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Description

TECHNICAL FIELD

[0001] Thedisclosurerelatestotactical deconfliction of
unmanned aerial vehicles (UAVs), and more particularly
systems and methods for navigating a plurality of UAVsin
a deconfliction space in a manner that reliably avoids
collisions even in complex situations.

BACKGROUND

[0002] The number of unmanned aerial vehicles
(UAVs) in airspaces is steeply increasing, which results
in a growing need for measures to be implemented in
order to avoid collisions and disruptions of the air traffic.
[0003] Existing solutions include support systems for
the remote controller of an UAV situated on the ground or
the provision of autonomous detect and avoid capabil-
ities on board the UAVs, which work even if the link
between the UAV and the remote controller is (tempora-
rily) broken. Detect and avoid systems generally include
cooperative detect and avoid (CDA) systems, based on
actively emitted signals by the cooperative systems (e. g.
transponder, FLARM, ADS-B out) situated on other air-
craft, as well as non-cooperative detect and avoid
(NCDA) systems, allowing for the detection of aircraft
(and other airborne objects) that do not actively emit
signals from cooperative systems.

[0004] EP 2187 371 B1 (Saab AB) relates to collision
avoidance systems and in particular to the determination
of escape maneuvers in such systems. It is especially
suitable for aerial vehicles with low maneuverability. A
corresponding system receives navigational data re-
garding an intruding aerial vehicle and the own aircraft.
A plurality of pre-simulated escape trajectories are
stored, and at least a subset thereof is compared with
a presumed trajectory of the intruding aerial vehicle in
order to select one of the pre-simulated escape trajec-
tories.

[0005] GB 2 450 987 B (EADS Deutschland GmbH)
relates to a detect and avoid system using available on-
board sensors (such as TCAS, radar, IR sensors and
optical sensors) in order to make for itself an image of the
surrounding airspace. The situation thus established is
analyzed for imminent conflicts, i. e. collisions, TCAS
violations or airspace violations. If a problem is detected,
a hierarchical search for avoidance options is started,
wherein the avoidance routes as far as possible comply
with statutory air traffic regulations.

[0006] However, such existing solutions have serious
limitations when it comes to navigating complex situa-
tions involving a plurality of UAVs flying Beyond Visual
Line of Sight (BVLOS), and today’s Air Traffic Manage-
ment (ATM) systems can not manage this task without a
dedicated air traffic control solution for UAVs, such as an
Automated Tactical Deconfliction system that would be
capable of continuous deconfliction of a large number of
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UAVs in an airspace. This impedes growth of the UAV
industry, and results in more and more flights being
restricted to segregated areas or corridors only allowing
one operator to fly at the time.

SUMMARY

[0007] According to a first aspect, there is provided a
computer-implemented method for deconfliction of un-
manned aerial vehicles, UAVs, the method comprising
the steps of obtaining flight data of a plurality of UAVs in a
deconfliction space, the flight data comprising at least
UAV type and flight path of the plurality of UAVs within the
deconfliction space; obtaining environmental data com-
prising information on additional objects within the de-
confliction space; determining data quality of the ob-
tained flight data and the environmental data; determin-
ing possible conflicts between the plurality of UAVs, other
airspace users and additional objects or obstacles based
on vertical and horizontal interference of the obtained
flight paths; determining a minimum distance parameter
for interfering UAVs in a possible conflict based on the
interfering UAV types and the data quality of the obtained
flight data and the environmental data; and calculating an
alternative flight path for interfering UAVs based at least
on the obtained flight path and the minimum distance
parameter.

[0008] The methods and systems according to the first
and second aspect disclosed herein enable automatic
initiation of tactical deconfliction manoeuvres, to prevent
mid-air collisions between UAVs and/or other airspace
users, weather conditions, no-fly zones, obstacles, or
objects, both with and without input from an operator.
The methods and systems can provide tactical decon-
fliction for UAVs without extra cost to install additional
hardware on the aerial vehicles asitis based on software-
to-software communication between installed flight con-
trol software on the UAVs and the disclosed computer-
implemented method either directly or through the re-
spective Unmanned traffic Management (UTM) or UAV
fleet management systems.

[0009] In a possible implementation form of the first
aspect determining the minimum distance parameter is
at least partially based on maneuvering ability of the
UAVs in a possible conflict based on their individual
UAV types, such as a fixed-wing UAV having a larger
turning radius than multi-rotors, or that payload size and
speed of the UAVs will affect turning and climb/descent
ability.

[0010] In a possible implementation form of the first
aspect the obtained flight data comprises current position
data, and determining the minimum distance parameter
is at least partially based on a positioning parameter
related to the precision and veracity of the current posi-
tion data of each UAV based on the positioning system
such GPS, GNSS, Baidu, Galileo, RTK, 5G, ADS-B,
included in each UAV.

[0011] In a possible implementation form of the first
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aspect determining the minimum distance parameter is
at least partially based on an environmental parameter
related to the precision and veracity of the obtained
environmental data based on the method of obtaining
the environmental data, such as how updated, how
granular, or how accurate the data is about environmen-
tal objects.

[0012] In a possible implementation form of the first
aspect the obtained environmental data comprises
weather data, such as wind formations or rain, and de-
termining the minimum distance parameter is at least
partially based on weather parameter related to the
veracity of obtained weather data.

[0013] In an embodiment determining the minimum
distance parameter is further based on a safety buffer
parameter defining a minimum time interval between
different UAVs and other aerial vehicles occupying the
same space within the deconfliction space, with their
respective safety zones.

[0014] In a possible implementation form of the first
aspect calculating the alternative flight path for the plur-
ality of UAVs is further based on a global variable, where-
in a unit variable is defined for each UAV in a possible
conflict based on a possible alternative flight path with
respect to the obtained flight path, and wherein the
method optimizes for a global variable that is a sum of
all unit variables from UAVs in the deconfliction space.
[0015] In a possible implementation form of the first
aspect the global variable is a distance variable, wherein
each unit variable is calculated based on flight path
deviation of an UAV in a possible conflict from its obtained
flight path, and wherein the global variable is optimized so
that the sum of deviations of all UAVs in the deconfliction
space is kept at a minimum or maximum.

