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CONFIGURABLE UNMANNED AERIAL VEHICLE SYSTEM

The present application claims the benefit of U.S. Provisional Application Serial No.

63/312,602, filed February 22, 2022, which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to a configurable unmanned ariel vehicle system.

BACKGROUND

Multi-agent coordination is an active research area with growing interest in applying
multi-copters for aerial payload transport and package delivery applications. Indeed, major U.S.
companies such as Amazon, Google, and UPS have already tested and commercialized safe
package-delivery missions using drones. Despite the huge interest in aerial payload transport,
delivery drones are limitedto only carry light payloads. Furthermore, carrying each payload
with a single drone is not robust to actuation and sensor failures. If a drone fails, the payload
transport mission must be stopped. To overcome these “single drone” limitations, some
researchers have investigated cooperative payload transport by multiple drones where each drone
was connected to a slung payload via a tether. However, this solution may not function
properly, and especially in severe weather conditions, such as high winds, when payload
oscillation can impose significant disturbance forces on the drones. This is a problem when the
opcration of a multi-copter unmanned acrial vehicle (UAV) tcam is not robust to these
disturbance forces—if each multi-copter independently executes the trajectory control to follow the

desired group coordination.

BRIEF DESCRIPTION OF THE DRAWINGS
Features and advantages of various embodiments of the claimed subject matter will
become apparent as the following Detailed Description proceeds, and upon reference to the
Drawings, wherein like numerals designate like parts, and in which:
FIGS. 1A and 1B illustrate various views of an unmanned arial vehicle (UAV) system

according to several embodiments of the present disclosure;
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FIGS. 2A-2D illustrate generalized UAV systems according to embodiments of the
present disclosurc;

FIG. 3A illustrates a T graph according to one example embodiment of the present
disclosure;

FIG. 3B illustrates an example UAV system corresponding to the T graph of FIG. 3A;
and

FIGS 4A-4D illustrates various examples of UAV systems according to embodiments of
the present disclosure.

Although the following Detailed Description will proceed with reference being made to
illustrative embodiments, many alternatives, modifications and variations thereof will be

apparent to those skilled in the art.

DETAILED DESCRIPTION

FIGS. 1A and 1B illustrate a top-down view 100A and a perspective view 100B, of an
unmanned arial vehicle (UAV) system according to several embodiments of the present
disclosure (100A and 100B are also collectively referred to herein as “system 100”). Referring
first to the top-down view of FIG. 1A, the UAV system 100A includes a plurality of non-
terminal cells (NTC) 102, 156 each containing a plurality of terminal cells (TC) 104, 108 and
126, 130, 134, respectively. Each NTC 102, 156 is connected together via NTC linkage
members 118 and 122. NTC linkage member 118 is aflixed (non-moving and non-pivoling) (o
NTC 102 at joint 119. The distal ends of each NTC member 118, 122 are coupled together via a
pivot joint 120. NTC linkage member 122 includes a movable coupling member 124 to movably
couple the NTC linkage member 122 to the NTC 156. Each NTC 102, 156 is generally formed a
rigid ring structure having sufficient strength to remain relatively rigid for given load, thrust
and/or environmental conditions, and thus, may be selected for weight management based on
load, thrust and/or environmental conditions, etc. Each NTC 102, 156, NTC linkage member
118, 122, pivot joint 120 and movable coupling member 124 may be formed of metal, plastic,
composite material and/or other materials of sufficient rigidity according to the teachings herein.
Although the Figures depict a circular ring structure for each NTC, it should be understood that
other ring shapes (e.g., square, triangle, polygon, irregular) may be substituted without departing

from the teachings of the present disclosure (and thus, “ring structure” and “cell” as used herein
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is intended to encompass all types of enclosed ring shapes). Each NTC linkage member 118 and
122 cach formed of a rigid, clongated structurc having sufficicnt strength to remain relatively
rigid for given load, thrust and/or environmental conditions, and thus, may be selected for weight
management based on load, thrust and/or environmental conditions, etc.

