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(57) ABSTRACT

A system that includes a ground unit that includes: a takeoff
and landing platform; a landing and takeoff assisting module;
and ahousing. The takeoff and landing platform is arranged to
hold and support an aerial unit during a first part of a landing
process of the aerial unit and a first part of takeoft process of
the aerial unit. The aerial unit is coupled to the ground unit via
a connecting element. The effective length of the connecting
element increases during the takeoff process and decreases
during the landing process. The landing and takeoff assisting
module is coupled to the takeoff and landing platform and is
arranged to (a) lower the takeoff and landing platform into the
housing during a second part of the landing process and (b)
elevate the takeoff and landing platform during a second part
of the takeoff process.

22 Claims, 31 Drawing Sheets
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1
AERIAL UNIT AND METHOD FOR
ELEVATING PAYLOADS

RELATED APPLICATIONS

This application is a continuation in part of U.S. patent
application Ser. No. 13/814,244 filing date Feb. 5, 2013 which
is a national phase application of PCT patent application
PCT/IB2011/055021 International filing date Nov. 10, 2011
that claims priority from U.S. provisional patent 61/412,816
filing date Nov. 12, 2010, both incorporated herein by refer-
ence in their entirety.

FIELD OF THE INVENTION

The invention relates to systems, aerial units and method
for elevating payloads by the aerial unit.

BACKGROUND OF THE INVENTION

Prior art of height observation and signaling equipment
(such as observation cameras) are connected to a base unit by
using a mast made of rigid metal construction or other stiff
materials that supports the equipment.

The mast implements large moments on the base due to its
significant height. For example, every single Kg force of wind
pressure at the top of a 30 meter height mast will implement
a moment of about 30 Kg at one meter on the platform, and a
pressure of about 150 Kg on a typical 20 cm diameter base
construction. Thus, a heavy duty vehicle is required to sup-
port the equipment with its supporting construction.

In addition, the process of lifting the equipment to the
destined altitude is time consuming and requires a team work.
Tactic balloons and masts suffer from long spreading time,
long folding time, large size (about 1 cubic meter of Helium
for 300 gram of payload and balloon), bad stability and
require highly trained operators.

There is a need for a simpler system and method for lifting
equipment for height observation or signaling such as an
observation camera.

SUMMARY

According to an embodiment of the invention a system is
provided and may include a ground unit. The ground unit may
include a takeoft and landing platform; a landing and takeoff
assisting module; and a housing. The takeoff and landing
platform is arranged to hold and support an aerial unit during
afirstpart ofalanding process of the aerial unit and a first part
of takeoft process of the aerial unit. The aerial unit is coupled
to the ground unit via a connecting element. The effective
length of the connecting element increases during the takeoff
process and decreases during the landing process. The land-
ing and takeoff assisting module is coupled to the takeoff and
landing platform and is arranged to (a) lower the takeoff and
landing platform into the housing during a second part of the
landing process and (b) elevate the takeoff and landing plat-
form during a second part of the takeoff process.

The system may include a connecting element manipula-
tor, for altering the effective length of a connecting element;
wherein the effective length of the connecting element
defines a distance between the ground unit and the aerial unit.

The system may include a fold and unfold unit.

The aerial unit may include a main propulsion module and
multiple peripheral propulsion modules that extend outside
the main propulsion module when the aerial unit hovers
above the ground unit; wherein the fold and unfold unit may
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be arranged to assist in reduction of a footprint of the aerial
unit during a third part of the landing process by altering a
spatial relationship between the main propulsion module and
the peripheral propulsion modules.

Each peripheral propulsion modules may be coupled to the
a frame of the aerial unit via a pivoting joint that is selectively
locked by a locking element; wherein the fold and unfold unit
may be arranged to unlock the locking element during a
fourth part of the landing process and to rotate the pivoting
joint thereby causing the peripheral propulsion module to
rotate and thereby reduce the footprint of the aerial unit.

The fold and unfold unit may include a locking element
lifting module that may be arranged to lift the locking element
during the fourth part of the landing process; a rotating mod-
ule for rotating the pivoting joint and thereby causing the
peripheral propulsion module to rotate.

The fold and unfold unit may include a main holder that
may be arranged to hold a part of a main frame of the main
propulsion module during a fifth part of the landing process
and a secondary holder for holding a part of a peripheral
frame of the peripheral propulsion module to rotate during a
sixth part of the landing process.

The takeoff and landing platform may include a base ele-
ment that is positioned below a centering and positioning
frame and coupling elements that coupled the centering and
positioning frame and the base element and couple while
allowing relative movement between the centering and posi-
tioning frame and the base element.

The coupling elements may include springs.

The coupling elements may include restraining elements
for limiting a relative movement between the centering and
positioning frame and the base element.

The coupling elements facilitate changes in a relative ori-
entation between the centering and positioning frame and the
base element.

The aerial unit may include bottom frame elements;
wherein the takeoff and landing platform may include a cen-
tering and positioning frame that is shaped and positioned to
force the bottom frame elements to be positioned at alignment
positioned at a seventh part of the landing process.

The bottom frame element are positioned in an imaginary
flat plane and wherein the centering and positioning frame
has upper edges that define maximum points and minimum
points; and wherein the minimum points form the alignment
position.

The centering and positioning frame may include N sym-
metrical triangles that define N minimum points for receiving
N bottom frame elements of the aerial unit.

The landing and takeoff assisting module may include a
restraining element positioned at a center of the landing and
takeoff assisting module; wherein the restraining element has
an aperture through which the connecting element passes.

