2017/141069 A1 1IN 0000 10 00 O O 0 0

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/141069 A1

24 August 2017 (24.08.2017) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
B64C 27/20 (2006.01) B64C 39/02 (2006.01) kind of national protection available): AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/IB2016/000444 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
17 February 2016 (17.02.2016) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: ARDN TECHNOLOGY LIMITED . L
[GB/GB]; 44a, The Green, Warlingham CR6 9NA (GB). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: SABIROYV, Marat, Ildusovich; Pobeda Aven- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
ue 1/09, Flat 161, Zainsk, Republic Of Tatarstan, 423523 TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(RU). ZINNUROV, Nail, Ramilevech; Marshala TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Chuykova Street 29, Flat 172, Kazan, Republic Of DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Tatarstan, 420136 (RU). ARSENTYEV, Dmitry, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Aleksandrovich; M. Gorkogo Avenue 16, Flat 6, Chebok- SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
sari, Republic Of Chuvashia, 428009 (RU). RODIN, Ilya, GW, KM, ML, MR, NE, SN, TD, TG).
Yurevich; Tvardovskogo Street, 12/2, Flat 80, Moscow, Published:

123458 (RU). TIMOFFJEVS, Aleksanders; Zagorskogo
Driveway, 11, Flat 17, Moscow, 121357 (RU).

with international search report (Art. 21(3))

(54) Title: MULTICOPTER WITH DIFFERENT PURPOSE PROPELLERS

FIG1

102

108

(57) Abstract: Described here are multicopter systems and methods of operating multicopter systems, including those with a chassis
(106) with at least two mounted litt motors and at least four mounted control motors mounted within the chassis (106), wherein, the
at least two mounted lift motors each having a lift propeller (102), the at least four mounted control motors each having a control
propeller (108), wherein the lift propellers (102) and the control propellers (108) are in parallel planes or coplanar, a computer
mounted on the chassis, the computer in communication with the control motors, an electric power source mounted on the chassis,
the electric power source connected to the control motors, and an antennae mounted on the chassis, in communication with the com -
puter. In some examples, the control systems are encrypted.



WO 2017/141069 PCT/IB2016/000444

MULTICOPTER WITH DIFFERENT PURPOSE PROPELLERS

BACKGROUND OF THE INVENTION
Technical Field

[0001] The disclosed embodiments relate in general to the field of aerial vehicles using

propellers and, more specifically, to multicopter aerial vehicles with different purpose propellers.

Description of the Related Art

[0002] Current aerial vehicles or aircraft may be powered in many different ways. Difficulty
has been associated with multiple propeller aircraft (multicopters) because of the need for
complex transmission systems to transmit power to multiple propellers and to control the rotation
of this number of propellers. Only the creation of efficient systems of electronic control of
electric motors and high-capacity batteries have provided the opportunity to produce miniature
designs of such remote radio controlled multicopters. But the attempts to increase the overall
dimensions and capacity of motors in such designs have encountered scaling problems.
Hindrances involved in this technical task include slow response of large motors, electric or
internal combustion, for maneuvering the multicopter body — turning to the left and to the right,
sharp climbs, hovering and descents necessitating a sudden rise of motor speed for certain
propellers, and reduction thereof for the others. Maneuvering in such ways may require quick
changes in propeller motor operation and according to the cube law, the response of the rotating
motor elements and the propellers themselves slows down in large motors. For this reason things
that can be easily implemented in small sizes are in practice difficult to do in case of large sizes

and significant propeller and motor weights as well as inertia problems.

SUMMARY OF THE INVENTION
[0003] The present invention provides systems and methods for providing and controlling
multicopter including, a chassis with at least two lift motors and at least four control motors
mounted to the chassis, wherein, the at least two mounted lift motors each having a lift propeller,
the at least four mounted control motors each having a control propeller, wherein the lift
propellers and the control propellers are coplanar or in parallel planes, and wherein the lift

propellers are at least twice as long as the control propellers, a computer mounted on the chassis,
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the computer in communication with the control motors, an electric power source mounted on
the chassis, the electric power source connected to the control motors, and an antennae mounted
on the chassis, in communication with the computer. Some embodiments are further comprising
ailerons mounted to the chassis under the lift propellers. In some embodiments the electric
power source is one of a battery or generator. In some embodiments, the chassis having a
periphery and the chassis includes the lift and control propellers within its periphery. In some
embodiments, load sensors may be mounted on the chassis and in communication with the
computer, the computer configured to calculate a load imbalance and indicate a warning of the
load imbalance. In some embodiments, a sprayer may be mounted on the chassis and in
communication with the computer, and in some a hook and winch may be mounted on the
chassis. In some embodiments, the chassis is an open framework of aluminum bars. In some
examples, the lift motors are at least one of electric, internal combustion or gas turbine. In some
embodiments, the computer is in communication with a navigation system and is configured to
control the spinning of the controlling propellers to maneuver the flying machine to navigation
system navigation points. In some embodiments, the lifting propellers are at least one meter long.
[0004] Described here are multicopter systems and methods of operating multicopter systems,
including those with a chassis with at least two mounted lift motors and at least four mounted
control motors mounted within the chassis, wherein, the at least two mounted lift motors each
having a lift propeller, the at least four mounted control motors each having a control propeller,
wherein the lift propellers and the control propellers are in parallel planes, wherein the lift
propellers are at least twice as long as the control propellers, a computer mounted on the chassis,
the computer in communication with the control motors, a battery mounted on the chassis, the
battery connected to the control motors, and an antennae mounted on the chassis, in
communication with the computer. In some examples, the control systems are encrypted.

