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(54) METHOD FOR DETERMINING REACHABLE AIRPORTS BASED ON THE AVAILABLE ENERGY 
OF AN AIRCRAFT

(57) The invention refers to a method for determining
airports in an available range of an aircraft, comprising
the steps of: determining the available energy of the
air-craft; calculating the energy consumption for a first
flight route to a first airport; calculating the energy con-
sumption when the aircraft heads in a second direction

other than the flight direction of the first flight route; cal-
culating the maximum range of the aircraft in the second
direction; and determining whether a second airport is
located in the second direction within the maximum
range.
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Description

[0001] The invention relates to a method for determin-
ing airports and/or waypoints in an available range of an
aircraft. The method comprises the steps of determining
the available energy of the aircraft and calculating the
energy consumption for the first flight route to a first air-
port.
[0002] For flying an aircraft, knowledge about the avail-
able energy is crucial because the energy has a huge
impact on the long term (strategic) flight planning as well
as the short term (tactical) flying. It determines the avail-
able range, the possible flight level that is reachable with-
in a given flight plan and the possibility to divert from the
flight plan because of external factors.
[0003] Energy can neither be destroyed nor created.
It only can be transformed from one form of energy to
another; for example, potential energy can be trans-
formed into kinetic energy by descending the aircraft. By
adding thrust, energy stored in the aircrafts propellant
(chemical energy in the fuel or electrical energy stored
in the aircrafts battery) can be transformed into kinetic
energy by accelerating or potential energy by climbing.
[0004] Three forms of energy are especially relevant
for flying an aircraft, namely potential energy (the air-
craft’s altitude), kinetic energy (the aircraft’s speed), and
propellant energy (chemical or electrical).
[0005] In aviation, kinetic energy is relevant for a short
term (tactical) view, as it is lost quickly due to the higher
aircraft’s drag in high-speed (i.e. non-optimal aerody-
namics) situations. Potential energy and the propellant
energy are important for long term planning (strategic).
Both forms of energy determine the actual range of the
aircraft. With a high altitude and no propellant, a desti-
nation can still be reached by powerless gliding depend-
ing on the aerodynamics of the aircraft. It is important to
keep in mind that the potential energy is linked with the
elevation of the terrain. While flying over high terrain, the
"usable" potential energy decreases as the distance to
the ground is important. With sufficient propellant, an air-
craft can maintain the current altitude and can reach des-
tinations in a certain range without the need for trans-
forming potential energy.
[0006] The possible range of an aircraft mainly de-
pends on the factors energy, wind, and terrain.
[0007] In addition to these factors, operational factors
like airspace and flight level restrictions decrease the
possible range as well.
[0008] A management of flight energy is discussed for
example in Merkt, Juan R. (2013) "Flight Energy Man-
agement Training: Promoting Safety and Efficien-
cy,"Journal of Aviation Technology and Engineering: Vol.
3: Iss. 1, Article 6. http://dx.doi.org/ 10.7771/ 2159-
6670.1072.
[0009] The objective of the invention is to provide a
system that allows a pilot of an aircraft to quickly check
alternative flight destinations.
[0010] The objective is solved by the method according

to claim 1.
[0011] Preferred embodiments of the method are de-
scribed in the dependent claims.
[0012] According to the invention, the method for de-
termining airports and/or waypoints in an available range
of an aircraft comprises the steps of:

a) Determining the available energy of the aircraft;
b) Calculating the energy consumption for a first flight
route to a first airport;
c) Calculating the energy consumption when the air-
craft heads in a second direction other than the flight
direction of the first flight route;
d) Calculating the maximum range of the aircraft in
the second direction; and
e) Determining whether a second airport and/or a
waypoint is located in the second direction within the
maximum range.