NTC 102 encloses a plurality of TCs 104, 108, and each TC 104, 108 encloses a
respective UAV 106, 110. Similarly, NTC 156 encloses a plurality of TCs 126, 130, 134, and
each TC 126, 130, 134 encloses a respective UAV 128, 132, 136. NTC 102 illustrates an
arrangement that contains two TCs 104, and 108 and thus two UAVs 106, 110, and NTC 156
illustrates an arrangement that contains three TCs 126, 130, 134, and thus three UAVs 128, 132,
136. The inventor herein has determined that the number of TCs enclosed within each NTC is
preferably 2, 3 or 6, thus ensuring the connective goal of each NTC being coupled together by a
single moveable connection, and each TC being coupled together by a single movable
connection. Of course, depending on the payload weight, mission length, available thrust, etc.
multiple TCs and multiple NTCs may be coupled together in a similar fashion as illustrated. The
number of fixed couplings between NTCs and between TCs is dependent on the number of such
elements present in a given system. Each UAV described herein may include, for example, a
quadcopter, tri-copter, bi-copter, single rotor copter and/or other thrust mechanisms know in the
art such mini-jet engines, etc., and the system 100 may include a mixture of such UAV devices.

Each NTC 102, 156 is coupled together in a single plane, and by way of example, the
single plane illustrated in FIG. 1A. Each NTC 102, 156 may move relative to one another within
the single plane of the NTCs, but movement of the NTCs in every plane normal to the single
plane of NTCs is reduced or eliminated by virtue of the rigidity of the NTCs and the linkage
members 118 and 122 (and the rigidity of pivot member 120 and movable member 124). Thus,
by restricting movement of the NTCs to a single plane, the ring structures of the NTCs prevent
in-flight collisions between UAVs contained within NTC 102 and UAVs contained within NTC
156. Pivot joint 120 enables relative movement of NTC 102 and 156, as illustrated by arrow
121, and movement is constrained when NTC 102 is pressed against NTC 156.

FIG. 1B illustrates details of TC 104 and 108. TC 104 includes an inner slot 162 and
outer slot 164 on the top surface of the ring structure of TC 104. Although not shown in this
perspective, TC 104 may also include inner and outer slots on the bottom surface of the ring

structure. UAV 106 includes pivoting coupling members 160A and 160B to pivotally couple the



10

15

20

25

30

WO 2023/164004 PCT/US2023/013635

UAV 106 to the TC 104. The pivoting coupling members 160A and 160B enable the UAV to
pivot with respect to the single plane, as illustrated by pivoting quadcopter j (106). The pivoting
coupling members 160A and 160B may each be fixed to UAV 106 (while enabling pivoting of
UAYV 106) and may also include moveable coupling members 163/165 to enable UAV 106 to
rotate within the TC 104 and within the single plane. TC 108 and UAV 110 may be similarly
constructed as TC 104 and may include outer slot 174 and inner slot 176 (and may also include
similar slots on the bottom surface thereof). UAV 106 and may include pivoting coupling
members 190A and 190B to pivotally couple the UAV 110 to the TC 108, and TC 108 may also
include inner slot 196 and pivoting coupling members 194A and 194B include moveable
coupling members 193/195 disposed within slot 176 to enable the UAV 110 to rotate within the
TC 108 and within the single plane.

