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(57) ABSTRACT

An embodiment of the present disclosure relates to an
unmanned flying robotic object that contains a wheeled
mechanism that encircles its spherical exoskeleton. This
feature allows the flying spherical vehicle to readily trans-
form into a ground maneuverable vehicle. A robotic motor
with differential speed capability is used to operate each
wheel to provide effective ground maneuverability. There
are examples provided herein of wheel configurations suit-
able for use with an embodiment. One is the straight-(or
parallel) wheel design, and another is tilted-wheel design as
are illustrated and discussed hereinafter. One embodiment of
an unmanned flying robotic object taught herein is foldable.
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SPHERICAL VTOL AERIAL VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 61/970,954 filed on Mar. 27,
2014, and incorporates said provisional application by ref-
erence into this document as if fully set out at this point.

TECHNICAL FIELD

This disclosure is related to the unmanned air vehicles
and, more particularly, to unmanned air vehicles for use by
first responders that can hover, fly forward, have mobility on
the ground, that have a self up-righting capability and
methods for controlling same.

BACKGROUND

In general, unmanned aerial vehicles (“UAVs”) come in
two forms, fixed wing and rotary wing, each having its own
advantages and shortcomings. The former has limitations
with take-off and landing, while the latter has limitations in
stability, safety and endurance. Conventional fixed-wing
designs can fly forward efficiently at high speed, but they
cannot take-off and land vertically, and either runways or
launch and recovery systems are required. On the other
hand, rotor platforms such as helicopters and multi-rotors
can take off and land vertically, but they cannot fly forward
with high speed relative to fixed wing designs and have
limited ground handling. Rotary platforms have the distinct
advantage of hovering while staring directly at a target as
long as power is available.

Open-tip propeller on both hand-tossed fixed wing UAVs
and multi-rotor platforms can present safety hazards to the
operator and are likely to get damaged upon contact with an
object. These demands have led to the development of
several shrouded fan vehicles with robust control systems.
Likewise, multi-rotor systems have become extremely
capable. Even though these vehicles may be shrouded and
equipped with robust flight control system, the vehicles’
orientation during take-off and landing relative to the terrain
remains critical. In other words, a toppled vehicle has no
further operational capability without human intervention.
To design a search and rescue orientated UAV to operate in
an urban or indoor environment, capabilities such as object
detection and avoidance, hover, small landing footprint and
self-recovering in an undesirable environment are some of
the functionalities needed to be successful.

Among the many possible uses of such vehicle include
search and rescue and damage assessment in disaster areas,
including indoor proximal reconnaissance, power line and
wind turbine inspection, oil and gas exploration, pipeline
monitoring and inspection, tethered operation for weather
monitoring, “Skycam” over a stadiums for security or obser-
vation of the event.

Heretofore, as is well known in the aircraft arts, there has
been a need for a system and method of producing a robotic
aircraft that does not suffer from the disadvantages of the
prior art. Accordingly, it should now be recognized that,
there exists now, and has existed for some time, a very real
need for a system that would address and solve the above-
described problems.

Before proceeding to a description of the present disclo-
sure, however, it should be noted that the description of the
disclosure which follows, together with the accompanying
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drawings, should not be construed as limiting the disclosure
to the examples (or embodiments) shown and described.
This is so because those skilled in the art to which the
disclosure pertains will be able to devise other forms of this
disclosure within the ambit of the appended claims.

SUMMARY

According to an embodiment, the instant inventors have
invented an unmanned aerial system (UAS) and method that
is specifically designed based on engineering considerations
to be as quiet as possible.

This disclosure teaches a spherical unmanned air vehicle
for use by, for example, first responders and commercial
entities and the like for air and ground surveillance that
combines the benefits of hover, forward flight, ground
mobility, and self-uprighting capability for return to flight.

According to an embodiment, the present disclosure
relates to a multifunctional robotic vehicle designed for, e.g.,
search and rescue mission that combines the benefits of
hover, forward flight, and ground maneuverability.

Moreover, an embodiment of the present disclosure
relates to an embodiment of the present disclosure relates to
an unmanned flying robotic object that contains a wheeled
mechanism that encircles its spherical exoskeleton. This
feature allows the flying spherical vehicle to readily trans-
form into a ground maneuverable vehicle. A robotic motor
with differential speed capability is used to operate each
wheel to provide effective ground maneuverability. There
are examples provided herein of wheel configurations suit-
able for use with an embodiment. One is the straight-(or
parallel) wheel design, and another is tilted-wheel design as
are illustrated and discussed hereinafter.