The landing and takeoff assisting module may include a
first selective movement force controlled element that is
coupled to a first elevation element and to a second elevation
element; wherein the first selective movement force con-
trolled element may be arranged to prevent relative elevation
movement between the first and second elevation elements
when a force applied on the first selective movement force
controlled element is below a first threshold and to allow
relative elevation movement between the first and second
elevation elements when the force applied on the first selec-
tive movement force controlled element exceeds the first
threshold.
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The first elevation element is coupled to the restraining
element.

The first elevation element is coupled to the restraining
element via a second selective movement force controlled
element.

The system may include an elevation module that may be
arranged to lower and lift the takeoff and landing platform and
landing and takeoff assisting module within the housing.

The elevation module contacts the folding and unfolding
module and wherein the system may include a force distribu-
tion module that may be arranged to reduce an uneven distri-
bution of forces applied on the folding and unfolding module
by the elevation module.

The elevation module contacts the folding and unfolding
module at a certain location and wherein the force distribution
module contacts the folding and unfolding at a location that is
substantially opposite to the certain location.

The system may include the aerial unit.

The aerial unit may include a main propulsion module and
multiple peripheral propulsion modules that extend outside
the main propulsion module when the aerial unit hovers
above the ground unit and are pivotally coupled to a main
frame of the aerial unit.

Each peripheral propulsion modules may be coupled to the
main frame of the aerial unit via a pivoting joint that is
selectively locked by a locking element; wherein a rotation of
the pivoting joint causes the peripheral propulsion module to
rotate and thereby reduce the footprint of the aerial unit.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the invention will be
apparent from the description below. The invention is herein
described, by way of example only, with reference to the
accompanying drawings, wherein:

FIG. 1 is a general view of a system according to an
embodiment of the invention;

FIG. 2 is a general view of a system according to an
embodiment of the invention;

FIG. 3 is a general view of a system according to an
embodiment of the invention;

FIG. 4 is a general view of a system according to an
embodiment of the invention;

FIG. 5 is a general view of a system and of a field of view
of'a video camera according to an embodiment of the inven-
tion;

FIG. 6 is a general view of a system according to an
embodiment of the invention;

FIG. 7 is a general view of a system according to an
embodiment of the invention;

FIG. 8 is a general view of an aerial unit of a system
according to an embodiment of the invention;

FIG. 9 is a general view of an aerial unit of a system
according to an embodiment of the invention;

FIGS. 10A-10D are general views of aerial units of sys-
tems according to embodiments of the invention;

FIG. 11 is a general view of an aerial unit of a system
according to an embodiment of the invention;

FIG. 12 is a flow chart of a method according to an embodi-
ment of the invention;

FIG. 13 illustrates a system according to an embodiment of
the invention wherein the aerial unit is floating above the
housing;

FIGS. 14-16 illustrates a system at various phases of the
landing (or takeofY) process according to an embodiment of
the invention;
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FIG. 17-19 illustrate a pivoting joint and various elements
of the main and secondary frames at different points of time
that correspond to the position of the aerial unit in FIGS.
14-16 according to various embodiments of the invention;

FIG. 20 illustrates the system when the entire takeoff and
landing platform and the landing and takeoff assisting module
are within the housing according to an embodiment of the
invention;

FIG. 21 illustrates the takeoff and landing platform accord-
ing to an embodiment of the invention;

FIG. 22-25 illustrate the aerial unit and the takeoff and
landing platform according to various embodiments of the
invention;

FIG. 26-31 illustrate the landing and takeoft assistance
module according to various embodiments of the invention;

FIGS. 32-34 illustrate the takeoff and landing platform
according to various embodiments of the invention;

FIGS. 35-36 illustrate the housing, an elevation module
and a force distribution module according to various embodi-
ments of the invention; and

FIG. 37 illustrates a method according to an embodiment
of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

A system is provided. The system may be used for height
spreading of observation, signaling equipment, antennas,
transmission relay station, anti-terrorist surveillance, and the
like. The system may be a light, compact and portable and
may include a ground unit and an aerial unit. The aerial unit
orientation and location (displacement) may be controlled
within four degrees of freedom while maintaining a built-in
stability thereof. The system may be automatically and easily
deployed and folded.

Various applications can use the system, for example:
observation, height photographing, a reception/transmission
relay, spot marking (by a projector or laser), antennas etc.

Various embodiments of systems 100-106 are illustrated in
FIGS. 1-7. Systems 100, 102, 103, 104 and 105 of FIGS.
1,3,4,5 and 6 are illustrated as including a single video camera
232.

Systems 101 and 106 of FIGS. 2 and 7 have two video
cameras 232 and 234. It is noted that each system can have
more than two video cameras.

Systems 100, 101, 102 and 104 of FIGS. 1, 2, 3 and 5 are
illustrated as having an aerial unit with a single propeller 310
(and also include a steering element that may be a second
propeller and is not shown).

System 103 of FIG. 4 has a pair of propellers 310 and 330
that rotate about concentric axes.

Systems 105 and 106 of FIGS. 6 and 7 include a pair of
“main” propellers 310 and 330 as well as additional propel-
lers 340, 342, 344 and 346.

System 102 of FIG. 3 is illustrates as having an aerial unit
that includes an orientation sensor 370.

