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(57) Abstract: A system that is mountable to an unmanned vehicle and a method of operation is provided. The system includes an at-
tachment plate configured to couple to the unmanned vehicle, the attachment plate having a first feature. A control module is configured
to removably couple to the attachment plate, the control module having one or more processors and a power source, the control module
having a pin arranged to move from a first position to a second position when the control module is coupled to the attachment plate,
the one or more processors being energized when the pin is moved from the first position to the second position. A payload having an
energetic element is provided, the payload being coupled to the control module.
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PAYLOAD PLATFORM FOR UNMANNED VEHICLES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application is a nonprovisional application of, and claims the
benefit of, United States Provisional Application 63/220,700 entitled “Payload Platform For
Unmanned Vehicles™ filed on July 12, 2021, and United State Non-Provisional Application
17/712,447 entitled “Payload Platform For Unmanned Vehicles” filed on April 4, 2022 the

contents of which is incorporated by reference.

BACKGROUND
[0002] The present invention relates generally to a system and method for delivering
a weapons system with an unmanned vehicle, more specifically, to a system and method for
mounting and deploying a weapons system autonomous or semi-autonomous vehicles.
[0003] Autonomous or semi-autonomous vehicles, also referred to as unmanned
aerial vehicles (UAVs), remotely piloted aircraft (RPA) and autonomous ground vehicle
(UGVs5), are a small, typically portable, vehicle that have found a variety of uses in
commercial and military application, such as but not limited to surveying, surveillance, aerial
photography, and package delivery. A UAYV typically consists ol a body, a device such as a
camera, a navigation system, and a propulsion system. The propulsion system usually
consists of a plurality of rotors (e.g. four) that generate lift in the same manner as a
helicopter. The vehicle is launched and is either guided by an operator or follows a path
using navigation techniques to an end location. The vehicle then performs a task (e.g.
photographs an area) and then returns to a landing site. In the case of UAV’s and RPA’s that
include ordnance, the vehicle was expendable and did not return from the mission.
[0004] Accordingly, while existing autonomous or semi-autonomous vehicles are
suitable for their intended purposes the need to improvement remains, particularly in

providing a weapons platform having the features described herein.

SUMMARY
[0005] Embodiments include a system that is mountable to an unmanned vehicle.
The system includes an attachment plate configured to couple to the unmanned vehicle, the
attachment plate having a first feature. A control module is configured to removably couple

to the attachment plate, the control module having one or more processors and a power
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source, the control module having a pin arranged to move from a first position to a second
position when the control module is coupled to the attachment plate, the one or more
processors being energized when the pin is moved from the first position to the second
position. A payload having an energetic element is provided, the payload being coupled to
the control module.

[0006] In addition Lo one or more ol the [eatures described herein, or as an alternative,
further embodiments of the system may include the pin being removable from the control
module in the second position.

[0007] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the system may include the pin further having a key FOB, the key
FOB being configured to operably couple to a control device, the control device being remote
from the control module.

[0008] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the system may include the control module further having a
communications circuit that is operably coupled to the one or more processors and is coupled
to communicate with the control device.

[0009] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the system may include the control device being coupled to
communicate with the communications circuit in response to the key FOB being operably
coupled to the control device.

[0010] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the system may include the control module further having a first
static arming inhibit element operably coupled to the one or more processors, the one or more
processors being configures to close the first static arming inhibit element in response to a
first signal from the control device.

[0011] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the system may include the control module further having a solenoid
operably coupled to the one or more processors and the energy source, the solenoid having a
plunger that is movable from an extended position to a retracted position, the plunger being
coupled to a second feature on the attachment plate, the control module being decoupled from
the attachment plate when the plunger is in the retracted position.

[0012] In addition to one or more of the features described herein, or as an alternative,

further embodiments of the system may include the one or more processors being further
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configured to initiate a timer in response to the decoupling of the control module from the
attachment plate.

[0013] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the system may include the one or more processors being further
configured to close a dynamic arming inhibit element in response to an expiration of the
timer, the dynamic arming inhibit element being electrically coupled Lo the energy source.
[0014] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the system may include the control module having a high voltage
capacitor operably coupled to the dynamic arming inhibit element and to a low energy
exploding foil initiator, the low energy exploding foil initiator being electrically coupled
between the dynamic arming inhibit and the energetic element.

[0015] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the system may include the one or more processors being further
configured to close a firing switch in response to a third signal from the control device, the
firing switch being electrically coupled between the high voltage capacitor and the low
energy exploding foil initiator.

[0016] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the system may include the energetic element being one of
fragmentary rounds, high explosives, thermite, or shaped charges.

[0017] Further embodiments include a method of deploying a payload from an
unmanned vehicle. The method includes coupling an attachment plate to the drone, the
attachment plate having a first feature. A control module is coupled to the attachment plate,
the control module having a pin. The pin is moved from a first position to a second position
with the first feature in response to attaching the control module to the attachment plate. One
or more processors are energized with an energy source when the pin is in the second
position.

[0018] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the method may include removing the pin from the control module
when the pin is in the second position; and coupling a key FOB on the pin to a control device.
[0019] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the method may include the control device being coupled to
communicate with a communications circuit in the control module when the key FOB is
coupled to the control device, the communications circuit being operably coupled to the one

O MOre processors.
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[0020] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the method may include transmitting a first signal from the control
device to the communications circuit and closing a first static arming inhibit element in
response to receiving the first signal.

[0021] In addition to one or more of the features described herein, or as an alternative,
[urther embodiments ol the method may include transmitling a second signal [rom the control
device to the communications circuit; retracting a solenoid plunger disposed in the control
module in response to receiving the second signal; decoupling the control module from the
attachment plate in response to retracting the solenoid plunger; and initiating a timer in
response to decoupling the control module.

[0022] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the method may include closing a dynamic arming inhibit element
and flowing electrical power from the energy source to a high voltage capacitor in response
to expiration of the timer; transmitting a third signal from the control device to the
communications circuit; and closing a firing switch in response to receiving the third signal.
[0023] In addition to one or more of the features described herein, or as an alternative,
further embodiments of the method may include activating an energetic element with a low
energy exploding foil initiator in response to closing the firing switch.