According to another embodiment, there is provided a
self-righting remotely control generally spherical vehicle. In
one embodiment, the vehicle rights itself by reversing the
direction of the propeller(s) that are otherwise used for
flight, where “reverse” means to rotate in a direction oppo-
site the rotational direction that is used to power flight. In
some embodiments, this will be done without adjusting the
pitch of the propeller(s) so reversed. In this embodiment the
force created from the reversed propeller will be enough to
right the vehicle but will not provide enough thrust to
generate lift.

One embodiment of the instant unmanned flying robotic
object is foldable.

Taught herein is a foldable unmanned aerial vehicle,
comprising: a fuselage, said fuselage containing a power
source and avionics for receiving commands from a user and
controlling said vehicle during a flight according to said
received commands; at least one propeller in mechanical
communication with said power source and in mechanical
communication with said fuselage; at least four vertically
oriented frame members, each of said frame members being
rotatably supported on an inner edge by said fuselage and
having a generally continuous semicircular shape on outer
edge, wherein said at least four frame members are rotatable
about said fuselage between a planar configuration and
spherical configuration.

Also taught herein is a self-uprightable unmanned aerial
vehicle, comprising a fuselage, said fuselage containing a
power source and avionics for receiving commands from a
user and controlling said vehicle during a flight according to
said received commands; at least one propeller in mechani-
cal communication with said power source and in mechani-
cal communication with said fuselage, wherein one or more
of said at least one propellers is reversible; at least four
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vertically oriented frame members, each of said frame
members being supported on an inner edge by said fuselage
and having a generally continuous semicircular shape on
outer edge, thereby giving said vehicle a generally spherical
shape.

Additionally taught herein is a self-uprightable unmanned
aerial vehicle, comprising: a fuselage, said fuselage contain-
ing a power source and avionics for receiving commands
from a user and controlling said vehicle during a flight
according to said received commands; at least one propeller
in mechanical communication with said power source and in
mechanical communication with said fuselage, wherein one
or more of said at least one propellers is reversible; at least
four vertically oriented frame members, each of said frame
members being supported on an inner edge by said fuselage
and having a generally continuous semicircular shape on
outer edge, thereby giving said vehicle a generally spherical
shape.

Further taught herein is a method of returning to an
upright position an unmanned spherical aerial vehicle con-
taining at least one propeller that is utilized for flight,
comprising the steps of: determining a first rotational direc-
tion of said at least one propeller, said first rotational
direction providing at least part of a thrust required to lift
said vehicle into flight; determining a second rotational
direction opposite said first rotational direction; determining
that said spherical aerial vehicle is not in said upright
position; rotating at least one of said at least one propeller in
said second rotational direction until said vehicle is at least
approximately upright; and, rotating said at least one of said
at least one propeller in said first rotation direction, thereby
providing at least part of the thrust required to lift said
vehicle into flight

Additionally taught herein is a spherical unmanned aerial
ground mobile vehicle, comprising: a fuselage, said fuselage
containing a power source and avionics for receiving com-
mands from a user and controlling said vehicle during a
flight according to said received commands; at least one
propeller in mechanical communication with said power
source and in mechanical communication with said fuselage,
wherein one or more of said at least one propellers is
reversible; at least four vertically oriented frame members,
each of said frame members being supported on an inner
edge by said fuselage and having a generally continuous
semicircular shape on outer edge, thereby giving said
vehicle a generally spherical shape; and, at least one wheel
in mechanical communication with a rover power source
within said fuselage, said at least one rover wheel having an
outer perimeter that extends beyond said outer edges of said
frame members to contact the ground when the vehicle is
resting thereon, such that rotation of said at least one rover
wheel by said rover power source provides ground mobility
to said vehicle.

The foregoing has outlined in broad terms the more
important features of the invention disclosed herein so that
the detailed description that follows may be more clearly
understood, and so that the contribution of the instant
inventors to the art may be better appreciated. The instant
invention is not limited in its application to the details of the
construction and to the arrangements of the components set
forth in the following description or illustrated in the draw-
ings. Rather the invention is capable of other embodiments
and of being practiced and carried out in various other ways
not specifically enumerated herein. Additionally, the disclo-
sure that follows is intended to apply to all alternatives,
modifications and equivalents as may be included within the
spirit and the scope of the invention as defined by the
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4

appended claims. Further, it should be understood that the
phraseology and terminology employed herein are for the
purpose of description and should not be regarded as lim-
iting, unless the specification specifically so limits the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 contains a schematic drawing of a straight-wheeled
embodiment.

FIG. 2 contains a rotated view of the embodiment of FIG.
1.

FIG. 3 contains another view of an embodiment.

