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AUTOMATIC TAKEOFF AND LANDING BY AN AIRCRAFT

FIELD OF THE PRESENTLY DISCLOSED SUBJECT MIATTER

The presently disclosed subject matter relates to the field of aircraft control and

specifically to aircraft control during takeoff and landing.
BACKGROUND

Unmanned aerial vehicles (UAVs, otherwise known as remotely piloted aircraft (RPA '}
or remotely piloted aircraft system {RPAS}), which are predominantly used for military and
special operation applications, are today becoming increasingly popular in civilian use. UAVs
are used in a large variety of applications including, for example, traffic monitoring, remote
sensing and reconnaissance, transportation, search and rescue, domestic policing,

communication relaying, and more.

A UAY is controlled and monitored from takeoff, through flight and mission
performance, and until landing. The operation of a UAYV throughout its mission is controlled by

an aircraft control station which is manned by an aircraft control station operator.

GENERAL DESCRIPTION

During takeoff or landing {TOL) of an aircraft accurate position data is required in order
to enable safe TOL. Conventionally, an aircraft is controlled during TOL by a pilot, or in case of
a UAV by a trained operator of an aircraft control station, where the aircraft and the control

station maintains a line of sight {LOS) to enable the operator to guide it through the TOL

process.

A UAY system normally comprises an aircraft control station {sometimes known as
ground control unit {(GCU)) at one location and a UAVY, typically carrying some type of payload
{e.g. a sensing unit such as a camera and\or RADAR), which is airborne at another location. The
aircraft control station is configuraed to enable an operator of the aircraft control station to
monitor and controd the operation of a respective UAV. Control of the UAV can include both
control over the operation of the UAV flight, as well as control over the operation of various

payloads which may be installed on the UAV. Aircraft controi station can communicate with
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UAV over an LOS communication link and/or satellite based communicating link {also known

as beyond line of sight {BLOS}).

Inthose cases where the UAV s operated at a location remote from the aireraft control
station a handover process is performed before TOL. During the handover process, control
over the UAV is transferred between a first aircraft control station communicating via a BLOS
communication link and a second aircraft control station, located in the area of the
landing/takeoff site and capable of communicating with the UAV via a LOS communication link.
The handover process ensures that LOS communication, which allows more accurate control
over the UAV, is available during TOL. This of course requires to maintain a fully functional
aircraft control station manned by trained operators at the vicinity of the TOL area of the UAY
in addition to the aircraft control station which is located remote from the UAV deployment

area and is used for controlling the UAV while airborne.

The presently disclosed subject matter includes an aircraft control system and an
aircraft operating method which enable to control an aircraft {e.g. a UAV) by a remote aircraft
control station communicating over a BLOS communication link with the aircraft, without the
need to deploy an aircraft control station at the TOL site located remotely from the aircraft

control station.

As the aircraft control station is located remotely from the UAVY and TOL, according to
the approach suggested herein automatic takeoff or landing {ATOL) is implemented. ATOL is
required in order to safely land the aircraft. Accurate positioning data, which is required for
execution of the ATOL, can be obtained by a positioning system which is located within LOS
communication range from the UAV. For example differential global position system {DGPS)
provides positioning data sufficiently accurate for TOL. According to the presently disclosed
subject matter a remote takeoff and landing support {TLS) unit is deployed at the TOL site. the
TLS unit comprises a DGPS which provides to the aircraft the accurate positioning data required

to enable ATOL execution.
According to one aspect of the presently disclosed subject matter there is provided a

an aircraft control system enabling automatic takeoff or landing {ATOL) of an aircraft, the

system comprising:
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an aircraft control station configured to communicate over a beyond line of sight

{BLOS) communication link with the aircraft;

a takeoff and landing support {TLS) unit, being physically separated from the aircraft
control station, and configured to communicate over a line of sight {LOS) communication link

with the aircraft;

an ATOL subsystem mountable on an aircraft and configured to execute automatic

takeoff or landing {TOL);

the aircraft control station is configured to provide, over the BLOS communication link,
navigation instructions allowing the ATOL subsystem onboard the aircraft to control the

aircraft during TOL;

the TLS unit is configured o provide to the ATOL subsystem onboard the aircraft, over

the LOS communication link, DGPS positioning data;

the ATOL subsystem is configured to integrate the DGPS positioning data with native
position data acquired by an onboard GPS device to thereby generate augmented positioning
data; and generate instructions for controlling the aircraft during TOL, based on the

augmented TOL position data and the navigation instructions.