TC 104 and 108 are connected together via TC linkage members 112 and 114. TC
linkage member 112 is affixed (non-moving and non-pivoting) to TC 104. The distal ends of
each TC member 112, 114 are coupled together via a pivot joint 116. TC linkage member 114
includes a movable coupling member 115 to movably couple the TC linkage member 114 to the
TC 108. The movable coupling member 115 includes a pair of rollers 172 to roll within outer
slot 174. The TC 108 may also include a slot on the bottom side thereof (not shown), similar to
slot 174, and the movable coupling member 115 may include an additional pair of rollers (not
shown) to roll within the bottom slot. TC 108 may have a similar structure as NTC 156,
described above. Each TC 104, 108 is generally formed a rigid ring structure having sufficient
strength to remain relatively rigid for given load, thrust and/or environmental conditions, and
thus, may be selected for weight management based on load, thrust and/or environmental
conditions, etc. Each TC 104, 108, TC linkage member 112, 114, pivot joint 116, movable
coupling member 115 and coupling members 180, 182 may be formed of metal, plastic,
composite material and/or other materials of sufficient rigidity according to the teachings herein.
Although the Figures depict a circular ring structure for each TC, it should be understood that
other ring shapes (e.g., square, triangle, polygon, irregular) may be substituted without departing
from the teachings of the present disclosure (and thus, “ring structure” as used herein is intended
to encompass all types of enclosed ring shapes). Each TC linkage member 112 and 114 each

formed of a rigid, elongated structure having sufficient strength to remain relatively rigid for
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given load, thrust and/or environmental conditions, and thus, may be selected for weight
managcment bascd on load, thrust and/or environmental conditions, ctc.

Moveable coupling members 115, 163, 165, 124, 193 and 195 may each be constructed in
a similar fashion to include rollers to roll within slots in the corresponding TC and NTC. In
other embodiments the movable coupling members 115, 163, 165, 124, 193 and 195 may be
formed using, for example, bearing seals, greased couplings, plastic couplings (e.g., tongue-and-
groove couplings, etc.), etc. to enable NTC 156 to roll (in the single plane) with respect to
linkage member 122.

To provide the TC 104 to be movable with respect to TC 108 and NTC 102, the system
also includes interface coupling 180/190 coupled between TC 104 and NTC 102. Interface
coupling 180/190 is generally configured as a piston member (180) and cylinder member (190)
to permit the TC 104 to move in the plane of the NTC 102. Cylinder member 190 is fixed to the
inner surface of NTC 102, and piston member 180 can move within cylinder member 190. Since
member 112 is fixed to TC 104, piston member 180 includes a movable connection to TC 104
(similar to movable connections 115, 163, 165, 193, 195 described above) thus enabling rolling
of TC 104 with respect to piston 180. Similarly, interface coupling 182/192 is generally
configured as a piston member (182) and cylinder member (192) to permit the TC 108 to move
in the plane of the NTC 102. Cylinder member 192 is fixed to the inner surface of NTC 102, and
piston member 182 can move within cylinder member 192. Since member 114 is movable with
respect to TC 104, piston member 182 is fixed to TC 104. Of course, NTC 156 and TCs 126,
130 and 136 include similar interface couplings. The teachings herein apply generally to any
inner/outer coupling of cells.

Generalized Configuration of UAV Structures

With the foregoing examples of FIGS 1A and 1B, the UAV system of the present
disclosure may be generalized to include M number of cells and N number of UAVs (where
N < M), and where connections are distributed in a two-dimensional plane (defined by the
cells). As used herein, the two-dimensional plane defined by the cells may also be referred to as
the deformation plane.

Inter-connections between the cells may be defined by a tree graph T (V, E') with node set
V ={0,...,M}andedgesetE < V X V,ie., (i,j) € E is anedge directed fromi € Vtoj €

V. Set V can be expressed as V' = V; U Vg (where U is the set union operation), where subsets
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V, = {1,.. ,N}and Vp = {O,N + 1, ... , M} define the root node, the terminal (leaf) nodes,
and the non-terminal nodes of graph T, respectively. The root node 0 € V represents a virtual
cell (the cell surrounding the entirety of the system) and the remaining cells represent the real
cells. The leaf (terminal) nodes of graph T, identified by set /;, represent the cells that enclose a
single quadcopter (see FIG. 2A). The remaining non-terminal nodes of T, identified by set Vg,
represent the cells that enclose, two, three, or six other cells (see FIGS. 2B-2D). For every i €
Visetl; = {j € V: (j,i)}and O; = {j € V : (i,j) € L} define in-neighbors and out-
neighbors of node i € V, respectively. The graph T' may satisfy the following three main

requirements:
1. Every non-root i € V \ {0} has a single in-neighbor, i.e., |I[;| = 1;
2. The number of out-neighbors of every non-leaf i € Vg, is either 2, 3, or 6, i.e.,

|0;| € {2,3,6},ifi € V.