FIG. 4 shows an embodiment of tilted wheel embodiment.

FIG. 5 contains a photographic representation of an
example device built consistent with the teachings herein.

FIG. 6 shows a photographic representation of a portion
of the surface drive mechanism.

FIG. 7 shows a detailed view of a portion of a surface
drive embodiment.

FIGS. 8A, 8B and 8C illustrates a foldable embodiment.

FIGS. 9A and 9B contain schematic illustrations of a
rover embodiment as viewed with the axis of the propeller
oriented horizontally and vertically, respectively.

FIG. 10 contains a conceptual illustration of how an
embodiment would appear in operations.

FIG. 11 contains a schematic top-down view of the
control vanes of an embodiment.

FIG. 12 contains a schematic illustration of the control
vanes of an embodiment where the rotor axis is vertical.

FIG. 13 contains a schematic illustration of the resultant
force due to vane deflections for an embodiment.

FIG. 14 illustrates a hardware arrangement suitable for
use with an embodiment.

FIGS. 15A and 15B contains a schematic diagram of a
tiled wheel embodiment.

DETAILED DESCRIPTION

While this invention is susceptible of embodiment in
many different forms, there is shown in the drawings, and
will herein be described hereinafter in detail, some specific
embodiments of the instant invention. It should be under-
stood, however, that the present disclosure is to be consid-
ered an exemplification of the principles of the invention and
is not intended to limit the invention to the specific embodi-
ments or algorithms so described.

An embodiment is a multi-functional scalable spherical
robotic vehicle designed for search and a rescue application
that combines the advantages of vertical takeoff, vertical
landing, hover, forward flight, and ground mobility. A varia-
tion consists of a single propeller controlled by multiple
control vanes enclosed in a reinforced spherical frame with
an onboard micro-controller for stabilization and control.
That being said, embodiments that utilize multiple propel-
lers are also possible.

Continuing with the previous example, an embodiment
has a diameter of about 20 inches and weighs about 2 Ibs. Of
course, those of ordinary skill in the art will recognize that
other sizes are certainly possible. This form factor can easily
fly through a typical door or window frame under remote
pilot (user) control. Communications between the control-
ling user and the vehicle might be handled a using wireless
communication connection (e.g., via Bluetooth, Wifi, radio
signals, cellular telephone, etc.) or, less likely but still
possible, a wired connection. In some embodiments, the
control information will be generated using a hardware
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controller (e.g., one with joysticks or a similar arrangement)
to allow real-time control of the vehicle or, in other
instances, the control signals might originate from a prepro-
grammed/automated flight plan that is under control of a
desktop, laptop, cell phone, table computer, etc.

A feature of this embodiment of the UFRO is the ability
to self-upright in any environment, which ability is not
present in UAV platforms such as ducted fan or multi-rotor
systems. More specifically, in one embodiment, the subject
UFRO rights itself by reversing the rotational direction of
the propeller(s) that are otherwise used for flight, where
“reverse” means to rotate in a direction opposite that used to
power flight and generate thrust in a downward direction
when the UFRO is upright. In some embodiments, this will
be done without adjusting the pitch of the propeller(s) so
reversed. In this embodiment the force created from the
reversed propeller will be enough to right the vehicle but
will not provide enough thrust to generate lift. One advan-
tage of this approach is that it does not require any particular
distribution of weight within the vehicle. Reversal of the
thrust will tend to roll the instant spherical vehicle until the
reversed propeller is on top of the sphere. Then, that
propeller can be reversed again to provide lift so that the
instant vehicle can become airborne.

The spherical frame taught herein also allows the vehicle
to encounter an object without the risk of damaging the
onboard components, and can land anywhere without the
need of coordinated landing maneuverability. Ground
mobility is currently achieved using the slipstream generated
by the propeller combined with vane deflection, which
allows the vehicle to maneuver in small spaces on the
ground without other ground control systems. An embodi-
ment has successfully performed all of these operations
under remote pilot control.

