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(57) ABSTRACT

An airborne deployment system and method for deploying an
object designed. for a waterborne task. An unmanned aerial
vehicle (UAV) has an object such as an unmanned underwater
vehicle (UUV) releasably coupled thereto. The UAV is
guided to a target site on a body of water in accordance with
navigation. rules predicated on navigation capability of the
UAV. The UUV Is released from the UAV at a location that is
one of in the air and on the water in accordance with release
rules predicated on the navigation capability of UAV.

4 Claims, 4 Drawing Sheets




US 9,056,679 B1

Sheet 1 of 4

Jun. 16, 2015

U.S. Patent

62
I
3 48
Lo L

F1G.




U.S. Patent Jun. 16, 2015

,«/\\

-

Radio

Control Navigation \—&(

Command? /

~<

Radio
<C0ntm’i GPS Coordinate

~U pdate Command?
\\ /
\

No

Within
_"Specified Sensor Range

from GPS Destination

Wﬁn ates?

No

~

-~ Navigate
f Towards GPS
. Destmation

wgordi nates
™

FI1G. 3

Sheet 2 of 4

via Radio Control

&mnm_zmds

g Yes d - .
/>—-—c=—& Object Detection
1 e prn /
e Sensors?
e 7

US 9,056,679 B1

Navigate

T

Update G;A}
Coordinates /

»s._,,_____w...-»—/

T

‘use Multiple Sensor
Data and Navigate
via Sensors

Yes

/ Inpat from ™~

- Navigate
Towards GPS
Destination

i
\Coordinates
S




U.S. Patent

”/ Water

~ Submerston? /

Jun. 16, 2015 Sheet 3 of 4 US 9,056,679 B1

Radwo
Control Release
Signal?

Open Clamps to
Release Payload

/ Sensor Input

7 Iﬁcﬁcates wvy;ithin \_ﬁﬁ C i@
~

Target Zone? Release Payload /
, //f L/

/ Within . \
Destination Open Clamps to \
& GPS Zone? Release Payload /’
P / e
No
-
e

f(

pen Clamps to
Release Payload

\ -~

WNo

No Action Until a

Release Condition
18 Met

F1G. 4



US 9,056,679 B1

Sheet 4 of 4

Jun. 16, 2015

U.S. Patent

FIG. 5



US 9,056,679 B1

1
SYSTEM AND METHOD FOR AIRBORNE
DEPLOYMENT OF OBJECT DESIGNED FOR
WATERBORNE TASK

ORIGIN OF THE INVENTION

The invention described herein may be manufactured and
used by or for the Government of the United States of
America for Governmental purposes without payment of any
royalties.

FIELD OF THE INVENTION

The invention relates generally to airborne deployment
methods, and more to a system and method for the airborne
deployment of a vehicle or other object designed for a water-
borne task.

BACKGROUND OF THE INVENTION

Searching for waterborne mines or improvised explosive
devices is sometimes conducted from aerial platforms. After
a waterborne explosive object is located, an investigation and
neutralization platform is deployed. However, by separating
these platforms, there is a risk that the investigation and
neutralization platform will have to relocate the object or may
lose track of it completely. Thus, it is important to rapidly
place a follow-up platform or marker near an object once it
has been located, especially if the located object is drifting.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a method and system for remotely deploying an
unmanned waterborne vehicle or waterborne location indica-
tor through the air to track or mark the location of an object of
interest in the water.

Other objects and advantages of the present invention will
become more obvious hereinafter in the specification and
drawings.

In accordance with the present invention, an airborne
deployment system includes an autonomous unmanned
underwater. vehicle (UUV) and an unmanned aerial vehicle
(UAV). The UAV has

a controllable-throttle engine,

at least one control surface having a control surface actua-

tor,

at least one clamp coupled to the UAV and configured to

hold the UUV,

a clamp actuator coupled to each clamp,

a control system coupled to the engine, each control sur-

face actuator, and each clamp actuator,

aradio receiver coupled to the control system and tuned to

receive radio signals from a remote location where the
radio signals are indicative of instructions for implemen-
tation by the control system,

a global positioning system (GPS) receiver coupled to the

control system,

at least one sensor coupled to the control system and

selected from the group consisting of an optical sensor,
a magnetic sensor, and a laser seeker, and

a submersion sensor coupled to the control system and

exposed to an ambient environment external to the UAV.