[0013] The aircraft is preferably a plane that is powered
by a propellant such as fuel like kerosene or by electrical
energy stored for example in batteries.
[0014] The maximum range of the aircraft preferably
is the distance that the aircraft can cover using the energy
that is totally available in the aircraft.
[0015] Waypoints are preferably certain locations
along the flight route that must be either overflown and/or
from which diversions from the actual flight route can be
made.
[0016] In step a), the available energy of the aircraft is
calculated. The calculation of the available energy is pref-
erably performed based on measurements of the differ-
ent types of energies that are available to the aircraft.
For example, sensors can be employed to determine var-
ious aspects of the aircraft. The results of the measure-
ments of the sensors are then collected, preferably in a
central processing unit in order to calculate the available
energy. The calculation is preferably done using models
which are tested in previous flights.
[0017] In step b), the energy consumption for the first
flight route to a first airport is calculated. The first airport
may be the desired destination of the aircraft. The first
flight route preferably is the route from the current position
of the aircraft to the desired destination, i.e. the first air-
port. The energy consumption is calculated based on
models which preferably incorporate a plurality of param-
eters that characterize the energy needed for driving the
aircraft. Hence, the energy consumption is equivalent to
the energy required for driving the aircraft along the first
flight route to the first airport. Preferably, the models used
for calculating the energy consumption or the energy re-
quired for the first flight route are based on models that
are tested in previous flights of the aircraft. Such models
are for example known in the prior art such that further
discussion is not required.
[0018] In step c), the energy consumption is calculated
when the aircraft heads in a second direction. The second
direction is a direction that differs from the current direc-
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tion or the flight direction of the aircraft. The current di-
rection or flight direction preferably varies along the first
flight route. Preferably, the second direction also varies
along the flight route. Preferably, the calculation of the
energy consumption or the energy needed for driving the
aircraft along the second direction is performed based
on the same models as calculating the energy consump-
tion for the first flight route.
[0019] The second direction is preferably a straight di-
rection meaning that, for the calculation purposes of step
c), it is assumed that the aircraft is heading straight along
the second direction. Alternatively, predetermined flight
patterns can be used instead of the straight flight route
that is assumed for the second direction. Hence, depend-
ing on whether certain flight patterns or the straight flight
route are used for the second direction, the energy con-
sumption may vary.
[0020] In step d), the maximum range of the aircraft in
the second direction is calculated, preferably based on
the calculated energy consumption determined in step
c). Thus, the information is available how far the aircraft
can fly along the second direction. Preferably, the calcu-
lation of the maximum range is done using the same tech-
nique as calculating the energy consumption along the
first flight route.
[0021] In step e), it is determined whether a second
airport is located in a second direction within the maxi-
mum range. Alternatively or additionally, it is checked
whether a waypoint is located in the second direction
within the maximum range. Preferably, the second airport
and/or the waypoint are known from databases from
which the position of the second airport and/or the way-
points in relation to the composition of the airport can be
determined. It is preferred that the second direction is
chosen such that the second direction points to the sec-
ond airport and/or the waypoint. In step e), it may be
checked whether the maximum range is greater than the
distance between the current position of the aircraft and
the second airport and/or the waypoint. If this is the case,
the second airport and/or the waypoint may be made
available to the pilot as an alternative destination. This
may be done by an acoustic or visual signal. For example,
the name and/or the distance to the second airport and
/or the waypoint may be displayed to the pilot.
[0022] Preferably, the waypoint determined in step e)
does not lie on the first flight route.
[0023] It is preferred that the steps c) to e) are repeated
for a plurality of directions, wherein preferably the direc-
tions cover an angular range of 60°, 120°, 180°, or 360°.
[0024] Preferably, a third, fourth, fifth and so on direc-
tions are calculated and more preferably the third, fourth,
fifth and so on directions point to the location of a third,
fourth, fifth and so on airports. Additionally or alternative-
ly, the directions preferably point to the location of differ-
ent waypoints.
[0025] Preferably, all airports and/or waypoints that are
theoretically in range of the aircraft may be used for cal-
culating the energy consumption in the direction of these

airports and/or waypoints, respectively, such that the pilot
can be made aware of all possible airports and/or way-
points that are within the maximum range of the aircraft
with regard to the available energy of the aircraft.
[0026] More preferably, the calculation of the energy
consumption is made for all directions spanning a range
of 360°. The maximum range in any direction may be
displayed as a line surrounding a representation of the
aircraft whereby the distance between the line and the
representation of the aircraft represents the maximum
range. In this embodiment, the locations of the first airport
and the second airport may be depicted in this represen-
tation. All second airports are then located in the area
circled by the line representing the maximum range
whereas all airports that are not within the maximum
range of the aircraft are outside the area surrounded by
the line representing the maximum range of the aircraft
in the second direction. Similarly, the position of way-
points that are reachable by the aircraft are alternatively
or additionally depicted in this representation. The reach-
able waypoints are then surrounded by the line repre-
senting the maximum range.
[0027] It is preferred that step a) includes

a1) determining the amount of propellant stored in
the aircraft and/or
a2) determining the altitude of the aircraft and/or
a3) determining the current speed of the aircraft.

[0028] Step a1) referring to the determination of the
amount of propellants stored in the aircraft is preferably
done using sensors. The sensors may detect the amount
of fuel stored in a tank of the aircraft. Alternatively, the
sensors measure the electrical energy stored in a battery
of the aircraft. Based on the amount of fuel in the aircraft,
the available energy can be calculated since the energy
density or energy stored in the fuel is a known parameter.
[0029] Alternatively or additionally, the altitude of the
aircraft is determined in step a2). The altitude of the air-
craft represents the potential energy of the aircraft. The
potential energy of the aircraft can be transformed in ki-
netic energy. For example, an aircraft cruising at a certain
altitude can use this altitude for travelling the aircraft by
gliding without using a propellant. The potential energy
depends on the elevation of the terrain. Flying at the same
height over low terrain and then over high terrain alters
the potential energy which in turn decreases the available
energy of the aircraft.
[0030] Alternatively or additionally, the current speed
of the aircraft is determined in step a3). The current speed
of the aircraft corresponds to the kinetic energy of the
aircraft. Hence, the total energy of the aircraft comprises
the kinetic energy, the potential energy, and energy that
is stored in the aircraft. Based on these different types
of energy, the available energy can be calculated and
used for determining the maximum range of the aircraft.
Models and algorithms for determining the maximum
range of the aircraft based on the available energy are
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known in the prior art.
[0031] It is preferred that step b) and/or step c) includes

b1) determining the energy consumption depending
on the altitude of the aircraft and/or
b2) determining the energy consumption with regard
to planned flight path and/or air space restrictions;
and/or
b3) determining the energy consumption based on
the weather data, in particular the wind regime;
and/or
b4) determining the energy consumption based on
the configurations of the aircraft and/or
b5) determining the energy reserve and/or
b6) determining the non-allocated energy.