Turning first to the particular example of FIG. 1, accord-
ing to an embodiment the internal components at the center
of'the spherical exoskeleton consist of four top control vanes
1, four bottom control vanes 2, servos 4, and an electric
motor 12. In this embodiment these components operate
separately from the rover system which provides ground
mobility (discussed below) and are principally needed for
flight control. The spherical exoskeleton 3 is designed to
protect the avionic components (which could include items
1,2, 4,12, 14, and 15) and act as structural support that hold
the wheels of the rover system in place. The fuselage 10 is
compartmentalized to store the avionics (hardware and
software) necessary for flight control including, without
limitation, a wireless communication module (for receiving
and transmitting information to and from the controlling
user), a CPU (to interpret commands from the controlling
user and to control the servos and electric motor, etc.), a
propulsion system for powering the propeller and adjusting
the pitch of the blades, and, optionally, the rover control
system. For purposes of reference in the text that follows, the
following is a listing of the elements that are annotated in the
embodiments of FIGS. 1-7:

1—Top control vane/surface

2—Bottom control vane/surface

3—Carbon fiber reinforced foam core frame

4—Servo

5—Mounting Plate

6—Mounting Plate

7—Wheel

8—Wheel

9—Electric Motor with small rubber wheel

10—Fuselage

11—Nylon control rod
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6
12—Propulsion System (electric motor)
13—Hinge
14—Propeller
15—Controller board
16—USB port

17—Center of Mass

According to the embodiments of FIGS. 1 and 2, the
vehicle’s rover system with straight-wheel design comprises
multiple control rods 11, two rotationally stationary mount-
ing plates 5 and 6, coupled to the exoskeleton frame, and two
rotatable wheels 7 and 8, concentric with the inner hoop/
plate. In this variation both of the wheels 7 and 8 are
fabricated with reinforced plates, although other variations
are certainly possible and well within the ability of one of
ordinary skill in the art to devise.

A ground engaging tread material may be attached on the
radial periphery of the wheel (see, for example, 1520, FIG.
15B). This allows traction when the device is on the ground.
Preferably multiple rods are spaced -circumferentially
around the mounting plate at approximately 45 degrees
intervals. In this embodiment they are mounted on the
mounting plate and bonded with the rest of the exoskeleton
frame 3. The length of the rod 11 defines the gap spacing
between the two mounting plates. The wheels 7 and 8 in this
embodiment are radially and axially supported relative to the
mounting plates 5 and 6 through this engagement to allow
rotation.

In some embodiments, the components for the tilted-
wheel design (FIGS. 3 and 4) will be the same as those of
the straight-wheel design as depicted in FIGS. 1 and 2. One
difference is that the two rotationally stationary mounting
plates 5 and 6 will be tilted inward in the tilted-wheel
variation. In both embodiments, this sort of configuration
(two circular wheels that operate on the periphery of the
sphere) assists the vehicle in becoming upright (propeller
pointing up) upon landing, which allows the vehicle to
transition again into a hover vehicle. Note that in some
embodiments the two wheels 7 and 8 might be replaced by
a single wheel which might have a width that is relatively
wide as compared with the embodiments of FIGS. 1-4.
Other embodiments could have three (or more) wheels.

In an embodiment each wheel is controlled by a separate
motor and turning can be achieved by separately adjusting
the onboard motor rotational speed of each wheel.

In more particular, according to one embodiment the
wheels 7 and 8 can be activated and controlled individually
with a robotic motor which will enable the wheels to
simultaneously rotate in opposite directions. This would
facilitate turning the vehicle in place while on the ground
and would require no forward velocity. According to this
variation, when the vehicle is moving forward, the closely
spaced wheels 7 and 8 both rotate in the same direction and
act as a single wheel. Further, each robotic motor will be in
mechanical communication with a small diameter rubber
wheel 9 that is mounted either at the top or bottom of the
fuselage 10. According to the embodiment of FIG. 7, a small
diameter wheel 9 presses perpendicularly against the surface
of the wheel 7 to create friction that will urge the wheel 7
into rotation when the small diameter wheel 9 is rotated as
shown in FIG. 7. Obviously, other approaches to powering
the wheels of this embodiment are possible and those of
ordinary skill in the art will readily be able to devise them.

Turning next to FIGS. 8A-8C, an embodiment 800 is
foldable as is generally indicated in that figure. According to
this example, there is provided a foldable flying sphere 800
called the Origami UFRO (OUFRO). This embodiment has
four or more movable frame members 805, each of which is
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rotatably attached along the central axis of the sphere 800
and which are semicircular on their outer (i.e., away from
the central axis) peripheries. Thus, this embodiment will
have a generally spherical shape when the frame members
805 are extended into an operational configuration (FIG. 8C)
and a generally planar shape when it is folded for transport
(FIG. 8A). The semicircular outer periphery of the frame
members 805 was chosen for purposes of the embodiments
discussed herein to make it possible for the instant device to
roll when it is on the ground. This makes it possible, as
discussed below, to right itself (i.e., with the propeller at
least approximately vertically above the fuselage) and return
to a flight-ready ordination after it lands and to move itself
along the ground after a landing. Because of its design, the
instant embodiment 800 can be folded into a flat shape that
makes it easy to store and transport to the location where it
is to be utilized.

