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FIG. 1
(57) Abstract: A method and system for gathering information from and setting up a surveillance network within an earth-surface
environment that includes inserting one or more mobile robotic devices having a sensing subsystem, a communications subsystem,
and a navigation subsystem into an earth-surface environment. The mobile robotic device may be configured into a traveling pose
selected from a plurality of available traveling poses, and directed using the navigation subsystem to a sensing location within the
earth-surface environment. The environment may be monitored and sensed information collected may be stored or communicated
to a remote location. The mobile robotic device may be configured to operate with a vehicle carrier to facilitate insertion and de

ployment of the robotic vehicle into the earth-surface environment.



METHOD AND SYSTEM FOR DEPLOYING A SURVEILLANCE NETWORK

RELATED APPLICATIONS

This application claims the benefit of United States Provisional Application No.

61/186,290, filed June 11, 2009, and entitled "Surveillance Network Deployment

Methods," which application is incorporated by reference in its entirety herein.

FIELD OF THE INVENTION

The present invention relates to surveillance networks, and more particularly to

the deployment of surveillance networks.

BACKGROUND OF THE INVENTION AND RELATED ART

Warfare, police activity, counter-terrorism and similar situations can subject

individuals to significant risks of injury. An important aspect of such situations is

information gathering. Accurate and timely information can help to reduce the risk of

personnel injury, avoid escalation of an incident, or provide a tactical advantage in a

conflict situation. Unfortunately, gathering information presents its own risks.

Reconnaissance personnel sent into undercover situations or war zones face the risk of

detection, capture, injury, and the like.

One significant improvement in surveillance techniques is the use of unmanned

robotic devices for information gathering. Using a remotely-controlled robotic device

can, for example, help to avoid the need to expose individuals to a dangerous

environment. Robotic devices have been used with success in defusing bombs, searching

for earthquake survivors, and space exploration. Unmanned aerial vehicles have achieved

great success in wartime scenarios. Unmanned aerial vehicles allow surveillance of a

battlefield area without requiring exposure of a pilot to threats.

While successful, unmanned aerial vehicles have a number of limitations. For

example, aerial vehicles tend to perform best at monitoring environments that are visible

from an aerial vantage point, and therefore have difficulty observing concealed (e.g.,

under thick vegetation), indoor, or underground activities. Unmanned aerial vehicles also

tend to be quite expensive and require specially-trained personnel to operate.



One alternative to information gathering using unmanned aerial vehicles is the

placement of networks of fixed-position information sensors (e.g., intrusion detection

systems, roadside traffic monitors, and the like). Fixed-position information sensors can

be inexpensive, but must be placed into the environment to be monitored. Accordingly,

installation of a fixed-position information-gathering network can subject individuals to

undesired risks.

While ground robotic devices offer the potential to address some of these

shortcomings, to date, little use has been made of ground robotic devices for information

gathering. One challenge in the use of ground robotic devices is placement (and removal)

of the devices into an environment to be monitored, particularly if covert surveillance is

desired.

SUMMARY OF THE INVENTION

Accordingly, it has been recognized that improved techniques for deployment of

information gathering equipment is needed.

In one embodiment, the present invention resides in a method for gathering

information from within an earth-surface environment. The method includes inserting

one or more mobile robotic devices having a sensing subsystem, a communications

subsystem, and a navigation subsystem into an earth-surface environment. The method

also includes configuring the mobile robotic device into a traveling pose selected from a

plurality of available traveling poses, and directing the mobile robotic device with the

navigation system to a sensing location within the earth-surface environment. The

method further includes monitoring the sensing subsystem for information and

communicating the information from the sensing subsystem to a remote location. The

method can also include removing the mobile robotic device from the sensing location

within the earth-surface environment.

In another embodiment, the present invention resides in a method of concealing a

surveillance network within a earth-surface environment. The method includes inserting

a plurality of mobile robotic devices into a earth-surface environment, configuring each

of the mobile robotic devices into a traveling pose selected from a plurality of available

traveling poses, and directing each of the mobile robotic devices to a different concealed

sensing location within the earth-surface environment. The method further includes



sensing information about the earth-surface environment using sensors disposed on the

each of the mobile robotic devices, or on one or more pods carryable and deployable by

the robotic devices, and communicating the information to a remote location.

In still another embodiment, the present invention resides in a method of

establishing a concealed surveillance network within a earth-surface environment. The

method includes inserting one or more mobile robotic devices into a earth-surface

environment, directing the mobile robotic devices to a plurality of concealed sensing

locations within the earth-surface environment and, optionally, depositing one or more

sensing pods at each of the concealed sensing locations. The method further includes

sensing information about the environment using sensors disposed on the robotic devices

themselves and/or each sensing pod, and communicating the information from the robotic

devices and/or the sensing pods to a remote location.

