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1
SOIL DEPTH MEASUREMENT SYSTEM AND
METHOD

PRIORITY CLAIMS/RELATED APPLICATIONS

This application claims priority under 35 USC 120 and
claims the benefit under 35 USC 119(e) to U.S. Provisional
Patent Application Ser. Nos. 62/561,973 and 62/561,811
both of which are filed on Sep. 22, 2017 and entitled “Soil
Depth Measurement System and Method”, both of which are
incorporated herein by reference.

APPENDICES

Appendix A (33 pages) is a paper entitled “Predicting Soil
Thickness of Soil Mantled Hillslopes™; and

Appendix B (39 pages) is a paper entitled “Predicting Soil
Thickness of Soil Mantled Hillslopes” both of which
describe further details of the system and method for soil
depth measurement and that form part of the specification
and are incorporated herein by reference.

FIELD

The disclosure relates generally to a system and method
for determining soil depth/thickness.

BACKGROUND

In various industries and endeavors, it is desirable to
know the thickness of soil in a particular area. For example,
in the constructions industry, it is often quite important to
know the depth of soil (soil thickness) in a particular area.
In most situations, the soil is excavated in order to determine
the soil thickness, which is very costly and time consuming.
Alternatively, expensive ground radar may be used to deter-
mine soil depth. Thus, the technical problem currently
existing is that it is prohibitively expensive or infeasible to
be able to accurately determine soil depth at a location. It is
desirable to be able to determine soil thickness/depth using
a technical solution and it is to this end that the disclosure
is directed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a system for soil depth
measurement;

FIG. 2 illustrates a method for soil depth measurement;

FIG. 3 illustrates mobile regolith thickness as a function
of curvature;

FIG. 4 illustrates evaluations of the TMR-curvature rela-
tionship for a first embodiment of the method;

FIG. 5 illustrates evaluations of the TMR-curvature rela-
tionship for a second embodiment of the method; and

FIG. 6 shows measure versus predicted based on the soil
depth measurement method.

DETAILED DESCRIPTION OF ONE OR MORE
EMBODIMENTS

The disclosure is particularly applicable to determining
soil depth on soil mantled hillslopes as disclosed in Appen-
dix A, and it is in this context that the disclosure will be
described. It will be appreciated, however, that the system
and method for soil determination has greater utility since
the system and method may be used to determine soil
depth/thickness in any area in which soil samples collected
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2

to the depth of mobile-immobile regolith boundary to define
the thickness of mobile regolith may be available.

FIG. 1 illustrates an example of a system 10 for soil depth
measurement that is a technical solution that addresses the
technical problem described above. The system 10 is able to
receive several inputs (without extensive excavation or the
infeasible ground radar) and then programmatically and
automatically generate a soil depth determination for an
area. The area may be a construction site, an region of land,
etc. and the system and method are not limited to the
application of this system and method to any particular area
as long as the area of interest is a watershed area so that the
soil depth can be determined for any point in that area. In an
illustrative example contained in Appendix A, the area is a
soil mantled hillslope.

The system 10 may include a soil depth determining
engine 12. The soil depth determining engine 12 may
receive various ranging data, such as light detecting and
ranging (LiDAR) data in one embodiment, and limited
thickness of mobile regolith (“TMR”) data and may generate
soil depth data for the area using the ranging data and the
TMR data. In alternative embodiments, the ranging data
(and the ranging system used to generate the ranging data)
and/or resolution may be other types of detecting and
ranging systems and data that are known or may be devel-
oped in the future.

In one embodiment, the soil depth determining engine 12
may be a computing device that has at least one processor,
memory, a display and input/output devices that may be used
to receive the data shown in FIG. 1 and may generate the soil
depth of the area based on the input data. For example, the
soil depth determining engine 12 may be a personal com-
puter, a tablet computer, a server computer, a cloud com-
puting resource, a mainframe and the like. The soil depth
determining engine 12 may perform a process, using the
inputs shown in FIG. 1, to generate the soil depth for the
area. When the system and method are being used to
determine the soil depth for a particular area, the ranging
data may be ranging data relevant to the particular area and
the TMR data may be TMR data relevant to the particular
area. It should be noted that the particular computer archi-
tecture used for the soil depth determining engine 12 is not
limited since the soil depth determining engine 12 may be
implemented using any known or yet to be developed
computer architectures. The soil depth determining engine
12 may further include a plurality of lines of computer
code/instructions that may be executed by the processor of
the soil depth determining engine 12 to generate the soil
depth for the area wherein the processor is thus configured
to perform that process. Furthermore, the soil depth deter-
mining engine 12 may be implemented as a plurality of lines
of computer code/instructions that may be distributed to a
third party.