[0032] Preferably, the steps b1) to b6) are used both
for calculating the energy consumption for flying along
the first flight route and for flying along the second direc-
tion.
[0033] Hence, the same models or calculation meth-
ods can be applied for both steps which simplifies the
implementation of the described method.
[0034] Step b1) refers to the determination of the en-
ergy consumption depending on the altitude of the air-
craft. The altitude of the aircraft is preferably done using
known sensors or appropriate measuring instruments.
[0035] The energy consumption depends strongly on
the drag of the aircraft. The drag of the aircraft in turn
varies considerably with the altitude of the aircraft since
the density of the air varies along the altitude of the air-
craft. Hence, in step b), the current or the future altitude
of the aircraft - the altitude that is expected along the first
flight route or along the second direction - is used as a
parameter for determining the energy consumption. The
drag of an aircraft depending on the altitude is a known
value for the aircraft which can be measured beforehand.
[0036] Alternatively or additionally, the energy con-
sumption is determined with regard to the planned flight
path and/or airspace restrictions. For example, the
planned flight path includes the predetermined pattern
for the second direction, as discussed above. Possible
restrictions may be caused by the elevation of the terrain
such as mountains reaching high altitudes. Other restric-
tions may be constituted by airspace that is prohibited
for flying through or being flown over. Airspace restric-
tions may cause to alter the flight route such that the
planned flight path may be longer than the shortest con-
nection between the current position of the aircraft and
the first airport and/or the second airport. Flight space
restrictions may also include that the aircraft is required
to travel along certain predefined routes that are deter-
mined by the flight control.
[0037] Alternatively or additionally, the energy con-
sumption is determined based on the weather data, in
particular the wind regime, in step b3).
[0038] Flying with the wind direction or against the wind
direction significantly changes the energy consumption

of the aircraft. Hence, it is preferred that in the step of
calculating the energy consumption the wind regime that
is expected along the first flight route and/or along the
second direction is included in determining the energy
consumption. Other weather data, such as expected
thunderstorms which may require to divert the aircraft or
fog which may prevent or delay the landing at a certain
airport, may also be included in the calculation of the
energy consumption.
[0039] Alternatively or additionally, the energy con-
sumption is determined based on the configurations of
the aircraft in step b4). The configurations of the aircraft
may include the size, the engine, and the net weight of
the aircraft. The configurations of the aircraft are crucial
for determining the energy consumption. Further config-
urations of the aircraft may include the added load, the
number of passengers in the aircraft and so on. These
factors are preferably also included in calculating the en-
ergy consumption. This can be done using models al-
ready available in the prior art.
[0040] Alternatively or additionally, the energy reserve
is determined in step b5). The energy reserve is the en-
ergy that is not intended to be used on the normal cir-
cumstances such that the energy reserve may not be
included in the energy that is available for determining
the maximum range of the aircraft. Alternatively or addi-
tionally, the non-allocated energy is determined. The
non-allocated energy may be shown to the pilot by means
of a display. The non-allocated energy is for example the
difference between the available energy and the energy
that is required for flying along the first flight route. How-
ever, the non-allocated energy can be calculated for the
second flight route as well. The non-allocated energy for
the first flight route and the second direction may be also
displayed which can be a decisive factor for the pilot when
assessing whether to continue to fly to the first airport or
change the destination to the second airport or use a
different waypoint.
[0041] A preferred advantage of the invention is that
the pilot is instantly aware of all possible alternative des-
tinations or flight routes that are within the reach of the
aircraft. Hence, the pilot may not need to worry whether
certain airports are within the maximum range of the air-
craft, but can rather focus on the best solution for reach-
ing a certain destination.
[0042] In a further preferred advantage, the method be
such that many and/or all parameters for determining the
maximum range in a second direction are included in the
calculation for the energy consumption. Hence, if all sec-
ond airports that are within the distance of the maximum
range are displayed to the pilot, the pilot is immediately
aware of alternative destinations without the requirement
to check whether the alternative destinations can actually
be reached by the aircraft. Hence, the pilot may focus on
the safest and simplest route for achieving a certain des-
tination. In particular, the method utilizes all information
that is available for the pilot such that the calculation of
the maximum range can be safely used as a starting proc-
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ess for deciding the destination of the aircraft.
[0043] A preferred advantage of the invention is that
waypoints that are not located on the first flight route may
also be shown to the pilot. Thus, the pilot is preferably
aware of alternative routes to the first airport, namely by
using the alternative waypoints.
[0044] It is preferred that step f) includes determining
a second flight route to the second airport, wherein the
second flight route includes the airport approach pattern
and/or airspace restrictions.
[0045] In the preferred additional step, the actual flight
route to the second airport is determined. The second
direction representing the shortest distance between the
current position of the aircraft and the second airport is
normally not the actual flight route since the airport ap-
proach pattern and/or airspace restrictions, as discussed
above, may require to alter the actual flight route from
the second direction. Thus, the second flight route may
be longer than the second direction. Hence, it is prefer-
ably additionally checked whether the energy consump-
tion needed for the second flight route is smaller than the
available energy for the aircraft such that the aircraft can
reach the second airport via the second flight route. The
airport approach pattern may be a predefined route that
an aircraft must follow in order to land at the airport. Aer-
ospace restrictions which may affect the planning of the
second flight route are discussed above.
[0046] It is preferred that step f) includes determining
the energy consumption for the second flight route,
wherein the determination of the energy consumption
comprises