The images in FIG. 8 show an embodiment during an
unfolding sequence (left to right in FIG. 8). This embodi-
ment 800 has a plurality of movable semicircular frame
members 805 that are supported by one or more circular
plates 810 that act as hinges and are rotatably attached to a
central fuselage 820. In some embodiments, each frame
member 805 will be attached to the fuselage of the vehicle
two circular plates (hinges) 810 located at spaced apart
locations on the fuselage 820 (e.g., one near the top of the
fuselage 820 and another near its base), thereby providing
two points of support to the associated frame member 805.
In FIG. 8, the hinges 810 surround a central fuselage 820
that houses at least the avionics, a motor that drives the
propeller 830 and a power source for the motor, none of
which are illustrated in this particular figure. Although the
central fuselage 820 in FIG. 8 is shown to be generally
cylindrical in shape throughout its length, it obviously could
take any shape that allows the foldable frame members 805
to open and close.

Additionally, and continuing with the present example,
there are movable (or removable) flat stiffening members
815 that are located along the equator of the sphere. Each
stiffening member 815 is attachable, preferably rotatably
attachable, to one of said frame members 805 at one end and
removably engagable with an adjacent one of said frame
member 805 at the other end. In the embodiment of FIG. 8,
the stiffening members 815 are formed as planar surfaces
but, of course, such a configuration is not required. In some
embodiments, each of the stiffening members 815 will be
permanently attached via a hinge at one end to one of the
frame members 805 and removably attachable at the other
end to another, preferably adjacent, frame member 805,
thereby making it possible to rotatably collapse the device
into a smaller form factor by disengaging the stiffening
members 815 when the aerial device is not in use. According
to the embodiment of FIG. 8, stiffening member 815 can be
rotated into a locked position between adjacent arches 805
to provide structural stiffness. The fuselage 820 of FIG. 8 is
a removable cylindrical tube that carries the avionics and
propulsion system.

Although the embodiment of FIG. 8 utilizes separate
stiffening members 815 that are situated remotely from the
central fuselage 820, other embodiments might utilize a
locking mechanism within the fuselage that does not require
such a separate stiffening component. That being said, for
larger embodiments separate stiffening elements that are
situated proximate to the external edge of the frame mem-
bers 805 would most likely be beneficial.

FIGS. 9A and 9B contain views of an embodiment that
contains rover wheels 905 that are located on the periphery
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of the sphere and that are parallel to each other and to the
sphere’s equator. More generally, each of the rover wheels
905 in this embodiment should roughly correspond to a
“circle of the sphere” with respect to the generally spherical
shape defined by the frame members, with a “circle of a
sphere” being the result of interesting a plane with a sphere.
Each of the rover wheels 905 will need to project beyond the
outer extent frame members so that the periphery of each
wheel can contact the ground and provide transport when the
vehicle is on the ground.

In one embodiment, the two rover wheels are parallel to
each other and perpendicular to the longitudinal axis defined
by the fuselage (FIGS. 9A and 9B) or, in another embodi-
ment, parallel with it (FIGS. 1 and 2). According to this
embodiment, the vehicle uses the airstream generated by the
propeller to tilt the vehicle 90 degrees and transform the
vehicle from an aerial vehicle to a ground vehicle. FIG. 10
illustrates this point.

Turning next to some theoretical elements related to
vehicle control of an embodiment, the following nomencla-
ture will be used hereinafter:

T thrust force;

Dx, Dy axial and lateral coordinates of the drag force in

body axes;

p air density at sea level;

m vehicle’s mass;

Ix, Iy, Iz moment of Inertia about the respective body axis

system unit vectors;

Fx, Fy, Fz coordinates of the moment vector in body axes;

0, ¢, ¢ euler angle;

81, ..., 8 vane deflection angles;

dp, dr, dy virtual pitch, roll and yaw actuator using vanes,

respectively;

ht hb pitch and roll moment arms from the vanes for the

top and bottom vanes, respectively;

dt, db yawl moment arms from the vanes for the top and

bottom vanes, respectively;

V™ axial velocity of the propeller airflow;

Aprop area of the actuator disk representing the spinning

propeller;

d diameter of the propeller;

Kp proportional gain;

Ki integral gain;

Kd derivative gain;

kT, kM rotor thrust and moment coefficient, respectively;

St top vane’s surface area;

Sb bottom vane’s surface area; and,

o body frame angular velocity.

