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[0002]

[0003]

AUTONOMOUS DEPLOYING GEOPHYSICAL CABLES

BACKGROUND

Recently, with the development of the Distributed Acoustic Sensing (DAS)
technology, optical cables became not only data transfer channels but the seismic
sensor by themselves. To obtain better ground coupling and an environmental noise
reduction, the geophysical cables must be buried underground. Conventional methods
for deploying geophysical cables use trenching or cable ploughing machines in
shallow trenches in telecommunication and geoscience. However, the conventional
methods are difficult or impossible in the areas with loose sand such as sand dunes in
the remote desert regions or in coastal silt areas. There are also limited attempts to
automate this process utilizing robotics. Accordingly, there is a need of automation
of the deployment of geophysical cables for the geophysical data acquisition in sand
dunes or coastal silt areas for data transmission or sensing underground in the remote

sand dunes areas.

SUMMARY

This summary is provided to introduce a selection of concepts that are further
described below in the detailed description. This summary is not intended to identify
key or essential features of the claimed subject matter, nor is it intended to be used as

an aid in limiting the scope of the claimed subject matter.

In general, in one aspect, embodiments disclosed herein relate to a system for
autonomously deploying geophysical cables in sand dunes. The system comprises a
surface station positioned at the sand dunes, one or more subsurface burrowing robots
comprising a distributed acoustic sensing (DAS) geophysical cables laying robot, and
a geo-locating radio system (GLRS). The one or more subsurface burrowing robots is
configured to dig in the sand dunes to a target depth located between a base of the
sand dunes and a base of loose sand, autonomously move under a surface of the loose
sand along a predefined path, exchange data with the surface station via an unspooling
cable, and receive commands from the surface station via the unspooling cable. The
GLRS is configured to transmit telemetry data, from the one or more subsurface

burrowing robots to the surface station. The GLRS comprises a first GLRS positioned
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[0005]

[0006]

[0007]

[0008]

[0009]

[0010]

on the base of the sand dunes and a second GLRS disposed on the one or more

subsurface burrowing robots.

In general, in one aspect, embodiments disclosed herein relate to a method for
autonomously deploying geophysical cables in sand dunes. The method comprises
positioning a surface station at the sand dunes, digging in the sand dunes, using one
or more subsurface burrowing robots including a distributed acoustic sensing (DAS)
geophysical cables laying robot, to a target depth located between a base of the sand
dunes and a base of loose sand, autonomously moving the one or more subsurface
burrowing robots under a surface of the loose sand along a predefined path,
exchanging data between the one or more subsurface burrowing robots and the surface
station via an unspooling cable, receiving commands, by the one or more subsurface
burrowing robots, from the surface station via the unspooling cable, and transmitting
telemetry data, by a geo-locating radio system (GLRS) from the one or more

subsurface burrowing robots to the surface station.

Other aspects and advantages of the claimed subject matter will be apparent

from the following description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows an overview of a system for autonomously deploying geophysical
cables in the sand dunes area in accordance with one or more embodiments of the

disclosure.

FIG. 2 shows a block diagram of a surface station controller in accordance with

one or more embodiments of the disclosure.

FIG. 3 shows a block diagram of a subsurface burrowing robot in accordance

with one or more embodiments of the disclosure.

FIG. 4 shows a block diagram of a robot controller in accordance with one or

more embodiments of the disclosure.

FIG. 5 shows an illustration of a process for autonomously deploying
geophysical cables in the sand dunes area in accordance with one or more

embodiments of the disclosure.
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[0011] FIG. 6 shows a flowchart of a process for autonomously deploying geophysical
cables in the sand dunes area in accordance with one or more embodiments of the

disclosure.

[0012] FIGs. 7A and 7B show a computing system in accordance with one or more

embodiments of the disclosure.

DETAILED DESCRIPTION

[0013] Specific embodiments of the present disclosure will now be described in detail
below with reference to the accompanying drawings. Like elements in the various

figures are denoted by like reference numerals for consistency.

[0014] In the following detailed description of embodiments of the disclosure,
numerous specific details are set forth to provide a more thorough understanding of
the invention. However, it will be apparent to a person having ordinary skill in the art
that the invention may be practiced without these specific details. In other instances,
well-known features have not been described in detail to avoid unnecessarily

complicating the description.

[0015] Throughout the application, ordinal numbers (e.g., first, second, third) may be
used as an adjective for an element (e.g., any noun in the application). The use of
ordinal numbers is not intended to imply or create a particular ordering of the elements

nor to limit any element to being only a single element unless expressly disclosed,

9% 6 2% 46

such as using the terms “before,” “after,” “single,” and other such terminology. Rather
the use of ordinal numbers is to distinguish between the elements. By way of an
example, a first element is distinct from a second element, and the first element may
encompass more than one element and may succeed (or precede) the second element

in an ordering of elements.

[0016] In general, embodiments of the disclosure provide a system and method for
autonomously deploying geophysical cables for data transmission or sensing
underground in the sand dunes characterized with loose sand such as in the remote
desert regions or in coastal silt (shallow water) areas. Embodiments of the disclosure

provide a fully autonomous system and method for geophysical cables deployment
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[0017)

[0018]

[0019]

[0020]

[0021]

utilizing one or more subsurface burrowing robots. A detailed description is

subsequently provided in reference to the figures.