In another embodiment, the soil depth determining engine
12 may be implemented in hardware in which the hardware
may be a microprocessor, microcontroller, state machine,
field programmable gate array and the like. The hardware
device may thus be configured to perform the process to
generate the soil depth for the area.

FIG. 2 illustrates a method 20 for soil depth measurement.
An example of an implementation of the method are con-
tained in Appendices A and B that are incorporated herein by
reference. In Appendices A and B, the area whose soil depth
is being determined is a soil mantled hillslope. The disclosed
method may be used in any industry in which it is important
to be able to accurately determine soil depth, such as for
example the construction industry that conventionally use
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expensive pits being dig to determine soil depth or other
techniques to determine relative thickness of soil. The
disclosed method accurately determines absolute thickness
of soil using a technique that is unconventional, not routine
and not well understood.

The method 20 shown in FIG. 2 may be implemented by
the system 10 shown in FIG. 1 or it may be implemented
using another system. The method may receive the ranging
data, LiDAR data in one example shown in Appendix A) and
the TMR data for a particular area. (22). Using these pieces
of data, the method may generate the soil depth for the area
(24). Two examples of the detailed steps of this process are
contained in Appendix A and Appendix B that are incorpo-
rated herein by reference and form part of the specification.

In one embodiment, the soil depth may be determined
using an empirical model to predict TMR (soil depth) at any
location within a catchment using high-resolution LiDAR
data and a limited number of existing TMR measurements.
The soil depth may be used to determine TMR (soil depth)
at a point (h) and the curvature about that point (V?):

where

=)

is the slope of the TMR vs V? illustrated in FIG. 3 and h is
the catchment average h. The slope parameter

=)

can be estimated directly from FIG. 4 equation based on
catchment SDV?. Because all catchments examined have a
normally distributed curvature centered at Om™' (shown in
FIG. 4B), h can be determined by measuring TMR at
selected locations with planar (V=0 m™") surfaces (at least
one estimate of h is required, additional pits will improve
estimate and constrain uncertainty).

In more detail, chart A in FIG. 3 shows the thickness of
the mobile regolith (TMR) varies as a strong inverse func-
tion of curvature in Johnston Draw (one of the regions used).
Black dots represent randomly selected build dataset (70%
of sites). Gray dots represent test set to validate the model.
The white dot is a location that was excluded owing to
proximity to both a rock outcrop and a stream channel. A
predicted TMR map (B) for the granitic portion of Johnston
Draw derived from the TMR-curvature function using a 3-m
LiDAR-derived DEM. Darker shades indicate larger TMR
(2.75+ m) and lighter shades indicate smaller TMR (0 m).
Hatched areas indicate non-granitic portions of the water-
shed that were not modeled.

FIG. 4 chart A shows cross-site evaluation of six catch-
ments in which the TMR-curvature function is evaluated
based on a 5-m DEM. Chart (B) is a cross-site comparison
of the slope of the TMR-curvature function and the local
roughness quantified as the standard deviation in curvature.
Inset shows curvature distributions based on a 5 m DEM for
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Johnston Draw (light blue circle), Tennessee 390 Valley
(dark green square), and Marshall Gulch (orange triangle)
centered on 0 m™".