Consider the overview of an embodiment of the UFRO as
represented by FIGS. 11 and 12. In this embodiment the
vehicle is modeled as a rigid body influenced by aerody-
namic, propulsion and gravitational forces, and moment
acting on the center of mass. The center of mass 17 is located
at the meridian of the sphere. The body-fixed frame is
established using the right-hand rule by directing the z-axis
pointing downward to the direction of the thrust line and
y-axis towards the right side of the vehicle. The diagram
shows the orientation of the defined body axis system with
respect to the vehicle where X-axis pointing into the paper.
Six degree of freedom rigid body equations of motion are
utilized with Euler angles for attitude parameterization in
this embodiment. This is due to the fact that pitch angle close
to zero angles for near hover flight. The symbols r, h, d, S,
and A represent the radius of the sphere, the height of the
center of mass above the flaps center of pressure, the radial
distance between the center of mass and the flaps center of
pressure, the area of flap and the cross sectional area of the
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propeller, respectively. Vane 1 and 3 are identified as eleva-
tor, to provide forward/backward motion, vanes 2 and 4 are
identified as aileron, to provide left/right translation motion.
The bottom vanes 5 to 8 are identified as the rudder, to
provide rotational motion along the Z-axis.

The deflection angles of the eight vanes are denoted by the
symbols 1 to 8 in a clockwise direction. A positive vane
deflection is defined as one that results in blockage of the
airflow viewing from the top of the sphere as illustrated in
FIGS. 11 and 12. Note that vanes denoted by the subscripts
1 to 4 are the top vanes and vanes 5 to 8 are the bottom
vanes. The bottom vanes are 45° offset relative to the top
vanes. The normalized angular velocities of the rotors are
denoted by the control variables 9. OB is the center of mass
of the sphere.

In this embodiment it will be convenient to adopt several
assumptions to simplify the control analysis where the UAV
will operate in hover flight:

magnitude of drag force is negligible compared with the

lift forces and thrust;

lift and drag terms vanish at the vertical equilibrium point

during hover flight;

CG and the aerodynamic center of the sphere are located

at the same point;

vehicle’s control vanes are submerged within the propel-

ler air stream;

flow at the control surface is smooth and uniform;

frame of the exoskeleton has little contribution under the

slip stream;

downwash created by the top vanes will not affect the

bottom vanes; and,

deflection angle for each vane is assumed to be small.

Mathematically, these forces and their corresponding
moments acting on UFRO a single propeller and 8 vanes can
be modeled as follows in an embodiment:

F. = qS,CL(62 + 04) — g5, CLcos 45°(85 + O + J7 + 8g) — mgsin(6) — D,
F, =
gS,C(0) + 3) — g5, CLcos 45°(5 — 86 + 07 — Jg) — mgeos(@)sin(@) — D,
F; = gS,Cp(61] +102| + 103] +164) —
45, Cpcos 45°(|3s|+|8s|+167|+155]) - mgcos(@)cos(g) — krdg
M, =qS,CLh (81 + 63) — g5, Crhpcos 45°(05 — 86 + 67 — 8s) +
g5,CpD:(162] — 164]) + g5, CpDpcos 45°(166| — |J5| + 1671 — 151
My, = qS,CLh (S + 64) — ¢S, CLhpcos 45°(0s + O + 07 + 0g) +
gS,CpD: (165 = 1611) + g5, CpDpcos 45°(167| — |Js| + 1ds] — 1651
M, =gS,Crdi(61 — 03 + 04— 62) —
S, Crdpcos 45°(s + 67 — 8 — 85) — kins
with,
, and T = Krd3.

) 2pA

prop

Note that the drag of the vanes has been considered
negligible in the linear models set out above. For control
system implementation purposes, the following virtual
vanes that corresponding to pitch, roll, and yaw were
defined:

8,=0,+8,=05+d5+07+0g
6,=0,+0,=05-84+0,-8g

8,718 1= 1851+18,1~18,1= 18 1+ 18 1 18]~ 135].
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The forgoing can be linearized about a hover trim con-
dition at an arbitrary three-dimensional position which
yields the following linear, decoupled small perturbation
dynamic in state-space form:

1) the attitude equation links the altitude z, the climbing

rate v, and the thrust, T:

P 0 1 0
[_}= —-F; +| 1 (T-mg
W 0 —

m m

2) the pitch equation links the forward velocity, V., the
pitch angle 6 and rate q, the pitch moment M,:

+
DRIk

3) the roll equation links the lateral speed V,, the roll

angle ¢ and rate p and the roll moment M,;:

+
=& oz

4) and finally, the yaw equation links the heading 1 and
the yaw rate r and yaw moment M,

W

r

+

N

As the vehicle is axis symmetric in both XZ and YZ plane,
the model can be further simplified where I, =I,. This makes
pitch and roll dynamics are described by similar equations.
For this reason, a similar expression for the control of the
roll axis can be directly deduced.