3, The number of out-neighbors of every leaf i € V,is 1,1.e., |0;] = 1,ifi € V.

The “condition 2” provides feasibility of kinematics of the UAV SYSTEM, as described
below. By way of example, FIG. 3A illustrates a tree graph 300 with cells identified by set V' =
{0,1, ... ,42}and set V;, = {1, ...,36}, which correspond to the quadcopters of the UAV system
350 as illustrated in FIG. 3B.

Connections of Two Leaf Cells. The quadcopters are identified by set V;, where i € V is the

same index number for a leaf cell and the enclosed quadcopter. The leaf cell i € V}, has inner
and outer rails where two arms of quadcopter { € Vj, directed along body axis 1;, are restricted
to slide along the inner rail of leaf cell i € V, (see FIGS. 1 A and 1B). In these examples, all
enclosing leaf cells have the same radius r. Leaf cells enclosing quadcopters i,j € V are
connected as illustrated in FIGS 1A and 1B by two bars 118/122 with equal length 1. The
connecting bars are pinned at intersection point O;; (120) where bar I 118 is clamped (fixed) on
the external surface of cell i 102, but bar j 122 rolls on the outer rail of circular cell j 156.
Therefore, bar i and the leaf cell i always have the same rotation, angular velocity, and angular
acceleration. On the other hand, motions of the quadcopter j and bar j do not constrain the
motion of the leaf cell j in the deformation plane.

Dij(t) denote the distance of the centers of leaf cells i and j at time t, with the same radius
r. Then, the angle between the bars 1 and j, with the same length 1, is denoted by 0ij(t) and
obtained by Equation 1 below:
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d;i(t Eq. (1
6;;(t) = 2sin™! (Z(IJE- 2)> a-(D

as shown in FIG. 1A. The configurations of the two circular cells i and j, shown in FIG. 1B,
impose no constraint on the motion of the centers of cells { and j, if bar j rolls on the outer rail of
ccll j, and

2r < d;j(0) <2(l+1m),vt.
This implies that the quadcopters will freely move in the deformation plane of the UAV
SYSTEM.
Outer-Outer Connections between Non-Leaf Cells and Other Cells

The outer-outer connection is used to connect two out-neighbors of cell i € Vg, denoted
by cells j, h € 0;. In this example, all out-neighbors of cell i € Vg have the same radius R;
and the bars connecting out-neighbor cell j € 0; and h € 0; have the same length L; for every
[ € Vg. The angle between connecting bars j € 0;and h € 0 is denoted by ©;;, and obtained
by:

Dy (1)

O,(t) =2sin™?t , J,h€O0,i€Vg
]h( ) sin <2(Ll +Rl)) J) il F

For every two connected cells, as illustrated in FIG. 1A, the cell with the clamped bar is
the leader and the other cell is the follower. Therefore, every non-leaf cell j € Vg has a single

follower defined by singleton set F; = {h}. In operations, when the UAV SYSTEM system

deforms, the leader cell j and the follower cell A € O; are mandated to rotate at

Ojn (1)
2

a](t) =90 — ) V] € VF,Vh € OJ,Vt,

with respect to their reference configurations, as the result of continuum deformation of the rigid
cells. Angle gj is referred to herein as the continuum deformation (CD) rotation angle or CD
rotation angle.