[0005]  Other features and advantages of the invention will be apparent from the following
detailed description, taken in conjunction with the accompanying drawings, which illustrate, by

way of example, various features of embodiments of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0006] For a better understanding of the embodiments described in this application, reference
should be made to the Detailed Description below, in conjunction with the following drawings in
which like reference numerals refer to corresponding parts throughout the figures.
[0007] FIG. 1is a diagram of a multicopter example, consistent with the inventive aspects
described here.
[0008] FIG. 2 is another diagram of a multicopter example, consistent with the inventive
aspects described here.
[0009] FIG. 3 is another diagram of a multicopter example, consistent with the inventive
aspects described here.
[0010] FIG. 4 is another diagram of a multicopter example, consistent with the inventive
aspects described here.
[0011] FIG. 5is a flow diagram of a flight regime consistent with the inventive aspects
described here.
[0012] FIG. 6is an example diagram of a flight regime consistent with the inventive aspects
described here.
[0013] FIG. 7 is an exemplary computer hardware consistent with the inventive aspects
described here.
[0014] FIG. 8A and 8B are example control flow diagrams consistent with the inventive
aspects described here.
[0015] FIG. 9is an example flow diagram consistent with the inventive aspects described
here.
[0016] FIG. 10 is an example cargo diagram consistent with the inventive aspects described
here.
[0017] FIG. 11 is a detail diagram of an example cargo consistent with the inventive aspects

described here.

DETAILED DESCRIPTION
[0018] Reference will now be made in detail to embodiments, examples of which are
illustrated in the accompanying drawings. In the following detailed description, numerous

specific details are set forth in order to provide a sufficient understanding of the subject matter



WO 2017/141069 PCT/IB2016/000444

presented herein. But it will be apparent to one of ordinary skill in the art that the subject matter
may be practiced without these specific details. Moreover, the particular embodiments described
herein are provided by way of example and should not be used to limit the scope of the invention
to these particular embodiments. In other instances, well-known data structures, timing
protocols, software operations, procedures, and components have not been described in detail so
as not to unnecessarily obscure aspects of the embodiments of the invention.

[0019] Overview

[0020]  Various flying machines have been utilized over the past century to bring humans off
the earth and into the sky. Some machines have been piloted directly by humans, others
remotely. As technologies have developed, it has become possible to utilize tested flight methods
in new ways. For example, the systems and methods discussed herein provide for new ways to
utilize flying vehicles with multiple propellers (multicopter) for lift and control. Because of the
advances in computers, the multicopter disclosed here may efficiently fly a stable flight regime
in many various conditions. And because of the advances in battery power, such multicopters
may be or include electronically powered motors instead of solely powered by jet propulsion,
internal combustion, or other ways.

[0021]  As discussed above, small multicopters less than a meter in diameter for example,
have been used by hobbyists to fly and even take and send photos while flying. However, use of
small multicopters may not be beneficial in certain industries. In some industries, large
dimensions of over two meter wide vehicles capable of lifting heavy payloads and flying long
distances may be needed. In such examples, both manned or unmanned aircraft may require
significant motor sizes and power capacity, as well as large rotor discs in order to create
necessary lift. Moreover, such motors and propellers thereof may be more difficult to control in
the pulsed regime of explosive capacity gaining and speed acceleration, and similarly impulsive
and sharp reduction of capacity and speed. It is however this regime that is required for an
accurate and high-performance control of the multicopter and a responsive change of its spatial
orientation, both during propelled flight and hovering. This is where the contradiction is
manifested to its maximum extent between the function of creation of lift for the multicopter
propellers and the second function of creation of torques to change the multicopter body’s spatial
orientation and flight mode, in terms of positioning of the multicopter body against the line of

travel.



WO 2017/141069 PCT/IB2016/000444

[0022] Embodiments described herein solve these problems by using a number of propeller
types and/or sizes for different functionality, where all propellers can change their rotation speed
and thus control the thrust created by them. In some embodiments, the various propellers are
oriented in the same general direction relative to the overall frame or chassis of the vehicle.

Thus, instead of some propellers angled one way, and others another, the lifting and control
propellers may still affect the pitch, yaw and/or roll of the multicopter by varying their speeds.
[0023] Multicopters with different purposes propellers may be used which include a
propeller group composed of a certain quantity of propellers of different functional purpose. The
propellers may be divided into at least two types based on their intended purpose, namely: lifting
propellers developing the main horizontal thrust and creating the lift and
maneuvering/controlling propellers determining the spatial orientation of the multicopter body
and its position against the line of travel including developing additional, ancillary horizontal
lifting thrust. The technical result of application of these engineering solutions is the production
of a multicopter which has an easily achievable significant useful load due to manifestation of
high lifting power, and at the same time is easy to control and changes its spatial position quickly
and easily.

[0024] FIG. 1 shows a perspective view example of such a multicopter. In the example, two
larger propellers 102 are shown in the chassis (or body, or frame) 106. These two large lifting
propellers 102 may be used to provide the bulk of the overall lift to take the multicopter off the
ground and hover the multicopter at altitude. In some embodiments, the two lifting propellers
rotate in opposite directions. In some example embodiments, the two lifting propellers 102 are
located on the same plane as one another, relative to the chassis 106. These lifting propellers 102
each have their own electric motor, their own flight control and may be controlled by any of
various computers in the multicopter. Such control can regulate the speed as well as other aspects
of each lifting propeller 102 as well as monitor the synchronization of the two propellers, relative
to one another. In some embodiments, the lifting propellers 102 share a central motor and turn by
a shaft or belt system. In some embodiments, the central lift motor is an internal combustion
motor, an electric motor, gas turbine engine, or hybrid motor. In embodiments with an internal
combustion motor, or gas turbine engine, individual propellers may not utilize their own, but

may share a central motor coupled to a transmission that powers the propellers.



WO 2017/141069 PCT/IB2016/000444

[0025] In some examples, the number of lifting propellers 102 could be only two, three, four,
five, six, seven, eight, or any number of lifting propellers. The number may be determined by the
designed usage and payload of the multicopter.