[0024] Additional features are realized through the techniques of the present
invention. Other embodiments and aspects of the invention are described in detail herein and
are considered a part of the claimed invention. For a better understanding of the invention

with the features, refer to the description and to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] The subject matter which is regarded as the invention is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The forgoing
and other features of embodiments of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:
[0026] FIG. 1 depicts a block diagram of an autonomous or semi-autonomous vehicle
having a weapons platform in accordance with an embodiment of this disclosure;
[0027] FIG. 2 depicts a block diagram of a controller for autonomous or semi-
autonomous vehicle in accordance with an embodiment of this disclosure;
[0028] FIG. 3 is a front view of an autonomous or semi-autonomous vehicle having a

weapons platform in accordance with an embodiment of this disclosure;
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[0029] FIG. 4A is a perspective view of an autonomous or semi-autonomous vehicle
with a payload being released from the platform in accordance with an embodiment of this
disclosure;

[0030] FIG. 4B is a partial perspective view of the vehicle of FIG. 4A with a FOB
key inserted in the control module;

[0031] FIG. 4C is a partial perspective view ol the vehicle of FIG. 4B with the FOB
key being removed from the control module;

[0032] FIG. 5A is a partially unassembled perspective view of the weapons platform
of FIG. 3 in accordance with an embodiment of this disclosure;

[0033] FIG. 5B is a perspective view of the weapons platform of FIG. 5A with the
control module in the process of being assembled to the energetic module;

[0034] FIG. 6 is a perspective view, partially in section, of the weapons platform of
FIG. 5 in accordance with an embodiment of this disclosure;

[0035] FIG. 7 is a block diagram of the arming system for the weapons platform of
FIG. 5 in accordance with an embodiment of this disclosure;

[0036] FIG. 8§ is a perspective view of hand held controller for use with the weapons
platform in accordance with an embodiment;

[0037] FIG.9A is a front perspective view of a weapons platform in accordance with

another embodiment;

[0038] FIG. 9B is a side view of the weapons platform of FIG. 9A;
[0039] FIG. 9C is rear perspective view of the weapons platform of FIG. 9A;
[0040] FIG. 10 is a side view of a weapons platform in accordance with yet another

embodiment; and
[0041] FIG. 11A and FIG. 11B are perspective and {ront views of a hand held
controller for use with a weapons platform of FIG. 1, FIG. 3, FIG. 9A and FIG. 10 in

accordance with an embodiment.

DETAILED DESCRIPTION
[0042] Embodiments of the present disclosure are directed to a system for mounting a
weapons system to an unmanned vehicle. Embodiments further include a system that is
mountable to different models of unmanned vehicles. Still further embodiments provide a
system that operates independently from the unmanned vehicle and does not draw power,

telemetry, or data from the unmanned vehicle.
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[0043] It should be appreciated that while embodiments herein refer to an unmanned
aerial vehicle (UAYV), this is for example purposes and the claims should not be so limited.
In other embodiments, the unmanned vehicle may be an RPA, an UGV, or a surface or sub-
surface watercraft for example. Further, the unmanned vehicle may be autonomous, semi-
autonomous, or operator controlled.

[0044] Referring now (o FIG. 1, an embodiment is shown ol an autonomous drone 20
or unmanned aerial vehicle. As used herein, the term “drone” refers to an aerial, ground, or
water vehicle capable to operating autonomously or semi-autonomously from a human
operator to perform a predetermined function, such as deliver a payload or package for
example. In some embodiments, the drone 20 may also be operated by the human operator.
The drone 20 includes a fuselage 22 that supports at least one thrust device 24. In an
embodiment, the drone 20 includes a plurality of thrust devices 24A, 24B, such as four thrust
devices arranged about the periphery of the fuselage 22. In an embodiment, the thrust
devices 24 include propeller member that rotates to produce thrust. The thrust devices 24
may be configurable to provide both lift (vertical thrust) and lateral thrust (horizontal thrust).
The vertical and horizontal components of the thrust allow the changing of the altitude,
lateral movement and orientation (attitude) of the drone 20.

[0045] In the exemplary embodiment, the fuselage 22 and thrust devices 24 are sized
and configured to carry a system 30 having a payload 26. The payload 26 being releasably
coupled from the fuselage 22 during operation. As will be discussed in more detail herein,
the system 30 further includes a payload control module 32 and an attachment plate 34. The
attachment plate 34 includes a mechanical connection 28 that fixedly and removable couples
the plate to the drone 20. The mechanical connection 28 may include a means, such as
multiple bolt hole patterns for example, that allows the plate 34 to be coupled to a variety of
different unmanned vehicles. The mechanical connection 28 further allows for the removal
of the system 30, such as in the event that either the drone 20 or the system 30 is damaged.
As discussed in more detail herein, the attachment plate further includes one or more features
that allow the payload to be at least partially armed and allow the payload to be releasably
coupled to the attachment plate 34.

[0046] The drone 20 includes a controller 38 having a processing circuit. The
controller 38 may include processors that are responsive to operation control methods
embodied in application code, such as for navigating the drone 20. These methods are
embodied in computer instructions written to be executed by the processor, such as in the

form of software. The controller 38 is coupled transmit and receive signals from the thrust
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devices 24, the transfer member 34 and the coupling device 36 to determine and change their
operational states (e.g. extend transfer member 34, change polarity of coupling device 36,
adjust lift from thrust devices 24). The controller 38 may further be coupled to one or more
sensor devices that enable to the controller to determine the position, orientation and altitude
of the drone 20. In an embodiment, these sensors may include an altimeter 40, a gyroscope
or accelerometers 42 or a global positioning satellite (GPS) system 44.

[0047] FIG. 2 illustrates a block diagram of a controller 38 for use in implementing a
system or method according to some embodiments, such as the control module 32 for
example. The systems and methods described herein may be implemented in hardware,
software (e.g., firmware), or a combination thereof. In some embodiments, the methods
described may be implemented, at least in part, in hardware and may be part of the
microprocessor of a special or general-purpose controller 38, such as a personal computer,
workstation, minicomputer, or mainframe computer.

[0048] In some embodiments, as shown in FIG. 2, the controller 38 includes a
processor 105, memory 110 coupled to a memory controller 115, and one or more input
devices 145 and/or output devices 140, such as peripheral or control devices, that are
communicatively coupled via a local I/O controller 135. These devices 140 and 145 may
include, for example, battery sensors, position sensors (altimeter 40, accelerometer 42, GPS
44), indicator/identification lights and the like. Input devices such as a conventional
keyboard 150 and mouse 155 may be coupled to the I/O controller 135 when the drone is
docked to allow personnel to service or input information. The I/O controller 135 may be, for
example, one or more buses or other wired or wireless connections, as are known in the art.
The I/O controller 135 may have additional elements, which are omitted for simplicity, such
as controllers, buffers (caches), drivers, repeaters, and receivers, to enable communications.
[0049] The I/O devices 140, 145 may further include devices that communicate both
inputs and outputs, for instance disk and tape storage, a network interface card (NIC) or
modulator/demodulator (for accessing other files, devices, systems, or a network), a radio
frequency (RF) or other transceiver/communications-circuit, a telephonic interface, a bridge,
a router, and the like.