FIG. 1 shows an overview of a system for autonomously deploying geophysical
cables in the sand dunes area in accordance with one or more embodiments of the
disclosure. The system 100 comprises a surface station 110 positioned at the sand
dunes, a geo-locating radio system (GLRS) 120, and one or more subsurface
burrowing robots 130. The surface station 110, the one or more subsurface burrowing
robots 130, and the GLRS 120 are subsequently described in FIG. 2, FIG. 3, and
FIG.5, respectively.

FIG. 2 shows a block diagram of a surface station controller in accordance with
one or more embodiments of the disclosure. The surface station controller 220
comprises a communication system 210, a cable deployment system 220, a navigation
and localization system 230, a mission manager 240, a database 250, a data storage
260, a graphical user interface (GUI) 270, and a mission planner 280. Each of these

components is subsequently described.

The communication system 210 is operatively connected to the mission
manager 240 and the cable deployment system 220. The communication system 210
is configured to provide the tasks and the movement trajectory, for deploying the
geophysical cables, to the one or more subsurface burrowing robots 130 based on the
ground map and the terrain data of the sand dunes. For example, the communication

system 210, may be a wireless communication system.

The cable deployment system 220 is operatively connected to the
communication system 210 and the mission manager 240. The cable deployment
system 220 is configured to deploy the geophysical cables without a risk of
entanglement with the one or more subsurface burrowing robots 130 or the obstacles

in the sand dunes.

The navigation and localization system 230 is operatively connected to the
mission manager 240 and the database 250. The navigation and localization system
230 is configured to get the positions of the one or more subsurface burrowing robots

130 and to geo-locate radio sources.
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[0022]

[0023]

[0024]

[0025]

[0026]

[0027)

The mission manager 240 is operatively connected to the communication
system 210, the cable deployment system 220, the navigation and localization system
230, the data storage 260, the GUI 270, and the mission planner 280. The mission
manager is configured to allow an operator 290 of the surface station 110 to oversee
the mission for deploying the geophysical cables as it unfolds by using the ground
map displayed on the GUI 270, to visualize real-time positions of the one or more
subsurface burrowing robots 130, to make corrections to the movement trajectory of
the one or more subsurface burrowing robots 130, and to check positions of the

deployed geophysical cables.

The database 250 operatively connected to the navigation and localization
system 230 and the mission planner 280. The database 250 is configured to store a

ground map and the terrain data of the sand dunes.

The data storage 260 is operatively connected to the mission manager 240 and
the GUI 270. The data storage 260 configured to store data of the mission for
deploying the geophysical cables, the data of the deployed geophysical cables, and

the telemetry data sent by the one or more subsurface burrowing robots 130.

The GUI 270 is operatively connected to the mission manager 240 and the
mission planner 280. The GUI 270 is configured to receive, from the operator 290 of
the surface station 110, the setting parameters of the mission for deploying the

geophysical cables.

The mission planner 280 is operatively connected to mission manager 240, the
database 250, and the GUI 270. The mission planner 280 prepares the tasks and the
movement trajectory for deploying the geophysical cables based on the ground map

and the terrain data of the sand dunes stored in the database 250 .

FIG. 3 shows a block diagram of a subsurface burrowing robot in accordance
with one or more embodiments of the disclosure. Each of the one or more subsurface
burrowing robots 130 comprises a mechanized head 302 at the frontal side, a body
304, a traction system 306, a rotational mechanism 308, a cable spool and unspooling
mechanism 310 disposed at a rear side, and a robot controller 308. Each of these

components is subsequently described.
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[0028]

[0029]

[0030]

[0031]

The mechanized head 302 is connected to the vibration actuator 318 to provide
a better penetration of the mechanized head 302 in the sand dunes. Each of the one or
more subsurface burrowing robots 130 creates space in the loose or slightly
compacted sand dunes with the special mechanized head 302. The special mechanized
head 302 comprises a reciprocating mechanism, a dual rotary drill bit, two or more

digging devices, and a granular fluidizing system, or any combination thereof.

The body 304 has a complex shape and comprises two or more segments
configured to provide undulating movements to the body and turns in space (i.e.,
multiplicity degrees of freedom for free movement in space) to each of the one or
more subsurface burrowing robots 130. Most of the body 304 may be cylindrical in
shape to provide better passability in the tunnel created by digging the sand dunes.
However, other components of the body (e.g., front, connecting, and back parts) may
be of any shape depending on the purpose of the mission. The body 304 may be
manufactured from various materials (e.g., plastic, carbon, composite, metal, flexible
materials, or any combination thereof) with the purpose of protecting the internal
systems of the one or more subsurface burrowing robots 130 (e.g., protection from
dirt, dust, and water) and ensuring the movement of the one or more subsurface
burrowing robots 130 underground without getting stuck and slipping. Various
components may be installed in the body 304. For example, actuators 312, at least

two batteries 314, and a vibration actuation 318 may be installed in the body 304,

The traction system 306 is located on the body 302. The traction system 306 is
configured to provide forward and backward movements to the one or more
subsurface burrowing robots 130. The traction mechanism 308 comprises two or
more actuators, two or more tracks, an extraction-contraction propulsion system, and
a soft robotics system, or any combination thereof. For example, while drilling into
denser layers, the traction system 308 may be fixed in the tunnel as a spacer to create
a support for efficient work of the mechanized head 302 which is equipped with the
reciprocating mechanism, then the mechanized head 302 moves forward or backward

using the traction system 306 and the undulating movements of the body 304.