[0026] The chassis 106 of the multicopter in the example is a box-like frame which surrounds
the propellers and their propeller arcs. In other words, the chassis 106 in some example
embodiments encloses all of the components of the multicopter including the entirety of the
propellers. This design allows for some safety as the multicopter propeller arcs may be shielded
from structures in flight by the periphery of the chassis 106 body itself. Bumping into a pole or
other object in flight may only result in a bump against the chassis 106 and not any propellers
which could affect flight or even disable the multicopter. In some embodiments, the smaller
control propellers 108 are also enclosed within the periphery of the chassis. Again, this could
protect the propellers in operation and also in transport and storage.

[0027] A chassis 106 having an outer structure and also a low profile may allow the
multicopter to operate in smaller spaces as well as ease transport and storage when not in
operation. The box-like frame shown in FIG. 1 is an open frame design made of bars, tubes, |
beams, and/or rods, of metal such as aluminum or steel. Any kind of structural framework may
be used, the depiction of tubes is not intended to be limiting. Such a frame could be made of any
material such as carbon fiber, fiberglass, plastics, sandwiched composites, or other material that
is light weight and strong. Any shaped chassis may be used to house the propellers and
mechanics, the rectangular design of FIG. 1 being merely exemplary. Other shapes such as a
square, circle, ellipse, hexagon, octagon, or other shape could be used. The number and
arrangement of lift and control propellers may affect the shape design of the overall multicopter.
[0028] The example chassis 106 in FIG. 1 shows a central housing 110 where components
such as batteries, antennae, and computers may be mounted to the chassis. Such a housing could
take any of various forms and need not be a paneled metal housing as shown. Clear plastic could
enclose the housing 110, the housing could be open, or it could be enclosed completely from a
plastic or metal enclosure. Landing apparatus, may also be different than the two skids 112
shown in FIG. 1. Any of various skis, wheels, pontoons, rollers or other landing gear could be
used for the multicopter.

[0029] FIG. 1 also shows, in addition to the larger lifting propellers 102, a set of smaller

control propellers 108 spaced within the chassis. In some embodiments, these control propellers
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108 are positioned at the edges of the chassis but still within its overall periphery, for example in
the corners as shown in FIG. 1. In some embodiments, additional control propellers may be
placed in any of various positions around the lifting propellers 102. In some embodiments, the
control propellers may be located outside of the chassis. Any kind of mount or frame or stage
could be used to support such control propellers. The depiction of the control propellers being
located inside of an overall chassis or frame structure is not intended to be limiting. In some
embodiments, the control propellers 108 outnumber the larger lifting propellers 102 by a ratio of
two to one. In some embodiments, the control propellers may outnumber the lifting propellers in
a ratio of four to one. In some embodiments, the control propellers may outnumber the lifting
propellers by another ratio. In some embodiments, the control propellers 108 are located on the
same plane, generally the same plane, and/or parallel planes as the lifting propellers 102 relative
to the chassis 106. In other words, the lifting propellers 102 and the controlling propellers 108
may be oriented in the same direction, or generally the same direction, relative to the chassis
instead of oriented in different directions. In such embodiments, different speeds of the control
propellers may change the orientation, pitch, yaw and/or roll of the multicopter. In some
examples, the control propellers 108 are located at different planes than the lifting propellers
102, such as just above or below, or a combination of above and below the plane of the lifting
propellers 102 as viewed from the side of the multicopter.

[0030] In some embodiments, the dimensions and weight of the lifting propellers are at least
two times larger than the dimensions and weight of the controlling propellers. In some
embodiments, the potential thrust provided by the lifting propellers is at least twice as much as
the potential thrust that may be provided by the controlling propellers.

[0031] FIG. 2 shows another perspective view example multicopter but with an optional wall
covering 204 or skirt surrounding the individual sections of the sides of the otherwise open
framed multicopter chassis. Such an example covering may be used to channel air toward the
propellers and increase flight characteristics including hovering as well as reduce side drafts that
could reduce lift from any of the propellers. The open framed chassis could be covered with any
kind of material to form the walls such as fabric, aluminum, carbon fiber, plexi-glass, or other
material. The walls could also include sensors, wiring, antennae, or other components of the

multicopter as described here.
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[0032] Propeller Overview

[0033] Due to potential problems associated with controlling larger multicopters, especially
those with propellers in coplanar or parallel planar arrangements, the embodiments described
here include a division of types of propellers on a multicopter into larger and smaller propeller
sizes. Such a division may allow the multicopter to generate a majority of lift thrust from larger
propellers which do not need to change their spin rate very often. Such a division may also allow
the multicopter to generate a majority of control thrust from smaller propellers which may
change their spin rate at much more frequency than the lifting propellers. Such lifting propellers
may be a meter long or longer. And such control propellers may be half as long, or shorter.
[0034]  Such lift and control propellers may be arranged in any of various positions in the
multicopter as shown as an example in FIG. 1 or other arrangement in order to maintain proper
balance. Such arrangement may also allow lifting propellers to be configured for developing the
main horizontal thrust for the multicopter and creating a majority of the lift for the multicopter.
Such an arrangement may also allow the controlling propellers to be configured for developing
the maneuvering thrust such as controlling the spatial orientation of the multicopter and its
position against the line of travel in operation, as well as developing additional ancillary
horizontal thrust for the multicopter. Controlling propellers, because they are smaller, could
change spin rates more quickly and adjust to navigation, orientation, pitch, yaw and roll of the
multicopter.

[0035] In some embodiments, these propellers may be arrange in a co-planar or parallel
planar arrangement in the multicopter chassis. Such an arrangement would place the propeller
shafts generally in parallel to one another within the chassis of the multicopter and the propeller
blades arranged generally parallel to one another. Such an arrangement would also necessitate
that each propeller be spaced apart from one another to allow for the propellers to spin freely and
change speed without interfering or touching the next propeller, or, arranged just above or below
one another so the overlap would have vertical spacing. The result, in such embodiments, would
be a flat, overall vertical dimension of the multicopter chassis which encloses all of the
propellers. Such a flat shape may allow for storing, stacking, and transportation to be easier than
a multicopter with propellers arranged in different axes.