[0050] The processor 105 is a hardware device for executing hardware instructions or
software, particularly those stored in memory 110. The processor 105 may be a custom made
or commercially available processor, a central processing unit (CPU), an auxiliary processor
among several processors associated with the controller 38, a semiconductor based

microprocessor (in the form of a microchip or chip set), a macroprocessor, or other device for
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executing instructions. The processor 105 includes a cache 170, which may include, but is
not limited to, an instruction cache to speed up executable instruction fetch, a data cache to
speed up data fetch and store, and a translation lookaside buffer (TLB) used to speed up
virtual-to-physical address translation for both executable instructions and data. The cache
170 may be organized as a hierarchy of more cache levels (L1, L2, etc.).

[0051] The memory 110 may include one or combinations ol volatile memory
elements (e.g., random access memory, RAM, such as DRAM, SRAM, SDRAM, etc.) and
nonvolatile memory elements (e.g., ROM, erasable programmable read only memory
(EPROM), electronically erasable programmable read only memory (EEPROM),
programmable read only memory (PROM), tape, compact disc read only memory (CD-
ROM), disk, diskette, cartridge, cassette or the like, etc.). Moreover, the memory 110 may
incorporate electronic, magnetic, optical, or other types of storage media. Note that the
memory 110 may have a distributed architecture, where various components are situated
remote from one another but may be accessed by the processor 105.

[0052] The instructions in memory 110 may include one or more separate programs,
each of which comprises an ordered listing of executable instructions for implementing
logical functions. In the example of FIG. 2, the instructions in the memory 110 include a
suitable operating system (OS) 111. The operating system 111 essentially may control the
execution of other computer programs and provides scheduling, input-output control, file and
data management, memory management, and communication control and related services.
[0053] Additional data, including, for example, instructions for the processor 105 or
other retrievable information, may be stored in storage 120, which may be a storage device
such as a hard disk drive or solid state drive. The stored instructions in memory 110 or in
storage 120 may include those enabling the processor to execute one or more aspects of the
systems and methods of this disclosure.

[0054] The controller 38 may further include a display controller 125 coupled to a
user interface or display 130. In some embodiments, the display 130 may be an LCD screen.
In other embodiments, the display 130 may include a pluarality of LED status lights (e.g.
visual indicator 538, FIG. 5). In some embodiments, the controller 38 may further include a
network interface 160 for coupling to a network 165. The network 165 may be an IP-based
network for communication between the controller 38 and an external server, client and the
like via a broadband connection. In an embodiment, the network 165 may be a satellite
network. The network 165 transmits and receives data between the controller 38 and external

systems. In an embodiment, the external system may be another aerial drone or a drone
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docking system. In some embodiments, the network 165 may be a managed IP network
administered by a service provider. The network 165 may be implemented in a wireless
fashion, e.g., using wireless protocols and technologies, such as WiFi, WiMax, cellular,
satellite, etc. The network 165 may also be a packet-switched network such as a local area
network, wide area network, metropolitan area network, the Internet, or other similar type of
network environment. The network 165 may be a fixed wireless network, a wireless local
area network (LAN), a wireless wide area network (WAN) a personal area network (PAN), a
virtual private network (VPN), intranet or other suitable network system and may include
equipment for receiving and transmitting signals.

[0055] Referring now to FIG. 3 and FIGs. 4A-4C, an embodiment is shown of a
drone 320 that includes a weapons system 330. In an embodiment, the drone 320 may be a
Pegasus unmanned aerial vehicle manufactured by Robotic Research LL.C of Clarksburg,
Maryland, USA. The drone 320 is substantially similar to the drone 20 of FIG. 1. In an
embodiment, the drone 320 is configured to switch between aerial vehicle and ground vehicle
operations. The drone 320 includes a fuselage 322 and a plurality of thrust devices 324.
[0056] In an embodiment, the weapons system 330 includes an attachment plate 334.
In an embodiment that system 330 includes a single attachment plate 334 that multiple
control modules 332 and multiple energetic modules 326 are attached. As used herein, the
term “payload module” refers to an assembly consisting of a control module and an energetic
module. In another embodiment multiple attachment plates 334 are provided and each
attachment plate 334 has an associated control module 332 and payload 326. In the example
embodiment, while the weapons system 330 is coupled to the drone 320, the weapons system
330 is functionally independent from the drone 320. In other words, there is no power,
communications, or data transfer between the drone 320 and the control module 332 or
energetic module 326. It should be appreciated that this independence allows the weapons
system 330 to be coupled or redeployed to different drones without needing to reconfigure or
alter the weapons system 330. As will be discussed in more detail herein, when the payload
module is coupled to the attachment plate 334, a key FOB 377 is disengaged from the control
module and may be removed by the operator (FIG. 4C). In an embodiment, when the key
FOB 377 is coupled to the control module, the energetic module 326 cannot be activated.
[0057] Referring now to FIG. 5A, FIG. 5B, and FIG. 6 an embodiment is shown of
the payload module 530. In this embodiment, the payload module 530 includes a energetic
module 526 and a control module 532. The energetic module 526 includes a housing 540. In

an embodiment, the housing 540 has a generally cuboid shape and contains an energetic 541,
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such as but not limited to polymer-bonded explosive (PBX) or thermite for example.
Arranged on at least one end 542 is a latch 544 that interconnects and fixes the housing 540
to the control module 532. The latch 544 includes a slidable lever that engages a locking
element 550 in the control module 532. It should be appreciated that in other embodiments,
other types of locking elements 550 may be used. In an embodiment, the housing 540
includes a cover 546 having a coupling element 548. In an embodiment, the coupling
element 548 slidably couple the housing 526 to the control module 532 (FIG. 5B). In an
embodiment, the coupling element 548 has a dovetail shape. In an embodiment, the energetic
module 526 is removably coupled to the control module 532, which allows for different
energetics to be coupled to the payload module 530. To replace the energetic module 526,
the operator disengages the interlock 544 from the locking element 550 and then slides the
housing 540 relative to the control module 532 to remove the energetic module 526.

