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BASE OF STATIONING AND AUTOMATIC MANAGEMENT FOR DRONES

DESCRIPTION

Field of application

The present invention relates to the field of the unmanned aerial vehicles.
The present invention, more in particular, relates to a stationing base for the

landing and take-off and the automatic management of unmanned aerial vehicles.

Background
In the reference technical field, the landing and take-off manoeuvres of the so-

called unmanned aerial vehicles, commonly known as drones, in particular of the
type providing a propeller drive, can provide the use of a stationing base.

Said bases fulfil the function of dedicated landing point for the aerial vehicle
and therethrough it is possible for example to re-acquire manual access to
perform activities such as maintenance, setting, replacement of components and
other analogous activities.

By taking as reference plane a plane detected by said base, as it is known the
drone trajectory (VTOL in vertical take-off) to perform landing provides to reach
and rest on the base with a motion from the top to the bottom with respect to said
reference plane and, vice versa, the take-off trajectory involves a motion from the
bottom to the top so that, thanks to the propulsive thrust of helixes, the drone
raises indeed from the base itself.

With particular reference to the field of model airplanes, the above-mentioned
bases have generally small sizes and automated landing manoeuvres, having

huge difficulties for the precision of the motions required for centring the base
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and complications due to the presence of air flows induced by the drone or by the wind, for
example due to the vortexes generated on the base by the helixes themselves of the drone,
they involve manoeuvres with a considerable percentage of failures, that is the missed
approach to the base. For example, by considering a descending manoeuvre, that is during
the phase for landing on the base, the lift reduces and increases, vice versa, the angle of attack
of the profile of helix blade(s), in this way by bringing the drone close to the condition of
aerodynamic stall and, then, of more instable flight with respect to the landing or raising phase.
This phenomenon, or in presence of wind, can involve namely a greater percentage of errors
in the landing phase, by imposing very big sizes of bases to complete the manoeuvre
successfully apart from the difficulty of centring the drone with respect to the base considering
the hooking and the change/replacement procedures of payload and batteries.

EP 2974958 discloses an apparatus provided with a spherical case for containing and
reloading an unmanned aerial vehicle. US 2012/292430 discloses a system comprising an
unmanned vehicle and a base for launching and recovering the same, wherein the base
comprises a docking station and is provided with spaced-apart deformable tubes as guide
means for guiding the unmanned vehicle through the base. WO 2015/195202 discloses a
stationing base with a half spherical body and magnetic retaining means for holding and
launching an unmanned aerial vehicle.

Brief description of the invention

The object of the present invention is then to overcome the above-illustrated problems, and
this is obtained through a landing and take-off base as defined in claim 1. In particular, the
object of the present invention is to show a landing and take-off base for an unmanned aerial
vehicle, advantageously and further configured for covering/protecting the latter, which is
structurally simple, effective for the success of “landings” and fastening and for improving the
manoeuvrability of aerial vehicles during the take-off phase and above all the phase of landing
on static/fix stations. The landing and take-off base can include a main body provided with an
opening and comprising a continuous internal wall defining a stationing region inside said main
body; retaining means provided with a couple of gripping arms configured to engage an
attachment portion of the aerial vehicle and to allow a controlled hooking and/or release of the
latter. The said continuous internal wall has a converging truncated conical shape towards said
retaining means and wherein said opening is placed at the larger base surface, the overall
configuration of the base being such that, in use, said retaining means can assume a gripping
condition wherein the aerial vehicle is hooked and at least partially housed inside the stationing
region and a release condition wherein the aerial vehicle is released and free to fall through
said opening during the take-off.

Additional features of the present invention are defined in the corresponding depending

claims.
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The present invention relates to a suspended landing and take-off base for an
unmanned aerial vehicle. The base comprises a main body provided with a
continuous internal wall and an opening defining a stationing region for the aerial
vehicle inside the main body. The base further comprises retaining means
provided with a couple of gripping arms configured to engage an attachment
portion of the aerial vehicle, by allowing a controlled hooking and/or release of
the latter. More in detail, the continuous inner wall has a converging truncated
conical shape towards the retaining means and the opening is placed at the larger
base surface. The overall configuration of the base is so that, under assembled
condition, the retaining means can assume a gripping condition wherein the aerial
vehicle is hooked and at least partially housed inside the stationing region, and a
release condition wherein the aerial vehicle is released and free to fall through
the opening of the main body during the take-off.