Additional to the above features, the system according to this aspect of the presently
disclosed subject matter can optionally comprise one or more of features {i) to {iii} below,

mutatis mutandis, in any technically possible combination or permutation.

i} The aircraft control system, wherein the TLS unit comprises an abort control
device and is configured, responsive to an abort command generated
responsive to interaction with the abort control device, to transmit an abort
command over the LOS communication link to the aircraft; the ATOL subsystem
is configured, responsive to an abort command received from the TLS unit, to

abort TOR.
i} The aircraft control system, wherein the aircraft is airborne at a remote location

with respect to the location of the aircraft control station such that the range

between the aircraft and the aircraft control station can communicate only by
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BLOS communication.

i} The aircraft control system, wherein the aircraft is an unmanned aerial vehicle
{UAV]),
According to another aspect of the presently disclosed subject matter there is provided
5 amethod of controlling an aircraft during takeoff or landing {TOL), the method comprising:
at an ATOL subsystem mounted on an aircraft, using one or more computer procassors
for: receiving instructions allowing the ATOL subsystem onboard the aircraft to execute ATOL
process; the instructions generated at an aircraft control station located remotely from the

aircraft;

10 receiving from a takeoff and landing support {TLS) unit being physically separated from
the aircraft control station and located in close proximity of the aircraft, over a LOS

communication link, DGPS positioning data;

integrating the DGPS positioning data with the native position data to thereby generate

augmented positioning data; and

15 generating instructions for controlling the aircraft during TOL, based on the augmented

TOL position data.

Additional to the above features, the method according to this aspect of the presently
disclosed subject matter can optionally comprise one or more of features {i) to {iv} bhelow,

mutatis mutandis, in any technically possible combination or permutation.

20 i) The method further comprising, operating one or more flight control devices

according to the instructions for executing TOL
i} The method further comprising:
at the TLS unit, using one or more computer processor for:

generating an abort command in response to user interaction with an abort control

25  device in the TLS unit;
generating instructions to abort the TOL in response to the received abort command;

transmitting the instruction to the ATOL subsystem; and
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at the ATOL subsystem:
aborting the TOL in accordance with the received TOL abort command.

i) The method, wherein the aircraftis a UAV.

iv) The method further comprising:

5 receiving at the aircraft, over the BLOS communication link, flight instructions received
from the aircraft control station, located remotely from the aircraft and directed for controlling

the aircraft during flight.

According to another aspect of the presently disclosed subject matter there is provided
a non-transitory program storage device readable by a computer, tangibly embodying a
10 computer readable instructions executable by the computer to perform a method of

controlling an aircraft during takeoff or landing {TOL}, the method comprising:

at an ATOL subsystem mounted on an aircraft, receiving instructions allowing the ATOL

subsystem onboard the aircraft to execute ATOL process;

receiving from a takeoff and landing support {TLS} unit being physically separated from

15 the aircraft control station and located in close proximity of the aircraft, over a LOS
communication link, DGPS positioning data;

integrating the DGPS positioning data with the native position data to thereby generate

augmented positioning data; and

generating instructions for controlling the aircraft during TOL, based on the augmented

20 TOL position data.

According to another aspect of the presently disclosed subject matter there is provided

a method of controlling an aircraft during takeoff or landing {TOL), the method comprising:

at an aircraft control station located remotely from the aircraft generating and
transmitting to an ATOL subsystem mounted on an aircraft, for causing the ATOL subsystem

25  to execute ATOL process, comprising:
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receiving from a takeoff and landing support (TLS) unit being physically separated from
the aircraft control station and located in close proximity of the aircraft, over a LOS

communication link, DGPS positioning data;

integrating the DGPS positioning data with the native position data to thereby generate

augmented positioning data; and

generating instructions for controlling the aircraft during TOL, based on the augmented

TOL position data.

According to another aspect of the presently disclosed subject matter there is provided
a takeoff and landing support (TLS) unit for enabling takeoff or landing of an aircraft with an

onboard ATOL subsystem; the TLS unit comprising:

a DGPS configured for generating DGPS positioning data and an LOS communication

unit configured for communicating with the aircraft;

the TLS unit is configured to provide to the ATOL subsystem mounted onboard the
aircraft, over the LOS communication link, the DGPS positioning data and thereby enable the
ATOL subsystem to integrate the DGPS positioning data with native position data acquired by
a GPS device onboard the aircraft to thereby generate augmented positioning data and to
generate instructions for controlling the aircraft during TOL, based on the augmented TOL

position data and on navigation instructions received from a remote aircraft control station.