f1) determining the energy consumption depending
on the altitude of the aircraft on the second flight
route and/or
f2) determining the energy consumption based on
the weather data, in particular the wind regime, for
the second flight route; and/or
f3) determining the energy consumption based on
the configurations of the aircraft and/or
f4) determining the energy reserve and/or
f5) determining the non-allocated energy.

[0047] Steps f1) to f5) correspond to steps b1) and b3)
to b6). Hence, similar arguments apply.
[0048] It is preferred that step g) comprises

g1) determining the maximum range along the sec-
ond flight route based on the energy consumption of
the second flight route and/or
g2) checking whether the second airport is within the
maximum range of the second flight route.

[0049] A preferred advantage of steps g1) and g2) is
that a pilot is immediately aware of the fact that the sec-
ond airports that are preferably displayed to the pilot are
actually within reach of the aircraft when flying the actual
flight route to the second airports. In this calculation, all

parameters affecting the energy consumption are pref-
erably included such that the pilot can rely on the infor-
mation that the second airports are actually within the
available range of the aircraft.
[0050] It is preferred that a step h) includes determining
an alternative flight route to the first airport, wherein the
alternative flight route uses the waypoints that are differ-
ent to the waypoints of the first flight route.
[0051] In the preferred additional step, an alternative
flight route to the first airport is determined, namely by
flying over waypoints that are different to the waypoints
of the first flight route.
[0052] The second direction representing the shortest
distance between the current position of the aircraft and
the waypoint may not include the distance form the way-
point to the first airport or via further waypoints to the first
airport. Thus, the alternative flight route may be longer
than the first flight route. Hence, it is preferably addition-
ally checked whether the energy consumption needed
for the alternative flight route is smaller than the available
energy for the aircraft such that the aircraft can reach the
first airport via the alternative flight route.
[0053] It is preferred that step h) includes determining
the energy consumption for the alternative flight route,
wherein the determination of the energy consumption
comprises

h1) determining the energy consumption depending
on the altitude of the aircraft on the alternative flight
route and/or
h2) determining the energy consumption based on
the weather data, in particular the wind regime, for
the alternative flight route; and/or
h3) determining the energy consumption based on
the configurations of the aircraft and/or
h4) determining the energy reserve and/or
h5) determining the non-allocated energy.

[0054] Steps h1) to h5) correspond to steps f1 to f5).
Hence, similar arguments apply.
[0055] It is preferred that step i) comprises

i1) determining the maximum range along the alter-
native flight route based on the energy consumption
of the alternative flight route and/or
i2) checking whether the first airport is within the
maximum range along the alternative flight route.

[0056] A preferred advantage of steps i1) and i2) is that
a pilot is immediately aware of the fact that the first airport
can be reached using one or more flight routes different
to the first flight route. In this calculation, all parameters
affecting the energy consumption are preferably included
such that the pilot can rely on the information that the
first airport can be reached using the alternative flight
route.
[0057] Preferably, several alternative flight route are
calculated wherein each alternative flight route includes
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a combination of waypoints that is different to the way-
points of the first flight route. For example, the alternative
flight route has one waypoint in common with the first
flight route however differs in two waypoints.
[0058] A further separate aspect of the invention refers
to the representation of the available energy which may
be connected to method of claim 1 and/or to its preferred
embodiments.
[0059] It is preferred that available energy of the aircraft
is represented by a bar, wherein preferably the bar is
divided along a first axis into the energy consumed so
far and/or the energy allocated for the first flight route
and/or the non-allocated energy and/or the energy re-
serve.
[0060] Preferably the bar is displayed in a display or
screen arranged in the cockpit of the aircraft such that a
pilot can see the available energy. The bar may have the
shape of a rectangular wherein one edge of the bar cor-
responds to a first axis representing the amount of ener-
gy. Along the first axis, the bar may be divided in the
energy that is consumed so far, the energy that is allo-
cated for the first flight route, the non-allocated energy
and the energy reserved. Hence, the pilot sees the cur-
rent energy situation for the first flight route at first glance.
[0061] Preferably, at one side of the bar, the current
consumption of energy is displayed, preferably along with
an optimum energy consumption. Additionally, it can be
displayed whether the available energy increases, for ex-
ample by charging the battery.
[0062] It is preferred that the altitude of the aircraft is
represented along a second axis of the bar, wherein pref-
erably the available energy is represented over the first
axis.
[0063] The representation of the altitude of the aircraft
along a second axis, that is preferably perpendicular to
the first axis, shows to the pilot at one glance both the
energy that is available from the propellant and the po-
tential energy. Hence, the pilot has an improved overview
of the current energy situation of the aircraft.
[0064] It is preferred that at least one waypoint of the
first flight route is represented on a first side of the bar
along the first axis.
[0065] Waypoints are preferably certain locations
along the flight route that must be either overflown and/or
from which diversions from the actual flight route can be
made. The representation of the waypoints preferably
allows the pilot a better grasp of the chosen flight route
and, in particular, at which position the aircraft is on the
current flight route. Preferably, the waypoints are depict-
ed solely at one side of the bar.
[0066] It is preferred that the second airport is repre-
sented on a second side of the bar along the first axis.
[0067] Preferably, the second airport which corre-
sponds to an alternative flight route is represented op-
posite to the side where the waypoints referring to the
actual flight route are represented. A preferred advan-
tage of this embodiment is that the pilot sees the relation
of the second airport with regard to the available energy