The rotation mechanism 308 is disposed between two consecutive segments
and it is powered by two or more actuators. The construction of the two or more

segments and the rotation mechanism 206 provide the undulating movements to the

6
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[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

body 302 and the turns in 3D of the one or more subsurface burrowing robots 130.
For example, the rotation mechanism 310 may comprise a ball and socket joint system

which provides a three degree of freedom joint system.

The cable spool and unspooling mechanism 310 is configured to unspool the
unspooling cable while the one or more subsurface burrowing robots 130 is moving

along the predefined path in the sand dunes.

The robot controller 316 is disposed in the body. The robot controller 308 is
configured to control the autonomous operation and the navigation of the one or more
subsurface burrowing robots 130. The components of the robot controller 316 are

subsequently described by FIG.4.

FIG. 4 shows a block diagram of a robot controller in accordance with one or
more embodiments of the disclosure. The robot controller 316 comprises a power
supply system 410, two or more onboard sensors 420, a navigation and localization
system 430, a cable deployment system 440, a microcomputer 450, a motion
controller 460, a communication system 470, and a memory 480. Each of these

components is subsequently described.

The power supply system 410 is operatively connected to the microcomputer
450. The power supply system 410 comprises two or more batteries, two or more
power converters, and two or more actuators. The power supply system 410 provides
power to all systems of each of the one or more subsurface burrowing robots 130.

The power supply system 410 is controlled by the microcomputer 450.

The two or more onboard sensors 420 are operatively connected to the
microcomputer 450. The two or more onboard sensors 420 are configured to
determine the orientations of the one or more subsurface burrowing robots 130. The
two or more onboard sensors 420 comprise two or more inertial measurement unit
(IMU) sensors, two or more accelerometers, two or more gyroscopes, and two or

more compass sensors.

The navigation and localization system 430 is operatively connected to the
microcomputer 450. The navigation and localization system 430 is configured to get
the positions of the one or more subsurface burrowing robots 130 for localization in

the subsurface and to geo-locate radio sources. For example, The navigation and

7
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[0038]

[0039]

[0040]

[0041]

[0042)

[0043]

localization system 430 may comprise a time difference of arrival (TDOA) system, a
time of arrival (TOA) system, a magneto-inductive tracking system, and an inertial

navigation system, or any combination thereof.

The cable deployment system 440 is operatively connected to the
microcomputer 450. The cable deployment system 440 is configured to deploy the
geophysical cables without a risk of entanglement with the one or more subsurface

burrowing robots 130 or the obstacles in the sand dunes.

The microcomputer 450 is operatively connected to the power supply system
410, the two or more onboard sensors 420, the navigation and localization system
430, the cable deployment system 440, the motion controller 460, the communication
system 470, and the memory 480. The microcomputer 450 is configured to control

the autonomous operation and the navigation of the one or more subsurface burrowing
robots 130.

The motion controller 460 is operatively connected to the microcomputer 460.
The motion controller 460 is configured to manage the work of the two or more
actuators of the traction system 306, the two or more actuators of rotational
mechanism 308, and the vibration actuator 318 which is connected to the mechanized
head 302. The motion controller 460 is configured to provide the movement of the
one or more subsurface burrowing robots 130 in a given direction based on the data

obtained from the navigation and localization system 430.

The communication system 470 is operatively connected to the microcomputer
450. The communication system 470 is configured to wirelessly exchange data with
the surface station 110 and to wirelessly receive commands from the surface station

110.

The memory 480 is operatively connected to the microcomputer 450. The

memory 480 is configured to store telemetry data.

FIG. 5 shows an illustration of a process for autonomously deploying
geophysical cables in the sand dunes area in accordance with one or more
embodiments of the disclosure. The one or more subsurface burrowing robots 130
comprises a distributed acoustic sensing (DAS) geophysical cables laying robot. For

example, to facilitate the process of laying the geophysical cables, a smaller or bigger
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[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

subsurface burrowing robot may be launched first to loosen the sand dunes 510

followed by the DAS geophysical cables laying robot.

The one or more subsurface burrowing robots 130 is configured to dig in the
sand dunes 510 to a target depth located between a base of the sand dunes 520 and a
base of the loose sand 530, to autonomously move under a surface of the loose sand
along a predefined path, to exchange data with the surface station 110 via an
unspooling cable 540, and to receive commands from the surface station 110 via the

unspooling cable 540.

The GLRS 120 comprises a first GLRS 124 positioned on the base of the sand
dunes 520 and a second GLRS 128 disposed on the one or more subsurface burrowing
robots 130.The GLRS 120 is configured to transmit telemetry data, from the one or

more subsurface burrowing robots 130 to the surface station 110.

FIG. 6 shows a flowchart of a process for autonomously deploying geophysical
cables in the sand dunes area in accordance with one or more embodiments of the
disclosure. The process for autonomously deploying geophysical cables in the sand

dunes area may be performed on a computer system, as shown in FIG. 7A.