In another embodiment, the soil depth may be determined
using an empirical model to predict TMR (soil depth) at any
location within a catchment using high-resolution LiDAR
data and as few as one existing TMR measurements The soil
depth may be used to determine TMR (soil depth) at a point

(h) and the curvature at that point (C):

where

Ah
AC

is the slope of the TMR-curvature relationship illustrated in
FIG. 3a and h is

the average h found within a catchment. The slope param-
eter

Ah
AC

can be estimated directly from the equation in FIG. 5¢ based
on catchment 6. Because all catchments examined have a
normally distributed curvature centered at 0 m™ (FIG. 5b),
T can be determined by measuring TMR at selected locations
with planar (C=0 m™") surfaces (at least one estimate of h is
required, additional pits will improve estimate and constrain
uncertainty). FIG. 5 shows a cross-site evaluation of six
catchments in which the thickness of the mobile regolith
(TMR)-curvature (C) function is evaluated using a 5-m
digital elevation model (DEM). Chart b depicts catchment
curvature distributions based on a 5 m DEM centered on 0
m™'. Chart ¢ shows a cross-site comparison of the slope of
the TMR-curvature function (and associated standard error)
with the local standard deviation in catchment curvature
(oc).

The method may then generate and display the soil depth
for the area (26). The process of determining the soil depth
for the area is a technical solution to the above technical
problem and then process has an ordered combination of
processes that provides the technical solution. Furthermore,
the process of determining the soil depth for the area is not
accurately determinable by a human being alone.

For example, as shown in FIG. 6 (a copy of FIG. 3 in
Appendix B), shows the measurement versus predicted soil
depth based on the soil depth method described above. In
general, the method will be more accurate when using
catchments with narrow standard deviations than broader
ones.

Test results of the above technique compared to known
techniques or actual measured soil depth and in field mea-
surements may be found in Appendix A and Appendix B that
form part of the specification.

The foregoing description, for purpose of explanation, has
been described with reference to specific embodiments.
However, the illustrative discussions above are not intended
to be exhaustive or to limit the disclosure to the precise
forms disclosed. Many modifications and variations are
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possible in view of the above teachings. The embodiments
were chosen and described in order to best explain the
principles of the disclosure and its practical applications, to
thereby enable others skilled in the art to best utilize the
disclosure and various embodiments with various modifica-
tions as are suited to the particular use contemplated.

The system and method disclosed herein may be imple-
mented via one or more components, systems, servers,
appliances, other subcomponents, or distributed between
such elements. When implemented as a system, such sys-
tems may include an/or involve, inter alia, components such
as software modules, general-purpose CPU, RAM, etc.
found in general-purpose computers. In implementations
where the innovations reside on a server, such a server may
include or involve components such as CPU, RAM, etc.,
such as those found in general-purpose computers.

Additionally, the system and method herein may be
achieved via implementations with disparate or entirely
different software, hardware and/or firmware components,
beyond that set forth above. With regard to such other
components (e.g., software, processing components, etc.)
and/or computer-readable media associated with or embody-
ing the present inventions, for example, aspects of the
innovations herein may be implemented consistent with
numerous general purpose or special purpose computing
systems or configurations. Various exemplary computing
systems, environments, and/or configurations that may be
suitable for use with the innovations herein may include, but
are not limited to: software or other components within or
embodied on personal computers, servers or server comput-
ing devices such as routing/connectivity components, hand-
held or laptop devices, multiprocessor systems, micropro-
cessor-based systems, set top boxes, consumer electronic
devices, network PCs, other existing computer platforms,
distributed computing environments that include one or
more of the above systems or devices, etc.

In some instances, aspects of the system and method may
be achieved via or performed by logic and/or logic instruc-
tions including program modules, executed in association
with such components or circuitry, for example. In general,
program modules may include routines, programs, objects,
components, data structures, etc. that perform particular
tasks or implement particular instructions herein. The inven-
tions may also be practiced in the context of distributed
software, computer, or circuit settings where circuitry is
connected via communication buses, circuitry or links. In
distributed settings, control/instructions may occur from
both local and remote computer storage media including
memory storage devices.

The software, circuitry and components herein may also
include and/or utilize one or more type of computer readable
media. Computer readable media can be any available media
that is resident on, associable with, or can be accessed by
such circuits and/or computing components. By way of
example, and not limitation, computer readable media may
comprise computer storage media and communication
media. Computer storage media includes volatile and non-
volatile, removable and non-removable media implemented
in any method or technology for storage of information such
as computer readable instructions, data structures, program
modules or other data. Computer storage media includes, but
is not limited to, RAM, ROM, EEPROM, flash memory or
other memory technology, CD-ROM, digital versatile disks
(DVD) or other optical storage, magnetic tape, magnetic
disk storage or other magnetic storage devices, or any other
medium which can be used to store the desired information
and can accessed by computing component. Communication
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media may comprise computer readable instructions, data
structures, program modules and/or other components. Fur-
ther, communication media may include wired media such
as a wired network or direct-wired connection, however no
media of any such type herein includes transitory media.
Combinations of the any of the above are also included
within the scope of computer readable media.