[0036] FIG. 3 shows a top down view of an example multicopter with larger lifting propellers

as well as smaller control propellers. FIG. 3 shows an example position of the larger lifting
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propellers 302 in the center of the multicopter as well as the example eight control propellers and
motors 308 arranged around the periphery of the multicopter chassis. Both sets of propellers are
all shown as coplanar or parallel planar in that their propeller shafts are all approximately
parallel within the chassis. Thus, each propeller is spaced apart from the next and no propeller
arcs would intersect or touch because they are either horizontally spaced, or vertically spaced
such as mounted at different heights, on parallel planes, which may allow for overlap of the
propeller arcs or a closer spacing of the propeller arcs than if they were on the same plane.
Again, the number and position of the smaller control propellers may be different than as shown
in FIG. 3. For example, only four control propellers 308 may be used instead of eight and their
position within the chassis may be different.

[0037] In some examples, each control propeller has its own electric motor 308 and is
controlled by the onboard computer system. Such control may include propeller spin speed as
well as synchronization with other control propellers and/or the larger lifting propellers 302. In
the arrangement using larger lifting propellers 302 in conjunction with coplanar control
propellers 308, the speeds of the controlling propellers would change more frequently than the
speed of the lifting propellers in maneuver operations. Because the control propellers would
change the pitch, yaw and roll of the overall multicopter, each motor, controlling each
controlling propeller 308 would be independently controlled by the onboard computer. This
would allow for independent changes of control propeller speed during flight. The lift propellers
302may also be controlled by the onboard computer but the changes in speed of the lift
propellers 302may not be as frequent or as abruptly changed as the smaller control propellers
308.

[0038] Coplanar arrangements of the propellers in the multicopter may also allow for the
profile of the chassis to be compact in height. By arranging both the lifting propellers 308 and
the controlling propellers 302 in about the same height within the chassis, the overall height of
the chassis could be kept relatively short, although wide to accommodate all of the propeller
arcs. This flat design could be used to help store multiple multicopters in one place. It could
allow them to be stacked one upon the other. It could allow the multicopter to operate in and
around structures that would not otherwise be possible.

[0039] In some embodiments, the dimensions and weight of the lifting propellers 302 are at

least two times larger than the dimensions and weight of the controlling propellers 308, and the
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quantity of the controlling propellers 308 is at least two times larger than the quantity of the
lifting propellers 302. Thus, if a lifting propeller 302 were one meter long, a control propeller
would be half a meter long or shorter. In some example embodiments, a lifting propeller 302
may be a meter long and each control propeller 308 may be a quarter meter long.

[0040]  This division of the propeller group elements into at least two propeller types results in
lifting propellers 302, being larger in terms of size (e.g. rotor span or propeller arc), as well as
potentially heavier depending on the material used in fabrication of the propellers. The lifting
propellers, in operation, may achieve a generally constant speed for most of the flight regime,
changing potentially for altitude and hovering maneuvers. Due to this arrangement, the lifting
propellers 302 may not need to change their rotation speed as frequently compared to controlling
propellers 308. Thus, if the lifting propellers 302 shared a motor, such as an electric motor,
internal combustion motor or a turbofan or turbojet engine, the burden on a transmission or
synchronization drive would be less, as the lift propellers 302 would tend toward a more constant
spin speed as compared to the control propellers 308.

[0041]  The controlling propellers, in some embodiments, smaller in size and rotor disc and
thus having smaller weight and faster response time, may operate mainly to create torsion and
inclining moments in relation to the lifting body of the multicopter. This may allow an easier,
more efficient and more accurate maneuvering, or change of the spatial orientation of the
multicopter and the position of its body against the line of its travel. In some embodiments, the
controlling propellers may add to the horizontal thrust created by the larger lifting propellers
when the multicopter is tipped toward a general line of direction as disclosed in more detail in
FIG. 6.

[0042] FIG. 4 shows another example perspective diagram of an example multicopter. In
some embodiments, instead of merely adjusting the speed of the lift 402 and/or control propellers
408, the multicopter orientation in the air may be adjusted with a help of aileron plates arranged
parallel to each other and under some or all propellers. The movable plates, or ailerons 470,
mounted under the propellers on the chassis may work together with the stabilization system of
the multicopter. Thus, the deflecting plates or ailerons may deflect the air flow generated by any
of the propellers for maneuvering. FIG. 4 also shows ailerons 470 attached to the chassis
attached to any of various systems to control its movement such as a mechanical arm and a servo

motor in communication with the onboard computer. The ailerons 470 may be arranged to
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deflect thrust from the lifting propellers for maneuvering. Ailerons 470 could be placed in any
of various places under or on the lower side of the chassis, for the lifting propellers 402 and/or
control propellers 408.

[0043] In some example embodiments, not only the speed of the propellers may be altered,
but the pitch of each individual propeller blade may be adjusted as well. In such examples,
during flight, the pitch of a lift propeller blade may be used to adjust lift even if the rotation of
the propeller itself remains constant. In some examples, this constant speed of the propellers may
use less energy than changing the speed of individual propellers. The system may be allowed to
auto rotate in an emergency situation, thereby slowing the descent of the multicopter if power is
lost.

[0044] In some examples, the propellers may be set on gimbals that move and alter the angle
of the entire propeller unit in relation to the overall chassis body frame. In such examples, servo
motors may be moved by the onboard computer system to affect the lift of the propeller in its
relative section of the multicopter. This may be used for changing any flight regime including
hover as well as horizontal travel regimes.