Such solution allows to reverse the conventional landing trajectory, that is
a trajectory wherein the aerial vehicle raises towards the base, in raised position
with respect to a reference plane, and it engages on the base through a retention
mechanism. In this way considerable advantages are obtained in relation to the
reliability of the “landings” as the aerial vehicle, in particular the helix blades of its
propellers, during raising, have an angle of attack which progressively decreases,
by decreasing consequently the risk that the aerial vehicle is in a condition of
aerodynamic stall, by improving then stability and control thereof.

Still, the above-mentioned configuration of the base reduces the negative
effects of the air flow generated by the helixes’ blades of the aerial vehicle on the
base, as said flow does not interfere with the latter. In this way a better stability
and then precision in moving the aerial vehicle for centring the base is obtained.

According to an additional advantageous aspect, the invention allows a
guide and centring of the drone in the base performed mechanically between the
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base shape and an attachment portion of the aerial vehicle. In fact, the forces
generated during the contact between said attachment portion and the internal
wall of the base induce the aerial vehicle to a motion directed towards the
preferably substantially conical or truncated conical-shaped central region of the
base, by providing in particular a self-stabilizing motion in the landing phase
during raising. The stability of the motion dynamics is guaranteed specifically by
the contact of the attachment portion of the aerial vehicle — preferably
implemented as a portion projecting from its frame body — with the internal wall
of the base. In this way further and different components of the aerial vehicle,
such as for example, the helixes or possible projections of the same, are
prevented from coming in contact with the base, by obtaining the opposed effect
of inducing the aerial vehicle to a motion directed towards outside the base.
Among the several advantages which such solution offers, there is even
the possibility of implementing bases with more limited sizes than the traditional
ones and at the same time guaranteeing a greater effectiveness in centring the

same.

Other advantages, together with the features and use modes of the present
invention, will result evident from the following detailed description of preferred
embodiments thereof, shown by way of example and not for limitative purposes.

Brief desctription of the fiqures
The drawings shown in the enclosed figures will be referred to, wherein:

- figure 1 shows an overall view in use and assembled condition of a take-off
and landing base for an unmanned aerial vehicle according to a preferred

embodiment;
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- figure 2 shows a side section view of the base of figure 1 and of an aerial
vehicle in a phase for approaching or moving away from the base;

- figure 3 shows a side section view of the base of figure 1 and of the aerial
vehicle of figure 2 during an operating phase for centring the trajectory of
the aerial vehicle;

- figure 4 shows a side section view of the base of figure 1 and of the aerial
vehicle of figure 2 in a gripping condition on the aerial vehicle;

- figure 5 shows a side section view of the base of figure 1 and of the aerial

vehicle of figure 2 in a take-off condition of the aerial vehicle.

Detailed description of embodiments of the invention

The present invention will be described hereinafter with reference to the

above-mentioned figures.

By firstly referring to figure 1, a landing and take-off base 1 for an unmanned
aerial vehicle 2 according to a preferred embodiment of the present invention is
shown in assembled — and in use - condition. Said base results to be further
configured like a centring base for the aerial vehicle, that is capable of allowing a
correct approaching and centring in the landing and take-off phases as it will be
ilustrated in more details hereinafter.

Under the term “base” a device is meant to be identified, apt to cooperate
with said aerial vehicle to allow a temporary or permanent stationing and/or
covering of the latter, that is an element supporting the aerial vehicle.

The configuration of the base 1 is so that the stationing can then involve
additional operating conditions of or on the aerial vehicle 2 to the phase of its
landing and take-off from the base 1, such as for example the replacement and/or
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recharge of the batteries, the change of sensor defined as “payload” of the aerial
vehicle itself, thereabout one will discuss hereinafter.

Still taking into consideration the context of the present invention, the
expression “unmanned aerial vehicle” is equivalent to the term drone and to all
types of vehicles attributable thereto, thereamong the model airplanes. The
present invention can be namely applied in diversified fields and preferred use in
contexts such as video surveillance, automatic inspection of plants and
structures, safety of interest sites, entertainment or analogous contexts.