In the present description, the terms component, module,
device, etc. may refer to any type of logical or functional
software elements, circuits, blocks and/or processes that
may be implemented in a variety of ways. For example, the
functions of various circuits and/or blocks can be combined
with one another into any other number of modules. Each
module may even be implemented as a software program
stored on a tangible memory (e.g., random access memory,
read only memory, CD-ROM memory, hard disk drive, etc.)
to be read by a central processing unit to implement the
functions of the innovations herein. Or, the modules can
comprise programming instructions transmitted to a general
purpose computer or to processing/graphics hardware via a
transmission carrier wave. Also, the modules can be imple-
mented as hardware logic circuitry implementing the func-
tions encompassed by the innovations herein. Finally, the
modules can be implemented using special purpose instruc-
tions (SIMD instructions), field programmable logic arrays
or any mix thereof which provides the desired level perfor-
mance and cost.

As disclosed herein, features consistent with the disclo-
sure may be implemented via computer-hardware, software
and/or firmware. For example, the systems and methods
disclosed herein may be embodied in various forms includ-
ing, for example, a data processor, such as a computer that
also includes a database, digital electronic circuitry, firm-
ware, software, or in combinations of them. Further, while
some of the disclosed implementations describe specific
hardware components, systems and methods consistent with
the innovations herein may be implemented with any com-
bination of hardware, software and/or firmware. Moreover,
the above-noted features and other aspects and principles of
the innovations herein may be implemented in various
environments. Such environments and related applications
may be specially constructed for performing the various
routines, processes and/or operations according to the inven-
tion or they may include a general-purpose computer or
computing platform selectively activated or reconfigured by
code to provide the necessary functionality. The processes
disclosed herein are not inherently related to any particular
computer, network, architecture, environment, or other
apparatus, and may be implemented by a suitable combina-
tion of hardware, software, and/or firmware. For example,
various general-purpose machines may be used with pro-
grams written in accordance with teachings of the invention,
or it may be more convenient to construct a specialized
apparatus or system to perform the required methods and
techniques.

Aspects of the method and system described herein, such
as the logic, may also be implemented as functionality
programmed into any of a variety of circuitry, including
programmable logic devices (“PLDs”), such as field pro-
grammable gate arrays (“FPGAs”), programmable array
logic (“PAL”) devices, electrically programmable logic and
memory devices and standard cell-based devices, as well as
application specific integrated circuits. Some other possi-
bilities for implementing aspects include: memory devices,
microcontrollers with memory (such as EEPROM), embed-
ded microprocessors, firmware, software, etc. Furthermore,
aspects may be embodied in microprocessors having soft-
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ware-based circuit emulation, discrete logic (sequential and
combinatorial), custom devices, fuzzy (neural) logic, quan-
tum devices, and hybrids of any of the above device types.
The underlying device technologies may be provided in a
variety of component types, e.g., metal-oxide semiconductor
field-effect transistor (“MOSFET”) technologies like
complementary metal-oxide semiconductor (“CMOS”™),
bipolar technologies like emitter-coupled logic (“ECL”),
polymer technologies (e.g., silicon-conjugated polymer and
metal-conjugated polymer-metal structures), mixed analog
and digital, and so on.

It should also be noted that the various logic and/or
functions disclosed herein may be enabled using any number
of combinations of hardware, firmware, and/or as data
and/or instructions embodied in various machine-readable
or computer-readable media, in terms of their behavioral,
register transfer, logic component, and/or other characteris-
tics. Computer-readable media in which such formatted data
and/or instructions may be embodied include, but are not
limited to, non-volatile storage media in various forms (e.g.,
optical, magnetic or semiconductor storage media) though
again does not include transitory media. Unless the context
clearly requires otherwise, throughout the description, the
words “comprise,” “comprising,” and the like are to be
construed in an inclusive sense as opposed to an exclusive
or exhaustive sense; that is to say, in a sense of “including,
but not limited to.” Words using the singular or plural
number also include the plural or singular number respec-
tively. Additionally, the words ‘“herein,” ‘“hereunder,”
“above,” “below,” and words of similar import refer to this
application as a whole and not to any particular portions of
this application. When the word “or” is used in reference to
a list of two or more items, that word covers all of the
following interpretations of the word: any of the items in the
list, all of the items in the list and any combination of the
items in the list.