In step S600, the surface station 110 is positioned at the sand dunes 510. The
operator 290 of the surface station 110 sets the parameters of the mission for deploying
the geophysical cables using the GUI 270. The mission planner 280 prepares the tasks
and the movement trajectory for deploying the geophysical cables based on the ground

map and the terrain data stored in the database 250.

In step S610, the one or more subsurface burrowing robots 130 dig in the sand
dunes 510 to a target depth located between the base of the sand dunes 520 and the
base of the loose sand 530.

In step S620, the one or more subsurface burrowing robots 130 autonomously
moves under the surface of the loose sand along a predefined path. The operator 290
of the surface station 110, using the ground map displayed on the GUI 270, oversees
the mission as it unfolds and visualizes real-time positions of the one or more

subsurface burrowing robots 130.
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[0050]

[0051]

[0052]

[0053]

[0054)

In step S630, the one or more subsurface burrowing robots 130 exchange data
with the surface station 110 via the unspooling cable 540 and receive commands from
the surface station 110 via the unspooling cable 540. The exchange of data and the
reception of commands occur between the digging in the sand dunes to the target

depth and while moving along the predetermined path.

In step S640, telemetry data are transmitted by the one or more subsurface
burrowing robots 130 to the surface station 110 via the GLRS 120 GLRS 120
comprising the first GLRS 124 positioned on the base of the sand dunes 520 and the
second GLRS 128 disposed on the one or more subsurface burrowing robots 130. The
operator 290 of the surface station 110 makes corrections to the movement trajectory

of the one or more subsurface burrowing robots 130.

In step S645, the underground geophysical cables are deployed. The operator
290 of the surface station 110, using the ground map displayed on the GUI 270, checks
the positions of deployed the geophysical cables. The data of the mission, the

geophysical cables, and the telemetry data are stored in the data storage.

FIGs. 7A and 7B show a computing system in accordance with one or more
embodiments of the disclosure. The process for autonomously deploying geophysical
cables in the sand dunes area may be performed on a computing system, as shown in
FIGs. 7A and 7B. Any combination of mobile, desktop, server, router, switch,
embedded device, or other types of hardware may be used. For example, the
computing system 700 may include one or more computer processor(s) 705, a non-
persistent storage 710 (e.g., volatile memory, such as random access memory (RAM),
cache memory), a persistent storage 715 (e.g., a hard disk, an optical drive such as a
compact disk (CD) drive or digital versatile disk (DVD) drive, a flash memory, etc.),
a communication interface 720 (e.g., Bluetooth interface, infrared interface, network

interface, optical interface, etc.), and numerous other elements and functionalities.

The computer processor(s) 705 may be an integrated circuit for processing
instructions. For example, the computer processor(s) 705 may be one or more cores
or micro-cores of a processor. The computing system 700 may also include one or
more input device(s) 725, such as a touchscreen, keyboard, mouse, microphone,

touchpad, electronic pen, or any other type of input device.

10
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[0056]

[0057]

[0058]

The communication interface 720 may include an integrated circuit for
connecting the computing system 700 to a network (not shown) (e.g., a local area
network (LAN), a wide area network (WAN) such as the Internet, mobile network, or
any other type of network) and/or to another device, such as another computing

device.

The computing system 700 may further includes one or more output device(s)
730, such as a screen (e.g., a liquid crystal display (LCD), a plasma display,
touchscreen, cathode ray tube (CRT) monitor, projector, or other display device), a
printer, external storage, or any other output device. One or more of the output devices
may be the same or different from the input device(s). The input device(s) 725 and
the output device(s) 730 may be locally or remotely connected to the computer
processor(s) 705, the non-persistent storage 710, and the persistent storage 715. Many
different types of computing systems exist, and the aforementioned input device(s)

725 and output device(s) 730 may take other forms.

Software instructions in the form of computer readable program code to perform
embodiments of the disclosure may be stored, in whole or in part, temporarily or
permanently, on a non-transitory computer readable medium such as a CD, DVD,
storage device, a diskette, a tape, flash memory, physical memory, or any other
computer readable storage medium. Specifically, the software instructions may
correspond to computer readable program code that, when executed by a processor(s),

is configured to perform one or more embodiments of the disclosure.

The computing system 700 in FIG. 7A may be connected to or be a part of a
network. For example, as shown in FIG. 7B, the network 740 may include multiple
nodes (e.g., node X 742, node Y 744). Each node may correspond to a computing
system, such as the computing system shown in FIG. 7A, or a group of nodes
combined may correspond to the computing system shown in FIG. 7A. By way of an
example, embodiments of the disclosure may be implemented on a node of a
distributed system that is connected to other nodes. By way of another example,
embodiments of the disclosure may be implemented on a distributed computing
system having multiple nodes, where each portion of the disclosure may be located

on a different node within the distributed computing system. Further, one or more

11
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[0060]
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elements of the aforementioned computing system 700 may be located at a remote

location and connected to the other elements over a network.

Although not shown in FIG. 7B, the node may correspond to a blade in a server
chassis that is connected to other nodes via a backplane. By way of another example,
the node may correspond to a server in a data center. By way of another example, the
node may correspond to a computer processor or micro-core of a computer processor

with shared memory and/or resources.