at first glance. In particular, the pilot can better compare
the distance to the waypoints of the actual flight route in
comparison to the distance to the second airports.
[0068] It is preferred that airspace restrictions are rep-
resented in the bar.
[0069] Airspace restrictions may correspond to eleva-
tions in the terrain such as mountains. The height of the
mountains is preferably depicted in the bar along the sec-
ond axis. Similarly, airspace restrictions for regions that
cannot be flown through may also be depicted in the bar,
for example by rectangles.
[0070] It is preferred that the bar further includes a sec-
tion along the first axis corresponding to distance which
the aircraft can cover by gliding.
[0071] Preferably, the section corresponding to the dis-
tance which the aircraft can cover by gliding is only shown
when the aircraft is consuming the propellant allocated
to the reserve. Preferably, second airports are also de-
picted such that the pilot can see which of the airports
can be reached by gliding.
[0072] It is preferred that the distance that can be cov-
ered by gliding is included for determining the maximum
range of the aircraft.
[0073] A further separate aspect of the invention refers
to an alternative or additional representation of the avail-
able energy which may be connected to method of claim
1 and/or to its preferred embodiments.
[0074] It is preferred that the maximum range in the
second direction is represented by a first line spaced
apart from a center point.
[0075] The center point may be depicted as an aircraft.
The distance between the center point and the first line
may correspond to the maximum range along the direc-
tion (the second direction) from the center point to the
section of the line. Preferably, the maximum range is cal-
culated spanning a range of 360° such that the center
point is surrounded by the first line. Due to wind regimes,
the first line may differ significantly from a circle.
[0076] The representation of the maximum range by a
first line spaced apart from a center point may be addi-
tionally or alternatively used to the representation of the
available energy represented by a bar.
[0077] It is preferred that the airspace restrictions are
represented by areas and/or the first and/or the second
flight routes are represented by a second line starting
from the center point.
[0078] Preferably, the areas representing airspace re-
strictions are highlighted, for example by colors. Hence,
the pilot sees at first glance which part of the surroundings
of the aircraft cannot be flown through, for example due
to the elevation of the terrain. Preferably, the second flight
routes are also represented such that the pilot may see
at first glance the actual route of the first flight route and
the second flight route. This may help the pilot to decide
which destination is chosen.
[0079] Another aspect of the invention refers to an en-
ergy management system for determining airports in a
maximum range of an aircraft, comprising an energy cal-
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culation unit for determining the available energy of the
aircraft, a first energy consumption calculation unit for
calculating the energy consumption for a first flight route
to a first airport; a second energy consumption calcula-
tion unit for calculating the energy consumption when the
aircraft heads in a second direction other than the flight
direction of the first flight route, an airport calculation unit
that calculates the maximum range of the aircraft in the
second direction, and an airport determination unit that
determines whether an airport is located in the second
direction within the maximum range.
[0080] Thus, this invention also refers to an energy
management system that assists a pilot in efficiently
managing his finite amount of energy in order to complete
his mission. This system may calculate ranges according
to several actual and hypothetical external and internal
factors, assist planning routes according to energy as-
pects and external factors, and/or visualize the current
energy state and possible destinations in case of an
emergency.
[0081] The energy calculation unit preferably corre-
sponds to step a) of the method, the first energy con-
sumption calculation unit and the second energy con-
sumption calculation unit may preferably correspond to
steps b) and c), respectively of the method. The airport
calculation unit may correspond to step d) and the airport
determination unit may correspond to step e).
[0082] Preferably, all preferred embodiments of the
method are also implemented in the energy management
system described above.
[0083] A preferred embodiment of the invention is now
discussed in conjunction with the attached drawings.
Therein,

Fig. 1 shows an energy management system accord-
ing to the invention;

Fig. 2 shows a representation of the available energy;

Fig. 3 shows an alternative representation of the
available energy;

Fig. 4 shows another alternative representation of the
available energy;

Fig. 5 shows a further representation of the available
energy;

Fig. 6 shows another representation of the available
energy; and

Fig. 7 shows a representation of the maximum range
of the aircraft.