Moreover, although in the illustrated embodiments the type of represented
aerial vehicle 2 is the helix-type one, and in particular with four rotors, the base 1
according to the present invention is suitable to be used with aerial vehicles the
propulsion thereof is different from the helix one and however with aerial vehicles
with single rotor or multi-rotor in general.

As it can be seen in Figure 2, the base comprises a main body 10 provided
with a continuous internal wall 10a and an opening 11 defining inside the main
body a stationing region 12 for the aerial vehicle 2.

In the illustrated embodiment, the base 1 preferably comprises supporting
means 13 configured to fix said main body 10 to a wall or fixed structure in a
suspended position with respect to a reference plane for the manoeuvring
procedures of the aerial vehicle 2.

By taking then the reference plane to illustrate the operation dynamics of
the base 1, such as for example the ground designated with the reference P in
Figure 1, under the term “landing” a particular manoeuvre is meant wherein the
specific configuration of the base 1 allows the aerial vehicle 2, in terms of
trajectory T, to approach and land thereon from the bottom to the top, that is
moving away from the reference plane P. Vice versa, and with reference to Figure
5, under the term “take-off’ a particular manoeuvre is meant which allows a
detachment and a controlled descent of the aerial vehicle 2 from the base 1 with
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a trajectory T from the top to the bottom, that is approaching to the reference
plane (such as for example the ground, although in said Figure 5 it is not
illustrated).

As said, the providing of supporting means 13 allows advantageously the
suspension of the base 1, for example through wall brackets as illustrated in
Figure 1. It is to be meant that the supporting means can be of different type (for
example both static and moving that is vehicles, boats or vehicles) and that the
reference plane P can be not the ground, that is footboards and the like, that is
surfaces of bodies of water or sea surface. Moreover, the same main body 10
could be shaped so as to result as supporting structure for the suspension of the
base 1 with respect to the reference plane P. In this last not illustrated case, such
supporting structure for example could have a configuration of the pedestal type,
with (even telescopic) elements resting upon a reference plane P and keep the
base 1 in suspended position.

With reference to Figure 2, the base 1 further comprises retaining means
14, configured to engage an attachment portion 21 of the aerial vehicle 2 and to
allow a controlled hooking and/or release of the latter, in the example mechanical
means, but which can be magnetic and/or pneumatic, however system allowing
the fastening without the help of electric or controlled actuators.

Such attachment portion 21, advantageously, allows even the guide of the
aerial vehicle 2 during raising (or landing phase) by allowing to direct the latter
still towards a central region inside the base thanks to its contact with the
continuous inner and, preferably smooth, wall 10a of the main body 10. Such
aspect will be described with greater detail hereinafter.

Then, it appears evident that the configuration of the base 1 is so that, in
use, said retaining means 14 can assume a gripping condition wherein the aerial
vehicle 2 is hooked and at least partially housed inside the stationing region 12
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and a release condition wherein the aerial vehicle 2 is released and free to move
away from the base 1 through said opening 11 during the take-off.

It will be appreciated that the base 1 according to the present invention
allows to reverse the direction of the conventional landing trajectory T, that is a
trajectory wherein the aerial vehicle 2 raises towards the base 1 in raised position
with respect to the reference plane P and engages on the base 1 through a
retention mechanism. In this way considerable advantages are obtained in
relation to the success of “landings” since the drone 2, preferably with reference
to the helix blades, designated with the reference 22, of its motors, in the raising
phase have an angle of attack which decreases, by consequently decreasing the
risk that the drone 2 is in a condition of aerodynamic stall, thus by improving the
stability and control thereof.

Moreover, the negative effects of the air flow generated by the blades of
the helixes 22 on the base 1 are reduced drastically, since said flow results to be
directed towards the reference plane P and it does not interfere with the base 1
suspended thereabove. In this way a better precision is obtained in moving the
aerial vehicle 2 for centring the base 1, thus being able to implement bases with
more limited sizes than the traditional ones.