[0058] The control module 532 includes a housing 552 that includes a coupling
element 554 that cooperates with the coupling element 548. Disposed on the end 556,
adjacent to the locking element 550 is a visual indicator 558. The visual indicator 558 is
configured to display a different color or symbol based on the operational setting (e.g. safe or
armed).

[0059] Disposed within the housing 552 is an electronic safe and arm circuit 560, a
communications circuit 562, and a mechanical release assembly 564. In an embodiment, the
mechanical release assembly 564 includes a solenoid or servo 566 that engages a pin on the
attachment plate 334 (FIG. 4). When energy is applied to the solenoid 566, the solenoid
retracts and releases its connection on the control module 532 and energetic module 526.
[0060] It should be appreciated that since the payload module 530 includes energetics
541, a safety architecture is incorporated into the assembly to reduce the risk of inadvertent
activation of the energetic 541. In an embodiment, the operation of the payload module 530
is guided by Mil Spec MI-STD-1911, which provides for two independent inhibiting
mechanisms to prevent unintentional arming of the energetic. As such the arming inhibits are
removed by independent and sequential actions.

[0061] To accomplish this standard, two elements are used to interlock the arming of
the energetic. First a feature on the attachment plate 334 removes a pin 760 from the an
energetic safety interlock 762 (FIG. 7) when the payload module 530 is attached to the
attachment plate. In an embodiment, the arrangement is configured such that a safety pin 760
can only be removed and replaced when the payload module 530 is attached to the

attachment plate 334. Removal of the safety pin 760 closes switches 764 to electrically
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couple the internal circuitry 700 to battery 766. In other embodiments, the feature on the
attachment plate 334 engages a switch that disengages an interlock that holds/prevents-
removal of the pin 760.

[0062] The payload module 530 is secured to the drone 20 by the solenoid 566. When
energy is applied to the solenoid 566, a solenoid plunger moves from an extended position to
aretracted position Lo release the control module and payload assembly [rom the atlachment
plate. When the solenoid is not energized, the plunger retains the payload 526 to the drone
20). In an embodiment, the solenoid 566 is momentarily energized when the energetic
payload is attached. Power is removed when the safety pin 760 is removed or disengaged.
When an operator sends the command to release the energetic, such as via communications
circuit 562 for example, the solenoid 566 is once again temporarily energized causing the
solenoid 566 to retract and allow the control module and payload 526 to decouple from the
attachment plate and move away from the drone 20 under the influence of gravity. In an
embodiment, once the payload module 530 separates from the attachment plate, the solenoid
566 is deenergized to avoid draining the energy-source/conserve-energy.

[0063] In an embodiment, the arming circuitry 700 includes a first portion that
provides safety logic 768 and a second portion 770 that generates and transfers a high-voltage
fire pulse to initiate a low energy exploding foil initiator (LEEFI) 774 to activate the
energetic 741. It should be appreciated that while embodiments herein may refer to the use of
a LEEFI (o activate the energetic, this is for example purposes and the claims should not be
so limited. In other embodiments, other components may be used, such as but not limited to
an exploding bridge wire (EBW) detonator or a hot bridge wire (HBW) detonator for
example. Two-way radio frequency circuits 772 are provided to allow the operator to initiate
operation. In an embodiment, the power is provided by a replaceable and rechargeable
battery 766.

[0064] The circuit 700 is energized when the pin 760 is removed and communication
is established when the key FOB 777 is inserted into an operator controller 800 (FIG. 8). In
an embodiment, the key FOB 777 includes a connector, such as a USB connector that couples
with the operator controller 800. The key FOB 777 when coupled with the operator
controller 800 allows the operator controller 800 to transmit coded signals to the control
module which the key FOB 777 is associated. In an embodiment, when communications are
established, the circuit 700 performs a power-on test to verify system readiness to perform a

mission.
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[0065] It should be appreciated that in the embodiment of FIG. 8, the controller 800
includes two sets of controls that allow the controller to remove inhibits (e.g. arm), release
the system 330, and fire/activate the payload 326. Two sets of controls are provided to allow
the control of the two systems 330 to be operated independently.

[0066] In an embodiment, two signals from the operator are used to control and arm the
energetic module 526. A first coded (e.g. encrypted) signal is sent by the operator when the drone
20 has reached a safe separation distance. This action closes one of the static arming inhibit
switches 778A. The second coded signal is the command to release the payload module 530 and
closes the other static arming inhibit switch 778B. A timer within control logic gives the drone 20
the opportunity to move from the area before automatically closing the dynamic arming inhibit
780 (in response to the expiration of the timer), which then charges the high voltage firing
capacitor 782 which receives electrical power from a high voltage converter 784. At this time the
energetic 741 is fully armed. In an embodiment, once the second coded signal is received, the
solenoid is deenergized to conserve energy. A third (final) signal from the operator is used to
operate the firing switch 786, which leads to detonation of the energetic 741 by the LEEFI 774.
The circuit 700 will sterilize the payload 526 if the energetic 741 is not commanded to detonate
within a predetermined amount of time, or when power level in the battery 766 drops below a
predetermined level.

[0067] In an embodiment, until the point where the second signal is transmitted and
received, the encrgetic may be returned to a safe condition and the drone 20 moved back to the
operator. In an embodiment, the operator returns the energetic to a safe condition by cancelling
the first signal (safe separation distance), which opens one of the static arming inhibit switches
778. When the drone 20 lands adjacent the operator, the operator removes the key FOB 777 from
the controller and replaces the safety pin 760 to disconnect the battery 766 from the circuit 700.
[0068] It should be appreciated that material used in the energetic 741 may include
fragmentary rounds, high explosives, thermite, shaped charges, or non-lethal effects such as
sound, pyrotechnics, smoke, or other disoricntation or distraction cffects.

[0069] In an embodiment, the operation of the payload 526 is controlled by a handheld
remote device. The handheld device is configured to encode the payload 526 over an encrypted
channel. In an embodiment, the handheld device is separate from the drone 20 controller. 1t
should be appreciated that this provides advantages in allowing the operator the flexibility to
move the system 30 between drones 20.

[0070] Referring now to FIGS. 9A — 9C, another embodiment of the system 930. The
system 930 includes a control module 932, a payload 926, and a mounting plate 934. The control

module 932 includes a pad 933 (hat is disposed on a top surface 935. The pad 933 may be made
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from an open or closed cell foam material for example. The pad 933 is disposed between the top
surface 935 and the bottom surface of the plate 934 (o reduce the transfer of vibrations [rom the
drone and the control module 932. The pad 933 includes an opening 935 that is sized to receive
the pin 928 on plate 934.