Inner-Outer Connections between Non-Leaf Cells and Other Cells

The inner-outer connection is designed (o link a non-leal cell i € Vg (o the out-neighbor
cell j € O; through a reciprocal link, as illustrated in FIGS 4A and 4B. Whencell i € Vg
encloses three or six cells, specified by 0;, all reciprocal links roll on the outer rails of the cells
defined by Oy (as illustrated FIGS. 4A and 1A). If the non-leaf cell i € Vg encloses two out-

neighbor cells, defined by O; = {j, h}, one reciprocal link is clamped on the outer rail of cell
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J € O; (asillustrated in FIGS. 1B and 4B), while the other one rolls on the outer rail of cell h €
O; (see FIG. 4A).

Design Constraints

The following constraints may be used to design the inter-connection between two
circular guides or two circular tubes:

Constraint 1: One Clamped Bar per cell: Only one bar can be clamped on the outer rail of
a cell. The remaining connected bars must all roll on the outer rail of the cell. We note that a cell
cannot freely move, if it is connected to more than one clamped bar. By satisfying this constraint,
a cell can only enclose one, two, three, or six quadcopters (or other cells), as illustrated in FIGS.
2A-2D.

Constraint 2: Clockwise Rotation of the Leader Cells: The CD rotation angle «; is non-
positive for every cell i € Vg as all clamped bars are constrained to rotate in the clockwise
direction with respect (o their reference conligurations (see FIG. 4B). This geomelric constraint
may be imposed to avoid collision between the links connecting the interior cells 4, 5, and 6. As
in FIG. 4B, the UAV SYSTEM safely deforms when CD rotation angles are all negative.

Constraint 3: Mechanical Design Constraints: It is desired that the UAV SYSTEM
design generates high thrust-to-weight and strength-to-weight ratios, and is enabled to effectively
deform and reconfigure. For example, if the UAV SYSTEM is a small unmanned aircraft
systems (UAS), its weight with payload (not shown) may be limited to 55 1b (25 kg) according to
the Part 107 of the Federal Aviation Administration (FAA) regulations. Under this assumption,
the UAV SYSTEM isdesigned such that each cell encloses up to three quadcopters, and the total
vehicle weight does not exceed 12 kg. Thus, the quadcopters motors have a net thrust that can
carry at least 13 kg payload in an aerial transport mission. The structural components of the
UAV SYSTEM may be designed using, for example, fundamental principles of strain and stress
field analysis, such that high strength-to-weight ratios are obtained. Furthermore, the lengths of
the connccting bars, the quadcopter size, radii of circular guides and cclls may be designed, as
described herein, such that the connecting bars do not collide as a result of aggressive continuum
deformation of the UAV SYSTEM.

Kinematics of the UAV SYSTEM

To obtain the kinematics of the UAV SYSTEM, a global coordinate system may be used

with base vectors (€4, €,, €3) fixed on the ground. The local coordinate system may also be
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fixed at the center of the root cell 0 € Vy. The base vectors of the local coordinate system are
denoted by (¢4, €,, €3) and related to (&4, €,, €3) by:
¢, =S(t)e, h=123,
where S(t) is an orthogonal matrix characterizing rotation of the UAV SYSTEM with respect to
the inertial frame. The origin of the local coordinate system is positioned at d(t) = d,(t)&; +
d,(t)&, + d,(t)&, with respect to the inertial coordinate system (see FIG. 4D). The UAV
SYSTEM cells are all distributed in the ¢; — €, plane.
To specify deformation of the UAV SYSTEM, we define a reference forr;, =
[Uio Vio Wio]T with respect to the center of cell j € V for every out-neighbor cell i € 0;.
Note that I; 5 can be specified based on the length L; and radius R;. The desired position of the
center of the cell i € V \ {0} is denoted by a;(t) and defined by
a;(t) = Q;ryo +a;(t),
where i € O;,and j € V. Jacobian matrices Qq,... , Qu are all planned so that the quadcopter
team continuum deformation coordination satisfies the safety requirements, and the best stability
condition is achieved when the UAV SYSTEM coordinates under adverse weather condition.
For every leaf cell i € V}, Q; =I5 is an identity matrix and r; ; = O since every leaf cell
encloses a single quadcopter sliding along the inner rail of the leal cell. However, every
quadcopter i € Vj, generates control force F; and control moment M; as shown in FIG. 3A.