The control system comprises a memory device and com-

puter processor programmed to

receive and store data indicative of an initial global position

of an at-sea location,
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2

receive the instructions from the radio receiver and respon-
sively relay control signals derived from the instructions
to the engine, each control surface actuator, and each
clamp actuator,

receive GPS data from the GPS receiver and responsively
actuate the engine and each control surface actuator to
pilot the UAV toward the initial global position when the
instructions are not being received from the radio
receiver,

receive data indicative of a target position from the at least
one sensor when the UAV is within a predetermined,
distance to the initial global position and responsively
actuate the engine and each control surface actuator to
pilot the UAV toward the target position when the
instructions are not being received from the radio
.receiver, and

actuate each clamp actuator to release its associated clamp
in accordance with a hierarchy defined firstly by the
instructions, secondly by data collected by at least one
sensor, thirdly by the GPS data, and fourthly by data
collected by the submersion sensor that is indicative of
water submersion.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become apparent upon reference to the follow-
ing description of the preferred embodiments and to the draw-
ings, wherein corresponding reference characters indicate
corresponding parts throughout the several views of the draw-
ings. and wherein:

FIG. 1 is a schematic plan view of an airborne deployment
system in accordance with an embodiment of the present
invention;

FIG. 2 is a side view of the airborne deployment system
illustrated in FIG. 1;

FIG. 3 is a flow diagram of the hierarchy rules governing
navigation of the airborne deployment system in accordance
with an embodiment of the present invention;

FIG. 4 is a flow diagram of the hierarchy rules governing
release of an unmanned underwater vehicle (UUV) from the
airborne deployment system in accordance with an embodi-
ment of the present invention; and

FIG. 5 is a schematic plan view of an airborne deployment
system in accordance with another embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, simultaneous reference
will be made to FIGS. 1 and 2 where a system for airborne
deployment of an object designed far a waterborne task is
shown and is referenced generally by numeral 10. In the
illustrated embodiment, system 10 includes an unmanned
aerial vehicle (UAV) 20 and an autonomous unmanned under-
water vehicle (UUV) 60. UAV 20 is a self-propelled drone
that is navigated by radio control or by onboard navigations
systems, and is capable of transporting UUV 60 to a remote
water location where a target object (not shown) has been
detected. While the particular choice of UUV 60 is not a
limitation of the present invention, it will generally be capable
of autonomous navigation on/below the water’s surface and
can include target sensing and tracking capability. Further,
the present invention could also be practiced by replacing
UUV 60 with a location indicator, or marker beacon, that
actively or passively provides long-distance indication of its
location. Active means for providing long-distance indication



US 9,056,679 B1

3

include a transmitter and antenna installed in the marker
beacon for broadcasting electromagnetic or radio signals.

UAV 20 has a radio control system that, in general, is any
proven design used in the model aircraft or flying drone
industry. Nearly all of these systems include a radio receiver
(“RR”) 22 coupled to an antenna 24 that receives remotely
originating radio signals indicative of instructions used to
control UAV 20. A control system (“CS”) 26 (e.g., a processor
with memory storage capability) coupled to radio receiver 22
executes/relays the instructions. In terms of UAV navigation,
the instructions are used by control system 26 to derive con-
trol signals that are, in turn, used to responsively displace
actuators (“A”) 28 that move the UAV”s control surfaces, such
as ailerons 30, elevators 32, rudder 34, as well as control a
controllable-throttle engine (“E”) 36 to thereby pilot UAV 20
in the desired direction. The inclusion of a radio control
system allows UAV 20 to be operated manually for launch,
flight path control, and return to the launch platform.

System 10 also includes a GPS system 38 coupled to a GPS
antenna 40 to allow autonomous navigation to a prepro-
grammed target location. The desired target location can be
programmed into control system 26 prior to launch and
updated during flight via radio signals or from feedback from
onboard sensors. The combination of GPS receiver 38 and
antenna 40 senses GPS signals from several orbital satellites.
The GPS signals are passed to control system 26 where they
are compared with the actual UAV location and the desired
flight path. Control system 26 uses the GPS signals to correc-
tively displace the UAV’s control surfaces to reorient and
pilot UAV 20 towards the remote target location.