[0071] In this embodiment, the control module 932 includes an antenna 970. In an
embodiment, the antenna 970 is rotationally coupled to the side 953 of the housing 952. Being
able to rotate the antenna 970 provides advantages in allowing the antenna to be repositioned
depending on the fusclage gecometry of the drone and the payload. On a first end 955, a key FOB
977 is coupled via a universal serial bus (USB) port. Similar to the FOB 377, the FOB 977
allows the control module 932 to pair for communications with a handheld controller used by the
operator.

[0072] On an opposite end 956, a separate mechanical interlock pin 960 extends outward
from the housing 952. In an embodiment, the interlock pin 960 is retained to the housing 952 by
a detent mechanism 961. As discussed in more detail herein, in an embodiment the removal of
the interlock pin activates a timer the initiates selected operating components of the control
circuitry (e.g. internal circuitry 700). Also disposed on the end 956 is an actuator 963. The
actuator 963 is electrically coupled to operate an internal servo or solenoid (e.g. servo 566). In an
embodiment, the activation of the actuator 963 causes a movement of a cam that allows the pin
928 to be received by the control module 932. When the pin 928 is inserted, and the actuator 963
is released, the cam engages the pin 928 to mechanically couple the control module 932 to the
plate 934. Arranged adjacent the actuator 963 and the interlock pin 960 is a visual indicator 958,
such as an light emitting diode (LED) for example. In an embodiment, the indicator 958 will
emit light of a predetermined color to indicate to the operator the state of the control module 932.
For example, the emitting of a green light may indicate that the pin 960 is removed and the
operator should move to a predetermined distance away before a timer expires. The emitting of a
yellow light may indicate that the mechanical interlock has been removed and portions of the
control circuit are active.

[0073] In an embodiment, the end 956 further includes a feature that cooperates with a
latch member 944 of the payload 926. When the latch 944 engages the feature, the payload 926
is mechanically coupled to the control module 932 (c.g. the payload will not slide relative to the
control module).

[0074] In this embodiment, the plate 934 includes a planar portion 935 having a plurality
of holes 937 that are arranged and sized to allow the plate 934 to mount to a variety of different

drone/vehicles. Extending from the planar portion 934 are a pair of ribs 939. The ribs 939 are
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arranged on either side of the pin 928. The ribs 939 prevent side to side movement of the control
module 932.

[0075] Referring now to FIG. 10, an embodiment is shown of a system 1030 having a
mounting plate 1034 that is coupled to a vehicle, such as a drone 120. The system 1030 further
includes a control module 1032 and a plurality of payloads 1026A, 1026B, 1026C. In an
embodiment, the control module 1032 is the same as that described herein with respect to control
modules 332, 532, 932. It should be appreciated that in some situations, more than one type of
payload may be desired to accomplish the desired goal. For cxample, where an encrgetic payload
is being delivered, more than one type of energetic may be used to neutralize a target. Where the
payload is delivering an article such as medicine or medical supplies, more than one type of
medical supply may be desired. In this embodiment, the top most payload 1026A is removably
coupled to the control module 1032 in a similar manner as described herein and is fixed in place
by a clip or fastener 1044. The subsequent payloads 1026B, 1026C are then coupled in series to
the first payload 1026A in a similar manner (e.g. slidably engages the previous payload and is
secured with a clip).

[0076] In another embodiment, the control module 1032 may be configured to selectively
uncouple the payloads 1026A, 1026B, 1026C to place the payloads at multiple target locations.
In this embodiment. each of the payloads 1026A, 1026B, 1026C may include control passthrough
that allows signals from the control module 1032 to be transmitted to the desired payload.

[0077] Referring now to FIG. 11A, 11B, another operator controller 1100 is shown for
use with any of the systems 830, 530, 930, 1030 described herein. In this embodiment, the
controller 1100. The controller 1100 includes a housing 1102 that includes a port (not shown)
configured to receive a FOB, such as FOB 777, 977 for example, that allows one or more
processors or circuits within the controller 1100 to communicate with the system 830, 530, 930,
1030. The controller 1100 further includes an antenna 1104 that is configured transmit signals to,
and receive signals from the system 830, 530, 930, 1030. The controller 1100 includes an
actuator 1106, such as a slide switch for example, that turns-on or activates the controller 1100.
In an embodiment, an indicator, such as LED 1108, emits light when the controller 1100 is
activated.

[0078] Typically the first step in setting up the controller 1100 is to pair the controller
with the system 830, 530, 930, 1030. This is done by installing the USB FOB 777, 977 in the
port and then depressing an actuator, such as button 1110 for example, for a predetermined
amount of time (e.g. 5 seconds) until an indicator, such as LED 1112 starts flashing. In an
embodiment, the operator then releases and immediately depresses the button 1110 again. At this

point, if successful, the controller 1100 is paired with the USB. In an embodiment, the power
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LED 1108 emits green light when the pairing is completed. In an embodiment, any other LED’s
on the controller 1100 will [lash untl the controller is paired with the control module 332, 532,
932, 1032.

[0079] In an embodiment, the FOB 777, 977 is removed from the controller 1100 and
then installed on the control module 332, 532, 932, 1032. It should be appreciated that at the
point when the FOB 777, 977 is installed, there is only power to the servo motor or solenoid (e.g.
no electrical power to the firing circuit). The servo motor or solenoid only draws power when the
actuator on the control module, such as actuator 963 for cxample, is actuated. The actuating of
the actuator 963 allows the control module 332, 532, 932, 1032 to be installed-on/coupled-to the
vehicle/drone. In an embodiment, the FOB 777, 977 remains coupled to the control module 332,
532,932, 1032 for the duration of the mission. Where the payload includes an energetic, the
FOB 777, 977 is either destroyed or damaged to render it inoperable upon activation of the
energetic.

[0080] With the system 830, 530, 930, 1030 installed on the drone, the operator removes
the pin 760, 960. In an embodiment, this activates a first predetermined timer (e.g. 30 seconds),
that allows the operator Lo move away [rom the drone by a predetermined distance. When the
time expires, the indicator 958 emits light, such as yellow light for example, to provide a visual
indication that power is available to the next level of safety inhibit (e.g. static arming inhibit
778A, 778B). In an embodiment, the removal of the pin 760, 960 further initiates a second
predetermined timer (e.g. 60 minutes). If the second timer expires, all voltage to the high voltage
converter 784 is removed/turned-off. In an embodiment, when the second timer expired, power
to the servo motor or solenoid remains so that the system 830, 530, 930, 1030 may be removed
from the drone.