The computer storage device and TLS unit disclosed in accordance with the presently
disclosed subject matter can optionally comprise one or more of features (i) to (iv) listed above,

mutatis mutandis, in any technically possible combination or permutation.
BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the presently disclosed subject matter and to see how it may
be carried out in practice, the subject matter will now be described, by way of non-limiting

examples only, with reference to the accompanying drawings, in which:

Fig. 1is a schematic illustration of an aircraft control system, in accordance with some

examples of the presently disclosed subject matter;

RECTIFIED SHEET (RULE 91)



CA 03072870 2020-02-12

WO 2019/035123 PCT/IL2018/050896

10

15

20

25

ro 1/71L.2018/050896

Fig. 2 is a block diagram schematically illustrating an aircraft control system, in

accordance with some examples of the presently disclosed subjeact matter;

Fig. 3 is a flowchart showing an example of operations carried out as part of an
automatic landing process, in accordance with some examples of the presently disclosed

subject matter;

Fig. 4 is a flowchart showing an example of operations carried out as part of an
automatic takeoff process, in accordance with some examples of the presently disclosed

subject matter
DETAILED DESCRIPTION

Elements in the drawings are not necessarily drawn to scale. Unless specifically stated
otherwise, as apparent from the following discussions, it is appreciated that throughout the
specification discussions utilizing terms such as "receiving”, "transmitting”, "generating”,
“integrating”, "executing” or the like, include actions and/or processes of a computer that
manipulate and/or transform data into other data, said data represented as physical

quantities, e.g. such as electronic guantities, and/or said data representing the physical

objects,

Units 101, 103 and onboard ATOL subsystem described below, comprise or are
otherwise operatively connected to one or more computer devices. The terms “computer”,
“computer device”, “computerized device”, "computer system”, or variation thereof should
be expansively construed to include any kind of electronic device with a processing circuitry
capable of data processing and which includss one or more computer processors operatively
connected to a computer memory {(optionally including non-transitory computer memory}
operating together for executing and/or generating instructions. Examples of such a device
inciude: digital signal processor {DSP), a mivrocontroller, a fisld programmable gate array
{FPGAY, an application specific integrated circuit {ASIC), a personal computer, server computer

device, a dedicated processing device, etc.

As used herein, the phrase "for example,” "such as”, "for instance" and variants thereof

describe non-limiting embodiments of the presently disclosed subject matter. Reference inthe

specification to "one case”, "some cases”, "other cases” or variants thereof means that a
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particular feature, structure or characteristic described in connection with the embodiment(s}
is included in at least one embodiment of the presently disclosed subject matter. Thus the

appearance of the phrase "one case”, "some cases”, "other cases” or variants thereof does not

necessarily refer to the same embodiment{s}.

It is appreciated that certain features of the presently disclosed subject matter, which
are, for clarity, described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the presently disclosed
subject matter, which are, for brevity, described in the context of a single embodiment, may

also be provided separately or in any suitable sub-combination.

In embodiments of the presently disclosed subject matter, fewer, more and/or
different stages than those shown in Figs. 3 and 4 may be executed. Also the order of execution
of the described operations should not be limited to the order which is presented in the

figures.

Figs. 2 is a schematic illustration of a system in accordance with some examples of the
presently disclosed subject matter. Components in Fig. 2 may be centralized in one location or
dispersed over more than one location. in other embodiments of the presently disclosed
subject matter, the system may comprise fewer, more, and/or different modules than those

shown in Fig. 2.

Bearing the above in mind, attention is now drawn to Fig. 1 showing a schematic
iflustration of an operative aircraft control system 188, according to some examples of the
presently disclosed subject matter. Fig. 1 shows a deployed aircraft control system comprising
an aircraft control station 101, a takeoff and landing support unit 103 and an aircraft 105 {e.z.
LUAV). Aircraft 105 is operating at an area which is remote from the location of deployment of
the aircraft control station 101, More specifically, a takeoff and landing runway {TLR} 107 is
located remotely from the aircraft control station 101 and therefore communication between

aircraft 105 and aircraft control station 101 is possible by BLOS communication only.