Preferably, the main body 10 has a truncated conical or substantially
truncated conical shape and the opening 11, therethrough the aerial vehicle 2
passes for housing or abandoning the stationing region 12, is at the larger base
surface of the truncated cone. In more general terms, it can be said that preferably
the shape of the main body 10 comprises at least a section with minimum
diameter at a distal position from the opening 11.

As it can be seen in Figure 3, in this way the inner walls 10a of the main
body 10, converge preferably towards the retaining means 14 and fulfil a guiding
and centring function for the aerial vehicle 2 through one apical element thereof
21a of the engagement portion 21, at least in a phase for landing on the base 1.
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Such shape fulfils the function of mechanism of self-centring the position of
the aerial vehicle, by guaranteeing precision landings without the need for
arranging positioning auxiliary systems.

The inlet opening 11 of the aerial vehicle inside the main body of the base
is sufficiently extended so as to allow starting the landing raise even with a
centring error equal to the radius of opening 11 and wherein the inner walls 10a
represent even a containing and covering surface of the aerial vehicle. That is,
the internal wall fulfils both the function of guiding surface and the function of
containing and covering surface as it is a continuous and, preferably, smooth wall.

In particular, it will be appreciated that the base 1 according to the present
invention allows a self-centring landing trajectory T, that is a trajectory wherein
the aerial vehicle 2 raises towards the base 1 even if in decentralized position
with respect to the fastening system by reaching the retaining means 14, if
required forcedly, for example by skimming on the internal wall 10a, to engage
with the latter which are placed, preferably, in centred position and at the section
with minimum diameter of the main body 10.

In embodiment variants, even provided in combination with providing a
main body 10 with truncated conical shape, the base 1 can include positioning
means 15 allowing an action, in case together with the one of the inner walls 10a
of the main body 10, for centring the retaining means 14 by the aerial vehicle 2.

In particular, said positioning means 15 is configured to determine a relative
position (for example a rotation with respect to the vertical axis) of the aerial
vehicle 2 with respect to the main body 10 and, in the illustrated embodiment, is
housed in a chamber 16 facing towards the stationing region 12.

Advantageously, the positioning means 15 comprises a control unit 15a
configured to communicate with and modify the landing and/or take-off trajectory
T of the aerial vehicle 2 as a function of a predetermined landing and/or take-off

trajectory.
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Said positioning means 15 can be remotely controlled, in an automatic way
or manually by an operator. With reference to the example of figure 2, preferably
the control unit 15a comprises a receiver and/or an emitter 15b of an optical
and/or radio signal associable to a position parameter of the aerial vehicle. For
example, the control unit 15a comprises a chamber which detects the aerial
vehicle 2 in its field of action, designated with the sketched lines A, and through
localization algorithms, such as image processing algorithms or others, it
determines the relative shifting of the aerial vehicle 2 with respect to the chamber,
by calculating the error with respect to a predetermined position and by
communicating to the aerial vehicle 2 the corrective actions of the trajectory T
during the raise towards the retaining means 14.

Preferably, the retaining means 14 is at least partially placed in said
chamber 16 which, in a preferred embodiment of the base 1, is arranged in an
opposed position compared to the one wherein the opening 11 of the central body
10 is arranged, preferably at the smaller base, should the latter have a truncated
conical shape.

In embodiments, said chamber 16 has a shape which can be sized in a
specific way to house exactly the attachment portion 21 of a selected type of
aerial vehicle 2.

Said retaining means 14 preferably comprises a plier-like gripping system
provided at least with an arm, preferably a couple of arms, each one designated
with the reference 14a. In this case, according to a preferred embodiment, the
retaining means 14 is associated to not illustrated returning means, configured to
keep in gripping condition at least an arm 14a and allow a temporary opening of
the gripping system during a thrust motion of the aerial vehicle 2 on the retaining
means 14. In the preferred embodiment in fact, the gripping of the aerial vehicle
in the base is guaranteed without the aid of electronic or controlled systems, that
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is the aerial vehicle is capable of hooking firmly only thanks to the thrust motion
upwards during the landing phase.

The returning means can be reversible elastic elements and the arms 14a
of the gripping system can include ends 140 with an invitation profile so as to
ease the opening of the retaining means 14 only when the aerial vehicle 2 thrusts,
according to a thrust direction in agreement to an inlet direction in the stationing
region 12, on said ends 140.