[0081] In an embodiment, if the pin 760, 960 is reinserted into the control module
332,532,932, 1032, electrical power is removed from the static arming inhibit. 778A, 778B and
the first and second timers are reset.

[0082] With the pin 760, 960 removed, the control module 332, 532, 932, 1032
established communication with the controller 1100 based at least in part on data stored on the
FOB key 777, 977. In an embodiment, when communication is established between the
controller 1100 and the control module 332, 532, 932, 1032, the indicators/LED’s on the
controller will stop blinking/flashing.

[0083] During operation, the operator will typically move the drone a predetermined
distance away and then move the arming actuator 1114 from a first or “safe” position to a
second or “armed” position. In an embodiment, the indicator/LED 1116 emits a light, such as

ared light for example. In an embodiment, this closes the static arming inhibit 778 A, 778B.
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[0084] The drone is then moved to the desired location (e.g. the target location). At
the desired time, the operator opens the drop cover 1118 to expose an actuator, such as a first
toggle switch for example. Upon actuation of the first toggle switch, a first signal is
transmitted from the controller 1110 to the control module 332, 532,932, 1032. When the first
signal is received. the servo motor or solenoid is activated allowing the control module 332, 532,
932, 1032 and any payloads 326, 526, 926, 1026A to move away from the plate 334, 534, 934,
1034 under the influence of gravity. In an embodiment, the receiving of the first signal initiates a
third predetermined timer (e.g. 5 second timer), which prevents the arming of the high voltage
converter 784 to provide sufficient time for the system to fall out of the way and for the drone to
move away from the payloads.

[0085] Finally, the operator lifts a fire cover 1120 to expose an actuator, such as a
second toggle switch for example. Upon actuation of the second toggle switch, a second
signal is transmitted from the controller 1110 to the control module 332, 532, 932, 1032. The
receiving of the second signal causes the control module 332, 532, 932, 1032 to close the
dynamic arming inhibit 780 causing electrical power to flow from the system battery 766 to the
high voltage converter 784 and charge the firing energy storage 782. The energy from storage
782 is rapidly flowed to the detonator 774.

[0086] It should be appreciated that in an embodiment where the payload is an article,
such as medical supplies [or example, the operator will not need (o activate the second Loggle
switch.

[0087] In the event that there is a mis-fire, or if the mission of the drone is abandoned,
the drone can be moved to a desired location, such as away from personnel and allowed to
rest for a minimum of the length of time of the second timer (e.g. 60 minutes) so that energy
is removed from the control module 332, 532, 932, 1032 except for the power to the servo
motor or solenoid. The operator may turn of power to the controller 1100 (e.g. actuator 1106)
and optionally remove the battery from the controller 1100. The operator then approaches the
drone and reinserts the pin 760, 960 and removes the FOB 777, 977. By pressing the actuator
963, the system 330, 530, 930, 1030 may be removed from the drone and the payload 326, 526,
926, 1026A separated from the control module 332, 532, 932, 1032. In an embodiment, the
energy source (e.g. battery) is removed from the control module 332, 532, 932, 1032.

[0088] It should be appreciated that while embodiments herein describe the system 20 as
having a pair of energetic payloads arranged in parallel, this is for example purposes and the

claims should not be so limited. In other embodiments, the system 30 may have a single
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energetic payload, or a plurality of energetic payloads to meet the goal of the mission the drone is
undertaking.

[0089] Technical effects and benefits of some embodiments include the ability to
allow a drone to deliver a payload where the payload is independently operable from the
drone. Still further embodiments provide technical effects and benefits of allowing a single
payload system to be interoperable with a variety of drone manufacturers without changing
the operation of the payload system. Still further embodiments provide technical effects and
benefits of providing a flexible payload system that can carry one or multiple energetics
depending on the goal of the mission. Still further embodiments provide technical effects and
benefits of allowing a drone to be used on a mission and returned for reuse or redeployment.
[0090] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the
singular forms “a”, “an” and “the” are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, elements, components,
and/or groups thereof.

[0091] The corresponding structures, materials, acts, and equivalents of all means or
step plus [unction elements in the claims below are intended Lo include any structure,
material, or act for performing the function in combination with other claimed elements as
specifically claimed. The description of the present invention has been presented for purposes
of illustration and description, but is not intended to be exhaustive or limited to the invention
in the form disclosed. Many modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and spirit of the invention. The
embodiments were chosen and described in order to best explain the principles of the
invention and the practical application, and to enable others of ordinary skill in the art to
understand the invention for various embodiments with various modifications as are suited to
the particular use contemplated.

[0092] The present invention may be a system, a method, and/or a computer program
product. The computer program product may include a computer readable storage medium
(or media) having computer readable program instructions thereon for causing a processor to

carry out aspects of the present invention.
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[0093] The computer readable storage medium can be a tangible device that can
retain and store instructions for use by an instruction execution device. The computer
readable storage medium may be, for example, but is not limited to, an electronic storage
device, a magnetic storage device, an optical storage device, an electromagnetic storage
device, a semiconductor storage device, or any suitable combination of the foregoing. A non-
exhaustive list of more specilic examples of the compuler readable storage medium includes
the following: a portable computer diskette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-only memory (EPROM or Flash
memory), a static random access memory (SRAM), a portable compact disc read-only
memory (CD-ROM), a digital versatile disk (DVD), a memory stick, a floppy disk, a
mechanically encoded device such as punch-cards or raised structures in a groove having
instructions recorded thereon, and any suitable combination of the foregoing. A computer
readable storage medium, as used herein, is not to be construed as being transitory signals per
se, such as radio waves or other freely propagating electromagnetic waves, electromagnetic
waves propagating through a waveguide or other transmission media (e.g., light pulses
passing through a fiber-optic cable), or electrical signals transmitted through a wire.

[0094] Computer readable program instructions described herein can be downloaded
to respective computing/processing devices from a computer readable storage medium or to
an external computer or external storage device via a network, for example, the Internet, a
local area network, a wide area network and/or a wireless network. The network may
comprise copper transmission cables, optical transmission fibers, wireless transmission,
routers, firewalls, switches, gateway computers and/or edge servers. A network adapter card
or network interface in each computing/processing device receives computer readable
program instructions from the network and forwards the computer readable program
instructions for storage in a computer readable storage medium within the respective
computing/processing device.