The nodes (e.g., node X 742, node Y 744) in the network 740 may be configured
to provide services for a client device 746. For example, the nodes may be part of a
cloud computing system. The nodes may include functionality to receive requests
from the client device 746 and transmit responses to the client device 746. The client
device 746 may be a computing system, such as the computing system shown in FIG.
7A. Further, the client device 746 may include and/or perform all or a portion of one

or more embodiments of the disclosure.

The computing system or group of computing systems described in FIGs. 7A
and 7B may include functionality to perform a variety of operations disclosed herein.
For example, the computing system(s) may perform communication between
processes on the same or different systems. A variety of mechanisms, employing
some form of active or passive communication, may facilitate the exchange of data
between processes on the same device. Examples representative of these inter-process
communications include, but are not limited to, the implementation of a file, a signal,
a socket, a message queue, a pipeline, a semaphore, shared memory, message passing,
and a memory-mapped file. Further details pertaining to a couple of these non-

limiting examples are provided below.

Based on the client-server networking model, sockets may serve as interfaces
or communication channel end-points enabling bidirectional data transfer between
processes on the same device. Foremost, following the client-server networking
model, a server process (e.g., a process that provides data) may create a first socket
object. Next, the server process binds the first socket object, thereby associating the
first socket object with a unique name and/or address. After creating and binding the

first socket object, the server process then waits and listens for incoming connection

12
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requests from one or more client processes (e.g., processes that seek data). At this
point, when a client process wishes to obtain data from a server process, the client
process starts by creating a second socket object. The client process then proceeds to
generate a connection request that includes at least the second socket object and the
unique name and/or address associated with the first socket object. The client process
then transmits the connection request to the server process. Depending on availability,
the server process may accept the connection request, establishing a communication
channel with the client process, or the server process, busy in handling other
operations, may queue the connection request in a buffer until the server process is
ready. An established connection informs the client process that communications may
commence. In response, the client process may generate a data request specifying the
data that the client process wishes to obtain. The data request is subsequently
transmitted to the server process. Upon receiving the data request, the server process
analyzes the request and gathers the requested data. Finally, the server process then
generates a reply including at least the requested data and transmits the reply to the
client process. The data may be transferred, more commonly, as datagrams or a stream

of characters (e.g., bytes).

Shared memory refers to the allocation of virtual memory space in order to
substantiate a mechanism for which data may be communicated and/or accessed by
multiple processes. In implementing shared memory, an initializing process first
creates a shareable segment in persistent or non-persistent storage. Post creation, the
initializing process then mounts the shareable segment, subsequently mapping the
shareable segment into the address space associated with the initializing process.
Following the mounting, the initializing process proceeds to identify and grant access
permission to one or more authorized processes that may also write and read data to
and from the shareable segment. Changes made to the data in the shareable segment
by one process may immediately affect other processes, which are also linked to the
shareable segment. Further, when one of the authorized processes accesses the
shareable segment, the shareable segment maps to the address space of that authorized
process. Often, one authorized process may mount the shareable segment, other than

the initializing process, at any given time.
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[0064]

[0065]

[0066]

[0067]

Other techniques may be used to share data, such as the various data described
in the present application, between processes without departing from the scope of the
disclosure. The processes may be part of the same or different application and may

be executed on the same or different computing system.

Rather than or in addition to sharing data between processes, the computing
system 700 performing one or more embodiments of the disclosure may include
functionality to receive data from a user. For example, in one or more embodiments,
a user may submit data via a graphical user interface (GUI) on the user device. Data
may be submitted via the graphical user interface by a user selecting one or more
graphical user interface widgets or inserting text and other data into graphical user
interface widgets using a touchpad, a keyboard, a mouse, or any other input device.
In response to selecting a particular item, information regarding the particular item
may be obtained from persistent or non-persistent storage by the computer
processor(s) 705. Upon selection of the item by the user, the contents of the obtained
data regarding the particular item may be displayed on the user device in response to

the user’s selection.

By way of another example, a request to obtain data regarding the particular
item may be sent to a server operatively connected to the user device through a
network. For example, the user may select a uniform resource locator (URL) link
within a web client of the user device, thereby initiating a Hypertext Transfer Protocol
(HTTP) or other protocol request being sent to the network host associated with the
URL. In response to the request, the server may extract the data regarding the
particular selected item and send the data to the device that initiated the request. Once
the user device has received the data regarding the particular item, the contents of the
received data regarding the particular item may be displayed on the user device in
response to the user’s selection. Further to the above example, the data received from
the server after selecting the URL link may provide a web page in Hyper Text Markup
Language (HTML) that may be rendered by the web client and displayed on the user

device.

Once data is obtained, such as by using techniques described above or from
storage, the computing system 700, in performing one or more embodiments of the

disclosure, may extract one or more data items from the obtained data. For example,
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[0068]

[0069]

the extraction may be performed as follows by the computing system 700 in FIG. 7A.
First, the organizing pattern (e.g., grammar, schema, layout) of the data is determined,
which may be based on one or more of the following: position (e.g., bit or column
position, Nth token in a data stream, etc.), attribute (where the attribute is associated
with one or more values), or a hierarchical/tree structure (consisting of layers of nodes
at different levels of detail—such as in nested packet headers or nested document
sections). Then, the raw, unprocessed stream of data symbols is parsed, in the context
of the organizing pattern, into a stream (or layered structure) of tokens (where each

token may have an associated token “type”).