[0016] In a possible implementation form of the first
aspect the global variable is a time-of-flight variable
wherein each unit variable is calculated based on time-
of-flight of an alternative flight path, and wherein the
global variable is optimized so that the sum of time-of-
flights of all UAVs in the deconfliction space is kept at a
minimum or maximum.

[0017] In a possible implementation form of the first
aspect the global variable is an energy consumption
variable wherein each unit variable is calculated based
on energy consumption of an UAV when taking an alter-
native flight path, and wherein the global variable is
optimized so that the sum of energy consumption of all
UAVs in the deconfliction space is kept at a minimum.
[0018] In an embodiment the energy consumption of
an UAV is calculated based on a set of energy consump-
tion parameters such as:

- UAV type, such as multi-rotor, fixed-wing, single-
rotor, and hybrid vertical take-off and landing
(VTOL), wherein different UAV types require differ-
ent amount of energy for certain movements;

- payload, such as weight or typology affecting energy
consumption;
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- weather, such as headwind increasing energy con-
sumption;

- temperature, such as extreme temperatures affect-
ing lifespan of batteries.

[0019] In a possible implementation form of the first
aspectthe global variable is a price variable wherein each
unit variable is calculated based on fees need to be paid
by an UAV when taking an alternative flight path, and
wherein the global variable is optimized so that the sum of
fees to paid by all UAVs in the deconfliction space is kept
at a minimum or maximum.

[0020] In a possible implementation form of the first
aspect the flight data comprises a priority level assigned
to the plurality of UAVs within the deconfliction space,
wherein calculating the alternative flight path for the
plurality of UAVs takes into account these priority levels
so that a priority UAV of the highest priority level, such as
emergency UAVs, can keep to their current flight path or
to an optimized flight path, and an alternative flight path is
calculated for the remaining conflicting UAVs according
to the global variable.

[0021] Inanembodiment the obtained flight data com-
prises at least one of:

- UAV type defining type of the UAV such as multi-
rotor, fixed-wing, single-rotor, and hybrid vertical
take-off and landing (VTOL), and its battery status;

- planned flight path defining a pre-flight state of de-
parture point, route waypoints and destination point;

- payload defining type of cargo and its weight;

- priority level defining a priority UAV such as medical,
police, or UAV low on battery;

- current position based on UAV tracking;

- currentflight path defining in-flight state with updates
with respect to the planned flight path;

- altitude defining both actual altitude and planned
altitude according to planned flight path;

- speeddefining both actual speed and planned speed
according to planned flight path.

[0022] In an embodiment the obtained environmental
data comprises spatial information of the deconfliction
space defining position and geometry of physical and/or
virtual additional objects such as GEO zones, static and
dynamic obstacles and objects, and topological levels.
[0023] In an embodiment the obtained environmental
data further comprises tracking information regarding the
actual position of all UAVs and other aircraft via on-board
devices such as Remote ID, transponders, and on-
ground sensors such as radars, RF and other technolo-
gies.

[0024] In a possible implementation form of the first
aspect the obtained environmental data further com-
prises a ruleset defining local flight regulations and de-
confliction rules, and wherein this ruleset is integrated in
the method for at least one of:
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- determining the minimum distance parameter,
- determining possible conflicts, or
- calculating the alternative flight path.

[0025] In a possible implementation form of the first
aspect the flight data and environmental data is obtained
from an Unmanned Traffic Management, UTM system, or
an UAV fleet management system; wherein the UTM
system comprises infrastructure and a set of procedures
designed to manage and monitor the operations of a
plurality of UAVs in the deconfliction space, and wherein
the UAV fleet management system is configured to man-
age and monitor a select fleet of UAVs from the plurality of
UAVs.

[0026] In an embodiment the calculated alternative
flight path is provided to the UTM system or UAV fleet
management system.

[0027] In an embodiment the UTM system is config-
ured to ensure safe and efficient integration of UAVs into
an existing deconfliction space, coordinate their move-
ments and prevent collisions by enabling the control and
tracking of UAVs, facilitating communication between
multiple UAVs and other aerial vehicles such as manned
aircraft via Air Traffic Management, ATM systems, and
providing information to operators about airspace condi-
tions, regulations, and restrictions.

[0028] In an embodiment the UAV fleet management
system is primarily configured to handle the operational
aspects of UAV fleets, such as planning, scheduling,
monitoring, and controlling multiple UAVs to achieve
specific objectives.

[0029] Inanembodimentflightdata and environmental
data is further obtained from an Air Traffic Management,
ATM system, wherein the obtained flight data further
comprises type and flight path of a plurality of aircrafts
within a horizontally and/or vertically enlarged deconflic-
tion space managed by the ATM system, wherein the
obtained environmental data comprises information on
additional objects within the enlarged deconfliction
space, and wherein determining possible conflicts further
takes into account aircrafts within the enlarged decon-
fliction space.

[0030] Inanembodimentflightdata and environmental
data is further obtained from a Space Traffic Manage-
ment, STM system, wherein the obtained flight data
comprises type and flight path of a plurality of spacecrafts
within a horizontally and/or vertically enlarged deconflic-
tion space managed by the STM system, wherein the
obtained environmental data comprises information on
additional objects within the enlarged deconfliction
space, and wherein determining possible conflicts further
takes into account spacecrafts within the enlarged de-
confliction space.

[0031] Inanembodiment the obtained flight data com-
prises type and flight path of a plurality of aerial vehicles
within a deconfliction space, the aerial vehicles compris-
ing at least one of plurality of UAVs managed by a UTM
system, aircrafts managed by an ATM system, or space-
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crafts managed by an STM system; and the method
comprises determining possible conflicts between the
plurality of aerial vehicles and additional objects based
on vertical and horizontal interference of the obtained
flight paths; determining a minimum distance parameter
for interfering aerial vehicles in a possible conflict based
on the types of interfering aerial vehicles and the data
quality of the obtained flight data and the environmental
data; and calculating an alternative flight path for inter-
fering aerial vehicles based at least on the obtained flight
path and the minimum distance parameter.

[0032] In an embodiment the method comprises de-
termining flight path changes for any of the plurality of
UAVs where a conflict has been determined, based on
the obtained flight path and the calculated alternative
flight path, the flight path changes comprising at least
one of:

waypoints (GPS, GNSS etc.),
- heading adjustments,

- altitude adjustments, or
speed adjustments.