[0095] Computer readable program instructions for carrying out operations of the
present invention may be assembler instructions, instruction-set-architecture (ISA)
instructions, machine instructions, machine dependent instructions, microcode, firmware
instructions, state-setting data, or either source code or object code written in any
combination of one or more programming languages, including an object oriented
programming language such as Java, Smalltalk, C++ or the like, and conventional procedural
programming languages, such as the "C" programming language or similar programming

languages. The computer readable program instructions may execute entirely on the user's
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computer, partly on the user's computer, as a stand-alone software package, partly on the
user's computer and partly on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be connected to the user's computer
through any type of network, including a local area network (LAN) or a wide area network
(WAN), or the connection may be made to an external computer (for example, through the
Internet using an Internet Service Provider). In some embodiments, electronic circuitry
including, for example, programmable logic circuitry, field-programmable gate arrays
(FPGA), or programmable logic arrays (PLLA) may execute the computer readable program
instructions by utilizing state information of the computer readable program instructions to
personalize the electronic circuitry, in order to perform aspects of the present invention.
[0096] Aspects of the present invention are described herein with reference to
flowchart illustrations and/or block diagrams of methods, apparatus (systems), and computer
program products according to embodiments of the invention. It will be understood that each
block of the flowchart illustrations and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be implemented by computer readable
program instructions.

[0097] These computer readable program instructions may be provided to a processor
of a general purpose computer, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the instructions, which execute via the
processor of the computer or other programmable data processing apparatus, create means for
implementing the functions/acts specified in the flowchart and/or block diagram block or
blocks. These computer readable program instructions may also be stored in a computer
readable storage medium that can direct a computer, a programmable data processing
apparatus, and/or other devices to function in a particular manner, such that the computer
readable storage medium having instructions stored therein comprises an article of
manufacture including instructions which implement aspects of the function/act specified in
the flowchart and/or block diagram block or blocks.

[0098] The computer readable program instructions may also be loaded onto a
computer, other programmable data processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other programmable apparatus or other
device to produce a computer implemented process, such that the instructions which execute
on the computer, other programmable apparatus, or other device implement the functions/acts

specified in the flowchart and/or block diagram block or blocks.
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[0099] The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods, and computer
program products according to various embodiments of the present invention. In this regard,
each block in the flowchart or block diagrams may represent a module, segment, or portion of
instructions, which comprises one or more executable instructions for implementing the
specilied logical [unction(s). In some alternative implementations, the [unctions noted in the
block may occur out of the order noted in the figures. For example, two blocks shown in
succession may, in fact, be executed substantially concurrently, or the blocks may sometimes
be executed in the reverse order, depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart illustration, and combinations of
blocks in the block diagrams and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer instructions.

[00100] The descriptions of the various embodiments of the present invention have
been presented for purposes of illustration, but are not intended to be exhaustive or limited to
the embodiments disclosed. Many modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and spirit of the described
embodiments. The terminology used herein was chosen to best explain the principles of the
embodiments, the practical application or technical improvement over technologies found in
the marketplace, or to enable others of ordinary skill in the art to understand the embodiments

disclosed herein.
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CLAIMS
What is claimed is:
1. A system that is mountable to an unmanned vehicle, the system comprising:

an attachment plate configured to couple to the unmanned vehicle, the attachment

plate having a first feature;

a control module configured to removably couple to the attachment plate, the control
module having one or more processors and a power source, the control module having a pin
arranged to move from a first position to a second position when the control module is
coupled to the attachment plate, the one or more processors being energized when the pin is

moved from the first position to the second position; and

a payload having an energetic element, the payload being coupled to the control

module.

2. The system of claim 1, wherein the pin is removable from the control module in the

second position.

3. The system of claim 2, wherein the pin further includes a key FOB, the key FOB
being configured to operably couple to a control device, the control device being remote from

the control module.

4. The system of claim 3, wherein the control module further includes a communications
circuit that is operably coupled to the one or more processors and is coupled to communicate

with the control device.

5. The system of claim 4, wherein the control device is coupled to communicate with the
communications circuit in response to the key FOB being operably coupled to the control

device.

6. The system of claim 4, wherein the control module further includes a first static
arming inhibit element operably coupled to the one or more processors, the one or more
processors being configures to close the first static arming inhibit element in response to a

first signal from the control device.

7. The system of claim 6, wherein the control module further includes a solenoid
operably coupled to the one or more processors and the energy source, the solenoid having a

plunger that is movable from an extended position to a retracted position, the plunger being
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coupled to a second feature on the attachment plate, the control module being decoupled from

the attachment plate when the plunger is in the retracted position.

8. The system of claim 7, wherein the one or more processors are further configured to

initiate a timer in response to the decoupling of the control module from the attachment plate.

9. The system of claim 8, wherein the one or more processors are further configured to
close a dynamic arming inhibit element in response to an expiration of the timer, the dynamic

arming inhibit element being electrically coupled to the energy source.

10. The system of claim 9, wherein the control module includes a high voltage capacitor
operably coupled to the dynamic arming inhibit element and to a low energy exploding foil
initiator, the low energy exploding foil initiator being electrically coupled between the

dynamic arming inhibit and the energetic element.

11. The system of claim 10, wherein the one or more processors are further configured to
close a firing switch in response to a third signal from the control device, the firing switch
being electrically coupled between the high voltage capacitor and the low energy exploding

foil initiator.

12. The system of claim 1, wherein the energetic element is one of fragmentary rounds,

high explosives, thermite, or shaped charges.

13. A method of deploying a payload from an unmanned vehicle, the method comprising:
coupling an attachment plate to the drone, the attachment plate having a first feature;
coupling a control module to the attachment plate, the control module having a pin;

moving the pin from a first position to a second position with the first feature in

response to attaching the control module to the attachment plate; and

energizing one or more processors with an energy source when the pin is in the

second position.

14. The method of claim 13, further comprising:
removing the pin from the control module when the pin is in the second position; and
coupling a key FOB on the pin to a control device.

