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SELF-CONTAINED SOIL STABILIZATION SYSTEM

RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. § 119(e) of U.S.
Provisional Application No. 62/783,523, entitled “SELF CONTAINED SOIL
STABILIZATION SYSTEM?”, filed December 21, 2018, the disclosure of which is

incorporated herein by reference in its entirety.

BACKGROUND
[0002] Soil stabilization is a process which is commonly carried out where soil is not
stable for ecological (e.g., erosion) or construction (e.g., foundations) purposes. Pile driving,
the task of sinking posts or similar building elements into the ground, is a commonly used
technique for soil stabilization for ecological management or construction projects.
Conventionally, piles may provide foundation support, facilitate construction on steep slopes,
hold back soil during excavations, or generally increase stability where surface soil is not
stable. Traditional methods of pile driving include driving the piles into the ground with
heavy-duty machinery and skilled human workers. In some cases, it may be sufficient to
employ chemical stabilizers which are manually spread over a region and react with

components of the soil to increase soil stability.

SUMMARY
[0003] According to some embodiments, a self-contained soil stabilization system
includes a chassis, at least one motor coupled to the chassis and configured to actuate a
locomotor configured to move the chassis, a hopper disposed on the chassis and configured to
contain a payload configured to stabilize soil, and a controller configured to transmit a hopper
command to cause a portion of the payload to be deployed.
[0004] According to some embodiments, a pile driving system includes a chassis, at
least one locomotor configured to locomote the chassis along a ground surface and at least
one motor coupled to the chassis and the at least one locomotor. The at least one motor is
configured to actuate the at least one locomotor to locomote the chassis along the ground

surface. The pile driving system also includes a hopper disposed on the chassis and
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configured to contain one or more piles, a controller configured to transmit a hopper
command to the hopper to cause at least one of the one or more piles to be deployed, and a
gripper configured to retrieve the at least one pile from the hopper upon receipt of the hopper
command. The hopper is further configured to release at least one of the one or more piles in
response to receiving the hopper command.

[0005] According to some embodiments, a self-contained soil stabilization system
includes a chassis, at least one wheel configured to support the chassis on a ground surface
and to allow for locomotion of the chassis along the ground surface, an independent
suspension element operatively coupled to the at least one wheel to the chassis and
configured to selectively adjust a distance between the at least one wheel and the chassis
upon receipt of a suspension command, and at least one motor coupled to the chassis and the
at least one wheel. The at least one motor is configured to actuate the at least one wheel to
move the chassis along the ground surface. The self-contained soil stabilization system also
includes a hopper disposed on the chassis and configured to contain a payload for stabilizing
soil, and a controller configured to transmit a suspension command to adjust the distance
between the at least one wheel and the chassis and transmit a hopper command to cause a
portion of the payload to be deployed. The hopper is configured to deploy at least a portion of
the payload in response to receiving the hopper command.

[0006] According to some embodiments, a pile driving system includes a chassis and
a hopper disposed on the chassis and configured to contain one or more sheet piles. Each of
the one or more sheet piles includes a central portion and two side portions extending from
the central portion at an incline. The pile driving system also includes a controller configured
to transmit a hopper command to the hopper to cause one of the one or more sheet piles to be
deployed, a payload gripper configured to grasp the sheet pile from the hopper, and an aligner
to align the deployed sheet pile and the previously-driven sheet pile. The hopper is
configured to release one of the one or more sheet piles in response to receiving the hopper
command.

[0007] According to some embodiments, a method for operating a self-contained soil
stabilization system includes adjusting a distance between a chassis and at least one wheel of
the self-contained soil stabilization system to a first distance, releasing a pile from a hopper

disposed on the chassis, grasping the pile with a gripper, and adjusting the distance between
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the chassis and the at least one wheel to a second distance after the pile is grasped with the
gripper. The second distance is less than the first distance. The method also includes vibrating
the pile with a vibratory hammer and releasing the pile from the gripper.

[0008] It should be appreciated that the foregoing concepts, and additional concepts
discussed below, may be arranged in any suitable combination, as the present disclosure is
not limited in this respect. Further, other advantages and novel features of the present
disclosure will become apparent from the following detailed description of various non-

limiting embodiments when considered in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF DRAWINGS
[0009] The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various figures
may be represented by a like numeral. For purposes of clarity, not every component may be

labeled in every drawing. In the drawings:

[0010] FIG. 1 is a perspective view of one embodiment of a self-contained soil
stabilization system and payload;

[0011] FIG. 2 is a perspective view of the self-contained soil stabilization system of
FIG. 1 during a payload deployment process;

[0012] FIG. 3 is a perspective view of the self-contained soil stabilization system of
FIG. 1 during a payload deployment process;

[0013] FIG. 4 is a perspective view of the self-contained soil stabilization system of
FIG. 1 during a payload deployment process;

[0014] FIG. 5 is a perspective view of the self-contained soil stabilization system of
FIG. 1 during a payload deployment process;

[0015] FIG. 6 is a flowchart of a process for operating a self-contained soil
stabilization system in accordance with some embodiments;

[0016] FIG. 7 is a flowchart of a process for operating a self-contained soil
stabilization system in accordance with some embodiments;

[0017] FIG. 8 is a flowchart of a process for operating a self-contained soil

stabilization system in accordance with some embodiments;
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[0018] FIG. 9 is a front elevation view of one embodiment of a sheet pile;
[0019] FIG. 10 is a top plan view of the sheet pile of FIG. 9;
[0020] FIG. 11 is a top plan view of another embodiment of a sheet pile;
[0021] FIG. 12 is a front elevation view of one embodiment of a driving gripper;
[0022] FIG. 13 is a front elevation view of the sheet pile of FIG. 9 being grasped by
the driving gripper of FIG. 12;
[0023] FIG. 14 a front elevation view of a plurality of the sheet piles of FIG. 9
deployed in soil;
[0024] FIG. 15 is a top plan view of the plurality of deployed sheet piles of FIG. 14;
[0025] FIG. 16 is a top plan view of a plurality of the sheet piles of FIG. 11 deployed
in soil;
[0026] FIG. 17 is a top view of the self-contained soil stabilization system of FIG. 1
during an alignment and/or driving process;
[0027] FIG. 18 is a top view of the self-contained soil stabilization system of FIG. 1
during an alignment and/or driving process;
[0028] FIG. 19 depicts an enlarged view of one embodiment of sheet pile in the

process of interlocking with another sheet pile;

[0029] FIGs. 20-21 are perspective views of one embodiment of an aligner and sheet
pile;
[0030] FIG. 22 is a side elevation view of one embodiment of a self-contained soil

stabilization system including the aligner of FIGs. 19-20 during an alignment process;

[0031] FI1Gs. 23-24 depict experimental results of one embodiment of a self-contained
soil stabilization system;

[0032] FIG. 25 is a perspective view of another embodiment of a self-contained soil
stabilization system and payload;

[0033] FIG. 26 is a top plan view of another embodiment of a self-contained soil
stabilization system and payload;

[0034] FIG. 27 is a side elevation view of another embodiment of a self-contained
soil stabilization system;

[0035] FIG. 28 is a side elevation view of the self-contained soil stabilization system

of FIG. 27 during a pile extraction process;
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[0036] FIG. 29 is a side elevation view of another embodiment of a self-contained
soil stabilization system and sheet pile;
[0037] FIG. 30 is a front elevation view of another embodiment of a driving gripper;
[0038] FIG. 31 is a front elevation view of yet another embodiment of a driving
gripper; and
[0039] FIG. 32 is a front elevation view of yet another embodiment of a driving
gripper.

DETAILED DESCRIPTION
[0040] Some conventional techniques for performing soil stabilization are highly

energy intensive and typically require a skilled human worker who operates heavy
machinery. For example, stabilizing soil using conventional pile driving or application of
chemical binding agents to soil are expensive and time consuming techniques which are
generally restricted to large scale construction or ecological projects. Furthermore, progress
using such techniques may be limited by the number of skilled workers and amount of heavy
machinery available to perform the stabilization. Such heavy machinery is often not
optimized for the task. For example, in conventional pile driving equipment, only a small
fraction of the weight of the machinery is applied to the primary task of generating downward
force (i.e., bias weight), while the majority of the weight of the machine is used to
counterbalance the bias weight. Also, as piles are usually only gripped from the top, the
machine typically needs to be at least as tall as the pile it’s driving. In cases where such
resources are scarce, construction projects may be slowed significantly. Additionally, there
are many geographical locations where soil stabilization may be beneficial, but the lack of
available resources and/or cost inhibits employing conventional soil stabilization techniques.
In particular, remote or rural ecological sites (e.g., regions undergoing desertification,
beaches, arroyos, post-industrial brownfields, abandoned mining sites, or generally degraded
land) susceptible to erosion, flooding, or drought are oftentimes inaccessible or prohibitively
expensive for employing traditional methods of soil stabilization.

[0041] In view of the above, the inventors have recognized the benefits of a self-
contained soil stabilization system which may autonomously perform one or more soil

stabilization tasks. The self-contained soil stabilization system may include a hopper
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configured to hold and allow for the dispensing of a payload which stabilizes soil (e.g., piles,
chemical stabilizers, etc.). The self-contained soil stabilization system may also include a
locomotive system configured to move the system to various sites where soil stabilization is
beneficial. Such an arrangement may allow soil-stabilization to be performed in construction
sites and/or remote areas without significant human on-site supervision.