[0033] In a possible implementation form of the first
aspect the method comprises determining a flight control
signal for any of the plurality of UAVs where a conflict has
been determined, based on the alternative flight path or
flight path changes determined based on the obtained
flight path and the calculated alternative flight path, the
flight control signal comprising at least one of:

- waypoints (GPS, GNSS etc.),
- heading adjustments,

- altitude adjustments, or

- speed adjustments.

[0034] Accordingto a second aspect, there is provided
a computer-implemented deconfliction system for of un-
manned aerial vehicles, UAVs, the system comprising an
input unit configured for obtaining flight data and envir-
onmental data of a deconfliction space, the flight data
comprising at least UAV type and flight path of a plurality
of UAVs within the deconfliction space, and the environ-
mental data comprising information on additional objects
within the deconfliction space; a processor unit config-
ured for determining data quality of the obtained flight
data and the environmental data; determining possible
conflicts between the plurality of UAVs and additional
objects based on vertical and horizontal interference of
the obtained flight paths; determining a minimum dis-
tance parameterforinterfering UAVs in a possible conflict
based on the interfering UAV types and the data quality of
the obtained flight data and the environmental data; and
calculating an alternative flight path for interfering UAVs
based at least on the minimum distance parameter; and
an output unit configured for outputting a flight control
signal for interfering UAVs based on their respective
calculated alternative flight path.
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[0035] These and other aspects will be apparent from
and the embodiment(s) described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] In the following detailed portion of the present
disclosure, the aspects, embodiments and implementa-
tions will be explained in more detail with reference to the
example embodiments shown in the drawings, in which:

Fig. 1 shows a schematic non-exclusive cross-sec-
tional representation of tactical deconfliction of UAVs
in a deconfliction space in accordance with an ex-
ample of the disclosure;

Fig. 2 shows a flow diagram of a hybrid method for
tactical deconfliction of UAVs in a deconfliction
space using an existing UTM system in accordance
with an example of the disclosure;

Fig. 3 shows a flow diagram of determining a mini-
mum distance parameter from obtained flight data
and environmental data in accordance with an ex-
ample of the disclosure;

Fig. 4 shows aflow diagram of calculating alternative
flight paths using a global variable and taking into
account UAV priority levels in accordance with an
example of the disclosure;

Fig. 5 shows a flow diagram of a tactical deconfliction
system using an input module and an output module
arranged in communication with an existing UTM
system in accordance with an example of the dis-
closure; and

Figs. 6A to 6D illustrate schematic non-exclusive
cross-sectional representations of tactical deconflic-
tion of UAVs in deconfliction spaces in accordance
with exemplary embodiments of the disclosure.

DETAILED DESCRIPTION

[0037] Presently disclosed methods and systems are
configured for automatic initiation of tactical deconfliction
manoeuvre, to prevent mid-air collisions between UAVs 1
and other airspace users 30, weather conditions, no-fly
zones 32, obstacles, or additional objects 4, both with and
without input from an operator. Such methods and sys-
tems provide tactical deconfliction to aerial vehicles such
as unmanned aerial vehicles (UAVs) via Unmanned
Traffic Management (UTM) systems or UAV fleet man-
agement systems, manned aircraft via Air Traffic Man-
agement (ATM) systems, and space vehicles via Space
Traffic Management (STM) systems, without extra cost to
install additional hardware on the aerial vehicles as it is
based on software-to-software (SW-to-SW) communica-
tion between installed flight control software on the aerial
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vehicles and the computer-implemented method either
directly or involving the above mentioned systems.
[0038] In the following detailed description, numerous
specific details are set forth by way of examples in order
to provide a thorough understanding of the relevant dis-
closure. However, it should be apparent to those skilled in
the art that the present disclosure may be practiced
without such details. In other instances, well known
methods, procedures, systems, components, and/or cir-
cuitry have been described at a relatively high-level,
without detail, in order to avoid unnecessarily obscuring
aspects of the present disclosure.

[0039] In the descriptions of the individual figures be-
low, steps and features that are the same or similar to
corresponding steps and features previously described
or shown herein are denoted by the same reference
numeral as previously used for simplicity.

[0040] Fig. 1 schematically illustrates a non-exclusive
scenario of two conflicting UAVs 1 and 31 in the decon-
fliction space 2 (airspace 3D model), and a high-level
picture of the operation of the computer-implemented
method according to the present disclosure for detecting
conflicts 5 and tactical deconflict the UAVs 1 and 31 to
avoid mid-air collision and infringement with obstacles or
additional objects 4 and weather conditions in the decon-
fliction space 2 by providing an alternative flight path 7 for
the interfering UAV 1 based on a calculated energy
consumption of the UAVs alternative flight path prioritiz-
ing UAV 31 and minimum distance parameter 6 to be
respected between the interfering UAVs 1 and 31.
[0041] Fig. 2 shows an overview flowchart of the main
steps of a method for tactical deconfliction of UAVs 1ina
deconfliction space 2 using an existing UTM system 12in
accordance the disclosure. The environment as de-
scribed with respect to Fig. 1 is defined by environmental
data 9 as non-exclusively listed below, wherein the UAVs
1in the deconfliction space 2 are defined using flight data
8 comprising atleast UAV type 11 and flight path 3 (further
flight data options also listed below). This environmental
data 9 and flight data 8 can be obtained from a UTM
system 12 or an UAV fleet management system. The
method transforms all this input into a 3D data model of
the deconfliction space 2 to detect possible conflicts 5
based on vertical and horizontal interference of other
UAVs 1, airspace users 30, obstacles, or additional ob-
jects 4, weather or violation of geo-zones 32 as defined in
the deconfliction space 2.

[0042] The flight data 8 as described above may in-
clude: UAV type 11 (multi-rotor, fixed-wing, single-rotor,
and hybrid vertical take-off and landing (VTOL), battery
status), planned flight path (pre-flight - departure point,
route waypoints and destination point), payload (type of
cargo and weight), priority level 23 (medical, police, low
on battery, etc.), current position (based on UAV track-
ing), current flight path 3 (in-flight - updates vs. planned
flight path), altitude (actual and planned altitude accord-
ing to planned flight plan), speed (actual and planned
speed according to planned flight path).
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[0043] Theenvironmental data 9 mayinclude: aruleset
defining flight regulations (rules, regulations, and opera-
tional concepts), deconfliction rules (defined separation
rules and minima’s), spatial information of the deconflic-
tion space 2 defining position and geometry of physical
and/or virtual additional objects 4 such as GEO zones 32
(static and dynamic no-fly zones, nature zones etc.),
static and dynamic obstacles and objects, topological
levels, tracking (actual position of all UAVs and airspace
users via on-board devises as Remote ID, transponders,
ADS-B, GPS, GNSS etc. and on-ground sensors as
radars, RF and other technologies), weather (local
weather as wind, rain, thunderstorms, etc.).