Aerial units 301, 302 and 304 of FIGS. 8-11 are illustrates
as including a pair of propellers as well as four additional
propellers. These figures illustrate different folding arrange-
ments of the four additional propellers. FIGS. 10A-10D illus-
trate a rotation within an imaginary horizontal plane while
FIG. 11 illustrates a rotation within a vertical plane. FIG. 10A
is a top view of aerial unit 302 at an open configuration. FIG.
10B is a top view of aerial unit 302 at a closed configuration.
FIG. 10C is a side view of aerial unit 302 at a closed configu-
ration where the additional propellers (for example 322 and
326) are located below the first and second propellers 310 and
330. FIG. 10D is a side view of aerial unit 302 at a closed
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configuration where the additional propellers (for example
322 and 326) are located between the first and second propel-
lers 310 and 330.

Any combination of components of each of the systems can
be provided. The same applies to the aerial unit. For example,
any one of systems 101-107 can be equipped with any of the
aerial units 300, 302 and 304. Yet for another example, each
system can include one or more video cameras, one or more
orientation sensors and the like.

A system may be provided and may include a ground unit
200, an aerial unit 300, 302 and 304 and a connecting element
400 arranged to connect the ground unit 200 to the aerial unit
300, 302 and 304.

The ground unit 200 may include a connecting element
manipulator 201, a base 202 and a ground unit controller 203
(collectively denoted 210).

The connecting element manipulator 201 is for altering an
effective length of the connecting element 400. The effective
length of the connecting element 400 defines a distance
between the ground unit 200 and the aerial unit 300, 302 and
304.

The connecting element 400 can be a flexible cable that is
maintained in a tensed status while the aerial unit 300, 302
and 304 is in the air.

The aerial unit 300, 302 and 304 can be arranged to maneu-
ver in relation to the flexible cable, when the flexible cable is
maintained in the tensed status.

The Flexible cable may include an electrical cable and a
communication cable. These cables may be wrapped by or
otherwise surrounded by flexible cable that provides a
mechanical connectivity between the ground unit and the
aerial unit.

The flexible cable is expected to physically tie and secure
the aerial unit and electrically connect the ground unit and the
aerial unit for power supply and communication. The aerial
unit and the flexible cable do not require a special vehicle for
support, as any van or relatively light vehicle can be adequate.
Lighter versions of the system can even be carried by a person
and even installed inside a backpack.

The flexible cable (once fully released) may be of 30 m
length in order to get a good observation but other lengths
may be used too. The average lifting and landing time of the
aerial unit is around 10 seconds. The aerial unit may be
configured to hold a payload of 1 to 5 kilos (although heavier
or lighter payloads may be lifted by the aerial unit), may have
alow heat emission and may barely generate noise. It is noted
that flexible cables of other lengths may be used.

The base 202 is for receiving aerial unit and even for
storing the aerial unit when the aerial unit is at its lowest
position (ground position).

The ground unit controller 203 is for controlling the con-
necting element manipulator 201.

The ground unit 200 also include a positioning unit 230 that
is arranged to image the aerial unit and to generate metadata
about a location of the aerial unit. The position unit is illus-
trates in FIG. 1 as including video camera 232 and an image
processor 238. It may include multiple video cameras (as
illustrated in FIGS. 2 and 7). The metadata can refer to the
location of the aerial unit, to the orientation of the aerial unit
of both. It has been found that the image processing can be
simplified by having the single video camera detect the loca-
tion of the aerial unit while an orientation sensor (370 of FIG.
3) can detect the orientation of the aerial unit.

According to various embodiment of the invention various
aerial units 300, 302 and 304 are provided. These aerial units
may differ from each other by the number of propellers (sec-
ond propeller 330, additional propellers 340, 342, 344 and
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346 as their propeller motors), the existence of an orientation
sensor 370, the manner in which payload is connected (to the
aerial unit or to the connecting element 400), manner in which
the additional propellers (if exist) converge when the aerial
unit is in a close position, the number, shape and size of the
additional propellers and the like, the type of electronic cir-
cuitry that is included in the aerial unit—from a controller to
having only control wires and power lines the convey power
and instructions to the various propeller motors.

Any of the aerial units 300, 302 and 304 may include (a) a
first propeller 310, (b) a frame 320, (c) a first propeller motor
312 that is configured to rotate the first propeller 310 about a
first axis, wherein the first propeller motor 312 is connected to
the frame 320, and (d) at least one steering element. The at
least one steering element can be a second propeller 330, one
or more additional propellers 340, 342, 344 and 346 or any
other steering element such as movable shelves.

At least one of the ground unit 200 and the aerial unit 300,
302 and 304 may include a controller (such as controller 500)
that is arranged to control, at least in response to the metadata,
atleast one of the first propeller motor 312 and the at least one
steering element to affect at least one of the location of the
aerial unit 300, 302 and 304 and the orientation of the aerial
unit 300, 302 and 304.

For simplicity of explanation controller 500 is illustrated as
being a part of the ground unit 200 but this is not necessarily
SO.

As indicated above, the positioning unit may include a
single video camera (232), multiple video cameras (232, 234)
and at least two optical axes of at least two video cameras are
oriented in relation to each other.

The video camera 232 can be proximate to point in which
the connecting element 400 is connected to the ground unit—
as shown, for example, in FIG. 1.

The video camera can be remotely positioned from the
connecting element manipulator 201.

The image processor 238 may be arranged to determine a
location of the aerial unit in relation to a desired location, and
generate location metadata indicative of position corrections
that should be made to position the aerial unit at the desired
location. The location metadata can include positioning com-
mands, the desired correction to be applied in order to return
the aerial unit to a desired rotation and the like.

FIG. 7 illustrates a connector 410 (such as a joint) that
couples the flexible cable 400 to the aerial unit 300, 302 and
304 while allowing the aerial unit 300, 302 and 304 to move
in relation to the flexible cable 400.