Safety Specification

We will formally characterize safety and specify
structural collision avoidance conditions using eigen-decomposition of matrices Qg, Qn+1 ---»

Q.. Matrix Qy, is nonsingular and defined by

aj(t) bjt) O
Q;(t) = [cj(t) dj(t 0], jEV\VL.
0 0 1

If cell j € Vg encloses two out-neighbor cells, defined by O; , then, b;(t) = ¢;(t) = 0,

d;j(t) = 1,and a;(t) € (0, 1] can be uniquely determined based on the local desired positions
the two cells enclosed by j € Vp. Whencell j € Vg encloses three or six out-neighbor cells, a; ,
b;, ¢j, and d; are uniquely related based on the local desired positions of the three out-neighbor

cells that are directly connected to cell j € V.
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In some embodiments, look-up tables may be used to assign the maximum number of
quadcopters that can be contained by every cell j € V. To this end, by applying the

principles of continuum mechanics, a positive-definite strain matrix may be defined as:

U0 = (QF()Q, (1)

and obtain collision avoidance guarantee condition by constraining the lower bound for the

1/2
, JEVAY,

eigenvalues of matrix U;(¢) at any time t.

Equation of Motion

Because the quadcopter arms directed along 1; are constrained to slide along the inner rail of leaf
cell i € Vp, the pitch angle of quadcopter i € V; is always 0. However, the roll and yaw of
every quadcopter [ € Vj, are free, and thus, every quadcopter i € V} can act as a gyroscope
providing a control force in an arbitrary direction. The dynamics of the UAV SYSTEM is over-
actuated because each multi-copter i € V; can provide actuation inputs, assigned by control
force vector Fi and control moment vector Mi, to stably track the UAV SYSTEM desired
trajectory and orientation. Specifically, a UAV SYSTEM with healthy actuators and sensors can
carry external load Fy and external moment My while it provides 4N control inputs to control
global position of the UAV SYSTEM denoted by d(t), velocity d(t), orientation of the UAV
SYSTEM characterized by rotation matrix S(t), and

the angular velocity of the UAV SYSTEM. Therefore, the UAV can function under safe
operational conditions as well as anomalous situations where it has the capability of executing
appropriate safety-recovery controls. The Lagrange method may be used to obtain the
translational and rotational dynamics of the configurable UAV.

As used in this application and in the claims, a list of items joined by the term “and/or”
can mean any combination of the listed items. For example, the phrase “A, B and/or C” can
mean A; B; C; A and B; A and C; B and C; or A, B and C. As used in this application and in the
claims, a list of items joined by the term *at least one of”” can mean any combination of the listed
terms. For example, the phrases “at least one of A, B or C” can mean A; B; C; A and B; A and
C;Band C; or A, B and C.

The terms and expressions which have been employed herein are used as terms of
description and not of limitation, and there is no intention, in the use of such terms and

expressions, of excluding any equivalents of the features shown and described (or portions

10
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thereof), and it is recognized that various modifications are possible within the scope of the
claims. Accordingly, the claims arc intended to cover all such cquivalents. Various features,
aspects, and embodiments have been described herein. The features, aspects, and embodiments
are susceptible to combination with one another as well as to variation and modification, as will
be understood by those having skill in the art. The present disclosure should, therefore, be
considered to encompass such combinations, variations, and modifications.

Reference throughout this specification to “one embodiment” or “an embodiment” means
that a particular [eature, structure, or characteristic described in connection with the embodiment
is included in at least one embodiment. Thus, appearances of the phrases “in one embodiment”
or “in an embodiment” in various places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or

characteristics may be combined in any suitable manner in one or more embodiments.