Although certain presently preferred implementations of
the invention have been specifically described herein, it will
be apparent to those skilled in the art to which the invention
pertains that variations and modifications of the various
implementations shown and described herein may be made
without departing from the spirit and scope of the invention.
Accordingly, it is intended that the invention be limited only
to the extent required by the applicable rules of law.

While the foregoing has been with reference to a particu-
lar embodiment of the disclosure, it will be appreciated by
those skilled in the art that changes in this embodiment may
be made without departing from the principles and spirit of
the disclosure, the scope of which is defined by the appended
claims.

The invention claimed is:
1. A soil thickness determining method at any location in
a catchment, the method comprising:

obtaining, by a computer system having a processor that
executes a soil depth determiner, light detecting and
ranging (LiDAR) data for the catchment;

determining, by the processor, a thickness of mobile
regolith (TMR) for one or more planar surface loca-
tions in the catchment;

generating, by the processor, an average soil thickness
based on the TMR for the one or more planar surface
locations in the catchment;

automatically determining, by the processor, a soil thick-
ness of the location based on the LiDAR data and the
TMR for the one or more planar surface locations in the
catchment as

h
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where

(=)

is the slope of the TMR vs curvature (V?) and * is the
catchment average soil thickness;
estimating the slope of the TMR vs curvature (V?) based
on standard deviation curvature for the catchment; and
displaying, on a display of the computer system, the
automatically determined soil thickness.
2. A soil thickness determining method at any location in
a catchment, the method comprising:
obtaining, by a computer system having a processor that
executes a soil depth determiner, light detecting and
ranging (LiDAR) data for the catchment;
determining, by the processor, a thickness of mobile
regolith (TMR) for one or more planar surface loca-
tions in the catchment;
generating, by the processor, an average soil thickness
based on the TMR for the one or more planar surface
locations in the catchment;
automatically determining, by the processor, a soil thick-
ness of the location based on the LiDAR data and the
TMR for the one or more planar surface locations in the
catchment as an equation:

where

()

is the slope of the TMR-curvature relationship and h is the
average soil thickness found within the catchment;
estimating the slope of the TMR vs curvature (C) based on
standard deviation curvature for the catchment; and
displaying, on a display of the computer system, the
automatically determined soil thickness.
3. A soil thickness determining system, comprising:
a computer system having a processor and a memory and
a plurality of lines of instructions configured to:
obtain light detecting and ranging (LiDAR) data for the
catchment;
determine a thickness of mobile regolith (TMR) for one
or more planar surface locations in the catchment;
generate an average soil thickness based on the TMR
for the one or more planar surface locations in the
catchment;
automatically determine a soil thickness of the location
based on the LiDAR data and the TMR for the one
or more planar surface locations in the catchment by
applying an equation:
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where

=)

is the slope of the TMR vs curvature (V) and h is the
catchment average soil thickness;
estimate the slope of the TMR vs curvature (V?) based
on standard deviation curvature for the catchment;
and
a display of the computer system that displays the auto-
matically determined soil thickness.
4. A soil thickness determining system, comprising:
a computer system having a processor and a memory and
a plurality of lines of instructions configured to:
obtain light detecting and ranging (LiDAR) data for the
catchment;
determine a thickness of mobile regolith (TMR) for one
or more planar surface locations in the catchment;
generate an average soil thickness based on the TMR
for the one or more planar surface locations in the
catchment;

10
automatically determine a soil thickness of the location
based on the LiDAR data and the TMR for the one
or more planar surface locations in the catchment by
applying an equation:

5
Ah —
= (—)C +h
AC
10 where
ﬁ
(se)
15
is the slope of the TMR-curature relationship and h is the
average soil thickness found within the catchment;
estimate the slope of the TMR vs curvature (C) based
” on standard deviation curvature for the catchment;

and
a display of the computer system that displays the auto-
matically determined soil thickness.
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