[0084] Fig. 1 shows a block diagram of an energy man-
agement system 10 of an aircraft. The energy manage-
ment system 10 comprises an energy calculation unit 12,
a first energy consumption calculation unit 14, a second

energy consumption calculation unit 16, an airport cal-
culation unit 18, an airport determination unit 20, an en-
ergy reserve determination unit 22 and a non-allocated
energy determination unit 24.
[0085] The energy calculation unit 12 calculates the
energy that is available to the aircraft. To this end, the
altitude of the aircraft, the actual and/or expected speed
of the aircraft and the amount of propellant of the aircraft
are considered as factors for determining the available
energy of the aircraft. The propellant may be the fuel that
is stored in a tank of the aircraft or the electrical power
stored in a battery of the aircraft. All parameter may be
detected using sensors or other measuring instruments
that are connected with the energy calculation unit 12.
The altitude and the speed of the aircraft may also be
determined using sensors that are connected with the
available energy calculation unit 12. The energy calcu-
lation unit 12 may be constituted by a computer or any
other control circuit that is capable of calculating the avail-
able energy based on the gathered values of the sensors.
[0086] The first energy consumption calculation unit
14 calculates the energy that is required for flying the
aircraft along the first flight route. The first energy con-
sumption calculation unit 14 may be also implemented
by a computer or any other control circuit.
[0087] The energy consumption that is needed for fly-
ing along the first flight route to reach a first airport is
calculated based on several parameters, such as the al-
titude of the aircraft, the terrain elevation, the wind, the
airspace restrictions, the aircraft configuration, the
planned flight path and weather data. The parameters
may be processed using models for determining the en-
ergy required for flying the aircraft along the first flight
route to the first airport. The models may be checked or
trained, before they are used with the energy manage-
ment system 10.
[0088] The second energy consumption calculation
unit 16 calculates the energy that is needed for flying the
aircraft along a second direction that differs from the first
direction of the first flight route. The second energy con-
sumption calculation unit 16 may determine the required
energy based on several parameters such as the aircraft
configuration, the altitude, the terrain elevation, and the
second direction. The second energy consumption cal-
culation unit 16 may be implemented by a computer or
any other control circuit. The first 14 and second energy
consumption calculation unit 16 may be identical.
[0089] The airport calculation unit 18 calculates the
maximum range of the aircraft in the second direction.
The airport calculation unit 18 may be implemented by a
computer or any other control circuit. The airport calcu-
lation unit 18 may include not solely the route straight
along the second direction but incorporates the actual
flight route (the second flight route) to a second airport.
To this end, the airport position, the airport approach pat-
tern or other airport information are included for deter-
mining the second flight route. The maximum range in a
second direction thus depends on the actual flight route
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to the second airport.
[0090] The airport determination unit 20 determines
whether the available energy is sufficient for flying the
aircraft along the second flight route to the second airport.
[0091] The energy reserve determination unit 22 auto-
matically or manually indicates the amount of propellant
that is allocated to the energy reserve. For example, the
pilot manually inputs the propellant that is reserved for
the energy reserve.
[0092] The non-allocated energy unit 24 determines
the difference between the available energy of the aircraft
and the sum of the energy reserve and the energy needed
for the first flight route. The non-allocated energy unit 24
then puts forward the amount of energy that is not allo-
cated. All units 12 to 24 are configured such that their
information may be processed and displayed in a display.
[0093] Fig. 2 shows a representation of the available
energy as a bar 26. The available energy is represented
along a first axis D1. The first axis D1 of the bar 26 is
divided in several sections. The bar 26 refers to an aircraft
whose propellant is electrical energy stored in a battery.
The battery charge is depicted along the first axis.
[0094] The first section labelled "Used" refers to the
energy that is used so far. The second section is labelled
"Mission" and refers to the energy that is needed for flying
the aircraft along the first flight route. The third section
labelled "NA" represents the non-allocated energy while
the fourth section labelled "Reserve" refers to the energy
allocated to the energy reserve.
[0095] At the one side of the bar 26, the current energy
consumption is displayed using an arrow 28. If the arrow
28 points to the right, as shown in Fig. 2, energy is con-
sumed. If the arrow 28 points to the left, energy is gen-
erated, i.e. the battery is charging.
[0096] Fig. 3 shows an alternative embodiment of the
bar 26. Here again, the available energy is represented
along the first axis D1. The altitude of the aircraft that is
depicted as a triangle is represented along a second axis
D2. This means, the higher the triangle is, the higher the
altitude of the aircraft.
[0097] On a first side 30, the top side of the bar 26 in
Fig. 3, waypoints of the first flight route and the first air-
port, labelled "Airport 1", are depicted. The line 34 rep-
resents the first flight route at a certain altitude. The con-
necting lines between the waypoints and the airport with
the line 34 represent the waypoints and the airport along
the first flight route.
[0098] On a second side 32 of the bar 26 opposite to
the first side 30, second airports are shown. The second
airports are labelled as "Airport 2" and "Airport 3". The
lines starting from the second airports indicate the posi-
tion of the second airports along the first flight route.
[0099] Fig. 4 shows an alternative representation of
the bar 26. The bar 26 of Fig. 4 is identical to the bar 26
of Fig. 3, except that the elevation of the terrain is shown
as line 36 in Fig. 4. Since the elevation of the terrain is
higher than the first flight route, a change in the first flight
route needs to be made. This change in the flight route