[0042] In some embodiments, a self-contained soil stabilization system includes a
chassis and at least one motor coupled to the chassis and configured to actuate a locomotor
configured to move the chassis. The chassis and locomotor may serve as a base system for
carrying a variety of different payloads for soil stabilization. The locomotor may include
wheels, tracks, legs or any other suitable locomotive element for moving the chassis in a soil
stabilization target site. A hopper may be mounted to the chassis and configured to contain
the payload configured to stabilize soil. The hopper may be configured to hold one or more
distant payloads for soil stabilization, including, but not limited to, piles, sheet piles, and
chemical soil stabilizers. The soil stabilization system may also include a controller
configured to transmit a command to the hopper and/or other components to deploy the
payload. The payload may be deployed directly from the hopper (e.g., by opening a valve or
door) or may be extracted from the hopper (e.g., by a payload gripper). In some
embodiments, the controller may also be configured to control the at least one motor to
navigate the soil stabilization system around or to a target soil stabilization site. Accordingly,
the self-contained soil stabilization may include one or more sensors configured to provide a
location signal to the controller indicative of a location of the soil stabilization system, such
as a GPS, LIDAR, optical sensor, inertial measurement unit (IMU), or any other suitable
sensor. In some embodiments, the controller may receive input from a remote controller for
controlling the soil stabilization system, such as a remote server, handheld controller, or other
suitable device.

[0043] According to exemplary embodiments described herein, a self-contained soil
stabilization system may deploy one or more payloads to a target soil stabilization site which
increases soil stability at the target site. In some embodiments, the payload may include
plurality of piles carried by the soil stabilization system. For example, the soil stabilization
system may carry cylindrical piles, sheet piles, tubular piles, H-piles, or any other suitable

type of pile. The piles may be dispensed from a hopper onboard the soil stabilization system,
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such that one or more of the piles may be deployed at the target soil stabilization site. In some
embodiments, the payload may include a chemical soil stabilization agent, including, but not
limited to magnesium chloride, polyurethane, sodium silicate, polymers (e.g., biopolymers,
co-polymer based products, cross-linking styrene acrylic polymers, etc.), ionic stabilizers,
calcium chloride, calcite, tree resins, bitumen, fly ash, cement, cyanobacteria, or any other
suitable chemical or biological stabilizer. In some embodiments, chemical stabilizers may be
deployed in combination with one or more piles. Any suitable soil stabilization payload may
be deployed, as the present disclosure is not so limited.

[0044] In some embodiments of a self-contained soil stabilization system, the system
may be constructed and arranged as a pile driving system. The pile driving system may
include a chassis, a hopper for carrying one or more piles to be deployed, and one or more
wheels linked to the chassis by an independent suspension element. The independent
suspension element may be used to adjust the distance between the one or more wheels and
the chassis. The pile driving system may also include a payload gripper configured to grasp
and deploy a pile from a hopper of the pile driving system to deploy the one or more piles.
When a pile is deployed from the hopper (e.g., extracted from the hopper by a payload
gripper), the pile may be placed against soil to be stabilized. The independent suspension may
have previously increased the distance between the one or more wheels and the chassis, such
that a driving gripper (which, in some embodiments, may be the same device as the payload
gripper) grips the deployed pile a non-zero distance above the soil to be stabilized. Once the
driving gripper has gripped the deployed pile, the independent suspension element may
reduce the distance between the wheels and the chassis, thereby redistributing at least a
portion of the weight of the soil stabilization system from the wheels onto the deployed pile.
Any amount of the weight of the soil stabilization system applied to the deployed pile
contributes to the task of driving the deployed pile into the soil. In some embodiments, the
pile driving system includes a hammer (e.g., vibratory hammer) which assists driving the pile
into the soil while some portion of the weight of the pile driving system is supported by or
suspended from the deployed pile.

[0045] In some embodiments, the driving gripper may release the pile when the pile is
driven and the distance between the soil and the pile driving system is reduced to a point

where no portion of the weight of the pile driving system is supported by the pile and/or
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when the pile is driven to a suitable depth. In some embodiments, the point where no portion
of the weight of the pile driving system is supported by the pile may correspond to a point
where the one or more wheels come into contact with the soil. Of course, in other
embodiments, the pile driving system may remain in constant contact with the underlying soil
as a pile is driven, as the present disclosure is not so limited. If the deployed pile is
sufficiently driven, the pile driving system may move on to another target soil stabilization
location. Alternatively, in some embodiments, the independent suspension system may
increase the distance between the wheels and the chassis, raising the chassis relative to the
soil. Once the chassis is raised, the driving gripper may regrasp the deployed pile and the
independent suspension element may reduce the distance between the one or more wheels
and the chassis to distribute the weight of the pile driving system to the deployed pile a
second time. The deployed pile may be repeatedly driven by repeating this process until the
deployed pile is sufficiently driven.

[0046] In some cases, it may be desirable to deploy numerous sheet piles in a line to
improve soil stabilization along a continuous region. For example, such soil stabilization may
be desirable to form a check dam or other similar structure for erosion control and promoting
groundwater recharge. In such cases, it may be desirable to align a previously-deployed sheet
pile and a newly-deployed sheet pile such that a continuous line of piles is formed. In some
embodiments, a sheet pile may include an interlocking slot on either transverse side of the
sheet pile. According to this embodiment, it may be desirable to reliably align the
interlocking slots of a previously-deployed sheet pile (e.g., a sheet pile that has already been
driven into the soil) and a newly-deployed sheet pile (e.g., a sheet pile that will be driven into
the soil next to the previously-deployed sheet pile). In some embodiments, a pile driving
system may include an aligner configured to align the pile driving system relative to a
previously-deployed sheet pile such that a newly-deployed sheet pile is deployed with the
interlocking slots of the sheet piles are aligned. The aligner may be an active component
(e.g., a gripper) or a passive component (e.g., a 2D or 3D alignment slot) which is shaped to
complement the shape of the sheet piles. The aligner may grasp a previously-deployed sheet
pile to move the pile driving system so that at least one axis of the pile driving system (e.g.,
longitudinal axis, transverse axis etc.) is aligned with at least one axis of the sheet piles (e.g.,

transverse axis, thickness axis). The aligner may also move the pile driving system to a
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predetermined location relative to the pile so that the newly-deployed pile is consistently
deployed to the same position relative to the previously-deployed pile.

[0047] Turning to the figures, specific non-limiting embodiments are described in
further detail. It should be understood that the various systems, components, features, and
methods described relative to these embodiments may be used either individually and/or in
any desired combination as the disclosure is not limited to only the specific embodiments
described herein.

[0048] FIG. 1 is a perspective view of one embodiment of a self-contained soil
stabilization system 10 and payload 100. According to the embodiment shown in FIG. 1, the
self-contained soil stabilization system is configured as a pile driving system configured to
carry a payload of sheet piles 102A. As shown in FIG. 1, the pile driving system includes a
chassis 12 which is supported by four wheels 24, two of which are actuated by locomotion
motors 22 operatively coupled to the wheels. The wheels are coupled to the chassis via
independent suspension elements 14 which are linked individually to linear actuators 20. The
linear actuators 20 are configured to control the height of the chassis relative to the wheels
independently for each wheel. Although electro-mechanical linear actuators are shown in
FIG. 1, any suitable actuator may alternatively be employed, including, but not limited to,
hydraulic actuators, pneumatic actuators or any other suitable actuator. The pile driving
system also includes a hopper 30 which carries a plurality of sheet piles 102A which are
deployable to a target soil stabilization site. The pile driving system also includes a payload
gripper 50 configured to extract the sheet piles from the hopper (e.g., when the payload
gripper receives a hopper command from a controller) by grasping the deployed sheet pile on
either side with jaws 54. The pile driving system also includes a vibratory hammer 60
configured to vibrate the pile driving system to assist with driving the deployed piles.
According to the embodiment of FIG. 1, the pile driving system includes an aligner 70
configured as an alignment gripper configured to align the pile driving system with one or
more previously-deployed sheet piles 102B. In the depicted embodiment, the alignment
gripper also is configured as a driving gripper, and may be controlled to grasp a deployed
sheet pile as it is driven into soil. In other embodiments, the pile driving system may include
an aligner and driving gripper as separate components disposed on the chassis, or the payload

gripper could be configured as a driving gripper, as the present disclosure is not so limited.
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[0049] According to the embodiment shown in FIG. 1, the self-contained soil
stabilization system 10 may include a power source and a controller (not shown in the figure).
The power source may be configured to supply power to one or more actuators and sensors of
the self-contained soil stabilization system (e.g., linear actuators 20, locomotion motors 22,
payload gripper 50, vibratory hammer 60, etc.). The power source may be one or more of a
rechargeable battery, renewable energy source (e.g., solar panel), internal combustion engine,
fuel cell, or any other suitable power source. The controller may be configured to control
power delivery and/or direct the operation of said one or more actuators and sensors to
operate the self-contained soil stabilization system. That is, the controller may be configured
to transmit one or more commands to one or more components of the soil stabilization
system. For example, the controller may transmit a hopper command to the payload gripper
50 so that the payload gripper grasps and deploys a sheet pile from the hopper, as discussed
in more detail below with reference to FIGs. 2-3. As another example, the controller may
transmit a locomotion command to the locomotion motors 22 to move the soil stabilization
system along a ground surface and/or transmit a suspension command to the linear actuators
20 to adjust the distance between wheels 24 and the chassis 12.