In still another embodiment, the present invention resides in a system for

surreptitiously gathering information from within an earth-surface environment,

comprising at least one mobile robotic device operable within an earth-surface

environment, which is configurable into at least one deployment pose and a plurality of

traveling poses, the mobile robotic device comprising a multi-frame body having multiple

single-track units coupled by an active articulating linkage, a navigation subsystem for

selecting the optimum traveling pose for the earth-surface environment, and a sensing

subsystem for collecting information from the earth-surface environment. The system

further comprises a carrier vehicle operable with the mobile robotic device as configured

in the at least one deployment pose to facilitate deployment of the mobile robotic device

into the earth-surface environment, wherein the mobile robotic device is separable from

the carrier vehicle and reconfigurable into one of the plurality of traveling poses so as to

enable the mobile robotic device to locate to a first sensing location within the earth-

surface environment.

In still another embodiment, the present invention resides in a system for

surreptitiously gathering information from within an earth-surface environment,

comprising a plurality of mobile robotic devices operable within an earth-surface

environment, each being configurable into at least one deployment pose and a plurality of

traveling poses, the mobile robotic devices comprising a multi-frame body having

multiple single-track units coupled by an active articulating linkage, a navigation



subsystem for selecting the optimum traveling pose for the earth-surface environment,

and a sensing subsystem for collecting information from the earth-surface environment.

The system further comprises a carrier vehicle operable with one or more of the mobile

robotic devices as configured in the at least one deployment pose to facilitate deployment

of the mobile robotic devices into the earth-surface environment, wherein the mobile

robotic devices are separable from the carrier vehicle and reconfigurable into one of the

plurality of traveling poses so as to enable the mobile robotic devices to locate to a first

sensing location within the earth-surface environment, and wherein the plurality of

mobile robotic devices operate to facilitate the establishment of a surveillance network

within the earth-surface environment.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of the present invention will be apparent from the

detailed description that follows, and when taken in conjunction with the accompanying

drawings together illustrate, by way of example, features of the invention. It will be

readily appreciated that these drawings merely depict representative embodiments of the

present invention and are not to be considered limiting of its scope, and that the

components of the invention, as generally described and illustrated in the figures herein,

could be arranged and designed in a variety of different configurations. Nonetheless, the

present invention will be described and explained with additional specificity and detail

through the use of the accompanying drawings, in which:

FIG. 1 is a perspective illustration of an exemplary mobile robotic device useful

within embodiments of the present invention;

FIG. 2 is a perspective illustration of the mobile robotic device of FIG. 1

configured into a tank pose;

FIG. 3 is a perspective illustration of the mobile robotic device of FIG. 1

configured into a train pose;

FIG. 4 is a perspective illustration of the mobile robotic device of FIG. 1

configured into an outside-climbing pose;

FIGS. 5a and 5b are perspective illustrations of the mobile robotic device of FIG.

1 configured into multiple inside-climbing poses;

FIG. 6 is a partial block diagram of the mobile robotic device of FIG. 1;



FIG. 7 is an illustration of a deployment scenario using a ground carrier vehicle in

accordance with an embodiment of the present invention

FIG. 8 is an illustration of a deployment scenario using an airborne carrier vehicle

in accordance with an embodiment of the present invention;

FIG. 9 is an illustration of a deployment scenario using a projectile or rocket in

accordance with an embodiment of the present invention;

FIG. 10 is an illustration of a deployment scenario using a waterborne carrier

vehicle in accordance with an embodiment of the present invention;

FIG. 11 is a perspective illustration of an exemplary mobile robotic device

carrying and deploying a variety of utility pods, in accordance with an embodiment of the

present invention;

FIG. 12 is an illustration of several different scenarios for removal of a mobile

robotic device from within an environment in accordance with an embodiment of the

present invention; and

FIG. 13 is a flow chart of a method of deploying a surveillance network into an

environment in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The following detailed description makes reference to the accompanying

drawings, which form a part thereof and in which are shown, by way of illustration,

various representative embodiments in which the invention can be practiced. While these

embodiments are described in sufficient detail to enable those skilled in the art to practice

the invention, it should be understood that other embodiments can be realized and that

various changes can be made without departing from the spirit and scope of the present

invention. As such, the following detailed description is not intended to limit the scope of

the invention as it is claimed, but rather is presented for purposes of illustration, to

describe the features and characteristics of the representative embodiments and to

sufficiently enable one skilled in the art to practice the invention. Accordingly, the scope

of the present invention is to be defined solely by the appended claims.

The following detailed description and exemplary embodiments of the invention

will be best understood by reference to the accompanying drawings, wherein the elements

and features of the invention are designated by reference numbers throughout. A letter



after a reference designator number represents an instance of an element having the

reference designator number.

Turning now to the invention in general terms, surveillance and other types of

information gathering can be performed by mobile ground robotic devices. For example,

FIG. 1 illustrates one example of a mobile robotic device or Unmanned Ground Vehicle

(UGV) that may be used in embodiments of the present invention. The mobile robotic

device 10 is relatively small, and thus easily concealed. For example, the mobile robotic

device may have an overall length between about 2 inches to about 70 inches, and have a

cross sectional diameter of about 1 inch to about 4 inches. Of course, the mobile robotic

device 10 may be configured smaller or larger as circumstances may require.

The mobile robotic device 10 can include a first frame unit 12a and a second

frame unit 12b (shown here coupled in tandem), with each frame unit having a continuous

track 14a, 14b, disposed thereon. Individually articulating arms 18a, 18b, 18c, 18d can be

disposed in opposing pairs on each frame unit, and an active actuated linkage arm 30 can

couple the first frame unit and second frame unit.