[0045]  Flight Examples

[0046] FIG. 5is a flow diagram of a sequence of events for flight of an example multicopter
using both larger lifting and smaller control propellers. First, 502 at the start of motion of the
multicopter all propellers of both types are started, whereas one half thereof rotate in one
direction, and the other half in the other in order to provide for mutual compensation of the
reaction torques of the rotating propellers. Next, 504 the main lift is created by the large lifting
propellers which rotate with gradual deceleration or acceleration of speed whenever the flight
altitude is required to be changed, or to maintain a hover. Then, 506 the function of control of the
spatial orientation of the multicopter body and change of the position thereof against the line of
its travel 1s the induced by the controlling propellers which are smaller as compared to the lifting
propellers. For this reason the controlling propellers have faster response to spin speed changes
and are hence more suitable for frequent speed adjustments than the larger lifting propellers. In
some examples, the number of the controlling propellers is greater than that of the lifting
propellers — as many as twice or three times as many in some examples. Finally, 508 when the
multicopter rises to an altitude sufficient for a horizontal flight, the controlling propellers incline

the multicopter body by speeding controlling propellers on one side and slowing them on
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another. The result is a tipping of the multicopter body and the resultant thrust air streams of all
propeller types include the horizontal component which creates horizontal thrust allowing the
multicopter to traverse above the ground surface.

[0047] FIG. 6 shows an example graphical representation of a multicopter as it transitions
from takeoff, to hovering, to a horizontal flight regime. First, while on the ground 602, the lifting
propellers begin to spin and create vertical lift. The resulting thrust vector 690 is completely
vertical. Next, 604 the lifting propellers lift the multicopter off of the ground and the control
propellers begin to spin more rapidly on one side of the chassis than the other. The resulting
thrust vector is mostly vertical 690 but a small amount of horizontal thrust 692 is created. Next,
606 at a desired altitude off the ground, the control propellers increase rotation speed and tip the
chassis of the multicopter to one side toward a direction of travel. This tipping could be
controlled by acceleration of control propellers on one side of the chassis and slowing the speed
of the controlling propellers on the other side, creating more and less lift of the relative portions
of the chassis. The resulting horizontal thrust vector 692 increases as the vertical thrust vector
690 begins to lessen. Next, 608 as the control propellers tip the chassis, the lifting propellers end
up creating not only the main vertical lift for the multicopter but also some horizontal thrust as
well. The resulting horizontal thrust vector 692 is much larger at this point than the vertical
thrust vector 690. Finally, 610, the multicopter utilizes both control propellers as well as lifting
propellers to control the altitude as well as the attitude of the multicopter for the most efficient
flying regime for the conditions. At this point, the horizontal thrust vector 692 is much larger
than the vertical thrust vector if it is even present at all. At any time, the multicopter could pivot
back to a direction it was in for takeoff 602 and hover, land, etc. In some embodiments, due to
the larger thrust created by the lifting propellers, the multicopter may require an orientation more
like it is during takeoff 602 in order to gain significant altitude. When at altitude, the orientation
many tip again toward horizontal flight regime 610 and back and forth as needed during flight.
[0048] Thus, in some examples, horizontal thrust may be created by both the lifting propellers
and the controlling propellers, whereas in some embodiments, the ratio of the horizontal thrust
developed by the lifting propellers to that developed by the controlling propellers may be for
example 60- 40 or 70-30.

12
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[0049] Control Examples

[0050] FIG. 7 shows an example grouping of computer hardware 701 that may be used by the
multicopter to control propellers, navigate, communicate wirelessly, take sensor readings,
operate any onboard peripheral devices, etc. A central processing unit (CPU) 702 may be used to
process instructions in the computer 701 and is shown in communication with other computer
hardware components by way of a bus 704 or other wiring. The CPU 702 is also in
communication with some type of user interface 706. Such a user interface could be any kind of
user interface on the multicopter itself, or (not pictured) remotely connected via a wireless
transmitter to a ground station or other operator unit. Such a user interface 706 could be used to
control the multicopter, navigate, take diagnostic measurements of various aspects of the
multicopter, to program flight directions or payload directions (such as agricultural spraying as
describe below) into the multicopter. The user interface 706 could be used to alter any autopilot
regimes that are programmed into the multicopter or for any other various reasons. The hardware
also shows any of various peripherals 708 such as an antenna for remote communication,
antennae for a navigation system such as a satellite Global Positioning System (GPS), Glonas,
Galileo, LORAN, radar beacon or any other kind of peripheral such as sensor operator, camera,
payload sensors, accelerometers, gyro, air speed indicator, altimeter, radar altimeter, speed gauge
for motors, sprayer devices, load movement such as winches with hooks, landing gear
deployment, aileron movement etc. Finally, a memory 710 is shown with any of various
programs such as but not limited to an operating system 712, network communications 714,
instructions 716, Applications 718, Data storage 720, Data tables 722, Transaction logs 724,
flight parameter recording 726, and encryption data 728. Any of other various programs could be
used by the computer hardware in the multicopter.

[0051]  Such computer hardware may include programs that the multicopter can utilize for
particular flight regimes. For example, a hovering program may be utilized by the multicopter for
any of various reasons for example, if communication is lost with a ground controller. Auto pilot
programs may be used to navigate such as navigation waypoints, hover, loiter, navigate to a
home, land if there is a loss of control or input, etc. Auto pilot may be used for cargo pickup and
drop off regimes. Auto pilot may be used for agricultural spraying patterns, etc. Any kind of auto

pilot or flight control regimes may be programmed into the multicopter computer.
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[0052] FIG. 8A and FIG. 8B together depict an example control flow according to some
embodiments described here. In certain examples, the control system can include two-loops: an
internal control loop and an outer control loop. Such an arrangement may be packaged in a single
hardware-software combination.

[0053]  First, an autopilot system receives signals from position sensors and status sensors.
Such sensors could be any number of things such as but not limited to, accelerometers,
gyroscopes, magnetometers, altimeters, atmospheric pressure sensor, navigation systems such as
GPS, GLONASS, LIDAR, LORAN, ground station sensors, internal combustion engine’s spin
speed sensors, control motors’ rpm sensors etc.