[0050] FIG. 2 is a perspective view of the self-contained soil stabilization system 10
of FIG. 1 during a payload deployment process. As shown in FIG. 2, a sheet pile 102A is
being deployed from the hopper 30. The payload gripper 50 is used to remove the sheet pile
102A from the hopper. More specifically, two jaws 54 coupled to a payload gripper actuator
52 may grasp the sheet pile along the sides of the sheet pile. According to the embodiment
shown in FIG. 2, the jaws 54 are coupled to a payload gripper base 55. The payload gripper
actuator moves the payload gripper base in a direction toward and away from the stacked
sheet piles in the hopper 30, for example, upon receipt of a hopper command from the
controller. When the gripper base is moved toward the hopper, the jaws move outward
around the innermost sheet pile in the hopper to capture the deployed sheet pile 102A in the
jaws so that when the gripper base 55 is retracted away from the hopper the deployed sheet
pile is drawn out of the hopper, as shown in FIG. 3. The jaws 54 may be active or passive
components mounted to the gripper base 55. For example, the jaws may be flexibly linked to
the plate, with the jaws configured to flex out and around an innermost sheet pile. As another

example, the jaws may be coupled to one or more actuators which adjust the distance
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between the jaws so that the deployed sheet pile may be selectively grasped. Of course, while
the jaws 54 are shown coupled to a gripper base in the embodiment of FIG. 2, the jaws may
be independently movable toward or away from the stacked sheet piles or may be joined with
any suitable arrangement which allows the payload gripper to grasp a pile from the hopper, as
the present disclosure is not so limited. In some embodiments, the payload gripper may be
included as a part of the hopper 30. For example, an actuable latch (e.g., solenoid) may be
used to dispense a single sheet pile from the payload upon receipt of a hopper command from
a controller. Any suitable hopper and/or payload gripper may be used to deploy a payload
from the self-contained soil stabilization system, as the present disclosure is not so limited.
[0051] FIG. 3 shows the self-contained soil stabilization system of FIG. 1 as a sheet
pile 102A is deployed from the hopper 30. As shown in FIG. 3, the payload gripper base 55
has been moved away from the hopper 30. The innermost sheet pile 102A has been grasped
by the jaws 54 of the payload gripper and the payload gripper base has moved away from the
hopper so that the deployed sheet pile is separated from the remainder of the sheet piles still
in the payload 100. From the position shown in FIG. 3, the controller may command the
extracting gripper (e.g., with a hopper command or release command) to release the deployed
sheet pile 102A, which may or may not involve the payload gripper using its jaws to grasp
and remove a pile from the hopper, such that the deployed sheet pile drops to the soil and
interlocks with any previously-deployed sheet piles 102B. Before the deployed sheet pile is
dropped, the self-contained soil stabilization system may ensure alignment between the
deployed sheet pile and a previously-deployed sheet pile, such that the sheet pile may
interlock with the previously-deployed sheet pile, as discussed in more detail below with
reference to FIGs. 10-22. In the embodiment shown in FIG. 3, the payload gripper is
configured to release the deployed sheet pile to the underlying soil. The controller is
configured to transmit a command to the locomotion motors 22 to move the self-contained
soil stabilization system forward so that the deployed pile can be grasped in the aligner 70 to
which the vibratory hammer 60 is coupled. In such an embodiment, the aligner is configured
as a driving gripper which is used to drive the deployed sheet pile into the underlying soil. In
other embodiments, the vibratory hammer may be coupled to the payload gripper so that the

payload gripper is configured as a driving gripper. In such an embodiment, the payload
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gripper may regrasp the deployed pile after the deployed pile is released and the regrasped
pile may be further driven into the soil.

[0052] FIG. 4 shows a rear perspective view of the self-contained soil stabilization
system of FIG. 1 as a deployed sheet pile 102A during a driving process. In the state shown
in FIG. 4, the deployed pile 102A has been released by the payload gripper 50 so that the
deployed pile is aligned with one or more previously-deployed piles 102B. The deployed pile
102A rests against the underlying soil as the controller transmits a command to the
locomotion motors 22 to move the self-contained soil stabilization system forward until the
deployed sheet pile is aligned with the aligner 70 which is configured as a driving gripper.
Once aligned with the aligner, the independent suspension elements 14 and linear actuators
20 may be used to adjust the height of the chassis relative to the deployed sheet pile, for
example, upon receipt of a suspension command from the controller. That is, the linear
actuators 20 may increase the vertical distance between the wheels 24 and the chassis 12 to
increase the height of the chassis relative to the deployed pile 102A, as shown in FIG. 5. Of
course, while the linear actuators are configured to adjust a vertical distance in the
embodiment of FIG. 4, the linear actuators may be used to adjust any suitable distance in any
suitable direction which results in height change of the self-contained soil stabilization
system relative to the deployed pile. For example, if the wheels were coupled to the chassis
12 by a diagonal independent suspension members (i.e., out of angular alignment from a local
gravitational direction), adjustment of the diagonal distance may be used to adjust the relative
height of the chassis of the self-contained soil stabilization system.

[0053] In the state shown in FIG. 5, the linear actuators 20 of the soil stabilization
system 10 have vertically moved the wheels 24 away from the chassis 12 so that the chassis
is higher relative to the deployed pile 102A and underlying soil. As each of the independent
suspension elements 14 includes an individual linear actuator 20, the vertical distance
between each of the wheels and the chassis may be individually adjusted. Accordingly, the
chassis of the self-contained soil stabilization system may maintain a level orientation relative
to a local gravitational direction, even where the local terrain is uneven. Such an arrangement
may promote consistent deployment of the payload and any manipulation of the payload
(e.g., driving piles). Once the height of the chassis has been adjusted to the position shown in

FIG. 5, the aligner 70 (configured as a driving gripper) may be closed around the deployed
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pile, pressing the deployed pile into the vibratory hammer 60. When the driving gripper has
been secured to the deployed pile, the controller may transmit a suspension command to each
of the linear actuators to reduce the vertical distance between the wheels and the chassis,
thereby distributing some portion of the weight of the self-contained soil stabilization system
from the wheels to the pile. As the weight of the self-contained soil stabilization system is at
least partially supported by the deployed sheet pile 102A, the vibratory hammer 60 may be
activated (e.g., simultaneously), for example, upon receipt of a vibration command from the
controller, thereby transmitting vertical vibrations to the deployed pile to assist in driving the
pile. Supporting some portion of the weight of the self-contained soil stabilization system
may provide sufficient force to move the pile vertically into the underlying soil, for example,
without requiring the entirety of the weight of the self-contained soil stabilization system to
be supported by the deployed pile or the activation of the vibratory hammer. Of course, while
a vibratory hammer is shown employed in the embodiment of FIG. 5, any suitable
arrangement may be employed to assist the driving of the deployed pile when the weight of
the self-contained soil stabilization system is supported by the deployed pile. Suitable
arrangements include, but are not limited to, drop hammers and pneumatic hammers.

[0054] In some cases, when the pile is driven for the first time, the pile may not be
fully driven to a desirable depth. In such cases, it may be desirable to repeat the driving
process by grasping another region of the deployed pile which is higher than the originally
grasped region. That is, the controller may command the driving gripper (e.g., aligner 70) to
release the deployed pile, whereupon the controller transmits a suspension command to the
linear actuators 20 to increase the vertical distance between the wheels and the chassis. Once
the chassis is in a higher position relative to the deployed pile and a local gravity direction,
the controller may command the driving gripper to grasp the deployed pile at a second region
higher than a first region. Once the deployed pile is regrasped, the controller may transmit a
suspension command to the linear actuators 20 to reduce the vertical distance between the
wheels and the chassis, distributing at least some portion of the weight of the self-contained
soil stabilization system from the wheels to the deployed pile for a second time. The
controller may transmit a vibration command to the vibratory hammer 60 so that vibrations

are transmitted to the deployed pile, further driving the deployed pile into the soil. The
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process may be repeated until the deployed pile has been driven a desired depth into the
underlying soil.

[0055] Without wishing to be bound by theory, the percentage of the weight of the
self-contained soil stabilization system that is supported by the deployed pile is a function of
how much force is required for the pile to overcome the resistance of the soil, and the
constant speed at which the chassis is lowered. For example, in very loose soil, it may be the
case that driving the pile into the soil at the speed governed by the actuators which lower the
chassis uses only 40% of the weight of the self-contained soil stabilization system, while
firmer soil might use 80% or more. Any remaining portion of the weight of the self-contained
soil stabilization system that is not transferred to the pile will be supported by the one or
more wheels or other locomotors. In some cases, the resistance of the soil and speed at which
the chassis is lowered may result in the self-contained soil stabilization system coming out of
contact with the underlying soil. In such a case, 100% of the weight of the self-contained soil
stabilization system may be supported from the deployed pile. In some embodiments, the
percentage of total soil stabilization system weight supported from the deployed pile may be
greater than or equal to about 40%, 50%, 60%, 70%, 80%, 90%, 99%, or any other
appropriate percentage. Correspondingly, the percentage of total soil stabilization system
weight supported from the deployed pile may be less than 50%, 60%, 70%, 80%, 90%, 95%,
100%, or any other appropriate percentage. Combinations of the above noted ranges are
contemplated, including 60% and 80%, 80% and 100%, and 70% and 100%. Of course, the
percentage of weight supported from the deployed pile may be any suitable percentage
including percentages both greater and less than those noted above.