The actuated linkage arm can provide controllable bending about at least one axis,

and preferably about multiple axes to provide the robotic device with a plurality of

degrees of freedom via a multiple degree of freedom actuated linkage arm that allows the

robotic device to be configured into different poses for achieving different tasks. For

example, the actuated linkage arm can include joints providing bending about seven

different axes as shown here. The multiple degree of freedom linkage arm can include a

first wrist-like actuated linkage coupled to the first frame, a second wrist-like actuated

linkage coupled to the second frame, and an elbow-like actuated joint coupled between

the first and second wrist-like actuated linkage.

The wrist-like actuated linkages can be configured in various ways. For example,

the wrist-like actuated linkage can include a series coupled combination of a yaw bending

joint, a pitch bending joint, and a rotational joint, with various arm linkages coupled

between the joints and the frame. For example, in accordance with an embodiment of the

present invention, a wrist-like actuated linkage can include a yaw arm 32 coupled to the

frame 12,14 through a yaw bending joint 42 having a yaw axis which provides yaw

bending about a lateral axis orientated substantially vertically relative to the frame when

the continuous track 14a, 14b is in a nominal operating position and in contact with a



substantially horizontal supporting surface. The wrist-like actuated linkage can also

include a pitch arm 36 coupled to the yaw arm 32 through a pitch bending joint 44

providing pitch bending about a lateral axis oriented substantially horizontally relative to

the frame. The wrist-like actuated linkage can also include a rotary or roll joint 36

providing roll rotation about a roll axis 46 and the longitudinal axis of the pitch arm. As

shown in FIG. 1, two wrist-like actuated linkages are coupled together and to respective

first and second frame units 12a, 12b, wherein the actuated linkage arm 30 comprises two

active yaw joints 32 that provide bending about a yaw axis 42, two active pitch joints 34

that provide bending about a pitch axis 44, two active roll joints 36 that provide rotation

about a roll axis 46 and one additional active bending joint 38 that provides rotation about

a translatable axis 48.

As indicated, this particular arrangement of joints provides significant flexibility

in the pose that the mobile robotic device can assume. For example, commonly-owned

co-pending United States Patent Application No. 11/985,323, filed November 13, 2007,

and entitled "Serpentine Robotic Crawler", incorporated by reference herein, describes

various systems, poses and movement moves enabled by this particular arrangement of

joints. Furthermore, the mobile robotic device can be remotely configured into a

transportation or traveling pose, selected from a plurality of available poses, that is best

suited for the immediate terrain over which device is traveling or for which it is intended

to travel.

Operating the serpentine robotic crawler can include actively controlling and

articulating the one or more joints within the actuated multi-degree of freedom linkage

arm to establish a desired pose for the serpentine robotic crawler. Drive operation of the

continuous tracks can be coordinated with articulation of the high degree of freedom

actuated linkage arm to further control the pose and provide movement of the robotic

device.

The mobile robotic device can be configured into a first traveling pose referred to

herein as the "tank" configuration, where the first frame 12a and second frame 12b,

although coupled in tandem, are positioned side by side as illustrated in FIG. 2. The

frames extend in the same direction from the actuated linkage arm 30, and can be, but

need not be, parallel. The tank configuration provides lateral stability to the mobile

robotic device 10, for example when traversing a steep slope. The mobile robotic device



can be moved in a forward and reserve direction by driving the continuous tracks 14a,

14b in the same direction, and turned by driving the continuous tracks in the opposite

direction. In general, moving the mobile robotic device in the tank-like configuration can

involve applying different drive speeds (including opposite directions) to the continuous

tracks.

The mobile robotic device can be configured into a second traveling pose referred

to herein as the "train" configuration, is where the first frame 12a and second frame 12b

are aligned end-to-end, as illustrated in FIG. 3. The frames can be, but need not be,

parallel. The train configuration provides a smaller profile, allowing the mobile robotic

device 10 to enter small holes, pipes, tunnels, and the like. The train configuration also

allows the mobile robotic device to bridge gaps and holes. In the train configuration,

forward and reverse motion is provided by driving the continuous tracks 14a, 14b. Note

that, relative to the tank configuration, the direction sense of one of the continuous tracks

is reversed. Turning of the mobile robotic device can be provided by operation of the

actuated linkage arm 30 to create an angle between the first frame and second frame.

The mobile robotic device can also be configured into another traveling pose

suitable for climbing the exterior of a structure. As illustrated in FIG. 4, the actuated

linkage arm 30 can wrap the first frame 12a and second frame 12b of the mobile robotic

device 10 around the structure 4 in an outside-climbing configuration, so that exposed

portions of the continuous tracks 14a, 14b face toward each other and contact opposite

outer surfaces of the structure 4. The continuous tracks can be driven to move the mobile

robotic device up and down the structure. Many different structural geometries, including

for example a pole, can be climbed in this outside-climbing configuration.

The mobile robotic device can also be configured into yet another traveling pose

suitable for climbing the interior of a structure. FIGS. 5(a) and 5(b) illustrate two

different inside-climbing configurations. In an inside-climbing configuration, the

actuated linkage arm 30 can orientate the first frame 12a and second frame 12b of the

mobile robotic device 10 so that exposed portions of the continuous tracks 14a, 14b face

away from each other and are in contact with opposite inner surfaces of the structure 6.