As mentioned above, system 10 includes additional sen-
sors (“S”) 42 to aid in navigation. For example, as UAV 20
nears the target, sensors 42 can be optical or magnetic sensors
that detect the target thereby allowing the UAV flight path to
be finely adjusted through a feedback loop. Such flight path
adjustment is useful for waterborne targets that are subject to
movement due to wave, wind and current forces. In addition
to using its own onboard sensors 42, UAV 20 could commu-
nicate with and utilize sensors onboard UUV 60. In cases
where UUV 60 already has advanced optical or magnetic
sensors, inclusion of similar sensors on UAV 20 can be omit-
ted.

System 10 navigates in response to the instructions
received via radio signals and/or sensor input, which is sorted
into a hierarchy of importance as shown in FIG. 3. The most
important inputs that can override all other control signals at
all times are navigation commands (or instructions) provided
via radio signals. This places a man in the loop so that take-
off, landing and general navigation can be controlled manu-
ally if necessary or desired. Radio control also allows for
missions to be aborted or GPS coordinates to be updated
mid-flight. During the beginning stage of the flight path, the
GPS coordinates rank second on the navigational hierarchy of
importance in terms of directing UAV 20 in the general direc-
tion of the target zone. When UAV 20 comes within a pre-
defined proximity to the destination GPS coordinates, the
hierarchy of importance changes so that onboard sensor
inputs take precedence over GPS coordinates. Therefore, if
one or more sensors detect the target within the predefined
destination proximity, that information overrides the GPS
coordinates and the navigational path is adjusted accordingly.
Input from multiple sensors can be fused together to account
for variations in direction and range thereby resulting in a
conglomerate bearing for system 10.

Referring again to FIGS. 1 and 2, system 10 also includes
releasable clamps 44 that grip UUV 60. Clamps 44 serve to
carry UUV 60 from a launch location to the desired remote
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location, at which point they release UUV 60 into the water.
Clamp actuators (“CA”) 46 are used to release clamps 44 in
response to a control signal from control system 26 upon
reaching the desired location, in response to a radio signal
received by radio receiver 22, or upon submersion in water. If
desired or needed, a parachute apparatus 62 can be coupled to
UUV 60 where the parachute Is released to slow the descent
of UUV 60 after separation from UAV 20.

Clamp actuators 46 also operate by adhering to a hierarchy
of importance as shown in FIG. 4. First on the hierarchy of
importance is radio control command thereby allowing an
operator to drop UUV 60 on demand. Second on the hierarchy
of importance is a release controlled by data from onboard
sensors 42, which can cause UUV 60 to be released upon
reaching a certain proximity to the detected target. The next
priority for clamp release is the current GPS coordinates of
UAV 20. That is, if the vicinity of the GPS coordinates is
reached and no release instructions have been received at
radio receiver 22, and no onboard sensors 42 have reported
detection, UUV 60 is released predicated on the current GPS
coordinates. However, ifthe GPS coordinates are reached, but
one or more of sensors reports detection and there is addi-
tional distance to travel to the target, control system 26 will
ignore the GPS coordinates and control navigation in
response to sensor inputs before releasing. Finally, the lowest
priority for clamp release is water submersion. That is, if
system 10 enters the water, UUV 60 will automatically be
released.

System 10 can be launched from a small airstrip, catapulted
into the air, or dropped from a host aircraft. To accommodate
different launch scenarios, the UAV’s wings 48 may be piv-
otally retracted to a position lateral to the UAV’s body. After
deployment, wings 48 can be pivotally extended to provide
lift and dynamic control. A designer is free to select an appro-
priate aircraft design. However, whichever design is selected,
wings 48 and the body of UAV 20 must be sufficiently
designed to support the weight and dynamic forces of UAV 20
and UUV 60.

While the embodiment shown in FIGS. 1 and 2 illustrates
a UAV that is primarily navigated by radio control or by GPS
positioning with the aid of other feedback sensors, the present
invention is not so limited. For example, FIG. 5 illustrates a
UAV 21 primarily guided by a laser seeker unit 50 that senses
the relative direction of a laser spot aimed at a target and feeds
the information to control system 26. Control system 26
interprets the direction of the laser designator and provides
corrective control signals to the aircraft control surfaces to
steer UAV 21 towards the target. The use of a laser seeker unit
for guidance is known in the art. By way of example, one
manifestation of this technology is the DAGR rocket guid-
ance kit marketed by Lockheed Martin Corp. This guidance
kit adapts to existing unguided rockets by providing a laser
seeker head, control circuitry, and responsive control surfaces
to guide the rocket towards a laser designator. If laser seeker
50 is used without a GPS system, UAV 21 will either enter the
water near the location of the laser designator or complete
precise navigation in response to sensor feedback. The sys-
tem may enter the water at the destination point without a
prior signal to release UUV 60. Thus, in this embodiment,
clamps 44 are released either by manual instruction provided
remotely through the radio receiver 22 before water submer-
sion or by a release that is activated upon submersion in water.