[0056] FIG. 6 is a flowchart of a process for operating a self-contained soil
stabilization system to deploy and drive a series of at least one sheet pile in accordance with
some embodiments. In act 200, the self-contained soil stabilization system locomotes its
chassis to a suitable location for driving a new pile. Depending on whether act 200 is
performed as the initiation of a new series of sheet piles or the continuation of an existing
series of sheet piles, act 202 is performed. That is, if this is a continuation or extension of an
existing series of sheet piles, an aligner is deployed to adjust the position of the chassis
relative to a previously deployed pile in act 202. In act 204, a pile is deployed from a hopper
disposed on a chassis. The hopper may be deployed by a payload gripper which removes the
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pile from the hopper, or may be deployed directly by the hopper. The pile may be deployed
upon receipt of a hopper command from a controller at one or more actuators responsible for
deploying the pile. In act 206, the pile is driven according the sequence described in FIG. 7,
repeating as many cycles as necessary to drive the pile to the desired depth. In act 208, the
self-contained soil stabilization system (or, in some embodiments, a remote or local operator)
determines whether additional piles should be driven by determining whether additional sheet
piles are available in the hopper. In the case that the payload has been depleted, the self-
contained soil stabilization system returns (e.g., locomotes) to a supply cache in act 212 to
refill its payload and could optionally continue on a second deployment. If the payload is not
yet depleted, it is determined in act 214 whether there is a suitable location for a next pile to
be deployed (e.g. the length of one pile ahead in a continuous series). If there is a suitable pile
driving location, the process of FIG. 6 may be repeated. In the case that no suitable location
for driving a pile can be determined, the task is deemed complete and the self-contained soil
stabilization returns to the supply cache in act 216 to await further instruction.

[0057] FIG. 7 illustrates a process for operating a self-contained soil stabilization
system to grasp or regrasp and drive a deployed pile in accordance with some embodiments.
In act 216, a distance (e.g., a vertical distance) between the chassis and at least one wheel of
the self-contained soil stabilization system is adjusted to a first distance. That is, the chassis
of the soil stabilization system is lifted relative to the underlying soil and the deployed pile.
The first distance may be appropriate for aligning the chassis with previously-deployed piles,
for navigating terrain, or for any other suitable function, as the present disclosure is not so
limited. In act 218, the pile is either grasped with the gripper for the first time or regrasped in
a second region which is gravitationally above the first region which was grasped in a
previous cycle. In act 220, the vertical distance between the chassis and at least one wheel is
adjusted to the second distance to distribute some portion of the weight from the wheels onto
the deployed pile. In act 222, which may be performed simultaneously with act 220, the pile
is vibrated with the vibratory hammer to drive the deployed pile into the underlying soil.
Once the pile is sufficiently driven and the weight of the self-contained soil stabilization
system is once again fully supported by its wheel, the pile is released from the gripper in act
224. In act 226, it is determined whether the pile has been driven to an overall target depth. In

the case that the pile has not reached the overall target depth, the process shown in FIG. 7
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may be repeated as many times as desirable to drive a deployed pile to a suitable depth. In the
case that the pile has reached the overall target depth, the process may return to act 206 of
FIG. 6. Various factors may affect the number of drive cycles, including the ultimate desired
depth and the predefined intended vertical interval between regrasping, which may be
encoded in the form of notches cut into the pile. The first and second distance or any other
suitable factor may be modified depending on the amount of driving which is desirable for a
given pile, as the present disclosure is not so limited.

[0058] FIG. 8 illustrates a process for human-assisted operation of a self-contained
soil stabilization system. According to the process of FIG. 8, a human may operate a self-
contained soil stabilization system of exemplary embodiments described herein. For example,
a human may control a soil stabilization system with a user interface, which may be disposed
on a handheld controller, portable control panel, remote computer, web server, or any other
suitable device which may communicate with the soil-stabilization system via a wired (e.g.,
serial, Ethernet, etc.) or wireless interface (e.g., satellite, cellular network, 802.15.4 RF,
Bluetooth, WiFi, etc.). Accordingly, the human operating the soil stabilization system may be
local to the operational site or remote from the operational site. In some embodiments, a
human may control multiple self-contained soil stabilization systems simultaneously. This
may be achieved by implementing semi-autonomous features or functions of the soil
stabilization system so that direct control is not necessary. Additionally, a human controlled
soil stabilization system or semi-autonomous system may accomplish all of the tasks of a
fully autonomous system. In act 228, the self-contained soil stabilization system is
commanded to locomote to a pile driving location with a user interface. In act 230, the soil
stabilization system is optionally commanded to engage a previously deployed pile to adjust
the position of the chassis of the soil stabilization system. In act 232, the soil stabilization
system is commanded to deploy a pile from a hopper disposed on the chassis of the soil
stabilization system. In act 234, the soil stabilization system is commanded to drive the pile
in accordance with the process of FIG. 7. In act 236, it may be determined by the human
operator whether there are additional piles to drive. In the case that there are not additional
piles, the soil stabilization system may be commanded to return to a supply cache in act 238.
In the case that there are additional piles in the hopper, the human operator may determine

whether there is another pile driving location. In the case there is, the process of FIG. 8 may
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be repeated. In the case that there is not another location, the soil stabilization system may be
commanded to return to the supply cache in act 242. Any of the acts shown in FIG. § may be
automated or semi-automated, as the present disclosure is not so limited.

[0059] FIG. 9 shows a front elevation view of a sheet pile 102 which may be
employed as a payload for a soil stabilization system in accordance with some embodiments.
As shown in FIG. 9, the sheet pile includes a body 104 and a plurality of notches 106
disposed on either transverse side of the body. The body includes a central portion 110 and
two side portions 111 which are angled relative to the central portion (for example, see FIGs.
10-11). The sheet pile has an overall longitudinal length A which may be selected based on a
particular soil stabilization target site. In some embodiments, the bottom of the pile is tapered
to a point to facilitate soil penetration. Without wishing to be bound by theory, the piles may
offer additional soil stability based on the depth of driving. Accordingly, the overall length of
the pile may at least partly determine how deeply the pile can be driven which affects the soil
stability provided in the target site. Other factors may be considered when selecting an
appropriate longitudinal length A, including soil compaction, hydration, pile thickness, and
payload capacity of the soil stabilization, among other suitable factors. As shown in FIG. 9,
the notches 106 each have a notch length B. The notches and the notch length B may be
configured to assist a gripper in grasping the sheet pile. As shown in FIG. 9, the notches are
configured to assist a gripper grasping the sheet pile along the transverse sides. The notches
include an inclined side 107A and a catch 107B. The catch 107B assists a gripper in
transmitting force toward a bottom portion of the pile (i.e., in a driving direction) and may be
angled upward to ensure the gripper jaws 54 are not able to slip off of the catch during
driving. The inclined side increases the range of tolerance, such that the jaws 54 can
successfully grip the pile even if their vertical position is somehow offset slightly from its
intended position. In some embodiments, when a gripper releases the sheet pile but will
regrasp to continue driving, the gripper may stay in contact with the sheet pile as the gripper
is moved up the transverse sides of the sheet pile, sliding over the inclined sides 107A.
Alternatively, the gripper may be loosened such that it forms a cage around the pile without
touching it directly. Once the gripper is moved past an inclined side, the gripper is

commanded to close into a catch 107B and may be used to apply a driving force to the pile.
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Accordingly, the sheet pile of FIG. 9 may be driven in increments or multiples of the notch
length B.

[0060] FIG. 10 is a top plan view of the sheet pile 102 of FIG. 9. As shown in FIG.
10, the side portions 111 are angled relative to the central portion 110. In the embodiment of
FIG. 10, the side portions are parallel to one another. Each end of the of the side portions 111
includes an interlocking slot 108. The interlocking slots are configured to allow the sheet
piles to be interlocked with one another in a line along the transverse axis of the sheet pile.
As shown in FIG. 10, the sheet pile has a transverse width C and a thickness D. Without
wishing to be bound by theory, the inclined side portions may be utilized as an aligning
feature to align the sheet piles with the chassis of the soil stabilization system. For example,
an alignment gripper which grasps the sheet pile in a thickness direction of the sheet piles
may have a shape with corresponds to the central portion and side portions, so that the sheet
pile is centered in the alignment gripper as a result of normal contact forces with the central
portion 110 and inclined side portions 111.

[0061] FIG. 11 is a top plan view of another embodiment of a sheet pile 102. The
sheet pile also includes a central portion 110 and two side portions 111. On the ends of the
side portions are interlocking slots 108 which allow the sheet pile to be interlocked with other
sheet piles in a line. The central portion of FIG. 11 extends along the transverse axis of the
sheet pile, and the side portions extend at an incline from the central portion. Accordingly, an
aligner (e.g., an alignment gripper) with a shape that corresponds to the shape of the sheet
pile may passively center the sheet pile in the aligner. Accordingly, in cases where the sheet
pile has been driven and the aligner is mounted to a chassis of a soil stabilization system, the
shape of the sheet pile may align the chassis with the sheet pile. That is, the transverse and/or
longitudinal axis of the chassis may be aligned with the transverse and/or thickness axis of
the sheet pile. Such an arrangement may assist with deploying sheet piles in an interlocking
fashion, as the alignment of a previously-deployed sheet pile and a deployed sheet pile may
be reliably promoted.

[0062] FIGs. 12-13 show one embodiment of a driving gripper 50 which is
configured as a payload gripper. As shown in FIG. 12, the payload gripper 50 is coupled to a
vibratory hammer 60. The vibratory hammer includes first and second counter-rotating

eccentric masses 62A, 62B. The masses are rotated in the direction shown by the arrows, so
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that vertical vibrations are created while horizontal (i.e., transverse) vibrations are canceled
out. Two jaws 54 of the payload gripper are configured to grasp the sheet pile on transverse
sides of the sheet pile. According to the embodiment shown in FIG. 12, the jaws are linked by
a jaw actuator 56 which moves the jaws together or apart to correspondingly grasp or release
a sheet pile. FIG. 13 shows the driving gripper grasping a sheet pile 102. As shown in FIG.
13, the jaws are closed around the transverse sides of the sheet pile 102 and are seated in
notches 106 disposed on the transverse sides of the sheet pile. Accordingly, when some
portion of weight is supported by the payload gripper, the vibratory hammer may be activated
and the weight and vibrations transmitted to the sheet pile in a driving direction (i.e., down
relative to the page) to drive the pile into underlying soil.

