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(57) Abstract: A docking station for an aircraft includes a base portion and an alignment system disposed on the base portion con -
figured to orient the aircraft relative to the base portion. The alignment system can include a plurality of outer protrusions extending
away from the base portion in a vertical direction.
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DRONE AIRCRAFT LANDING AND DOCKING SYSTEMS

J06E1]  Intentionally blank

1. Field

0021 The present disclosure relates to mimanned and drone airerate, more specitically tolanding and
docking systers forunmanned aireraft (eig:, multirotor copters):

2. Description of Related Art

(99631 VTOL {vettical take-off and Jand) aircraft, such as multivotor coplers (e.g., quad copters) and
similar alrcraft; can be confignred 1o chagge nndlortransfer dita through a:spitable:docking station.
Such aireraft can be manwally flown io-and/orplaced onio sucha docking station forcharging/daia
transfer. Cerlain types of these aireraft can be configored as antonomons drones that fnclode software
stich that the drone can-perform one or more functions on s own {e.g., flylng & partieular ronte, taking
off, landing). These syslems can smployGPS navigaional mechanisms, vision sensars, diskance

sensors, or the like.

[0004] However, sach:sofbware, sensors, and related systems inhereotly include positional errors that
tead 1o misafigoent of the drongrelitive to the: docking stalion. Suchmnsaligoment cun prevent the
drone from making a physical or electromagnetic connection witly the docking station, thereby
preventing data transfer, object retrieval (e, for package delivery), safe enclosure of gystem, and/or
chargingsolthe drone’s batiery without memual intervention.

[6085] Such conventional methods.and systems have generally been considered satisfactory for their
Aintended purposes. However, there:is:still a need in the art for improved landing and docking systens to
reduce the need for manval interventionand filly-automate thesmissiens of amtenomous airerafi.. The

‘present disclosure provides a solution for this need.

Date Regue/Date Received 2023-02-08
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SUMMARY

[8086] A docking station for an aircraft includes a base portion and an alignment systern disposed on
the base portion configured to orient the aircraft relative to the base portion. The alignment system can
inclode a plurality of outer and inner protrusions extending away from the base portion in a vertical
direction, or a singie protrusion mimickiog the three-dirnensional shape formed by the plurality of
protrusions.

{80871 The plurality of outer and inner protrusions can extend away from the base portion in both the
vertical direction and a horizontal direction such that the outer and inoer protrusions extend from the
base portion at an angle. The outer protrusions can include a ramp shape and are angled toward a
rmiddle of the base portion such that the rarap shape angles down toward the middle of the base portion.
The inner protrosions can include a ramp shape and ave angled away from a middle of the base portion

such that the ramp shape angles down away from the middle of the base portion.

{8088} The outer protrusions can be circumferentially disposed about the middie of the base portion to
form an outer periphery of a landing area and to register the aircraft toward a middle of the base portion.
The inoer protrusions can be circumferentially disposed at the middie of the base portion to form an

inner periphery of the landing area and to register the aircraft toward a middle of the base portion.

[608%9] The docking station can further include a landing platform at the middle of the base portion
disposed at an npper end of the inner protrusions, as well as a landing platforra between the inner and
outer protrusions disposed at the lower end of the inner and outer protrusions. The landing platform can
include a charging system operatively associated therewith and configured to electrically couple to the
aireraft to charge a battery of the aircraft. In certain embodiments, the landing platform includes a data

transfer system operatively associated therewith and configured to communicate with the afreraft.

{0010} The outer protrusions and the inner protrusions can meet at the base portion. One or more of
the outer protrusions and/or inner protrusions can be covered with a covering material (e.g., sheet metal,
paper, cloth, plastic, etc., to form an enclosed bowl), or this solid shape can he mimicked with a single,

solid three dimensional protrasion.

[8011] These and other features of the systems and methods of the subject disclosure will become 1aore
readily apparent to those skilled in the art from the following detailed description taken in conjunction

with the drawings.

)



CA 02998415 2018-03-09

WO 2017/044798 PCT/US2016/051027

BRIEF DESCRIPTION OF THE DRAWINGS

[8012] So that those skilled in the art to which the subject disclosure appertains will readily understand
how to make and use the devices and methods of the subject disclosure without undue experimentation,

embodiments thereof will be described in detail hercin below with reference to certain figures, wherein:

{6013} Fig. 1is a perspective view of an embodiment of a docking station in accordance with this

disclosure, shown having covered walls;
{¢D14] Fig. 2 is a plan view of the docking station of Fig. 1;

(060151 Fig. 3 is a perspective view of the docking station of Fig. 1, showing an aircraft disposed

therein;

{60161 Figs. 4 and § are perspective views of an embodiment of a docking station in accordance with

this disclosure, showing a skeleton frame with no covering walls;
[6017] Fig. 61s a side view of the docking station of Fig. 5;
[G018] Fig. 7 is a plan view of the docking station of Fig. §;

[6019] Fig. 8 is a perspective view of the docking system of Fig. 5, showing an aircraft misaligned and

atternpting to land therein;

{80281 Fig. 9 is a perspective view of the docking system of Fig. 5, showing the aircraft properly

registered within the docking station after being misaligned;

{0021} Fig. 10 is a plan view of the docking systent of Fig. 5, showing the aircraft properly registered

therein.
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DETAILED DESCRIPTION

[8022] Reference will now be made to the drawings wherein like reference nomerals identify similar
structural features or aspects of the subject disclosure. For purposes of explanation and illustration, and
not lraitation, an ilustrative view of an embodiment of a docking station in accordance with the
disclosure is shown in Fig. 1. Other embodiments and/or aspects of this disclosure are showan in Figs. 2-
10, The systems and methods described herein can be used to improve aireraft aligorpent when landing

at a docking station {(e.g., for antonomous quad-copters or the like).