The term “remote" or any variation therefore is used herein to describe relative
position of two communicating systems suifable only for beyond line of sight {(BLOS)

communication. This can be either due to the range between the two elements or due to
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objects, land cover or topography that obstructs line of sight communication. Thus, two
communication devices which are located at remote locations, one with respect to the other,
can communicate only by a BLOS communication link. Fig. 1 shows that satellite
communication {SATCOM), via satellite 3098, is used for communicating between the aircraft

control station 1831 and the aircraft 105.

The term "close proximity” is used herein to describe a relative position of two
communicating systems suitable for LOS communication. In Fig. 1, different than aircraft
control station 103, TLS unit 103 is located in close proximity to the TLR 107 and therefore can
communicate with the aircraft over a line of sight (LOS) communication link {using for example

Ultra High Frequency {UHF) radio communication) during takeoff or landing of the aircraft.

Fig. 2 is a block diagram schematically illustrating aircraft control system, in accordance
with some none limiting examples of the presently disclosed subject matter. As mentioned
above, aircraft control systerm 100 comprises aircraft control station 101, TLS unit 103 and an
automatic takeoff and landing subsystem, which is mountable on an aircraft 305, As apparent
from Fig. 1 above, TLS unit 103 is physically separated from control station 101 where TiS is
located in closed proximity to TLR 307 and control station 301 is located remotely from TLR

107.

According to some examples, aircraft control station 201 comprises pilot hox {PBX}
comprising an operator console and configured to enable interaction with a ground aircraft
control station {GCS} and control an aircraft {e.g. UAV). GCS can comprise for example, ATOL
controf system configured to execute and monitor automatic takeoff or landing, and DGPS

configured to calculate and provide accurate positioning data errors, as known in the art.

GCSis further connected to ground data terminal {GDT) and ground satellite equipment
{GSAT). GDT is configured to communicate {e.g. with an aircraft) over line of sight
communication link {e.g. UHF transmitter and controller (UTC)} and GSAT is configured to

communicate with the aircraft over satellite based {(BLOS) communication link.

Notably , according to some examples the architecture of aircraft control station 101
can be designed in compliance with the requirements of STANAG 4586 which is the NATO

specification of a core UAV control system (CUCS), however this is not always necessary.
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TLS unit 103 comprises only a selected part of the functionalities of aircraft control
station 101 and accordingly its dimensions and weight are significantly smaller than those of
aircraft control station 101, For example, TLS unit 103 may not comprise GSAT and is
accordingly incapable of BLOS communication with the aircraft. Different than aircraft control
station 101, TLS unit 203 may be designed not to have full control over the flight of the alrcraft
{and possibly neither to have control over various payloads onboard the aircraft). In some
examples TLS unit 103 is configured to have limited control over specific operations of the
aircraft during TOL. Thus, unlike an aircraft control station 101, operation of a TLS unit 103

does not require extensive training of operators.

TLS unit 103 comprises a computer device operatively connected to a DGPS and an LOS
communication unit {e.g. UTC). This allows TLS 103 to calculate and transmit to an aircraft,
over a LOS communication link, DGPS positioning data to thereby enable accurate positioning
of the aircraft, during TOL. The computerized device can further comprise or be otherwise

operatively connected to a PBX to enable user interaction with the TLS unit.

According to some examples TLS unit 303 further comprises an abort control device
{which can be for example, any one of: a graphical user interface button displayed over a
computer screen of TLS unit computer, physical abort button, key or lever, etc.} configured to
allow an operator to issue an abort command for aborting TOL. Since TOL takes place at a
remote area an abort input device is provided at the TLS unit to allow cancellation of the TOL
process by a technician or flight supervisor operating the TLS unit who is located near the TOL
site and has a line of sight with the aircraft, and to thereby increase TOL safety. for example, if
the flight supervisor identifies that there is another aircraft on the runway, an abort command

cancelling the landing or takeoff process can be issued to avoid dire consequences.