The inside-climbing configuration can be useful for climbing pipes, chimneys, wall

interiors, and the like.



As a result of its ability to reconfigure itself into a variety of different poses, the

mobile robotic device can travel across a wide variety of terrains and surfaces, including

for example, climbing inside or outside vertical structures (e.g., pipes, chimneys, etc.),

crossing gaps, and crawling across inclined and flat surfaces. The mobile robotic device

can therefore easily enter small openings, such as vent pipes, ventilation shafts, waste

water systems and the like. The mobile robotic device can thus be operated in a stealthy

manner, taking advantage of available cover and traveling routes that reduce the

likelihood of detection. As a specific example, the mobile robotic device may enter into

an environment via a sewer system, traveling through pipes and into building structures,

thus bypassing security systems or guard personnel.

It will be appreciated, however, that various other arrangements of a mobile

robotic device can be used, and the present invention is not limited to this particular

arrangement.

FIG. 6 provides a block diagram of the mobile robotic device 10, depicting the

several sub-systems of the mobile robotic device 10, including, but not limited to: a

sensing subsystem 20, a communication subsystem 22, and a navigation subsystem 24.

The sensing subsystem 20 is used for sensing information about the environment, and can

include one or more sensors such as a camera, a stereo camera, an imaging device, a

sound sensor, an electromagnetic sensor, a chemical sensor, a radar, a lidar, a range

finder, a scanning range finder, a sonar, a contact sensor, a sniff sensor, a Global

Positioning System (GPS) receiver, an inertial measurement unit, an orientation sensor, or

any combination thereof. In one aspect, the sensors can function to sense various

conditions or elements already existing within the environment. In another aspect, the

sensors can function to sense and receive information pertaining to a result of something

that is emitted or otherwise released from or introduced by the robotic vehicle (an

emission) into the environment in order to cause what may be termed a disturbance within

the environment. The emission may include, but is not limited to, a mechanical or

physical vibration, an acoustic vibration, a thermal emission, a chemical substance

configured to react with the environment, an electro-magnetic emission, and others. The

sensors can monitor and sense the response of the emission within the environment and

can communicate the information in a similar manner as other sensors. As such, the

present invention contemplates the robotic vehicle as further comprising means for



generating such a disturbance within the earth-surface environment. Means for

generating may comprise a mechanical or physical or acoustic vibration emitter, a thermal

energy emitter, a chemical substance release system or device, an electro-magnetic

emitter, and others.

Information 26 obtained from the sensing subsystem 20 can be communicated by

the communication subsystem 22 via a communication link 28 to a remote location, such

as, for example, a command post or remote control center. Alternatively, if detection of

the robotic device within the area is a concern, such as during a covert mission, the

robotic device may be equipped with one or more memory storage devices that store the

sensed information for later retrieval.

The navigation subsystem 24 provides for movement of the mobile robotic device

10. The navigation subsystem can be autonomous or remotely controlled. For example,

autonomous navigation may be performed based on the information 26 received from the

sensing subsystem and pre-programmed navigation rules or scenarios. As another

example, remote control can be performed via commands 29 received from the

communications subsystem originating from a remote location. The navigation system

includes outputs 16 that actuate or otherwise operate the tracks 14a, 14b, arms 18a, 18b,

18c, 18d and joints 32, 34, 36, 38 of the mobile robotic device.

A surveillance network can be formed or established by deploying one or more

mobile robotic devices, such as the type described in FIGS. 1-6, into an environment to be

monitored. The environment can be an earth-surface environment, which is

distinguishable from an airborne environment, and which can include dry land, sub¬

surface, aquatic or water, and amphibious environments, etc. Overall operation of a

surveillance network can include several phases, such as 1) emplacement and possible

strategic positioning of the surveillance network into an earth-surface environment, 2)

monitoring of the environment, and 3) dismantling of the surveillance network.

Emplacement of the surveillance network is primarily concerned with getting the

mobile robotic devices into positions from which the desired network can be established

and surveillance conducted. For example, emplacement of the surveillance network can

include configuring the mobile robotic devices for surreptitious entry into the earth-

surface environment, deploying or inserting one or more mobile robotic devices covertly

into the earth-surface environment, configuring the mobile robotic device into a traveling



pose selected from a plurality of available traveling poses, and directing the mobile

robotic device with the navigation system to a sensing location within the earth-surface

environment, wherein the surveillance network can be established.

The mobile robotic devices may be carried by a carrier vehicle and deployed from

the carrier vehicle into the earth-surface environment. The carrier vehicle may be, by

way of example, a ground vehicle, an airborne vehicle, a projectile, a waterborne vehicle,

or the like. For example, FIG. 7 illustrates one deployment or insertion scenario 50,

where a ground vehicle 52 transports a plurality of mobile robotic devices 10 into an

earth-surface environment 8. During transportation, the mobile robotic devices may be

concealed on the ground vehicle, for example, under a tarp, under the undercarriage of the

vehicle, within a structure on the vehicle, etc. When the ground vehicle has reached a

desired position within the environment, the mobile robotic devices 10 may move from

the ground vehicle into the environment. For example, the mobile robotic devices may be

dropped from the ground vehicle, crawl out of the vehicle, or otherwise surreptitiously

move from the vehicle into the environment. Although the ground vehicle is illustrated in

FIG. 7 as a truck, the ground vehicle may be a car, a tank, a larger UGV, or various other

ground vehicles known in the art.