{80231 Referring to Figs. 1-10, embodiments of a docking station for an aircraft includes a base portion
and an alignment system disposed on the base portion configured 1o orient the aircraft relative to the
base portion. The alignment system can include a plurality of outer and inner protrusions extending
away from the base portion in a vertical direction, or a single protrusion mimicking the three-

dimensional shape formed by the plurality of extrusions.

[6024} The plurality of outer and inner protrusions can extend away from the base portion in both the
vertical direction and a horizontal direction such that the outer and inner protrusions extend from the
base portion at an angle. The outer protrusions can include a ramp shape and are angled toward a
middle of the base portion such that the ramp shape angles down toward the middle of the base portion.
The inner protrusions can include a ramp shape and are angled away from a middle of the base portion

such that the ramp shape angles down away from the middle of the base portion.

{6925] The outer protrusions can be circumferentially disposed about the middle of the base portion to
form an cuter periphery of a landing area and to register the aircraft toward a middle of the base portion.
The inner protrusions can be circumferentially disposed at the middle of the base portion to form an
inner periphery of the landing area and to register the aircraft toward a middle of the base portion. These
inner protrusions can work in tandem with the outer protrusion to ensure level descent of the vehicle. In
other words, the inner and outer protrusions work together to ensure at least two points of contact on

between the landing gear of opposite sides of the aircraft and the protrusion surfaces during descent.

[6026] The docking station can further include a landing platforrn at the middle of the base portion
disposed at an upper end of the inner protrusions, as well as a landing platform between the inner and
outer protrusions disposed at the lower end of the inoer and ouwter protrusions. The landing platform can
inchude a charging system operatively associated therewith and configured to electrically couple to the
aireraft to charge a battery of the aircraft. In certain emmbodiments, the landing platform includes a data

transfer system operatively associated therewith and configured to commbnicate with the aircraft.
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{80271 The outer protrusions and the inner protrusions can meet at the base portion. As shown in Fig.
1-3, one or more of the outer protrusions and/or inner protrusions are covered with a covering material
(e.g., sheet metal, paper, cloth, plastic, etc., to form an enclosed bowl), or this solid shape can be
mimicked with a single, solid three dirnensional protrusion. As shown in Figs. 4-10, the docking station
can include a skeleton frame design without the need for walls or other covering. It is contemplated that
the docking station can inclhide a ring connecting the outer protrusions as an upper end thereof as shown

in Figs. 4-10.

[6028) As described above, the docking station can be configured for use with any VTOL aircraft (e.g.,
an antonomous quad-copter) such that it is a VTOL aircraft docking station. For example, a gquad-
copter can include a body portion and four arms extending therefrom, each arm configured to hold a
maotor and propeller (not shown) for lifting and controlling the quad-copter. The gquad-copter can
include a circular landing gear mounted on quad-copter to achieve to taprove landing performance
within the docking station. Any other suitable landing gear compatible with the landing platform

dimeunsions of the docking station is conternplated hercin.

[6629] During landing, the quad-copter can position itself or can be positioned by a user over the
docking station imperfectly due to inherent errors in the precision of autonomous navigation and/or

control software and/or or manual user error {e.g., as shown in Fig. 8).

(00381 When the guad-copter reaches its lowest point at the center, between the inper and outer
protrusions, and rests on the landing platform, it can be put into commumication with the charging
system and/or data transfer system by being medialised and/or oriented properly (as shown in Figs. 9

and 10).

{6031} The methods and systens of the present disclosure, as described above and shown in the
drawings, provide for aircraft docking stations with superior properties including alignment systems for
guiding aircraft into the docking stations. While the apparatms and methods of the subject disclosure
have been shown and described with reference to embodiments, those skilled in the art will readily
appreciate that changes and/or modifications may be rmade thereto without departing fror the spirit and

scope of the subject disclosure.



What is claimed is:

1. A docking station for an aircraft, comprising:
a base portion; and

an alignment system disposed on the base portion configured to orient the aircraft relative

to the base portion;

wherein the alignment system includes a plurality of inner and outer protrusions extending away
from the base portion in a vertical direction or a single protrusion mimicking a three-dimensional

shape formed by the plurality of inner and outer protrusions;

wherein the plurality of inner and outer protrusions extend away from the base portion in both
the vertical direction and a horizontal direction such that the outer protrusions extend from the

base portion at an angle;

wherein the outer protrusions include ramp shape and are angled toward a middle of the base

portion such that the ramp shape angles down toward the middle of the base portion;

wherein the outer protrusions are circumferentially disposed about the middle of the base portion
to form an outer periphery of a landing area and to urge the aircraft toward a middle of the base

portion; and

wherein the inner protrusions include ramp shape and are angled away from a middle of the base

portion such that the ramp shape angles down away from the middle of the base portion.

2. The docking station of claim 1, further comprising a landing platform at the middle of the

base portion disposed at an upper end of the inner protrusions.

3. The docking station of claim 2, wherein the landing platform includes a charging system
operatively associated therewith and configured to electrically couple to the aircraft to charge a

battery of the aircraft.

4. The docking station of claim 3, wherein the landing platform includes a data transfer

system operatively associated therewith and configured to communicate with the aircraft.

Date Recue/Date Received 2023-02-08



5. The docking station of claim 1, wherein the outer protrusions and the inner protrusions

meet at the base portion.

6. The docking station of claim 1, wherein one or more of the outer protrusions and/or inner

protrusions are covered with a covering material.

Date Recue/Date Received 2023-02-08
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