According to an embodiment, a hover-mode flight test
was designed with a focus toward stabilizing 3 degree of
freedom attitude dynamic on roll, pitch, and yaw. For
purposes of this embodiment, the altitude controller will be
neglected, and the throttle setting were manually controlled
by the pilot. The control command sent to the control
surfaces corresponding to each axis is as follows:

0
MZ
IZ

8,=K,0fd,=K,w+K f0,dt+K s,

where i=p, r and y. The PID gains are provided by the
ultimate sensitivity method, and tuned by trial and error.
FIG. 14 shows an exemplary schematic that illustrates how
an embodiment might be configured using, in this example,
servos that are set up using five additional V-mixers to
provide the vanes control scheme as discussed previously.
By way of explanation, those of ordinary skill in the art will
know that a v-mixer is an advanced electronic servo mixer
(signal mixer) for flying wings and V-tail gliders and planes.
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FIGS. 13 and 15A and 15B illustrate further embodi-
ments. More particularly, FIG. 13 illustrates an example of
the resultant force due to vane deflections according to an
embodiment. FIG. 15 illustrates a ground-mobile configu-
ration of an embodiment that has improved mobility.
According to this example, there are two tracks 1520 that are
designed to rotate either synchronously or asynchronously,
either independently or simultaneously, either in the same
direction or not, etc. as the need requires. Additionally, and
according to this embodiment, there will be an avionic
compartment 1510, contro surfaces 1540, and a contra-
rotating propeller 1550. Although certain embodiments dis-
cussed herein have utilized eight control vanes, those of
ordinary skill in the art will realize that more (or fewer)
vanes might be utilized depending on the requirements of
the particular application and the goals of the designer.

It should be noted that where reference is made herein to
a method comprising two or more defined steps, the defined
steps can be carried out in any order or simultaneously
(except where context excludes that possibility), and the
method can also include one or more other steps which are
carried out before any of the defined steps, between two of
the defined steps, or after all of the defined steps (except
where context excludes that possibility).

It is to be understood that the terms “including”, “com-
prising”, “consisting” and grammatical variants thereof do
not preclude the addition of one or more components,
features, steps, or integers or groups thereof and that the
terms are to be construed as specifying components, fea-
tures, steps or integers.

If the specification or claims refer to “an additional”
element, that does not preclude there being more than one of
the additional element.

It is to be understood that where the specification states
that a component, feature, structure, or characteristic “may”,
“might”, “can” or “could” be included, that particular com-
ponent, feature, structure, or characteristic is not required to
be included.

Where applicable, although state diagrams, flow diagrams
or both may be used to describe embodiments, the invention
[ is not limited to those diagrams or to the corresponding
descriptions. For example, flow need not move through each
illustrated box or state, or in exactly the same order as
illustrated and described.

Methods of the present invention may be implemented by
performing or completing manually, automatically, or a
combination thereof, selected steps or tasks.

The term “method” may refer to manners, means, tech-
niques and procedures for accomplishing a given task
including, but not limited to, those manners, means, tech-
niques and procedures either known to, or readily developed
from known manners, means, techniques and procedures by
practitioners[Jof the art to which the invention belongs.

The term “at least” followed by a number is used herein
to denote the start of a range beginning with that number
(which may be a ranger having an upper limit or no upper
limit, depending on the variable being defined). For
example, “at least 1” means 1 or more than 1. The term “at
most” followed by a number is used herein to denote the end
of a range ending with that number (which may be a range
having 1 or 0 as its lower limit, or a range having no lower
limit, depending upon the variable being defined). For
example, “at most 4” means 4 or less than 4, and “at most
40%” means 40% or less than 40%. Terms of approximation
(e.g., “about”, “substantially”, “approximately”, etc.) should
be interpreted according to their ordinary and customary
meanings as used in the associated art unless indicated
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otherwise. Absent a specific definition and absent ordinary
and customary usage in the associated art, such terms should
be interpreted to be £10% of the base value.

When, in this document, a range is given as “(a first
number) to (a second number)” or “(a first number)-(a
second number)”, this should be interpreted to mean a range
of numerical values where the lower limit is the first number
and the upper limit is the second number. For example, 25
to 100 should be interpreted to mean a range with a lower
limit of 25 and an upper limit of 100. Additionally, it should
be noted that where a range is given, every possible sub-
range or interval within that range is also specifically
intended unless the context indicates to the contrary. For
example, if the specification indicates a range of 25 to 100
such range is also intended to include subranges such as
26-100, 27-100, etc., 25-99, 25-98, etc., as well as any other
possible combination of lower and upper values within the
stated range, e.g., 33-47, 60-97, 41-45, 28-96, etc. Note that
integer range values have been used in this paragraph for
purposes of illustration only and decimal and fractional
values (e.g., 46.7-91.3) should also be understood to be
intended as possible subrange endpoints unless specifically
excluded.