[0054] In the example of FIG. 8A, there are three inputs from three sources: 802 Ground
Station, 804 satellite navigation such as global positioning system, and light detection and
ranging LIDAR system 806. Any kind of input could be used, but these three are used for
example in FIG. 8A. Next, the position input from any combination of these or other position
sensors are fed into the position controller 808. Such a position controller may be a computer
implemented system in the onboard computer. The position controller 808 then determines the
three dimensional x, y and z control to feed into the rotation matrix 810. The rotation matrix 810
may determine any number of set points such as but not limited to thrust, roll, pitch and yaw.
[0055] The internal control loop

[0056] The internal control loop can be automatic (automated as well) control of roll, pitch,
yaw and thrust of the vehicle. FIG. 8B shows the continuation of the flow from 8A. The attitude
controller 814 receives yaw, pitch and roll data from the rotation matrix 810. The attitude
controller 814 also receives input from the inertial sensor, gyroscope or inertial measurement
unit, IMU 812.

[0057] The feedback signals can be roll angles ( in relation to horizon), pitch angels (in
relation to horizon) and yaw angles ( in relation to the north or heading), as well as angular
velocity of roll, pitch and yaw, vehicle’s altitude, speed of altitude’s change, atmospheric
pressure etc. The control signals of roll, pitch and yaw angles as well as the control signal of
vehicle’s thrust come from the outer control loop. Control signals as well as  feedback
signals of the internal control loop can also be a rotation matrices, quaternions, thrust vectors

etc.
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[0058] The controllers can be for each of the control channels (roll, pitch, yaw and thrust)
separately. The controller can be used as P, PI and PID controllers by angle and angular velocity
(and any other controllers). Output signals from the controllers 814 to each of the control
channels can affect each of the vehicle’s actuators — rotors, control propellers, ailerons etc. An
effect of each of the control signals can be determined by mixing matrix, where each of the
signals is determined by its rate of effect on one or the other actuator.

[0059] The mixer 816 may receive input from the attitude controller 814 for yaw, pitch and
roll as well as thrust from the rotation matrix 810. The mixer Qq16 may utilize a mixing matrix
such as:

roll, pitch thrust yaw

-1 1 0 0 % Control motors 1 and 2
-1 -1 0 0 % Control motors 3 and 4
1 -1 0 0 % Control motors 5 and 6
1 1 0 0 % Control motors 7 and 8
0 0 0 1 % Aileron 1
0 0 0 1 % Aileron 2
0 0 1 0 % Internal combustion engine

[0060] The output from the mixer 816 may be fed into the various motors for the lifting and

controlling propellers 818.

[0061] The outer control loop

[0062] The outer control loop can be automatic (automated as well) control of position,
altitude, heading, speed and move of the vehicle in the global coordinate system etc. The outer
control loop can determine flight modes of the vehicle such as a takeoff, a landing, a hold of an
altitude above sea level, a hold of an altitude above ground surface, a hold of a point in space,
an assignment flight, a flight over obstacles, a return to a start point, a flight at loss of
communication, and others as well. The outer control loop can control the vehicle’s attachments
as well.

[0063] The feedback signals for the outer control loop can be a position of the vehicle in the
global coordinate system, speed of movement in space, an altitude of the vehicle above the
ground (underlying surface / sea level), a rate of an altitude’s change , heading, a rate of a

heading’s change, and others. The control signals for the outer control loop can be the
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coordinates set in the global coordinate system, the heading, the speed of move in space, the
altitude above the ground (underlying surface / sea level), and others.

[0064] The controllers can be for each of the control channels (heading, move in latitude,
move in longitude, altitude, speed of move, and others) separately. The controller can be used as
a proportional (P), proportional-integral (PI) and proportional- integral-derivative (PID)
controllers (and any other controllers). Output signals from the controllers to each of the outer
loop control channels can affect each of inputs of the internal control loop. The impact of each of
the control signals can be determined by formation of rotation matrices, thrust vectors, mixing
matrix etc.

[0065] Encrypted Control Examples

[0066] In some embodiments, the multicopter may be controlled or be in communication with
a ground controller or satellite controller. In such example embodiments, the signals sent to and
from the multicopter for navigation, direction, or other direction such as control of peripherals
such as sensors, cameras, sprayers, loading devices, etc. may be encrypted. Such encryption may
assure that the multicopter does not receive interfering control inputs, and that the multicopter
communications are only able to be received by the intended ground or satellite station.

[0067]  Thus, the on-board computer and software and related ground/ satellite station
software is specifically designed to ensure operations safety. In particular, some embodiments
include protection for the control radio channel, protection against malicious intent of the
operator and protection against flight controller physical replacement. In some embodiments, the
security approach is based on PKI (Public Key Infrastructure). In such examples, the flight
controller may store PKI certificates produced by a CA (Certificate Authority) and used to
authorize all incoming commands.

[0068] In some embodiments, the system splits rights to execute the software operations via
loading the pre-designed flight program into a flight controller and rights to design a flight
program to be executed by the flight controller. In such examples, a user who has rights to
execute the software operations does so by using a related operator certificate, which is produced
by the CA. The operator certificate allows the system to set up a secure command radio link with
the software and transmit pre-designed flight programs on board. A person who has rights to
design a flight program does so by using a related designer certificate, which is also produced by

the CA. As a result, the flight program may store a security signature which may ensure that the
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flight controller program is eligible for execution. The above-described rights distribution may
help ensure protection against malicious intent of the operator or other person, such as an attempt
to execute an unauthorized takeover of the controls. In order to take full control of the software
one would need to obtain both operator certificate and designer certificate which are always
distributed between two users, making malicious takeover attempts highly impractical.