[0044] The method then determines a minimum dis-
tance parameter 6 for interfering UAVs 1 in a possible
conflict 5 based on the interfering UAV types 11 and the
data quality 10 (precision and veracity) of the obtained
flight data 8 and the environmental data 9 and calculates
an alternative flight path 7 for the interfering UAV's 1 using
the calculated minimum distance parameter 6, as will be
explained below in detail. The calculated alternative flight
paths 7 are communicated to the UTM system 12 or UAV
fleet management system, and the interfering UAVs 1
receive flight path changes 24 or a flight control signal 25
to modify their flight path, which can further be based on
differences in their priority level 23 also defined in the
flight data 8, as will be explained below. In the illustrated
example, a priority UAV 31 with a higher priority level 23
can continue on its flight path 3 while an UAV 1 with lower
priority level 23 adheres to its received alternative flight
path 7 to respect the calculated minimum distance para-
meter 6 from priority UAV 31 and avoid collision.

[0045] The received ruleset defining flight regulations
and deconfliction rules also can be integrated in the
method for the determining of the minimum distance
parameter 6, determining of possible conflicts 5, and/or
calculating the alternative flight path 7.

[0046] Fig. 3 shows a flow diagram of the sub-task of
determining a minimum distance parameter 6 from ob-
tained flight data 8 and environmental data 9 in accor-
dance with the disclosure.

[0047] The minimum distance parameter 6 is deter-
mined on one hand based on data quality 10 (precision
and veracity) of any or all of the following parameters:
positioning parameter 14 of the current position based on
the positioning system (GPS, GNSS, Baidu, Galileo,
RTK, 5G, ADS-B etc., local coordinate system) included
in each UAVs and other airspace users, which has influ-
ence on the precision of the position, as well as timing
precision; environmental parameter 15 based on how
updated, how granular, and how accurate the received
environmental data 9 is as non-exclusively listed above;
weather parameter 16 based on the method of obtaining
weather and accuracy in forecasts and actual weather
data received; and optionally also a safety buffer para-
meter which determines the minimum time between aer-
ial vehicles occupying the same space with their respec-
tive safety zones.
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[0048] On the other hand, the minimum distance para-
meter 6 calculation further takes into account the man-
oeuvring ability 13 of the interfered and/or interfering
UAVs 1 based on individual UAV types 11 extracted from
the received flight data 8 (fixed-wing has a larger turning
radius than multi-rotors, payload size and speed of the
UAVs will infect turning and climb/descent ability).
[0049] Fig. 4 shows an overview flowchart of a subse-
quent step of calculating alternative flight paths 7 in
accordance with an example of the disclosure.

[0050] Inthis example, calculating the alternative flight
path 7 for the plurality of UAVs 1 is based on a global
variable 17. First, a unit variable 18 is defined for each
UAV 1 based on a possible alternative flight path 7 with
respect to the received current flight path 3 and position-
ing, and the method then optimizes for a global variable
17 that is a sum of all unit variables 18 from UAVs 1 in the
deconfliction space 2. These unit variables 18 can be
defined in a dynamic way and include, but non-exclu-
sively: a distance variable 19 which tries to optimize (min.
or max.) the overall flight length of all UAV's 1 compared to
their original path; time-of-flight variable 20 (ToF) which
tries to optimize the time of flights for all UAVs 1; energy
consumption (green) variable 21 which, based on the
UAVs definitions such as UAV type 11 (multi-rotor, fixed-
wing, single-rotor, and hybrid vertical take-off and landing
(VTOL), wherein different UAV types require different
amount of energy for certain movements), payload (such
as weight or typology affecting energy consumption),
weather (such as headwind increasing energy consump-
tion), or temperature (such as extreme temperatures
affecting lifespan of batteries) tries to optimize the
amount of energy consumed; and/or price variable 22
which prioritises certain UAVs 1 depending on the sub-
scription that the company, owning the UAV, has decided
on.

[0051] Lastly, the method further takes into account a
global priority based on individual priority levels 23 as
mentioned before, wherein priority UAVs 31 such as
emergency UAVs enjoy global priority over all other UAVs
1 and this (these) UAVs path will be optimized under any
one or a combination of the above-mentioned variables.
[0052] Fig. 5 shows a flowchart of a tactical deconflic-
tion system 26 for UAVs 1 according to an example of the
disclosure, configured to execute a method as describe
above. The deconfliction system 26 includes an input unit
27 and an output unit 29 arranged in communication with
an existing UTM system 12, or an UAV fleet management
system, or directly to the UAV flight control software
according to the present disclosure.

[0053] A UTM system 12 comprises infrastructure and
a set of procedures designed to manage and monitor the
operations of UAVs 1 in the deconfliction space 2, con-
figured to ensure safe and efficient integration of UAVs 1
into an existing deconfliction space 2, coordinate their
movements and prevent collisions by enabling the con-
trol and tracking of UAVs 1, facilitating communication
between multiple UAVs 1 and manned aircraft 30 via Air
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Traffic Management (ATM) systems, and providing in-
formation to operators about airspace conditions, regu-
lations, and restrictions.

[0054] A UAV fleet management system on the other
hand is configured to focus explicitly on managing and
optimising a select fleet of UAVs from said plurality of
UAVs 1. Inthis sense, the UAV fleet management system
is primarily configured to handle the operational aspects
of UAV fleets, such as planning, scheduling, monitoring,
and controlling multiple UAVs 1 to achieve specific ob-
jectives.

[0055] In further possible examples, instead or in ad-
dition to the above described UTM system 12 or an UAV
fleet management system, flight data 8 and environmen-
tal data 9 is further obtained from an Air Traffic Manage-
ment (ATM) system and/or a Space Traffic Management
(STM) system, wherein the obtained flight data 8 com-
prises classification, a current position and a current flight
path 3 of a plurality of aircrafts 30 and/or spacecrafts
within a horizontally and/or vertically enlarged deconflic-
tion space 2, and wherein the obtained environmental
data 9 comprises information on additional objects 4
within the enlarged deconfliction space 2.