Next, extraction criteria are used to extract one or more data items from the
token stream or structure, where the extraction criteria are processed according to the
organizing pattern to extract one or more tokens (or nodes from a layered structure).
For position-based data, the token(s) at the position(s) identified by the extraction
criteria are extracted. For attribute/value-based data, the token(s) and/or node(s)
associated with the attribute(s) satisfying the extraction criteria are extracted. For
hierarchical/layered data, the token(s) associated with the node(s) matching the
extraction criteria are extracted. The extraction criteria may be as simple as an
identifier string or may be a query presented to a structured data repository (where the
data repository may be organized according to a database schema or data format, such
as XML).

The extracted data may be used for further processing by the computing system.
For example, the computing system 700 of FIG. 7A, while performing one or more
embodiments of the disclosure, may perform data comparison. Data comparison may
be used to compare two or more data values (e.g., A, B). For example, one or more
embodiments may determine whether A > B, A = B, A != B, A < B, etc. The
comparison may be performed by submitting A, B, and an opcode specifying an
operation related to the comparison into an arithmetic logic unit (ALU) (i.e., circuitry
that performs arithmetic and/or bitwise logical operations on the two data values).
The ALU outputs the numerical result of the operation and/or one or more status flags
related to the numerical result. For example, the status flags may indicate whether the
numerical result is a positive number, a negative number, zero, etc. By selecting the

proper opcode and then reading the numerical results and/or status flags, the
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[0070]

[0071]

[0072]

comparison may be executed. For example, in order to determine if A > B, B may be
subtracted from A (i.e., A - B), and the status flags may be read to determine if the
result is positive (i.e., if A> B, then A - B > 0). In one or more embodiments, B may
be considered a threshold, and A is deemed to satisfy the threshold if A = B or if
A > B, as determined using the ALU. In one or more embodiments of the disclosure,
A and B may be vectors, and comparing A with B includes comparing the first element
of vector A with the first element of vector B, the second element of vector A with
the second element of vector B, etc. In one or more embodiments, if A and B are

strings, the binary values of the strings may be compared.

The computing system in FIG. 7A may implement and/or be connected to a
data repository. For example, one type of data repository is a database. A database is
a collection of information configured for ease of data retrieval, modification, re-
organization, and deletion. Database Management System (DBMS) is a software
application that provides an interface for users to define, create, query, update, or

administer databases.

The user, or software application, may submit a statement or query into the
DBMS. Then the DBMS interprets the statement. The statement may be a select
statement to request information, update statement, create statement, delete statement,
etc. Moreover, the statement may include parameters that specify data, or data
container (database, table, record, column, view, etc.), identifier(s), conditions
(comparison operators), functions (e.g. join, full join, count, average, etc.), sort (e.g.
ascending, descending), or others. The DBMS may execute the statement. For
example, the DBMS may access a memory buffer, a reference or index a file for read,
write, deletion, or any combination thereof, for responding to the statement. The
DBMS may load the data from persistent or non-persistent storage and perform
computations to respond to the query. The DBMS may return the result(s) to the user

or software application.

The computing system 700 of FIG. 7A may include functionality to present raw
and/or processed data, such as results of comparisons and other processing. For
example, presenting data may be accomplished through various presenting methods.
Specifically, data may be presented through a user interface provided by a computing

device. The user interface may include a GUI that displays information on a display
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[0075]

[0076]
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device, such as a computer monitor or a touchscreen on a handheld computer device.
The GUI may include various GUI widgets that organize what data is shown as well
as how data is presented to a user. Furthermore, the GUI may present data directly to
the user, e.g., data presented as actual data values through text, or rendered by the
computing device into a visual representation of the data, such as through visualizing

a data model.

For example, a GUI may first obtain a notification from a software application
requesting that a particular data object be presented within the GUI. Next, the GUI
may determine a data object type associated with the particular data object, e.g., by
obtaining data from a data attribute within the data object that identifies the data object
type. Then, the GUI may determine any rules designated for displaying that data
object type, e.g., rules specified by a software framework for a data object class or
according to any local parameters defined by the GUI for presenting that data object
type. Finally, the GUI may obtain data values from the particular data object and
render a visual representation of the data values within a display device according to

the designated rules for that data object type.

Data may also be presented through various audio methods. In particular, data
may be rendered into an audio format and presented as sound through one or more

speakers operably connected to a computing device.

Data may also be presented to a user through haptic methods. For example,
haptic methods may include vibrations or other physical signals generated by the
computing system. For example, data may be presented to a user using a vibration
generated by a handheld computer device with a predefined duration and intensity of

the vibration to communicate the data.

The above description of functions presents only a few examples of functions
performed by the computing system 700 of FIG. 7A and the nodes and/or client device
746 in FIG. 7B. Other functions may be performed using one or more embodiments

of the disclosure.