Aircraft 105 comprises a flight control subsystem, the flight control subsystem is
configured to control the aircraft during ATOL and while airborne. Flight control subsystem,
can be configured, responsive to flight instructions received over a BLOS communication link
from aircraft control station 103, to control the aircraft. Flight control subsystem can be
operatively connected to various onboard flight control subsystems {including for example,
rudder control unit, allerons control unit, flap control unit, throttle control unit, ete.) and

generate commands for controlling these subsystems according to the received instructions,
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ATOL subsystem is mountable on aircraft 105 and configured to execute automatic
takeoff or landing. In some examples, onboard ATOL subsystem can be operatively connected
to flight controf subsystem to facilitate control the aircraft during TOL. Activation of ATOL can
be in response to received ATOL activation command, transmitted for example over a BLOS
communication link from aircraft control station 1031, As explained further below onboard
ATOL subsystem is configured to execute an ATOL process where DGPS data is received over a
LOS communication link from TLS unit 103 and navigation instructions are received by BLOS
communication Hnk from aircraft control station 104, The received DGPS data is integrated
with native positioning data, determined by an onboard GPS subsystem to thereby obtain
positioning data with augmented accuracy. Autonomous control over the aircraft during
execution of ATOL is done according to navigation instructions and the augmented positioning
data. This allows to perform TOL of the aircraft from a runway located remotely from the

aircraft control station 101.

Notably, an inherent delay in BLOS communication creates a time gap between the
time when sensing data {e.g. images) is obtained by the aircraft at the landing site and a time
the sensing data is received at the aircraft control station and a further time when a command
for controlling the aircraft responsive to the sensing data, generated at the aircraft control
station, is received and executed at the aircraft. Due to this inherent time delay in BLOS
communication and the need for accurate control over the aircraft during TOL, TOL cannot be
controlied from a remote aircraft control station even if the positioning data provided by the

station is sufficiently accurate. Rather, as disclosed herein, ATOL is implemented instead.

Example of technigues for implementing ATOL are provided by way of example, in
publication entitled "Advanced flight control technologies for UAVs" by Moshe Attar, Elias
Wahonon and Doron Chaimovitz; tsraeli Aircraft Industries — Engineering Division; Zend AIAA
"Unmanned Unlimited” Systems, Technologies, and Cperations —Aerospac 15-18 September

2003, San Diego, Californian.

Fig. 3 is a flowchart showing a sequence of operations carried out as part of automatic
landing process, according to an example of the presently disclosed subjact matter. Operations
described with reference to Fig. 3 {as well as Fig. 4 below) can be executed by components of

aircraft control system 100 described above. However, it is noted that reference made to



CA 03072870 2020-02-12

WO 2019/035123 PCT/IL2018/050896

10

15

20

25

ro 1/71L.2018/050896

12—

specific components Hllustrated in Fig. 1 is made by way of example only and should not be

construed as limiting.

At block 301 an airborne aircraft 105 is controlled by a remote aircraft control station
3101, As mentioned above due to the remotaness between the aircraft and the aircraft control
station, communication between the two is facilitate by a BLOS communication link. in some
examples, initial takeoff of the aircraft can be executed by the aircraft control station 101 from
a runway located in close proximity to the aircraft control station 183, Once airborne, the
aircraft can be directed to fly to an area, where communication between aircraft and aircraft

control station is only possible by a BLOS communication link.

At block 303 a TLS unit is deployed in the vicinity {close proximity} of the anticipated
landing site, e.g. a takeoff and landing runway (TLR 107) located remotely from the aircraft
control station 104, TLS unit can be deployed for example by small team of technicians {e.g.
batween 1 to 3 technicians). in o some examples, TLS unit is activated once the aircraft
reaches an area close to the runway, 2.g. once the aircraft is within LOS communication range.
in some examples, operation of the TLS unit and/or communication between the aircraft and
the TLS unit is initiated in response to a command transmitted from the aircraft control station

104,

The aircraft can be controlled from the aircraft control station 103 until it reaches the
remote runway. Before TOL onboard ATOL subsystem is activated {Block 385). Activation of
ATOL subsystem can be for example in response to an activation command received over BLOS

communication from aircraft control station 101.