[0063] FIGs. 14-15 show a plurality of the sheet piles 102 of FIG. 9 deployed in soil.
As shown in FIG. 14, the sheet piles are deployed in a linear manner, contacting the adjacent
sheet pile(s) along the transverse edge of the sheet pile. A majority of the length of the sheet
pile is in the soil, so that a majority of the deployed sheet piles is under the surface of the soil.
As shown in FIG. 15, the sheet piles are interlocked with one another along a transverse edge.
That is, the interlocking slots of adjacent sheet piles are coupled together so the plurality of
sheet piles better resist forces in the thickness and transverse directions. Of course, the
interlocking slots may be arranged in any suitable manner to better resist forces in any
desirable direction, as the present disclosure is not so limited. Such an arrangement may also
be beneficial in constructing ecological control structures such as check dams.

[0064] FIG. 16 is a top plan view of a plurality of the sheet piles of FIG. 11 deployed
in soil. Similarly to the sheet piles shown in FIGs. 14-15, the sheet piles have interlocking
slots which are coupled to one another along the transverse sides of the sheet piles. With the
interlocking slots coupled, the plurality of sheet piles better resist force in the transverse and
thickness directions, as the strength of an individual sheet pile is combined with the adjacent
sheet piles. A plurality of sheet piles may be deployed linearly in a continuous fashion by a
soil stabilization system until, for example, the soil stabilization system is out of sheet piles to
deploy.

[0065] FIGs. 17-18 show a top view of the self-contained soil stabilization system 20
of FIG. 1 during an alignment and/or driving process. As discussed previously, according to

the depicted embodiment the driving gripper is integrated into an aligner 70 of the soil
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stabilization system. As shown in FIG. 17, the aligner 70 includes a vibratory hammer 60 and
alignment jaw 72. The alignment jaw is movable by a linear actuator 74 toward or away from
the vibratory hammer. As discussed previously, the vibratory hammer includes two counter-
rotating eccentric masses 62 which are rotated by a vibratory motor 64 upon receipt of a
vibration command from a controller. As shown in FIG. 17, the alignment jaw 72 is shaped
correspondingly to the top profile of sheet piles 102A, 102B carried as a payload 100 of the
soil stabilization system. In the state shown in FIG. 17, the aligner may be operated to align
the chassis with a linear array of previously-deployed piles in the case where the deployed
pile is already driven, or may be used to drive a pile as discussed previously with reference to
FIGs. 2-5. As shown in FIG. 17, the deployed pile 102A has been driven and interlocked with
previously-deployed piles 102B. Accordingly, the aligner may be used to align the chassis 12
of the soil stabilization system with the linear array of deployed piles. As shown in FIG. 17,
the alignment jaw 72 has a shape which corresponds to a top profile shape of the deployed
piles, shaped similar to those shown in FIGs. 10 and 15. Accordingly, when the alignment
jaw closes the deployed sheet pile 102A in between the alignment jaw 72 and the vibratory
hammer 60, the chassis may be moved as the deployed sheet pile is stationary as a result of
being disposed in the underlying soil and/or interlocking with the previously-driven pile.
[0066] FIG. 18 shows the alignment jaw 72 closed on the deployed sheet pile 102A in
order to center and align the chassis with the deployed sheet pile. The alignment jaw has been
moved toward the vibratory hammer, grasping the deployed sheet pile between the vibratory
hammer and the alignment jaw. Without wishing to be bound by theory, the grasping of the
top profile of the sheet pile results in the alignment and centering of the chassis as a result of
the normal contact forces between the alignment jaw and the sheet pile. That is, the chassis
12 of the soil stabilization system is moved until the alignment jaw is substantially flush with
the sheet pile. When the alignment jaw is flush with the sheet pile top profile, the longitudinal
axis of the chassis may be aligned with the transverse axis of the linear array of the deployed
sheet piles. Additionally, the chassis may be moved such that the payload gripper 50 is
aligned with the deployed sheet pile 102A, so that when the next sheet pile is deployed the
interlocking slots are aligned without further movement by the soil stabilization system.
[0067] FIG. 19 depicts an enlarged view of one embodiment of deployed sheet pile
102A in the process of interlocking with another sheet pile 102B. As shown in FIG. 19, the
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previously-deployed sheet pile 102B is disposed in underlying soil. An aligner of the soil
stabilization system has aligned the soil stabilization system with the previously-deployed
pile, so that the deployed sheet pile 102A is in alignment with the previously-deployed pile.
That is, the interlocking slot 108B of the previously-deployed pile is aligned with the
interlocking slot 108A of the deployed sheet pile so that when the deployed sheet pile 102A
is dropped the interlocking slots are coupled. Thus, the aligner may promote reliable
interlocking between the deployed sheet pile and previously-deployed sheet pile without
adjusting the position of the deployed sheet pile directly. The deployed sheet pile 102A and
previously-deployed sheet pile 102B may be aligned using any suitable arrangement,
including movable grippers, as the present disclosure is not so limited.

[0068] FIGs. 20-21 are perspective views of one embodiment of an aligner 70 and
sheet pile 102. In contrast to the aligner shown in FIGs. 17-18, the aligner of FIGs. 20-21 is a
passive component with no movable jaw. That is, the aligner may be mounted on a chassis of
the soil stabilization system, and the movement of the chassis may be used to align the
chassis with any previously-deployed sheet piles. As shown in FIG. 20, the aligner includes a
first concave slot 76 extending in a first direction and a second concave slot 77 extending in a
second direction. Both slots are linked by continuous inclined surfaces 78A, 78B on either
side of the slot. According to the embodiment shown in FIGs. 20-21, the aligner may be
mounted on the chassis of a soil stabilization system with the first concave slot and second
concave slots facing a downward direction relative to gravity. As the aligner is mounted to
the chassis of the soil stabilization system, it may be moved up and downward relative to the
wheels via one or more independent suspension elements. The aligner of FIGs. 20-21 is
configured to be positioned over a top convex portion 112 of a sheet pile 102, and lowered by
the independent suspension elements to align and center the chassis relative to the previously-
deployed sheet pile. As the top convex portion 112 of the sheet pile 102 has a shape which
corresponds to the shape of the concave slots, the chassis of the soil stabilization system may
be centered and aligned with the previously-deployed sheet pile as the chassis is lowered.
[0069] FIG. 21 depicts the aligner 70 mated with a previously-deployed sheet pile
102. As shown in FIG. 21, the top convex portion 112 of the sheet pile is disposed in the first
concave slot 76 and second concave slot 77. As a result of the normal contact forces with the

inclined surfaces 78A, 78B, the sheet pile is aligned and centered within the first and second
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concave slots. Thus, the aligner may align the chassis with a previously-deployed sheet pile.
Although an aligner with a first concave slot and a second concave slot extending in different
directions is shown in FIGs. 20-21, any suitable number of slots extending in any suitable
direction may be employed, as the present disclosure is not so limited.

[0070] FIG. 22 is a side elevation view of one embodiment of a self-contained soil
stabilization system 10 including the aligner 70 of FIGs. 20-21 during an alignment process.
According to the embodiment shown in FIG. 22, the payload gripper (not shown) of the self-
contained soil stabilization system is a driving gripper which grasps the sheet piles and
suspends the soil stabilization system from a deployed sheet pile to drive the sheet pile. The
aligner is disposed on the chassis with the first concave slot 76 and second concave slot 77
oriented in a downward direction toward the previously-deployed sheet piles 102B. As shown
in FIG. 22, the slot 76 is oriented toward the convex top portion 112 of the previously-
deployed sheet pile. Accordingly, when the independent suspension elements 14 lower the
chassis 12 via linear actuators 20 (e.g., upon receipt of a suspension command from a
controller), the aligner will contact the top convex portion 112 and align the chassis with the
previously-deployed pile. When the aligner is in contact with the previously-deployed sheet
pile, another sheet pile may be deployed from the payload 100 (e.g., via the payload gripper)
and fall with interlocking slots on the newly-deployed sheet pile and previously-deployed
sheet pile interlocking. Thus, a continuous line of interlocked sheet piles may be reliably
driven by the self-contained soil stabilization system. According to the embodiment shown in
FIG. 22, each of the piles includes a pointed tip 114 which may assist in soil penetration.
[0071] Based on exemplary embodiments described herein, an experimental self-
contained soil stabilization system was built and tested. In order to quantitatively characterize
the soil stabilization pile driving abilities, a testing arena was constructed. The experiments
for characterizing performance were conducted in an artificial sandbox filled with coarse
sand. The sand was tested in an uncompacted state. The sandbox was 48cm deep, though
piles were never driven more than 40cm, thereby avoiding edge effects near the bottom of the
sandbox. The performance measures considered in these exemplary experiments were the
depth to which a pile was driven and the force required to remove it afterwards. Three series
of trials were conducted in order to evaluate the effects of modifying eccentric weight, bias