Alternatively, or in combination to what just described, the retaining means
14 is preferably driven to open by actuation means, not visible in figures.

Figures 4 and 5, respectively, illustrate the gripping condition and the
releasing condition of the retaining means 14 on the aerial vehicle 2 and it will be
appreciated that the base 1 according to the present invention could allow a
stable stationing of the aerial vehicle and a controlled release of the latter.

As previously mentioned, the retaining means 14 cooperates by interfering
with the attachment portion 21 of the drone 2 which comprises a frame body 20
connected to rotor means 23 provided, preferably, with at least one helix 22.
Advantageously the attachment portion 21 develops like a mushroom and it
comprises an engagement apical element 21a, for example with a dome-like
profile as illustrated in the examples, and shaped so as to form a peripheral edge
21b.

Preferably, the attachment portion 21 has an overall extension so that in
gripping condition of the aerial vehicle on the base 1, the rotor means 23 results
to be positioned outside the stationing region 12.

As it will be described in details hereinafter, preferably said engagement
apical element 21a houses a light source inside thereof (or vice versa a device
capable of detecting it), to better identify the aerial vehicle through the detecting
means 15b (respectively emitters and/or receivers of a light source) associated
to the control unit 15a.
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Advantageously the retaining means 14 is configured to allow at least a
rotation on itself of the aerial vehicle 2 in said gripping condition.

Preferably, the ends 140 of the arms of the gripping system engage the
peripheral edge 21b indeed so as to allow said rotation of the aerial vehicle 2 on
itself when it is in a hooked condition on the base 1. In embodiment variants, the
retaining means 14 can include magnetic or pneumatic elements which cooperate
with corresponding magnetic or magnetizable elements, that is pneumatic
elements provided at the attachment portion 21 of the aerial vehicle 2.

In this way the base 1 guarantees further operability on the aerial vehicle 2,
as mentioned previously.

In fact, it is possible, for example by providing a second opening on the (not
illustrated in figures) main body, such as a door preferably obtained at the side
walls of the main body 10, to access inside the stationing region 12 when the
aerial vehicle 2 is hooked by the retaining means 14. As it can rotate around itself,
in particular around one vertical axis of symmetry thereof, the aerial vehicle 2
then can be positioned by exposing suitably for example a defective portion or
the region supplying the battery at said second opening, to allow the repairing
and/or maintenance and/or replacement procedures.

Preferably, the battery is connected to the aerial vehicle 2 by means of an
automatic hooking system, for example of magnetic, electric and/or mechanical
type. The replacement of the battery can take place through an articulated arm
placed outside the main body 10 of the base 1, which carries at one end the
system for hooking to the battery itself. The articulated arm accesses the aerial
vehicle 2 through said second opening, it reaches the battery of the aerial vehicle
and it extracts it by bringing it outside the base 1. Subsequently, the articulated
arm will insert, with a motion specular to the extraction one, a new battery by
restoring the aerial vehicle 2 in order of flight.
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Such procedures can be performed by an operator manually or even
automatically and the base 1 can also provide even automated connecting
means, which connects the battery of the aerial vehicle 2 to a recharge integrated
system, to allow thereto to be ready for a new flight in the shortest period of time
as possible.

The aerial vehicle comprises preferably a control module 24 configured to
transmit and/or receive a signal associated to a position parameter of the aerial
vehicle 2 and to modify its trajectory T according to said signal. In embodiment
variants, the control module 24 comprises at least a light source, for example of
the type with operating led on infrared spectrum, which cooperates with the
control unit 15a of the base 1 and it is preferably at least partially arranged at the
attachment portion 21 or more preferably the engagement apical element 21a.