15. The method of claim 14, wherein the control device is coupled to communicate with a
communications circuit in the control module when the key FOB is coupled to the control

device, the communications circuit being operably coupled to the one or more processors.
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16. The method of claim 15, further comprising transmitting a first signal from the control
device to the communications circuit and closing a first static arming inhibit element in

response to receiving the first signal.
17. The method of claim 16, further comprising:
transmitting a second signal from the control device to the communications circuit;

retracting a solenoid plunger disposed in the control module in response to receiving

the second signal;

decoupling the control module from the attachment plate in response to retracting the

solenoid plunger; and
initiating a timer in response to decoupling the control module.
18. The method of claim 17, further comprising:

closing a dynamic arming inhibit element and flowing electrical power from the

energy source to a high voltage capacitor in response to expiration of the timer;
transmitting a third signal from the control device to the communications circuit; and
closing a firing switch in response to receiving the third signal.

19. The method of claim 18, further comprising activating an energetic element with a

low energy exploding foil initiator in response to closing the firing switch.

23



WO 2023/140888 PCT/US2022/035491

1116
24~
20
\_/":‘\_/\/":\_/
22~ : :
44'\ e : —————————— 1
GPS - . 38
42~ i-- Controller
Accel i
40~ |
Alt :
| 28
N Plate
30
32~/ Control <
Module
26~ Payload

FIG. 1



PCT/US2022/035491

WO 2023/140888

2/16

¢ Old

Gvl

v ydl:
Gel~ Jalosuo) aoeLaju|
sameq@ | | Indinopndul yompeN  [N-091
mdno [ S/0
ovL-
Jajjouo)
GIL—| Aiowspy FBBIOIS  N\_g,
Aiows| OUIED
Jajjouo) <0/L
6zL-7| Aeldsig ™\-G01
108s8001
/

0sL -

8¢



WO 2023/140888

PCT/US2022/035491

FIG. 3




WO 2023/140888

320

324

322

324

324

4/16

PCT/US2022/035491

o
)
o
S
@' /m
@ | .
I \ $
& .
o @ (_D
<+ o N @ L.
O ™
N ™



WO 2023/140888 PCT/US2022/035491
5/16

377
326

FIG. 4B 330

~~-326

377
A\

FIG.4c 3% 330



WO 2023/140888 PCT/US2022/035491
6/16

/530
/‘532
556 — — 552
558
550 S /A 554
7
Q 548
546
548
_ X-526
;
540
)
544—"
542

FIG. 5A



WO 2023/140888 PCT/US2022/035491
7116

/530
532
— 550
% - -_—.
= —
i S 556
552 A 546 548
554 — N
— T
548 T
526"
540 S
| 1A

I .
544 542

FIG. 5B



WO 2023/140888

560

562

541

8/16

552
564

566

PCT/US2022/035491

y—930

/532
558
S A

_— 550

FIG. 6

526



PCT/US2022/035491

9/16

WO 2023/140888

L Old

99, 2Ll RN ts
/ ) 00
yayu v 1 /
Buily
N > VoL
> oo _m L_wﬁo faynong
e R T TR S Xd/X1
| pUBLIWIO) Bl NqIyul all4 e jdnusu| Kieyeg
T BuiuLy e 8 BUILLY (] AN |eoweyospy| | weshg
e | \M_Emim_ X X
! 08.
Jojeuojeq || 8eioig | _[#euenu0g
P O[] feeuz [ ebewon |y oeInbay o0
o Buug [ UBH oo foMOd ——
LI o 79L—"1 99/
LAy o -
\...m L e <YL L
g04
_ | a[NPOy SO1U0J}93|3 JO0AU0)
v/ 98/ | 004
89. 19 9SE’|oY

111" 1dnuequ|
|EOIUBYIBN




WO 2023/140888 PCT/US2022/035491
10/16

FIG. 8



WO 2023/140888

PCT/US2022/035491
11/16

N~
N~
(@>]
o PV
Lo o «©
(@) (9]
oS S =
D #— (/
O [ \
o
(@>]
vy
(@>] ‘
o
(9]
0 3
D >
o
(@>]
w0
o
(@>]
D
o
(@>]

930~

FIG. 9A



PCT/US2022/035491

WO 2023/140888

12/16

g6 'Ol

96—

€co

X-0¢6



WO 2023/140888 PCT/US2022/035491
13/16

:
970~
930~ :
033 935
977
956~
960
961 \Logs 932
958 026
944

FIG.9C



WO 2023/140888 PCT/US2022/035491
14/16
Drone
| l
1034~ | =
| —
1030~ [ oo 11082
O
= S i
m_| 1 ]
|
1026A~_; ' .

1044

R
I

. 10268
f— | Q/

000000000000 00OO00OOOOO
0000000000000 0OO0OOO0O0OO
0000000000000 O0OO0O0O0O0O0O
000000000000 00OO0O0O0O0O0O0O
000000000000 0O0O00O0O0O0O0O
000000000000 0OOOO0OOO0OOO
000000000000 00000000O0

|_~1026C

FIG. 10



WO 2023/140888 PCT/US2022/035491
15/16

1104~_
1100

FIG. 1A



WO 2023/140888

16/16

1104~

PCT/US2022/035491

1100
- —1112
:[ \PWR PA'ng/
.
+—1120
( /
1118
(
( )
( DROP FIRE
(ARMED
1116}/E]ARMING REMOTE
” 4j STATUS  ({OPWR
O O siG
SAFE (JDROP 1102
FIG. 11B



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2022/035491

A. CLASSIFICATION OF SUBJECT MATTER

IPC: F42C 15/42
CPC: F42C 15/42

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

CPC: F42C 15/42; B64D 1/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

US-PGPUB; USPAT; USOCR; FIT (AU, AP, AT, CA, CH, CN, DD, DE, EA, EP, ES, FR, GB, JP, KR, OA, RU, SU, WO),
FPRS; EPO; JPO; Search Terms: ensign$ 1 bickford, aerospace, ensign, bickford, unmanned, autonomous, drone, payload, cargo,
war$ 1head, shipment

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

DE 102019126372 A1 (HORNISCHER) 01 April 2021 (01.04.2021)
A entire document 1-19

D Further documents are listed in the continuation of Box C. D See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

«“p” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“B” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

«[” document which may throw doubts on priority claim(s) or which is “Y” document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0Q” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

“p” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
07 July 2023 (07.07.2023) 07 July 2023 (07.07.2023)
Name and mailing address of the ISA/US Authorized officer
Commissioner for Patents
Mail Stop PCT, Attn: ISA/US KIM
P.O. Box 1450 HARRY C.
Alexandria, VA 22313-1450, United States of America
Facsimile No. (571)273-8300 Telephone No. 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report