11



10

15

20

25

30

WO 2023/164004 PCT/US2023/013635

WHAT IS CLAIMED:

1. An unmanned vehicle system, comprising:

a first non-terminal cell enclosing a first plurality of terminal cells, each of the first
plurality of terminal cells enclosing a respective unmanned arial vehicle (UAV);

a second non-terminal cell enclosing a second plurality of terminal cells, each of the
second plurality of terminal cells enclosing a respective UAV;

a [irst non-terminal cell linkage member f(ixedly coupled to the [irst non-terminal cell;

a second non-terminal cell linkage member movably coupled to the second non-terminal
cell; and

a non-terminal cell pivot joint to pivotally couple the first and second non-terminal cell
linkage members;

wherein the first and second non-terminal cells are arranged in a single plane, and first
and second non-terminal cell linkage members and the non-terminal cell pivot joint provide
controllable movement of the first and second non-terminal cells with respect to one another and

within the single plane.

2. The unmanned vehicle system of claim 1, wherein the first and second non-terminal cells
and the first and second non-terminal cell linkage members and the non-terminal cell pivot joint
having a rigidity to maintain the first and second non-terminal cells and the first and second non-

terminal cell linkage members substantially in the single plane.

3. The unmanned vehicle system of claim 1, further comprising a non-terminal cell movable
coupling member to movably couple the second non-terminal cell linkage member to the second
non-terminal cell; wherein the second non-terminal cell comprising a ring member having an
outer slot defined therein and wherein the non-terminal cell movable coupling member to engage
the outer slot to enable the second non-terminal cell to rotate with respect to the second non-

terminal cell linkage member and with the single plane.
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4. The unmanned vehicle system of claim 1, wherein the first plurality of terminal cells
include at lcast a first tcrminal ccll and a sccond terminal cell; the structure further comprising:

a first terminal cell linkage member fixedly coupled to the first terminal cell;

a second terminal cell linkage member movably coupled to the second terminal cell; and

a terminal cell pivot joint to pivotally couple the first and second terminal cell linkage
members;

wherein the first and second terminal cells are arranged in the single plane, and the first
and second terminal cell linkage members and the terminal cell pivol joint provide controllable
movement of the first and second terminal cells with respect to one another and within the single

plane.

5. The unmanned vehicle system of claim 4, wherein the first and second terminal cells and
the first and second terminal cell linkage members and the terminal cell pivot having a rigidity to
maintain the first and second terminal cells and the first and second terminal cell linkage

members substantially in the single plane.

6. The unmanned vehicle system of claim 4, further comprising a terminal cell movable
coupling member to movably couple the second terminal cell linkage member to the second
terminal cell; wherein the second terminal cell comprising a ring member having an outer slot
defined therein and wherein the terminal cell movable coupling member to engage the outer slot
to enable the second terminal cell to rotate with respect to the second terminal cell linkage

member and with the single plane.

7. The unmanned vehicle system of claim 4, further comprising a first interface coupling
member to couple the first terminal cell to the first non-terminal cell within the single plane, and
a second interface coupling member to couple the second terminal cell to the first non-terminal

cell within the single plane.
8. The unmanned vehicle system of claim 4, wherein the second terminal cell comprising a

ring member having an inner slot defined therein; and further comprising first and second

pivoting coupling members to couple a UAV within the second terminal cell; wherein the first
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and second pivoting coupling members to engage the inner slot to enable the UAV to rotate with
respect to the sccond terminal ccll and with the single planc; and wherein the first and second
pivoting coupling members enable the UAYV to pivot with respect to the single plane and to rotate

within the second terminal cell.

9. The unmanned vehicle system of claim 1, wherein at least one of the UAVs is selected

from the group comprising a quadcopter, a tri-copter, a bi-copter, and/or a single rotor copter.

10. The unmanned vehicle system of claim 1, wherein the first terminal cell encloses 2, 3 or 6
of the first plurality of non-terminal cells; and wherein the second terminal cell encloses 2, 3 or 6

of the second plurality of non-terminal cells.