At block 307 DGPS positioning data is calculated by a DGPS operatively connected to
the TLS and transmitted to the aircraft using the LOS communication link. Transmitted DGPS

positioning data is received for examples at onboard ATOL subsystem,

At block 309 TOL control instructions are transmitted from the aircraft control station
101 (over BLOS communication) to the aircraft. TOL control instructions can include for
example, navigation instructions. Navigation instruction includes for example, coordinates of

touchdown point on runway and of waypoints of predetermined landing approach path

including and the like. TOL control instructions can also include a TOL activation command.
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ATOL subsystem initiates the landing process, where the navigation data is usad for
controlling the aircraft along the approach path for landing. During autonomous navigation of
the aircraft for landing, DGPS data is integrated with native GPS data (e.g. data determined by
a GPS subsystem onboard the aircraft) and GPS data with augmented accuracy is generated
based on the DGPS data {block 311} The augmented GPS data is used for controliing the
aircraft along the landing approach path and during actual landing of the aircraft on the runway

{block 343},

According to some examples if it is desired to abort the landing of the aircraft, an
operator of the TLS unit can interact with the abort control device {e.g. press an abort button,
or pull an abort lever) to thereby issue a landing abort command which is transmitted
automatically to the aircraft. Responsive to the landing abort command the aircraft ceases the
landing process e.g. can rise back to circle around the landing site. Examples of abort situations
include an un-cleared runway, an un-cleared landing approach path, dangerous landing

conditions e.g. bad weather, atc.

Fig. 4 is a flowchart showing a sequence of operations carried out as part of automatic

takeoff process, according to an example of the presently disclosed subject matter.

At block 401 an aircraft 105 is prepared for takeoff from a runway. Preparation include
for example positioning the aircraft on the runway in a ready to takeoff position and
performing various pre-flight checks. At block 483 the control over the aircraft is given to an
aircraft control station 101 located remotely from the runway, which can communicate with
the aircraft over a BLOS communication link. At block 405 TOL control instructions are provided
by the aircraft control station 3181 to the aircraft from aircraft control station 383 over BLOS
communication link. TOL control instructions can include for example, ATOL activation
command for activating the onboard ATOL subsystem, TOL initiation command for initiating
TOL and navigation instructions. Navigation instructions include for example, way points

coordinates of takeoff route and of flight route for flying following takeoff.
At block 407 DGPS positioning data is calculated at the TLS unit and transmitted to the
aircraft. Transmitted DGPS positioning data can be received for examples by onboard ATOL

subsystem.
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Following activation ATOL subsystem initiates a takeoff process, where the navigation
data is used for controlling the aircraft during takeoff. During autonomous navigation of the
aircraft, DGPS data is integrated with native GPS data {e.z. determined by a GPS subsystem
onboard the aircraft) and GPS data with augment accuracy is generated based on the DGPS
data {block 409). The augmentad GPS data is used for controlling the aircraft along the takeofi

process and also later along the initial stages of the aircraft flight route {block 411,

According to some exampies if it is desired to abort the takeoff of the aircraft, the
operator of the TLS unit can interact with the abort control device (e.g. press an abort button)
to thereby issue a takeoff abort command which is transmitted automatically to the aircraft.
Responsive to the takeoff abort command the aircraft ceases the takeoff process e.g. can stop

on the runway before takeoff,

The presently disclosed subject matter enables to execute safe takeoff or landing of an
aircraft at a TOL site located remotely from an aircraft control station. This approach helps to
reduce costs and to simplify operation of the aircraft control station 100 as it does not reguire
to deploy a fully functional aircraft control station at the TOL site and also does not require to
accommodate trained aircraft control station operators at the TOL site. For example, a UAY
aircraft control station can be located thousands of kilometers away from the operation area
of the UAV and be used for controlling the UAV while airborne. During TOL, onboard ATOL
subssystem is activated and controls the UAY while communicating with TLS unit for obtaining
DGPS data needed for calculating accurate position data. Additional application of the
disclosed system and method include for example: transferring aircrafts by flying rather than
as cargo, to any destination lacking an aircraft control station and/or trained operators of an
aircraft control station; training operators of aircraft control stations, where the aircraft

control stations are located remotely from the TOL site of the aircrafts.
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The embodiments of the present invention for which an exclusive property or privilege is

claimed are defined as follows:

1. An aircraft control system enabling automatic takeoff or landing (ATOL) of an
aircraft, the system comprising:

an aircraft control station configured to communicate over a beyond line of
sight (BLOS) communication link with the aircraft for controlling the aircraft while
airborne;

a takeoff and landing support (TLS) unit, deployable near a TOL site being
physically separated from the aircraft control station, and configured to communicate
over a line of sight (LOS) communication link with the aircraft;

an ATOL subsystem mountable on the aircraft and configured to execute
automatic takeoff or landing (TOL);

wherein during takeoff or landing:

the aircraft control station is configured to provide, over the BLOS
communication link, navigation instructions allowing the ATOL subsystem
onboard the aircraft to control the aircraft during TOL;

the TLS unit is configured to provide to the ATOL subsystem onboard
the aircraft, over the LOS communication link, DGPS positioning data;

the ATOL subsystem is configured to integrate the DGPS positioning
data with native position data acquired by an onboard GPS device to thereby
generate augmented TOL positioning data; and generate instructions for
controlling the aircraft during TOL, based on the augmented TOL position data

and the navigation instructions.