FIG. 7 further illustrates an interface electronic unit 420
that is positioned below the connector 410 and is arranged to
send power and commands to the first motor. The interface
electronic unit 420 can send commands to the various propel-
ler motors in a format that is compliant to the formal accept-
able by these various propeller motors. Placing the interface
electronic unit 420 outside the aerial unit and without being
supported by the aerial unit reduced the weigh of the aerial
unit and makes it easier to steer and manipulate.

FIGS. 4 and 7-11 illustrates a second propeller 330 that is
arranged to rotate about a second axis; wherein the first and
second axes are concentric. Yaw steering of the aerial unit can
be facilitated by controlling the thrust of each of the first and
second propellers 310 and 330, as illustrates by arrow 930 of
FIG. 9.

The frame 320 at least partially surrounds the first propeller
310.

According to an embodiment of the invention the system
includes additional propellers 340, 342, 344 and 346, as well
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as additional propeller motors 350, 352, 354 and 356 that are
arranged to rotate the additional propellers.

Each additional propeller is positioned outside the frame
320. The controller 500 mat be further arranged to control the
additional propeller motors.

The additional propellers may be are arranged in a sym-
metrical manner around the first propeller 310.

The additional propellers 340, 342, 344 and 348 may be
smaller than the first propeller 310.

The various propeller motors can be independently con-
trolled by the controller 500. The controller 500 can indepen-
dently control at least two of the propeller motors. Thus, the
thrust and the direction of such motors can differ from each
other.

The controller 500 can be arranged to control one addi-
tional propeller motor to rotate in a clockwise manner and
control another additional propeller motor to rotate in a coun-
terclockwise manner. FIG. 9 illustrates three propellers that
rotate clockwise (920) and three other propeller that rotate
counterclockwise (901).

The controller 500 may alter at least one of a location and
an orientation of the aerial unit 302, 304 by controlling a
thrust of at least two propellers of a group of propellers that
includes the additional propeller and the first propeller.

The controller 500 may perform yaw steering by control-
ling the first propeller 310 and at least one steering element
(such as second propeller 330) that differs from the additional
propellers.

The controller 500 may perform pitch (910) and roll (920)
steering by controlling at least two additional propellers.

The controller 500 may be arranged to control (by sending
control signals) a change of at least one of a location and
orientation of the aerial unit by altering at least one thrust of
at least one propeller of the group while maintaining direc-
tions of rotation of the propellers of the group unchanged. An
example is provided in FIG. 9—the direction of rotation
remains unchanged. The following table illustrates a relation-
ship between thrust differences and their meaning.

Difference between thrust of first and
second propellers 310 and 330

Difference between thrust of first and third
additional propellers 340 and 344
Difference between thrust of second and
fourth additional propellers 342 and 346

Yaw steering

(rotation about z-axis)
Roll steering

(rotation about x-axis)
Pitch steering
(rotation about y-axis)

For example, referring to the example set forth in FIG. 9,
allowing the first propeller 310 to develop more thrust than
the second propeller 330 will cause the aerial unit to rotate
clockwise. Allowing the first additional propeller 340 to
develop more thrust than the third additional propeller 330
will cause the aerial unit to rotate within an imaginary Y-Z
plane, wherein the rotation starts by lowering the third addi-
tional propeller 330 while elevating the first additional pro-
peller.

Various types of steering can be applied in order to set the
aerial unit at a desired location, a desired orientation or both.
If, for example, the wind causes the aerial unit to drift to a
certain location the steering can be applied to counter that
drift. FIG. 5 illustrates a field of view 600 of video camera
232, a current location 620 of the aerial unit, a desired loca-
tion 610 of the aerial unit and a vector 630 that represents the
desired location correction action.

Yet for another example, the steering can be applied in
order to allow the aerial unit to fulfill a predefined flight
pattern such as a scan pattern in which the aerial unit is
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directed along a scan patters thus allowing its payload to
change its field of view according to a desired pattern.

The additional propeller motors 350, 352, 354 and 356 and
the additional propellers 340, 342, 344 and 346 may be posi-
tioned outside the frame 320. The additional propeller motors
350,352, 354 and 356 may be connected to additional frames
321, 322, 324 and 326. The additional frames 321, 322, 324
and 326 can be are coupled to the frame 320 by coupling
elements 360, 362, 364 and 366 that allow movement
between the frame 320 and the additional frames.

This movement is required to facilitate the aerial unit to
move between an open configuration (FIG. 9, left side of FIG.
10 and upper portion of FIG. 11) to a close configuration
(right side of FIG. 10 and lower portion of FIG. 11). The
coupling elements can be rods, arms, or any structural ele-
ment that facilitates such movement.

When the additional frames are in an open condition the
additional frames 321, 322, 324 and 326 and the frame 320 do
not overlap and when the additional frames 321, 322, 324 and
326 are in a close condition the additional frames 321, 322,
324 and 326 and the frame 320 overlap.

The additional frames can change their position from a
horizontal position to a vertical position—when moving from
an open position to a closed position—as illustrated in FIG.
11, and especially by dashed arrows 940.

Additionally or alternatively, the movement from a closed
position to an open position can take place in a horizontal
plane—as illustrated by dashed arrows 930 of FIG. 10.

The aerial unit can be in a closed position when proximate
to the ground unit (at the beginning of the elevation process
and at the end of the landing process). This can be done by
activating motors that change the spatial relationship between
the frame and the additional frames or by deactivating the
additional propellers at the appropriate time.

Various figures such as FIGS. 1-5, illustrate the ground unit
200 as including a power source 240 and a user interface 260
that can allow a user to affect the control scheme—for
example by determining the desired location. The user inter-
face 260 may include a joystick (or other man machine inter-
face) for receiving positioning commands and, additionally
oralternatively, for displaying the location of the aerial unitin
relation to the desired location.