weight, and frequency of a vibratory hammer. Each trial was halted once the resistance of the
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sand could no longer be overcome by the soil stabilization system, with one or more of the
wheels starting to lift off of the surface of the sand. As shown in FIG. 23, the driven depth
was then measured and recorded for a variety of exemplary configurations. The measured
results indicate that increasing any of the three parameters may result in approximately linear
gains in the driven depth over this range. However, turning the hammer off (e.g., by setting
the frequency of the hammer to 0 RPM) may result in reduced performance, demonstrating
the effectiveness of the vibratory hammer compared to pressure alone. As shown in FIG. 24,
measurements were also taken of the upward force required to extract the driven pile from the
sandbox. Increasing the values of the eccentric weight, bias weight, and vibration frequency
each resulted in approximately linear increases in the force required to extract the driven pile.
[0072] FIG. 25 depicts another embodiment of a self-contained soil stabilization
system 10 including a tank 180 for carrying a payload 100 of a chemical or biological soil
stabilization agent. As shown in FIG. 25, the tank is attached to a chassis 12 which is
supported by wheels 24. The tank includes an access port 182 which may be used to fill the
tank with a fluidic payload (e.g., from a supply cache). According to the embodiment of FIG.
25, the self-contained soil stabilization system includes a nozzle 184 coupled to a nozzle base
186 which may be used to deliver the soil stabilization agent to the underlying soil. The
nozzle base may pressurize or otherwise facilitate the conduction of the contents of the tank
180 to the nozzle 184. In some embodiments, the nozzle base may be controllable to allow
the nozzle 184 to be steered or directed for more effective spreading or directed application
of a soil stabilization agent. The nozzle 184 may be any suitable nozzle which spreads or
directs a flow of a soil stabilization agent to underlying soil.

[0073] FIG. 26 depicts a top plan view of another embodiment of a self-contained soil
stabilization system 10. According the embodiment of FIG. 26, the chassis 12 is U-shaped to
allow partially driven or otherwise tall piles to be driven and released without interference
from the chassis. As shown in FIG. 26, the chassis includes an opening 13 through which
previously deployed piles 102B and a deployed pile 102A may fit. Accordingly, regardless of
the height of the pile relative to the chassis, the deployed pile 102A or previously deployed
piles 102B will not interfere with the locomotion of the self-contained soil stabilization
system. For example, once a pile is driven, the chassis of the self-contained soil stabilization

system does not need to be lifted as the chassis may locomote forward as the deployed sheet
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pile passes through the opening 13. Such an arrangement may also be beneficial for
reengaging previously deployed piles for extraction when the pile is high enough to interfere
with the chassis. For example, a self-contained soil stabilization system may be reversed so
that a previously deployed pile or other object enters the opening 13 where it may be engaged
centrally by a payload gripper 50.

[0074] According to the embodiment of FIG. 26, the payload gripper 50 is configured
as a driving gripper. That is, the vibratory hammer 60 is coupled to the payload gripper so
that when the payload gripper grasps a pile from the hopper 30, the payload gripper may be
subsequently used to drive the pile in accordance with exemplary embodiments described
herein. Additionally, as shown in FIG. 26, payload gripper jaws 54 are mounted on a payload
gripper base 55 which is moveable toward or away from the hopper 30 on two guide rails 57.
Of course, as discussed previously, any suitable arrangement of the jaws 54 of the payload
gripper may be employed with or without the payload gripper base 55, as the present
disclosure is not so limited.

[0075] FIGs. 27-28 depict one embodiment of a self-contained soil stabilization
system during a pile extraction process. In some cases, it may be desirable to extract
previously or partially driven piles in cases where an obstacle (e.g., a rock) prevents suitable
driving or when soil stabilization is no longer desired. Accordingly, a gripper of the self-
contained soil stabilization system may be used to grasp and extract the piles using a process
which is inverse to that described with reference to FIG. 7. According to the embodiment
shown in FIGs. 27-28, the self-contained soil stabilization system includes a payload gripper
50 which may be used to retrieve a pile from the hopper, drive the retrieved pile, and extract a
previously or partially deployed pile. Of course, in other embodiments, a separate extraction
gripper or another gripper such as an alignment gripper may be employed to grasp and extract
a previously or partially deployed pile, as the present disclosure is not so limited. Such an
arrangement may be beneficial in the state shown in FIG. 27, where the piles overlap each
other sufficiently to inhibit grasping along their transverse sides. Nevertheless, as shown in
FIG. 28, a partially-deployed pile 102C may be grasped by the jaws 54 of the payload gripper
50. Once grabbed, linear actuators 20 may lift a chassis 12 of the self-contained soil
stabilization system so that the grasped pile is removed at least partially from the underlying

soil. Once the chassis 12 has reached its maximum height, the pile may be released.
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Depending on the depth of the pile, the chassis may be lowered and the process repeated as
necessary in order to extract the previously deployed pile. In some embodiments, the payload
gripper may be configured to replace the pile in a hopper so that it may be stored and used
again at another target pile location. In other embodiments, the payload gripper may be
configured to hold the extracted pile for deployment at another target location.

[0076] FIG. 29 depicts another embodiment of a self-contained soil stabilization
system 10 during a pile extraction process. As shown in FIG. 29, each of the previously
deployed piles 102B includes a first extraction catch 116A and a second extraction catch
116B. The extraction catches may be configured to allow the previously deployed pile to be
grasped along its transverse sides by jaws 54 of a payload gripper 50. Accordingly, a fully
deployed pile which is interlocked with other previously deployed piles may be extracted by
the payload gripper as the extraction catches provide space for the jaws 54 to grasp the pile.
Of course, any suitable arrangement of the gripper and extraction catches may be employed,
as the present disclosure is not so limited.

[0077] FIG. 30 is a front elevation view of another embodiment of a driving gripper
including two opposing jaws 54. According to the embodiment shown in FIG. 30, each of the
jaws includes a gripper attachment 200. The gripper attachments are coupled to the opposing
jaws 54 such that the gripper attachments engage a pile or other elongated material when the
jaws are closed. As discussed above, when the jaws engage a pile, they may do so to apply
force to the grasped pile to drive the pile into an underlying surface. A pile may take a variety
of different forms for different driving applications. As discussed with reference to previous
embodiments described herein, sheet piles may be employed with a driving gripper.
According to the embodiment of FIG. 30, the driving gripper is configured to grasp and drive
rebar 204. Each of the gripper attachments 200 includes a recess 202 with a pattern of ridges
matching a corresponding ridge pattern on the rebar. Such an arrangement may improve the
force transmission between the gripper attachments and the rebar 204 when the rebar is
grasped by the jaws 54 so that the rebar is securely held.

[0078] FIG. 31 is a front elevation view of yet another embodiment of a driving
gripper including two opposing jaws 54. Similar to the embodiment of FIG. 30, the jaws 54
each include gripper attachments 210. The gripper attachments 210 are configured to

facilitate grasping and driving of a non-symmetrical T-bar 214. To facilitate grasping of the
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non-symmetric T-bar 214, one of the gripper attachments includes holes 212 while the other
of the gripper attachments includes a slot 213. The holes and slot of the gripper attachments
are configured to each engage different portions of the T-bar 214 such that the T-bar is
securely held between the jaws 54 when the jaws are closed.

[0079] FIG. 32 is a front elevation view of yet another embodiment of a driving
gripper including opposing jaws 54. Similar to the embodiments of FIGs. 30 and 31, the jaws
54 include gripper attachments 220 configured to facilitate grasping different types of piles or
otherwise elongated materials. According to the embodiment of FIG. 32, the gripper
attachments include a plurality of angular teeth 222. The angular teeth may be well suited for
grasping a wooden post 224 of various dimensions. The angular teeth may be formed of a
rigid material (e.g., metal, plastic, etc.) which may bite into the wood when the jaws 54 are
closed to facilitate a secure grasp of the wooden post. The angles of the teeth may allow the
gripping force to be stronger when applying force (e.g., driving force) to the wooden post 224
in one direction. Such an arrangement may allow the gripper attachments to remain secure on
the wooden post 224 while driving the wooden post into an underlying surface, while
allowing the gripper attachments to release when the jaws are moved apart 54 or the driving
gripper is otherwise moved in an opposite direction relative to the post. While specific
gripper attachments and materials are shown in FIGs. 30-32, it should be noted that other
suitable gripper attachments and driven materials may be employed with the systems
according to embodiments described herein, as the present disclosure is not so limited.

[0080] The above-described embodiments of the technology described herein can be
implemented in any of numerous ways. For example, the embodiments may be implemented
using hardware, software or a combination thereof. When implemented in software, the
software code can be executed on any suitable processor or collection of processors, whether
provided in a single computer or distributed among multiple computers. Such processors may
be implemented as integrated circuits, with one or more processors in an integrated circuit
component, including commercially available integrated circuit components known in the art
by names such as CPU chips, GPU chips, microprocessor, microcontroller, or co-processor.
Alternatively, a processor may be implemented in custom circuitry, such as an ASIC, or
semicustom circuitry resulting from configuring a programmable logic device. As yet a

further alternative, a processor may be a portion of a larger circuit or semiconductor device,



WO 2020/132472 PCT/US2019/067899

=27 -

whether commercially available, semi-custom or custom. As a specific example, some
commercially available microprocessors have multiple cores such that one or a subset of
those cores may constitute a processor. Though, a processor may be implemented using
circuitry in any suitable format.

[0081] Further, it should be appreciated that a computer may be embodied in any of a
number of forms, such as a rack-mounted computer, a desktop computer, a laptop computer,
or a tablet computer. Additionally, a computer may be embedded in a device not generally
regarded as a computer but with suitable processing capabilities, including a Personal Digital
Assistant (PDA), a smart phone or any other suitable portable or fixed electronic device.
[0082] Also, a computer may have one or more input and output devices. These
devices can be used, among other things, to present a user interface. Examples of output
devices that can be used to provide a user interface include printers or display screens for
visual presentation of output and speakers or other sound generating devices for audible
presentation of output. Examples of input devices that can be used for a user interface include
keyboards, and pointing devices, such as mice, touch pads, and digitizing tablets. As another
example, a computer may receive input information through speech recognition or in other
audible format.

