Index, kg/min 0
Gross weight, t 60
Wind, m/s 0

A. Profile Optimization at LEFBO airport

The first use case corresponds to a Required Navigation (RNAV) procedure at Toulouse airport (LFBO)
based on an Instrument Landing System (ILS) approach to runway 321, whose parameters of the simulation
are displayed in table 2. The initial entry point is NARAK waypoint (NARABA procedure).

Table 2. Aircraft initial and final state at LFBO airport.

Initial state Final state

Distance to destination, NM -3.14 -108
Altitude, ft 1500 30000

Speed, kt 129.1 250

Flap settings full clean

This procedure contains four altitude constraints (one AT OR BELOW 17000 ft and three AT OR
ABOVE 8000 ft, 4000 ft and 4000 ft). A vertical discontinuity occurs at -25 NM; the aircraft does not
dissipate enough energy with half airbrakes extended in order to decelerate and follow the required flight
path. On the contrary, A* algorithm solves the discontinuity due to a speed reduction at that point and
assuming full airbrakes extension (Fig. 4(b)) to increase the energy rate of change. Apart from solving the
vertical discontinuity, fuel savings of 6% are obtained due to the removal of the geometric segment con-
- structed by the FMS between -35 NM and -72 NM. The algorithm proposes a level flight at 270 kt then a
smooth deceleration with a -2.8 flight path angle. In general, it is beneficial to add more thrust for a short
level-off instead of less amount of thrust for a long geometric segment. Descent time is reduced by 3% as
a result of the speed increase during the level flight segment and the fact that true airspeed is bigger for a
higher altitude below the crossover altitude.

The vertical trajectory computed by the A* algorithm can be coupled with a lateral path and terrain
data® in order to define the complete arrival procedure as depicted in Fig. 5. The distance to destination
from aircraft position is given and can be based on the lateral path defined by the procedure but also on the
direct distance to the Final Approach Fix (FAF). Note that the bank angle is neglected in the computation
of the vertical profile but aircraft track angle is used for projecting the wind component on the aircraft axis.

B. Profile Optimization at KLAX airport

The second use case finds an optimal path for the CDO procedure (SEAVU2) corresponding to an ILS
approach to runway 24L at Los Angeles airport (KLAX) with entry point at SEAVU waypoint, table 3
defines the initial and final states. This procedure contains one speed constraint (AT OR BELOW 270 kt)
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Figure 4. LFBO use case: Comparison of trajectory generated by A* algorithm and FMS simulator.
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Figure 5. Vertical trajectory coupled to the lateral path defined by LFBO RNAV ILS-32L procedure.

and several altitude constraints (one AT 17000 ft, one WINDOW between 14000 - 12000 and ten AT OR
ABOVE 16000, 14000, 10000, 9000, 8000, 7000, 6000, 5000, 4000 and 4000 feet) that complicate the aircraft
deceleration towards the approach speed.

Table 3. Aircraft initial and final state at KLAX airport.

Initial state Final state

Distance to destination, NM -3.14 -108
Altitude, ft 1125 30000

Speed, kt 129.1 250

Flap settings full clean

Cruise phase is stretched so the aircraft flies higher and descends at higher rate in order to increase the
speed, which is then reduced to satisfy the altitude constraints, which explains the kinetic peak occurring
at -63 NM in Fig. 6(a). The main fuel savings in this procedure are obtained during the two-part geometric
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Figure 6. KLAX use case: comparison of trajectory generated by A* algorithm and FMS simulator.

segment that occurs from -25 NM to -45 NM and from -55 NM to -65 NM, and during the constant speed
segment in approach due to the slow deceleration for that aerodynamic configuration in a slope of -3 degrees.
The algorithm produces a shorter time descent (-3%) and reduces fuel consumption by a 12%, since for the
same speed adding thrust at cruise level is cheaper than at any other altitude. A short use of airbrakes is
performed at -94 NM probably coming from a discretization error; additional constraints could forbid this
kind of operational behavior in order to facilitate the flyability of the trajectory and avoid excessive pilots

actions in manual modes.
C. High-energy in Approach

In this use case, the aircraft is located close from runway threshold and relatively high and fast to identify

the high-energy situation, since flight crew is not able to stabilize aircraft state without additional drag. The
initial and final aircraft state is described in table 4.