[0056] The input unit 27 is configured to obtain flight
data 8 and environmental data 9 of a deconfliction space
2 from the UTM system 12 (or UAV fleet management
system, the flight data 8 comprising at least UAV type 11
and flight path 3 of a plurality of UAVs 1 within the
deconfliction space 2, and the environmental data 9
comprising information on additional objects 4 within
the deconfliction space 2 as described before.

[0057] The deconfliction system 26 further includes a
processor unit 28 configured for determining data quality
10 of the obtained flight data 8 and the environmental
data 9 and to determine possible conflicts 5 between the
plurality of UAVs 1 and additional objects 4 based on
vertical and horizontal interference of the obtained flight
paths 3 as also described above with respect to Fig. 2.
The processor unit 28 is further configured for determin-
ing a minimum distance parameter 6 for interfering UAVs
1 in a possible conflict 5 based on the interfering UAV
types 11 and the data quality 10 of the obtained flight data
8 and the environmental data 9 as described above with
respect to Fig. 3; and for calculating an alternative flight
path 7 for interfering UAVs 1 based at least on the mini-
mum distance parameter 6 as described above with
respect to Fig. 4.

[0058] In the illustrated example the processor unit 28
is further configured for determining flight path changes
24 for any of the plurality of UAVs 1 where a conflict 5 has
been determined, based on the obtained flight path 3 and
the calculated alternative flight path 7, the flight path
changes 24 according to formats that conform with data
that UAVs can parse. These can be in the form of way-
points based on the positioning system used. Low level
adjustments of the UAVs movement vector (altitude,
heading, and/or speed) will be an alternative way of
controlling the UAVs. This data will be communicated
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either to the UTM system, or UAV fleet management
system or directly to the UAVs flight control software.
[0059] In the final step, the output unit 29 is configured
for outputting a flight control signal 25 to the UTM system
12 (alternatively to the UAV fleet management system or
directly to the UAVs flight control software) for the flight
control software of interfering UAVs 1 based on their
respective calculated alternative flight path 7 and/or
the flight path changes 24 determined based on the
obtained flight path 3 and the calculated alternative flight
path 7. Similar to the determined flight path changes 24,
flight control signal 25 can also comprise waypoints
(GPS, GNSS etc.), heading adjustments, altitude adjust-
ments, and/or speed adjustments. This SW-to-SW com-
munication involves a two-way data communication;
sending flight path changes 24 and/or a flight control
signal 25 and receiving acknowledgement with a read-
back of the received flight path changes 24 and/or a flight
control signal 25, followed by an execution of the instruc-
tion by the UAV(s) 1 receiving the data.

[0060] Figs. 6A to 6D illustrate schematic non-exclu-
sive scenarios of applying the above described tactical
deconfliction system and method for deconflicting UAVs
1in a deconfliction space 2 which may include all types of
UAVs 1 (multi-rotor, fixed-wing, single-rotor, and hybrid
vertical take-off and landing (VTOL)) with other airspace
users 30, weather conditions, no-fly zones 32, obstacles,
or objects 4, where a UTM system 12 is installed to
manage UAV traffic in general or a UAV fleet manage-
ment system to manage a fleet of UAVs 1 for a single or
several operators. The illustrated scenarios are variants
of the scenario depicted in Fig. 1, wherein some features
have been removed for better clarity but are to be under-
stood as implicitly included as described above with
respect to Fig. 1, wherein the same deconfliction meth-
ods apply as described with respect to Figs. 2 to 5 unless
otherwise indicated.

[0061] In the illustrated Scenario 1 in Fig. 6A, the
computer-implemented method determines a possible
conflict 5 based on the UAV’s current flight path 3 re-
ceived as input data from flight data 8 and the environ-
mental data 9, as an activated dynamic geo-zone 32
interferes with the UAVs flight path 3 creating a conflict
5. Adeconfliction situation module determines a position-
ing parameter of the UAV’s current position and timing
precision to the dynamic geo-zone 32 based on the
UAV’s positioning system and the environmental data
9 parameters based on how updated, how granular, and
how accurate the data received (flight data 8 and the
environmental data 9) is. A holistic algorithm calculates
an alternative flight path 7 for the UAV 1 based on a unit
variable 18 with respect to the received current flight path
3, current position, and planned flight path where the
method optimizes for a global variable 17 that is a sum of
all unit variables 18 in the deconfliction space 2. In
scenario 1 the method involves only one unit variable
18 as the UAV’s calculated alternative flight path 7 does
notinvolve other units in the deconfliction space 2. Based
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on a distance variable 19, a time-of-flight variable 20
(ToF) and an energy consumption variable 21 (price
variable 22 and priority level 23 are excluded in this
scenario), the method calculates the UAV’s alternative
flight path 7 to be a turn (heading adjustment) to circum-
navigate the dynamic geo-zone 32 from a certain posi-
tioning point with a calculated turning rate based on the
UAV type 11 and payload, manoeuvring ability 13 and a
minimum distance parameter 6, as it creates the shortest
distance equal to shortest ToF and the lowest energy
consuming flight path to avoid the dynamic geo-zone 32
and resume navigation towards the planned flight path
and destination when clear of the interfering dynamic
geo-zone 32. Flight path changes 24 (updated flight data)
determine the new waypoints for the UAV 1 to avoid the
conflict 5 with the dynamic geo-zone 32 and resume
navigation to the planned flight path and destination.
These data are communicated back to the UTM system
12 or UAV fleet management system as updated data to
the flight data 8. The flight path changes 24 are commu-
nicated to the UAV’s flight control software in a flight
control signal 25 (output) and involves all parties in-
volved, which means in scenario 1 the UAV 1 (operator)
and the UTM system 12 or UAV fleet management sys-
tem and the computer-implemented method.