The present invention has been sofar described with reference to preferred
embodiments thereof. It is to be meant that each one of the technical solutions
implemented in the preferred embodiments, herein described by way of example,
could advantageously be combined differently therebetween, to create other
embodiments, belonging to the -same inventive core and however all within the

protective scope of the herebelow reported claims.
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CLAIMS

A landing and take-off base (1) for an unmanned aerial vehicle (2) comprising:

- amain body (10) provided with an opening (11) and comprising a continuous internal
wall (10a) defining a stationing region (12) inside said main body;

- retaining means (14) provided with a couple of gripping arms (14a) configured to
engage an attachment portion (21) of the aerial vehicle (2) and to allow a controlled

hooking and/or release of the latter,

wherein said continuous internal wall (10a) has a converging truncated conical shape
towards said retaining means (14) and wherein said opening (11) is placed at the larger
base surface, the overall configuration of the base (1) being such that, in use, said
retaining means (14) can assume a gripping condition wherein the aerial vehicle (2) is
hooked and at least partially housed inside the stationing region (12) and a release
condition wherein the aerial vehicle (2) is released and free to fall through said opening
(11) during the take-off.

The landing and take-off base (1) according to claim 1 further comprising supporting
means (13) configured to fix said main body (10) in a suspended position with respect to

a reference plane (P) for the manoeuvring procedures of the aerial vehicle (2).

The landing and take-off base (1) according to anyone of the preceding claims, further
comprising positioning means (15) configured to determine a relative position of the aerial

vehicle (2) with respect to said main body (10).
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The landing and take-off base (1) according to the previous claim wherein said positioning
means (15) is housed at a chamber (16) of the main body (10) facing towards said

stationing region (12).

The landing and take-off base (1) according to claim 3 or 4, wherein said positioning
means (15) comprises a control unit (15a) configured to communicate with and modify the
landing and/or take-off trajectory (T) of the aerial vehicle as a function of a predetermined

landing and/or take-off trajectory.

The landing and take-off base (1) according to claim 5, wherein said control unit (15a)
comprises a receiver and/or emitter (15b) of an optical and/or radio signal associable to a

position parameter of the aerial vehicle (2).

The landing and take-off base (1) according to anyone of the preceding claims, further
comprising returning means configured to maintain in said gripping condition at least one
of said couple of gripping arms (14a) and allow a temporary opening of the retaining
means (14) during a thrust motion of the aerial vehicle (2) on at least one of said couple

of gripping arms (14a).

The landing and take-off base (1) according to anyone of the preceding claims, wherein

said retaining means (14) is driven to open by actuation means.

The landing and take-off base (1) according to anyone of the preceding claims, wherein
said retaining means (14) is configured to allow at least a rotation around itself of the aerial

vehicle (2) in said gripping condition.

The landing and take-off base (1) according to anyone of the preceding claims, wherein
said main body (10) has a second opening shaped so as to allow access to the stationing

region (12) when the aerial vehicle (2) is inside thereof.
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An unmanned aerial vehicle (2), suitable to cooperate with a landing and/or take-off base
(1) of the aerial vehicle (2) according to anyone of claims 1 to 10, comprising a frame body
(20) connected to rotor means (23) provided with at least one helix (22), wherein from said
frame body (20) projects an attachment portion (21) comprising an engagement apical
element (21a) shaped to interfere with the continuous inner wall (10a) of said base (1) by
implementing a self-centring of the engagement apical element (21a) with respect to the
retaining means (14) during an approaching motion of the aerial vehicle (2) to the retaining
means (14), and wherein the attachment portion (21) has an extension so that in gripping
condition of the aerial vehicle on the base (1), said rotor means results to be positioned

outside the stationing region (12).

The unmanned aerial vehicle (2) according to the previous claim, comprising a control
module (24) configured to transmit and/or receive a signal associated to a position
parameter of the aerial vehicle (2) and to modify the trajectory (T) of the aerial vehicle

according to said signal.

The unmanned aerial vehicle (2) according to claim 11 or 12, wherein said apical element
(21a) is shaped so as to form a peripheral edge (21b) so as to allow rotation of the aerial

vehicle (2) around itself when it is in a hooked condition on the base (1).

The unmanned aerial vehicle (2) according to anyone of claims 11 to 13, wherein said

control module (24) is at least partially arranged at said apical portion (21a).
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15. The unmanned aerial vehicle (2) according to anyone of claims 11 to 14, comprising

supply means replaceable from outside of said frame body (20).

16. A kit comprising a landing and take-off base (1) according to anyone of claims 1 to 10 and

an unmanned aerial vehicle (2) according to anyone of claims 11 to 15.