Table 4. High-energy use case simulation parameters.

Initial state Final state

Distance to destination, NM -3.14 -19.5
Altitude, ft 1500 7500

Speed, kt 129.5 250

Flap settings full clean

In this situation, pilots usually apply a set of rules of thumb to estimate the best strategy to dissipate the
energy excess and act consequently on the control devices. However, there are several flight strategies to solve
the over-energy. On one hand, in the strategy 1, illustrated in Fig. 7(a), flight crew anticipates aerodynamic
changes and extends airbrakes only if necessary. On the other hand, Fig. 7(b) shows strategy 2 where pilots
rely on airbrakes extension as the main source to dissipate the energy and flap changes are retarded as
much as possible. The impact on fuel consumption is that strategy 1 consumes 18% more fuel than strategy
2 due to the fact that idle settings change with the aerodynamic configuration in order to comply with
certification, but reduces airbrakes solicitation by a 55%. Furthermore strategy 1 provides an additional
safety margin, since airbrakes could still being deployed in case of an unexpected tailwind while strategy 2
would require to initiate the go-around. As a consequence, the design of the function should privilege the
flap anticipation and compensate any unexpected wind with airbrakes, which represents a margin for pilots.
In general, a go-around procedure as a result of an unstabilized approach penalizes more than the fact of

9of 11



10000 = 3000
= 1 =
<) g -
S 5000 o S 5000
< < ()
1
S e e b s o P Py P ' ! : : s X g
18 Rl E O -9 E 5 -4 2 0 -18 s -4 g g 3 ks =4 2 0
Distance to Destination, N Distance to Destination, NM
259 =
] 1%}
<L i <<
Q 200 4 G
=] &
% 5o B ..
[ D
27 3
7] 1 2] 3
100 =t R

5 BE 15 45 12 -i0 -8 -6 -4 2 [
Distance to Destination, NM

Distance to Destination, NM

(a) Strategy 1: Flap-change anticipation with complementary  (b) Strategy 2: Airbrakes extension with retarded flap-change.
airbrakes extension.

Figure 7. High-energy function design based on two different energy management strategies.

increasing fuel consumption during the final approach. A level-off during a high-energy approach may not be
an obvious maneuver for a pilot that aims to stabilize the aircraft before landing but is an efficient strategy
as it decelerates better and landing (aerodynamic) configuration generates more drag to dissipate any excess
energy. :

Note that the blue-dashed FMS trajectory in Figs. 7 and 8 only represents the nominal trajectory con-
structed by the FMS for this procedure and highlights the high-energy situation.
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Figure 8. Control variables for the high-energy scenario.

V. Conclusion

This paper proposes an algorithm that generates upstream optimal trajectories with the certainty of
reaching aircraft position. The computation is dynamically computed depending on aircraft state and solves
any over-energy occurring during the approach phase. The algorithm is designed to solve any type of arrival
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procedure although the paper presents only three use cases; the first two show fuel savings of 6% and
12% with respect to a FMS simulator due to the fact that aircraft trades kinetic and potential energy and
satisfies the whole set of constraints. The last use case highlights the fact that in high-energy situations
during approach, safety is more important than optimization. In this case, two flight strategies lead to the
same final state but the best trajectory is that which provides a margin to dissipate any unexpected energy
error by means of airbrakes, therefore flap extensions are anticipated despite penalizing fuel consumption.
Additionally, the study demonstrates that profiles based on enhanced energy management solve most of the
vertical discontinuities with respect to current FMS design. In conclusion, the main contribution of the paper
is to provide an algorithm that computes fuel-optimal trajectories that reach aircraft position (continuity of
the trajectory) regardless to its energy-state and whose design solves high-energy situations during approach
through flap and airbrakes adjustments.

As for the future perspectives, the main improvement axis is to work on a meaningful heuristic func-
tion that provides better estimations so that computation times are reduced. Furthermore, the operational
concept could be tested in a simulated environment in order to prove the feasibility of the computed tra-
jectories and compare the theoretic savings with respect to a real version of FMS software. Another future
improvement could be the introduction of energy-limit strategies to warn pilots in the absence of solution
and propose a stretched lateral path to dissipate the excess energy, so the algorithm automatically knows a
priori if a solution exists without the need of launching the whole calculation.
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