[0062] In the illustrated Scenario 2 in Fig. 6B, the
computer-implemented method determines a possible
conflict 5 based on the UAV’s current flight path 3 re-
ceived as input data from flight data 8 and the environ-
mental data 9 including flight regulations and tracking
information, as an aircraft 30 (helicopter) is tracked and
interferes with the UAVs flight path 3. A deconfliction
situation module determines a positioning parameter of
the UAV’s current position and timing precision to the
helicopter based on the UAV’s positioning system and the
tracking (all airspace users) parameter based on how
updated, how granular, and how accurate the data re-
ceived (flight data 8 and the environmental data 9) is. A
holistic algorithm calculates an alternative flight path 7 for
the UAV 1 based on a unit variable 18 with respect to the
received current flight paths 3 (UAV 1 and helicopter 30),
positioning parameters (UAV 1 and helicopter 30) and
planned flight path (UAV), wherein the method optimizes
foraglobal variable 17 thatis a sum of all unit variables 18
in the deconfliction space 2. In scenario 2 the method
involves only one unit variable 17 as the UAV’s calculated
alternative flight path 7 does not involve other units in the
deconfliction space 2 as the helicopter is a human flown
vehicle (unless communicating with the UTM system 12
or other systems including the computer-implemented
method according to the present disclosure). Based on a
distance variable 19, a time-of-flight variable 20 (ToF), an
energy consumption variable, and priority level 23 (price
variable 22 is excluded in this scenario), the method
calculates the UAV’s alternative flight path 7 to be a
descent (altitude adjustment) to avoid the conflict as
the human flown helicopter 30 has priority according to
flight regulations, and is executed from a certain position-
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ing point with a calculated descent rate based on the UAV
type 11 and payload, manoeuvring ability 13 and a mini-
mum distance parameter 6, as it creates the lowest
energy consuming flight path 7 to avoid the helicopter
30 and resume navigation towards the planned flight path
(altitude) and destination when clear of the helicopter 30.
[0063] The calculated level (altitude adjustment) for
the UAV 1 to descent to is based on the environmental
data 9 in the 3D model where a crane (additional object4)
and a no-fly zone (Geo-zone 32) as vertical parameters
define the minimum altitude adjustment to avoid interfer-
ing with the alternative flight path 7. The flight path
changes 24 (updated flight data) determines the altitude
adjustment for the UAV 1 to avoid the conflict with the
helicopter 30, potential conflict with the object (crane) 4
and no-fly zone 32, and resume navigation to the planned
flight path and destination. These data are communi-
cated back to the UTM 12 or UAV fleet management
system as updated data to the flight data 8. The flight path
changes 24 are communicated to the UAV’s flight control
software in a flight control signal 25 (output) and involves
all parties involved, which means in scenario 2 the UAV 1
(operator) and the UTM system 12 or UAV fleet manage-
ment system and the computer-implemented method.

[0064] In the illustrated Scenario 3 in Fig. 6C, which is
similar to the scenario depicted in Fig. 1, the computer-
implemented method determines a possible conflict 5
based on the UAVs current flight paths 3 and altitude
received as input data from flight data 8 and the environ-
mental data 9, and deconfliction rules, as two UAVs 1
interferes each other’s flight paths 3 in the same altitude
and not separated according to the deconfliction rules in
the deconfliction space 2. A deconfliction situation mod-
ule determines a positioning parameter of the UAV’s
current position and timing precision to each other based
on the UAVs positioning systems and the environmental
data 9; deconfliction rules according to separation mini-
ma in the deconfliction space 2; weather (thunderstorm
and heavy wind) in the higher part of the deconfliction
space 2, besides additional objects 4 (house) and topo-
logical levels (hills with trees) based on how updated,
how granular, and how accurate the data received is. A
holistic algorithm calculates an alternative flight path 7 for
the UAVs 1 based on a unit variable 18 with respect to the
received current flight paths 3, positioning parameters
and planned flight paths wherein the method optimizes
foraglobal variable 17 thatis a sum of all unit variables 18
in the deconfliction space 2. In scenario 3 the method
involves two unit's (UAV 1 and UAV 2) variables as the
UAVs calculated alternative flight paths 7 does not in-
volve other units in the deconfliction space 2. Based on a
distance variable 19, a time-of-flight variable 20 (ToF)
and an energy consumption variable 21 (price variable 22
and priority level 23 are excluded in this scenario), the
method calculates the UAVs alternative flight paths 7 to
be a turn for UAV 2 (heading adjustment) to avoid the
conflictas the UAV 1 is calculated to have a higher energy
consumption due to UAV type 11 and payload, besides
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weather, obstacles and topological levels restrict UAV 2
to execute a climb or descent. The heading adjustment of
UAV 2 is executed from a certain positioning point with a
calculated turn rate based on the UAV type 11 and pay-
load, as it creates the lowest energy consuming flight
path to avoid the conflict 5 between the two UAVs and
resume navigation towards the planned flight path and
destination when both UAVs are clear of the conflict 5.
The calculated turn (heading adjustment) for UAV 2 is
based on the environmental data 9 in the 3D model where
the weather, object and topological levels vertical para-
meters define the minimum and maximum altitude ad-
justment not suitable to avoid interfering with the alter-
native flight path 7. The flight path changes 24 (updated
flight data) determines the heading adjustment for UAV 2
to avoid the conflict with UAV 1, potential conflict with
weather, additional objects 4 (house) and topological
levels (hills with trees), and resume navigation to the
planned flight path and destination. These data are com-
municated back to the UTM system 12 or UAV fleet
management system as updated data to the flight data
8. The flight path changes 24 are communicated to the
UAV’s flight control software in a flight control signal 25
(output) and involves all parties involved, which means in
scenario 3 the UAVs (operators) and the UTM 12 or UAV
fleet management system and the computer-implemen-
ted method.