2. The aircraft control system of claim 1, wherein the TLS unit comprises an abort
control device and is configured, responsive to an abort command generated responsive to
interaction with the abort control device, to transmit an abort command over the LOS
communication link to the aircraft; the ATOL subsystem is configured, responsive to an abort

command received from the TLS unit, to abort TOR.

Date Rec¢ue/Date Received 2022-06-09
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3. The aircraft control system of claim 1 or 2, wherein the aircraft is airborne at a
remote location with respect to the location of the aircraft control station such that
communication between the aircraft and the aircraft control station is possible only by BLOS

communication.

4. The aircraft control system of any one of claims 1 to 3, wherein the aircraft is

an unmanned aerial vehicle (UAV).

5. The aircraft control system of any one of claims 1 to 4, wherein the aircraft

control station is configured to transmit to the ATOL subsystem, ATOL initiation instructions.

6. A method of controlling an aircraft during takeoff or landing (TOL), the method
comprising:
at an ATOL subsystem mounted on the aircraft, using one or more computer
processors for:
receiving, over a beyond line of sight {BLOS) communication link used
for communicating with an aircraft control station located remotely from the
aircraft, flight instructions generated at the aircraft control station directed for
controlling the aircraft during flight;
receiving over a BLOS communication link instructions allowing the
ATOL subsystem onboard the aircraft to execute an ATOL process; the
instructions are generated at the aircraft control station;
receiving from a takeoff and landing support (TLS) unit, deployable near
a TOL site, being physically separated from the aircraft control station and
located in close proximity of the aircraft, over a LOS communication link, DGPS
positioning data;
integrating the DGPS positioning data with native position data to
thereby generate augmented positioning data; and
generating TOL instructions for controlling the aircraft during TOL,

based on the augmented TOL position data.

Date Rec¢ue/Date Received 2022-06-09
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7. The method of claim 6 further comprising, operating one or more flight control

devices according to the TOL instructions.

8. The method of claim 6 or 7 further comprising:
at the TLS unit, using one or more computer processor for:
generating an abort command in response to user interaction with an
abort control device in the TLS unit;
generating instructions to abort the TOL in response to the received
abort command;
transmitting the instruction to the ATOL subsystem; and
at the ATOL subsystem:

aborting the TOL in accordance with the received TOL abort command.

9. The method of any one of claims 6 to 8, wherein the aircraft is a UAV.

10. The method of any one of claims 6 to 9, wherein the instructions include
navigation instruction for controlling the aircraft during TOL; the TOL instructions are

generated also based on the navigation instructions.

11.  The method according to any one of claims 6 to 8, wherein communication
between the aircraft and the aircraft control station is possible only by a BLOS communication

link.

12. A non-transitory program storage device readable by a computer, tangibly
embodying a computer readable instructions executable by the computer to perform a
method of controlling an aircraft during takeoff or landing (TOL), the method comprising:

operating one or more computer processors of an ATOL subsystem mounted
on an aircraft;
receiving, over a beyond line of sight (BLOS) communication link used for

communicating with an aircraft control station located remotely from the aircraft,

Date Rec¢ue/Date Received 2022-06-09



-18-

flight instructions generated at the aircraft control station directed for controlling the
aircraft during flight;

receiving over a BLOS communication link instructions allowing the ATOL
subsystem onboard the aircraft to execute an ATOL process; the instructions are
generated at the aircraft control station;

receiving from a takeoff and landing support (TLS) unit being physically
separated from the aircraft control station deployable near a TOL site and located in
close proximity of the aircraft, over a LOS communication link, DGPS positioning data;

integrating the DGPS positioning data with native positioning data to thereby
generate augmented positioning data; and

generating TOL instructions for controlling the aircraft during TOL, based on
the augmented positioning data and the instructions generated at the aircraft control

station.