FIG. 7 further illustrates a plurality of robotic devices 10 which may be deployed

and caused to operate in combination with one another, wherein the robotic devices may

be linked or operated together in a strategic or coordinated manner. For example, by

combining the sensed information from the collection of robotic devices, which

collectively constitute an array, the environment may be imaged without the use of a

camera.

FIG. 8 illustrates another deployment or insertion scenario 60, where an airborne

carrier vehicle 62 drops the one or more mobile robotic devices 10 into the earth-surface

environment 8. The robotic devices can be configured in a variety of ways for

surreptitious entry into the environment. For example, the robotic devices may be

configured with a fall preservation device that essentially preserves the robotic device

once dropped from the airborne carrier vehicle. In one aspect, the fall preservation device

may comprise a flight control device (e.g., glider foils 64, parafoil 66). The robotic

device may be configured in a gliding mode, and caused to operate with the glider foils,

which may comprise detachable wings 64. If desired, control surfaces on the wings can



be actuated by linkages coupled to the articulating arms. In another aspect, the fall

preservation device may comprise a fall arresting device, such as a parachute. If desired,

control of parachute or parafoil lines can also be provided by the arms.

As yet another example, lightweight mobile robotic devices can be dropped into

the environment upon being equipped or supported by a fall preservation device in the

form of a shock-absorbing structure 68 that functions to absorb or cushion the impact.

Although shown in FIG. 7 as an airplane, the airborne vehicle 62 may be an airplane,

glider, unmanned aerial vehicle, a cruise missile, balloon, a helicopter, or other airborne

vehicles as known in the art.

FIG. 9 illustrates yet another deployment or insertion scenario 70 in which the

mobile robotic device 10 is packaged or enclosed or housed within a carrier vehicle in the

form of a projectile 72, which may be shot or otherwise delivered into the earth-surface

environment 8. The projectile 72 an be a hollow shell fired from a cannon, mortar or rail

gun 74, or in another aspect the projectile 72 can comprise a self-propelled rocket with its

own power or thrust source. The projectile 72 may comprise a separate protective

structure (e.g., shock-absorbing shell), or may function as a protective structure itself. In

one exemplary embodiment, the projectile can be launched, and after reaching a

predetermined height above the target environment 8, the projectile can open to release

the mobile robotic device in mid-air, which can then return to earth with the parachute 66

or shell or shock-absorbing structure 68, similar to the method described in the previous

insertion scenario.

FIG. 10 illustrates yet another deployment scenario 80, where a waterborne carrier

vehicle 82 deploys or inserts the one ore more mobile robotic devices 10 into the earth-

surface environment 8. The robotic device can be configured to move in a swimming

mode from the waterborne vehicle into the environment. For example, swimming may be

performed by rotating the tracks, rotating the articulating arms, or a combination of both.

If desired, the mobile robotic device may include buoyancy modules 84 attached to the

arms or frames to enhance operation in water. Although shown in FIG. 10 as a ship, the

waterborne carrier vehicle 82 may be a raft, submarine, or other waterborne vehicles

known in the art.

Still other deployment scenarios exist. In one aspect, deployment may be carried

out by living subjects, such as various individuals, (e.g., ground troops), animals, etc. In



this scenario, the robotic devices may be configured for transport or carrying and

packaged into compact, protective, carryable or cartable structures or carriers (e.g.,

sleeves, canisters, tubes, backpacks, etc.), wherein the living subjects may transport and

subsequently facilitate release of the robotic devices, or more tactically unpack and

configure the robotic devices for delivery or deployment and operation within the area to

be surveyed or observed.

In another aspect, the robotic devices may be deployed via passive means, such as

by releasing them into or within a natural route, which may include, but is not limited to,

a river, down a hill, a tide of an ocean, a prevailing wind, etc.

Once the one or more mobile robotic devices 10 have been placed into the earth-

surface environment 8, they may move into positions from which data is to be collected

under control of the navigation subsystem 24. The positions may be predefined, for

example, based on a map or geolocation system coordinates. As an alternative, the

positions may be defined within the surveillance network in a relative sense, for example,

specifying that the robotic devices are to assume predefined relative spacing within a

generally defined area.

The mobile robotic devices 10 may take up concealed positions within the

environment. For example, when entry includes crawling into building infrastructure

such as a waste water system, ventilation system, or the like, the mobile robotic devices

may remain within the infrastructure, located near an interface point with human-

occupied space. For example, a mobile robotic device may be positioned near a

ventilation inlet or outlet, within a floor drain, etc.

Monitoring of the environment by the mobile robotic devices 10 uses the sensing

subsystem 20. Depending on the type of sensors included within the sensing subsystem,

the mobile robotic device may receive electromagnetic radiation from the environment,

receive acoustic energy from the environment, image the environment, sample the

environment, and perform similar operations and functions. Data obtained from the

sensing subsystem can be communicated via the communication subsystem 22 to a

remote location, or it may be stored on one or more memory storage devices for later

retrieval.