Embodiments of the present disclosure may provide at least one of the following
advantages. Embodiments of the disclosure may provide a partial automation for

geophysical data acquisition in sand dunes or coastal silt areas, reduce the operational
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cost of geophysical data acquisition in sand dunes or coastal silt areas, improve safety
and reduce the required labor exposure related to the geophysical data acquisition in
sand dunes or coastal silt areas, and applications in the field of land data acquisition

and processing.

[0078] Although only a few example embodiments have been described in detail above,
those skilled in the art will readily appreciate that many modifications are possible in
the example embodiments without materially departing from this invention.
Accordingly, all such modifications are intended to be included within the scope of

this disclosure as defined in the following claims.
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CLAIMS

What is claimed is:
1. A system for autonomously deploying geophysical cables in sand dunes, the system
comprising:
a surface station positioned at the sand dunes;
one or more subsurface burrowing robots comprising a distributed acoustic sensing
(DAS) geophysical cables laying robot and configured to:
dig in the sand dunes to a target depth located between a base of the sand dunes
and a base of loose sand,
autonomously move under a surface of the loose sand along a predefined path,
exchange data with the surface station via an unspooling cable, and
receive commands from the surface station via the unspooling cable; and
a geo-locating radio system (GLRS) configured to transmit telemetry data, from the
one or more subsurface burrowing robots to the surface station, wherein the GLRS
comprises:
a first GLRS positioned on the base of the sand dunes, and

a second GLRS disposed on the one or more subsurface burrowing robots.

2. The system according to claim 1, wherein the surface station comprises:
a surface station controller, comprising:

a database configured to store a ground map and terrain data of the sand dunes;

a mission planner operatively connected to the database, wherein the mission
planner prepares tasks and movement trajectory for deploying the
geophysical cables based on the ground map and the terrain data; and

a graphical user interface (GUI) operatively connected to the mission planner
and configured to receive, from an operator of the surface station, setting

parameters of a mission for deploying the geophysical cables.

3. The system according to claim 2, wherein the surface station further comprises:
a mission manager operatively connected to the GUI and the mission planner,

wherein the mission manager is configured to allow the operator to:
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oversee the mission as it unfolds by using the ground map displayed on
the GUI,

visualize real-time positions of the one or more subsurface burrowing
robots,

make corrections to the movement trajectory, and

check positions of the geophysical cables.

4. The system according to claim 3, wherein the surface station further comprises:

a communication system operatively connected to the mission manager and configured
to provide the tasks and the movement trajectory to the one or more subsurface
burrowing robots,

a cable deployment system operatively connected to the communication system and
the mission manager;

a navigation and localization system operatively connected to the mission manager and
the database; and

a data storage operatively connected to the mission manager, wherein the data storage

is configured to store:
data of the mission,
data of the geophysical cables, and
the telemetry data.

5. The system according to claim 1, wherein each of the one or more subsurface burrowing
robots further comprises:

a body, wherein the body comprises two or more segments configured to provide
undulating movements to the body and turns in space to the one or more subsurface
burrowing robots;

a rotational mechanism disposed between two consecutive segments and powered by
two or more actuators; and

a mechanized head at a frontal side connected to a vibration actuator, wherein the
mechanized head comprises:

a reciprocating mechanism,
a dual rotary drill bit,

two or more digging devices, and

20



WO 2024/258310 PCT/RU2023/000186

a granular fluidizing system.

6. The system according to claim 5, wherein each of the one or more subsurface burrowing
robots further comprises:

a traction system located on the body and configured to provide forward and backward
movements to the one or more subsurface burrowing robots, wherein the traction
system comprises:

two or more actuators,

two or more tracks,

an extraction-contraction propulsion system, and
a soft robotics system;

a cable spool and unspooling mechanism disposed at a rear side of the one or more
subsurface burrowing robots and configured to unspool the unspooling cable while
the one or more subsurface burrowing robots is moving along the predefined path;
and

a robot controller disposed in the body and configured to control autonomous operation

and navigation of the one or more subsurface burrowing robots.

7. The system according to claim 6, wherein the robot controller comprises:
a microcomputer configured to control autonomous operation and navigation of the
one or more subsurface burrowing robots; and
two or more onboard sensors operatively connected to the microcomputer and
configured to determine orientations of the one or more subsurface burrowing robots,
wherein the two or more onboard sensors comprise:
two or more inertial measurement unit (IMU) sensors,
two or more accelerometers,
two or more gyroscopes, and

two or more compass sensors.

8. The system according to claim 7, wherein the robot controller further comprises:
a power supply system operatively connected to the microcomputer, wherein the power
supply system comprises:
two or more bafteries,

two or more power converters, and
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two or more actuators; and

a cable deployment system operatively connected to the microcomputer.

9. The system according to claim 8, wherein the robot controller further comprises:

a navigation and localization system operatively connected to the microcomputer and
configured to get positions of the one or more subsurface burrowing robots and to geo-
locate radio sources, wherein the navigation and localization system comprises:

a time difference of arrival (TDOA) system,

a time of arrival (TOA) system,

a magneto-inductive tracking system, and

an inertial navigation system;
a communication system operatively connected to the microcomputer, wherein the
communication system is configured to:

wirelessly exchange data with the surface station, and

wirelessly receive commands from the surface station.