[0083] Such computers may be interconnected by one or more networks in any
suitable form, including as a local area network or a wide area network, such as an enterprise
network or the Internet. Such networks may be based on any suitable technology and may
operate according to any suitable protocol and may include wireless networks, wired
networks or fiber optic networks.

[0084] Also, the various methods or processes outlined herein may be coded as
software that is executable on one or more processors that employ any one of a variety of
operating systems or platforms. Additionally, such software may be written using any of a
number of suitable programming languages and/or programming or scripting tools, and also
may be compiled as executable machine language code or intermediate code that is executed
on a framework or virtual machine.

[0085] In this respect, the embodiments described herein may be embodied as a
computer readable storage medium (or multiple computer readable media) (e.g., a computer

memory, one or more floppy discs, compact discs (CD), optical discs, digital video disks
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(DVD), magnetic tapes, flash memories, circuit configurations in Field Programmable Gate
Arrays or other semiconductor devices, or other tangible computer storage medium) encoded
with one or more programs that, when executed on one or more computers or other
processors, perform methods that implement the various embodiments discussed above. As is
apparent from the foregoing examples, a computer readable storage medium may retain
information for a sufficient time to provide computer-executable instructions in a non-
transitory form. Such a computer readable storage medium or media can be transportable,
such that the program or programs stored thereon can be loaded onto one or more different
computers or other processors to implement various aspects of the present disclosure as
discussed above. As used herein, the term "computer-readable storage medium" encompasses
only a non-transitory computer-readable medium that can be considered to be a manufacture
(i.e., article of manufacture) or a machine. Alternatively or additionally, the disclosure may
be embodied as a computer readable medium other than a computer-readable storage
medium, such as a propagating signal.

[0086] The terms “program” or “software” are used herein in a generic sense to refer
to any type of computer code or set of computer-executable instructions that can be employed
to program a computer or other processor to implement various aspects of the present
disclosure as discussed above. Additionally, it should be appreciated that according to one
aspect of this embodiment, one or more computer programs that when executed perform
methods of the present disclosure need not reside on a single computer or processor, but may
be distributed in a modular fashion amongst a number of different computers or processors to
implement various aspects of the present disclosure.

[0087] Computer-executable instructions may be in many forms, such as program
modules, executed by one or more computers or other devices. Generally, program modules
include routines, programs, objects, components, data structures, etc. that perform particular
tasks or implement particular abstract data types. Typically the functionality of the program
modules may be combined or distributed as desired in various embodiments.

[0088] Also, data structures may be stored in computer-readable media in any suitable
form. For simplicity of illustration, data structures may be shown to have fields that are
related through location in the data structure. Such relationships may likewise be achieved by

assigning storage for the fields with locations in a computer-readable medium that conveys



WO 2020/132472 PCT/US2019/067899

-9 .

relationship between the fields. However, any suitable mechanism may be used to establish a
relationship between information in fields of a data structure, including through the use of
pointers, tags or other mechanisms that establish relationship between data elements.

[0089] Various aspects of the present disclosure may be used alone, in combination,
or in a variety of arrangements not specifically discussed in the embodiments described in the
foregoing and is therefore not limited in its application to the details and arrangement of
components set forth in the foregoing description or illustrated in the drawings. For example,
aspects described in one embodiment may be combined in any manner with aspects described
in other embodiments.

[0090] Also, the embodiments described herein may be embodied as a method, of
which an example has been provided. The acts performed as part of the method may be
ordered in any suitable way. Accordingly, embodiments may be constructed in which acts are
performed in an order different than illustrated, which may include performing some acts
simultaneously, even though shown as sequential acts in illustrative embodiments.

[0091] While the present teachings have been described in conjunction with various
embodiments and examples, it is not intended that the present teachings be limited to such
embodiments or examples. On the contrary, the present teachings encompass various
alternatives, modifications, and equivalents, as will be appreciated by those of skill in the art.

Accordingly, the foregoing description and drawings are by way of example only.
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CLAIMS

A self-contained soil stabilization system comprising:

a chassis;

at least one motor coupled to the chassis and configured to actuate a locomotor
configured to move the chassis;

a hopper disposed on the chassis and configured to contain a payload
configured to stabilize soil; and

a controller configured to transmit a hopper command to cause a portion of the

payload to be deployed.

The self-contained soil stabilization system of claim 1, wherein the controller is
further configured to transmit a locomotion command to the at least one motor to

locomote the chassis along a ground surface.

The self-contained soil stabilization system of claim 2, wherein the self-contained soil
stabilization system includes at least one sensor configured to sense a condition
external to the system, and to provide an input to the controller in response to sensing
the condition, wherein the controller is configured to automatically transmit the

hopper command and/or the locomotion command based at least in part on the input.

The self-contained soil stabilization system of claim 1, wherein the payload includes a

pile, sheet pile, tubular pile, or chemical soil stabilization agent.

The self-contained soil stabilization system of claim 1, wherein the locomotor

comprises a wheel, track, or leg.

The self-contained soil stabilization system of claim 1, further comprising a power
source, wherein the self-contained soil stabilization system is a unitary system not

physically connected to any external systems.
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A pile driving system comprising:
a chassis;

at least one locomotor configured to locomote the chassis along a ground

surface;

10.

11.

at least one motor coupled to the chassis and the at least one locomotor,
wherein the at least one motor is configured to actuate the at least one locomotor to
locomote the chassis along the ground surface;

a hopper disposed on the chassis and configured to contain one or more piles;

a controller configured to transmit a hopper command to the hopper to cause
at least one of the one or more piles to be deployed, wherein the hopper is further
configured to release at least one of the one or more piles in response to receiving the
hopper command; and

a gripper configured to retrieve the at least one pile from the hopper upon

receipt of the hopper command.

The pile driving system of claim 7, further comprising a vibratory hammer configured
to induce vibration in the gripper, wherein the controller is further configured to
transmit a vibration command to the vibratory hammer to induce vibration in the

gripper using the vibratory hammer.

The pile driving system of claim 8, wherein the vibratory hammer is disposed on the

gripper.

The pile driving system of claim 8, wherein the at least one locomotor comprises at

least three wheels.

The pile driving system of claim 10, wherein each of the at least three wheels includes
an independent suspension element which operatively couples the wheel to the
chassis, and wherein the at least one motor comprises a first motor coupled to a first
wheel of the at least three wheels and a second motor coupled to a second wheel of

the at least three wheels.
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The pile driving system of claim 11, wherein each of the independent suspension
elements includes an actuator configured to adjust a distance between the wheel to

which it is coupled and the chassis.

The pile driving system of claim 12, wherein the actuator is an electro-mechanical

linear actuator or a hydraulic actuator.

The pile driving system of claim 12, wherein the independent suspension element is
configured to reduce the distance between the wheel to which it is coupled and the
chassis when the gripper has grasped the deployed at least one pile so that at least
50% of the weight of the pile driving system is supported from the deployed at least

one pile.

The pile driving system of claim 14, wherein the independent suspension element is
configured to reduce the distance between the wheel to which it is coupled and the
chassis when the gripper has grasped the deployed at least one pile so that at least
90% of the weight of the pile driving system is supported from the deployed at least

one pile.

The pile driving system of claim 14, wherein the controller is configured to transmit a
vibration command to the vibratory hammer to induce vibration in the gripper when

the weight of the pile driving system is supported from the deployed at least one pile.

The pile driving system of claim 16, wherein the vibration command is transmitted
simultaneously with the independent suspension element reducing the distance
between the wheel to which it is coupled and the chassis when the gripper has grasped

the deployed at least one pile.

The pile driving system of claim 11, wherein the gripper is configured to grasp a

previously deployed pile, and wherein the independent suspension element is
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configured to increase the distance between the wheel to which it is coupled and the
chassis when the gripper has grasped the previously deployed pile to at least partially

extract the previously deployed pile.

The pile driving system of claim 18, wherein the previously deployed pile includes at

least one extraction catch configured to mate with the gripper.

The pile driving system of claim 8, wherein the gripper is configured to grasp a first
region of the deployed pile, wherein the controller is configured to transmit a
vibration command to the vibratory hammer when the first region is grasped by the
gripper, and wherein the gripper is further configured to release the first region after

vibration has been induced in the gripper.

The pile driving system of claim 20, wherein the gripper is further configured to grasp
a second region of the deployed pile after the first region is released, wherein the
controller is configured to transmit a vibration command to the vibratory hammer
when the second region is grasped by the gripper, and wherein the gripper is further

configured to release the second region after vibration has been induced in the

gripper.

The pile driving system of claim 20, wherein the second region is disposed vertically

above the first region relative to a local gravity direction.

The pile driving system of claim 20, wherein each of the one or more piles includes a
plurality of notches disposed on each of the two side portions and configured to mate

with the gripper.

The pile driving system of claim 7, wherein the controller is further configured to
transmit a locomotion command to the at least one motor to locomote the chassis

along the ground surface.
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The pile driving system of claim 24, wherein the self-contained soil stabilization
system includes at least one sensor configured to sense a condition external to the
system, and to provide an input to the controller in response to sensing the condition,
wherein the controller is configured to automatically transmit the hopper command

and/or the locomotion command based at least in part on the input.