can be seen in the dashed line 38 of Fig. 5. The alternative
first flight route shows a change in the altitude of the
aircraft, such that the energy required for reaching a first
airport increases. This can be seen in that the airport of
the alternative first flight route is moved to the right or, in
other words, the representation of the first flight route is
stretched (the dashed line 38 is longer than the line 34).
[0100] Airspace restrictions are shown in the bar 26 by
a dashed rectangular 37 as for example shown in Fig. 4.
The airspace restriction shown in Fig. 4 corresponds to
an area that is prohibited to be flown in a certain altitude.
[0101] Fig. 6 shows an enlarged section of the bar 26,
namely the reserve. Additionally to the bar 26 of Figs. 3
to 5, a section is added which represents a gliding phase
of the aircraft, that is when no propellant is left. This is
shown in Fig. 6 by the fact that the charge of the battery
is zero. On a second side 32, a further second airport,
labelled "Airport 4", is depicted which can be reached
within the gliding. This detailed depiction can be shown
automatically to the pilot when the available propel-
lant/battery is within the reserve margin.
[0102] Fig. 7 refers to a representation of the maximum
range of the aircraft. The aircraft depicted in Fig. 7 can
be also called center point 40. A first line 42 surrounds
the center point and represents the maximum range of
the aircraft in the direction to the respective part of the
first line 42. In the example given in Fig. 7, the first line
42 differs from a circle as on the bottom half are elevated
terrains, such as mountains which cannot be overflown
with the available energy of the aircraft. Hence, the dis-
tance between the center point 40 and the first line 42
varies along the angular range.
[0103] Airspace restrictions are depicted in Fig. 7 as
areas 44. The areas 44 are highlighted such that the pilot
can immediately see which part of the surrounding of the
aircraft cannot be flown through.
[0104] Furthermore, a second line 46 is represented
in the display shown in Fig. 7. The second line 46 shows
the first flight route to the first airport. Hence, where the
second line 46 ends, the first airport is located.
[0105] An alternative description of the figures is pro-
vided in the following.
[0106] Fig.1 shows the architecture of the energy man-
agement system. The available total energy is calculated
based on the aircraft’s current speed (kinetic energy),
the altitude (potential Energy), and the amount of propel-
lant (chemical or electrical energy). The energy that is
needed for the current flight plan (first flight route) de-
pends on several external and internal factors. The cur-
rent altitude, the terrain elevation, and new airspace re-
strictions determine if a diversion in the flight plan is nec-
essary (e.g. flying over a mountain top or a diversion due
to an airspace restriction on a short notice). The wind
that determines the ground speed is also an important
factor; with strong headwinds more energy is needed to
reach the destination. The energy that is needed for the
flight plan and a safety margin can be subtracted from
the currently available energy. This leads to a non-allo-
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cated amount of energy that can be used for adding
changes to the flight plan (e.g. additional waypoints).
[0107] Based on the information provided by the avail-
able total energy calculation (energy calculation unit 12),
an assumption on the possible range of the aircraft, in-
dependent from the current flight plan can be provided.
Therefore, the terrain elevation and wind information in
one heading direction (the second direction) is taken into
account for calculating the possible range in this heading.
By doing this for multiple heading probes (0° to 360°), an
area of reachable points can be generated. By comparing
this information with an airport database, a list of alternate
airports can be generated.
[0108] In the following section, some visualizations for
the energy management system are presented. All these
visualizations are specific for an all electrical aircraft, but
would also be suitable for conventional aircraft.
[0109] Fig. 2 shows a simplified indication bar 26 that
shows the battery state. Several sections of the bar 26
indicate the energy that is used, the energy that will be
used by the mission, the non-allocated energy and re-
serve energy of 10%. In addition, a trend indicator shows
the speed at which the energy decreases or increases
(e.g. in case of charging the aircraft on ground).
[0110] This display is used for a "quick glance". It is
located near or inside the primary flight display.
[0111] A more long term strategic visualization is
shown in Fig. 3. This display consists of three layers: A
mission layer on top on the first side 30, a vertical energy
indication (similar to the previous energy bar 26), and an
alternate layer on the bottom (i.e. on the second side 32).
The horizontal X-axis (first axis D1) represents the bat-
tery energy in whereas the vertical Y-axis (second axis
D2) represents the potential energy. The whole X-axis
represents the flight plan or mission. An indicator repre-
sents the current battery level. This indicator moves to
the left as the flight continues.
[0112] In the Mission Layer, all the waypoints and the
destination of the flight plan are represented. The nec-
essary energy to reach a waypoint is represented by the
distance from the current battery level to the waypoint. If
a waypoint is more to the right - more energy is needed
to reach it.
[0113] The vertical energy indicator shows the used
energy, the energy needed for the mission, the non-al-
located energy and the reserve. In addition, there is a
vertical flight path indication that resembles the potential
energy of the flight path.
[0114] The Alternate Layer on the bottom has informa-
tion on alternative airports that are reachable from the
current aircraft position. This way the pilot is aware of the
energy distance of the alternative airports at any given
time. Due to wind, terrain, or airspace constraints, it is
possible that the closest airport is not the best choice in
terms of consumed energy. The airports that are shown
in the alternate layer can be selected and a flight path
suitable to reach this airport is calculated automatically.
[0115] In addition to the visualization of Fig. 4, the ter-