[0065] In the illustrated Scenario 4 in Fig. 6D, the
computer-implemented method determines a possible
conflict 5 based on the UAVs current flight paths 3, speed
and altitude received as input data from the flight data 8
and the environmental data 9, and deconfliction rules, as
three UAVs interfere each other’s flight path 3 in the same
altitude and not separated according to the deconfliction
rules in the deconfliction space 2. A deconfliction situa-
tion module determines a positioning parameter of the
UAV’s current position and timing precision to each other
based on the UAVs positioning systems and the environ-
mental data 9; deconfliction rules according to separation
minima in the deconfliction space 2, Geo-zone 32 (no-fly
zone) and topological levels (mountains) based on how
updated, how granular, and how accurate the environ-
mental parameter 15 received is. A holistic algorithm
calculates an alternative flight path 7 for the UAVs 1
based on a unit variable 18 with respect to the received
current flight paths 3, positioning parameters and
planned flight paths wherein the method optimizes for
a global variable 17 that is a sum of all unit variables 18 in
the deconfliction space 2. In scenario 4 the method
involves three unit's (UAV 1, UAV 2 and UAV 3) variables
18 as the UAVs calculated alternative flight paths 7 does
notinvolve other units in the deconfliction space 2. Based
on a distance variable 19, a time-of-flight variable 20
(ToF), an energy consumption variable 21, a price vari-
able 22 and priority levels 23, the method calculates the
UAVs alternative flight paths 7 to be a climb for UAV 2
(altitude adjustment) and a turn for UAV 3 (heading
adjustment) to avoid the conflict as the UAV 1 is a priority
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UAV 31 (medicine and paid for priority flight as a private
company according to the price variable 22 and priority
levels 23). The calculationincludes UAV type 11, payload
and priority level 23, besides deconfliction rules, Geo-
zones 32, topological levels, and weather not restricting
UAV 2 to execute a climb (altitude adjustment) due to
conflict with UAV 3 and accepted a climb (altitude adjust-
ment) due to non-restricting weather. The turn (heading
adjustment) of UAV 3 is based on a restriction to climb
(altitude adjustment) due to deconfliction rules with UAV
2 and a restriction to descent (altitude adjustment) due to
conflict with Geo-zone 32 (No-fly zone) and topological
levels 4 (mountain). The climb (altitude adjustment) of
UAV 2 is executed from a certain positioning point with a
calculated climb rate based on the UAV type 11, payload,
manoeuvring ability 13 and a minimum distance para-
meter 6, and the turn (heading adjustment) of UAV 3 is
executed from a certain positioning point with a calcu-
lated turn rate based on the UAV type 11, payload,
manoeuvring ability 13 and a minimum distance para-
meter 6 as it creates the lowest energy consuming flight
path to avoid the conflict 5 between the three UAVs and
resume navigation towards the planned flight path and
destination when all UAVs are clear of the conflict. The
calculated climb (altitude adjustment) for UAV 2 is based
on the environmental data 9 in the 3D model where the
weather parameter 16 defines the climb (altitude adjust-
ment) suitable to avoid interfering with the alternative
flight path 7. The calculated turn (heading adjustment)
for UAV 3 is based on the environmental data 9 in the 3D
model where the Geo-zone 32 (no-fly zone) and topolo-
gical levels 4 (mountain) vertical parameters defines the
minimum and maximum altitude adjustment not suitable
to avoid interfering with the alternative flight path 7. The
flight path changes 24 (updated flight data) determines
the climb (altitude adjustment) for UAV 2 and turn (head-
ing adjustment) for UAV 3 to avoid the conflict between
the three UAVs, potential conflict with Geo-zone 32 (no-
fly zone) and topological levels 4 (mountain), and resume
navigation to the planned flight path and destination.
These data are communicated back to the UTM system
12 or UAV fleet management system as updated data to
the flight data 8. The flight path changes 24 are commu-
nicated to the UAV’s flight control software in a flight
control signal 25 (output) and involves all parties in-
volved, which means in scenario 4 the UAVs (operators)
and the UTM 12 or UAV fleet management system and
the computer-implemented method.

[0066] The various aspects and implementations have
been described in conjunction with various embodiments
herein. However, other variations to the disclosed embo-
diments can be understood and effected by those skilled
in the art in practicing the claimed subject-matter, from a
study of the drawings, the disclosure, and the appended
claims. In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or"an" does not exclude a plurality. A single processor
or other unit may fulfill the functions of several items
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recited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
notindicate that a combination of these measured cannot
be used to advantage. A computer program may be
stored/distributed on a suitable medium, such as an
optical storage medium or a solid-state medium supplied
together with or as part of other hardware, but may also
be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication or satellite
systems.

[0067] The reference signs used in the claims shall not
be construed as limiting the scope.

Claims

1. Acomputer-implemented method for deconfliction of
unmanned aerial vehicles, UAVs (1), the method
comprising:

obtaining flight data (8) of a plurality of UAVs (1)
in a deconfliction space (2), the flight data (8)
comprising at least UAV type (11) and flight path
(3) of the plurality of UAVs (1) within the decon-
fliction space (2);

obtaining environmental data (9) comprising in-
formation on additional objects (4) within the
deconfliction space (2);

determining data quality (10) of the obtained
flight data (8) and the environmental data (9);
determining possible conflicts (5) between the
plurality of UAVs (1) and additional objects (4)
based on vertical and horizontal interference of
the obtained flight paths (3);

determining a minimum distance parameter (6)
for interfering UAVs (1) in a possible conflict (5)
based on the interfering UAV types (11) and the
data quality (10) of the obtained flight data (8)
and the environmental data (9); and
calculating an alternative flight path (7) for inter-
fering UAVs (1) based at least on the obtained
flight path (3) and the minimum distance para-
meter (6).

2. A method according to claim 1, wherein determining
the minimum distance parameter (6) is at least par-
tially based on maneuvering ability (13) of the UAVs
(1) in a possible conflict (5) based on their individual
UAV types (11), such as a fixed-wing UAV having a
larger turning radius than multi-rotors, or that pay-
load size and speed of the UAV's (1) will affect turning
and climb/descent ability.

3. A method according to any preceding claim, wherein
the obtained flight data (8) comprises current posi-
tion data, and determining the minimum distance
parameter (6) is at least partially based on a posi-
tioning parameter (14) related to the precision and
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veracity of the current position data of each UAV (1)
based on the positioning system such GPS, GNSS,
Baidu, Galileo, RTK, 5G, ADS-B, included in each
UAV (1).

4. A method according to any preceding claim, wherein

determining the minimum distance parameter (6) is
at least partially based on an environmental para-
meter (15) related to the precision and veracity of the
obtained environmental data (9) based on the meth-
od of obtaining the environmental data (9), such as
how updated, how granular, or how accurate the data
is about environmental objects.

5. A method according to any preceding claim, wherein

the obtained environmental data (9) comprises
weather data, such as wind formations or rain, and
determining the minimum distance parameter (6) is
at least partially based on weather parameter (16)
related to the veracity of obtained weather data.