The establishment of the surveillance network can further include using the

mobile robotic device 10 to deposit one or more utility pods at the sensing location within



the earth-surface environment, as illustrated in FIG. 11. The utility pods 88 can include a

variety of pod types that can be selected according to the surveillance mission objectives,

including a sensor pod (that can include similar sensing functions as described above for

the robotic device), a communications relay pod, an explosives pod, an alarm pod, a

recording pod, an incapacitating pod (e.g., a stun gun type pod, a smoke or gas release

type pod, etc.), an effector pod (pods that emit or introduce a signal, substance, etc. into

the environment to cause a response or disturbance to be sensed by a sensor pod or

sensors on the robotic device itself), a concealment/escape pod, etc.

The utility pods 88 can be stowed or carried within a payload compartment or bay

13 formed into a frame 12a of the mobile robotic device, on a carrier device 15 supported

above a continuous track 14b, within a payload formed into a mid-section structure of the

articulated linkage (see auxiliary payload bay 17 shown in phantom, which auxiliary

payload 17 may be part of a component configured to be operable with and part of an

alternately configured articulated linkage arm), or by the arms 18. The utility pods can be

deposited at a sensing location within the earth-surface environment 8 using a variety of

techniques, including the use of the articulating arms 18a, 18b, 18c, 18d disposed on

opposing ends of the frame units 12a, 12b with continuous tracks 14a and 14b, as well as

activated linkages, spring-loaded release mechanisms, tilting carrier supports (not shown),

etc. After the objectives of the surveillance network have been achieved, one or more of

the utility pods can also be retrieved from the remote sensing location using the mobile

robotic device 10.

When the surveillance mission is complete, the final phase of operation can be the

dismantling of the surveillance network. Dismantling the surveillance network can

include removing the plurality of mobile robotic devices 10 from easily detectable

locations within the environment into a predetermined concealed state. A variety of

techniques 90 can be used for removing the plurality of mobile robotic devices from the

environment, as illustrated in FIG. 12.

In one exemplary embodiment, the mobile robotic devices may employ an

explosive or incendiary self-destruct technique 92 to destroy the mobile robotic device.

While explosive- or incendiary-type self-destruct mechanisms are effective, more

discrete self-destruct mechanisms can be employed as well. For instance, the mobile

robotic device may include a dissolving technique 94 which involves carrying and



releasing a chemical mixture that can operate to dissolve all or part of the mobile robotic

device.

As another example, the mobile robotic device 10 may be directed into a difficult

to detect position within the environment for a hide-in-place version of dismantling of the

surveillance network. For example, the mobile robotic device may use a burrowing

technique 96 to burrow into the ground 97 within the environment 8. The burrowing

technique can include self-concealment under a trash pile, within a growth of dense

vegetation, inside a cave or rock crevasse, and upright against a tree or other structure,

etc. A submersion technique 98 can also be particularly effective, for instance, when the

mobile robotic device conceals itself in the mud, sediment or rocks at the bottom of a

body of water 99.

Alternately, dismantling the surveillance network may include removing the one

or more mobile robotic devices entirely from the environment to prevent their easy

detection. For example, the mobile robotic devices may exit the environment in the same

manner in which they entered, by crawling or swimming back to a carrier vehicle. If

desired, a homing device can be activated in the carrier vehicle to aid the mobile robotic

devices in returning the carrier vehicle.

FIG. 13 provides a summary of a method for gathering information from within an

earth-surface environment. The method 100 includes inserting 102 a mobile robotic

device into an earth-surface environment. For example, the mobile robotic device may be

a ground robotic device that include a sensing subsystem, a communications subsystem,

and a navigation subsystem, as described above. The method can also include

configuring 104 the mobile robotic device into a traveling pose that has been selected

from a plurality of available traveling poses, and directing 106 the mobile robotic device

with the navigation system to a sensing location within the earth-surface environment.

The method 100 can further include monitoring 108 the sensing subsystem for

information using sensors disposed on the mobile robotic device or deployed utility pods,

and communicating 110 the information from the sensing subsystem to a remote location.

Summarizing and reiterating to some extent, mobile robotic devices can be

covertly deployed into an environment to collect sensor data which is stored or

communicated to a remote location. By using small, covert robotic devices, surreptitious

entry into and exit from the environment is possible. The mobile robotic devices can be



made difficult to detect when no longer needed by hiding the devices within the

environment or removing the devices from the environment. Applications of surveillance

networks as described herein can include, without limitation, military operations, law

enforcement, espionage, and intelligence gathering.

The foregoing detailed description describes the invention with reference to

specific exemplary embodiments. However, it will be appreciated that various

modifications and changes can be made without departing from the scope of the present

invention as set forth in the appended claims. The detailed description and accompanying

drawings are to be regarded as merely illustrative, rather than as restrictive, and all such

modifications or changes, if any, are intended to fall within the scope of the present

invention as described and set forth herein.