The pile driving system of claim 7, wherein the one or more piles are a plurality of

sheet piles.

The pile driving system of claim 7, wherein the chassis is U-shaped.

The pile driving system of claim 7, wherein the controller is configured to receive
input from a user interface, and wherein the user interface is configured to receive

input from a human operator.

The pile driving system of claim 28, wherein the user interface is disposed on a

remote computer, portable control panel, or handheld controller.

A self-contained soil stabilization system comprising:

a chassis;

at least one wheel configured to support the chassis on a ground surface and to
allow for locomotion of the chassis along the ground surface;

an independent suspension element operatively coupled to the at least one
wheel to the chassis and configured to selectively adjust a distance between the at
least one wheel and the chassis upon receipt of a suspension command;

at least one motor coupled to the chassis and the at least one wheel, wherein
the at least one motor is configured to actuate the at least one wheel to move the
chassis along the ground surface;

a hopper disposed on the chassis and configured to contain a payload for

stabilizing soil; and
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a controller configured to transmit a suspension command to adjust the
distance between the at least one wheel and the chassis and transmit a hopper
command to cause a portion of the payload to be deployed,

wherein the hopper is configured to deploy at least a portion of the payload in

response to receiving the hopper command.

The self-contained soil stabilization system of claim 30, wherein the at least one
wheel comprises at least three wheels, wherein each of the at least three wheels
includes an independent suspension element configured to adjust the distance between

the wheel to which it is coupled and the chassis.

The self-contained soil stabilization system of claim 31, wherein the at least one
motor comprises two motors, each of which is operatively coupled to one of the at

least three wheels.

The self-contained soil stabilization system of claim 31, wherein the at least one
motor comprises at least three motors, each of which is operatively coupled to one of

the at least three wheels.

The self-contained soil stabilization system of claim 31, wherein the independent
suspension element includes an actuator configured to adjust the distance between the

wheel to which it is coupled and the chassis.

The self-contained soil stabilization system of claim 34, wherein the actuator is an

electro-mechanical linear actuator or a hydraulic actuator.

The self-contained soil stabilization system of claim 30, wherein the controller is
configured to transmit the suspension command to the independent suspension

element to orient the chassis horizontal relative to a local gravity direction.
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The self-contained soil stabilization system of claim 30, wherein the controller is
configured to transmit the suspension command to the independent suspension
element to reduce the distance between the wheel to which it is coupled and the

chassis when the portion of the payload is deployed.

The self-contained soil stabilization system of claim 37, further comprising a gripper
configured to grasp the portion of the payload from the hopper, wherein reducing the
distance between the wheel and the chassis when the gripper has grasped the payload
supports at least 50% of the weight of the self-contained soil stabilization system from

the portion of the payload.

The self-contained soil stabilization system of claim 38, wherein reducing the distance
between the wheel and the chassis when the gripper has grasped the portion of the
payload so that at least 90% of the weight of the self-contained soil stabilization

system is supported from the portion of the payload.

A pile driving system comprising:

a chassis;

a hopper disposed on the chassis and configured to contain one or more sheet
piles, wherein each of the one or more sheet piles includes a central portion and two
side portions extending from the central portion at an incline;

a controller configured to transmit a hopper command to the hopper to cause
one of the one or more sheet piles to be deployed, wherein the hopper is configured to
release one of the one or more sheet piles in response to receiving the hopper
command;

a payload gripper configured to grasp the sheet pile from the hopper; and

an aligner to align the deployed sheet pile and the previously-driven sheet pile.

The pile driving system of claim 40, wherein the aligner includes an alignment

gripper configured to grasp a previously-driven sheet pile.
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The pile driving system of claim 41, wherein the alignment gripper comprises two
jaws, wherein at least one of the two jaws has a shape corresponding to at least one

profile of the one or more sheet piles.

The pile driving system of claim 42, wherein the alignment gripper further comprises
a linear actuator configured to adjust a distance between the two jaws to grasp the

previously-driven sheet pile.

The pile driving system of claim 43, wherein when the two jaws grasp the previously-
driven sheet pile, the two jaws orient and move the chassis to align the deployed sheet

pile with the previously-driven sheet pile.

The pile driving system of claim 41, wherein each of the one or more sheet piles
includes an interlocking slot disposed on each of the two side portions, wherein the
interlocking slot is configured to mate with corresponding interlocking slots on other
sheet piles, wherein the alignment gripper is configured to align the interlocking slots

of the deployed sheet pile and previously-driven sheet pile.

The pile driving system of claim 41, wherein each of the one or more sheet piles
includes a plurality of notches disposed on each of the two side portions configured to

mate with the driving gripper.

The pile driving system of claim 40, wherein each of the one or more sheet piles

includes an upper convex surface configured to mate with the aligner.

The pile driving system of claim 47, wherein the aligner includes a concave notch

configured to receive the upper convex surface.

The pile driving system of claim 40, wherein the aligner includes a notch extending in
at least two directions, wherein each of the one or more sheet piles extends in at least

two transverse directions corresponding to the at least two directions.
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50. A method for operating a self-contained soil stabilization system, the method
comprising:
adjusting a distance between a chassis and at least one wheel of the self-
contained soil stabilization system to a first distance;
releasing a pile from a hopper disposed on the chassis;
grasping the pile with a gripper;
adjusting the distance between the chassis and the at least one wheel to a
second distance after the pile is grasped with the gripper, wherein the second distance
is less than the first distance;
vibrating the pile with a vibratory hammer; and

releasing the pile from the gripper.

51. The method of claim 50, further comprising adjusting the distance between the

chassis and the at least one wheel to the first distance after the pile is released.

52. The method of claim 51, further comprising:
re-grasping the pile with the gripper;
adjusting the distance between a chassis and the at least one wheel to the
second distance after the pile is re-grasped with the gripper;
vibrating the pile with the vibratory hammer a second time; and

releasing the pile from the gripper a second time.

53. The method of claim 50, wherein adjusting the distance between a chassis and the at
least one wheel to the second distance includes supporting at least 50% of the weight

of the self-contained soil stabilization system from the pile.

54. The method of claim 53, wherein adjusting the distance between a chassis and the at
least one wheel to the second distance includes supporting at least 90% of the weight

of the self-contained soil stabilization system from the pile.
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intermmational Searching Authority found multiple inventions in this international application, as follows:
-*- See Extra Sheet -*-

l. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

u

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

1-39

Remark on Protest I:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-39, directed to a self-contained soil stabilization system comprising at least one motor and at least one locomotor.
Group |I: Claims 40-49, directed to a pile driving system comprising an aligner.

Group lIl: Claims 50-54, directed to a method for operating a self-contained soil stabilization system comprising a vibratory hammer.

The inventions listed as Groups I-1ll do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

SPECIAL TECHNICAL FEATURES

The invention of Group | includes the special technical feature of a self-contained soil stabilization system comprising at least one motor
and at least one locomotor, not required by the claims of Groups 1I-11.

The invention of Group |l includes the special technical feature of a pile driving system comprising an aligner, not required by the claims
of Groups | and Iil.

The invention of Group Il includes the special technical feature of a method for operating a self-contained soil stabilization system
comprising a vibratory hammer, not required by the claims of Groups I-Ii.

COMMON TECHNICAL FEATURES

Groups |-l share the common technical features of a pile driving system comprising:

a chassis;

a hopper disposed on the chassis and configured to contain one or more piles;

a controller configured to transmit a hopper command to cause at least one or more piles to be deployed;

a gripper configured to retrieve at least one or more piles from the hopper upon receipt of the hopper command.

However, this shared technical feature does not represent a contribution over prior art as being anticipated by JP 2007040059 A to JFE
KOKEN CORP et al. (hereinafter "JFE"), which JFE discloses a pile driving system (1, pg. 9; pg. 12; para0021], "the sheet pile
transporting and setting device 1 includes a bogie 2, a bogie frame 3, a main girder 4, a front support 5, a first carrier 6, a second carrier
7, a sheet pile catcher 8, a sheet pile driving machine 9, and a hydraulic pressure. It has a power plant 10 having a device and a
generator 10a") comprising:

a chassis (2, 3, pg. 12);

a hopper (16, 19, 61, pg. 11, pg. 12) disposed on the chassis (2, 3, pg. 12) and configured to contain one or more piles (60, pg. 12;
para[0030], "a bundle of the piled sheet piles 60 is shown in FIG. 127 Therefore, the bundle of the sheet piles 60 mounted on the sheet
pile holding table 16 is fixed by operating the chuck mechanism 19 provided below the sheet pile holding table 16 away from the roller
conveyor") (NOTE: Intended use}); )

a controller (para[0037], "the sheet pile transporting/driving apparatus 1 is moved, and the sheet pile 60 is repeatedly transported,
dropped, and driven within a predetermined range" -- see how a controller would be needed to operate the pile driving system)
configured to transmit a hopper command to cause at least one or more piles (60, pg. 12) to be deployed (pg. 12 -- see how the pile 60
is moved from the hopper 16 to be deployed) (NOTE: intended use);

a gripper (8, 65, pg. 12; para[0038), "the case where the sheet pile 60 loaded on the sheet pile holding table 16 is gripped by the sheet
pile catcher 8 and conveyed and dropped into the excavation groove is described, but as shown in FIG. Holding and transporting the
sheet pile 60 with a sheet pile clamper 65 having a hydraulic cylinder 64, as shown in FIG. 15 (b)") configured to retrieve at least one or
more piles (60, pg. 12) from the hopper (16, 19, pg. 12) upon receipt of the hopper command (NOTE: Intended use).

Therefore, Groups I-lll lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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