6. Amethod according to any preceding claim, wherein

calculating the alternative flight path (7) for the plur-
ality of UAVs (1) is further based on a global variable
(17), wherein a unit variable (18) is defined for each
UAV (1) in a possible conflict (5) based on a possible
alternative flight path (7) with respect to the obtained
flight path (3), and wherein the method optimizes for
aglobal variable (17) thatis a sum of all unit variables
(18) from UAVs (1) in the deconfliction space (2).

7. A method according to claim 6, wherein the global

variable (17) is a distance variable (19), wherein
each unit variable (18) is calculated based on flight
path deviation of an UAV (1) in a possible conflict (5)
from its obtained flight path (3), and wherein the
global variable (17) is optimized so that the sum of
deviations of all UAVs (1) in the deconfliction space
(2) is kept at a minimum or maximum.

8. A method according to claim 6, wherein the global

variable (17) is a time-of-flight variable (20) wherein
each unit variable (18) is calculated based on time-
of-flight of an alternative flight path (7), and wherein
the global variable (17) is optimized so that the sum
of time-of-flights of all UAVs (1) in the deconfliction
space (2) is kept at a minimum or maximum.

9. A method according to claim 6, wherein the global

variable (17) is an energy consumption variable (21)
wherein each unit variable (18) is calculated based
on energy consumption ofan UAV (1) when taking an
alternative flight path (7), and wherein the global
variable (17) is optimized so that the sum of energy
consumption of all UAVs (1) in the deconfliction
space (2) is kept at a minimum.

10. A method according to any preceding claim, wherein
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the flight data (8) comprises a priority level (23)
assigned to the plurality of UAVs (1) within the de-
confliction space (2), wherein calculating the alter-
native flight path (7) for the plurality of UAVs (1) takes
into accountthese priority levels (23) so that a priority
UAV (31) of the highest priority level (23), such as
emergency UAVs, can keep to their current flight
path (3) or to an optimized flight path, and an alter-
native flight path (7) is calculated for the remaining
conflicting UAVs (1) according to the global variable
17).

A method according to any preceding claim, wherein
the flight data (8) and environmental data (9) is
obtained from an Unmanned Traffic Management,
UTM system (12), or an UAV fleet management
system; wherein the UTM system (12) comprises
infrastructure and a set of procedures configured to
manage and monitor operations of said plurality of
UAVs (1) in the deconfliction space (2), and wherein
the UAV fleet management system is configured to
manage and monitor operations of a select fleet of
UAVs from said plurality of UAVs (1); and

wherein the calculated alternative flight path (7) is
provided to said UTM system (12) or UAV fleet
management system in return.

A computer-implemented method for aircraft decon-
fliction, the method comprising:

obtaining, from an Air Traffic Management, ATM
system, flight data (8) of a plurality of aircrafts
(30) in a deconfliction space (2), the flight data
(8) comprising at least type and flight path (3) of
the plurality of aircrafts (30) within the deconflic-
tion space (2);

obtaining environmental data (9) comprising in-
formation on additional objects (4) within the
deconfliction space (2);

determining data quality (10) of the obtained
flight data (8) and the environmental data (9);
determining possible conflicts (5) between the
plurality of aircrafts (30) and additional objects
(4) based on vertical and horizontal interference
of the obtained flight paths (3);

determining a minimum distance parameter (6)
for interfering aircrafts (30) in a possible conflict
(5) based on the types of interfering aircrafts (30)
and the data quality (10) of the obtained flight
data (8) and the environmental data (9);
calculating an alternative flight path (7) for inter-
fering aircrafts (30) based at least on the ob-
tained flight path (3) and the minimum distance
parameter (6); and

providing said calculated alternative flight path
(7) to said ATM system.

A computer-implemented method for spacecraft de-
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20
confliction, the method comprising:

obtaining, from a Space Traffic Management,
STM system, flight data (8) of a plurality of
spacecrafts in a deconfliction space (2), the
flight data (8) comprising at least type and flight
path (3) of the plurality of spacecrafts within the
deconfliction space (2);

obtaining environmental data (9) comprising in-
formation on additional objects (4) within the
deconfliction space (2);

determining data quality (10) of the obtained
flight data (8) and the environmental data (9);
determining possible conflicts (5) between the
plurality of spacecrafts and additional objects (4)
based on vertical and horizontal interference of
the obtained flight paths (3);

determining a minimum distance parameter (6)
for interfering spacecrafts in a possible conflict
(5) based on the types of interfering spacecrafts
and the data quality (10) of the obtained flight
data (8) and the environmental data (9);
calculating an alternative flight path (7) for inter-
fering spacecrafts based atleast on the obtained
flight path (3) and the minimum distance para-
meter (6); and

providing said calculated alternative flight path
(7) to said STM system.

14. Amethod according to any preceding claim, wherein

15.

the method comprises determining a flight control
signal (25) for any of the plurality of UAVs (1), air-
crafts (30), or spacecrafts where a conflict (5) has
been determined, based on the calculated alterna-
tive flight path (7) or flight path changes (24) deter-
mined based on the obtained flight path (3) and the
calculated alternative flight path (7), the flight control
signal (25) comprising at least one of:

- waypoints (GPS, GNSS etc.),
- heading adjustments,

- altitude adjustments, or

- speed adjustments.

A computer-implemented deconfliction system (26)
for aerial vehicles, the system comprising:

an input unit (27) configured for obtaining flight
data (8) and environmental data (9) of a decon-
fliction space (2), the flight data (8) comprising at
least type and flight path (3) of a plurality of aerial
vehicles within the deconfliction space (2), and
the environmental data (9) comprising informa-
tion on additional objects (4) within the decon-
fliction space (2);

a processor unit (28) configured for:

determining data quality (10) of the ob-
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tained flight data (8) and the environmental
data (9);

determining possible conflicts (5) between

the plurality of aerial vehicles and additional
objects (4) based on vertical and horizontal 5
interference of the obtained flight paths (3);
determining a minimum distance parameter

(6) for interfering aerial vehicles in a possi-

ble conflict (5) based on the interfering types

of aerial vehicles and the data quality (10) of 70
the obtained flight data (8) and the environ-
mental data (9); and

calculating an alternative flight path (7) for
interfering aerial vehicles based at least on

the minimum distance parameter (6); and 15

an output unit (29) configured for outputting a
flight control signal (25) for interfering aerial
vehicles based on their respective calculated
alternative flight path (7). 20
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