10. The system according to claim 9, wherein the robot controller further comprises:
a motion controller operatively connected to the microcomputer, wherein the motion
controller is configured to:
manage work of:
the two or more actuators of the traction system,
the two or more actuators of rotational mechanism, and
the vibration actuator connected to the mechanized head; and
provide movement of the one or more subsurface burrowing robots in a
direction based on data from the navigation and localization system; and
a memory operatively connected to the microcomputer and configured to store the

telemetry data.

11. A method for autonomously deploying geophysical cables in sand dunes, the method
comprising:
positioning a surface station at the sand dunes;
digging in the sand dunes, using one or more subsurface burrowing robots including a
distributed acoustic sensing (DAS) geophysical cables laying robot, to a target

depth located between a base of the sand dunes and a base of loose sand;
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autonomously moving the one or more subsurface burrowing robots under a surface of
the loose sand along a predefined path;

exchanging data between the one or more subsurface burrowing robots and the surface
station via an unspooling cable;

receiving commands, by the one or more subsurface burrowing robots, from the surface
station via the unspooling cable; and

transmitting telemetry data, by a geo-locating radio system (GLRS) from the one or

more subsurface burrowing robots to the surface station, wherein the GLRS comprises:

a first GLRS positioned on the base of the sand dunes, and

a second GLRS disposed on the one or more subsurface burrowing robots.

12. The method according to claim 11, wherein the surface station comprises a surface station
controller including a database, a mission planner, a graphical user interface (GUI), a
mission manager, a communication system, a cable deployment system, a navigation and
localization system, and a data storage, the method further comprises:

storing, in the database, a ground map and terrain data of the sand dunes;

preparing, using mission planner, tasks and movement trajectory for deploying the
geophysical cables based on the ground map and the terrain data; and

inputting on the GUI, by an operator of the surface station, setting parameters of a

mission for deploying the geophysical cables.

13. The method according to claim 12, the method further comprises:

overseeing the mission, by the operator using the mission manager, as it unfolds by
using the ground map displayed on the GUI;

visualizing, by the operator using the mission manager, real-time positions of the one
or more subsurface burrowing robots;

make corrections, by the operator using the mission manager, to the movement
trajectory; and

checking, by the operator using the mission manager, positions of the geophysical

cables.

14. The method according to claim 13, wherein the method further comprises:
providing the tasks and the movement trajectory, using the communication system, to

the one or more subsurface burrowing robots; and
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storing in the data storage:
data of the mission,
data of the geophysical cables, and

the telemetry data.

15. The method according to claim 11, wherein each of the one or more subsurface burrowing
robots further comprises a body, a rotational mechanism, a mechanized head at a frontal
side connected to a vibration actuator, a traction mechanism located on the body, a cable
spool and unspooling mechanism disposed at a rear side, a robot controller, a navigation
and localization system, and a memory, the method further comprises:

providing undulating movements to the body and turns in space to the one or more
subsurface burrowing robots; and
connecting a vibration actuator to the mechanized head, wherein the mechanized head
comprises:
a reciprocating mechanism,
a dual rotary drill bit,
two or more digging devices, and

a granular fluidizing system.

16. The method according to claim 15, wherein the method further comprises:
providing forward and backward movements, by the traction mechanism, to the one or
more subsurface burrowing robots, wherein the traction mechanism comprises:
two or more actuators,
two or more tracks,
an extraction-contraction propulsion system, and
a soft robotics system;
unspooling the unspooled cable, by cable spool and unspooling mechanism, while the
one or more subsurface burrowing robots is moving along the predefined path; and
controlling, by the robot controller, autonomous operation and navigation of the one or

more subsurface burrowing robots.

17. The method according to claim 16, wherein the robot controller comprises a

microcomputer, one or more onboard sensors, a power supply system, a cable deployment
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system, a navigation and localization system, a communication system, a motion controller,
and a memory, the method further comprises:
controlling, by the microcomputer, autonomous operation and navigation of the one or
more subsurface burrowing robots; and
determining, by the one or more onboard sensors, orientations of the one or more
subsurface burrowing robots, wherein the one or more onboard sensors comprises:
two or more inertial measurement unit (IMU) sensors,
two or more accelerometers,
two or more gyroscopes, and

two or more compass sensors.

18. The method according to claim 17, wherein the method further comprises:
supplying power, by the power supply system, to the one or more subsurface burrowing
robots, wherein the power supply system comprises:
two or more batteries,
two or more power converters, and

two or more actuators;

19. The method according to claim 18, wherein the method further comprises:

getting positions of the one or more subsurface burrowing robots and to geo-locating
radio sources, by the navigation and localization system, wherein the navigation and
localization system comprises:

a time difference of arrival (TDOA) system,

a time of arrival (TOA) system,

a magneto-inductive tracking system, and

an inertial navigation system:;
wirelessly exchanging data, by the communication system, with the surface station;
and
wirelessly receiving commands, by the communication system, from the surface

station.

20. The method according to claim 16, wherein the method further comprises:
managing work of:

the two or more actuators of the traction mechanism,
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the two or more actuators of rotational mechanism, and
the vibration actuator connected to the mechanized head; and
providing movement of the one or more subsurface burrowing robots in a direction
based on data from the navigation and localization system; and

storing the telemetry data by the memory.
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