Similar to UAV 20, UAV 21 can include additional sensors,
such as optical sensors or magnetic sensors 42 to locate the
target and aid in navigation. Optical or magnetic sensors 42
provide feedback thereby allowing UAV 21 to finely adjust its
flight path to reach the target. Such flight path adjustment is
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useful for waterborne targets that are subject to movement
due to wave, wind and current forces, or when sea conditions
degrade the consistency of a laser spot to the point that precise
navigation is hindered.

The advantages of the present invention are numerous. The
primary advantage of the invention is that it allows for air-
borne deployment of an unmanned waterborne vehicle or an
object-of-interest location indicator from a small lightweight
aircraft. Such objects of interest may include mines or other
waterborne explosive devices. This method of deployment
allows for: (1) rapid airborne delivery of a payload, such as a
UUYV; (2) conservation of battery or fuel energy that would
otherwise be used by a UUV during travel to the target loca-
tion; (3) deployment ability in adverse water conditions; (4)
safe, unmanned delivery into dangerous areas; and (5) reduc-
tion of the time and risk commitments that larger vessels
would encounter.

Although the invention has been described relative to spe-
cific embodiments thereof, there are numerous variations and
modifications that will be readily apparent to those skilled in
the art in light of the above teachings. For example, the UAV
can be a glide vehicle (i.e., no propulsion system) having
control surfaces that are adjusted based upon GPS signals,
laser, seeker collected data, or combinations thereof. Appro-
priate hierarchy rules governing navigation and UUV release
can be programmed into a glide-based UAV’s control system.
It is therefore to be understood that, within the scope of the
appended claims, the invention may be practiced other than as
specifically described.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:
1. An airborne deployment system, comprising:
a payload; and
an unmanned aerial vehicle (UAV) having
a controllable-throttle engine,
at least one control surface having a control surface
actuator,
at least one clamp coupled to said payload and config-
ured to hold said payload,
aclamp actuator coupled to each said at least one clamp,
a control system coupled to said engine, said at least one
control surface actuator, and each said clamp actuator,
aradio receiver coupled to said control system and tuned
to receive radio signals from a remote location, said
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radio signals being indicative of instructions for
implementation by said control system,

a global positioning system (GPS) receiver coupled to
said control system;

at least one sensor coupled to said control system, said at

least one sensor selected from the group consisting of an
optical sensor, a magnetic sensor, and a laser seeker; and

a submersion sensor coupled to said control system and

exposed to an ambient environment external to said

UAV;

wherein said control system comprises a memory device

and computer processor programmed to

receive and store data indicative of an initial global
position of an at-sea location,

receive said instructions from said radio receiver and
responsively relay control signals derived from said
instructions to said engine, said at least one control
surface actuator, and each said clamp actuator,

receive GPS data from said GPS receiver and respon-
sively actuate said engine and said at least one control
surface actuator to pilot said UAV toward said initial
global position when said instructions are not being
received from said radio receiver,

receive data indicative of a target position from said at
least one sensor when said UAV is within a predeter-
mined distance to said initial global position and
responsively actuate said engine and said at least one
control surface actuator to pilot said UAV toward said
target position when said instructions are not being
received from said radio receiver, and

actuate each said clamp actuator to release its associated
clamp in accordance with a hierarchy defined firstly
by said instructions, secondly by data collected by
said at least one sensor, thirdly by said GPS data, and
fourthly by data collected by said submersion sensor
that is indicative of water submersion.

2. The airborne deployment system of claim 1, wherein
said payload comprises an autonomous unmanned underwa-
ter vehicle.

3. The airborne deployment system of claim 1, wherein
said payload comprises a marker beacon.

4. The airborne deployment system of claim 3, wherein
said marker beacon comprises means for broadcasting the
location said marker beacon.
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