Further, it should be noted that terms of approximation
(e.g., “about”, “substantially”, “approximately”, etc.) are to
be interpreted according to their ordinary and customary
meanings as used in the associated art unless indicated
otherwise herein. Absent a specific definition within this
disclosure, and absent ordinary and customary usage in the
associated art, such terms should be interpreted to be plus or
minus 10% of the base value.

Thus, the present invention is well adapted to carry out the
objectives and attains the ends and advantages mentioned
above as well as those inherent therein.

While the invention has been described and illustrated
herein with reference to certain embodiments in relation to
the accompanying drawings, various changes and further
modifications may be made therein by those skilled in the art
without departing from the spirit of the invention, the scope
of which is determined from the appended claims.

What is claimed is:

1. A spherical unmanned aerial ground mobile vehicle,

comprising:

(a) a fuselage, said fuselage containing a power source
and a propulsion system in electrical communication
with said power source;

(b) at least one propeller in mechanical communication
with said propulsion system, wherein one or more of
said at least one propeller is rotatable by said propul-
sion system in a forward direction for flight or in a
reverse direction;

(c) avionics mounted within said fuselage to receive
wireless commands from a user, said avionics at least
for controlling a flight of said vehicle according to said
received commands;

(d) a CPU in said fuselage, said CPU in electronic
communication with said avionics and said propulsion
system, said CPU programmed to perform the steps of:
(1) interpreting commands from the user,

(i1) controlling said propulsion system in response to
said interpreted commands from the user,

(iii) determining an orientation of said vehicle,

(iv) when said vehicle is in an upright orientation,
instructing said propulsion system to rotate in said
forward direction in response to said interpreted
commands from the user, and,
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(v) when said vehicle is not in said upright orientation,
instructing said propulsion system to rotate in said
reverse direction in response to said interpreted
commands from the user until said vehicle is at least
approximately in said upright orientation;

(e) at least four vertically oriented frame members sup-
ported by said fuselage in a spaced apart configuration
around said fuselage, each of said frame members
having a generally continuous semicircular shape on an
outer edge positioned away from said fuselage to form
a spherical exoskeleton; and

() a rover wheel in mechanical communication with a
robotic motor supported by said fuselage, said rover
wheel encircling said spherical exoskeleton and having
an outer perimeter that extends beyond said outer edges
of said frame members to contact the ground when the
vehicle is resting thereon, such that rotation of said
rover wheel by said robotic motor provides ground
mobility to said vehicle.

2. A spherical unmanned aerial ground mobile vehicle,

comprising:

(a) a fuselage;

(b) a power source within said fuselage;

(c) an electric motor propulsion system supported by
fuselage and in electrical communication with said
power source;

(d) at least one propeller in mechanical communication
with said propulsion system and rotatable by said
propulsion system either in a forward direction for
flight or a reverse direction;

(e) avionics mounted within said fuselage, said avionics at
least for receiving wireless commands from a user and
for controlling a flight of said vehicle according to said
received commands;
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() a CPU in electronic communication with said avionics
and said propulsion system, said CPU programmed at
least to
(1) interpret commands from the user,

(ii) control said propulsion system,

(iii) direct said propulsion system to rotate said at least
one propeller in either a forward or a reverse direc-
tion;

(iv) determine an orientation of said vehicle,

(v) when said determined orientation of said vehicle is
an upright orientation, instruct said propulsion sys-
tem to rotate said at least one propeller in said
forward direction, and

(vi) when said determined orientation of said vehicle is
not in said upright orientation, instruct said propul-
sion system to rotate said at least one propeller in
said reverse direction until said vehicle is at least
approximately in said upright orientation;

(g) at least four vertically oriented frame members
mounted in a spaced apart arrangement around said
fuselage, each of said frame members having an inner
edge mounted on said fuselage and a generally con-
tinuous semicircular outer edge positioned away from
said fuselage, said frame members taken together form-
ing a spherical exoskeleton; and

(h) a rover wheel in mechanical communication with a
robotic motor mounted on said fuselage, said rover
wheel encircling said spherical exoskeleton and having
an outer perimeter that extends beyond said spherical
exoskeleton to contact the ground when the vehicle is
resting thereon, such that rotation of said rover wheel
by said robotic motor provides ground mobility to said
vehicle.