11. An unmanned vehicle system, comprising:

a first non-terminal cell enclosing a first plurality of terminal cells, each of the first
plurality of terminal cells enclosing a respective unmanned arial vehicle (UAV);

a second non-terminal cell enclosing a second plurality of terminal cells, each of the
second plurality of terminal cells enclosing a respective UAV;

a first non-terminal cell linkage member fixedly coupled to the first non-terminal cell;

a second non-terminal cell linkage member movably coupled to the second non-terminal
cell; and

a non-terminal cell pivot joint to pivotally couple the first and second non-terminal cell
linkage members;
wherein the first and second non-terminal cells are arranged in a single plane, and first and
second non-terminal cell linkage members and the non-terminal cell pivot joint provide
controllable movement of the first and second non-terminal cells with respect to one another and
within the single plane; and wherein the first terminal cell encloses 2, 3 or 6 of the first plurality
of non-terminal cells; and wherein the second terminal cell encloses 2, 3 or 6 of the second

plurality of non-terminal cells.
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12. The unmanned vehicle system of claim 11, wherein the first and second non-terminal
cclls and the first and sccond non-terminal cell linkage members and the non-terminal ccll pivot
joint having a rigidity to maintain the first and second non-terminal cells and the first and second

non-terminal cell linkage members substantially in the single plane.

13. The unmanned vehicle system of claim 11, further comprising a non-terminal cell
movable coupling member to movably couple the second non-terminal cell linkage member to
the second non-terminal cell, the non-terminal cell movable coupling member including at least
one roller mechanism; wherein the second non-terminal cell comprising a ring member having
an outer slot defined therein and wherein the roller member to engage the outer slot to enable the
second non-terminal cell to rotate with respect to the second non-terminal cell linkage member

and with the single plane.

14. The unmanned vehicle system of claim 11, wherein the first plurality of terminal cells
include at least a first terminal cell and a second terminal cell; the structure further comprising:

a first terminal cell linkage member fixedly coupled to the first terminal cell;

a second terminal cell linkage member movably coupled to the second terminal cell; and

a terminal cell pivot joint to pivotally couple the first and second terminal cell linkage
members;

wherein the first and second terminal cells are arranged in the single plane, and the first
and second terminal cell linkage members and the terminal cell pivot joint provide controllable
movement of the first and second terminal cells with respect to one another and within the single

plane.

15. The unmanned vehicle system of claim 14, wherein the first and second terminal cells
and the first and second terminal cell linkage members and the terminal cell pivot joint having a
rigidity to maintain the first and second terminal cells and the first and second terminal cell

linkage members substantially in the single plane.

16. The unmanned vehicle system of claim 14, further comprising a terminal cell movable

coupling member to movably couple the second terminal cell linkage member to the second
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terminal cell, the terminal cell movable coupling member including at least one roller
mechanism; whercin the sccond terminal ccll comprising a ring member having an outcr slot
defined therein and wherein the roller member to engage the outer slot to enable the second
terminal cell to rotate with respect to the second terminal cell linkage member and with the

single plane.

17. The unmanned vehicle system of claim 14, further comprising a first interface coupling
member (o couple the [irst terminal cell to the first non-terminal cell within the single plane, and
a second interface coupling member to couple the second terminal cell to the first non-terminal

cell within the single plane.

18. The unmanned vehicle system of claim 14, wherein the second terminal cell comprising a
ring member having an inner slot defined therein; and further comprising first and second
pivoting coupling members to couple a UAV within the second terminal cell; wherein the first
and second pivoting coupling members to engage the inner slot to enable the UAV to rotate with
respect to the second terminal cell and with the single plane; and wherein the first and second
pivoting coupling members enable the UAV to pivot with respect to the single plane and to rotate

within the second terminal cell.

19. The unmanned vehicle system of claim 11, wherein at least one of the UAVs is selected

from the group comprising a quadcopter, a tri-copter, a bi-copter, and/or a single rotor copter.
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