More specifically, while illustrative exemplary embodiments of the invention have been

described herein, the present invention is not limited to these embodiments, but includes

any and all embodiments having modifications, omissions, combinations (e.g., of aspects

across various embodiments), adaptations and/or alterations as would be appreciated by

those skilled in the art based on the foregoing detailed description. The limitations in the

claims are to be interpreted broadly based on the language employed in the claims and not

limited to examples described in the foregoing detailed description or during the

prosecution of the application, which examples are to be construed as non-exclusive. For

example, in the present disclosure, the term "preferably" is non-exclusive where it is

intended to mean "preferably, but not limited to." Any steps recited in any method or

process claims may be executed in any order and are not limited to the order presented in

the claims. Means-plus-function or step-plus-function limitations will only be employed

where for a specific claim limitation all of the following conditions are present in that

limitation: a) "means for" or "step for" is expressly recited; and b) a corresponding

function is expressly recited. The structure, material or acts that support the means-plus

function limitation are expressly recited in the description herein. Accordingly, the scope

of the invention should be determined solely by the appended claims and their legal

equivalents, rather than by the descriptions and examples given above.

What is claimed and desired to be secured by Letters Patent is:



CLAIMS

1. A method for gathering information from within an earth-surface

environment, comprising:

inserting at least one mobile robotic device into an earth-surface environment,

wherein the at least one mobile robotic device further comprises:

a sensing subsystem;

a communications subsystem; and

a navigation subsystem;

configuring the at least one mobile robotic device into a traveling pose selected

from a plurality of available traveling poses;

directing the at least one mobile robotic device with the navigation subsystem to a

sensing location within the earth-surface environment;

operating the sensing subsystem to sense the earth-surface environment using

sensors deployed by each of the plurality of mobile robotic devices; and

facilitating the retrieval of information obtained from the sensing subsystem.

2 . The method of claim 1, further comprising depositing at least one utility

pod within the earth-surface environment.

3. The method of claim 2, wherein the at least one utility pod is selected from

the group consisting of a sensor pod, a communications relay pod, an explosives pod, an

alarm pod, a recording pod, an incapacitating pod, a concealment pod, an effector pod,

and any combination of these.

4. The method of claim 2, further comprising retrieving the at least one utility

pod from the earth-surface environment.

5. The method of claim 1, wherein inserting the at least one mobile robotic

device comprises deploying the at least one mobile robotic device to the earth-surface

environment using a carrier vehicle.

6. The method of claim 5, wherein the carrier vehicle is selected from the

group consisting of a ground vehicle, an aircraft, a balloon, a boat, a submarine, and any

combination of these.



7. The method of claim 5, wherein the carrier vehicle comprises a projectile

that houses the at least one mobile robotic device.

8. The method of claim 7, wherein the projectile is self-powered.

9. The method of claim 1, further comprising packaging the at least one

robotic device as configured within a deployment configuration.

10. The method of claim 5, wherein deploying the at least one mobile robotic

device comprises dropping the at least one mobile robotic device from an airborne carrier

vehicle into the earth-surface environment, wherein the robotic device further comprises a

fall preservation device selected from the group consisting of a fall arresting device, a

flight control device, an impact absorbing device, and any combination of these.

11. The method of claim 1, wherein the plurality of available traveling poses

are selected from the group consisting of a tank pose, a train pose, an outside-climbing

pose, and an inside climbing pose.

12. The method of claim 1, wherein operating the sensing subsystem

comprises at least one of the following:

sensing electromagnetic radiation from the earth-surface environment;

sensing acoustic energy from the earth-surface environment;

imaging the earth-surface environment;

sensing vibration within the earth-surface environment;

sampling materials from within the earth-surface environment; and

sensing a disturbance resulting from an emission introduced into the earth-surface

environment from the robotic device.

13. The method of claim 1, wherein inserting the at least one mobile robotic

device within the earth-surface environment comprises placement of the robotic device by

one or more living subjects.

14. The method of claim 1, wherein inserting the at least one mobile robotic

device comprises launching a projectile into the earth-surface environment, wherein the

projectile houses the mobile robotic device.



15. The method of claim 1, wherein facilitating the retrieval of the information

obtained from the sensing subsystem comprises communicating the information to a

remote location.

16. The method of claim 1, wherein facilitating the retrieval of the information

obtained from the sensing subsystem comprises storing the information on a memory

storage device.

17. A method of concealing a surveillance network within a earth-surface

environment comprising:

configuring a mobile robotic device into a deployment pose operable with a

carrier vehicle to deploy the robotic device;

operating the carrier vehicle to insert a the mobile robotic device into a earth-

surface environment;

configuring the mobile robotic device into a traveling pose selected from a

plurality of available traveling poses;

directing the mobile robotic device to a plurality of different concealed sensing

locations within the earth-surface environment;

sensing information about the earth-surface environment using sensors deployed

by the f mobile robotic device; and

communicating the information from the plurality of sensors to a remote location.

18. The method of claim 17, wherein configuring the mobile robotic device

into a deployment pose comprises configuring the mobile robotic device into a

parachuting mode.

19. The method of claim 17, wherein configuring the mobile robotic device

into a deployment pose comprises configuring the mobile robotic device into an

amphibious swimming mode.