The power provided to the aerial unit can also be utilized
for powering the payload 700.

The ground unit 200 may be positioned on a vehicle such as
avan and aerial unit that holds a payload (such as one or more
types of equipment) and can lift itself to heights of about
thirty meters within approximately ten seconds. It is noted
that the aerial unit can lift the equipment to heights that differ
from thirty meters and during a period that differs than ten
seconds.

The system does not require a physical support for the
aerial unit that performs the observation from the heights,
since the aerial unit supports itself. Thus—the flexible cable
can be light weighted since it doesn’t need to support aerial
unit.

FIG. 12 illustrates method 1200 according to an embodi-
ment of the invention.

Method 1200 may start by stage 1210 of tracking the loca-
tion of an aerial unit by a positioning control unit that does not
belong to the aerial unit.

Stage 1210 may be followed by stage 1220 of determining
the relationship between the actual location of the aerial unit
and a desired location.

Stage 1220 may be followed by stage 1230 of sending to
the aerial unit positioning commands that affect the location
of the aerial unit. The aerial unit may belong to a system as
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illustrated above. It may include, for example, a first propel-
ler; a frame; a first propeller motor that is configured to rotate
the first propeller about a first axis, wherein the first propeller
motor is connected to the frame; an interfacing module for
coupling a payload to the aerial unit; and additional propellers
and additional propeller motors that are arranged to rotate the
additional propellers; wherein each additional propeller is
positioned outside the frame.

The system can land an aerial unit during a landing process
and lift the aerial unit during a takeoff process. The aerial unit
and other parts of the ground unit are located within a housing
during time periods between the landing and the takeoff pro-
cesses—when the ground unit is folded.

The landing process includes a sequence of operations that
are reversed during the takeoff process. Each operation may
take place during a certain part of the landing process and a
certain part of the takeoff process. These parts may be
referred to as first part, second part, third part, fourth part,
fifth, part, sixth part and the like. These parts can overlap, can
partially overlap or can be non-overlapping.

FIG. 13 illustrates a system 1000 according to an embodi-
ment of the invention wherein the aerial unit 30 is floating
above the housing 1600. The aerial unit is illustrated as
including main propulsion module 1030 and four symmetri-
cally distributed peripheral (or secondary) propulsion mod-
ules 1031, 1032,1034 and 1036. The main propulsion module
1030 may include propellers such as propellers 310 and 330
of FIG. 8, main mast 320 of FIG. 8 and one or more main
propeller motors.

Peripheral propulsion modules 1031, 1032, 1034 and 136
may include propellers 240, 342, 344 and 346 respectively,
peripheral masts 321, 322, 324 and 326 and peripheral pro-
peller motors 350, 352, 354 and 356 respectively.

The aerial unit 300 is connected to the base station via a
connecting element such as cable 400.

The ground unit may include a takeoff and landing plat-
form 1400, a landing and takeoff assisting module 1300, a
foal and unfold module 1500 and a housing 1600.

The takeoff and landing platform 1400 may be arranged to
hold and support aerial unit 300 during a first part of a landing
process of the aerial unit 300 and a first part of takeoft process
of the aerial unit 300. The effective length of the connecting
element 400 increases during the takeoff process and
decreases during the landing process.

The landing and takeoff assisting module 1300 is coupled
to the takeoff and landing platform 1400 and is arranged to (a)
lower the takeoff and landing platform 1400 into the housing
during a second part of the landing process and (b) elevate the
takeoff and landing platform 1400 during a second part of the
takeoff process.

System 100 may include a connecting element manipulator
(such as winch 211 of FIGS. 26-28), for altering the effective
length of a connecting element 400. The effective length of
the connecting element defines a distance between the ground
unit and the aerial unit.

The aerial unit 300 includes a main propulsion module and
multiple peripheral propulsion modules that extend outside
the main propulsion module when the aerial unit hovers
above the ground unit (as illustrated in FIG. 13). The fold and
unfold unit 1500 is arranged to assist in reduction of a foot-
print of the aerial unit during a third part of the landing
process by altering a spatial relationship between the main
propulsion module and the peripheral propulsion modules.
The footprint can be regarded as the area taken by the aerial
unit. [t may be reduced by folding the peripheral propulsion
units beneath the main propulsion unit. This allows the aerial
unit to fit inside the housing 1600. Referring to FIGS. 14 and
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15—while the aerial unit is lowered from a first position (FIG.
14) to a second position (FIG. 15) while the peripheral pro-
pulsion modules are un-folded, when the aerial unit is low-
ered to a third position the peripheral propulsion units are
folded beneath the main propulsion module (FIG. 16). FIGS.
17, 18 and 19 illustrate the position of a pivoting joint 1553
according to an embodiment of the invention when the aerial
unit is at the first, second and third positions respectively.

Each peripheral propulsion module is coupled to the frame
of'the aerial unit via a pivoting joint that is selectively locked
by a locking element. FIG. 17 illustrates the pivoting joint
1553, a horizontal bar 320(1) and a vertical bar 320(2) of the
main frame 320, a horizontal bar 360 that is connected to a
peripheral propulsion module 1032, a locking element 1573
that locks the pivoting joint 1553 (and prevents it from mov-
ing). The fold and unfold unit 1500 is arranged to unlock the
locking element 1573 during a fourth part of the landing
process and to rotate (by rotating engine 1523) the horizontal
bar 360 that is connected to the pivoting joint 1553 and to the
peripheral propulsion module 1032 to rotate and thereby
reduce the footprint of the aerial unit. The rotating engine
1523 is illustrated as having an upper bar that contacts hori-
zontal bar 360. It may have a pair of bars—one from each side
of the horizontal bar.