13. A non-transitory program storage device readable by a computer, tangibly
embodying a computer readable instructions executable by the computer to perform a
method of controlling an aircraft during takeoff or landing (TOL), the method comprising:

an aircraft control station configured to communicate over a beyond line of
sight (BLOS) communication link with the aircraft for controlling the aircraft while
airborne;

a takeoff and landing support (TLS) unit, deployable near a TOL site being
physically separated from the aircraft control station, and configured to communicate
over a line of sight (LOS) communication link with the aircraft;

an ATOL subsystem mountable on an aircraft and configured to execute
automatic takeoff or landing (TOL);

the aircraft control station is configured to provide, over the BLOS
communication link, instructions allowing the ATOL subsystem onboard the aircraft to
control the aircraft during TOL;

the TLS unit is configured to provide to the ATOL subsystem onboard the

aircraft, over the LOS communication link, DGPS positioning data;

Date Rec¢ue/Date Received 2022-06-09
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the ATOL subsystem is configured, responsive to an activation command to:
integrate the DGPS positioning data with native position data acquired
by an onboard GPS device to thereby generate augmented TOL positioning
data; and
generate instructions for controlling the aircraft during TOL, based on

the augmented TOL position data.

14.  An aircraft control system enabling automatic takeoff or landing (ATOL) of an
aircraft, the system comprising:

a takeoff and landing support (TLS) unit, deployable near a TOL site, being physically
separated from an aircraft control station, and configured to communicate over a line of sight
(LOS) communication link with the aircraft; wherein communication between the aircraft
control station and the aircraft includes a beyond line of site (BLOS) communication link,

which is used for controlling the aircraft while airborne;

an ATOL subsystem mountable on an aircraft and configured to execute automatic

takeoff or landing (TOL);

the ATOL subsystem, onboard the aircraft is configured to receive from the aircraft
control station, over the BLOS communicating link, navigation instructions, allowing the ATOL

subsystem to control the aircraft during TOL;

the TLS unit is configured to provide to the ATOL subsystem onboard the aircraft, over

the LOS communication link, DGPS positioning data;

the ATOL subsystem is configured to integrate the DGPS positioning data with native
positioning data acquired by an onboard GPS device to thereby generate augmented
positioning data; and generate instructions for controlling the aircraft during TOL, based on

the augmented position data and the navigation instructions.
15.  The aircraft control system of claim 14, wherein the TLS unit comprises an

abort control device and is configured, responsive to an abort command generated

responsive to interaction with the abort control device, to transmit an abort command over

Date Rec¢ue/Date Received 2022-06-09
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the LOS communication link to the aircraft; the ATOL subsystem is configured, responsive to

an abort command received from the TLS unit, to abort TOL.

16. The aircraft control system of claim 14 or claim 15 comprising the aircraft
control station, wherein the aircraft is airborne at a remote location with respect to the
location of the aircraft control station such that communication between the aircraft and the

aircraft control station is possible only by BLOS communication.

17. The aircraft control system of any one of claims 14 to 16, wherein the aircraft

is an unmanned aerial vehicle (UAV).
18.  Theaircraft control system of any one of claims 14 to 17 comprising the aircraft

control station, wherein the aircraft control station is configured to transmit ATOL initiation

instructions to the ATOL subsystem over the BLOS communication link.

Date Rec¢ue/Date Received 2022-06-09
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Controlling airborne aircraft by a remote aircraft control station 381

Deploying TLS unit in the vicinity of the anticipated landing site 303

Activating ATOL subsystem 305

Calculating DGPS positioning data at the TLS unit and transmitted to the aircrafy
307

A4
Receiving at the aircraft, TOL control instructions transmitted by the aircraft
control station 308

Integrating DGPS positing data with native GPS data and generating GPS data
with augmented accuracy 311

Using the augmented GPS data for controlling the aircraft along the landing
approach path and for landing the aircraft on the runway 313

Fig. 3
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Preparing aircraft for takeoff from a runway 401

Providing control over the aircraft to aircraft control station located remotely
from the runway 403

Providing TOL control instruction by the aircraft control station o the aircraft
405

Calculating DGPS positioning data at the TLS unit and transmitting the data to
the aircraft 407

Integrating DGPS data with GPS data received by an onboard GPS receiver and
generating augmented GPS data 409

Utilizing the augmented GPS data for controlling the aircraft during takeoff 411

Fig. 4
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