20. The method of claim 17, wherein directing the mobile robotic device

comprises moving the mobile robotic device in a crawling mode within the earth-surface

environment.



21. The method of claim 17, wherein sensing information about the earth-

surface environment further comprises sensing a response to an emission provided by the

robotic device, the emission selected from the group consisting of a mechanical vibration,

an acoustic vibration, a thermal emission, a chemical reactant, an electro-magnetic

emission, and any combination of these.

22. The method of claim 17, wherein sensing information about the earth-

surface environment further comprises maintaining a concealed position while sensing

information within the environment.

23. The method of claim 17, further comprising removing the mobile robotic

device from the plurality of different sensing locations within the earth-surface

environment.

24. The method of claim 23, wherein removing comprises destroying the

mobile robotic device via a self-destruct mechanism.

25. The method of claim 23, wherein removing comprises actuating the

mobile robotic device into a burrowing mode to burrow into the ground within the

environment.

26. The method of claim 23, wherein removing comprises directing the mobile

robotic device to a submerged location below the surface of a body of water.

27. The method of claim 23, wherein removing comprises activating a homing

device on a carrier vehicle positioned adjacent the earth-surface environment to assist the

mobile robotic device in returning to the carrier vehicle.

28. A method of establishing a concealed surveillance network within a earth-

surface environment comprising:

inserting at least one mobile robotic device into an earth-surface environment;

directing the at least one mobile robotic device to a plurality of concealed sensing

locations within the earth-surface environment;

depositing at least one sensing pod at each of the plurality of concealed sensing

locations;



sensing information within the environment using sensors supported on each of

the at least one sensing pods; and

facilitating the retrieval of the information from the sensing pods.

29. A system for surreptitiously gathering information from within an earth-

surface environment, comprising:

at least one mobile robotic device operable within an earth-surface environment,

which is configurable into at least one deployment pose and a plurality of

traveling poses, the mobile robotic device comprising:

a multi-frame body having multiple single-track units coupled by an active

articulating linkage;

a navigation subsystem for selecting the optimum traveling pose for the

earth-surface environment;

a sensing subsystem for collecting information from the earth-surface

environment; and

a carrier vehicle operable with the mobile robotic device as configured in the at least

one deployment pose to facilitate deployment of the mobile robotic device into the

earth-surface environment, wherein the mobile robotic device is separable from

the carrier vehicle and reconfigurable into one of the plurality of traveling poses

so as to enable the mobile robotic device to locate to a first sensing location within

the earth-surface environment.

30. The system of claim 29, further comprising a remote command center operable

to receive the information from the at least one mobile robotic device, wherein a network

is established between the remote command center and the at least one mobile robotic

device operating within the earth-surface environment, and wherein the network may be

selectively dismantled by the removal of the at least one mobile robotic device from the

earth-surface environment.

31. The system of claim 29, wherein the plurality of traveling poses includes a

tank pose, a train pose, a zig-zag pose, an outside-climbing pose, and an inside climbing

pose.



32. The system of claim 29, further comprising at least one utility pod

deployable by the mobile robotic device at a second covert sensing location within the

earth-surface environment and having at least one sensor and at least one communications

subsystem for transmitting information.

33 . The system of claim 32, wherein the at least one utility pod is selected

from the group consisting of a sensor pod, a communications relay pod, an explosives

pod, an alarm pod, a recording pod, an incapacitating pod, a concealment pod, an effector

pod and combinations thereof.

34. The system of claim 32, wherein the robotic device comprises a payload

bay for stowing one or more of the utility pods.

35. The system of claim 29, wherein the mobile robotic device further

comprises a communications subsystem for establishing bi-directional communication

with a remote location for sharing the collected information.

36. The system of claim 35, wherein the communications subsystem of the

mobile robotic device further comprises a communications relay between the at least one

utility pod and the remote command center.

37. The system of claim 29, wherein the carrier vehicle is selected from the

group consisting of a ground vehicle, an aircraft, a balloon, a boat, a submarine, and any

combination of these.

38. The system of claim 29, wherein the carrier vehicle comprises a projectile

that houses the at least one mobile robotic device.

39. The system of claim 38, wherein the projectile is self-powered.

40. The system of claim 29, further comprising packaging the at least one

robotic device as configured within a deployment configuration.



4 1. A system for surreptitiously gathering information from within an earth-

surface environment, comprising:

a plurality of mobile robotic devices operable within an earth-surface

environment, each being configurable into at least one deployment pose

and a plurality of traveling poses, the mobile robotic devices comprising:

a multi-frame body having multiple single-track units coupled by an active

articulating linkage;

a navigation subsystem for selecting the optimum traveling pose for the

earth-surface environment;

a sensing subsystem for collecting information from the earth-surface

environment;

a carrier vehicle operable with one or more of the mobile robotic devices as

configured in the at least one deployment pose to facilitate deployment of

the mobile robotic devices into the earth-surface environment, wherein the

mobile robotic devices are separable from the carrier vehicle and

reconfigurable into one of the plurality of traveling poses so as to enable

the mobile robotic devices to locate to a first sensing location within the

earth-surface environment,

wherein the plurality of mobile robotic devices operate to facilitate the

establishment of a surveillance network within the earth-surface

environment.
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