The locking element 1553 is unlocked by allowing a lock-
ing element lifting module 1513 to lift bar 1563 that con-
nected to the locking 1573. The bar is lifted as the aerial unit
is lowered during the landing process while the locking ele-
ment lifting module 1513 is stationary.

The fold and unfold unit 1500 may include a main holder
1543 that may be arranged to hold a part of a main frame
(320(1)) of the main propulsion module during a fifth part of
the landing process and a secondary holder 1533 for holding
apart of a peripheral frame (360) of the peripheral propulsion
module during a sixth part of the landing process.

All these operations are reversed during the takeoft pro-
cess—the horizontal bar 360 (while is a part of the peripheral
frame) is rotated from the secondary holder 1533 until the
horizontal bar 360 is substantially parallel to horizontal bar
320(1) and the locking element 1573 locks the rotating joint
1553. The rotating joint rotates about a vertical axis while the
locking element rotates about a horizontal axis.

FIGS. 21-25 illustrate takeoff and landing platforms 1400
and 1400" according to various embodiments of the inven-
tion.

The takeoffand landing platform 1400 is arranged to firmly
hold the aerial unit 300 against the pulling force of the cable
400 by the winch 211 and the retracing force of the springs
during the takeoff process and to allow initial takeoff direc-
tion (vertical) even when the ground unit is not leveled. Dur-
ing the landing process the takeoff and landing platform 1400
is arranged to absorb the landing force applied by the aerial
unit 300 on impact and to align the aerial unit 300 so that the
center of the aerial unit 300 and the center of the takeoff and
landing platform 1400 is aligned.

The takeoft and landing platform 1400 includes a base
element (such as ring shaped base element 1410) that is
positioned below a centering and positioning frame 1440 and
coupling elements such as springs 1420 that couple the cen-
tering and positioning frame 1440 and the base element 1410
while allowing relative movement between the centering and
positioning frame 1440 and the base element 1410. The rela-
tive movement may involve a change in the relative angle
(orientation) between the base element 1410 and the center-
ing and positioning frame 1440. This relative change may be
introduced by a the aerial unit 300 (for example—when the
aerial unit 300) fir contacts the centering and positioning
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frame 1440 in an asymmetrical (non-aligned, not-centered)
manner. Additionally or alternatively—this may allow the
centering and positioning frame 1440 to be horizontal even
when the ground unit is not horizontal—thus the aerial unit
300 can lift off in a horizontal manner even when the base
element 1410 is tilted in relation to the horizon. FIG. 22
illustrates leveled and non-leveled liftoff scenario and shows
vertical lifting forces 1111 generated by the aerial unit 300
and vertical or non-vertical fraction 1112 that exists in cable
400.

The coupling elements comprise springs 1420 and may
also include restraining elements 1444 for limiting a relative
movement between the centering and positioning frame and
the base element.

The aerial unit 300 includes four bottom frame elements
that are located within the same imaginary horizontal plane
and form a cross. The centering and positioning frame 1440
includes a bottom surface 1441 that has a rectangular shape—
wherein each facet of the bottom surface supports a triangle
1444 that has its peak at the center of each facet and has is
edges (minimal points 1446) at the four corners of the bottom
surface 1441. The cross formed by the bottom frame elements
is forced towards the minimal points of the triangles and thus
aligned and centers the aerial unit 300.

Thus, the centering and positioning frame 1440 is shaped
and positioned to force the bottom frame elements to be
positioned at alignment positioned at a seventh part of the
landing process.

The centering and positioning frame 1440 may include N
symmetrical triangles that define N minimum points for
receiving N bottom frame elements of the aerial unit. N may
equal 4 of direct from 4.

The centering and positioning frame 1440 may be shaped
in other manners (for example—it can form curved shapes)
but in any case should be able to force the aerial unit to be
placed at a centered manner at the end of the landing process.

FIGS. 24 and 25 illustrate takeoff and landing platforms
1400 and 1400" when the aerial unit 300" bottom frame
elements 302" form a cone. Takeoff and landing platforms
1400" has a flat centering and positioning frame 1440".

The landing and takeoff assisting module 1300 may
include a restraining element such as ring (1310) positioned
at a center of the landing and takeoff assisting module 1300.
The restraining element 1310 has an aperture through which
the connecting element passes. It assists to maintain the con-
necting element 400 at substantially the center of landing and
takeoff assisting module 1300 during landing.

The landing and takeoff assisting module 1300 may
include a first selective movement force controlled element
1350 that is coupled to a first elevation element 1330 and to a
second elevation element 1360. The first selective movement
force controlled element is an element that may allow move-
ment or prevent movement in response to the level of force
applied on it.

The first selective movement force controlled element
1350 may be arranged to prevent relative elevation movement
between the first and second elevation elements 1330 and
1360 when a force applied on the first selective movement
force controlled element 1350 is below a first threshold and to
allow relative elevation movement between the first and sec-
ond elevation elements when the force applied on the first
selective movement force controlled 1350 element exceeds
the first threshold. These forces can be applied by the aerial
unit and/or the connecting element 400 during different
moments of the landing and/or takeoff process.