[0069] In order to protect the system against flight controller physical replacement, some
embodiments include an authorization procedure between the flight controller and electric
motors controllers of control propellers (EM controllers) or any other kind of peripheral such as
sensor operator, camera, payload sensors, accelerometers, gyro, air speed indicator, altimeter,
RPM gauge for motors, etc., which could be based on Blockchain technology. EM controllers
can be activated by data exchange and verification procedure with an activating side such as a
flight controller. This data exchange procedure can only result as a success if the activating side
knows keys derived from the EM controller’s unique private keys using a specific algorithm.
These unique private keys may be loaded into EM controllers secure memory during production.
Derived keys may be loaded into the flight controller secure memory also during production.
Thus, a flight controller may only work with exact EM controllers present on board.
Replacement of the flight controller results in a new flight controller not having derived keys of
EM controllers present on board. Such EM controllers cannot be activated by flight controller
and will stay inactive which will result in the inability to navigate the system.

[0070] FIG. 9 shows an example flow chart diagram of encrypted flight control examples
according to some embodiments. In FIG. 9, there are two options which the certificate could be
pre-loaded to start the process. IN one option, the Designer certificate ensures that the flight
program is eligible to be executed 902. In the other option, the operator certificate allows
establishment of a radio channel communication and loads the flight program into the flight
controller 904. Either way, the next step is for the flight controller to use the pre-loaded
certificate to authorize data sender and incoming data 906. Finally, the EM controller is activated
by the flight controller which knows the EM controller’s derived key 908. In this way,
encryption may be used to protect from third party takeover or malicious control.

[0071] Cargo Examples

[0072] Because the scale of the multicopters disclosed here may be large enough to lift and

move hundreds and even thousands of pounds of cargo, the multicopter could be used for any of
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various industrial reasons including but not limited to cargo movement and agricultural spraying.
Load carrying embodiments may take many forms and be mounted on the chassis in any of
various places. For example, in some embodiments, the chassis utilize any number of hooks,
rails, baskets, nets, arms, or other holding or lifting devices mounted under it, on the sides of it
and/or on the frame itself. Pulleys and/or winches may be mounted as well, to move cargo up
and down, relative to the chassis.

[0073] In cargo examples, it may be useful to ensure that the cargo is affixed to the
multicopter in a way that would not adversely affect weight and balance parameters for flight.
Cargo weight and balance may therefore be calculated by onboard sensors placed in various
places on the chassis.

[0074]  The use of piezo electric sensors or strain gauges in various aspects of the body or
chassis of the multicopter may be used to detect cargo position and potential imbalances. Such
strain gauges may be placed in each of the support chassis, the landing gear, the positions where
cargo is tied or affixed, or other places for measurement. The sensors could be in communication
with the onboard computer and/or wireless transmitters to another computer to inform a human
controller or an auto-controller of the cargo arrangement. Thus, before takeoff or during flight,
any deviation from calculated allowable center of gravity range of the multicopter may be
detected. In case of such deviations the system issues a warning about this through
communications in the remote control and / or autopilot.

[0075] In cargo arrangements such as for agricultural spraying examples, any of various
fertilizers, seeds, water, and/or other chemicals may be transported and delivered by the
multicopter. For example, liquid and/or dry material may be delivered by the multicopter through
spray nozzles located on the underside and sides of the chassis. In some embodiments, the
delivery or emptying of the contents of the tanks may be regulated to ensure weight and balance
does not become adverse to flight. FIG. 10 shows an example set of tanks which may be used by
the multicopter to store, transport and deliver a spray-able payload. The main holding tanks 1002
are shown as subdivided to reduce sloshing of contents in flight as well as weight distribution
during filling and emptying of the tanks. Any additional baftles and or walls within the
subdivided tanks may be used as well. Check valves 1004 may be located at the entrance of each

sub tank for filling and also at the exit ports for spraying.
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[0076] FIG. 11 shows details of the example tanks of FIG. 10. The check valve at the main
fill port 1102 is shown leading to a chamber 1106 that leads to individual check valves 1104 for
each sub tank. Spray-able material may then be loaded through the fill port 1102 and fill the sub
tanks in order to later spray or deliver the spray cargo through any arrangement of sprayers.
[0077]  Conclusion

[0078]  As disclosed herein, features consistent with the present inventions may be
implemented via computer-hardware, software and/or firmware. For example, the systems and
methods disclosed herein may be embodied in various forms including, for example, a data
processor, such as a computer that also includes a database, digital electronic circuitry, firmware,
software, computer networks, servers, or in combinations of them. Further, while some of the
disclosed implementations describe specific hardware components, systems and methods
consistent with the innovations herein may be implemented with any combination of hardware,
software and/or firmware. Moreover, the above-noted features and other aspects and principles
of the innovations herein may be implemented in various environments. Such environments and
related applications may be specially constructed for performing the various routines, processes
and/or operations according to the invention or they may include a general-purpose computer or
computing platform selectively activated or reconfigured by code to provide the necessary
functionality. The processes disclosed herein are not inherently related to any particular
computer, network, architecture, environment, or other apparatus, and may be implemented by a
suitable combination of hardware, software, and/or firmware. For example, various general-
purpose machines may be used with programs written in accordance with teachings of the
invention, or it may be more convenient to construct a specialized apparatus or system to
perform the required methods and techniques.

[0079]  Aspects of the method and system described herein, such as the logic, may be
implemented as functionality programmed into any of a variety of circuitry, including
programmable logic devices (“PLDs”), such as field programmable gate arrays (“FPGASs”),
programmable array logic (“PAL”) devices, electrically programmable logic and memory
devices and standard cell-based devices, as well as application specific integrated circuits. Some
other possibilities for implementing aspects include: memory devices, microcontrollers with
memory (such as EEPROM), embedded microprocessors, firmware, software, etc. Furthermore,