rain elevation and airspace restrictions can be displayed
as these are an important factor for the flight path.
[0116] If the flight path is reprogrammed (e.g. adding
a waypoint or changing the flight level), a preview is dis-
played as seen in Fig. 5 in the dashed line 37.
[0117] Here, the flight level is going to be changed.
This results in more energy consumption. In conse-
quence, the fraction of the energy that is consumed by
the mission is getting larger. According to that, the terrain
profile is stretched and the position of the waypoints is
changed.
[0118] In case of a low energy situation (i.e. reaching
the last 10%), the display changes as shown in Fig. 6. In
this view, more airfields are displayed in the alternate
layer (even closed or abandoned airfields). In contrast to
the previous visualizations, an area shows the predicted
flight path after the engine out (i.e. battery level = 0%).
Here, the aircraft’s glide path is calculated and visualized.
There might be even some airfield that can be reached
using the potential energy only.
[0119] Besides the vertical view, the possible range
can be displayed on the moving map as well. In an ide-
alized case without wind, airspace restrictions and high
terrain this would be a simple circle around the current
position of the aircraft. If these factors are present the
reachable area will more look like the range shown in
Fig. 7.
[0120] For information purposes, several different
ranges can be displayed for example when all engines
operational, one engine not operational, or all engines
not operational.

List of References

[0121]

10 energy management system
12 energy calculation unit
14 first energy consumption calculation unit
16 second energy consumption calculation unit
18 airport calculation unit
20 airport determination unit
22 energy reserve determination unit
24 energy determination unit
26 bar
28 arrow
30 first side
32 second side
34 line
36 line
37 rectangular
38 dashed line
40 center point
42 area
44 second line

D1 first axis
D2 second axis
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Claims

1. Method for determining airports and/or waypoints in
an available range of an aircraft, comprising the
steps of:

a) Determining the available energy of the air-
craft;
b) Calculating the energy consumption for a first
flight route to a first airport;
c) Calculating the energy consumption when the
aircraft heads in a second direction other than
the flight direction of the first flight route;
d) Calculating the maximum range of the aircraft
in the second direction; and
e) Determining whether a second airport and/or
a waypoint is located in the second direction
within the maximum range.

2. Method according to claim 1, characterized in that
the steps c) to e) are repeated for a plurality of di-
rections, wherein preferably the directions cover an
angular range of 360°.

3. Method according to claims 1 and 2, characterized
in that step a) includes
a1) determining the amount of propellant stored in
the aircraft and/or
a2) determining the altitude of the aircraft and/or
a3) determining the current speed of the aircraft.

4. Method according to any of the preceding claims,
characterized in that step b) and/or step c) includes
b1) determining the energy consumption depending
on the altitude of the aircraft and/or
b2) determining the energy consumption with regard
to planned flight path and/or air space restrictions;
and/or
b3) determining the energy consumption based on
the weather data, in particular the wind regime;
and/or
b4) determining the energy consumption based on
the configurations of the aircraft and/or
b5) determining the energy reserve and/or
b6) determining the non-allocated energy.

5. Method according to one of the preceding claims,
characterized by step f) that includes determining
a second flight route to the second airport, wherein
the second flight route includes the airport approach
pattern and/or airspace restrictions.

6. Method according to claim 5, characterized in that
step f) includes determining the energy consumption
for the second flight route, wherein the determination
of the energy consumption comprises
f1) determining the energy consumption depending
on the altitude of the aircraft on the second flight

route and/or
f2) determining the energy consumption based on
the weather data, in particular the wind regime, for
the second flight route; and/or
f3) determining the energy consumption based on
the configurations of the aircraft and/or
f4) determining the energy reserve and/or
f5) determining the non-allocated energy.

7. Method according to claim 6, characterized by step
g) comprising
g1) determining the maximum range along the sec-
ond flight route based on the energy consumption of
the second flight route and/or
g2) checking whether the second airport is within the
maximum range of the second flight route.

8. Method according to any of the preceding claims,
characterized in that available energy of the aircraft
is represented by a bar (28), wherein preferably the
bar (28) is divided along a first axis (D1) into the
energy consumed so far and/or the energy allocated
for the first flight route and/or the non-allocated en-
ergy and/or the energy reserve.

9. Method according to claim 8, characterized in that
the altitude of the aircraft is represented along a sec-
ond axis (D2) of the bar (28), wherein preferably the
available energy is represented over the first axis
(D1).

10. Method according to claims 8 or 9, characterized
in that at least one waypoint of the first flight route
is represented on a first side (30) of the bar (28) along
the first axis (D1).

11. Method according to one of the claims 8 to 10, char-
acterized in that the second airport is represented
on a second side (32) of the bar (28) along the first
axis (D1).

12. Method according to one of the claims 8 to 11, char-
acterized in that the airspace restrictions are rep-
resented in the bar (28).

13. Method according to one of the claims 8 to 12, char-
acterized in that the bar (28) further includes a sec-
tion along the first axis (D1) corresponding to dis-
tance which the aircraft can cover by gliding.

14. Method according to one of the preceding claims,
characterized in that the maximum range along the
second direction is represented by a first line (42)
spaced apart from a center point (40).

15. Method according to claim 14, characterized in that
the airspace restrictions are represented by areas
(42) and/or the first and/or the second flight route are
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represented by a second line (44), wherein prefera-
bly the second line (44) starts from the center point
(42).
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