The restraining element 1310 and the first elevation ele-
ment 1330 may be above the takeoff and landing platform
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1400 at the beginning of the landing process (FIGS. 26, 29
and 32) be lowered beneath the takeoft and landing platform
1400 (FIGS. 27, 30 and 33) at a later part of the landing
process. The restraining element 1310 can be further lowered
towards the lower end of the first and second elevation ele-
ments 1330 and 1360 (FIGS. 28 and 34) at further stages of
the landing process. This additional lowering is obtained by a
second selective movement force controlled element 1320
connected between the restraining element 1310 and the first
elevation element 1330.

The first and second elevation elements may be rails, or
may include a combination of rails, rollers and cables (see, for
example, rollers 1392, 1394 and 1396 of FIG. 32).

FIGS. 26-28 illustrate the forces applied on different ele-
ments of the landing and takeoff platform during landing.

These forces include: F(landing) 1720—force applied by
aerial unit 300 during landing, F(J2) 1730=force applied on
second selective movement force controlled element 1320,
F(S1) 1740=force applied on first elevation element 1330,
F(J1) 1750=force applied on first selective movement force
controlled element 1350, F(S2) 1760=force applied on sec-
ond elevation element 1360, F(hovering)=1710—elevation
force produced by aerial unit, and F(Winch)=force applied by
winch 211.

F(Landing)=F(Winch)-F(Hovering)
F(Landing)>[F(S2)+F(JD]+[F(S1)+F(J2)]
[FE2D)+FUD]<[FS1+FJ2)]

FUD<F(J2)

It is noted that the forces applied on the first and second
selective movement force controlled elements are zero once
these elements are unlocked (and allow movement). These
forces do not equal zero as long as these element prevent
movement (are locked—positioned at their original portion).
Accordingly, in FIG. 30 F(J1)=0 and in FIG. 31 F(J1) and
F({J2)=0.

FIGS. 35-36 illustrate a cross section of the ground unit.
These figures illustrate an elevation module 1810 (such as a
motorized rail) that further lowers and lifts the takeoft and
landing platform 1400 and the landing and takeoff assisting
module 1500 within the housing 1600.

The elevation module 1810 contacts the folding and
unfolding module 1500 at a certain location 1504 that may be
proximate to the location of the first and second elevation
elements 1330 and 1360 and thereby introduce uneven dis-
tribution of forces on the folding and unfolding module 1500.
FIGS. 35-36 illustrate the system as including a force distri-
bution module 1800 that is arranged to reduce an uneven
distribution of forces applied on the folding and unfolding
module by the elevation module.

The force distribution module 1800 contacts the folding
and unfolding module 1500 by contact element 1804 at the
certain location 1504 and also contact the folding and unfold-
ing module 1500 at another location 1503 that is substantially
opposite to the certain location 1504. If, for example, the
certain location 1504 is located at the bottom of the right rear
point of the folding and unfolding module 1500, then the
other location can be positioned in proximity to the top of the
front left point of the folding and unfolding module 1500.
FIGS. 35-36 illustrate a cable 1811 that contacts the other
point 1503 and the contacting element, the cable interfaces
with winches and rollers 1812, 1813 (both located near the
bottom 1620 of housing—one near sidewall 1610 and the
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other near sidewall 1630 of housing 1600) and 1814 (located
near the top of the housing—in proximity to sidewall 1630).
FIG. 37 illustrates method 2000 according to an embodi-
ment of the invention.
Method 2000 includes starts by stage 2010 of holding and
supporting at aerial unit, by a takeoff and landing platform of
a ground unit, during a first part of a landing process of the
aerial unit. The aerial unit is coupled to the ground unit via a
connecting element; wherein an effective length of the con-
necting element increases during the takeoff process and
decreases during the landing process.
Stage 2010 may be followed by stage 2020 of lowering, by
a landing and takeoff assisting module of the ground unit, the
takeoff and landing platform into a housing of the ground
unit, during a second part of the landing process.
Stage 2030 may be executed in parallel to stage 2010 and
2020 and may include reducing, by a connecting element
manipulator, the effective length of the connecting element
during the landing process. The effective length of the con-
necting element defines a distance between the ground unit
and the aerial unit.
Stage 2040 may be executed during the execution of stage
2020 and may include reducing, by a fold and unfold unit, the
footprint of the aerial unit by altering a spatial relationship
between the main propulsion module and the peripheral pro-
pulsion modules. This can be done by rotating frame element
that connect a main propulsion module of the aerial unit to
peripheral propulsion modules of the aerial unit.
These stages may be reversed during the takeoft. Method
2000 may be executed by system 1000. Any operation that is
executed by any element of system 100 can be included in
method 2000. For example, the locking of the locking ele-
ment and releasing the pivoting joint, aligning the aerial unit,
lowering (or elevating) elements of system 100 within the
housing, force distribution, the control of movement by selec-
tive movement force controlled elements, and the like.
Although the invention has been described in conjunction
with specific embodiments thereof, it is evident that many
alternatives, modifications and variations will be apparent to
those skilled in the art, accordingly, it is intended to embrace
all such alternatives, modifications and variations that fall
within the spirit and broad scope of the appended claims.
We claim:
1. A system, comprising:
a ground unit that comprises:
a takeoff and landing platform;
a landing and takeoff assisting module; and
a housing;
a fold and unfold unit;

wherein the takeoff and landing platform is arranged to
hold and support an aerial unit during a first part of a
landing process of the aerial unit and a first part of
takeoft process of the aerial unit; wherein the aerial unit
is coupled to the ground unit via a connecting element;
wherein an effective length of the connecting element
increases during the takeoff process and decreases dur-
ing the landing process;

wherein the landing and takeoff assisting module is

coupled to the takeoff and landing platform and is
arranged to (a) lower the takeoff and landing platform
into the housing during a second part of the landing
process and (b) elevate the takeoff and landing platform
during a second part of the takeoff process; and
wherein the fold and unfold unit is arranged to assist in
reduction of a footprint of the aerial unit during a third
part of the landing process by altering a spatial relation-
ship between a main propulsion module of the aerial unit
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and peripheral propulsion modules of the aerial unit;
wherein the multiple peripheral propulsion modules
extend outside the main propulsion module when the
aerial unit hovers above the ground unit.