aspects may be embodied in microprocessors having software-based circuit emulation, discrete
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logic (sequential and combinatorial), custom devices, fuzzy (neural) logic, quantum devices, and
hybrids of any of the above device types. The underlying device technologies may be provided in
a variety of component types, e.g., metal-oxide semiconductor field-effect transistor
(“MOSFET”) technologies like complementary metal-oxide semiconductor (“CMOS”), bipolar
technologies like emitter-coupled logic (“ECL”), polymer technologies (e.g., silicon-conjugated
polymer and metal-conjugated polymer-metal structures), mixed analog and digital, and so on.
[0080] It should also be noted that the various logic and/or functions disclosed herein may be
enabled using any number of combinations of hardware, firmware, and/or as data and/or
instructions embodied in various machine-readable or computer-readable media, in terms of their
behavioral, register transfer, logic component, and/or other characteristics. Computer-readable
media in which such formatted data and/or instructions may be embodied include, but are not
limited to, non-volatile storage media in various forms (e.g., optical, magnetic or semiconductor
storage media) and carrier waves that may be used to transfer such formatted data and/or
instructions through wireless, optical, or wired signaling media or any combination thereof.
Examples of transfers of such formatted data and/or instructions by carrier waves include, but are
not limited to, transfers (uploads, downloads, e-mail, etc.) over the Internet and/or other
computer networks via one or more data transfer protocols (e.g., HTTP, FTP, SMTP, and so on).
[0081]  Unless the context clearly requires otherwise, throughout the description and the

29 CC

claims, the words “comprise,” “comprising,” and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in a sense of “including, but
not limited to.” Words using the singular or plural number also include the plural or singular

29 CC

number respectively. Additionally, the words “herein,” “hereunder,” “above,” “below,” and
words of similar import refer to this application as a whole and not to any particular portions of
this application. When the word “or” is used in reference to a list of two or more items, that word
covers all of the following interpretations of the word: any of the items in the list, all of the items
in the list and any combination of the items in the list.

[0082]  Although certain presently preferred implementations of the invention have been
specifically described herein, it will be apparent to those skilled in the art to which the invention
pertains that variations and modifications of the various implementations shown and described

herein may be made without departing from the spirit and scope of the invention. Accordingly, it

is intended that the invention be limited only to the extent required by the applicable rules of law.
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[0083] The foregoing description, for purpose of explanation, has been described with
reference to specific embodiments. However, the illustrative discussions above are not intended
to be exhaustive or to limit the invention to the precise forms disclosed. Many modifications and
variations are possible in view of the above teachings. The embodiments were chosen and
described in order to best explain the principles of the invention and its practical applications, to
thereby enable others skilled in the art to best utilize the invention and various embodiments with

various modifications as are suited to the particular use contemplated.
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CLAIMS

We claim:
1. A multicopter system comprising:
a chassis with at least one lift motor and at least four control motors mounted to the
chassis, wherein,
the at least one mounted lift motor is connected to at least two lift propellers by a
drive;
the at least four mounted control motors each having a control propeller,
wherein the lift propellers and the control propellers are coplanar or in
parallel planes; and
wherein the lift propellers are at least twice as long as the control
propellers;
a computer mounted on the chassis, the computer in communication with the control
motors;
an electric power source mounted on the chassis, the electric power source connected to
the control motors; and

an antennae mounted on the chassis, in communication with the computer.

2. The system of claim 1 further comprising ailerons mounted to the chassis under the lift

propellers.

3. The system of claim 1 wherein the electric power source is one of a battery or generator.

4. The system of claim 1 wherein the chassis having a periphery and the chassis includes the lift

and control propellers within its periphery.
5. The system of claim 1 further comprising load sensors mounted on the chassis and in

communication with the computer, the computer configured to calculate a load imbalance and

indicate a warning of the load imbalance.
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5. The system of claim 1 further comprising at least one of a sprayer and a hook mounted on the

chassis.

6. The system of claim 1 wherein the lifting propeller is at least one meter long.

7. The system of claim 1 wherein the onboard computer is configured to use encrypted

communication with a ground controller by the antenna.

8. The system of claim 1 wherein the lift motor is at least one of electric, internal combustion or

gas turbine.

9. The system of claim 1 wherein the computer is in communication with a navigation system
and is configured to control the spinning of the controlling propellers to maneuver the flying

machine to navigation system navigation points.

10. A method of operating a flying machine, comprising:
causing spinning of at least two lifting propellers mounted to a chassis;
causing spinning of at least two control propellers, each with individual electric motors
mounted to the chassis;
wherein the lifting propellers and the control propellers are coplanar or in parallel
planes as mounted on the chassis;
controlling the spinning of the controlling propellers by an onboard computer mounted to

the chassis.

11. The method of claim 10 further comprising a load bearing hook mounted to the chassis.

12. The method of claim 10 wherein the spinning of each controlling propeller by the onboard

computer may be at different spin rates based on navigation and orientation calculations from the

onboard computer.
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13. The method of claim 12 wherein the onboard computer is in communication with a
navigation system and configured to control the spinning of the controlling propellers to

maneuver the flying machine to navigation points.

14. The method of claim 12 wherein the onboard computer is further configured to communicate

using encrypted signals with a ground controller by a wireless antenna.

15. The method of claim 14 wherein the control propellers are at least twice as short in length

than the lifting propellers, and the lifting propellers are at least one meter long.

16. The method of claim 11 wherein the onboard computer controls a sprayer attached to the

chassis.

17. The method of claim 11 wherein the chassis includes load sensors in communication with the
onboard computer, the onboard computer configured to calculate and indicate if a load imbalance

exists on the chassis.

18. A multicopter system comprising:
a chassis with,
at least two internal combustion lift engines mounted on the chassis, the engine
each having a lift propeller, and
at least four mounted electric control motors each having a control propeller,
wherein the lift propellers and the control propellers are configured to spin
on a single or parallel planes within the chassis;
wherein the lift propellers are at least twice as long as the control
propellers; and
a computer mounted on the chassis, the computer in communication with the lift engine
and the control motors, and configured to control the spin rates of the lift propellers and the

control propellers.
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19. The system of claim 18 wherein the chassis includes a peripheral structure, surrounding the

lift propellers and the control propellers.

20. The system of claim 18 wherein the computer is configured to,
communicate with a navigation system, accelerometer, gyroscope and altimeter,
and,

control the spin rates of the lift propellers and the control propellers based on

input from the navigation system, accelerometer, gyroscope and altimeter.
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