2. The system according to claim 1, comprising a connect-
ing element manipulator, for altering the effective length of a
connecting element; wherein the effective length of the con-
necting element defines a distance between the ground unit
and the aerial unit.

3. The system according to claim 1, wherein each periph-
eral propulsion modules is coupled to the a frame of the aerial
unit via a pivoting joint that is selectively locked by a locking
element; wherein the fold and unfold unit is arranged to
unlock the locking element during a fourth part of the landing
process and to rotate the pivoting joint thereby causing the
peripheral propulsion module to rotate and thereby reduce the
footprint of the aerial unit.

4. The system according to claim 3 wherein the fold and
unfold unit comprises a locking element lifting module that is
arranged to lift the locking element during the fourth part of
the landing process; a rotating module for rotating the pivot-
ing joint and thereby causing the peripheral propulsion mod-
ule to rotate.

5. The system according to claim 4 wherein the fold and
unfold unit further comprise a main holder that is arranged to
hold a part of a main frame of the main propulsion module
during a fifth part of the landing process and a secondary
holder for holding a part of a peripheral frame of the periph-
eral propulsion module during a sixth part of the landing
process.

6. The system according to claim 1, wherein the takeoffand
landing platform comprises a base element that is positioned
below a centering and positioning frame and coupling ele-
ments that coupled the centering and positioning frame and
the base element and couple while allowing relative move-
ment between the centering and positioning frame and the
base element.

7. The system according to claim 6, wherein the coupling
elements comprise springs.

8. The system according to claim 7, wherein the coupling
elements further comprise restraining elements for limiting a
relative movement between the centering and positioning
frame and the base element.

9. The system according to claim 6, wherein the coupling
elements facilitate changes in a relative orientation between
the centering and positioning frame and the base element.

10. The system according to claim 1, wherein the aerial unit
comprise bottom frame elements; wherein the takeoff and
landing platform comprises a centering and positioning frame
that is shaped and positioned to force the bottom frame ele-
ments to be positioned at an alignment position at a seventh
part of the landing process.

11. The system according to claim 10, wherein the bottom
frame element are positioned in an imaginary flat plane and
wherein the centering and positioning frame has upper edges
that define maximum points and minimum points; and
wherein the minimum points form the alignment position.

12. The system according to claim 11, wherein the center-
ing and positioning frame comprises N symmetrical triangles
that define N minimum points for receiving N bottom frame
elements of the aerial unit.

13. The system according to claim 1, wherein the landing
and takeoff assisting module comprises a restraining element
positioned at a center of the landing and takeoff assisting
module; wherein the restraining element has an aperture
through which the connecting element passes.
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14. The system according to claim 13, wherein the landing
and takeoft assisting module comprises a first selective move-
ment force controlled element that is coupled to a first eleva-
tion element and to a second elevation element; wherein the
first selective movement force controlled element is arranged
to prevent relative elevation movement between the first and
second elevation elements when a force applied on the first
selective movement force controlled element is below a first
threshold and to allow relative elevation movement between
the first and second elevation elements when the force applied
on the first selective movement force controlled element
exceeds the first threshold.

15. The system according to claim 14, wherein the first
elevation element is coupled to the restraining element.

16. The system according to claim 15, wherein the first
elevation element is coupled to the restraining element via a
second selective movement force controlled element.

17. The system according to claim 1, comprising an eleva-
tion module that is arranged to lower and lift the takeoff and
landing platform and landing and takeoff assisting module
within the housing.

18. The system according to claim 17, wherein the eleva-
tion module contacts the fold and unfold unit and wherein the
system comprises a force distribution module that is arranged
to reduce an uneven distribution of forces applied on the
folding and unfolding module by the elevation module.

19. The system according to claim 18, wherein the eleva-
tion module contacts the folding and unfolding module at a
certain location and wherein the force distribution module
contacts the fold and unfold unit at a location that is opposite
to the certain location.
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20. The system according to claim 1, further comprising
the aerial unit.

21. The system according to claim 20, wherein each
peripheral propulsion modules is coupled to the frame of the
aerial unit via a pivoting joint that is selectively locked by a
locking element; wherein a rotation of the pivoting joint
causes the peripheral propulsion module to rotate and thereby
reduce the footprint of the aerial unit.

22. A method, comprising:

holding and supporting an aerial unit, by a takeoff and

landing platform of a ground unit, during a first part of a
landing process of the aerial unit and a first part of
takeoff process of the aerial unit; wherein the aerial unit
is coupled to the ground unit via a connecting element;
wherein an effective length of the connecting element
increases during the takeoff process and decreases dur-
ing the landing process;

assisting, by a fold and unfold unit of the ground unit, in a

reduction of a footprint of the aerial unit during a third
part of the landing process by altering a spatial relation-
ship between a main propulsion module of the aerial unit
and peripheral propulsion modules of the aerial unit;
wherein the multiple peripheral propulsion modules
extend outside the main propulsion module when the
aerial unit hovers above the ground unit;

lowering, by a landing and takeoff assisting module of the

ground unit, the takeoff and landing platform into a
housing of the ground unit, during a second part of the
landing process;

elevating the takeoff and landing platform during a second

part of the takeoff process.
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